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1. General

Experimental: All reactions and manipulations with air sensitive compounds being
present were performed under dry argon (Ar 5.0) or nitrogen (N2 5.0), using Schlenk
and glove box techniques. Deuterated solvents were bought from Cambridge Isotope
Laboratories, distilled accordingly, and stored over molecular sieves (3 A). Other
chemicals were purchased from commercial vendors and used without further
purification. NMR spectra were collected on a Varian INOVA 300 and 400 MHz
spectrometer. Chemical shifts (9) are reported in ppm relative to residual solvent signal.
Coupling constants (J) are given in Hz (coupling patterns: s: singlet, s_br: broad singlet,
d: doublet, t: triplet, q: quartet, m: multiplet). GC analyses were carried out using an
Agilent Technologies 6890N system equipped with a Machinery-Nagel (MN) Optima
5 HT column (30 m, 320 pum, 0.25 pm) or an Agilent Technologies 6850 system
equipped with a MN Optima 17 column (30 m, 320 um, 0.25 pm). GC/MS analyses
were carried out on an Agilent 7890A/MSD 5975C system equipped with a HP-5MS
column (30 m, 320 um, 0.25 um). High resolution mass spectra (HRMS) were recorded
on Bruker MicroTOF-QII mass (ESI). MN silica gel 60 (0.040 — 0.063 mm particle size)

was used for flash column chromatography.
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2. Synthesis of NNP-Ligands

Cl By 'BUOK
+ H,N \@ - .
CN R1-N\N/

1a-11a 1b-11b 1c-11c

R2

NH,

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume)
was charged with a magnetic stirring bar, base, hydrazines (1b-11b) and diglyme. After
stirring of five minutes, nitriles (1a-11a) were added the mixture reaction. Then the seal
tube was closed tightly with a teflon cap, removed from the glove box and immersed
into a pre-heated oil bath (design temperature). After design time the reaction was
cooled, quenched with half-saturated brine and extracted with dichloromethane (4 x 15
mL). The combined organic phase was dried over Na>xSO4 and concentrated. A small
aliquot of the organic phase was analyzed by GC or GC-MS to monitor product
formation. Purification of the remainder by column chromatography on silica gel gave

the corresponding products 1e-11¢ (pentane/ethyl ether = 15/1 — 5/1).1!]

R2
2
CI-PR,
N Et3N R1-N\N/ 'TIH
R ‘N NH2 PR2
1c-11c L1-L11

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, catalyst, ligand, solvent, amines (1c-11¢, 1.0
mmol), CI-PR> (1.2 mmol), EtzN (1.5 mmol) and THF (2.0 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (30 °C) for 12 hours. After the reaction was finished, the reaction was
analyzed by TLC to monitor product formation. Then a small aliquot of the organic
phase was analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/ethoxyethane = 20:1 — 1:1) on AL2Os3 to give the

product L1-L11 in the reported yields.
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ey
PPh,

L1

N-(diphenylphosphanyl)-1-phenyl-1H-indazol-3-amine (L1)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 349.9 mg, 89% yield.

"H NMR (400 MHz, CDCls) 6 8.05 (d, J= 8.1 Hz, 1H), 7.62 (dd, ] = 8.2, 2.5 Hz,
3H), 7.52 (td, J=17.6, 1.8 Hz, 4H), 7.40 (t, /= 7.9 Hz, 2H), 7.34 — 7.31 (m, 7H), 7.17
(t,J=7.5Hz, 1H), 7.06 (t,J=7.5 Hz, 1H), 5.20 (d, J = 7.2 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) & 148.98, 148.79, 140.35, 140.33, 140.23, 140.07,
131.27,131.06, 129.14, 129.10, 128.49, 128.43, 127.61, 125.08, 121.72, 121.64,
121.60, 119.83, 116.69, 116.67, 110.13 ppm.

3IP NMR (162 MHz, CDCls) & 32.45 ppm.

HRMS (ESI) calcd. for C2sH21N3P [M+H]: 394.1473, found: 394.1474.

Elemental Analysis calcd for C2sHxoN3P: C, 76.32; H, 5.12; N, 10.68; found: C, 76.34;
H, 5.16; N, 10.63.

AN NN NH

L2

N-(diphenylphosphanyl)-1-(pyridin-2-yl)-1H-indazol-3-amine (L2)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 323.2 mg, 82% yield.

"H NMR (400 MHz, CDCls) 6 8.82 (d, J= 8.6 Hz, 1H), 8.44 (dd, J=4.9, 1.2 Hz,
1H), 7.98 (d, J=8.1 Hz, 1H), 7.81 (d, /= 8.4 Hz, 1H), 7.72 — 7.67 (m, 1H), 7.59 —
7.55 (m, 4H), 7.52 — 7.48 (m, 1H), 7.43 — 7.40 (m, 6H), 7.20 (t, /= 7.5 Hz, 1H), 7.01
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—6.98 (m, 1H), 5.14 (d, /= 6.4 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) & 154.42, 149.82, 149.66, 147.58, 140.42, 140.22,
140.10, 138.00, 131.60, 131.39, 129.45, 128.77, 128.71, 128.64, 121.32, 120.65,
120.55, 118.36, 118.10, 118.09, 115.56, 112.71 ppm.

3P NMR (162 MHz, CDCl3) & 32.08 ppm.

HRMS (ESI) calcd. for C24H20N4P [M+H]: 395.1425, found: 395.1422.

Elemental Analysis calcd for Co4H19N4P: C, 73.09; H, 4.86; N, 14.2; found: C, 73.04;
H, 4.88; N, 14.19.

/| N\N/ ’T‘H
N PPh,

Cl L3

1-(6-chloropyridin-2-yl)-NV-(diphenylphosphanyl)-1H-indazol-3-amine (L3)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 325.4 mg,76% yield.

'"H NMR (400 MHz, CDCls) 8 8.77 (d, J= 8.6 Hz, 1H), 7.94 (d, J= 8.0 Hz, 1H), 7.70
(d, J=8.1 Hz, 1H), 7.61 (t, J= 7.9 Hz, 1H), 7.57 — 7.51 (m, 5H), 7.43 — 7.40 (m, 6H),
7.22 (t,J=7.5Hz, 1H), 6.98 (d, /= 7.6 Hz, 1H), 5.13 (d, J = 6.2 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) 6 153.58, 150.29, 150.13, 148.76, 140.21, 140.09,
139.82, 139.70, 131.45, 131.24, 129.38, 128.93, 128.65, 128.59, 121.74, 120.39,
120.30, 118.34, 117.56, 115.68, 110.31 ppm.

3P NMR (162 MHz, CDCl3) 6 32.1 ppm.

HRMS (ESI) calcd. for C24H19CIN4P [M+H]: 429.1036, found: 429.1031.

Elemental Analysis calcd for Co4HisCIN4P: C, 67.22; H, 4.23; N, 13.06; found: C,
67.28; H, 4.28; N, 13.07.
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/I N\N/ ’TIH
o X N PPh,

L4

1-(5-chloropyridin-2-yl)-N-(diphenylphosphanyl)-1H-indazol-3-amine (L4)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 346.8 mg, 81% yield.

'"H NMR (400 MHz, CDCls) 6 8.69 (d, J= 8.6 Hz, 1H), 8.32 (d, J = 2.3 Hz, 1H), 7.92
(d,J=8.1 Hz, 1H), 7.72 (d, /= 8.9 Hz, 1H), 7.57 (dd, J= 8.9, 2.5 Hz, 1H), 7.55 —
7.49 (m, 4H), 7.47 — 7.44 (m, 1H), 7.39 — 7.35 (m, 6H), 7.16 (t,J = 7.5 Hz, 1H), 5.15
(d, /J=6.2 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) 6 152.50, 150.09, 149.93, 145.89, 140.20, 139.95,
139.83, 137.65, 131.52, 131.31, 129.42, 128.76, 128.71, 128.65, 125.38, 121.55,
120.57,120.48, 118.26, 118.25, 115.47, 113.46 ppm.

3P NMR (162 MHz, CDCl3) & 32.26 ppm.

HRMS (ESI) calcd. for C24H19CIN4P [M+H]: 429.1036, found: 429.1032.

Elemental Analysis calcd for Co4HisCIN4P: C, 67.22; H, 4.23; N, 13.06; found: C, C,
67.26; H, 4.27; N, 13.08.

L5

1-(benzo[d]thiazol-2-yl)-N-(diphenylphosphanyl)-1H-indazol-3-amine (L5)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 387.1 mg, 86% yield.

'"H NMR (400 MHz, CDCl3) 6 8.72 (d, J= 8.5 Hz, 1H), 8.09 (d, J= 8.1 Hz, 1H), 7.85
(d,/J=8.1 Hz, 1H), 7.73 (d, /=7.9 Hz, 1H), 7.58 — 7.51 (m, 5H), 7.41 — 7.36 (m,
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7H), 7.24 —7.20 (m, 2H), 5.35 (d, /= 5.3 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) 6 160.81, 152.26, 151.35, 151.17, 140.13, 139.39,
139.27, 132.02, 131.50, 131.29, 129.56, 129.48, 128.66, 128.59, 126.01, 123.28,
122.69, 121.69, 121.55, 121.34, 121.07, 118.74, 114.58 ppm.

3P NMR (162 MHz, CDCl3) & 33.08 ppm.

HRMS (ESI) calcd. for CoH20N4PS [M+H]: 451.1146, found: 451.1143.
Elemental Analysis calcd for CosHi19N4PS: C, 69.32; H, 4.25; N, 12.44; found: C, 69.37;
H, 4.27; N, 12.47.

N
N PPh,
L6

AN N NH

N-(diphenylphosphanyl)-6-methyl-1-(pyridin-2-yl)-1H-indazol-3-amine (L6)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 355.1 mg, 87% yield.

'"H NMR (400 MHz, CDCl3) 8 8.61 (s, 1H), 8.37 (d, J=3.9 Hz, 1H), 7.78 (dd, J =
27.5, 8.3 Hz, 2H), 7.51 — 7.48 (m, 5H), 7.30 — 7.28 (m, 6H), 6.94 (d, /= 8.2 Hz, 1H),
6.86 (dd, J= 6.6, 5.3 Hz, 1H), 5.24 (d, /= 6.5 Hz, 1H), 2.46 (s, 3H) ppm.

I3C NMR (101 MHz, CDCl3) 6 153.24, 148.62, 148.45, 146.25, 139.76, 139.03,
138.91, 137.86, 136.68, 130.34, 130.13, 128.13, 127.48, 127.42, 122.06, 119.15,
119.04, 116.91, 115.06, 115.05, 113.92, 111.50, 21.09 ppm.

3P NMR (162 MHz, CDCl3) & 32.13 ppm.

HRMS (ESI) calcd. for C25H22N4P [M+H]: 409.1582, found: 409.1586.

Elemental Analysis calcd for CosH21N4P: C, 73.52; H, 5.18; N, 13.72; found: C, 73.53;
H, 5.13; N, 13.78.

S8



L7

N-(diphenylphosphanyl)-4-methyl-1-(pyridin-2-yl)-1H-indazol-3-amine (L7)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 338.8 mg, 83% yield.

'TH NMR (400 MHz, CDCls) 6 8.70 (d, J= 8.6 Hz, 1H), 8.42 (dd, J=4.9, 1.0 Hz,

1H), 7.82 (d, /= 8.4 Hz, 1H), 7.67 — 7.60 (m, 5H), 7.45 — 7.40 (m, 6H), 7.35 (dd, J =
8.3, 7.3 Hz, 1H), 6.99 — 6.90 (m, 1H), 6.91 (d, J= 7.1 Hz, 1H), 5.05 (d, J=4.9 Hz,
1H), 2.70 (s, 3H) ppm.

I3C NMR (101 MHz, CDCl3) 6 154.32, 150.05, 149.95, 147.18, 140.34, 140.32,
140.18, 140.03, 137.70, 131.43, 131.22, 130.40, 129.13, 128.53, 128.47, 122.71,
118.09, 117.54, 117.53, 113.40, 112.91, 19.44 ppm.

3P NMR (162 MHz, CDCl3) & 32.67 ppm.

HRMS (ESI) calcd. for C2sH22N4P [M+H]: 409.1582, found: 409.1584.

Elemental Analysis calcd for CosH21N4P: C, 73.52; H, 5.18; N, 13.72; found: C, 73.58;
H, 5.14; N, 13.76.

Cl

= ] N\N/ ,\IIH
x_N PPh,
L8

6-chloro-N-(diphenylphosphanyl)-1-(pyridin-2-yl)-1H-indazol-3-amine (L8)
The title compound was prepared according to the general procedure and purified by

column chromatography to give a white solid 338.2 mg, 79% yield.
'"H NMR (400 MHz, CDCl3) & 8.86 (s, 1H), 8.44 — 8.38 (m, 1H), 7.90 (d, /= 8.5 Hz,
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1H), 7.75 (d, J= 8.4 Hz, 1H), 7.67 (d, J=7.4 Hz, 1H), 7.52 — 7.36 (m, 11H), 7.12 (d,
J=28.5Hz, 1H), 6.99 — 6.96 (m, 1H), 5.19 (d, J= 6.0 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) 6 153.85, 149.51, 149.34, 147.44, 140.43, 139.80,
139.68, 137.95, 134.72, 131.39, 131.19, 129.38, 128.65, 128.58, 121.94, 121.60,
121.49, 118.59, 115.26, 112.42 ppm.

3P NMR (162 MHz, CDCl3) 6 32.64 ppm.

HRMS (ESI) calcd. for C24H19CIN4P [M+H]: 429.1036, found: 429.1039.

Elemental Analysis calcd for Co4HisCIN4P: C, 67.22; H, 4.23; N, 13.06; found: C,
67.25; H, 4.27; N, 13.08.

FsC

= ] N\N/ 'TIH
x_N PPh,
L9

N-(diphenylphosphanyl)-1-(pyridin-2-yl)-6-(trifluoromethyl)-1H-indazol-3-amine
(L9)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 342 mg, 74% yield.

'"H NMR (400 MHz, CDCl3) 6 9.20 (s, 1H), 8.48 — 8.46 (m, 1H), 8.13 (d, /= 8.5 Hz,
1H), 7.82 (d, J= 8.4 Hz, 1H), 7.73 — 7.69 (m, 1H), 7.59 — 7.55 (m, 4H), 7.42 — 7.40
(M, 7H), 7.04 (ddd, J=7.1,4.9, 0.9 Hz, 1H), 5.26 (d, /= 6.3 Hz, 1H) ppm.

I3C NMR (101 MHz, CDCl3) 6 153.80, 149.43, 149.26, 147.55, 139.66, 139.54,
139.23, 138.05, 131.41, 131.20, 130.40, 130.09, 129.45, 128.68, 128.62, 125.84,
123.13, 121.54, 121.43, 119.58, 118.89, 117.55, 113.33, 113.29, 112.52 ppm.

3P NMR (162 MHz, CDCl3) & 32.97 ppm.

1F NMR (376 MHz, CDCl3) 8 -61.48 ppm.

HRMS (ESI) calcd. for C2sHi9F3N4P [M+H]: 463.1299, found: 463.1296.

Elemental Analysis calcd for CosHisF3N4P: C, 64.94; H, 3.92; N, 12.12; found: C,
64.97; H, 3.95; N, 12.17.
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/l N\N/ ’T‘H
XN PCy,

L10

N-(dicyclohexylphosphanyl)-1-(pyridin-2-yl)-1H-indazol-3-amine (L.10)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 325.1 mg, 80% yield.

'TH NMR (400 MHz, CDCls) 6 8.78 (d, J= 8.5 Hz, 1H), 8.43 — 8.42 (m, 1H), 8.17 (d,
J=17.7Hz, 1H), 7.82 (d, J= 8.3 Hz, 1H), 7.73 — 7.69 (m, 1H), 7.46 (t,J = 7.8 Hz,
1H), 7.17 (t,J = 7.5 Hz, 1H), 6.99 — 6.96 (m, 1H), 4.60 (d, /= 4.9 Hz, 1H), 1.87 —
1.67 (m, 12H), 1.32 — 1.19 (m, 10H) ppm.

I3C NMR (101 MHz, CDCl3) 6 154.33, 147.52, 140.45, 137.81, 128.28, 121.92,
121.78, 120.74, 117.98, 115.16, 112.41, 36.68, 36.56, 29.08, 28.90, 27.19, 27.12,
26.83, 26.75 ppm.

3P NMR (162 MHz, CDCl3) 6 48.74 ppm.

HRMS (ESI) calcd. for C24H32N4P [M+H]: 407.2364, found: 407.2369.

Elemental Analysis calcd for C24H31N4P: C, 70.91; H, 7.69; N, 13.78; found: C, 70.95;
H, 7.67; N, 13.74.

N ~
7 N TNH

NN N PiPrz
L11

N-(diisopropylphosphanyl)-1-(pyridin-2-yl)-1H-indazol-3-amine (L11)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a white solid 264.2 mg, 81% yield.

'"H NMR (400 MHz, CDCls) 6 8.83 (d, J= 8.6 Hz, 1H), 8.46 — 8.44 (m, 1H), 8.15 (d,
J=28.1Hz, 1H), 7.86 (d, /= 8.4 Hz, 1H), 7.71 (ddd, J= 8.5, 7.3, 1.9 Hz, 1H), 7.49
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(ddd, J=8.3,7.1, 1.0 Hz, 1H), 7.21 — 7.18 (m, 1H), 6.97 (ddd, /= 7.2, 4.9, 0.9 Hz,
1H), 4.62 (d, J=5.7 Hz, 1H), 2.00 — 1.90 (m, 2H), 1.19 — 1.13 (m, 12H) ppm.

I3C NMR (101 MHz, CDCl3) 6 154.21, 151.32, 151.18, 147.37, 140.27, 137.67,
128.17,121.48, 121.35, 120.70, 117.91, 117.86, 115.13, 112.27, 26.79, 26.66, 18.83,
18.63, 17.25, 17.17 ppm.

3P NMR (162 MHz, CDCl3) § 55.61 ppm.

HRMS (ESI) calcd. for Ci1gH24N4P [M+H]: 327.1738, found: 327.1734.

Elemental Analysis calcd for CisH23N4P: C, 66.24; H, 7.10; N, 17.17; found: C, 66.26;

H,7.13; N, 17.15.
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3. Screening of reaction parameters

H [Mn] (1.0 mol%) I|3h
N P >
Ph™ "OH + N +* Ph Br _N__Ph
Ph™ NH, L(12mole) PR SN
A1 B1 c1 D1

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, catalyst, ligand, solvent, phenyl methanol (A1),
phenyl hydrazine (B1) and (bromomethyl)benzene (C1). Then the seal tube was closed
tightly with a teflon cap, removed from the glove box and immersed into a pre-heated
metal bath (design temperature) for design time. After the reaction was finished, the
reaction was analyzed by TLC to monitor product formation. Then a small aliquot of
the organic phase was analyzed by GC and GC-MS to monitor product formation. The
solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel

to give the product D1 in the reported yields.
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Entry

Parameter

Table S1

Table S2

Table S3

Table S4

Table S5

Table S6

Table S7

Table S8

Table S9

Table S10

Table S11

The difference of ligand screening

The difference of catalyst screening

The difference of base screening

The difference of solvent screening

The ratio of substrates screening

Screening the loading of t-BuOK

The loading of solvent screening

The Pd-catalyst loading screening

Reaction temperature screening

Reaction time screening

The reaction system screening
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Table S1. The difference of ligand screening [l

H [Mn] (1.0 mol%) Ph
PTTOH ooy, * PR B L (1.2 mol%)‘ P SN Mo T
A1 B1 C1 D1
Entry Ligand D1 (%) D1:E1
1 L1 <5 8:1
2 L2 62 >20:1
3 L3 41 >20:1
4 L4 54 18:1
5 L5 22 19:1
6 L6 60 18:1
7 L7 63 18:1
8 L8 51 17:1
9 L9 47 18:1
10 L10 82 19:1
11 L11 91 >20:1
12 - 0 -

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L1-L11 (1.2 mol%), ‘BuOK (1.0 mmol), THF (3.0 mL), 100 °C, 6 h. Yields of D1 was determined

by GC analysis using n-cetane as the internal standard.

\ \
Q N =

R“@/N\N/ 'TIH N _ | N‘N/ ITIH = | N\N/ 'TIH
PPh,  s”°N N pph, NN L10 PCy,
L1:X=C,R'"=H L6: R? = 4-CHj4
L2: X=N,R"=H L7: R? = 6-CHjy
L3:X =N, R' = 3-CI L8: R2 = 4-C| @/N\N/ NH
L4: X =N, R" = 4-CI L5 L9:R?=4-CF; X N L1 PPr,
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Table S2. The difference of catalyst screening!?!

H [Mn] (1.0 mol%) Ph
PHTTOH + oy Ny, P Br T (12 mote) P SN
A1 B1 C1 D1
Entry Catalyst D1 (%)
1 MnBr(CO)s 91
2 Mn 0
3 MnO 0
4 MnO, 0
5 Mn304 0
6 MnS 0
7 Mn(acac)3 0
8 Mn(OTf); 0
9 Mn(NO3), 0
10 Mn(NO3),+4H,0 0
11 MnSO4*H,0 0
12 Mn(OAc)3*4H,0 0
13? MnTe> 0
14 MnCOs3 0
15 MnF; 0
16 MnF3 0
17 MnCl, 0
18 MnCl>*4H,O 0
19 MnBr2 0
20 MnBr;+4H,0 0
21 - 0

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), Catalyst (1.0 mol%), L11
(1.2 mol%), ‘BuOK (1.0 mmol), THF (3.0 mL), 100 °C, 6 h. Yields of D1 was determined by GC

analysis using n-cetane as the internal standard.
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Table S3. The difference of base screening/?l

H [Mn] (1.0 mol%) Fl’h
PR OH * o N+ PhT Br L2 mory Phe SN NP
A1 B1 C1 D1

Entry Base (5 mol%) D1 (%)

1 LiOH 0

2 -BuOLi 11

3 LiHMDS 9

4 NaxCO; 0

5 NaOH <5

6 t-BuONa 63

7 NaHMDS 64

8 NaH 41

9 K>COs3 0

10 K3PO4 0

11 KOH <5

12 t-BuOK 91

13 KHMDS 82

14 KH 43

15 Cs2C03 0

16 CsOH <5

17 t-BuOCs 26

18 Et;N 0

19 Pyridine 0

20 DBU 0

21 TMEDA 0

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), Base (1.0 mmol), THF (3.0 mL), 100 °C, 6 h. Yields of D1 was determined by GC
analysis using n-cetane as the internal standard.
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Table S4. The difference of solvent screening!?!

H [Mn] (1.0 mol%) Ph
PO+ py Moy, * PR7Br T (12moty P SN P
A1 B1 C1 D1
Entry Solvent (3 mL) D1 (%)
1 anisole 72
2 THF 91
3 1,4-dioxane 80
4 DME 12
5 toluene 67
6 xylene 61
7 mesitylene 52
8 DCM <5
9 CHsCN <5
10 pyridine 13
11 methanol <5
12 ethanol <5
13 isopropanol <5
14 t-AmOH 26
15 DMF <5
16 DMAc <5
17 NMP <5
18 DMSO <5

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), ‘BuOK (1.0 mmol), solvent (3.0 mL), 100 °C, 6 h. Yields of D1 was determined
by GC analysis using n-cetane as the internal standard.
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Table S5. The ratio of substrates screening!?!

H [Mn] (1.0 mol%) Ph
Ph" YOH *+ Ph/N\NHz + ph” OBr L2 mol%)‘ Ph/O\\N,N\O/Ph

A1 B1 C1 D1

Entry Al(mmol) Bl(mmol) C1(mmol) D1 (%)
1 0.5 0.5 0 0
2 0.5 0.5 0.5 ol
3 0.5 0.5 0.6 60
4 0.5 0.5 0.7 63
5 0.5 0.5 0.8 63
6 0 0.5 0.7 0
7 0.6 0.5 0.7 77
8 0.7 0.5 0.7 86
9 0.8 0.5 0.7 91
10 0.9 0.5 0.7 91
11 0.8 0.4 0.7 87
12 0.8 0.6 0.7 90
13 0.8 0.7 0.7 90

[a] Reaction condition: Al (x mmol), B1 (x mmol), C1 (x mmol), MnBr(CO)s (1.0 mol%), L11 (1.2
mol%), ‘BuOK (1.0 mmol), THF (3.0 mL), 100 °C, 6 h. Yields of D1 was determined by GC analysis
using n-cetane as the internal standard.
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Table S6. Screening the loading of ~-BuOK!?!

H [Mn] (1.0 mol%) Fl’h
PR OH * o N+ PhT Br L2 mory Phe SN NP
A1 B1 C1 D1
Entry t-BuOK (mmol) D1 (%)
1 0 0
2 0.25 0
3 0.5 <5
4 0.75 86
5 1.0 91
6 1.25 91
7 2.0 90

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), BuOK (X mmol), THF (3.0 mL), 100 °C, 6 h. Yields of D1 was determined by
GC analysis using n-cetane as the internal standard.

Table S7. The loading of solvent screening!?!

H [Mn] (1.0 mol%) I?h

PR OH * p Nagy t PR B Cazmam P SN P

A1 B1 c1 D1
Entry THF (mL) D1 (%)

1 0 23

2 0.5 61

3 1.0 76

4 1.5 80

5 2.0 88

6 3.0 91

7 4.0 90

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), ‘BuOK (1.0 mmol), THF (x mL), 100 °C, 6 h. Yields of D1 was determined by GC

analysis using n-cetane as the internal standard.
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Table S8. The Pd-catalyst loading screening!?!

H [Mn] (1.0 mol%) Ph
PR OH Nyt PR B Cazmam P SN P
A1 B1 c1 D1
Entry MnBr(CO)s L1 D1 (%)
1 0 0
2 0.0005 0.0006 13
3 0.001 0.0012 42
4 0.005 0.006 76
5 0.01 0.012 91
6 0.02 0.024 91

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (x mol%), L11
(x mol%), ‘BuOK (1.0 mmol), solvent (3.0 mL), 100 °C, 6 h. Yields of D1 was determined by GC
analysis using n-cetane as the internal standard.

Table S9. Reaction temperature screening!?!

’ [Mn] (1.0 mol%) Ph
PRTTOH Moy, * P L(1.2 mol%)‘ P SN
A1 B c1 D1
Entry T(C) D1 (%)
1 RT 0
2 80 61
3 90 80
4 100 91
5 110 89
6 120 82

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), ‘BuOK (1.0 mmol), THF (3.0 mL), x °C, 6 h. Yields of D1 was determined by GC

analysis using n-cetane as the internal standard.
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Table S10. Reaction time screening/?!

H [Mn] (1.0 mol%) Ph
P70+ Moy, * P L (1.2 mol%) Rl sl
A1 B1 c1 D1
Entry t (h) D1 (%)
1 3 65
2 6 91
3 10 93
4 12 96
5 14 96

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), ‘BuOK (1.0 mmol), THF (3.0 mL), 100 °C, x h. Yields of D1 was determined by

GC analysis using n-cetane as the internal standard.

Table S11. The reaction system screening!?!

H [Mn] (1.0 mol%) Fl’h
PR OH * o N+ PhT B L2 mory Phe SN NP
A1 B1 C1 D1

Entry System atmosphere D1 (%)

1 open N» 93

2 open Oz <5

3 open air 36

4 seal N2 96

5 seal Oz <5

6 seal air 46

[a] Reaction condition: A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol), MnBr(CO)s (1.0 mol%),
L11 (1.2 mol%), ‘BuOK (1.0 mmol), THF (3.0 mL), 100 °C, 12 h. Yields of D1 was determined by

GC analysis using n-cetane as the internal standard.
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4. General Procedure for the products

H [Mn] (1.0 mol%) F|<1
PN ~N 2
R "OH * 1N + R? TBr AN N R
R'NH, L(12mol%) RSN
A B c D

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), alcohols (A, 0.8 mmol), hydrazines (B, 0.5 mmol) and alkyl halides (C, 0.7
mmol) and THF (3 mL). Then the seal tube was closed tightly with a teflon cap,
removed from the glove box and immersed into a pre-heated metal bath (100 °C) for 12
hours. After the reaction was finished, the reaction was analyzed by TLC to monitor
product formation. Then a small aliquot of the organic phase was analyzed by GC and
GC-MS to monitor product formation. The solvent was evaporated under reduced
pressure and the residue was purified by flash column chromatography (petroleum
ether/dichloromethane = 20:1 — 5:1) on silica gel to give the products D in the reported

yields.
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5. Characterization Data

©AN,NvPh

D1

1-benzyl-2-benzylidene-1-phenylhydrazine (D1)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 131.7 mg, 92% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.64 — 7.55 (m, 2H), 7.42 — 7.36 (m, 2H), 7.35
—7.24 (m, 7H), 7.20 (q, J = 7.3 Hz, 4H), 6.96 — 6.88 (m, 1H), 5.10 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 147.99, 136.67, 135.78, 132.59, 129.33,
129.17, 128.68, 128.02, 127.45, 126.35, 126.17, 120.90, 114.92, 50.48 ppm.

HRMS (ESI) calcd. for C20H19N2 [M+H]: 287.1548, found: 287.1549.

Elemental Analysis calcd for CooHisN2: C, 83.88; H, 6.34; N, 9.78; found: C, 83.86;

H, 6.36; N, 9.76.
Fl’h
o
H3C D2

1-benzyl-2-(4-methylbenzylidene)-1-phenylhydrazine (D2)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 144.2 mg, 96% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 8 7.52 (d, J = 8.1 Hz, 2H), 7.44 — 7.31 (m, 6H),
7.28 — 7.20 (m, 4H), 7.14 (d, J = 8.0 Hz, 2H), 6.94 (t, J = 7.2 Hz, 1H), 5.17 (s, 2H),
2.34 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) 6 147.90, 137.82, 135.78, 133.77, 132.73,
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129.20, 129.11, 128.96, 127.22, 126.12, 126.03, 120.52, 114.66, 50.41, 21.30 ppm.
HRMS (ESI) calcd. for C21H21N2 [M+H]: 301.1705, found: 301.1705.
Elemental Analysis calcd for C21H2oN2:  C, 83.96; H, 6.71; N, 9.33; found: C, 83.92;

H, 6.72; N, 9.32.
l?h
/[:::T/<§N,N~V,Ph
(HiC)C™ 7

1-benzyl-2-(4-(tert-butyl)benzylidene)-1-phenylhydrazine (D3)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 164.4 mg, 96% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.57 (d, J = 8.4 Hz, 2H), 7.46 — 7.26 (m, 10H),
7.23 (d,J=7.0 Hz, 2H), 6.94 (t, J= 7.2 Hz, 1H), 5.18 (s, 2H), 1.31 (s, 9H) ppm.
IBCNMR (101 MHz, 23.0°C,CDCl3) 8 151.11, 147.92, 135.72, 133.81, 132.63, 129.13,
128.97, 127.24, 126.07, 125.94, 125.46, 120.56, 114.72, 50.35, 34.66, 31.28 ppm.
HRMS (ESI) calcd. for C24H27N2 [M+H]: 343.2174, found: 343.2176.

Elemental Analysis calcd for C24HoeN2: C, 84.17; H, 7.65; N, 8.18; found: C, 84.12;

H, 7.64; N, 8.14.
Ph
Jo s nd
CeHs D4

2-([1,1'-biphenyl]-4-ylmethylene)-1-benzyl-1-phenylhydrazine (D4)
The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 146.8 mg, 81% yield. Purification by

column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).
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'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.70 (d, J = 8.4 Hz, 2H), 7.65 — 7.50 (m, 4H),
7.46 —7.42 (m, 4H), 7.37—7.31 (m, 5H), 7.31 — 7.26 (m, 3H), 7.25 (d, /= 1.4 Hz, 1H),
6.97 (t,J=17.2 Hz, 1H), 5.21 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 147.85, 140.77, 135.61, 132.09, 129.18,
129.04, 128.80, 127.89, 127.33, 127.22, 126.94, 126.58, 126.05, 120.83, 114.86, 50.50
ppm.

HRMS (ESI) calcd. for C26H23N2 [M+H]: 363.1861, found: 363.1860.

Elemental Analysis calcd for C2sH22Na2: C, 86.15; H, 6.12; N, 7.73; found: C, 86.16;

H, 6.16; N, 7.76.

— N1
Ph
/@AN,N Ph
HsCO D5

1-benzyl-2-(4-methoxybenzylidene)-1-phenylhydrazine (D5)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 151.9mg, 96% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.56 (d, J= 8.7 Hz, 2H), 7.40 — 7.23 (m, 10H),
6.90 (dd, J=26.3, 7.9 Hz, 3H), 5.16 (s, 2H), 3.81 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 159.59, 147.94, 135.90, 132.54, 129.39,
129.10, 128.96, 127.48, 127.21, 126.05, 120.37, 114.55, 113.97, 55.32, 50.47 ppm.
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HRMS (ESI) calcd. for C21H21N2O [M+H]: 317.1654, found: 317.1653.
Elemental Analysis calcd for C21H20N20: C, 79.72; H, 6.37; N, 8.85; O, 5.06; found:
C, 79.74; H, 6.36; N, 8.84.

I?h

/©/QN,NVPh
F

D6

1-benzyl-2-(4-fluorobenzylidene)-1-phenylhydrazine (D6)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 141.5 mg, 93% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.67 — 7.52 (m, 2H), 7.40 — 7.20 (m, 10H), 7.09
—6.88 (m, 3H), 5.17 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIs) & 163.75, 161.29, 147.79, 135.57, 132.74,
131.30, 129.16, 129.02, 127.70, 127.62, 127.32, 125.99, 120.80, 115.58, 115.36, 114.77,
50.55 ppm.

F NMR (377 MHz, 23.0 °C, CDCl3) § -113.75 ppm.

HRMS (ESI) calcd. for C20H1sFN2 [M+H]: 305.1454, found: 305.1455.

Elemental Analysis calcd for C20H17FNa2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.93; H, 5.64; N, 9.23.

I?h

jonhd
Cl

D7

1-benzyl-2-(4-chlorobenzylidene)-1-phenylhydrazine (D7)
The title compound was prepared according to the general procedure and purified by

column chromatography to give a yellow solid 150.8 mg, 94% yield. Purification by
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column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.59 — 7.50 (m, 2H), 7.44 — 7.24 (m, 12H), 6.97
(t,J=7.2 Hz, 1H), 5.18 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 147.69, 135.39, 135.06, 133.32, 131.13,
129.18, 129.05, 128.66, 127.37, 127.25, 125.98, 121.03, 114.91, 50.61 ppm.

HRMS (ESI) calcd. for C20HisCIN> [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for CooH17CIN»: C, 74.88; H, 5.34; Cl, 11.05; N, 8.73; found:
C, 74.85; H, 5.33; N, 8.74.

I?h

o
Br

D8

1-benzyl-2-(4-bromobenzylidene)-1-phenylhydrazine (D8)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 166.2 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) & 7.46 (q, J = 8.7 Hz, 4H), 7.41 — 7.29 (m, 7H),
7.23 (d,J=17.1 Hz, 2H), 6.97 (t, J= 7.2 Hz, 1H), 5.18 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIls) & 147.70, 135.52, 135.38, 131.61, 131.13,
129.21, 129.07, 127.57, 127.40, 125.99, 121.52, 121.09, 114.95, 99.99, 50.63 ppm.
HRMS (ESI) calcd. for C20Hi1sBrN> [M+H]: 365.0653, found: 365.0655.

Elemental Analysis calcd for Co0H17BrN2: C, 65.76; H, 4.69; Br, 21.88; N, 7.67; found:
C, 65.74; H, 4.66; N, 7.64.

IIDh

jonhd
|

D9

1-benzyl-2-(4-iodobenzylidene)-1-phenylhydrazine (D9)
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The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 152.5 mg, 74% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) 8 7.72 (d, J = 8.4 Hz, 2H), 7.57 (s, 1H), 7.49 —
7.38 (m, 4H), 7.33 (q, J=11.7, 8.0 Hz, 4H), 7.25 (t, /= 7.3 Hz, 1H), 7.19 (d, /= 7.2
Hz, 2H), 6.92 (t, J= 7.2 Hz, 1H), 5.32 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.42, 137.86, 136.38, 136.22, 132.02,
129.68, 129.24, 128.30, 127.48, 126.70, 120.93, 114.71, 94.11, 48.67, 40.61, 40.40,
40.19, 39.98, 39.77, 39.56, 39.36 ppm.

HRMS (ESI) calcd. for C2oH1gIN> [M+H]: 413.0515, found: 413.0517.

Elemental Analysis calcd for C2oH17IN2: C, 58.27; H, 4.16; 1, 30.78; N, 6.79; found:
C, 58.21; H,4.15; N, 6.73.

Iljh

/©AN’NVPh
HoN

D10

4-((2-benzyl-2-phenylhydrazineylidene)methyl)aniline (D10)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 135.6 mg, 90% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) 8 7.44 (s, 1H), 7.42 (s, 1H), 7.37 (d, J=7.9 Hz,
2H), 7.34 —7.28 (m, 5H), 7.26 (d, J=4.4 Hz, 1H), 7.22 (dd, J= 7.4, 3.6 Hz, 3H), 6.90
(t,J=7.2 Hz, 1H), 6.62 (d, J= 8.5 Hz, 2H), 5.12 (s, 2H), 3.69 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 148.12, 146.57, 136.21, 133.29, 129.14,
128.98, 127.60, 127.30, 127.20, 126.11, 120.10, 115.05, 114.42, 50.41 ppm.

HRMS (ESI) calcd. for C20H20N3 [M+H]: 302.1657, found: 302.1656.

Elemental Analysis calcd for C20Hi9N3: C, 79.70; H, 6.35; N, 13.94; found: C, 79.74;
H, 6.35; N, 13.93.

529



I?h

/O/QN, N vPh
(H3C)2N

D11

4-((2-benzyl-2-phenylhydrazineylidene)methyl)-N,N-dimethylaniline (D11)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 135.1 mg, 82% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) § 7.51 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.9 Hz,
3H), 7.34 - 7.26 (m, 4H), 7.26 — 7.17 (m, 3H), 6.96 — 6.82 (m, 1H), 6.68 (d, /= 8.7 Hz,
2H), 5.14 (s, 2H), 2.95 (s, 6H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 150.48, 148.18, 136.35, 133.62, 129.12,
128.96, 127.41, 127.16, 126.14, 125.09, 119.92, 114.34, 112.34, 50.37, 40.53 ppm.
HRMS (ESI) calcd. for C22H24N3 [M+H]: 330.1970, found: 330.1972.

Elemental Analysis calcd for C22H23N3: C, 80.21; H, 7.04; N, 12.76; found: C, 80.23;
H, 7.05; N, 12.75.

F|>h

/©/§N’ N Ph
F3CO

D12

1-benzyl-1-phenyl-2-(4-(trifluoromethoxy)benzylidene)hydrazine (D12)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 179.6 mg, 97% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) 4 7.59 (d, J = 8.8 Hz, 2H), 7.38 (d, J = 7.8 Hz,
2H), 7.31 (t, J= 8.3, 6.1, 3.0 Hz, 5H), 7.26 (d, J = 7.2 Hz, 1H), 7.22 — 7.17 (m, 2H),
7.14 (d, J= 8.2 Hz, 2H), 6.96 (t, /= 7.2 Hz, 1H), 5.14 (s, 2H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCl3) & 148.67, 148.66, 147.77, 135.42, 130.79,
129.29, 129.15, 127.48, 127.35, 126.05, 121.18, 121.15, 115.03, 50.61 ppm.

19F NMR (377 MHz, 23.0 °C, CDCl3) & -57.73 ppm.

HRMS (ESI) calcd. for C21HisF3N>O [M+H]: 371.1371, found: 371.1373.

Elemental Analysis calcd for C21Hi7F3N20: C, 68.10; H, 4.63; F, 15.39; N, 7.56; O,
4.32; found: C, 68.17; H, 4.65; N, 7.51.

IIDh

/©/§N,NvPh
FsC

D13

1-benzyl-1-phenyl-2-(4-(trifluoromethyl)benzylidene)hydrazine (D13)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 164.8 mg, 93% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) § 7.70 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.2 Hz,
2H), 7.42 (dd, J=8.9, 1.1 Hz, 2H), 7.38 — 7.32 (m, 5H), 7.29 (d, /= 7.3 Hz, 1H), 7.24
(d, J=7.0 Hz, 2H), 7.00 (t, J= 7.2 Hz, 1H), 5.21 (s, 2H) ppm.

IBCNMR (101 MHz, 23.0 °C, CDCl3) § 147.58, 137.05, 135.11, 133.92, 130.58, 129.81,
129.25,129.19,129.12,128.12, 127.48, 127.00, 126.11, 125.98, 125.74, 125.42, 122.25,
121.48, 118.91, 115.21, 101.79, 99.99, 50.72 ppm.

19F NMR (377 MHz, 23.0 °C, CDCl;3) & -62.42 ppm.

HRMS (ESI) caled. for C21HisF3N2 [M+H]: 355.1422, found: 355.1425.

Elemental Analysis calcd for C21Hi7F3N2: C, 71.18; H, 4.84; F, 16.08; N, 7.91; found:
C,71.14; H, 4.86; N, 7.93.

I?h

/@AN,NvPh
NC

D14
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4-((2-benzyl-2-phenylhydrazineylidene)methyl)benzonitrile (D14)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 133.9 mg, 86% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) 4 7.67 (d, J = 8.3 Hz, 2H), 7.58 (d, J = 8.3 Hz,
2H), 7.41 (d, J = 8.1 Hz, 2H), 7.37 — 7.30 (m, 5H), 7.22 (d, /= 7.4 Hz, 2H), 7.02 (t, J
=7.2 Hz, 1H), 5.21 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 147.40, 140.96, 134.84, 132.32, 129.96,
129.30, 129.18, 127.58, 126.31, 125.96, 121.90, 119.23, 115.43, 110.35, 50.89 ppm.
HRMS (ESI) calcd. for C21H1sN3 [M+H]: 312.1501, found: 312.1500.

Elemental Analysis calcd for C2;H7Ns: C, 81.00; H, 5.50; N, 13.49; found: C, 81.02;
H, 5.55; N, 13.42.

IIDh

jonhe
HO

D15

4-((2-benzyl-2-phenylhydrazineylidene)methyl)phenol (D15)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 137.6 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.50 (d, J = 8.6 Hz, 2H), 7.41 — 7.19 (m, 11H),
6.92 (t,J=7.2 Hz, 1H), 6.77 (d, J= 8.6 Hz, 2H), 5.13 (s, 2H), 4.92 (s, 1H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 155.53, 148.00, 135.95, 132.46, 129.66,
129.19, 129.03, 127.74, 127.29, 126.08, 120.47, 115.54, 114.64, 50.50 ppm.

HRMS (ESI) calcd. for C20H19N20 [M+H]: 303.1497, found: 303.1498.

Elemental Analysis calcd for C20HisN2O: C, 79.44; H, 6.00; N, 9.26; O, 5.29; found:
C, 79.43; H, 6.02; N, 9.24.
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D16

1-benzyl-2-(4-(methylthio)benzylidene)-1-phenylhydrazine (D16)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 151.3 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.57 — 7.46 (m, 2H), 7.43 — 7.36 (m, 2H), 7.36
—7.29 (m, 5H), 7.26 — 7.15 (m, 5H), 6.99 — 6.86 (m, 1H), 5.15 (s, 2H), 2.46 (s, 3H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.86, 138.14, 135.70, 133.63, 132.04,
129.20, 129.06, 128.47, 127.84, 127.34, 126.75, 126.60, 126.59, 126.07, 120.77, 114.80,
50.49, 15.89 ppm.

HRMS (ESI) calcd. for C21H21N2S [M+H]: 333.1425, found: 333.1423.

Elemental Analysis calcd for C21H2o0N»S: C, 75.87; H, 6.06; N, 8.43; S, 9.64; found: C,
75.84; H, 6.03; N, 8.45.

I?h
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D17

1-benzyl-2-(3-methylbenzylidene)-1-phenylhydrazine (D17)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 139.7 mg, 93% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 4 7.80 (d, J= 7.6 Hz, 1H), 7.51 (s, 1H), 7.36 (d,
J=17.9 Hz, 2H), 7.27 (t,J= 8.8, 3.8, 3.2 Hz, 4H), 7.21 — 7.18 (m, 3H), 7.16 — 6.97 (m,
3H), 6.89 (t,J=7.2 Hz, 1H), 5.13 (s, 2H), 2.15 (s, 3H) ppm.

S33



13C NMR (101 MHz, 23.0 °C, CDCI3) & 148.06, 135.66, 135.34, 134.35, 131.82,
130.64, 129.19, 129.01, 127.66, 127.32, 126.15, 126.09, 125.72, 120.73, 114.88, 50.68,
19.74 ppm.

HRMS (ESI) caled. for C21H21N2 [M+H]: 301.1705, found: 301.1707.

Elemental Analysis calcd for Co1H2oN2: C, 83.96; H, 6.71; N, 9.33; found: C, 83.93;

H, 6.73; N, 9.32.
Ph
H3CO\©/QN,NvPh
D18

1-benzyl-2-(3-methoxybenzylidene)-1-phenylhydrazine (D18)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 153.5 mg, 97% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 8 7.40 (d, J= 7.9 Hz, 2H), 7.38 — 7.28 (m, 5H),
7.25(q,J=5.0,4.6 Hz, 5H), 7.15 (d, J=7.7 Hz, 1H), 6.96 (t,J= 7.2 Hz, 1H), 6.80 (dd,
J=28.0,2.0 Hz, 1H), 5.19 (s, 2H), 3.84 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 159.84, 147.82, 137.98, 135.59, 132.36,
129.48,129.17, 129.03, 127.32, 126.04, 120.84, 119.28, 114.86, 113.96, 110.63, 55.29,
50.54 ppm.

HRMS (ESI) calcd. for C21H21N20 [M+H]: 317.1654, found: 317.1658.

Elemental Analysis calcd for C21H20N2O: C, 79.72; H, 6.37; N, 8.85; O, 5.06; found:
C, 79.76; H, 6.34; N, 8.86.

1-benzyl-2-(3-fluorobenzylidene)-1-phenylhydrazine (D19)
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The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 135.4 mg, 89% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.42 — 7.22 (m, 13H), 7.05 — 6.85 (m, 2H), 5.18
(s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 164.40, 161.97, 147.67, 139.02, 138.94,
135.33, 131.04, 131.01, 129.96, 129.88, 129.22, 129.08, 127.41, 126.00, 122.22,
122.19, 121.18, 115.02, 114.69, 114.48, 112.27, 112.04, 50.64 ppm.

19F NMR (377 MHz, 23.0 °C, CDCl3) & -113.45 ppm.

HRMS (ESI) calcd. for C20HisFN2 [M+H]: 305.1454, found: 305.1454.

Elemental Analysis calcd for CooHi17FN2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.94; H, 5.65; N, 9.23.

IIDh

NN Ph

D20

1-benzyl-2-(2-methylbenzylidene)-1-phenylhydrazine (D20)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 138.2 mg, 92% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCI3) 6 7.87 (d, J= 7.4 Hz, 1H), 7.58 (s, 1H), 7.43 (d,
J=28.0 Hz, 2H), 7.36 — 7.30 (m, 4H), 7.26 (t,J=3.1 Hz, 2H), 7.23 - 7.11 (m, 3H), 7.09
(d, /=72 Hz, 1H), 6.95 (t, J= 7.2 Hz, 1H), 5.19 (s, 2H), 2.22 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 148.07, 135.67, 135.35, 134.36, 131.82,
130.65, 129.21, 129.02, 128.77, 128.25, 127.67, 127.33, 126.16, 126.10, 125.73,
120.74, 114.88, 77.37, 77.05, 76.73, 50.68, 19.75, 0.04 ppm.

HRMS (ESI) caled. for C21H21N2 [M+H]: 301.1705, found: 301.1704.

Elemental Analysis calcd for C21H20N2:  C, 83.96; H, 6.71; N, 9.33; found: C, 83.92;
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H, 6.73; N, 9.32.

OCHs,  Ph
NN Ph

D21

1-benzyl-2-(2-methoxybenzylidene)-1-phenylhydrazine (D21)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 147.1 mg, 93% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) & 8.04 (dd, J = 7.7, 1.6 Hz, 1H), 7.82 (s, 1H),
7.41 (d, J=8.0 Hz, 2H), 7.34 — 7.20 (m, 8H), 6.98 (t, /= 7.5 Hz, 1H), 6.93 (t, J=7.2
Hz, 1H), 6.83 (d, /= 8.2 Hz, 1H), 5.19 (s, 2H), 3.72 (s, 3H) ppm.

IBCNMR (101 MHz, 23.0 °C, CDCl3) 8 156.99, 148.01, 135.96, 129.11, 128.87, 128.48,
127.14, 126.28, 125.50, 125.24, 120.90, 120.45, 114.69, 111.17, 55.63, 50.27 ppm.
HRMS (ESI) calced. for C21H21N20 [M+H]: 317.1654, found: 317.1655.

Elemental Analysis calcd for C21H20N>O: C, 79.72; H, 6.37; N, 8.85; O, 5.06; found:
C, 79.73; H, 6.35; N, 8.83.

F Ph
@AN,NvPh
D22

1-benzyl-2-(2-fluorobenzylidene)-1-phenylhydrazine (D22)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 121.7 mg, 80% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 8 8.03 (t,J= 7.6, 2.0 Hz, 1H), 7.60 (s, 1H), 7.42
(d,/=7.8 Hz, 2H), 7.34 (dd, J=5.7,5.2,3.3 Hz, 4H), 7.27 - 7.10 (m, 6H), 7.04 — 6.91
(m, 2H), 5.20 (s, 2H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCl3) 6 161.71, 147.76, 135.26, 129.17, 129.00,
128.92,128.84,127.35,126.10, 125.93, 125.38, 125.32, 124.16, 121.05, 115.59, 115.38,
114.96, 50.46 ppm.

F NMR (377 MHz, 23.0 °C, CDCl3) & -122.56 ppm.

HRMS (ESI) calcd. for C20HisFN2 [M+H]: 305.1454, found: 305.1456.

Elemental Analysis calcd for CooHi17FN2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.94; H, 5.63; N, 9.23.

|
D23

1-benzyl-2-(2-chlorobenzylidene)-1-phenylhydrazine (D23)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 128.3 mg, 80% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) & 8.08 (dd, J = 7.8, 1.5 Hz, 1H), 7.76 (s, 1H),
7.44 (d,J=7.9 Hz, 2H), 7.40 — 7.30 (m, 4H), 7.27 (d, J= 6.8 Hz, 6H), 7.15 (t, J = 7.6,
1.7 Hz, 1H), 6.99 (t, J= 7.2 Hz, 1H), 5.21 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.82, 135.28, 133.79, 132.82, 129.60,
129.38, 129.22, 129.01, 128.54, 127.41, 126.79, 126.31, 126.25, 121.20, 115.14, 50.91
ppm.

HRMS (ESI) calcd. for C20HisCIN2 [M+H]: 321.1159, found: 321.1158.

Elemental Analysis calcd for CooH17CIN2: C, 74.88; H, 5.34; Cl, 11.05; N, 8.73; found:
C, 74.86; H, 5.34; N, 8.74.

Br Ph
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1-benzyl-2-(2-bromobenzylidene)-1-phenylhydrazine (D24)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 138.8 mg, 76% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) & 8.06 (dd, J = 7.9, 1.6 Hz, 1H), 7.71 (s, 1H),
7.50 — 7.42 (m, 3H), 7.37 — 7.31 (m, 4H), 7.30 — 7.24 (m, 4H), 7.12 — 7.03 (m, 1H),
6.99 (t, J=17.2 Hz, 1H), 5.20 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.86, 135.28, 135.21, 132.85, 132.04,
129.24, 129.02, 128.87, 127.44, 127.39, 126.68, 126.32, 123.19, 121.24, 115.20, 51.09
ppm.

HRMS (ESI) calcd. for C20HisBrN2 [M+H]: 365.0653, found: 365.0653.

Elemental Analysis calcd for CooHi17BrN»: C, 65.76; H, 4.69; Br, 21.88; N, 7.67; found:
C, 65.74; H, 4.63; N, 7.64.

Bu N

t
Bupys

1-benzyl-2-(3,5-di-tert-butylbenzylidene)-1-phenylhydrazine (D25)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 187.3 mg, 94% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3)  7.48 (d, J= 1.8 Hz, 2H), 7.43 (s, 1H), 7.39 (d,
J=17.8Hz,2H), 7.36 — 7.31 (m, 4H), 7.31 — 7.24 (m, 4H), 6.94 (t, /= 7.2 Hz, 1H), 5.19
(s, 2H), 1.34 (s, 18H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 150.98, 147.95, 135.89, 135.73, 133.55,
129.15, 129.00, 127.22, 126.09, 122.42, 120.58, 120.50, 114.66, 50.40, 34.86, 31.45

ppm.
HRMS (ESI) calcd. for C2sH3sN2 [M+H]: 399.2800, found: 399.2803.
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Elemental Analysis calcd for CosH34N»: C, 84.37; H, 8.60; N, 7.03; found: C, 84.34;
H, 8.62; N, 7.04.

D26

1-benzyl-1-phenyl-2-(2,4,6-trimethylbenzylidene)hydrazine (D26)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 136.3 mg, 83% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.58 (s, 1H), 7.38 — 7.24 (m, 10H), 6.93 (t, J=
7.1 Hz, 1H), 6.83 (s, 2H), 5.21 (s, 2H), 2.27 (s, 6H), 2.25 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 148.25, 136.95, 136.50, 135.75, 133.64,
130.06, 129.40, 129.18, 128.99, 127.27, 126.14, 120.37, 114.51, 50.19, 21.45, 21.01
ppm.

HRMS (ESI) calcd. for C23H25N2 [M+H]: 329.2018, found: 329.2017.

Elemental Analysis calcd for Co3H24N»: C, 84.11; H, 7.37; N, 8.53; found: C, 84.14;
H, 7.34; N, 8.52.
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4-((2-benzyl-2-phenylhydrazineylidene)methyl)pyridine (D27)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 102.1 mg, 71% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 8 8.53 (d, J =4.9 Hz, 2H), 7.48 — 7.21 (m, 12H),
7.03 (t,J=7.2 Hz, 1H), 5.21 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 149.71, 147.34, 134.70, 129.30, 129.18,
127.60, 125.95, 122.05, 120.26, 115.53, 50.92 ppm.

HRMS (ESI) calcd. for C19H1sN3 [M+H]: 288.1501, found: 288.1500.

Elemental Analysis calcd for Ci9Hi7N3: C, 79.41; H, 5.96; N, 14.62; found: C, 79.42;
H, 5.94; N, 14.67.
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3-((2-benzyl-2-phenylhydrazineylidene)methyl)pyridine (D28)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid120.7 mg, 84% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 8.71 (s, 1H), 8.46 (d, J= 3.9 Hz, 1H), 8.02 (d,
J=179,1.8 Hz, 1H), 7.44 — 7.33 (m, 6H), 7.26 (d, J = 4.3 Hz, 5H), 7.00 (t,J = 7.2 Hz,
1H), 5.21 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 148.49, 148.12, 147.57, 135.10, 132.44,
129.26, 129.14, 128.76, 127.51, 125.98, 123.55, 121.42, 115.10, 50.66 ppm.

HRMS (ESI) calcd. for C19HisN3 [M+H]: 288.1501, found: 288.1501.

Elemental Analysis calcd for C19H7N3: C, 79.41; H, 5.96; N, 14.62; found: C, 79.48;
H, 5.94; N, 14.63.

I?h

NSy NP

~-N

D29

2-((2-benzyl-2-phenylhydrazineylidene)methyl)pyridine (D29)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 137.9 mg, 96% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 6 8.45 (dd, J=4.9, 1.7, 0.9 Hz, 1H), 8.04 (dd, J
=8.1, 0.9 Hz, 1H), 7.65 (t, J=17.5, 1.3 Hz, 1H), 7.43 (d, J = 9.0, 1.6 Hz, 2H), 7.39 —
7.29 (m, 4H), 7.26 — 7.20 (m, 3H), 7.10 (dd, J= 7.4, 4.9, 1.2 Hz, 1H), 7.06 — 6.92 (m,
1H), 5.22 (s, 2H) ppm.

541



13C NMR (101 MHz, 23.0 °C, CDCl3) & 155.72, 149.00, 147.59, 136.17, 134.92,
133.25,129.24, 129.05, 127.42, 126.05, 122.10, 121.51, 119.31, 115.27, 50.80 ppm.
HRMS (ESI) calcd. for C19HisN3 [M+H]: 288.1501, found: 288.1505.

Elemental Analysis calcd for C19H17N3: C, 79.41; H, 5.96; N, 14.62; found: C, 79.45;
H, 5.94; N, 14.63.

D30

1-benzyl-2-(furan-2-ylmethylene)-1-phenylhydrazine (D30)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 99.5 mg, 72% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 8 7.46 — 7.26 (m, 9H), 7.23 (d, J= 7.0 Hz, 2H),
6.96 (t,J=7.2 Hz, 1H), 6.46 (d, /= 3.3 Hz, 1H), 6.41 (d, /= 1.8 Hz, 1H), 5.14 (s, 2H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 151.99, 147.61, 142.33, 135.31, 129.18,
129.06, 127.40, 126.02, 123.42, 121.04, 115.06, 111.49, 108.03, 50.72 ppm.

HRMS (ESI) calcd. for Ci1sH17N2O [M+H]: 277.1341, found: 277.1340.

Elemental Analysis calcd for C1sHisN2O: C, 78.24; H, 5.84; N, 10.14; O, 5.79; found:
C, 78.22; H, 5.88; N, 10.19.

Ph

1-benzyl-1-phenyl-2-(thiophen-2-ylmethylene)hydrazine (D31)

The title compound was prepared according to the general procedure and purified by
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column chromatography to give a yellow solid 133.1 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) & 7.55 (s, 1H), 7.38 — 7.24 (m, 9H), 7.21 — 7.15
(m, 1H), 6.95 (t, J = 3.9 Hz, 3H), 5.15 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.47, 142.42, 135.45, 129.18, 129.07,
127.58, 127.39, 127.14, 126.02, 125.83, 125.09, 120.84, 114.74, 50.76 ppm.

HRMS (ESI) calcd. for Ci1gH17N2S [M+H]: 293.1112, found: 293.1110.

Elemental Analysis calcd for CisHisN2S: C, 73.94; H, 5.52; N, 9.58; S, 10.96; found:
C,73.99; H, 5.51; N, 9.57.

l i
NN Ph

D32

(1-benzyl-2-(naphthalen-1-ylmethylene)-1-phenylhydrazine (D32)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 1146.4 mg, 87% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) & 8.28 (dd, J = 6.3, 3.5 Hz, 1H), 8.07 (s, 1H),
7.97-17.88 (m, 1H), 7.83 (dd, J=6.2,3.4 Hz, 1H), 7.76 (d, /= 8.2 Hz, 1H), 7.52 — 7.41
(m, 5H), 7.42 —7.26 (m, 7H), 7.06 — 6.91 (m, 1H), 5.30 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 164.65, 162.19, 147.69, 138.58, 138.51,
136.33, 132.68, 130.70, 130.62, 129.23, 128.56, 128.04, 126.24, 121.65, 121.62,
121.01, 114.86, 114.48, 114.27, 113.24, 113.02, 50.14 ppm.

HRMS (ESI) calcd. for C24H21N2 [M+H]: 337.1705, found: 337.1704.

Elemental Analysis calcd for Co4H20N2: C, 85.68; H, 5.99; N, 8.33; found: C, 85.65;
H, 5.98; N, 8.36.
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D33

1-benzyl-2-(naphthalen-2-ylmethylene)-1-phenylhydrazine (D33)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 156.4 mg, 93% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) & 8.06 (dd, J= 8.6, 1.5 Hz, 1H), 7.87 — 7.71 (m,
4H), 7.56 (s, 1H), 7.52 — 7.39 (m, 4H), 7.36 (q, J = 8.8, 6.9, 4.7 Hz, 4H), 7.29 (t, J =
6.0 Hz, 3H), 6.98 (t, J= 7.2 Hz, 1H), 5.24 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.93, 135.73, 134.35, 133.57, 133.34,
132.74,129.27,129.12, 128.30, 127.95, 127.86, 127.40, 126.61, 126.32, 126.11, 125.96,
123.15, 120.92, 114.95, 50.60 ppm.

HRMS (ESI) calcd. for C24H21N2 [M+H]: 337.1705, found: 337.1705.

Elemental Analysis calcd for Co4H2oN2: C, 85.68; H, 5.99; N, 8.33; found: C, 85.67;
H, 5.96; N, 8.34.

i iy
NN Ph

D34

2-(anthracen-9-ylmethylene)-1-benzyl-1-phenylhydrazine (D34)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 160.4 mg, 83% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

TH NMR (400 MHz, 23.0 °C, CDCl3) & 8.57 (s, 1H), 8.48 (s, 1H), 8.24 (d, J = 8.8 Hz,
2H), 8.09 (d, J = 8.1 Hz, 2H), 7.64 — 7.20 (m, 12H), 6.95 (t, /= 7.2 Hz, 1H), 5.64 (s,

2H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCI3) & 148.01, 136.52, 131.98, 131.52, 129.83,
129.52, 129.45, 129.20, 128.40, 127.78, 127.64, 126.97, 126.68, 126.33, 125.81,
125.51, 123.96, 120.99, 114.69, 48.88, 40.61, 40.40, 40.19, 39.98, 39.77, 39.57, 39.36
ppm.

HRMS (ESI) calcd. for C23H23N2 [M+H]: 387.1861, found: 387.1863.

Elemental Analysis calcd for C2sH2No: C, 87.01; H, 5.74; N, 7.25; found: C, 87.04;
H, 5.75; N, 7.27.

3-((2-benzyl-2-phenylhydrazineylidene)methyl)-9-ethyl-9H-carbazole (D35)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 185.6 mg, 92% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) & 8.35 — 8.17 (m, 1H), 8.09 (d, J= 7.7 Hz, 1H),
7.88 (dd, J = 8.6, 1.5 Hz, 1H), 7.63 (s, 1H), 7.51 — 7.42 (m, 3H), 7.41 — 7.28 (m, 8H),
7.22 (t,J=7.4 Hz, 1H), 6.94 (t, J=7.2 Hz, 1H), 5.23 (s, 2H), 4.35 (q, J = 7.2 Hz, 2H),
1.42 (t,J=7.2 Hz, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 148.16, 140.33, 140.01, 136.20, 134.21,
129.17,129.01,127.83,127.23,126.15, 125.77,124.07, 123.11, 123.04, 120.59, 120.24,
119.04, 118.92, 114.60, 108.62, 50.62, 37.66, 13.84 ppm.

HRMS (ESI) calcd. for C23H26N3 [M+H]: 404.2127, found: 404.2126.

Elemental Analysis calcd for C2sHasNs: C, 83.34; H, 6.24; N, 10.41; found: C, 83.38;
H, 6.29; N, 10.47.
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D36

1-benzyl-1-phenyl-2-(3-phenylpropylidene)hydrazine (D36)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 111.6 mg, 71% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.46 — 7.26 (m, 6H), 7.25 — 7.21 (m, 3H), 7.19
—7.12 (m, 3H), 7.12 — 7.06 (m, 2H), 6.92 — 6.81 (m, 1H), 6.72 (t,J= 5.0 Hz, 1H), 4.98
(s, 2H), 2.81 (t.J=7.7 Hz, 2H), 2.67 — 2.51 (m, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 148.22, 141.49, 136.19, 135.35, 129.12,
128.99, 128.90, 128.55, 128.51, 128.45, 128.36, 128.32, 127.12, 126.09, 125.87, 119.97,
114.25, 50.47, 34.74, 33.78 ppm.

HRMS (ESI) calcd. for C22H23N2 [M+H]: 315.1861, found: 315.1863.

Elemental Analysis calcd for Co.oH2oNa: C, 84.04; H, 7.05; N, 8.91; found: C, 84.08;
H, 7.02; N, 8.95.

ﬁ’h

/\MN’NvPh
D37

1-benzyl-2-pentylidene-1-phenylhydrazine (D37)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 83.9 mg, 63% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.31 (t,J = 7.3 Hz, 2H), 7.27 — 7.21 (m, 5H),
7.16 (d, J=17.1 Hz, 2H), 6.86 (dd, J = 8.4, 5.3, 3.2 Hz, 1H), 6.70 (t, /= 5.3 Hz, 1H),
4.98 (s, 2H), 2.32 — 2.23 (m, 2H), 1.44 (p, J = 7.2 Hz, 2H), 1.30 (p, J = 14.7, 7.2 Hz,

546



2H), 0.88 (t, /= 7.3 Hz, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 148.57, 137.14, 136.67, 129.39, 129.13,
127.35, 126.37, 120.06, 114.43, 50.73, 32.95, 29.83, 22.51, 14.24 ppm.

HRMS (ESI) calcd. for CigH23N> [M+H]: 267.1861, found: 267.1860.

Elemental Analysis calcd for CisH2N»: C, 81.16; H, 8.32; N, 10.52; found: C, 81.17;
H, 8.34; N, 10.51.

Fl’h
/\/\/\/§N/vah

D38

1-benzyl-2-octylidene-1-phenylhydrazine (D38)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 100.1 mg, 68% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.53 — 7.07 (m, 13H), 6.85 (dd, /= 6.4, 2.9 Hz,
1H), 6.69 (t, J = 5.2 Hz, 1H), 4.98 (s, 2H), 2.37 — 2.12 (m, 2H), 1.49 — 1.41 (m, 2H),
1.26 (d, J=13.8 Hz, 10H), 0.87 (t, J= 6.8 Hz, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIs) & 148.30, 136.92, 136.39, 129.10, 128.97,
128.85, 128.51, 128.26, 128.03, 127.44, 127.07, 126.09, 119.77, 114.16, 113.53, 50.44,
32.97,31.83,29.16, 29.08, 27.45, 22.68, 14.15 ppm.

HRMS (ESI) calcd. for C20H27N2 [M+H]: 295.2174, found: 295.2172.

Elemental Analysis calcd for C20HoeN2: C, 81.58; H, 8.90; N, 9.51; found: C, 81.59;
H, 8.93; N, 9.56.

Ph
PhMN’ N.__Ph
D39
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1-benzyl-1-phenyl-2-(3-phenylallylidene)hydrazine (D39)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 126.5 mg, 81% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) & 7.42 — 7.28 (m, 12H), 7.24 — 7.18 (m, 3H), 7.10
—7.01 (m, 1H), 6.95 (t,J= 6.8 Hz, 1H), 6.56 (d, J=16.0 Hz, 1H), 5.13 (s, 2H) ppm.
13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.56, 137.04, 135.63, 135.41, 133.35,
129.17, 129.05, 128.67, 127.66, 127.39, 127.34, 126.34, 126.01, 120.93, 114.90, 50.70
ppm.

HRMS (ESI) caled. for C22H21N2 [M+H]: 313.1705, found: 313.1704.

Elemental Analysis calcd for C2oH2oN2: C, 84.58; H, 6.45; N, 8.97; found: C, 84.57,
H, 6.44; N, 8.91.

I?h
MN’NvPh
D40

1-benzyl-2-but-2-en-1-ylidene)-1-phenylhydrazine (D40)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 100.1 mg, 80% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 6 7.31 — 7.19 (m, 7H), 7.16 (t, J = 6.8 Hz, 2H),
7.09 (d, J= 8.8 Hz, 1H), 6.88 (t,J=8.4,5.9, 2.4 Hz, 1H), 6.31 (dd, J=15.5, 8.8, 1.6
Hz, 1H), 5.71 (dd, J=15.5, 6.8 Hz, 1H), 5.01 (s, 2H), 1.77 (d, /= 6.8 Hz, 3H) ppm.
13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.86, 136.09, 135.78, 131.68, 130.33,
129.16, 129.01, 127.25, 126.07, 120.40, 114.59, 50.45, 18.39 ppm.

HRMS (ESI) calcd. for C17H19N2 [M+H]: 251.1548, found: 251.1546.

Elemental Analysis calcd for Ci7HigN»2: C, 81.56; H, 7.25; N, 11.19; found: C, 81.58;
H, 7.22; N, 11.15.
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1-benzyl-2-(3,7-dimethyloct-6-en-1-ylidene)-1-phenylhydrazine (D41)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 118.8 mg, 71% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) & 7.48 — 7.26 (m, 8H), 7.17 (d, J = 7.1 Hz, 2H),
6.93 — 6.80 (m, 1H), 6.67 (t, J = 5.6 Hz, 1H), 5.00 (s, 2H), 2.27 (d, J = 14.1, 5.7 Hz,
1H), 2.13 (dd, J=14.0, 7.4, 5.9 Hz, 1H), 1.94 (d, J=16.4, 8.7 Hz, 2H), 1.67 — 1.64 (m,
3H), 1.57 (s, 3H), 1.34 — 1.21 (m, 2H), 1.16 — 1.08 (m, 1H), 0.82 (d, J = 6.7 Hz, 3H)
ppm.

IBCNMR (101 MHz, 23.0 °C, CDCl3) 8 163.3, 160.0, 141.5, 141.5,127.1, 127.0, 115.4,
115.2, 69.8, 25.3 ppm.

HRMS (ESI) calcd. for C23H31N2 [M+H]: 335.2487, found: 335.2485.

Elemental Analysis calcd for Co3H3oN2: C, 82.59; H, 9.04; N, 8.37; found: C, 82.57;
H, 9.05; N, 8.36.

IIDh
/wavah

D42

1-benzyl-2-(3,7-dimethylocta-2,6-dien-1-ylidene)-1-phenylhydrazine (D42)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 136.3 mg, 82% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.39 — 7.13 (m, 11H), 6.94 — 6.80 (m, 1H), 5.13
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—5.07 (m, 1H), 5.03 (d, J= 5.0 Hz, 2H), 2.09 (q, /= 11.7, 8.4 Hz, 2H), 2.05 — 1.97 (m,
1H), 1.92 (q, /= 7.2 Hz, 1H), 1.85 — 1.76 (m, 2H), 1.67 (s, 2H), 1.61 (s, 3H), 1.59 (s,
1H), 1.46 (s, 1H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 148.03, 141.79, 141.49, 136.26, 136.24,
133.53, 132.09, 131.94, 129.17, 129.04, 129.02, 128.49, 127.86, 127.28, 127.26,
126.18, 126.11, 123.93, 123.89, 123.66, 123.05, 120.36, 120.32, 114.68, 114.66, 50.88,
50.83, 40.14, 32.81, 26.78, 26.54, 25.81, 25.80, 24.23, 17.80, 17.67, 17.06 ppm.
HRMS (ESI) calcd. for C23H29oN2 [M+H]: 333.2331, found: 333.2330.

Elemental Analysis calcd for C23H2sN2: C, 83.09; H, 8.49; N, 8.43; found: C, 83.08;
H, 8.45; N, 8.41.

2-benzylidene-1-(4-methylbenzyl)-1-phenylhydrazine (D43)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 136.7 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'H NMR (400 MHz, 23.0 °C, CDCl3) § 7.60 (d, J= 7.9 Hz, 2H), 7.42 — 7.34 (m, 3H),
7.30 (t,J=7.1 Hz, 4H), 7.25 - 7.19 (m, 1H), 7.11 (s, 4H), 7.03 — 6.87 (m, 1H), 5.11 (s,
2H), 2.30 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 148.00, 137.01, 136.70, 132.63, 132.51,
129.79, 129.25, 128.60, 126.29, 126.08, 120.77, 114.88, 50.27, 21.16 ppm.

HRMS (ESI) calcd. for C21H21N2 [M+H]: 301.1705, found: 301.1705.

Elemental Analysis calcd for C21H2oN2:  C, 83.96; H, 6.71; N, 9.33; found: C, 83.97;
H, 6.74; N, 9.31.
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2-benzylidene-1-(4-methoxybenzyl)-1-phenylhydrazine (D44)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 142.4 mg, 90% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.62 (d, J= 7.7 Hz, 2H), 7.43 — 7.37 (m, 3H),
7.32 (td, J = 8.8, 8.1, 2.6 Hz, 4H), 7.26 — 7.20 (m, 1H), 7.14 (d, J = 8.5 Hz, 2H), 6.94
(t,J=7.2 Hz, 1H), 6.86 (d, J= 8.6 Hz, 2H), 5.11 (s, 2H), 3.77 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 166.49, 158.84, 147.88, 136.59, 132.49,
129.15,128.51,127.82, 127.40, 127.20, 126.17, 122.34, 120.70, 115.01, 114.82, 114.43,
99.99, 55.31, 49.92 ppm.

HRMS (ESI) calced. for C21H21N20 [M+H]: 317.1654, found: 317.1653.

Elemental Analysis calcd for C21H20N>O: C, 79.72; H, 6.37; N, 8.85; O, 5.06; found:
C, 79.74; H, 6.35; N, 8.86.

2-benzylidene-1-(4-fluorobenzyl)-1-phenylhydrazine (D45)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 146.1 mg, 96% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3)  7.64 — 7.53 (m, 2H), 7.37 (dd, /= 8.9, 1.1 Hz,
2H), 7.33 —7.26 (m, 5H), 7.26 — 7.15 (m, 2H), 7.03 — 6.83 (m, 4H), 5.07 (s, 2H) ppm.
13C NMR (101 MHz, 23.0 °C, CDCI3) & 164.75, 162.29, 147.80, 138.72, 138.65,
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136.47, 132.78, 130.83, 130.74, 129.37, 128.70, 128.17, 126.38, 121.78, 121.75,
121.14, 114.97, 114.58, 114.37, 113.35, 113.13, 50.15, 50.13 ppm.

19F NMR (377 MHz, 23.0 °C, CDCl3) 6 -111.83 ppm.

HRMS (ESI) calcd. for C20Hi1sFN2 [M+H]: 305.1454, found: 305.1455.

Elemental Analysis calcd for C20H17FNa2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.94; H, 5.65; N, 9.24.

2-benzylidene-1-(4-chlorobenzyl)-1-phenylhydrazine (D46)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 150.8 mg, 94% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 8 7.65 — 7.54 (m, 2H), 7.37 — 7.23 (m, 10H), 7.12
(d, J=8.4 Hz, 2H), 6.94 (t, J="7.1 Hz, 1H), 5.07 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIls) & 147.73, 136.40, 134.25, 133.16, 132.72,
129.34, 129.28, 129.15, 128.70, 128.66, 128.13, 127.58, 126.31, 121.09, 114.93, 49.92
ppm.

HRMS (ESI) calcd. for C20H1gCIN2 [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for C20H17CIN»: C, 74.88; H, 5.34; C1, 11.05; N, 8.73; found:
C, 74.87; H, 5.35; N, 8.74.

2-benzylidene-1-(4-bromobenzyl)-1-phenylhydrazine (D47)
The title compound was prepared according to the general procedure and purified by
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column chromatography to give a yellow solid 164.4 mg, 90% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'H NMR (400 MHz, 23.0 °C, CDCI3) § 7.59 (dd, J= 8.2, 1.1 Hz, 2H), 7.44 — 7.39 (m,
2H), 7.35 - 7.28 (m, 6H), 7.24 — 7.20 (m, 1H), 7.06 (d, J= 8.5 Hz, 2H), 6.97 — 6.91 (m,
1H), 5.04 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.72, 136.39, 134.80, 132.74, 132.23,
129.35, 128.67, 128.15, 127.96, 126.33, 121.22, 121.11, 114.93, 49.98 ppm.

HRMS (ESI) calcd. for C20H1sBrN2 [M+H]: 365.0653, found: 365.0653.

Elemental Analysis calcd for CooHi7BrN2: C, 65.76; H, 4.69; Br, 21.88; N, 7.67; found:
C, 65.73; H, 4.64; N, 7.63.

2-benzylidene-1-phenyl-1-(4-(trifluoromethyl)benzyl)hydrazine (D48)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 166.6 mg, 94% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) § 7.64 — 7.55 (m, 4H), 7.38 — 7.27 (m, 9H), 7.27
—7.21 (m, 1H), 6.96 (t,J="7.1 Hz, 1H), 5.16 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 147.66, 140.04, 140.03, 136.27, 132.78,
129.99, 129.67, 129.37, 128.67, 128.59, 128.22, 126.53, 126.33, 126.26, 126.16,
126.13, 126.09, 126.05, 125.52, 122.82, 121.23, 114.94, 50.15 ppm.

1YF NMR (377 MHz, 23.0 °C, CDCl;3) & -62.35 ppm.

HRMS (ESI) caled. for C21HisF3N2 [M+H]: 355.1422, found: 355.1425.

Elemental Analysis calcd for C21Hi7F3N2: C, 71.18; H, 4.84; F, 16.08; N, 7.91; found:
C,71.16; H, 4.86; N, 7.93.
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2-benzylidene-1-phenyl-1-(4-(trifluoromethoxy)benzyl)hydrazine (D49)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 159.3 mg, 86% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.63 (d, J= 7.3 Hz, 2H), 7.40 — 7.32 (m, 6H),
7.27 (d,J=9.3 Hz, 4H), 7.19 (d, J= 8.3 Hz, 2H), 6.97 (t, J= 7.1 Hz, 1H), 5.18 (s, 2H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 148.44, 147.63, 136.30, 134.37, 132.65,
129.26, 128.58, 128.08, 127.49, 126.24, 121.63, 121.06, 114.86, 53.44, 49.83 ppm.
1F NMR (377 MHz, 23.0 °C, CDCl3) & -57.86 ppm.

HRMS (ESI) calcd. for C21H1sF3N20 [M+H]: 371.1371, found: 371.1373.

Elemental Analysis calcd for C21Hi7F3N20: C, 68.10; H, 4.63; F, 15.39; N, 7.56; O,
4.32; found: C, 68.15; H, 4.64; N, 7.53.

2-benzylidene-1-(3-methylbenzyl)-1-phenylhydrazine (D50)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 132.2 mg, 88% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) 4 7.61 (d, J = 7.5 Hz, 2H), 7.40 (d, J = 8.0 Hz,
2H), 7.36 (s, 1H), 7.30 (t, J = 7.7 Hz, 4H), 7.24 — 7.16 (m, 2H), 7.03 (q, J = 8.1 Hz,
3H), 6.93 (t,J=7.2 Hz, 1H), 5.10 (s, 2H), 2.29 (s, 3H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCI3) & 148.17, 139.00, 136.83, 135.92, 132.65,
129.39, 129.14, 128.74, 128.32, 128.06, 126.77, 126.44, 123.32, 120.93, 115.02, 50.75,
21.73 ppm.

HRMS (ESI) caled. for C21H21N2 [M+H]: 301.1705, found: 301.1705.

Elemental Analysis calcd for C21H2oN2:  C, 83.96; H, 6.71; N, 9.33; found: C, 83.98;
H, 6.75; N, 9.32.

Ph N, OCH,
|
Ph

D51

2-benzylidene-1-(3-methoxybenzyl)-1-phenylhydrazine (D51)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 144.1 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.65 — 7.59 (m, 2H), 7.43 — 7.36 (m, 3H), 7.34
—7.27 (m, 4H), 7.26 — 7.20 (m, 2H), 6.98 — 6.91 (m, 1H), 6.85 — 6.75 (m, 3H), 5.13 (s,
2H), 3.74 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 160.29, 147.95, 137.54, 136.57, 132.59,
130.16, 129.20, 128.56, 127.92, 126.26, 120.82, 118.30, 114.89, 112.58, 111.72, 55.27,
50.63 ppm.

HRMS (ESI) caled. for C21H21N20 [M+H]: 317.1654, found: 317.1653.

Elemental Analysis calcd for C21H20N20: C, 79.72; H, 6.37; N, 8.85; O, 5.06; found:
C, 79.73; H, 6.34; N, 8.82.

S55



2-benzylidene-1-(3-fluorobenzyl)-1-phenylhydrazine (D52)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 140.2 mg, 92% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCI3) 6 8.28 (q,J= 6.8, 3.3 Hz, 1H), 8.07 (s, 1H), 7.96
—7.89 (m, 1H), 7.83 (dd, J=6.2, 3.4 Hz, 1H), 7.76 (d, /= 8.2 Hz, 1H), 7.49 — 7.44 (m,
4H), 7.38 — 7.32 (m, 5H), 6.98 (t,J= 7.3 Hz, 1H), 5.30 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 164.65, 162.19, 147.69, 138.58, 138.52,
136.33, 132.68, 130.70, 130.62, 129.23, 128.56, 128.04, 126.24, 121.65, 121.62,
121.01, 114.87, 114.48, 114.27, 113.24, 113.02, 50.15 ppm.

19F NMR (377 MHz, 23.0 °C, CDCl3)  -112.10 ppm.

HRMS (ESI) calcd. for C20Hi1sFN2 [M+H]: 305.1454, found: 305.1455.

Elemental Analysis calcd for CooHi17FN2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.93; H, 5.65; N, 9.22.

Pho N Cl
|
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D53

2-benzylidene-1-(3-chlorobenzyl)-1-phenylhydrazine (D53)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 146.1 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 6 7.61 (d, J = 7.7 Hz, 2H), 7.38 — 7.28 (m, 7H),
7.22 (t,J=17.2 Hz, 4H), 7.09 — 7.03 (m, 1H), 6.95 (t, /= 7.1 Hz, 1H), 5.08 (s, 2H) ppm.
IBCNMR (101 MHz, 23.0 °C, CDCl3) 6 147.74,138.07, 136.39, 135.11, 132.75, 130.45,
129.34, 128.66, 128.15, 127.74, 126.35, 126.25, 124.30, 121.13, 114.94, 50.14 ppm.
HRMS (ESI) calcd. for C20H1sCIN2 [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for C20H17CIN»: C, 74.88; H, 5.34; C1, 11.05; N, 8.73; found:
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C, 74.85; H, 5.31; N, 8.73.

D54

2-benzylidene-1-(2-methylbenzyl)-1-phenylhydrazine (D54)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 124.7 mg, 83% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.73 — 7.51 (m, 2H), 7.40 — 7.28 (m, 6H), 7.26
—7.17 (m, 4H), 7.08 (t, J= 7.4 Hz, 1H), 7.01 — 6.84 (m, 2H), 5.06 (s, 2H), 2.44 (s, 3H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 147.80, 136.56, 134.68, 132.62, 132.24,
130.54,129.14, 128.53,127.86, 127.26, 126.57, 126.22, 125.80, 125.60, 120.73, 114.77,
77.36, 77.05, 76.73, 49.02, 19.09, 0.03 ppm.

HRMS (ESI) calcd. for C21H21N2> [M+H]: 301.1705, found: 301.1705.

Elemental Analysis calcd for C21H20N2: C, 83.96; H, 6.71; N, 9.33; found: C, 83.99;

H, 6.76; N, 9.32.
F
Ph N
Ph
D55

2-benzylidene-1-(2-fluorobenzyl)-1-phenylhydrazine (D55)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 124.7 mg, 83% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) § 7.68 — 7.55 (m, 2H), 7.37 (d, J = 7.9 Hz, 2H),
7.34 —7.26 (m, 5SH), 7.22 — 7.16 (m, 2H), 7.09 (dd, J = 10.6, 7.0 Hz, 1H), 7.01 — 6.90
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(m, 3H), 5.15 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 161.79, 159.36, 147.74, 136.54, 132.61,
130.23, 129.39, 129.21, 129.13, 128.71, 128.59, 128.16, 128.09, 128.05, 127.93,
126.43, 124.76, 124.72, 122.53, 122.39, 121.08, 115.76, 115.56, 114.92, 44.45, 44.40
ppm.

F NMR (377 MHz, 23.0 °C, CDCl3) § -117.56 ppm.

HRMS (ESI) calcd. for C2oHisFN2 [M+H]: 305.1454, found: 305.1455.

Elemental Analysis calcd for CooHi7FN2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.95; H, 5.67; N, 9.23.

Cl

Ph\éN\N
|
Ph

D56

2-benzylidene-1-(2-chlorobenzyl)-1-phenylhydrazine (D56)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 138.1 mg, 86% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3)  7.61 (d, J = 7.4 Hz, 2H), 7.43 (d, J = 7.4 Hz,
1H), 7.38 — 7.28 (m, 6H), 7.26 — 7.17 (m, 3H), 7.09 (t, /= 7.4 Hz, 1H), 7.04 — 6.97 (m,
1H), 6.94 (t,J=7.1 Hz, 1H), 5.16 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.58, 136.43, 132.65, 132.58, 132.41,
129.89, 129.31, 128.81, 128.64, 128.11, 127.68, 127.43, 126.38, 121.01, 114.77, 48.59
ppm.

HRMS (ESI) calcd. for C20HisCIN2 [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for CooH17CIN2: C, 74.88; H, 5.34; Cl, 11.05; N, 8.73; found:
C, 74.89; H, 5.36; N, 8.71.
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D57

2-benzylidene-1-(naphthalen-1-ylmethyl)-1-phenylhydrazine (D57)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 136.3 mg, 81% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) & 8.27 (d, J = 8.3 Hz, 1H), 8.02 (d, J = 7.6 Hz,
1H), 7.84 (d, J = 8.2 Hz, 1H), 7.79 — 7.58 (m, 4H), 7.52 (s, 1H), 7.50 — 7.22 (m, 8H),
7.03 —6.81 (m, 2H), 5.76 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.52, 136.73, 134.15, 133.08, 130.81,
130.07, 129.67, 129.16, 129.09, 128.35, 127.88, 126.73, 126.54, 126.44, 126.01,
123.92, 122.74, 120.71, 114.60, 47.37, 40.62, 40.41, 40.21, 40.00, 39.79, 39.58, 39.37
ppm.

HRMS (ESI) calcd. for C24H21N2 [M+H]: 337.1705, found: 337.1705.

Elemental Analysis calcd for C24H2oN2: C, 85.68; H, 5.99; N, 8.33; found: C, 85.67;
H, 5.95; N, 8.37.

|
Ph
F

D58

2-benzylidene-1-(3,4-difluorobenzyl)-1-phenylhydrazine (D58)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 148.3 mg, 92% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 6 7.71 — 7.53 (m, 2H), 7.41 — 7.27 (m, 7H), 7.27
—7.19 (m, 1H), 7.13 — 6.90 (m, 4H), 5.06 (s, 2H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCl3) & 152.19, 152.06, 150.94, 150.81, 149.71,
149.59, 148.48, 148.35, 147.60, 136.28, 132.85, 132.82, 129.38, 128.68, 128.24,
126.34,122.11, 122.07, 122.05, 122.01, 121.26, 118.07, 117.90, 115.32, 115.15, 114.97,
49.62 ppm.

IYF NMR (377 MHz, 23.0 °C, CDCl3) 6 -136.32, -136.37, -139.38, -139.43 ppm.
HRMS (ESI) calcd. for C20H17F2N2 [M+H]: 323.1360, found: 323.1359.

Elemental Analysis calcd for CooHi6F2N2: C, 74.52; H, 5.00; F, 11.79; N, 8.69; found:
C, 74.54; H, 5.05; N, 8.66.

D59

2-benzylidene-1-phenyl-1-(2,4,6-trimethylbenzyl)hydrazine (D59)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 124.8 mg, 76% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.54 (d, J = 8.0 Hz, 2H), 7.25 (dd, J = 22.7,
15.4, 8.6 Hz, 8H), 7.06 — 6.95 (m, 1H), 6.80 (s, 2H), 4.90 (s, 2H), 2.23 (s, 9H) ppm.
13C NMR (101 MHz, 23.0 °C, CDCIl3) & 147.41, 136.81, 136.78, 136.76, 133.69,
130.05, 129.91, 129.15, 128.57, 127.80, 126.17, 122.80, 119.77, 50.72, 20.95, 20.42
ppm.

HRMS (ESI) calcd. for C23H25sN2 [M+H]: 329.2018, found: 329.2017.

Elemental Analysis calcd for Co3H24No: C, 84.11; H, 7.37; N, 8.53; found: C, 84.12;
H, 7.35; N, 8.56.
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2-((E)-benzylidene)-1-((E)-3-(furan-2-yl)allyl)-1-phenylhydrazine (D60)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 110.4 mg, 73% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, CDCl3) 4 7.74 — 7.64 (m, 2H), 7.44 (s, 1H), 7.42 — 7.28 (m, 7H),
7.27 —7.18 (m, 1H), 6.98 — 6.90 (m, 1H), 6.33 — 6.26 (m, 1H), 6.24 — 6.17 (m, 2H),
6.12 - 6.06 (m, 1H), 4.68 — 4.58 (m, 2H).

13C NMR (101 MHz, CDCls) 6 152.2, 147.6, 142.0, 136.6, 132.5, 129.2, 128.6, 128.0,
126.3, 120.8, 120.3, 119.6, 114.8, 111.4, 108.3, 48.1.

HRMS (ESI) calcd. for C20Hi19N20 [M+H]: 303.1491, found: 303.1486.

Elemental Analysis calcd for C20HisN2O: C, 79.44; H, 6.00; N, 9.26; found: C, 79.45;
H, 6.04; N, 9.24.

2-(benzylidene)-1-cinnamyl-1-phenylhydrazine (D61)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 126.5 mg, 81% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.72 — 7.61 (m, 2H), 7.48 (s, 1H), 7.45 — 7.39
(m, 2H), 7.37 - 7.29 (m, 6H), 7.28 — 7.18 (m, 4H), 6.94 (t, J= 7.2 Hz, 1H), 6.44 (d, J
=16.1 Hz, 1H), 6.32 - 6.17 (m, 1H), 4.66 (dd, /= 3.8, 1.7 Hz, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) 8 147.67, 136.69, 136.43, 132.49, 131.38,
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129.21, 128.65, 127.95, 127.78, 126.48, 126.28, 121.80, 120.77, 114.96, 48.54 ppm.
HRMS (ESI) calcd. for C22H21N2 [M+H]: 313.1705, found: 313.1704.

Elemental Analysis calcd for C2oHooN2: C, 84.58; H, 6.45; N, 8.97; found: C, 84.57;
H, 6.44; N, 8.94.

2-(benzylidene)-1-phenyl-1-3-(p-tolyl)allyl)hydrazine (D62)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 133.8 mg, 82% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 8 7.80 — 7.58 (m, 1H), 7.44 — 7.37 (m, 1H), 7.37
—7.27 (m, 3H), 7.26 — 7.16 (m, 3H), 7.05 (d, /= 7.9 Hz, 2H), 7.01 — 6.84 (m, 3H), 6.40
(d, J=16.1 Hz, 1H), 6.27 — 6.06 (m, 1H), 4.63 (dd, J = 4.2, 2.0 Hz, 2H), 2.27 (s, 2H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 147.70, 137.63, 136.75, 133.67, 132.47,
131.27,129.35,129.22, 128.65, 127.93, 126.39, 126.29, 120.73, 120.71, 114.96, 48.56,
29.84, 21.28 ppm.

HRMS (ESI) calcd. for C23H23N2 [M+H]: 327.1861, found: 327.1863.

Elemental Analysis calcd for Co3H2oNa: C, 84.63; H, 6.79; N, 8.58; found: C, 84.64;
H, 6.78; N, 8.56.

1-allyl-2-benzylidene-1-phenylhydrazine (D63)
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The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 106.3 mg, 90% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) § 7.68 (d, J = 7.4 Hz, 2H), 7.42 (s, 1H), 7.39 —
7.23 (m, 8H), 6.93 (t, /= 7.1 Hz, 1H), 5.24 — 5.11 (m, 2H), 4.55 — 4.52 (m, 2H) ppm.
13C NMR (101 MHz, 23.0 °C, CDCI3) & 147.61, 136.71, 132.28, 129.98, 129.07,
128.58, 127.83, 126.16, 120.60, 116.93, 114.80, 48.77 ppm.

HRMS (ESI) calcd. for CisH17N2 [M+H]: 237.1392, found: 237.1391.

Elemental Analysis calcd for Ci6HisN2: C, 81.32; H, 6.82; N, 11.85; found: C, 81.34;

H, 6.83; N, 11.84.
Ph\ ,Ph
/N N\
=N N:\
Ph/_ _zj_ Ph
D64

1,2-bis((2-(benzylidene)-1-phenylhydrazineyl)methyl)benzene (D64)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 183.1 mg, 74% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) 4 7.63 (d, J = 7.8 Hz, 4H), 7.41 (d, J = 8.6 Hz,
4H), 7.38 — 7.30 (m, 10H), 7.25 (dd, J = 14.8, 7.7 Hz, 3H), 7.16 (q, J = 12.7, 9.1, 4.0
Hz, 4H), 6.99 (t, J= 7.1 Hz, 2H), 5.16 (s, 4H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 147.65, 136.29, 132.67, 131.66, 129.34,
128.66, 128.16, 128.13, 126.79, 126.32, 121.34, 115.31, 48.60 ppm.

HRMS (ESI) calcd. for C34H31N4 [M+H]: 495.2549, found: 495.2548.

Elemental Analysis calcd for C3sH30N4: C, 82.56; H, 6.11; N, 11.33; found: C, 82.55;
H, 6.12; N, 11.34.
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D65

1,3-bis((2-(benzylidene)-1-phenylhydrazineyl)methyl)benzene (D65)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 188.1 mg, 76% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.58 — 7.52 (m, 4H), 7.40 (d, J = 7.8 Hz, 4H),
7.33 —7.22 (m, 14H), 7.15 - 7.11 (m, 3H), 6.95 (t, /= 7.2 Hz, 2H), 5.12 (s, 4H) ppm.
13C NMR (101 MHz, 23.0 °C, CDCIl3) & 147.88, 136.80, 136.44, 132.67, 129.90,
129.25, 128.58, 127.94, 126.23, 125.22, 123.79, 120.89, 114.90, 50.45 ppm.

HRMS (ESI) calcd. for C34H31N4 [M+H]: 495.2549, found: 495.2547.

Elemental Analysis calcd for C3sH30N4: C, 82.56; H, 6.11; N, 11.33; found: C, 82.56;
H, 6.11; N, 11.33.

D66

1-benzyl-2-benzylidene-1-(p-tolyl)hydrazine (D66)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 129.2 mg, 86% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 8 7.60 (d, J = 7.3 Hz, 2H), 7.34 — 7.27 (m, 7H),
7.23(dd,J=12.7,7.1 Hz, 4H), 7.11 (d, J= 8.4 Hz, 2H), 5.13 (s, 2H), 2.30 (s, 3H) ppm.
IBCNMR (101 MHz, 23.0 °C, CDCl3) 8 163.3, 160.0, 141.5, 141.5,127.1, 127.0, 115.4,
115.2, 69.8, 25.3 ppm.

HRMS (ESI) calcd. for C21H21N2 [M+H]: 301.1705, found: 301.1708.
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Elemental Analysis calcd for Co1H20N2: C, 83.96; H, 6.71; N, 9.33; found: C, 83.95;
H, 6.73; N, 9.32.

/\N,NQ/Ph

Cl
D67

1-benzyl-2-benzylidene-1-(4-chlorophenyl)hydrazine (D67)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 147.6 mg, 92% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.59 (s, 1H), 7.57 (s, 1H), 7.36 (s, 1H), 7.31 (q,
J=9.2,8.1, 3.7 Hz, 6H), 7.26 — 7.20 (m, 4H), 7.17 (d, J = 7.2 Hz, 2H), 5.11 (s, 2H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 146.67, 136.45, 135.44, 133.45, 129.36,
129.28, 128.83, 128.41, 127.72, 126.54, 126.20, 125.85, 116.06, 50.52 ppm.

HRMS (ESI) calcd. for C20HisCIN2 [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for CooH17CIN2: C, 74.88; H, 5.34; Cl, 11.05; N, 8.73; found:
C, 74.87; H, 5.36; N, 8.71.

Br
D68

1-benzyl-2-benzylidene-1-(4-bromophenyl)hydrazine (D68)
The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 153.4 mg, 84% yield. Purification by

column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).
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'TH NMR (400 MHz, 23.0 °C, CDCls)  7.60 (d, J = 7.5 Hz, 2H), 7.38 (d, J = 6.1 Hz,
3H), 7.33 (t, J=7.1 Hz, 4H), 7.29 — 7.22 (m, 4H), 7.19 (d, J= 7.4 Hz, 2H), 5.13 (s, 2H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 146.87, 136.18, 135.15, 133.35, 131.96,
129.13, 128.60, 128.22, 127.50, 126.33, 125.97, 116.26, 113.01, 50.18 ppm.

HRMS (ESI) calcd. for C20Hi1sBrN> [M+H]: 365.0653, found: 365.0653.

Elemental Analysis calcd for C20H17BrN»: C, 65.76; H, 4.69; Br, 21.88; N, 7.67; found:
C, 65.74; H, 4.65; N, 7.63.

/\N,N\vph
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D69
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1-benzyl-2-benzylidene-1-(m-tolyl)hydrazine (D69)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 120.2 mg, 80% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.61 (d, J= 1.2 Hz, 1H), 7.59 (s, 1H), 7.34 (s,
1H), 7.31 (q,J=17.7,3.7 Hz, 4H), 7.22 (dd, J=11.0, 3.7 Hz, 5H), 7.20 — 7.17 (m, 2H),
6.78 — 6.75 (m, 1H), 5.14 (s, 2H), 2.35 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 147.93, 138.97, 136.59, 135.77, 132.36,
128.99, 128.49, 127.78, 127.24, 126.16, 126.04, 121.69, 115.51, 112.05, 50.57, 21.87
ppm.

HRMS (ESI) caled. for C21H21N2 [M+H]: 301.1705, found: 301.1705.

Elemental Analysis calcd for C21H2oN2: C, 83.96; H, 6.71; N, 9.33; found: C, 83.94;
H, 6.70; N, 9.31.

S66



D70

1-benzyl-2-benzylidene-1-(3-fluorophenyl)hydrazine (D70)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 132.4 mg, 87% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.62 (d, J= 7.5 Hz, 2H), 7.41 (s, 1H), 7.33 (t,
J=7.1 Hz, 4H), 7.22 (t,J = 11.5 Hz, 6H), 7.04 (d, /= 8.3 Hz, 1H), 6.62 (t,J = 8.0 Hz,
1H), 5.15 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 165.13, 162.71, 149.58, 149.48, 136.12,
135.19, 133.60, 130.29, 130.19, 129.13, 128.61, 128.30, 127.49, 126.41, 125.97,
109.75, 109.73, 107.27, 107.05, 102.30, 102.03, 50.24 ppm.

19F NMR (377 MHz, 23.0 °C, CDCl3) § -112.11 ppm.

HRMS (ESI) calcd. for C20H1sFN2 [M+H]: 305.1454, found: 305.1455.

Elemental Analysis calcd for CooHi17FN2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,
78.90; H, 5.61; N, 9.24.

D71

1-benzyl-2-benzylidene-1-(3-chlorophenyl)hydrazine (D71)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 131.5 mg, 82% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCI3) § 7.66 (dd, J= 8.0, 1.3 Hz, 1H), 7.55 — 7.51 (m,
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2H), 7.41 (d, J= 7.3 Hz, 2H), 7.35 — 7.27 (m, 6H), 7.25 — 7.21 (m, 2H), 7.18 (s, 1H),
7.10(t,J=17.9, 1.6 Hz, 1H), 4.95 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) 6 148.91, 136.08, 135.13, 135.10, 133.81,
130.13, 129.16, 128.62, 128.33, 127.52, 126.44, 125.96, 120.52, 114.85, 112.53, 50.23
ppm.

HRMS (ESI) calcd. for C20HisCIN> [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for CooH17CIN»: C, 74.88; H, 5.34; Cl, 11.05; N, 8.73; found:
C, 74.84; H, 5.35; N, 8.74.

/\N'prh
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1-benzyl-2-benzylidene-1-(3-bromophenyl)hydrazine (D72)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 135.1 mg, 74% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 8 7.63 (t, J = 2.0 Hz, 1H), 7.61 (s, 1H), 7.59 (s,
1H), 7.39 (s, 1H), 7.33 (t,J= 7.3 Hz, 4H), 7.28 — 7.18 (m, 5H), 7.13 (t,J= 8.0 Hz, 1H),
7.04 (d, J= 8.2 Hz, 1H), 5.11 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 149.02, 136.07, 135.08, 133.90, 130.43,
129.18, 128.63, 128.36, 127.54, 126.45, 125.97, 123.46, 123.36, 117.73, 113.01, 50.23
ppm.

HRMS (ESI) calcd. for C20H1sBrN2 [M+H]: 365.0653, found: 365.0653.

Elemental Analysis calcd for CooHi17BrN»: C, 65.76; H, 4.69; Br, 21.88; N, 7.67; found:
C, 65.74; H, 4.64; N, 7.64.
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1-benzyl-2-benzylidene-1-(3-(trifluoromethyl)phenyl)hydrazine (D73)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 148.8 mg, 84% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) & 7.73 (s, 1H), 7.63 (d, J= 1.4 Hz, 1H), 7.61 (s,
1H), 7.45 (d, J=9.5 Hz, 2H), 7.36 (t,J = 14.7, 7.7 Hz, SH), 7.30 — 7.24 (m, 2H), 7.23
—7.15 (m, 3H), 5.18 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 148.10, 135.97, 134.97, 134.17, 132.09,
131.77, 131.45, 131.14, 129.66, 129.21, 128.65, 128.45, 127.60, 126.47, 125.94,
125.71,123.00,117.32,117.31, 117.07, 117.03, 116.99, 116.95, 111.44, 111.40, 111.36,
111.32, 50.22 ppm.

1YF NMR (377 MHz, 23.0 °C, CDCl3) & -62.54 ppm.

HRMS (ESI) caled. for C21HisF3N2 [M+H]: 355.1422, found: 355.1425.

Elemental Analysis calcd for C21Hi7F3N2: C, 71.18; H, 4.84; F, 16.08; N, 7.91; found:
C,71.14; H, 4.86; N, 7.91.

D74

1-benzyl-2-benzylidene-1-(2-ethylphenyl)hydrazine (D74)
The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 113.2 mg, 72% yield. Purification by

column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).
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'TH NMR (400 MHz, 23.0 °C, CDCl3) § 7.50 — 7.45 (m, 2H), 7.35 (d, J = 7.2 Hz, 2H),
7.32-7.23 (m, 6H), 7.22 (s, 1H), 7.18 (dd, J=10.2,4.9, 2.1 Hz, 2H), 7.01 (dd, J=7.5,
1.6 Hz, 1H), 6.93 (s, 1H), 4.86 (s, 2H), 2.58 (q, /= 7.6 Hz, 2H), 1.13 (t, J=7.6 Hz, 3H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 144.14, 141.97, 138.07, 136.77, 133.41,
129.37, 128.43, 128.39, 128.32, 127.35, 127.22, 127.16, 127.11, 126.72, 125.73, 60.53,
24.22, 14.83 ppm.

HRMS (ESI) calcd. for C22H23N2 [M+H]: 315.1861, found: 315.1864.

Elemental Analysis calcd for C2oH22N2: C, 84.04; H, 7.05; N, 8.91; found: C, 84.02;
H, 7.03; N, 8.90.

/\N,prh

©/F

D75

1-benzyl-2-benzylidene-1-(2-fluorophenyl)hydrazine (D75)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 121.7 mg, 80% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 8 7.56 — 7.49 (m, 3H), 7.31 (dd, J = 15.6, 7.5,
5.7Hz, TH), 7.26 — 7.19 (m, 2H), 7.16 — 7.10 (m, 1H), 7.10 — 7.04 (m, 2H), 5.02 (s, 2H)
ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 155.81, 153.36, 136.83, 136.46, 136.38,
136.24, 134.80, 128.71, 128.51, 127.99, 127.17, 126.66, 126.16, 124.82, 124.75,
124.70, 124.68, 124.63, 124.60, 116.73, 116.52, 56.48 ppm.

YF NMR (377 MHz, 23.0 °C, CDCl3) § -122.78 ppm.

HRMS (ESI) calcd. for C20Hi1sFN2 [M+H]: 305.1454, found: 305.1455.

Elemental Analysis calcd for C20H17FNa2: C, 78.92; H, 5.63; F, 6.24; N, 9.20; found: C,

78.91; H, 5.61; N, 9.22.
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1-benzyl-2-benzylidene-1-(2-chlorophenyl)hydrazine (D76)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 117.1 mg, 73% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.51 (d, J= 7.2 Hz, 2H), 7.42 (dd, J= 8.0, 1.3
Hz, 1H), 7.38 (d, J = 7.4 Hz, 2H), 7.33 — 7.17 (m, 9H), 7.12 (t, J = 7.9, 1.8 Hz, 1H),
4.94 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 144.74, 137.18, 136.27, 135.50, 130.71,
130.09, 128.52, 128.50, 127.95, 127.84, 127.69, 127.55, 127.18, 126.86, 126.12, 58.27
ppm.

HRMS (ESI) calcd. for C20HisCIN2 [M+H]: 321.1159, found: 321.1155.

Elemental Analysis calcd for CooH17CIN2: C, 74.88; H, 5.34; Cl, 11.05; N, 8.73; found:
C,74.87; H,5.37; N, 8.72.

D77

1-benzyl-2-benzylidene-1-(2-bromophenyl)hydrazine (D77)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 122.4 mg, 67% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.65 (dd, J= 8.0, 1.3 Hz, 1H), 7.55 — 7.49 (m,
2H), 7.40 (d,J=7.3 Hz, 2H), 7.32 - 7.19 (m, 8H), 7.16 (s, 1H), 7.09 (t,/=7.9, 1.6 Hz,
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1H), 4.94 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 145.69, 137.19, 136.24, 135.47, 133.87,
128.45, 128.44, 128.41, 128.35, 127.87, 127.55, 127.15, 126.05, 121.11, 58.77 ppm.
HRMS (ESI) calcd. for C20Hi1sBrN> [M+H]: 365.0653, found: 365.0653.

Elemental Analysis calcd for C20H17BrN»: C, 65.76; H, 4.69; Br, 21.88; N, 7.67; found:
C, 65.72; H, 4.64; N, 7.63.

D78

1-benzyl-2-benzylidene-1-(3,5-dichlorophenyl)hydrazine (D78)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 152.8 mg, 86% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

TH NMR (400 MHz, 23.0 °C, CDCls) 8 7.58 (d, J = 7.2 Hz, 2H), 7.39 (s, 1H), 7.31 (t,
J=17.4Hz, 4H), 7.28 — 7.22 (m, 4H), 7.14 (t, /= 6.8 Hz, 2H), 6.87 (t, J= 1.6 Hz, 1H),
5.04 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 149.36, 135.66, 135.60, 135.08, 134.54,
129.33, 128.80, 128.73, 127.77, 126.69, 125.91, 120.21, 112.84, 50.04 ppm.

HRMS (ESI) caled. for C20H17CLN2 [M+H]: 355.0769, found: 355.0767.

Elemental Analysis calcd for C20H16CLN2: C, 67.62; H, 4.54; Cl, 19.96; N, 7.89; found:
C, 67.63; H, 4.55; N, 7.84.

/\N,N\vPh
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1-benzyl-2-benzylidene-1-(3,5-bis(trifluoromethyl)phenyl)hydrazine (D79)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 192.2 mg, 91% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) 8 7.78 (s, 2H), 7.65 — 7.60 (m, 2H), 7.52 (s, 1H),
7.40 (s, 1H), 7.38 (s, 1H), 7.35 (d, J=7.7 Hz, 3H), 7.33 — 7.27 (m, 2H), 7.20 (d, /= 7.2
Hz, 2H), 5.20 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 148.60, 136.00, 135.35, 134.14, 133.00,
132.67, 132.34, 132.02, 129.39, 129.03, 128.76, 127.90, 127.65, 126.72, 125.81,
124.94, 122.23, 119.52, 113.87, 113.84, 113.50, 113.46, 113.42, 113.38, 113.35, 50.03
ppm.

19F NMR (377 MHz, 23.0 °C, CDCl3) & -62.88 ppm.

HRMS (ESI) calcd. for C2Hi7FsN2 [M+H]: 423.1296, found: 423.1299.

Elemental Analysis calcd for C2Hi6F¢N2: C, 62.56; H, 3.82; F, 26.99; N, 6.63; found:
C, 62.53; H, 3.83; N, 6.65.

2-(1-benzyl-2-benzylidenehydrazineyl)benzo[d]thiazole (D80)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 138.9 mg, 81% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCI3) 8 7.70 (d, J= 7.7 Hz, 1H), 7.67 — 7.56 (m, 4H),
7.38 —7.21 (m, 10H), 7.16 (t, J= 7.9 Hz, 1H), 5.59 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 169.69, 152.22, 138.19, 134.49, 132.79,
129.50, 129.07, 128.71, 127.63, 126.94, 126.49, 125.82, 122.38, 120.97, 120.42, 49.25
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HRMS (ESI) calcd. for C21H1sN3S [M+H]: 344.1221, found: 344.1223.
Elemental Analysis calcd for C21Hi7N3S: C, 73.44; H, 4.99; N, 12.24; S, 9.33; found:
C,73.45;H,4.96; N, 12.22.

_Ns_Ph
Ph” N Y~

Z "N
)

D81

2-(1-benzyl-2-benzylidenehydrazineyl)pyridine (D81)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 133.6 mg, 93% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 4 8.21 (dd, J=5.4, 1.2 Hz, 1H), 7.84 (d, /= 8.6
Hz, 1H), 7.68 — 7.58 (m, 3H), 7.52 (s, 1H), 7.36 — 7.17 (m, 8H), 6.80 (t, J = 7.0, 5.0,
0.8 Hz, 1H), 5.62 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 157.87, 147.32, 137.69, 136.38, 136.10,
135.09, 128.84, 128.58, 128.38, 126.99, 126.43, 126.35, 115.89, 109.68, 46.14 ppm.
HRMS (ESI) calcd. for C19HisN3 [M+H]: 288.1501, found: 288.1501.

Elemental Analysis calcd for C19H7N3: C, 79.41; H, 5.96; N, 14.62; found: C, 79.44;
H, 5.94; N, 14.61.

N-benzyl-N'-benzylidenebenzohydrazide (D82)
The title compound was prepared according to the general procedure and purified by

column chromatography to give a yellow solid 100.5 mg, 64% yield. Purification by
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column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.89 — 7.77 (m, 2H), 7.68 (s, 1H), 7.55 — 7.40
(m, 3H), 7.41 — 7.19 (m, 10H), 5.43 (s, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 171.51, 140.20, 135.19, 135.08, 134.62,
130.51, 130.05, 129.69, 129.10, 128.68, 127.54, 127.52, 127.23, 126.50, 45.54 ppm.
HRMS (ESI) calcd. for C21H19N>0O [M+H]: 315.1497, found: 315.1498.

Elemental Analysis calcd for Co1HisN2O: C, 80.23; H, 5.77; N, 8.91; O, 5.09; found:
C, 80.20; H, 5.76; N, 8.94.

D83

1-benzyl-2-benzylidene-1-(naphthalen-1-yl)hydrazine (D83)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 122.8 mg, 73% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 5 8.04 (d, J=8.2 Hz, 1H), 7.88 (d, /= 7.6 Hz,
1H), 7.75 (d, J= 8.2 Hz, 1H), 7.51 — 7.39 (m, 7H), 7.34 — 7.23 (m, 6H), 7.21 - 7.16
(m, 1H), 7.06 (s, 1H), 5.06 (s, 2H) ppm.

I3C NMR (101 MHz, 23.0 °C, CDCls) & 143.49, 138.27, 136.83, 135.02, 134.95,
130.10, 128.76, 128.70, 128.67, 128.22, 127.80, 127.42, 127.21, 126.69, 126.46,
126.13, 126.10, 124.20, 123.72, 60.51 ppm.

HRMS (ESI) calcd. for C24H21N2 [M+H]: 337.1705, found: 337.1704.

Elemental Analysis calcd for Co4H2oN2: C, 85.68; H, 5.99; N, 8.33; found: C, 85.64;
H, 5.94; N, 8.35.
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1-benzyl-2-benzylidene-1-isopropylhydrazine (D84)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 64.3 mg, 51% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.49 — 7.43 (m, 2H), 7.33 — 7.23 (m, 7H), 7.14
(t,J=17.3 Hz, 1H), 7.07 (s, 1H), 4.36 (s, 2H), 3.80 (t, /= 6.6 Hz, 1H), 1.29 (d, J= 6.6
Hz, 6H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 138.19, 137.51, 130.69, 128.70, 128.33,
126.86, 126.80, 126.43, 125.32, 57.76, 52.61, 20.41 ppm.

HRMS (ESI) caled. for C17H21N2 [M+H]: 253.1705, found: 253.1706.

Elemental Analysis calcd for C17H20N2: C, 80.91; H, 7.99; N, 11.10; found: C, 80.96;
H, 7.95; N, 11.12.

1-benzyl-2-benzylidene-1-cyclohexylhydrazine (D85)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 81.8 mg, 56% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

"H NMR (400 MHz, 23.0 °C, CDCl3) 6 7.47 — 7.42 (m, 2H), 7.35 — 7.22 (m, 7H), 7.16
—7.09 (m, 1H), 7.03 (s, 1H), 4.44 (s, 2H), 3.36 (t, /= 11.6, 3.7 Hz, 1H), 2.05 - 1.97 (m,
2H), 1.84 (d, J=13.2 Hz, 2H), 1.66 (d, J = 14.3 Hz, 1H), 1.58 (t, /= 12.3, 3.4 Hz, 2H),
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1.38 — 1.28 (m, 2H), 1.18 (t, J=12.8, 3.4 Hz, 1H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCIl3) & 138.25, 137.66, 129.66, 128.65, 128.31,
126.80, 126.59, 126.36, 125.23, 66.30, 52.97, 31.27, 25.91 ppm.

HRMS (ESI) calcd. for C20HasN> [M+H]: 293.2018, found: 293.2017.

Elemental Analysis calcd for CooH24N2: C, 82.15; H, 8.27; N, 9.58; found: C, 82.14;
H, 8.23; N, 9.56.

N
Ph/\N’ th
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D86

2-((E)-benzylidene)-1-cinnamyl-1-cyclohexylhydrazine (D86)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 79.6 mg, 50% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, CDCl3) 8 7.57 — 7.47 (m, 2H), 7.39 — 7.10 (m, 9H), 6.58 — 6.49
(m, 1H), 6.29 — 6.17 (m, 1H), 4.07 — 3.96 (m, 2H), 3.38 — 3.22 (m, 1H), 2.02 — 1.90 (m,
2H), 1.88 — 1.78 (m, 2H), 1.72 — 1.48 (m, 3H), 1.42 — 1.06 (m, 3H).

13C NMR (101 MHz, CDCls) 6 137.8, 137.0, 130.8, 129.4, 128.6, 128.4, 127 .4,
126.6, 126.3, 125.3, 125.2, 65.7, 50.6, 31.3, 26.0.

HRMS (ESI) calcd. for C22H27N2 [M+H]: 319.2169, found: 319.2170.

Elemental Analysis calcd for C2oHaeN2: C.97; H, 8.23; N, 8.80; found: C, 82.94; H,
8.22; N, 8.82.

1,1-dibenzyl-2-benzylidenehydrazine (D87)
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The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 109.6 mg, 73% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 6 7.49 (d, J = 7.3 Hz, 2H), 7.34 — 7.25 (m, 10H),
7.24 —7.16 (m, 3H), 4.51 (s, 4H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 137.67, 137.01, 131.88, 128.63, 128.49,
127.87,127.71, 127.26, 125.62, 57.96 ppm.

HRMS (ESI) caled. for C21H21N2 [M+H]: 301.1705, found: 301.1704.

Elemental Analysis calcd for C21H20N2: C, 83.96; H, 6.71; N, 9.33; found: C, 83.94;
H, 6.73; N, 9.32.

2-((E)-benzylidene)-1-cinnamyl-1-(2-fluorobenzyl)hydrazine (D88)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 119.3 mg, 75% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'"H NMR (400 MHz, CDCl3) § 7.52 (d, J = 7.2 Hz, 2H), 7.39 — 7.21 (m, 8H), 7.20 —
7.10 (m, 3H), 7.08 — 6.95 (m, 2H), 6.49 (d, J=16.0 Hz, 1H), 6.31 — 6.15 (m, 1H), 4.56
(s, 2H), 4.16 — 4.03 (m, 2H).

13C NMR (101 MHz, CDCls) § 162.0, 159.6, 137.1, 137.0, 132.8, 132.3, 130.2, 129.1,
129.0, 128.8, 128.7, 127.8, 127.5, 126.6, 125.8, 125.0, 124.8, 124.4, 124.4,115.6, 115.4,
56.5,51.0.

YF NMR (376 MHz, CDCI3) § =-117.8.

HRMS (ESI) calcd. for C23H21FN2 [M+H]: 345.1761, found: 345.1762.

Elemental Analysis calcd for C23H20FN2: C, 79.22; H, 6.02; F, 5.97; N, 8.80; found: C,

79.25; H, 6.04; N, 8.84.
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D89

2-((E)-benzylidene)-1-cinnamyl-1-(4-methoxybenzyl)hydrazine (D89)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 117.2 mg, 71% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, CDCIl3) 6 7.60 — 7.47 (m, 2H), 7.38 — 7.11 (m, 11H), 6.87 — 6.78
(m, 2H), 6.52 — 6.39 (m, 1H), 6.28 — 6.15 (m, 1H), 4.45 (s, 2H), 4.08 — 3.98 (m, 2H),
3.72 (s, 3H).

13C NMR (101 MHz, CDCls) 6 156.0, 137.2, 137.0, 132.6, 132.1, 129.8, 129.1,
128.7, 128.6, 127.7, 127.4, 126.5, 125.7, 125.1, 114.1, 57.3, 55.5, 55.4.

HRMS (ESI) calcd. for C24H2sN>0 [M+H]: 357.1961, found: 357.1961.

Elemental Analysis calcd for C24H24N20: C, 79.97; H, 6.71; N, 8.48; O, 4.84; found:
C, 79.96; H, 6.74; N, 8.42.

Ph\?N\N/\/\Ph

F
D90

2-(benzylidene)-1-cinnamyl-1-(4-fluorophenyl)hydrazine (D90)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 189.2 mg, 74% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCls) & 7.43 (s, 1H), 7.37 — 7.12 (m, 8H), 7.08 — 6.93
(m, 3H), 6.40 (d, /= 16.1 Hz, 1H), 6.29 — 6.09 (m, 2H), 4.72 — 4.45 (m, 2H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCI3) & 159.07, 156.70, 144.20, 144.18, 136.58,
136.35,132.60, 131.47,128.71, 128.64, 128.04, 127.90, 126.51, 126.26, 121.68, 116.31,
116.24, 115.82, 115.60, 49.08 ppm.

F NMR (377 MHz, 23.0 °C, CDCl3) & -123.94 ppm.

HRMS (ESI) calcd. for C22H20FN2 [M+H]: 331.1610, found: 331.1613.

Elemental Analysis calcd for CooHi9FN2: C, 79.97; H, 5.80; F, 5.75; N, 8.48; found: C,
79.94; H, 5.82; N, 8.45.

Ph N~

Cl

D91

2-(benzylidene)-1-(4-chlorophenyl)-1-cinnamylhydrazine (D91)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 140.5 mg, 81% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 —5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 8 7.77 — 7.57 (m, 2H), 7.47 (s, 1H), 7.42 — 7.04
(m, 12H), 6.38 (d, J=16.1, 2.0 Hz, 1H), 6.18 (d, J = 16.0, 4.0 Hz, 1H), 4.59 (dd, J =
4.0, 2.0 Hz, 2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 146.21, 136.36, 136.25, 133.20, 131.53,
129.09, 128.72,128.70, 128.25, 127.93, 126.50, 126.46, 126.39, 125.58, 121.31, 115.95,
48.36 ppm.

HRMS (ESI) calcd. for C22H2oCIN2 [M+H]: 347.1315, found: 347.1316.

Elemental Analysis calcd for C2oH19CIN»2: C, 76.18; H, 5.52; C1, 10.22; N, 8.08; found:
C, 76.14; H, 5.55; N, 8.03.
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2-(benzylidene)-1-cinnamyl-1-(4-(trifluoromethoxy)phenyl)hydrazine (D92)

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 171.1 mg, 90% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =20 : 1 — 5:1).

'TH NMR (400 MHz, 23.0 °C, CDCl3) 4 7.66 (d, J = 7.7 Hz, 1H), 7.48 (s, 1H), 7.42 —
7.05 (m, 9H), 6.39 (d, J=16.0 Hz, 1H), 6.19 (d, J = 16.0, 4.0 Hz, 2H), 4.78 — 4.43 (m,
2H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCl3) & 146.34, 142.99, 142.98, 136.33, 136.24,
133.44, 131.59, 128.73, 128.72, 128.32, 127.97, 126.51, 126.41, 122.16, 122.10,
121.26, 115.44, 48.44 ppm.

1“F NMR (377 MHz, 23.0 °C, CDCls) & -58.05 ppm.

HRMS (ESI) calcd. for C23H20F3N20 [M+H]: 397.1528, found: 397.1527.

Elemental Analysis calcd for Co3Hi9F3N2O: C, 69.69; H, 4.83; F, 14.38; N, 7.07; O,
4.04; found: C, 69.66; H, 4.86; N, 7.05.
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6. Mechanism investigations

6.1 Control experiments

6.1.1
PN N H + Bre .R Standard conditions Ph

Ph OH H2Nz \Ph N PhAN,NvPh + H2
A1 B1 C1 D1, 96% 81%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol) and THF (3 mL). Then the
seal tube was closed tightly with a teflon cap, removed from the glove box and
immersed into a pre-heated metal bath (100 °C) for design time. After the reaction was
finished, the reaction was analyzed by TLC to monitor product formation. Then a small
aliquot of the organic phase and gas were analyzed by GC and GC-MS to monitor

product formation in the reported yield.

6.1.2
iy Ph
Standard conditions |
- + N + Br R o
PR OH T yN-ph T T > o SN P H,
A1 B1 Cc1 free [Mn] : D1, trace -

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, L11 (1.2 mol%), ‘BuOK (1.0 mmol), A1 (0.8
mmol), B1 (0.5 mmol), C1 (0.7 mmol) and THF (3 mL). Then the seal tube was closed
tightly with a teflon cap, removed from the glove box and immersed into a pre-heated
metal bath (100 °C) for design time. After the reaction was finished, the reaction was
analyzed by TLC to monitor product formation. Then a small aliquot of the organic
phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
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6.1.3

Standard conditions Ph

H |
+ N + Br R >
OH H2N’ “Ph N - PhAN,NvPh + Hy

A1 B1 C1 free Ligand: D1, trace

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), ‘BuOK (1.0 mmol), Al
(0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic

phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.

6.1.4
A~ N H + Bre R Standard conditions 'Th

Ph OH Hsz \Ph \/ > PhAN,NvPh + H2
A1 B1 C1 free base: D1, trace

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), A1 (0.8
mmol), B1 (0.5 mmol), C1 (0.7 mmol) and THF (3 mL). Then the seal tube was closed
tightly with a teflon cap, removed from the glove box and immersed into a pre-heated
metal bath (100 °C) for design time. After the reaction was finished, the reaction was
analyzed by TLC to monitor product formation. Then a small aliquot of the organic
phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
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6.1.5

Standard conditions

Ph” “OH - P Yo + H,
A1 D93, 51% 42%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), A1 (0.8 mmol) and THF (3 mL). Then the seal tube was closed tightly with
a teflon cap, removed from the glove box and immersed into a pre-heated metal bath
(100 °C) for design time. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas

were analyzed by GC and GC-MS to monitor product formation in the reported yield.

6.1.6
Standard conditions
Ph”  OH - P Yo *+ H
A1 'BUOK (5 mol%): D93, 46% 46%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(0.025 mmol), A1 (0.8 mmol) and THF (3 mL). Then the seal tube was closed tightly
with a teflon cap, removed from the glove box and immersed into a pre-heated metal
bath (100 °C) for design time. After the reaction was finished, the reaction was analyzed
by TLC to monitor product formation. Then a small aliquot of the organic phase and
gas were analyzed by GC and GC-MS to monitor product formation in the reported

yield.
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6.1.7

Standard conditions
OH > Ph

free Ligand: D93, trace -

PO
A1

/§O + H2

Ph

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), ‘BuOK (1.0 mmol), Al
(0.8 mmol) and THF (3 mL). Then the seal tube was closed tightly with a teflon cap,
removed from the glove box and immersed into a pre-heated metal bath (100 °C) for
design time. After the reaction was finished, the reaction was analyzed by TLC to
monitor product formation. Then a small aliquot of the organic phase and gas were

analyzed by GC and GC-MS to monitor product formation in the reported yield.

6.1.8

Standard conditions
OH P Yo + Hy

A1 free [Mn] : D93, trace -

P

Ph

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, L11 (1.2 mol%), ‘BuOK (1.0 mmol), A1 (0.8
mmol) and THF (3 mL). Then the seal tube was closed tightly with a teflon cap,
removed from the glove box and immersed into a pre-heated metal bath (100 °C) for
design time. After the reaction was finished, the reaction was analyzed by TLC to
monitor product formation. Then a small aliquot of the organic phase and gas were

analyzed by GC and GC-MS to monitor product formation in the reported yield.

6.2.1
Ph Standard conditions Ph
Ph” OH  * N._Ph -~ s N_Ph 4
HoN Ph NN Ha
A1 D94 None: D1, 91% 78%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK

(1.0 mmol), A1 (0.8 mmol), D94 (0.5 mmol) and THF (3 mL). Then the seal tube was
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closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic

phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
6.2.2
Ph Standard conditions Ph
P YOH  * N._Ph - N N__Ph +
HoN N7 Ph N N Ha
A1 D94 BuOK (5 mol%): D1, 90% 76%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), A1 (0.8 mmol), D94 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic

phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
6.2.3
Ph Standard conditions Ph
“SoH + N_ _Ph o N__Ph +
Ph H,N" PN N Ha
A1 D94 free [Mn] or Ligand: D1, trace -

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), A1 (0.8 mmol), D94 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction

was analyzed by TLC to monitor product formation. Then a small aliquot of the organic
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phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
6.2.4
Ph Standard conditions I';’h
Ph Yo * N _Ph > ~sny-N~Ph
HN" ™ Ph NN
D93 D94 None: D1, 91%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), D93 (0.8 mmol), D94 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic

phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
6.2.5
Ph Standard conditions Ph
P Br  * N.__Ph > - o NP
HZN/ ~N Ph NN ~~
c1 D94 D1, <5%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), A1 (0.8 mmol), D94 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic
phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
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6.2.6

H Standard conditions Il’h
Ph™ SOH + S -No . M. Ph s H
A D95 D1,<5%  40%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), A1 (0.8 mmol), D95 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic

phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
6.2.7
H Standard conditions Ph
o~ + s NG N._ _Ph
Ph™ Br Ph”N"" “Ph ph IN- N
C1 D95 None: D1, 87%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), C1 (0.8 mmol), D95 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic
phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
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6.2.8

H Standard conditions Ph
> + PWL N N_ _Ph
Ph Br Ph™ XN Ph P YN SN
Cc1 D95 free [Mn] and L12: D1, 81%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), C1 (0.8 mmol), D95 (0.5 mmol) and THF (3 mL). Then the seal tube was
closed tightly with a teflon cap, removed from the glove box and immersed into a pre-
heated metal bath (100 °C) for design time. After the reaction was finished, the reaction
was analyzed by TLC to monitor product formation. Then a small aliquot of the organic

phase and gas were analyzed by GC and GC-MS to monitor product formation in the

reported yield.
6.2.9
H Standard conditions I';’h
Ph” Br * ny-N- ~._N__Ph
Ph" SN "Ph o SN N
C1 D95 free IBUOK: D1, <5%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), C1 (0.8 mmol), D95 (0.5 mmol) and C1 (0.7 mmol) and THF (3 mL). Then
the seal tube was closed tightly with a teflon cap, removed from the glove box and
immersed into a pre-heated metal bath (100 °C) for design time. After the reaction was
finished, the reaction was analyzed by TLC to monitor product formation. Then a small
aliquot of the organic phase and gas were analyzed by GC and GC-MS to monitor

product formation in the reported yield.
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6.2.10

. Ph
H Standard conditions |
P + N + Br R >
Ph OH H,N ~Ph N PhAN’NvPh
A1 B1 Cc1 with mercury drop: D1, 67%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), mercury (2 drops), Al (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol) and
THF (3 mL). Then the seal tube was closed tightly with a teflon cap, removed from the
glove box and immersed into a pre-heated metal bath (100 °C) for design time. After
the reaction was finished, the reaction was analyzed by TLC to monitor product
formation. Then a small aliquot of the organic phase and gas were analyzed by GC and

GC-MS to monitor product formation in the reported yield.

6.2.11
A~ H Br R Standard conditions Ph
+ +
A1 B1 C1 with (O)PPhs: D1, 78%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), (O)PPh; (1.0 mmol) A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol) and
THF (3 mL). Then the seal tube was closed tightly with a teflon cap, removed from the
glove box and immersed into a pre-heated metal bath (100 °C) for design time. After
the reaction was finished, the reaction was analyzed by TLC to monitor product
formation. Then a small aliquot of the organic phase and gas were analyzed by GC and

GC-MS to monitor product formation in the reported yield.

6.2.12
H Standard conditions Fl’h
Ph” “OH + N * BNAR - oS NPh
A1 B1 C1 with TEMPO: D1, 63%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
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charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), TEMPO (1.0 mmol), A1 (0.8 mmol), B1 (0.5 mmol), C1 (0.7 mmol) and
THF (3 mL). Then the seal tube was closed tightly with a teflon cap, removed from the
glove box and immersed into a pre-heated metal bath (100 °C) for design time. After
the reaction was finished, the reaction was analyzed by TLC to monitor product
formation. Then a small aliquot of the organic phase and gas were analyzed by GC and

GC-MS to monitor product formation in the reported yield.

6.2.13
A~ H Bre _R Standard conditions Ph
+ + _
Ph™ OH * L N“"~Ph ~~ oSN Ph
Al B1 c1 with Ph,CH=CH,: D1, 72%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), PhoCHCH> (1.0 mmol), A1 (0.8 mmol), B1 (0.5 mmol) and C1 (0.7 mmol)
and THF (3 mL). Then the seal tube was closed tightly with a teflon cap, removed from
the glove box and immersed into a pre-heated metal bath (100 °C) for design time. After
the reaction was finished, the reaction was analyzed by TLC to monitor product
formation. Then a small aliquot of the organic phase and gas were analyzed by GC and

GC-MS to monitor product formation in the reported yield.
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7. Gram-Scale Synthesis

7.1 Gram-Scale Synthesis of D1

o Ph
H Standard conditions |
P + N + Br R
A1 B1 C1 D1, 83%
80 mmol 50 mmol 70 mmol 11.88 gram

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (1000 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%)),
‘BuOK (100.0 mmol), A1 (80 mmol), B1 (50 mmol), C1 (70 mmol) and THF (300 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas
were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D1 11.88 g, the yield is 83%.

7.2 Gram-Scale Synthesis of D2

Ph
L |
OH , ,H\ + Bn_R Standard conditions N’vah
H,N” “Ph
H;C
’ A2 B1 c1 HaC D2. 91%

16 mmol 10 mmol 14 mmol

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (200 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%),
‘BuOK (100.0 mmol), A2 (16 mmol), B1 (10 mmol), C1 (14 mmol) and THF (60 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by

TLC to monitor product formation. Then a small aliquot of the organic phase and gas
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were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D2 in 91% (2.73 g).

7.3 Gram-Scale Synthesis of D12

Ph
OH+ ’H\ + Br_R Standard conditions N’ﬁvph
F.CO H,N"" ~Ph
3
A12 F5;CO
B1 c1 3 D12, 93%
16 mmol 10 mmol 14 mmol

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (200 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%),
‘BuOK (100.0 mmol), A12 (16 mmol), B1 (10 mmol), C1 (14 mmol) and THF (60 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas
were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D12 in 93% (3.44 g).

7.4 Gram-Scale Synthesis of D43

H Br  standard conditons  Ph~ 2 N-
ph” NOH + ’ N’N‘Ph + /©/\ s ~~ N
2 HaC Ph

A1 B1 C43 D43, 84%

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (200 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%),
‘BuOK (100.0 mmol), A1 (16 mmol), B1 (10 mmol), C43 (14 mmol) and THF (60 mL).

Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
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box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas
were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D43 in 84% (2.52 g).

7.5 Gram-Scale Synthesis of D46

Ph __N_
ANAu 4 H . Br  Standard conditions = ’ﬂ/\©\
PROH *  \Nepy i i
Cl

A1 B1 ca6 D46, 83%

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (200 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%),
‘BuOK (100.0 mmol), A1 (16 mmol), B1 (10 mmol), C46 (14 mmol) and THF (60 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas
were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D46 in 84% (2.66 g).

7.6 Gram-Scale Synthesis of D67

P H Br. R Standard conditions

+ N +
Ph OH H,N” \©\ N
A1 Cl C1

B67 Cl
D67, 81%
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Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (200 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%),
‘BuOK (100.0 mmol), A1 (16 mmol), B67(10 mmol), C1 (14 mmol) and THF (60 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas
were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D67 in 81% (2.59 g).

7.7 Gram-Scale Synthesis of D81

N Ph
H " N - Q/
ph” NOH + H N’N‘P + Bra_R Standard conditions Ph™ N
2 y 2\
A1 Cc1 I
B81 NS
D81, 80%

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (200 mL volume)
was charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%),
‘BuOK (10.0 mmol), A1 (16 mmol), B81 (10 mmol), C1 (14 mmol) and THF (60 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase and gas
were analyzed by GC and GC-MS to monitor product formation. The solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/dichloromethane = 20:1 — 5:1) on silica gel to give

the desired product D81 in 80% (2.29 g).
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8. Time-conversion-plot reaction

-, Ph
H Standard conditions |
S + N + Br R -
Ph™ OH ™ L N""Pnh ~~ o SN N APh
A1 B1 Cc1 D1

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(10.0 mmol), A1 (0.8 mmol), B1(0.5 mmol), C1 (0.7 mmol) and THF (3 mL). Then the
Schlenk Flask was closed tightly with a teflon cap, removed from the glove box and
immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours under N>
atmosphere. After the reaction was finished, the reaction was analyzed by TLC to
monitor product formation. Then a small aliquot of the organic phase was analyzed by
GC to monitor product formation. Composition of D1, d93 and D94 were determined

by GC-analysis using n-Cetane as internal standard.
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Figure S4 Time-conversion-plot for the reaction
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9. Possible reactions in combination with hydrazone

9.1 Synthesis of D96 from hydrazone D1

O\\S,Ph
F,’h reaction conditions Ph >N~ Do)
Sy N Ph Phe _N
Ph N N \N)\ph

D96, 85%

Using a nitrogen-filled glove box, an oven-dried yang-type tube (50 mL volume)
was charged with a magnetic stirring bar, D1 (0.1 mmol), N-methyl-N-
((phenylsulfonyl)oxy)benzenesulfonamide (0.2 mmol), fac-Ir(ppy)s (0.002 mmol),
NaHPO4 (0.2 mmol), and DCE (1.0 mL) were added in sequence under magnetic
stirring. Then the seal tube was closed tightly with a teflon cap, immersed into a pre-
cooled metal sand bath (25 <C) under visible-light irradiation. After 90 hours, a small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
formation, respectively. Purification of the remainder by column chromatography on

silica gel gave the corresponding product D96 (pentane/ethyl acetate = 50/1-5/1) in the

reported yield.

N'-benzyl-N-methyl-N'-phenyl-V-(phenylsulfonyl)benzohydrazonamide (Z:E =
1.9:1.0)"%

The title compound was prepared according to the general procedure and purified by
column chromatography to give the yellow oil 38.7 mg, 85% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =50 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) & 7.89 (d, J = 8.4 Hz, 1.32H), 7.67 — 7.55 (m,
1.82H), 7.51 (d, J = 8.0 Hz, 1.45H), 7.45 — 7.36 (m, 1.55H), 7.30 — 7.17 (m, 6.98H),
7.17 —7.04 (m, 3.85H), 6.99 — 6.92 (m, 1.63H), 6.83 (t, /= 4.4 Hz, 0.66H), 6.73 (d, J
=8.4 Hz, 1.26H), 4.99 (s, 0.68H), 4.43 (s, 1.31H), 3.07 (s, 1.95H), 2.79 (s, 1.04H) ppm.
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13C NMR (101 MHz, 23.0 °C, CDCl3) & 157.34, 150.24, 149.28, 141.69, 139.09,
138.76, 137.51, 136.82, 135.04, 132.95, 132.81, 132.68, 129.90, 129.38, 128.81,
128.76, 128.64, 128.35, 128.29, 128.22, 128.03, 127.92, 127.83, 127.62, 126.92,
126.81, 60.06, 56.53, 37.98, 35.12 ppm.

9.2 Synthesis of D97 from hydrazone D1

Ph>
'?h reaction conditions N
ph NN~ @ )—Ph
N
D97, 76%

Under the nitrogen, an oven-dried yang-type tube (50 mL volume) was charged
with a magnetic stirring bar, D1 (0.5 mmol), Cu(OTf)2 (0.5 mmol) and toluene (2 mL)
were added in sequence under magnetic stirring. Then the seal tube was closed tightly
with a teflon cap, immersed into a pre-heated metal sand bath (110 <C). After 12 hours
the reaction was cooled, a small aliquot of the organic phase was analyzed by GC and
GC-MS to monitor product formation, respectively. Purification of the remainder by
column chromatography on silica gel gave the corresponding product D97

(pentane/ethyl acetate = 50/1-5/1) in the reported yield.

Ph

)

pest

D97

N J

1-benzyl-2-phenyl-1H-benzo[d]imidazolel

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow soild 108.1 mg, 76% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =50 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCls) 4 7.91 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 7.6 Hz,
2H), 7.47 (d, J = 7.2 Hz, 3H), 7.36-7.30 (m, 4H), 7.26-7.21 (m, 2H), 7.12 (d, J = 6.8
Hz, 2H), 5.47 (s, 2H) ppm.
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I3C NMR (101 MHz, 23.0 °C, CDCl3) & 154.32, 143.01, 136.53, 136.11, 132.72, 130.23,
129.51, 129.22, 128.93, 128.02, 126.11, 123.32, 123.01, 120.12, 110.71, 48.52 ppm.

9.3 Synthesis of D98 from hydrazone D1

Ph . " Ph
| reaction conditions ~ '1‘ Ph
N, -N Ph Ph N
Ph™ SN™ H
D98, 96%

Under the nitrogen, an oven-dried yang-type tube (50 mL volume) was charged
with a magnetic stirring bar, D1 (0.5 mmol), and EtOH (2 mL) were added in sequence
under magnetic stirring. Then sodium amalgam (1.0 mmol) was added and the seal tube
was closed tightly with a teflon cap, immersed into a pre-cooled metal sand bath (0 <C).
After 12 hours the reaction was cooled, a small aliquot of the organic phase was
analyzed by GC and GC-MS to monitor product formation, respectively. Purification
of the remainder by column chromatography on silica gel gave the corresponding

product D98 (pentane/ethyl acetate = 50/1-5/1) in the reported yield.

1,2-dibenzyl-1-phenylhydrazine!!

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 138.4 mg, 96% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =50 : 1 —5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 8 7.20-7.35 (m, 9H), 7.02 (d, J = 8.4 Hz, 2H),
6.77—-6.88 (m, 4H), 5.68 (s, 1H), 4.77 (s, 2H) ppm.

IBCNMR (101 MHz, 23.0 °C, CDCl3) 8 151.72, 151.21, 140.52,129.62, 128.91, 126.53,
126.11, 123.33, 113.23, 65.52 ppm.

9.4 Synthesis of D99 from hydrazone D1
S99



N=N.  Ph

Ph . . N
| reaction conditions ﬁ N—N
> < —
PhAN’NVPh \< Ph
Ph
D99, 32%

An oven-dried three-necked round-bottomed flask (25 mL) was charged with
hydrazone D1 (0.5 mmol), LiClO4 (0.5 mmol) and TMSN3 (2.5 mmol). Then the flask
was equipped with a condenser, a reticulated vitreous carbon (RVC) anode (100 PPI, 1
cm x 1 cm x 1 cm), and a platinum plate (1 cm x 1 cm) cathode. After MeOH (2 mL)
and MeCN (4 mL) were added, the reaction mixture was stirred and electrolyzed at a
constant current of 10 mA under 0 <C for 2 hours (2.5 F). When the reaction was
finished, a small aliquot of the organic phase was analyzed by GC and GC-MS to
monitor product formation, respectively. Purification of the remainder by column
chromatography on silica gel gave the corresponding product D99 (pentane/ethyl

acetate = 50/1-5/1) in the reported yield.

cN‘ /Ph
rll _ N—N
\( \_ph
Ph
D99

N-benzyl-N,5-diphenyl-1H-tetrazol-1-aminel®!
The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow soild 52.4 mg, 32% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether =50 : 1 —5:1).
'"H NMR (400 MHz, 23.0 °C, CDCl3) 4 7.72 (dd, J= 8.4, 1.2 Hz, 2H), 7.50 — 7.47 (m,
1H), 7.42 - 7.37 (m, 4H), 7.20 — 7.14 (m, 2H), 7.06 (dd, J= 8.4, 6.8 Hz, 2H), 6.99 (ddt,
J=128.8,7.6,1.2 Hz, 4H), 4.97 (s, 2H) ppm.
BCNMR (101 MHz, 23.0 °C, CDCl3) 6 153.21, 147.62, 133.11, 131.42, 129.82, 129.21,
128.61, 128.41, 128.40, 124.12, 122.81, 117.00, 60.82 ppm.

9.5. Synthesis of D102
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O}\NN
H 1

D102, 86%

o o Standard O OMe
) \Nﬁ+ MeNHNH, conditions \N)Jl |
O)\H cl -N
OMe

Using a nitrogen-filled glove box, an oven-dried Schlenk Flask (38 mL volume) was
charged with a magnetic stirring bar, MnBr(CO)s (1.0 mol%), L11 (1.2 mol%), ‘BuOK
(1.0 mmol), PMPCH>OH (0.8 mmol), MeNHNH: (0.5 mmol), 6-chloro-3-
methyldihydropyrimidine-2,4(1H,3H)-dione (0.5 mmol) (0.7 mmol) and THF (3 mL).
Then the Schlenk Flask was closed tightly with a teflon cap, removed from the glove
box and immersed into a pre-heated metal bath (100 °C) condensation reflux 24 hours
under N> atmosphere. After the reaction was finished, the reaction was analyzed by
TLC to monitor product formation. Then a small aliquot of the organic phase was
analyzed by GC and GC-MS to monitor product formation. Purification of the
remainder by column chromatography on silica gel gave the corresponding product

D102 (pentane/ethyl acetate) in the reported yield.

oM
o e
PN N
@) N N
H o

D102

6-(2-(4-methoxybenzylidene)-1-methylhydrazinyl)-3-methyldihydropyrimidine-
2,4(1H,3H)-dione!”!

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow soild 124.8 mg, 86% yield. Purification by
column chromatography on silica gel (pentane/ethyl ether = 50 : 1 — 1:1, CH30H 5%).
'"H NMR (400 MHz, 23.0 °C, DMSO-ds) 6 10.62 (s, 1H), 7.90-7.97 (m, 3H), 6.99 (d,
J=8.4Hz, 2H), 5.18 (s, 1H), 3.81 (s, 3H), 3.12 (s, 3H), ppm.

9.6 Synthesis of Toxoflavin D103

5101



OMe
o OMe 0]
\N i» \N)K/[/N |
4;\ /k OéA\N/' N,N
0] N N |
H 1
D103, toxoflavin, 18%

o)
D102, 86% KDMA4C inhibitors

Using a nitrogen-filled glove box, an oven-dried pressure tube (50 mL volume)
was charged with a magnetic stirring bar, D102 (0.5 mmol), CHsCOOH (4 mL) and
H20 (0.4 mL) were added in sequence under magnetic stirring. Then NaNO_ (0.75
mmol) was added the seal tube was closed tightly with a teflon cap, removed from the
glove box, immersed into a pre-cooled metal sand bath (0 <C). After 6 hours, the
reaction mixture was diluted with water and extracted with DCM. Organic layers were
combined, dried over sodium sulphate, filtered and evaporated under reduced pressure
to obtain crude product. A small aliquot of the organic phase was analyzed by GC and
GC-MS to monitor product formation. Purification of the remainder by column
chromatography on silica gel gave the corresponding product toxoflavin

(MeOH/EtOAC) in the reported yield.

oM
o e
\N)K/[/N |
)\ = _N
(0] N lil

toxoflavin

3-(4-methoxyphenyl)-1,6-dimethylpyrimido[5,4-¢e][1,2,4]triazine-5,7(1H,6H)-
dione!”!

The title compound was prepared according to the general procedure and purified by
column chromatography to give a yellow solid 26.9 mg, 18% yield. Purification by
column chromatography on silica gel (MeOH/EtOAc =50:1 - 5:1).

'"H NMR (400 MHz, 23.0 °C, CDCl3) 4 8.13 (d, 2H, J = 8.4 Hz), 7.14 (d, 2H, J = 8.8
Hz), 4.03 (s, 3H), 3.85 (s, 3H), 3.27 (s, 3H) ppm.

13C NMR (101 MHz, 23.0 °C, CDCI3) & 162.32, 159.51, 154.52, 151.71, 149.72,
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146.81, 128.82, 125.52, 115.21, 55.92, 43.22, 28.73 ppm.

5103



9. References

[1] C. Zhang, H. Zhao, Z. Li, Z. Liang, S. Qi, M. Cai, S. Zhang, X. Jia, G. Zhang and
M. -L. Hu, Chem. Commun., 2020, 56, 9521-9524.

[2] a) J.-R. Hu, W.-J. Zhang and D.-G. Zheng, Tetrahedron, 2013, 69, 9865 — 9869; b)
M. Taddei, M. G. Mura, S. Rajaméki, L. De Luca and P A. orcheddu, Adv. Synth.
Catal., 2013, 355, 3002 — 3013.

[3] M. Zhang, Y. Duan, W. Li, P. Xu, J. Cheng, S. Yu and C. Zhu, Org. Lett, 2016, 18,
5356 — 5359.

[4] M. M. Guru, M. A. Ali and T. Punniyamurthy, J. Org. Chem. 2011, 76, 5295-5308.

[5]Y. Zhang, Q. Tang and M. Luo, Org. Biomol. Chem., 2011, 9, 4977-4982

[6] Z. Ye, F. Wang, Y. Li and F. Zhang, Green Chem., 2018, 20, 5271-5275.

[7] V. Letfus, D. Jeli¢, A. Bokuli¢, A. Petrini¢ and G. Kostrun, Bioorgan. Med. Chem.,
2020, 28, 115128.

10. NMR Spectra

5104



16-11-4

b 6

3-06-01 yy003

oy

o

| P

&
T QA
Z—0
\
N\N r
6681G .
840857 o
8GZE L
16EE L . )
866€ L1
€005
Zv0G 'L
061G/ 1
2£25°L o
2L6G, i
2809/ uh 00°L
6219, y00'L
229 T — 5002
81E9'L = 2007
12£08 00
e _ .
G/508" 00t

5105

f1 (ppm)

10.0

10,5




8991
00 .\..._.W
(AN

bo-Pet
£v'8zL
6v'821
0162
pL'6Zl
90°LElL
e

L0°0FL
£eorlL W
SEovL

mh.m_l.
86811 v.

3-06-02 yy00l0 616-11-4

oy

o

N, ~
N

PPh,

L1

L

10

30

10

60

70

80

90

100

110

12

130

140

150

160

17

180

10

f1 (ppm)

5106



2023-06-02 yy0010 616-11-4

—32.45

N ’TIH
PPh,
L1
—T T T T T T T T T T T T L —— T T 1 T T T T T T
a5 90 85 80 70 70 i) 60 55 a0 45 10 ah a0 25 20 13 10 -h -10 -15 -20 -2h -30
f1 (ppm)

5107



G0

16-1gg-12

7T 6

3-02-27 yy000

oy

a

VEEL'G,
8881 7-
9G6€ /1
LbOb L]
560V
6611
86¥5 L]
9¥55 L1
5295 .
1895/
9.5/
86.5 'L
2985/
1265,
1008 L~
9996°L—

'\\

6621’8
0EEr'8
Lery'8
0S8
65088
£428'8

EZ0°L

rov

2oLl

;mo.f

Hﬁ
90}

00t

=001

5108

f1 (ppm)

10.0

10,5




o

g yy0011-616-1

23-2-2

o

60

—Z

LT \ /
95'G 1L

20

L2

a0

5109

f1 (ppm)

100

608LLY
0L8LL
9E8lLL
A
m@.om_‘,\.
freety

11.°8¢l

10

1

1

130

ﬁ..mmt\‘
6E°LE @
09'LEL
8G°Lb L~
99'6Y 1
Z9'6v1
6L

140

15

160

70

180




2023-2-28 yy0011-616-12 «©

o

o™

[3p]

Z5-NG PN

l N
N PPh,
L2
1 I T 1 I 1 T 1 I 1 1 1 I I T I I
75 70 65 55 50 15 10 35 a0 25 20 15 10 5 -5 -10 -1f
fl (ppm}

5110



9zcl'g
¢8elL's
835%°S,
62669
led L
¢S6E’L
LLOF L
GEES'L
88ES L
6LVG L
¥2es' L
116G,
GGoG'L
19/G°1
FA* 1R i
SHFE9’L
GG89'L
880L°L

19578~
z8.L8"

NH
PPh,

N ~
N

L3

Cl

=o'l

660

00’1
%B,m
7 €05
u_rme.e

0oL
0L

=001

10.0 9 9.0

10. 5

{ppm)

S111



L3

Cl

tm._o_‘_‘
mm.m S‘/,
9G°LLL
vE8LL
0e0ct
mm.om_‘.\
Bt
S9'8el
SrlElL—
0L'6ElL
60°0rL

9.'8FrL
eL’0g _,../.
62°05 1
goegL”

I

1

|
|
AR vty ':n:"‘-|L

40 30 20

50

60

&0

90

100
f1 (ppm)

110

a

1

150 140

160

17

180

10

S112



—32.22

x_N

Cl

N, ~

L3

NH
PPh,

100

a0

80

f1 (ppm)

S113

-20

-30

—-40

-50



L8E1L°G~,
fEELgT
L1LGE L]
FEIE L1
GG0G L1
€016 L7
vPCa LT
2625
GLESG LT
86EGL
1120
G986 L
6¥0L L

£00°) |

2.5

3.0

10.0 9.5 9.0

10.5

f1 (ppm)

S114



av'ell
LPGLL
SC'8LlL
9z'8LL
8¥'0cl
LG°0C1
GG'Lcl
8€'GCl
§9'8¢l
LL8CL
91.'8¢l
cyect
LE'LEL

A*NRY _‘.\
S9/EL

£89'6El

S6'6EL

ocovl

68'Gvl
€66yl
60051
0G5l

\

NH
PPh,

N ~
N

—=Z

Cl

L4

T
110 100 90
f1 (ppm)

T
120

T
140 130

150

T
160

T
170

T
180

0

S115



—32.26

N NN N

N PPh
Cl 2
L4
T T T T T T T T T T T T T T T y T T T T T T T T T T T T T g T T T T T T T T T
130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10 -20 -30 -40 -50 —60
f1 (ppm)

S116



1 yy0025 616-1qgl

—2

023-T

2

mm#m.mv
48957

862"/
Vb2 2]
99G€" 1
665E"L
¥89€"/1
ZELE 1
158€" L
9805°Z
Ze15'2
9125°L
8125°L
vZ€S',
LS L
LISS'L

Y028~
862,87

I
i)

6.0

10.0

10.5

S117

f1 (ppm)



2023-07-23 yy0005 616 -lgg-14-2

85l
2 '8LLA
10° L2
e Lz
56 1Z1
69 1211
69°2Z1-
8Z°€Z1 1
10°9Z)
65921
99'8Z1
8’62zl
95'621
67'LEL
05'LEL
zozeL’
LTEEL,
666517
eL'0pl

L1 LSL

mmemvw
9z'251

18'09L—

10

30

60 40

130 120 110 100 90 80
f1 (ppm)

140

150

160

70

1

180

5118



2023-07-23 yy0005 616 -lgg-14-2

—33.08

W/N\N/ NH

|
N PPh,

— . :
105 100 95 90 85

T T T T T T T T T T T T T T T T T T T T T
75 70 65 60 ah 50 45 40 EH] 30
f1 (ppm)

3]
[=3]

S119

-5

-10

T
-15

-20

-925



cegrc—

PLETSy,
2pk6 S
8569
5282'.
2962'L
z8LY'L
0z8t'L
196Y'L
£005°L
8162
1615°L
£86L'L
£65L'L
£L08'L
8178'L

€89€'8
6LLE .mv.
66098~

NH

N
N

PPh,

L6

e

|

f1 (ppm)

=G0t

=460

i

I

wooe

00'
£Z0°9
FS0°S
H_woo c

=00°L
F00'L

5120



60°'le—

0S°LLL
c6ELl
SO'GLL
90°GLL
169l
r0'6L1
SL6lLL
90'éelL
e lel
81 .LEl
€1°8¢1
€L'0eEL
e 0EL
89'9¢E1L
98°'LEL
L6'8EL
£0'6EL
9/'6el
Scorl
Starl
c9'8rl
e Esl

™~

A

f

PPh,

10

30

10

60

20 110 100 a0 20
f1 (ppm)

‘

1

160 150 140 130

170

180

10

S121



—3213

= N, ~ NH
N
NS PPh2
L6
T T S —| T T T T T T T —T T T T T T T T T T
130 120 110 100 90 80 70 60 a0 40 30 20 10 0 -10 -20 -30 -40 -a0 —60 =70 -8
f1 (ppm}

5122



8r0LC—

YOG~y
B868-5;
151691
015€"/1
e5e
66€ .1
Py L]
LLEY L
5009/
Ngm.Lr
2619'/
1£29'/
08€9°/
¥Zr9'L
0Ll8L

ozeg 2~

LGLY'8
9.lL¥'8
€L2Y'8
162v'8
98898
00118

L7

—~00°¢

-—=F860

= g
H(

¥

009
00
— S

00°L
00°L
80°L

00°L

00°L
00°L

T

2.5

3.0

L

-

8.0

9.5 9.0

10.0

f1 (ppm)

5123



vrel—

L7

16211 _ =
ov'ELL
€5 /1L \_ 7/
¥SILL
60°8LL
Rz
178zl
£5'8ZL

gl'ecl
or'oEL

¢c'lel
eviEl

coovL
gL'ovL

zZeovL
v ovL
8L Pl
G6'6YL
mo.omvv
zZe L

90

f1 (ppm)

S124



—32.67

L7

T
140

T
130

T
120

T
110

T
100

. . , , —— . ,
90 80 70 60 50 10 30 20 10 0 -10
f1 (ppm)

5125

—
-20 =30

T
-40

T
-50

T
-60

T
=70



LLLLS
mmme.mv.

S0969
L€969
L€469
£9469
11869
0669
€901 Hmﬁ

ny
Z28el’)
mmmmfﬁr
0sle’'L—

Cl

N, 2~
N
PPh,

—Z

L8

-—T186'0

J00°1
= L0
k_woo.m

ﬂ,_uo.m
80')

50°}
01

=$6'0

- Fogo

10.0 9 9.0

10. 5

f1 (ppm)

5126



Cl

P

60

80

90

100
f1 (ppm}

110

a

1

150

160

1T

180

0

S127



—32.64

Cl
= N, ~ NH
N
A PPh2
L8
T T T T T T T T T T T T T T T Em— T T T T T T T
58 a6 54 h2 50 48 46 44 42 40 38 a6 34 32 a0 28 26 24 22 20 18 16 14 12 10

f1 (ppm)

5128



FsC

=101

Mwmoé
AV

=10
- v0°L
001
00

| 700°)

—— 00l

10.0 9 9.0

10. 5

f1 (ppm}

5129



¢5ell
62°ELLA
ECELLA
GGLLL
688111
856111
€V LELA
PSLEL
ELECLT
rF8'Gel
298¢l
89'8¢1
Sr'6cl
600€l
ovoelL
0Z'LElL
L¥'LEL
S0'8EL

mm.mm_‘w

pGBEl
99'6€)
§G 2Pk,
9Z'6¥)
mvmwvw
08'esL"

NH
PPh,

«
N

FsC

L9

30

40

60

B0

90

110 100
f1 (ppm)

120

140 130

150

160

17

180

10

5130



2023-06-09-vy0007-616-18-2 o
=
©
i
F3C
= N, ~ NH
l N
N PPh,
, L9
T T T T T T T T T T T T T T T T T T T T T T T T
10 a ] -b -0 -1 -200 -2 -30 -3 -40 -45 -50 -6 -60 -65 -TO -75 -BO -BH -90 -B5 -105 -115 -125
f1 (ppm)

5131



—32.97

F3C
= N, -~ NH
N
N PPh,
L9
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 130 120 110 100 a0 80 70 60 a0 40 30 20 10 0 -10 -20 -30 —40 —a0 -60 =70

f1 (ppm)

5132



Z88L L1
L0ZZ |+
G8¥Z LY
9112’1
mmem,egw
Z0.9°L
mmmm,rk
Z61L° 1L~
6v2L 14
Z6€L°L
€l L
momh.rm
moom.v_
0Z.8°L

¥68S v
2109 .#V.

68569
LEL69
68869
19174
G69L°L
Sv8l 'L
6EVY'L
6E9F 'L
L28Y'.
1989/
€169
080L°L
86eL°.
€0eL’s
el
ore8’L
cl51L'8
Go/L'8
12ev'8
8rer8
arer8
¥89.°8
868.°8

—

|
W RO s b

00l
004
001
00°L
00l
66°0
001
00l

10.0

10. 5

fppm}

fl

5133



GL9¢
£8'9¢
clle
6l°L¢
06'8¢
80 .mNW
9G'9¢
89 ,mmv.

WPZhin
CIRIRN
86°LLL~

40 30 20

50

60

90 a0
f1 (ppm)

100

110

a3

1

160 150 140

170

10

5134



—48.74

N NN NH

f1 (ppm)

5135

N PCy,
L10
- il
T T T T T T T T T T T T T T T T T T T T T T T
140 130 120 110 100 9 Sy 70 6 s 40 30 2 10 0 -0 -20 30 -40 -30 -60 70  -80



€6CL’L
90FL’L
Livl'L
085171
2691’1
048L°1
8516°L
oLee’L
€EEB’L
S8¥6°1L
6056°L
1996°1L
G896°IL
9E86°L
1986°L
951911
L6291
G156 91
895691
89969
269691
G2.1691
8171691
61869
128691
L& TAYE
(FFAWE
L5612
LELE L]
8vLe L
EELY LA
69.v°.
L6y 'L
L 6L
LL6¥ L
ccls’L
LYLSL
1989°L
6069°.L
S¥0L°L
0L,
4804°2
6LLLL
£sel’l
LoEL'L
0¥s8'L
0s48°L
98EL8
88618
S6EY'S
ceh 8
0rri 8-
00581
L1S¥'8
1A
L9518
612881
€EVE'8-

—

]

SR w

=00¢Cl

F 807

E 001

oo ooo o
Ghoooooo
P

10.0 9 9.0

10. 5

f1 (ppm)

5136



lecll
mr.m_‘_‘W
.mm.t_‘w.
L6°LLL
0L0ZL-f
Se _‘N@\
8¥'iel
FAN:TA"

L9LEL~
LZ0vL—

LELPLA
8L LGL
ZE'LSL
L2 ¥

l_l

70 60

20

90

10

1

1

130

140

150

T
160

170

f1 (ppm)

5137



—55.63

= N, 2 NH
NN
N PIPFZ
L11
T T T T T T T T T T T T T T T T T T T T
140 130 120 110 100 90 20 0 il 50 40 a0 20 10 -10 -20 -30 -40 -50 -60

f1 (ppm)

5138



0660'S—
12069
1%06'9
2026'9
78€6'9
SLLT'L
PS61°L
9zIT'L
01€TL
L99T'L\
6S8T'L
090€'L
€6€€'L
LSLE'L
SS6E'L
PLOE'L
68LS'L
PL6S'L

1

g
oy
o)
1
-

2022-11-28-616-lqg-d

Ph
Ny N Ph

D1

N

FI0T

10T
POt
ot
91’z
R0z

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 25 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

10.5

5139



8Y' 06—

N@.@N/
vN.mmﬂ
9G°LL

Z6'vil
06°02 |
L1921
Se'9Cl
Sb'/Cl
20’8zl
89'8Z1
L1621
mm.mﬁw
65 '2El
8L'GEL
19'9€1
5 66'LYL—

2022-12-02-yy0013-616-lqq

Ph
g N Ph

D1

90

5140

100

Chemical Shift (ppm)

110

120

130

140

150

160

70

1

180

10



€0L0°0—

6LEET—

[EL1°S—
2026'9
78€6'91
€956'91
6ST1' L7
8SH1' L7
SLTT LA
SSHT'L
T6vTL
bSST'L
OLLT'L
vE6T L
SIEL
9gEe L]
S15¢°L
SHLE L

—988¢"L]

S906€°L1

m.mo_v.t

SL90S L]

Ph

N

N,N\/Ph

D2

H;C

Fs6C

A

Fooz

I\

50’1
Yot
€0y
w%.@
L0°T

Mo
[

6.0

Chamina

{ vl

1 Chift

5141



0t 1¢—

1708 —

xc.ch/

=—00E
Nm.R\

99°pI1
25021
0971
21921
LT
96871
11621
07621
EL7E—
E.mm_m

2022-5-6 yy0012-616-zq1-26-1

Ph
NN Ph

D2

HsC

/0

60 10

80

180 1 160 150 140 130 12 110 100 90
Chemical Shift (ppm)

0

5142



LLVIV VT

—
i

=
N
O

L

2022-05-14 YY0028-61

081 °S—

0£C69
11¥69
06569
PECTL
80¥C'L
e L
$80L°L
cCleL
POIE°L
SLTE'L
PreeL
96ve’L
60LE°L
PO8E°L
SlivL
SPeS'L
9CLSL

Ph

IIDh
_N
N

{(H3C)3C D3

FTI6

A

|LH| v1'e

1071
80°C

€rol
F S0T

8.0

[f=]

10. 0 9. 9.0

10. 5

Chemical Shift (ppm)

5143



2022-05-16-yy0016-zgl-1 _ i i — en en 1~ o I~ = © ©
— O~ 00N = O DD Y T =t gy — uy o oo
R e V=R g = g P ) S A
LT T o B o s T o Tt I T o O ! Y I I ot I - o = = =t —
i L A I QR i A i i B B B ~ ot ~ ) e oen
Ve ———" ~ 1 b
IIDh
N,N~~/F’h
H3C)3C
(H3C)s D3
[ L T SR LA BN B B L NS ELEL AL B LS B L B B BRI L B LS NLAL AL B |
0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 C

Chemical Shift (ppm)

S144



—_—
1
—_—

=2
N

0598 t—

SS9

651 mdv.
L6ITL
£6CC L
S8eTL
ErFe L
8SST'L
ITLTL
LY6T L
60eL
90TE L
CSEe L
66t L
L9SE LA

Ph

Ny N Ph

D4

CeHs

= - 90°C

E 0071

For8l

10°1

[f=]

10.0

10. 5

(ppm)

Chemical Shift

5145



2022-05-10 YY0042-616-zql-2

N~ — 0SSl S 0w n D

Mmoo — Qo ol Oy S g oe P ey

~ S S w el O O8 00 = = W0 O 8 O = R ol

TIFIFooANNNANANNA— CHE 7=

Fl’h
N’vah
Cofls D4

I LS B B AL LR A B LS B R S B LA BN AL B L AL AL BN L ELELELELELE BN AL AL BN B AL B LA L B LS A |
0 180 170 160 150 140 130 120 110 100 ap 80 70 60 50 10 30 20 10 (

Chemical Shift (ppm)

5146



LULLVLVRY

0CI8E—

bZ91°5—
80989
¥7889
0169
b876'9
€9P69
01€TL
SHSTL
6097L
l6LTL
T68T°L
€01€L
LLISL
CRTEL
99¢€"L
95 L]
Liet]
— T8LEL
lm]&om.h-
2 GESSL
T TSLSL

2022-5-7 yy0007-

IIDh
N,N\/Ph

D5

H,CO

LA

F so¢

F ot

A 00°¢
LOO1
W 90°C

10.0

10.5

(ppm)

Chemical Shift

S147



2022-05-10 YY0018-616-zql-7
=

= O < OO D0 —
ol oo — Oy oD
[ e~ v OOy 00~ I~ O
“ Tondaadaad
| e
H,CO
W
I T T T T T T T T T T T T T T T T T T 1
0 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 10 an 20 10 [

Chemical Shift (ppm)

5148



§rebsy
956691
PL10 LA
16£0°L1
CO9CT LA
T LA
69ST'L
6LLTL
0067'L
S10€°L
961¢'L
6ETEL
ILTEL
795€°L
61FE L
LOVEL
9€9¢" L
T z08¢°L]
Sozse ]
S ozovL]
ey .
= 6v0F L
m €045 L]
=0P8S LT
- £CO5 LA
Y0909

2022

?h
N,N\/Ph

D6

S

F <ot

b 0°€
€001
p 10T

2.0

(]

3.0

10.0

10. 5

Chemical Shift (ppm)

5149



wy
vy
o
re

B39°9L

Ph

NN Ph

D6

LT AT N =T =]

CELL

LLFII
9 Sl
8SS11
08°0C1
66°¢Cl
CELL
LTI
0L°LTI
c0°6<l
91'6¢C1
0¢lel
PLCEL
LECEl
6L 'LY]—

6C 191~
SL'E91—

2022-05-10 YY0018-616-zql-4

10

50 40

GO

80

90

100
Chemical Shift (ppm

110

a

1

140

15

160

17

120

30

5
]

5150



2022-05-10 YY0043-616-1qq-4

(=
Ex
I
[an'
i
| Ph
jonas
F
D6
T T T T T T T L] I T 1 T T T T T T T L T
-65 =70 ] -80 -85 =90 95 -100 —-105 -110 -115 =120 -125 -130 -135 -140 -145 -150 -155 —-160

Chemical Shift (ppm)

5151



S6L1'S—
SE56'9
S1L6'9
6869
91TTL
65T L
6857'L
19L7 L
LOST L
8T6T'L
9L6T'L
P90E°L
crIeL
2ETEL
PRTE L
LOYE L
1os ]

S £p8¢'L]

TR98€'L1

290%' L

1601 L

1976 L

2 0CES LT

wxcmm.h

\/ 88FS L]

€1 pESS L

&

007-616-

Ph

N Ph

D7

Cl

F g0t

R 001
10°Z1
w 007

10.0

10. 5

Chemical Shift (ppm)

5152



19°06—

899L

Ph
NN Ph

D7

Cl

AT AT By =5 =3

tlL

levll
€0°ITI
B6'SCTI
SCLCI
LELTT
99°BC1
S0ecCl
gl16Cl
EIIEL;
mm.mm_aw
90°sEl
6E°CE1

0
=
et
~
-+
I

2022-05-10 YY0018-616-zql-1

10

30

40

60

15 140 130 2 110 100 g0 80
Chemical Shift (ppm)

160

17

180

10

5153



08L1'S—
#5569
¥€L6'9
€166'91
881T'L
SOET L
€6ST LA
I+LT'L
[10€°L
190€°L
08CE'L
POrE’L
678€'L
€68¢E°L
LYOb L
9L0 L
= 9L
FoLty L

Ph

N Ph

D8

Br

=661

001
s10°¢
FLOL
00t

Chemical Shift (ppm)

5154



2022-05-14 YY0016-616-ZQL-1

= N OO =t = =~ OOy

= neao—caonIS3og T4 = o

~ o — — O Oh D e un — o g o

=T Ias T o s T o T o o T o I o TR o N ot Y o I IR ~— O o =

— — e e =Y - o -~ )

I?h
N NaPh
Br
D8

| - T L | AL | L T LI | | LA | L L T LA | | AL | L L T LI | T
10 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 10 30 20 10

Chemical Shift (ppm)

5155



C80S°C—

[aia)
=]
uf
o
o

€91 € 5—
£506°9
F176'9
P6£6'9
RSL1L
6961°L
20T L
SSPTL
899C L
LE6T L
€SIEL
0£TE°L
9gEE’L
[TheL
#09¢ L]

+ b0 L]

L 65T L

H-z
[
Ly
<t
-+
-

2022-05-10YY

Ph
NN Ph

D9

A

0T

c0’l
c0¢
60°l
66t
0¥
LO'T
c0¢

bt

2.0

]

10,0

10. 5

Chemical Shift {(ppm)

5156



2022-05-14 YY0016-616-ZQL-4

o ol e oD —
T enocl ool en s e~ Oy — M~ — Cl O 00 [~ O \D
R P R R=R = C o PJm A
b= o T T oo T o o T o A o R ot IR T o I o IR =t rolieiie Folie Se e et
— o e e e e e e e e e [« = = <@ <F o ooy
| == | | ! e
Ph
NN Ph
|
D9
0 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 L0

Chemical Shift {(ppm)

5157



2022-11-7-

6269°€—

Ph

NN Ph

D10

H,oN

_—

[est

Fo0'¢

v0'¢
c0'L
Go'c
06°0
LS
96'L

€60

6.5

8.0

Chemical Shift(ppm)

5158



0

2022-11-10-yy0031-616-E2

Ly 0S—

wh.mh/
mo.mw.ﬂ
bl

AA 4%
GO'GLI
0L°0ct
:.@NF/
0c'L2)
0g°Lcl
09°2¢1
86'8¢1
ﬂ.v.mm_‘\
6C°EE}

129€l
LG9~

o
.
o0
i

5

NN Ph

D10

HoN

180 17 160 150 140 130 120 110 100 a0 80 70 60
Chemical Shift (ppm)

0

5159



Foo'9

-+
[*L")-10 =

68585,
€169°9
€698°9
L8879
668879
£506'9
6L06'9
8TTT'L
L9TT'L
61¥TL
89ST'L
TLoT'L
L69T'L
m_ €68T'L
S 6L6T'L
— £LOEL
JsoreLs
G 0S1€°L
S TheeL
3 €9€€° L
S €967,
7 628¢ L]
< mmmm.i
L _o@..J
& 11TS'L

Y

202

I|3h
N’NVP

{(Hac)zN D11

L,

Floz

i

0.0

0.5

1.0

u

40 35 30

4.5

5.0

6.0 5.5
Chemical Shift (ppm)

100 95 90 85 80 75 70 65

10.5

1.0

5160



o
.

2022-6-7 YY0016-616-ZQ

€S0b—

LEOS—

BLOL
01 .th
_q.._r_n

PETII

revl _,/
66l _/
oc,mm_,/
E.om_#r
91"LTI

:U.HN_V

oo.wm_x
cl6cl
mo.mm_%
SE9El
B8P~
B80S

Ph
NN P

D11

(H3C)oN

JiLmﬂJ

20 10

30

80 70 60

90

100

Chemical Shift (ppm)

180 170 160 150 140 130 0 110

190

5161



SSET"S—
16£6°9;
145691
15L691
43AWA
LEST LA
0€81°L7
0161°L
8807'L
S9PT'L
6v97'L
6687°L
T66T'L
620€°L
SO1€ L]
081¢° L1

o TECEL]

~ 66T L

o

B 7SEE L

2 9PLE L]

o Zh6E L]

L7851

: 9p09°L-

0

Ph
NN Ph

D12

F4CO

e i

F1oc

LO1
00C
£0C
80°1
LOS
10T
L0T

10.0

10.5

Chemical Shift (ppm)

5162



19°05—

mh,ch
:.RW
EVLL

67671 \

6L°0€]
© 7hSE]
o~
QL LLLYTY
< 99'8¥1 7
= L9°8PI
Z

2022-05-30 YY 0021 616-

Ph
NN Ph

D12

F,CO

.uL.u_J.H .

100 90 80 70 60 a0 10 30
Chemical Shift (ppm)

110

12

170 160 150 140

180

10

5163



UL LY

6062
R170°L
R9TT'L
PEYTL
L6ST'L
658TL
120£°L
8STEL
TLEEL

Ph

NN Ph

D13

FsC

L ;
o
N
/_U
S
2

nU
0

V..
6

.._J
nU

_2
....U
el

L}
B TELE'L

Jrr¥r L
6LYE L
9CsEL
19SE°L
€19t’L
659¢°L

69LE L]
S90% "L
160t
S8TH L
pre L]
pors L]
0045 L/
€689°L]
860L"L]

=

—

€1

SO
107C
€01
'S
10°¢
00°C
60°C

10.0 9. 9.0

10. 5

Chemical Shift (ppm)

5164



6CCL0S—

OF0L9L

Lt

Ph
NN Ph

D13

F3C

2022-05-17-yy0024-616-zql-5

eomm.hh&

0£66'66~
B8 15
S08%° 1T
TSI¥°STI
ELLO'STI
[L01°9C1
SLLY LTI /
LOT1 .om_v.
FOST 6C1
TLLS0E1
9II1°SEl .\,

9I8S Lyl —

10

60

a0

100

Chemical Shift

2 110

l'.

140 130

15

160

170

180

(ppm)

5165



2022-05-17-yy0024-616-zql-5

Chemical Shift (ppm)

5166

)

<

|

o

II

Ph
jonhd
FaC
3 D13

T T T T T T T T T T T T T T L T T
=20 -25 -30 -35 —40 -45 —510 -55 -6l -65 =70 -75 -80 -85 L -85 -1t



0S00°L
6270°L
8070°L-
STITL]
60€T L1
TEST'LA

€987'L
080€°L
6LTE L
POSEL
R6+E"L
LPSEL
€L9E°L
+2o 'L
rzerL ]
— PLIS L]
7885

1

6-Z
[« ol o]
(= 0 =
== w7y
e
- r~-

o

2022-06-20 yy0003-6

Ph
Ny N Ph

D14

NC

e

Fzoz

0.0

0.5

1.0

1.5

2.0

40 35 3.0

4.5

5.0

RS 80 75 70 65 60 5.5
Chemical Shift (ppm)

9.0

10.0

10.5

11.0

5167



LEGYOS—

ESTLOL
omve,thT
PO9LLL

gore Oll
PR A _I/
I8CT61 _,/,
9106°[ m_,/,
mmm@,mm_l/
:a:m.cm_ﬂn
LY8S°LTT~
SoLlecl

Fa0e'6cl

£eso6Cl

8Bl CEI
O5E8 L]

—~ L1960%1
S 810F° LYl

2022-06-21 yy0027 616-z

-

Ph
Ny N Ph

D14

NC

100 90 30 70 60 50 40 30

Chermical Shift (ppm)

110

180 170 160 5 140 130

190

5168



2022-11-7-yy0025-616-e26

LLLB Y —
0sEL'G—

G46.°9
06449
L #06°9
12269
00¥69
8lLig’L
€62e’L
e€8ve L
¢99¢’.L
€coe’L
L0ge'L
gvee’L
869¢c’L
9G8¢€"L
858Y°L
€L408°L

Ph
NN Ph

D15

HO

= 160
F 00¢

S

oS

glﬁﬂoﬁ
N‘_'l_'l_

0.5

1.0

1.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
Chemical Shift(ppm)

10.5

5169



E26

2022-11-10-yy0031-616

05'05—

hh.mh/
mo.hh.w
ov'LL

YoviL
PSGLL
L¥'0cl
80'9¢l
6¢'Lcl
vL 2L
€062l
6l°6¢t
99'6¢l
A
G6'GEl
00'8¥1—

=l

€666l —

Ph

N Ph

D15

HO

60 a0 10 30

70

100 90

Chemical Shift (ppm)

110

12

140 130

50

160 !

17

180

0

5170



2022-06-06 YY0044-616-ZQL-04-6.2

LSV T—

86165,
BLEGO
85569
P81L
L9BIT'L
9€0T'L
c0CTL
6CCTL
L8YTL
9L9T'L
6V8TL
BO8TL
€L0e’L
690€°L
STt
LO6EEL
T1SELA
CELE LS
OSLE LT
1S6E LA
6LOE L
6E15°LT
CRISLA
BOES LA
0SESL-

Ph
NN Ph

H
{ 3CS D16

Fsie

0.0

0.5

1.0

U

40 35 30

4.5

5.0

6.0 5.5
Chemical Shift (ppm)

100 95 90 85 80 75 70 65

10.5

(1.0

S171



2022-6-7 YY0016-616-ZQL-4

68 S1—

61 05—

08 P11
LL0T]
L0971
65971
09971
SL°9TI
bELT]
b8LTI
Lt'8T]
90'621
07621
$0'ZET—
G.mm@

Ph
N Ph

D16

HsCS

20 10

30

180 170 160 150 140 130 0 110 100 90 80 70 60
Chemical Shift (ppm)

190

S172



o
O
o

SLT L

&
e
e
=
S

=

)
o
el
ol
=]
A

chcw L1

Pl

628857
15069
6600°L
08CO'L
0sS0°L
9690°L
0ELOL
0880°L
€rre
SOET LG
F8I'L
061°L
Fool'L
090¢C°L
LorcL
LevTL
9L
¥LIT L

[08T L1
£98C L1
E8rE L

6118 LT
SL8L LA
S908'L-

Ph

N,N\/Ph

D17

Jo

N

—

ooz

Ha_c._
c0°€
LO°E
10
00°¢

a0l
ik

)

b

N e

LN B B (e e e B (L

T

F

T

10.0

10. 5

Chemical Shift (ppm)

S173



-6 yy0012-616-2q]-26-3

-5

022

2

vL6l—

8905—

[L9L

SELL

8811
€L'0T1
7LSTI
60921
1971
76°LT1
99°LTI
10621
61'671
PO0EIE
78 1E1-
sevelf
PESE
99°5€1
9081 —

10

a1

50 40 30

G0

{ppm)

90

t

Ph
NN Ph

S174

100

Chemical Shif

D17

110

20

130

140

15

160

70

1

0



[0LO°0—

6lF8E—

1981'S—
12649
SL6LY
€TI89
1L189
SOP6'9
98569
L9L6™D
1SE1°L
TUST'L
L9ITL
POETL
88YT L
08STL
#8397 L
€987 L1

v L10€" L]

& 9€TE L

Ph

NN Ph

D18

H,CO

A

90t

Fro'g

10,0

10. 5

Chemical Shift {(ppm)

S175



zql-26-5

-6 yy0012-616

2022-5

£9011
96°¢lI
98 ¥ 11
8C 611
80T
¥079CI1
e LTl
£0°6C1
ﬁ_.om_w
mﬂ.om_\.
,cm.mm_\,
am.mm_

L,

Ph

N,N\/Ph

H,CO

D18

10

a0 40

G0

a0

90

t

100

2 110
Chemical Shif

70 160 15 140 130 1

1

180

{ppm)

S176



UL VIV

16269,
€6L6'97
CL66™91
01T LA
98ET LA
6CST LA
6LIT'L
LELT'L
998C°L
8S0€°L
0TIE'L
60T€°L
98TE'L
0TEE'L
8EEE "L
0LYE L]
61S€ L
D gL
R8sLE L]
© LT8E L
@ oo/
o 798€°L
S €T6E°L
SSH6E L
- S00%"L
S 8elpL

202

Ph
NN Ph

D19

L

F sot

F 60T
Feoel

s

4.0

10.0

10.5

(ppm)

Chemical Shift

S177



2022-05-10 YY0043-616-1g9-3

o~ r~ NToREUARZTS2AD®E o~ =t

- @ = Mmool o ool — - o ol o0 gh — =

Tz r~ Ho——aoon o~ Ol el — o oof ol fT TS o

O - e oenen el et e e 1 e e el —_ — g 8 =
— p— p— ———v—l—v—t-——v——T—‘v—'lTTTrﬁ-['hl““- Wy
N/ | P e e ~—4 |
IIDh
F NN Ph
D19

[ B B B B BN L B BN B N B B L B BN B B B
0 180 170 160 150 140 130 120 110 100 a0 20 70 60 a0 10 30 20 10 [

Chemical Shift (ppm)

S178



2022-05-10 YY0043-616-1gg-3

—-113.4462

Ph
Ph

D19

T T T T o T T T e S T A T S T i T T T T T S S S T T T B S
-65 -70 -75 -20 -85 -80 -05 -100 -105 -110 -115 =120 -125 -130 -135 -140 -145 -150 -155 -16
Chemical Shift (ppm)

S179



081TT—

Eeks
$TL69
m_m._hm_.j
0S60°L
81TI°LA
R9E 1L
R6E1°L
ZSST'L
985 1°L
66L1°L
8861°L
TIvTL
69ST'L
7€9T'L
9TLTL
 6L0SL
T 091€°L
,_Lw%mm.h-
© LPEL
P 6rseL
m €Ol LA
B E9EL]
C9LLS LA

99L8L-

[
]

?h
N,NvPh

D20

= .
uTmom

=£0°C

,

Sl
LO'1
66°C
€0°¢C

ot

16°¢

011
00°1

Chemical Shift (ppm)

5180



x
-

2022-04-29-YY0034-616-ZG

cL6l—

89°05—

€L9L
mo.hhw
hm.hh

88°bI1
bL 0TI
€LSTI
01921
919
ceLTl
L9LT
20621
17621
59'0E] -t
WIE
ocvel4f
SESEl
L9°SE]
LO'SP1—

"

Ph

NN Ph

D20

10

60

10 30 2

a0

180 17 160 15 140 130 12 110 100 90 80 70
Chemical Shift

10

{ppm)

5181



01l e—

Baob5T
065879+
60£6°9
06769+
77969+
808691
96669
6L61°L
120T°L
881T°L
1LETL
61¥T'L
6FST'L
SE9T'L
888T'L
TIEL
" 687¢ L
X LOVE L]
N966¢ L]

6 ._
m@m__q.h

Fo0't

I.JL

F80°C

?h

NN Ph
D21
A

OCHs,

3.0

[T~

4.0

10.0

10. 5

(ppm)

Chemical Shift

5182



CLIT0S—
00£9°6C—

ohoh.ch/

L

2022-05-10 YY0018-616-zql-8

@Nvm.hh&

0L9T'TT1
1769711
TS 0TI
0S06°0C1
S8ETSTI
L86Y'STI
0SLTOTI
STY1'LT1Y
€8LE8TI
SOLY'8TI
6L01°6T1
1656°SE1
PO10'8Y1—

PS869S 1 —

Ph
NN Ph

D21

OCHs,

10

60

70

140 130 12 110 100 90
Chemical Shift

150

160

17

180

0

{ppm}

5183



ProEsT
09L6°91
98691
6£66°91
Z100°L+
100"
6LET LA
€OS1°L
0161°L
SEETL
PIST'L
S8ST'L
€897'L
€98T'L
8II€EL
POIEL
- LYTE L]
2 €67€ L
8 hmmm,i
ﬂ hm.vm.h._
= LISE'L
S 0LsE L]
Z:609¢ L1
- 960%L]
“T6Th L

202

Ph
NN Ph

D22

F80°C

00T
009
90'f
0T
60°1
=001

10.0

10.5

Chemical Shift (ppm)

5184



2022-05-10 YY0043-616-1gq-9

o 05—

89°9L

CrLL

9611
8€°S11
65°S11
SO'12l
91'pTI
et
8E'STI
£6'TI
0197
SELTINE
P87
68T
00°6T
LI6TI
9TSEl
9L LYI—

1L 191—

Ph

NN Ph

D22

10

60

10

100 90 80
Chemical Shift

110

3

12

130

7 160 15

1

180

(ppm}

5185



2022-05-10 YY0043-616-1qq-9

Chemical Shift (ppm)

5186

=)
=
u
u
|
ol
i
F Ph
NN Ph
D22
1
T T T L L T T UL B L L T T T T LI L L LA T T LA L L L T T T T
70 =75 -30 -8h -80 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -17t



66565,
1L86°91
TS00°L1
SEET LT
€8¥1°L]
STSI'LA
pLOI'L
9ILI'L
0LET LA

Ph
NN Ph

D23

Cl

.

PasC L
SSLT'L
658T'L
€1TEL
9LTE L
TEPEL
65SE°L
L 19EL
T p9g'L
S 86tt°L]
= 961'L
o €790 L]
S 77L0°8
650’8
- T160'8]
~ £560°8

202

il

F60T

mam_u._
=601
09
e0'fv
00T
00°1
m{lc,_

Chemical Shift (ppm)

5187



2022-05-10 YY0018-616-zql-6
NS el — o — O — v S o
b B it B Bt B A T B By = qi — =
Moo oo =S8 — A o
= oA oenoen 6 0 6 61 01 6 61 61 6 6 — ~ ff o <
eyl gy g oy p— ~ ot — e
Cl ?h
NN~ Ph
D23
S
0 180 170 160 150 140 130 120 110 100 90 50 70 60 50 10 30 20 10 §

Chemical Shift (ppm)

5188



CEST
9€00°L
8190°L
TL90°L
9890°L
TErTL
8P9T'L
SIST'L
LI0E'L
roIEL
1¥TEL
01bE'L
T65€°L
CIEP'L

— L8EY'L

o CIrL

S0ISHL

L EESHLA

2 685t'L

m TI19%°L

S EETL LT

% SSH0'8-

cn 7610781

& £590°81

- g

& 16908

]

Ph

Br

NN Ph

D24

J_

21
L0
0¥
ch.ﬂ
0
£0°1
A 10°1

0.0

0.5

1.0

40 35 30 25

4.5

5.0

6.0 5.5
Chemical Shift (ppm)

6.5

7.0

100 95 90 85 80O 75

10.5

[1.0

5189



2022-6-6 YY0045-616-ZQL-1

60° 15—

€EL9L
m:HhW
_wm.?n

0C<II
v 1Tl
61°¢Cl
ceotl
89°9CI1
6Ll
Py LTI
L88CI
c0'6C1
rC6cl
POTEL 7
mw.mm_%
1T°¢E _&
RCSEl
OR'LYI—

Ph
NN Ph

D24

Br

20 10

30

80 70 60

90

100

Chemical Shift (ppm)

180 170 160 150 140 130 0 110

190

5190



2022-05-31-

Ph

NN Ph

Bu

‘Bupys

N

—=a

Frvsi

EF col

00°1
{ 2o
v
00°¢
60°1
90°¢

1.5 1.0 0.5 0.0

2.0

4.0 35 3.0

4.5

3.5 5.0
Chemical Shift (ppm)

6.0

6.5

7.0

7.5

8.0

9.5 9.0 8.5

10.0

5191



o
L

2022-6-6 YY0045-616-ZQ

6Cst Ie—
9LSBYE—

9L6L 05—

_c.:_h,ﬁh./

e T

8 LW w =y

BSYPE'LL

FOSS 071
817 T2
€060°921
QHE_W
1666°3T1
€EST 6Tl
gﬁ.mm_wﬁ

£9s9°v 11
9205021 /

SecLsel
CLBRSE]
ICS6°LYI~
PELO0ST—

Ph

NN Ph

Bu

‘Bupys

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30
Chemical Shift (ppm)

190

5192



2022-5-7 yy0007-616-zql-5

ol D — D — O DD oD [=] ] = <
= 1 ™ :; M~ S S S — 202N ] — — <
o0 [~ uy e — — 00 [~ ) E; o= N ] —~ c
NnenenhnaaadAgaRRe o o~ <
= 0= = [~ [~ = [~ [~ - DS |. ’iﬁ =
;‘I—-h-%.g‘#.:ﬁ—dr'_—_-—'d-ﬂ-‘-'—"_’ I
'd ~\
?h
Ny N~Ph
D26
A J
. ..JL )
T R T I
(=
E; (=7 W s ] [sa]
DGD = -
— e e ] [t | a\
L A o S o S o S s B S
.0 10.5 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.

Chemical Shift (ppm)

5193



2022-05-10 YY0018-616-zql-5

10712~
St 1T/

6105—

1L9L

v
(]
—
—

IS¥LI
LEOTI
F19Cl
LTLCI
66'8CI
81°6C1
Or6cl
90°0€1~+
FOEEl~
SLCEI-F
0s9¢tl
S6°9¢l
ST8FI—

Ph

NN Ph

D26

10

30

40

60

&0

90

100
Chemical Shift

110

150 140 130 12

160

70

180 1

0

[} |1|]r:1':'

5194



2022-05-18-yy0043-616-zql-1

D27

Mw 10T

2.4

)

]

3.0

5.0

5.5

6.0 _
Chemical Shift (ppm)

6.5

5195



2022-05-25-yy0008-616-zql-18-1

— = o= O e O U=

~ N [ S B B S e T X Y P =t — -

o T o~ el S M A =

=T = Lo T oo I o B ot I ot I o B ot IRE I~ O ]

— p— e g p— p— p— p— p— - - Wy

\ o/ — 1

?h
_N Ph
N N ~~
N £
D27

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

Chemical Shift

5196

{ppm,}



UL

ey

o
eS| g2
91ETL z
Lo6FT L
€09TL
9ceeL / /N
CErE L
0C9¢'L
B66E°L
0C0v L

>ICV LAg

0L00°8
vLIO'S h—
6510°8

69208 U
en £180°8

FLOT

#8071
vT0's
5909

H,&c._
60°1
%wc._

10.0

10.5

{ppm)

Chemical Shift

5197



99°05—

_hdh/

s

wmﬁh&

O1°STI
v Icl
CCETl
86°SC1
1S°LTI
9L°8CI
wfomf/
9T6Cl
wvdmf\
01°Sel

2022-05-25-yy0008-616-zql-19-

D28

10

a

60

70

a0 80

100

Chemical Shift (ppm)

130 120 110

140

15

160

170

180

5198



€816
7869
86691
$000°L-
9810°L
9580 L
$880°L-
6L60°L
8001"L-
P01 L
0L01°L
P11
€611°L
T L
P6TT L]
62€T L
1T L
S6vTL
wUsTL
209T'L
8867 L
120€'L
LLIEL
€0T€'L
€57¢'L
PSEE'L
$8EEL
STHE'L
TsseL
909€°L
62Th'L
€STYL
66EH L
St L
OLYYL
$S0S'L
€TS9'L
9959°L
120°8
_1970'8
mmgo”w
2 9900'8
chuaads
S 89p1'8]
S Lsps:
2SS
S L9sH'8:
B 06518
<1 60981

S €E9h'8

?h
N,N\/Ph

D29

—

F00°C

90°1
90°]
R0
90
80°C
60°1
201
Kool

6.0
Chemical Shift (ppm)

6.5

10.0

10.5

5199



0805~

FLOL
90 ,h__,nW
8L LL

LTSI
1€°611
1§11
oreel
09z
LT _W
SO'6zI
bT 6T
crect f
T6HE
LT9EI
T6S LYl
Zooer1/

9

2022-05-25-yy0008-616-z

?h
N,N\/Ph

D29

50 40 30 20 10

GO

820

90

100
Chemical Shift (ppm)

110

o

1

140 130

15

160

17

180

10

5200



Sorl's—

S90¥'9
0119
ommﬂ,cv

6923
6617°L
€LETL
PPSTL
[89T°L
€06Z°L
780€°L
9zIEL
@ LbTE L
— FOEE "L
S 1ope L]

€e0r L1
090t°L1
LLOV L-

05-14°

2022

Ph

NN Ph

D30

S
(0

U

FETC

Mwad

70°1
+S0'1
€0
~10%6

2.0

=]

10.0

10. 3

Chemical Shift (ppm)

5201



CLoS—

CL9L
mc,hhw
SELL

€0'801~
v 111~
90°S 11~
ﬂD._N_)K
THETI~
20921 —
or LTI

[€SEl

mm,mi&
19 Ly~
66151~

2022-05-16-yy0016-zql-6

Ph
NN Ph

D30

S
(o)

10

30

40

60

&0

90

120 110 100 )
Chemical Shift (ppm)

130

140

15

160

170

180

10

5202



2022-05-18-yy0043-616-zql

LY S—

00£69
1S¥69
869
$¥96°9
SLLI'L
SS8I'L
Pe6l'L
vPoCcTL
08FT'L
0SSTL
OPLTL
elet’L
6CIEL
c0Le’L
98F¢L

Ph
NN Ph

D31

S

F60T

KO0t
#0071

ko6

E80°1

10.0

10.5

{ppm)

Chemical Shift

5203



2022-05-25-yy0008-616-zql-18-3

a]

CQUuXSrATAOD YT
R e T B e B v — <
M~ e W O O8O S o g ~
P o S S I VI N SR BN IS i i ! <
e ol —~ |
?h
_N Ph
S N ~
\_s
D31
TP T[T [T PP [T [P T[] T[T P[P
10 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 [

Chemical Shift (ppm)

5204



b,
SOPTL
z16TL
€1TEL
[LETL
FeCEL
88SE°L
€H9EL
69LE L
STHiL
OISy L
S8SHL
899t 'L
o9t
068%°L
— 6061°L
mgﬁﬁ
& 80LL LA
S 9618'L
& T8T8'L]
E 8606°L
20C16°L
08T6°L-
10€6°L-
8690°8-

2022-05-20

Ph
NN Ph

D32

—_

60T

S0°1
C00°L

00°S
Mﬁ%._
790'1
5601
190’1
A0l

10.0

10. 5

{ppm)

Chemical Shift

5205



FLOS—

_h.@_h/

£

e
FOETLA
LTt
8Y°p111
98'%111
10121
91Tl
coO'1T1
Al |
+0'8CI
98 RT1
cecacl
9°0¢€1

thm_w.
m.c.mm_k_w

geotl

69 Lyl —

616-zql-1

61°C91~
SO¥O1-

2022-05-23-yy0008

Ph
N Ph

D32

10

10

100 a0 1] 70 60
Chemical Shift

110

12

130

180 17 160 5 140

10

(ppm}

5206



Qrre5,
L6ST L
8697 L1
T68T L1
S667°L1
TIEE LT
ShPEL
T6rEL
TESEL

Ph

i i N,N\/Ph

D33

nl

Nd_

ST
€59€°L
TILE'L
OLIE'L
002 L
20Ek'L
00t 'L
L sevb L]
Yorsyd
= 90LY"L]
< 685°L]
2orsL]
ZI8P6L L]
% %_w,i
£ 9050°8]
& 71508
8
|

F00°C

Alnm_.m_._
00'€
m:;
80'p
ot
S0't
ST

10.0

10.5

Chemical Shift (ppm)

5207



2022-06-22 yy0024 616-zql-1

09°0S—

6L 9L

_fhwv
AT
6021
SI€CI
96°ST1
11971
Te9zl
19921
0F L]
98121
S6'LTI
0£8]
6zl
LT6]
PLTEL
SEbel

crest]

LoLyl—

?h

! I NN Ph

D33

il

10

60

90

110

160

10

a0

100
Chemical Shift

12

140 130

150

180 1

10

(ppm}

5208



9L0SC—

P9t €—

8oRE T,
E%.L
86S€ "L
THIE L1
TEILy
65 Ly
S99b°L
Lyl
L68Y'L

mwno.w
mwoo.xV
L6TT'8

Ph
NN Ph

W,
ad

D34

A

mwv@
@.NS/
9THE'L
19b€'L
86SE'L
Woe'L
LS6E L
€IV L
65T L
80SH'L
S L
9941
Ly 'L
09L LA
L68Y LA
8016°L-
8L0'S
$860'8
L6TT8
R1ST'8
P8y
9895'8

JM(:__L
(am]
S
ol

Chemical Shift

L

8.6

(ppm)

F S0T

= LO°]

00Tl

P S L
3E88
— — o

n

10.0 9.5 9.0 8.

10.5

Chemical Shift (ppm)

5209



9¢€'6¢
LE6E
LL 6E
866
61 01
UT UT
19°0%
88 8r—

697114
660711
96°€T 1
1$°ST 1
18°ST 1
£€9T11
89971
L69TI
P9°LTI
8LLTI
0F'$TI
0T6T1
SH6T1
ZS6Tl
£8°671
TSIEl

mo;m_\
7S9€ |

10°8F1—

2022-05-18-yy0043-616-zql-4

Ph
NN Ph

D34

10

90 80 70 60 a0 10

100

Chemical Shift

12 110

15 140 130

160

0

1

180

n

{ppm)

5210



saq._
vmmq._v
POPY |

65CEY
6ErEY
619¢Y
008E'¥

00EE5.
LOTT'L
[SPT'L
T68T'L
L90E'L
6£TEL
90FEL
ESPEL
SPSEL
TLSEL
CE9E'L
6SLE'L
8LOE'L
6LEY'L
LYY L
—1TSH'L
S6¥stL
@ 0L9%'L
2 8LTY'L
+ L698'L
S 6250
W_ 2201°81
b ETHT':
| o
m 0SrPT'S

e e ——

N,N\/Ph

D35

ON/\

S

Fo0'¢

Froz

Foo'z

0.0

0.5

1.0

4.0 35 30 25

4.5

5.0

6.0 5.5
Chemical Shift (ppm)

6.5

7.0

100 95 9.0 8BS 8.0 7.5

10.5

[1.0

5211



REel—

99°LE—

9°05—

mh.m:,.m

2022-6-11 yy0002-616-zql-1

26%01
0911
6811
PO6I1
0TI
6501
LOTFCI
LLSTI
C19TI
7L
€8°LT]
10621
L1671
e~
0z9€1-
[00%1-

oI 81—

20 10

30

140 130 0 110 100 90 80 70 60
Chemical Shift (ppm)

150

180 170

190

5212



LBYST
8185C
698S°C
§665°C
FE09°C
8909°C
9619°C
6L8L'T
0808°C
£9C8'C

83626
P6IL]
61€L91
P6L8]
THS0'L]
S101°L:
0501°L
S6€1°L
LLSI'L
0ELI'L

\N’N\/Ph

Ph

D36

FL0°C
Faoe

1L

L
w
o

vYLL L
66L1°L
L1ITL
0LTT'L
POET L
€67 LA
6TST L
1897 L
R 0SLT L]
= €8LT L1
2 o067L]
g mmomi
S P0TE L ;
SIPTEL
4 E1PE L]
L
=

10.0

10. 5

(ppm)

Chemical Shift

5213



nlf_..
=

N
0

2022-06-22 yy0024 61

BLTEEN
bLYES

LV 0s—

SL9L
no.th
BE°LL

STrII
L6611
LYSTI
6079¢I
LTl
Ce8CI
9¢8TI
§¥8CI
[S8TI
§S8CI
0681
668CI
clocl
SESEl
619¢1
6F 111

loy]
™
o0
<
=

Ph
sy N Ph

Ph

D36

60

B0

90

100
Chemical Shift

110

12

170 160 150 140

180

10

(ppm)

S214



YY0026 616-LOQE-37

5

022-09-1

2

LUYB U
€8.8°0
G968°0
cs8eL
ovoe’L
[ANAN"
66111
yeEYL
28sYlL

€8v2'e
L192¢C
(A TR
908¢¢
¥G882'C
L862°C

086 v—
158991
£869'91
SLLLO
£6€8°91
698°9-
2£58'91
£098'91
1898'9
62189
z188'9
9G61°L
Ve L4y

I?h
N N’N\/Ph

D37

A

8912°L
082Z'L

8YeZ L
ST L
€962 /4
1652 L1
L0621
960€" .1
z12¢ 1

Rele
L2
WFO.N

FE0¢C

=00¢C

7160
7560
S6'L
m@m.v
X

fl Eppm)
S215

6.0

6.5

9.0

9.5

10.0

10.5




9-19 yy0036-616-1gg-e!

g

]

vevi—

1G'2e”
£8'62
S6°2E~

€L06—

wc..ﬂ
mm.an
8911

GO

a0

Ph
90

\N’N\/Ph

D37
5216

fl (ppm)

100

110

o

140

15

160

17

180

30



99¢8°0
1258°0
9698°0
0988°0
8LYT'1
128T'1 %
LSTH I~
ochp 1/

L8ETT
LTSTT
€LSTT
60LTT
068C°C

Ph

N N’N\/Ph

D38

.
Nomd_

= 0T

F oz

al

J F ooz

!
{38

0.0

0.5

1.5 1.0

2.0

3.0

45 40 35

5.0

5:5

6.0
Chemical Shift (ppm)

100 95 90 85 80 75 70 65

10.5

[1.0

5217



Sl'vl—
89°CC
SPLT
80°6¢
c_dmw
ER1E
h@dm\.

PP 0S—

9L'9L
wc.th
OF°LL

ESEL
91°FI1
LL6ll
609C1
LOLTI
LTI
£08CI
9T8TI
1$°8C1

C8'8TI
L678TI
0167l
6€9¢1
[ 2!
0E8PI—

2022-06-21 yy0027 616-zql-2

Fl’h
\\N’N\v’Ph

D38

20 10

30

180 170 160 150 140 130 0 110 100 90 80 70 60
Chemical Shift (ppm)

190

5218



EreElS—
9CEC9
96LS9
ceeo9
00569
0L96°9
[T10°L
ceel’L
01S0°L
1ELO° L~

Ph
NN Ph

D39

Ph™ 3¢

L

Chemical Shift

60
0rIT'L
S6TT'L
88ST'L
€LLTL
9987°L
J__@om.h_
TIT0€"L]
1 ’ ._
S LLOETL
s mmﬂm.i
= E0EE'L _
S OPEE'L _
5 PLSEL
S 898E'L]
L 1S0v'L

2022

FLOT

W
o o0 oL
=SS

0°€
k oz

10. 0

10.5

(ppm)

5219



0L 08—

_h.oh/

St g

2

2022-05-14 YY00l6-616-ZQL

vm.hhx

0611
£6°0Cl
10°9¢C1
PE9CI
FELTI
6€° LTI
99°LTI
L9"8TI
S0'6<I
L1'6<I
CEELI~
el
€9°¢El
PO LE]

o
i
~
S
|

NN Ph
D39

X

10

100 90 80 70 60 50 10
Chemical Shift

110

180 170 160 L5 140 130 12

10

{ppm)

5220



th._
LLLL] v.

Eob2-s,
1zeL's
T65L'S

666C'9
010£™9
6989

LSLY9
91889

Fl’h
N \N’N\/Ph
D40

I

6068
6780°L
6v01°L
9ZHI'L
LO9I L
STTT'L

= 68TT'L

SS0tT L

M €SPT LA

2 SPST'L]

= 097 L1

S PILT L]

> 6167 L

- mmom.&

3 ﬁsmﬁ

S 9TIEL

=

el

0.0

1.0

W

2.0

5.5 5.0 4.5 4.0 35

6.0

10.0 9.5 9.0 8.5 5.0 7.5 7.0

10.5

11.0

Chemical Shift (ppm)
5221



2022-6-13 YY0016-616-ZQL-10-1
O NO0 0 N O — i~ O o
e s Bl B B s L e § wi &
e Y o M= Ml S e g =+ = = = ™
T oA NNNAN— = = K ®
| =\ ee— L | |
I?h
/MN/NVPh
D40
|
[ 1 |
I
! i
L 1 e |
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

Chemical Shift (ppm)

5222



FE18°0
0¢€8°0
£960°1
6111
1SEC°1
8CSTl
$SOC |
SCLT|
RERT|
LOLS']
9£99°]
LE99°|
SLI6']
c0r6” _._
€LS6°1
LEET
L8F1°T]
LTETTA
L9017
STHC T
LIS T
11LT°TH
1¢6C T
oomo.vx\
9659794
9€L9°91
8L89°91
L1891
7858791
[L98°9
18489
6C91°L
0081 L~

Ph

N\ N’N\/P

D41

~ =61
)

;660
Ezo1
+ 11T

vLIT L
LSET'L
01FT'L
15T L
9p97' L1
TELT' LA
e 9BLTL]
FEI6TL]
2 890€"L
S €01€°L]
= 8ETE'L]
S 8LTE L
EWIEE L
& ELEE LT
0 LISE L
1 6T9€ "L
o |
S 789¢°L”

[ors

Chemical Shift (ppm)

5223



o

2022-05-25-yy0008-616-zql-19

L9 L1~
8v'61<
6t'ST

m.mw
P9 1€~
19°9¢—
10°0p—

wros—

vlTL
mm.oh._,_r
SO'LL
hm.hh%

VTP
08°611
vl
60'92]
R0°LTI
LY'LT
Z8LTl
b8
pR'8TI
6062
aatacd
LO9ET
8Z'9¢1 %
0€'8¢€1

LTBFI—

?h
\N’N\/P

D41

- Jﬁ il

10

60

90

T T ——
160 110

10

a0

140 130 12 100
Chemical Shift

150

17

180

10

{ppm)

5224



065t 1 1
GG8S 11
0191+
7899'11
P68L 11
816411
8806°1
€LT6'1
05161
P186°1
166611
19102
L020°C
165074
880" T
€€01'T
6511°C
€016
L610°S
E0's
8PLO'S
P160°S
#60°'S
L6909
96809
$801°9
0LS8'9
66589
PrL8°9
€LLY9
S168°9
LY68'9
9991°L
6£81°L
$961°L
OF1T L]
62T LA
9ZET LA
S REST L
] .
SLTLT L
ﬂ 1T8T L1
< Joo-L]
S 980¢"L
= 6L1E L]
” pTe L]
2 PrECL
o ELVE L]
S sLseL

—

Ph
SN

D42

081
0S°1
10°¢
sl
oIS
01
00°T
10°C

6v°0
M 00°C
50

F €60

E 00l
Feco

0.0

0.5

1.0

gl

3.0

45 40 35

5.0

5.5

6.0
Chemical Shift (ppm)

100 95 90 85 80 75 70 65

10.5

1.0

5225



90°L1
E.:W
08°LI
€TV
08'ST
1852
b$'9T
8L'9C \
18°C€
POy
€808
33057

61°CTL
%..E.x
E.t.v
8PLL
99t 11+
89t 11+
zE0T I
9€°0Z 1 1
S0'€T1 1
99'€Z1 1
63°€T1
€6'€TI
11921
81°9Z1
97'LT1
8T'LTI
98°LZ1
68T
20°6Z1
e~ F0°6C1
S L1'6T1
L P61E]
Je0zel
S £5°EE 11
% PTIE
= 9T
S 6t 1v1
6L 11
@ €081

Y

2022-6

10

20

30

70 60

Ph
NS SWLIPLL
D42

9% 80
5226

100

Chemical Shift (ppm)

110

0

130

170 160 150 140

180

190



0L01'S—
20169
8769
69
€969
6580°L
8801°L
PIETL
SLLIL
06L1°L
L681'L
9161°L
060T'L
€9TTL
182T°L
€T8TL
100€°L]
WNQLIC L
S 099¢°L ]
© 728¢" L
2 gc0pL]
2 ppos L]
Sep19'L]

2022-06-24

uJ

o

N

FL0°E

Fooe

60°1
00
L0l
00¥
10°€
90T

— A

Chemical Shift (ppm)

5227



o
<+

2022-06-28-yy0028-616-2022062

aI'le— -_—

LT0S—

£8°9L
| ._EDW
L¥VLL

Ph
D43

Ph N,
|

mc.mm_
ch.om_%
[0°LE]

=
=
]
=
=
I

100 a0 80 70 60
Chemical Shift (ppm)

110

12

150 140

160

170

180

0

5228



-11-09-yy0022-616-d

o)

2

¥99.'€— — =€0'E

OCHj

=867

N

VELL'G—
LLY89
/89891
151891
£€26'91
21697
£656'91 .
6LEL'L 60°C
zeslit L 60°}
5802 2\ JL6)
v92T . £9¢°)
02€Z'L 88°¢
0SYZ'L i
6162 . vo'c
G662 L1
0¥LE L]
L61E L]
8LEE L]
€LEE L
¥S8¢° .
LOBE L
9z L]
G509

8292

D44

Ph

Ph\?N\N
|

5229

Chemical Shift (ppm)

10.0

10.5




Chemical Shift (ppm)

5230

2022-05-26-YY0026-616-20220523-3
= -+ oo o — NS S S e
=T < % Vi o= W 00 s o) = T o0 s - @ — - o
v o ~ el o ===l el ol R B R S g - Mo
) Yt =+ A SO i U N U I SR ~ f & oo
— — — — r~ r~ vy =f
| | | s —— | [
Ph N
I
Ph
OCH3
D44
I T T T T T T T T T T T T T T T T T T
0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10



o7
00°L
ST'L
6T'L
€L
vEL
9€°L
9¢°L
8E°L
viL
SHL
9L
LY'L
L¥'L
6F'L
_SLL
mtﬁ
& 8L
T €8
w ¥8°LA
S 16L
=162
&1 €6'L
L2108
o 7
o LT8

Ph\éN\N
|

Ph

D45

90T

10.0

10. 5

(ppm)

Chemical Shift

5231



S1°0s—

IL9L

bttt
PTELL-
LTI
877111
L8P
1071211
91714
591z
PT9TI
P07
96°8CI
£T6TI
T9°0€l
:h:m_w
89°CEL Y

— L9t

69°LY1—

61791~
SOF91-—

2022-05-26-YY0026-616-20220523

10

10

60

70

130 12 110 100 90
Chemical Shift

140

150

160

17

180

0

{ppm}

5232



2022-05-30 YY0023 616-ZQ1-20220523-1 -
S
=
o
1|
R
Ph
F
D45
I -;5 o —.‘:iCI o —.‘:'s.i o —EII-CI o —EII-S o -lIDO o -lIDE I -lIJCI o -lIJE o I-lIBO o I-lr'_ﬁ o I—llil{b o I-llil.i o I-l[]{? o I-l[].i I I-l[.%{?

Chemical Shift (ppm}

5233



$690°S—
LET6'97
S176°91
£656'91
6L11°L
6CET L
6S91"L
6861 L
PLITL
LTETL
SSET'L
S9ST'L
8LTL
EV8T'L
010€L
9E1€"L
PO1€ L
= 18¥E°L]
L 9LIEL]
NT0LE L]
o, 0985°L7

2022-06-22

Ph _N.

Cl

Ph
D46

Feoz

I\

ijo,_

520T
|j Keo'6

R 0T

10.0

10. 5

Chemical Shift (ppm)

5234



2022-06-24 yy0027 616-zql-1

w661r—

$89L
h_HhW
oth

Eovll
60°1C1
[€£9C1
8SLTI
E18CI
99°8C1
0L8C1
clrecl
8C6CI
Peocl
CLTE
@_ﬁm_%
STrel
09t
ELLYI—

Cl

Ph

Ph N
|

D46

60 a0 10 30 2 10

70

140 130 12 110 100 90
Chemical Shift

150

160

17

180

10

(ppm)

5235



802691
95£6'91
$8€6'9-
S1t6°9
795691
P60 L]
LOLO" LA
8LS1"L
vl ——
SHIT'LA
861T°L
86CT L1
0EET L
T9ET'L N
SSLT'L > £ o
08LT'L Z
ST8T'L Y
L16T'L
6L6TL
ologtd ———
S60€°L
SSIE°L
661€'L
pEEEL
PRECL
CIPEL
LOVEL
PSSEL
S09¢€°L

 8E9€°L

moaﬁ

& 160V _

T 6L0F'L

2961+ L]

S ey LA

2IT18S L

S 6T8S°L]

5 965°L1

1 L009 L

S EH09°L-

N

A

|

A

F

o

A
i

00°C

10°1
00°C
90°1
09
90°C
80°C

10.0

10,5

Chemical Shift (ppm)

5236



2022-7-4 yy0047-616-zql-3

Cl O S ot oen wn B WD en o] — en
e elen o — ool — O o = %
M~ Felel o o800 I~ 0 — — <f iy — 90 @
b= s T e s T o T I o N ot At I ot [ T o Y o [ I~ F: FE E;
| =) fe————— —J— |
Ph N,
I
Ph
Br
D47
L m
[ T T T T T T T T T T T T T T T T T T U T T T
10 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 10 30 20 10

Chemical Shift (ppm)

5237



P16~
rr6'9
02969
96L69
ISLT'L
8TITL
1ETL
T9€TL
€9¥T'L
€6vT'L
VISTL
6P6T'L
€TIE'L
I€L
00€€L
OFEEL

- PSSELT

=085€'L-

& ELLELT

S SO8€E'L-

g 19s]

= SI8SLs

21665 L
& 9S19°L
L0619

2022

CF;

F00C

FLO'I
=60°1
~T0°6
=0Y

10.0

10. 5

{ppm)

Chemical Shift

5238



w
1

0527

2022-05-30 YY0021 616-ZQL

SI'0S—

[89L
m_.hhw.
vmﬁ$$4
€T 1TIH
$09CI1
60911
£19C1 1
91 9T
£€9C 11
£59T1
T8l
L98TI
LE6CI
L9°6T1
SLTE]
LT9¢E]
£0'0%1
FO0FI

Lt e p—————

D
<
~
-+
—
I

CF,

D48

l F’h.\\;;;hl\

100 90 80 70 60 30 10 30
Chemical Shift

110

12

170 160 150 140

180

0

(ppm)

5239



3
[=n
N
O
7
[~
=
S
S

Yy

o
n)__

2022-05

T SL6E L]

98L1"6—
65569
LELG9
16691
0LLT LA
LLOT LA
LLET LY
PEST'L
89.7°L
611€°L
1LIEL
PTTEL
LO6TE 'L
6EEE°L
LSPE L
S1SE L
865€°L
LSLE L
[8LE L

8619 L]
08€9°L]

OCF,4

D49

Fooz

L9071

90°%
Mv:@
Fccm

10.0

10. 5

{ppm)

Chemical Shift

5240



€8'6v—
P Es—

_h.@h./

2022-05-26-YY0026-616-20

mm.hh.\“

98'¥11
90'1Z1
€9°171
vZ9T1
6 LTI
80'8T1
8S'8T1
97'6717

OCF,4

10

60 30 10

70

a0

cal Shift (ppm)

100
Chemi

110

3

l'.

130

5 140

160

170

180

0

5241



yy0060-616-1gg-d3

022-9-31

o

€48¢°C—

¥.60°G—
921691
L0€6'91
816 91
G666 91
£020" L7
61€0° L1
12G0°L
69.1°L
€G61°L
06022
9€ld’L
89¢c L
918¢°L
810¢t’L
661E L]
029t L]
198€" L]
290¥' L]
6665/
18192

=00°€

=86°L

€0l
%N_‘.m
LLC
Wﬁm_‘.ﬁ
€0’}
oLe
c0'¢c

10.0

10. 5

(ppm)

fl

5242



7
o

—-09-30 yy0006 616-1gg-D

L)

o

€L Ve—

GL0G—

c0'SlLL
€6°0C1
AR YA
ProcL
L1°9C1
90821
AN TA
v.'8Cl
vl 6CL
6E6CL
G9eelL—
26'GE _‘%
€8'9¢1
00'6EL
L18FL—

10

a0 10 30

60

80 T

90

D50
100
f1 (ppm)
5243

Ph

110

Ph N
|

o

1

140

15

160

7a

1

180

10



0LE

-
ofi

S7EL s
wpoh@#

6L08'91
01891
162891
07691
TLITLy
607T L
T9TT LA
[T L+
vt L
1637 L
mmomg*
TLOE'L

mmg_mﬁ
Y SLIEL
geceL]
& 9SEE°L]
o L8LEL]
< 088€°L
S 106¢ L]
S 6601L1
S OTIYL
V1609
LT
o -

 soeoL

L

OCH,

D51

Ph

PhN.,
|

A

=00t

FH0C

0t
wﬁmc._
91'¢C
90°v
Mmo.m
90°C

0.5

50 45 40 35 30 25 20 15 1.0

6.0 55
Chemical Shift (ppm)

70 6.5

100 95 90 85 80 75

10.5

0

5244



€905—
LT'GS—

¢l
8G°CLL
68'%Ll

oe8lLl
Nw.cm_‘/
mN.wN_‘/
¢6'Lel
96'8c|
0Z6Zl—
w_‘.cm_n\..
6G'CEL
hm.mm_‘%
PSS LEL
G6 LYL—

616-d6

62091 —

2022-11-30-yy0010

OCH;

Ph

Ph\?N\N
|

D51

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

30

Chemical Shift (ppm)

5245



2022-07-02-yy0019-616-zql-1
ool rfT ol Sy el — O -0 O i
cow~M~-wrny — ="M~ S nnn e == [+ aXs]
Lo mammeamea oo oo o G Gy h Gy Ch 6O 00
Il o T e S et el o o o o o o ol SN SN B s N SN S N SN I Y T
L 1 ' I L L L L Il ' i ! ildJ_l.#_l Il J|
Ph Ny F
|
Ph
D52
- JL Mo, |
ik H
— = = e O =]
c,eese S =
lon I ot LT I o s -l
TP TP TP TPy

.0 10. 5 10.0 9.5 9.0 8.5 8.0 .h 7.0 6. 5 6.0 b.5 5.0 4.5 4.0 3.5 30 2.5 2.0 1.5 1.0 0.5 0.

Chemical Shift (ppm)

5246



2022-7-4 yy0046-616-zql-2

o= = M~ oo en =F [~ S [~ 00 00 W <t [~ 00 [~ U en
- o « T Sy e e 0 o woen
T -~ Ol S S O 0000 D — = — <f sf <f e ! OIS -
c e R R R R e R R s R R T o P i R Bak bl Ay SV S o
i n AN e raira el P b A
4 | e Ne————— '
Ph\49N\N F
I
Ph
D52
T T TP T T T T T T TP T[T TP
a0 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 10 30 20 10 [

Chemical Shift (ppm)

S247



ZQL-13-1

2022-6-13 YY0018-616

CCLOS—

0C€6'9
L6V6™9
$L96°9
1190°L
COLOL
0991°L
[S81°L
LSOT'L
SRITL
9I¥T'L
eletL
o0t L
LITEL
CESEL
EPLE L
9L6S°L
LI19°L

A

Frozc

=l

ﬂ Tres
869
heoz

0.0

0.5

1.0

W

3.0

45 40 35

5.0

3.5

6.0
Chemical Shift (ppm)

6.5

7.0

100 95 90 85 80 75

10.5

1.0

5248



2022-6-16 yy0005-616-zql-613-1

8EP1I0S—

6978°9L
hvm_.hhv
EC8YLL

661l
el 1zl
6T ¥
06T 9C1
S0SE9CI
0TrL LTI
LI¥1°8TI
99S9°8C1
SeveE6cl
LLYFOLTAE
OSPLTEL~
BEITSEL N
r06L9¢1
LELO'SEI
STPL LY —

M.,

20 10

30

180 170 160 150 140 130 0 110 100 90 80 70 60
Chemical Shift (ppm)

190

5249



L6V T—

61205
€SH691
pSS6'91
£656'91
0£9691
659691
TrL69
TT80'L
0161°L
980T°L
08€TL
bSETL
65ST'L
TL9TL
068T'L
8€6T'L
_801€°L
lml;mﬂ.
X LLpE L
S PLSEL:
m 66S€ L]
= E6LE LA
SITT8E L
& S1T9'L
£ 96£9'L
! A
m STH9'L

Ju

F

F

g
X

00°¢

0T

¢
60°1
90F
609
90°C

N B S L B I B R e e

L (e e (B e B B

4.0

Chemical Shift (ppm)

5250



PE8O61—

LOTO6F—

@hmh.@h/
vmvcﬁhﬂ
6C9E°LL

COLLFIT
61EL°0TI
7S09°ST1
0122921
TTLS9TI
LT9T LTI
L8S]LTI
€975 °8T1
68€1°6C1
ETHS OE I
_Em.mm_ﬂ
8619°TE1 \
— €SLYPE %
1 £095°9¢€ |

05
=
(=)
(=]
-
—
=

!

2022-05-30 YY0022 616-ZQL

Ph__N.

Ph
D54

i

10

10

100 90 80 70 60
Chemical Shift

110

12

170 160 150 140

180

0

(ppm)

5251



BEES,
7TT6'91
707691
8LS6'91
109691
129691
61L6°9
59869
10669
1290°L
0£80°L
0901°L
ISLI'L
8881°L
€E61°L
6L61°L
2 680C"L
LT L
S 7697°L]
2 C8T LA
= §S0€"L1
SLLSE 'L
SPLLE L
T 988S°L]
3 L909"L
o 0019°L

ol

60T

JIJL

Lhc.m
th._
=10T

00T
Jg_c,m

{ppm)

Chemical Shift

5252



C86E
LYY P

S6E6°9L
ELSTLLY
SHSkSHi4
PLSS'S 11
RI9LSTI
£780°1Z11
6£TLYTI
L8SLPTI
pSTHOTI
8250°8T
9Z60°8T
9LE1'8T]
6LOL'8TI
L8TI6TI
€LOT'6TI
098€6C1 7
8309E1
SSES9E]

C9EL’LY1—

CLEE6ST~
@moh._o_\

2022-7-4 yy0046-616-zql-1

Ph
D55

]

10

60

90

T L T
160 110

10

a0

80

100
Chemical Shift

12

140

150

170

180

i

{ppm)

5253



breb s,
975691
806691
T800°L1
8600°L1
19L0°Ly
[760°L
6T11'L
e191°L
€S81°L
8L81°L
620T'L
8917'L
ceel’L
ULT'L
SO8T L
e T66T'L
< 850€°L]
F891¢L1
© :&i
Sure
2.689¢'L
o
O
< $209'L]
Sorzy

Cl

\
Ph
D56

L)

L

2

Fe0'C

10.0

10.5

Chemical Shift (ppm)

5254



2022-06-24 yy0027 616-zql-2

vLoS 8By —

Cl

BCOI'LL

cmqm,@hW
LOSY'LL

6CLL P
9E10°ITI
9CLE 9T
6CEy LTI
0T8Y"LTI
PIL18CI

LO6E9RTI
8808'8TI
celeecl

FI88°6CI
80I¥°CTEl
omhm.mm_w
mxﬂc.mm_\
PEEY 9L
0E8S'L¥1—

10

100 90 80 70 60 50 10
Chemical Shift

110

12

150 140

160

170

180

0

(ppm)

5255



48665,
#8069
vL169
LSST'L
OFLTL
06LTL
600€°L
€61€°L
€ETEL
8THEL
CLYEL
119€°L
659¢€°L
#SSEL
o 80P L
TIS1S L
\© 6ETY'LT
%mzvcm-
S SS¥9°L
Mmmqmmﬁ-
2 8PS L
r~ 880078
L] 0
mmzmx

Froz

N

—00¢
rLo8
06071
~60%
2201
P01
22071

{ppm)

Chemical Shift

5256



2022-07-12 YY 0006 616-zql-02

134.15
133.08
130.81
130.07
129.67

—147.52
136.73

ﬁ

S e o o e S S A e A B B S A L A B B e e S I i B A e e B
0 180 170 160 150 140 130 120 110 100 a0 BO 70 ] a0 10 30 20 10 [
Chemical Shift (ppm)

5257



LISO’S
860691
0¥16™91
091691
C1T6™9
CLT6™
90£6 91
[0¥6791
9Er6 91
LI¥6™9
BLS6 9
1969
9%L6™91
$8LO9

L1869
81669
89669
FOT0'L
6LI0L
0+20°L
9LED'L
LTHO'L
01S0°L
PILOL
6SLO’L
£T60°L
$960°L
TLIL
TSLI'L
PLITL
LSETL
LOVT'L
11ST'L
0bSTL
895T'L
6167 L
TE0g'L
S11EL
TLIEL

L lzeL

SSPee L

Jegs

2 09p€°L]

= 687EL]

S 679¢L]

£18L9¢ L

QSILE L

£ 8109°L1

18619°L:

RAXA WA

Lory

90°L
fooz

10.0

10.5

(ppm)

Chemical Shift

5258



o6r—

bS9L
E.RW
LA
SI'STI-
ZESTI
06'L117
LOSTIA
9T1Z1+
S0°TT1 -
LOTTI
bE9Z]
bZ8TI
89871
€ 6T1
8Tl
c8°z¢l
8T9€T—

2

1 09°Lpl

8 cegpr\

P6°051
90°CS1
61°CS1

2022-05-30 YY0021 616

150

70 60

80

90

100
Chemical Shift (ppm)

110

120

140

160

17

180

5259



2022-05-30 YY0021 616-ZQL-0527-2

-136.3156
-136.3718
-139.3751
-139.4313

—y
= s —_—
uy — wy —
— I~ ~
N o o Pho__N F
o D o O 2 N
1 ] 1 1
N Ne Ph F
D58
T T T T T T T T
—-136.0 -137.0 -138. 0 -139. 0
Chemical Shift (ppm)
A
—_—— _— —_—— S —_—————— _ —_———— —_— _— —_—
10 0 -10 -20 —30 -40 -50 —60 =70 -80 90 =100 =110 -120 =130 -140 -150 -160 -170 —-180 -190 —200 210

Chemical Shift (ppm)

5260



p—
=2
N

2022-06-20 yy0003-616

8PETT

LOOO ¥— —h
L66L 91
168691
L¥00° LA
9900 L+
[TT0"LA

D59

0Ly ,
LTHIL
LYYIL
€ILI'L
P88I:
8S0T'L
LLOT'L
8YTTL
TSHT LA
8S9T'L1

60€S 'L
80SS°L-

"’

F#0'6

FLoc

10
kol
Fsog
FEI'T

0.0

0.5

1.0

3.0

40 35

4.5

5.5 5.0

6.0
Chemical Shift (ppm)

100 95 90 85 80 75 70 65

10.5

[1.0

5261



2022-06-21 yy0027 616-zql-3

0T~
S6'077

CLOS—

989L
h_ﬁhv
6v'LL

LL611
08°TTI
L1921
08°LT1
LS'STI
S1°6Z1
16621
50051
69°EE 1~
9L'9€1
wh.@m_w
18951
1t Lb1—

D59

20 10

30

140 130 0 110 100 90 80 70 60
Chemical Shift (ppm)

150

180 170

190

5262



10. fid

18-yy0004-616-1-a-12.

07

L -

<

LELNIV VIR Y b

womo.w
wcg,wv.

1680°9
€L60°9
86619
L90T9
616C9
$967°9
Z00E'9
85053
1$56'9
TITL
CHST'L
6967 L
910¢°L
% F
981e L
8TIE'L
89€€°L
R1PE L
$09¢" L
SRLE L
P18¢ L
[+8¢" L
00t L]
8€0v°L]
cTvt L]
6699°L]
L LTLY L
19L9°L
1069 L
0t69°L-

o)

D60

M

Fiot

F0°1
mg.m
0071
Foo1

801
m__.:.m.
011

FT0T

0.5

1.0

wy

20

30

uy
]

4.0

4.5

3.5 5.0

6.0

7.0

15

8.0

10.0

105

Chemical Shift { ppm)
5263



fid

-19-YY0059-616-L-A12, 10.

22-07

7

El8r—
089L
mﬁ.__r_uv
EFLL

67801~
7 11T~
811~
9611
xmdmmw
SL0T1
87971
96°LT1
29871
omdmﬁ\
mqmmﬁ\
€9'9¢ ]
10Tk
9c i1/
81TS1—

10

30

40

D60
90 80 70
Chemical Shift (ppim)

5264

100

110

120

130

140

150

160

170

180




7959 %
9099 %
LS99'Y
10L9°%

L0TT9
L0ST9
809Z°9
80LZ°9
06119~
505597
6L81°L
%mm.hw
L9ST'L
SPLT'L
9€0€°L
L
TsTeEL
86€€°L
CEPe L
. 18S€° L
mwh_oqﬁh
& 8€0P°L]
S EETH L]
< 8CTH L
=S 918F°L
> 60L9°L1
7_; cow@”&
€1 €269'L

=
]

Ph N
!

Ph

D61

L

3

=3

ooz

FE0'1
Fzo'l

'l
Yooy
09
0T
ws._
€0C

e e (L e e

9.0

[T=)

10.0

10. 5

{ppm)

Chemical Shift

5265



PSRy —

[8°9L
el .._ELW
St LL

96111
LLOTI
08 [CI
8T OTI
87 9Cl
8LLTI
S6'LTI
CORCI
[T6TI~=
8E1El-T
o&.,mm_\
mv.om_*
69°9¢]

— LYLYI—
=

2022-07-12 YY 0006 616-zql-

D61

WA,

10

60 a0 10 30

70

140 130 12 110 100 90
Chemical Shift

150

160

17

180

10

(ppm}

5266



6vLTCT—

eSev 'y
9LEY Y
Lo¥r'v
0TSy v

PLTE9
0TPE9
G9SE9
7L9E9
81869
€96€°9
PE0S 9~
pevs9/
TSLO'LA
9Epl L
6951°L
L191°L
OLLI'L
SI81°L

m 6L81°L]

2 9061 °L1

X Sp61°L1

N 9LET'L]

© (95T'L]

© ThLT L

,,mf S9LT'L

S €TIEL;

< c0gs L]

< 8EEETL]

& 6605 L1

€871

o
(8]

.

S F ooz

FO'l
“ SOl

917

bz

F 60T

Forey

0.5

2.0 1.5 1.0

2.5

3.0

4.0

4.5

5.0

6.0 55
Chemical Shift (ppm)

6.3

10,0 95 9.0 8.5 8.0 75 7.0

10.5

5267



6vLTCT—

eSev 'y
9LEY Y
Lo¥r'v
0TSy v

PLTE9
0TPE9
G9SE9
7L9E9
81869
€96€°9
PE0S 9~
pevs9/
TSLO'LA
9Epl L
6951°L
L191°L
OLLI'L
SI81°L

m 6L81°L]

2 9061 °L1

X Sp61°L1

N 9LET'L]

© (95T'L]

© ThLT L

mw S9LT'L

S €TIEL;

< c0gs L]

< 8EEETL]

& 6605 L1

€871

o
(8]

Ph N
|

Ph

D62

.

—

Forey

F ooz

FO'l

SOl

917

bz

F 60T

0.5

2.0 1.5 1.0

2.5

3.0

4.0

4.5

5.0

6.0 55
Chemical Shift (ppm)

6.3

10,0 95 9.0 8.5 8.0 75 7.0

10.5

5268



-10-28 vy0029 616-1qg-26

By

7

LGES Y

beg&
orLL'
91226~
0858'
Zr88's
0L06'
2126

1GL6'9

wmmm.mw
€056'9
€EET L
€962 L
6952 L
25121
9967 /-
v8LE L
£9€€ /-
LOVE" L1
86GE /-
88/¢ /1
LETY L
¥G19' /-
0¥69 L

momm.vv

\

Ph N,

Ph

D63

A

— =00¢

= I¥'2Z

= 90|

0L
12
1071
»G0'C

10.0

10.5

Chemical Shift (ppm)

5269



2022-11-08-yy0037-616-d26

Chemical Shift (ppm)

5270

— — O OM~ROMNOOmMmO
O MNMNOOQWE~— OO r~
M~ OONO OO~ ©O W= ™~
= DO ONONANNNN— — [+0]
— TT T T T TITT T T =
e I |
Ph\?N\N/\/
|
Ph
D63
I T T T T T T T T T T T T T T T T T T
n 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 10 30 20 10



-616-d24

25

22-11-7-yy002

9

0651'G—
8969
GY66'-
€210°L1
vzl L]
LYEL'.]
LIy L]
655121
ev9L'/
L.
1871,
G/8L'L
6022,
0¥z,
£862°/
6912
0811
eeveL
¥19€°/
¥69€°/
8568/
L.
9129'/-
0Lp9° L]

R P

D64

A

E LY

6LC |
8CY
18T |
€201
LY
GO'v

—A A

5271

Chemical Shift (ppm)

6.0

6.5

9.0

10.0 9.

10.5




098v—

LE'GLHL
ve gL
A4
6L°9¢C1
AR A
91°8¢1
99'821-F
vm.mw_l_w
99’ _‘mi‘w
hm.NmF\

6C9E1
SOVl —

2022-11-17 yy001 616 Iqq-24

Ph

Ph

Ph

N=

~N
Ph/-

D64

10

a0 80 70 G0

cal Shift (ppm)

100
Chemi

140 130 12 110

150

160

17

180

10

S272



yv0032 616-1qq

o

o

A

D65

= 00'%

J

LLZLG—
29€6°9;
E7G6'9- z-
€2.6'01
€LLL L
LLEL L7
CTAAWA \
19121

1622 L J L2
0¥ L FO9°€El
L6VT'L D o eeY
62GC°L €y
y95Z L
0922
y08'L]
656¢ L1
9662 L1
691€'L]
0ZEE L]
198841
950¥' /1
y6€5'L]
2185 /]
2095'L"

Ph

Ph _N.

1-23

-12-6

55 50 45 40 35 30 25 20 15 10 05
S273

6.0
Chemical Shift (ppm)

75 7.0 65

8.0

10,0 9.5 9.0 8.5

10.5

.0



0034 616 1gg-23

22-12-T yy

o

GV 0S—

9.9/ =
mo.tw
ovLl

06'¥11 /v
68021
6L'€Z1 (

D65

AaA
€ ocl
¥6'LC|
8G'8¢C|
GZ'6e _‘M
06'62 _.\
L9°¢El
44 iw
08'9€l
88 Ll —

10

10

60

70

160 150 140 130 12 110 100 90
Chemical Shift

170

180

10

(ppm)

S274



SrEL'G—

8€01" L1
ANE
ATIWE
8602 L1
8127 1A
8Ly L
G6SZ L+
0£8Z'L
6862 L
9p0g 24
191€ 2
292¢ 1

o~ 288G/

99092

2022-11-28-yy0014-616-Iq

N
P NS

D66

e

Iﬁ

=00

661

102
MNN._H

002
02

0.5

50 45 40 35 30 25 20 15 1.0

5.5

6.0
Chemical Shift (ppm)

6.5

80 75 7.0

8.5

9.0

10.0 9.5

10.5

.0

S275



2022-12-02-yy0013-616-lqg-f2

¢S6G°0C—

9104°06—

e
o

?

D66

AR A
v98Z'LZ)
pLELIZL

IRALR A
S6¢06¢l
mmmm...mm_‘\
ELI6'LEL

evLLGYL—

10

40 20

GO

140 130 120 110 100 90 ®0
Chemical Shift (ppm)

15

160

17

180

30

5276



-10-21 YY0O018 616-LOQ-F9

09

7

8LLL'G—

eroL /-
vZ81 L
ZILZ -
0512 /-
9€2Z L1
€282 I
082"/
o2 I
518214
€62 L]
SHOE' L
zz1e L
082€" .-
162€° L
6Y9E" .-
111G 1
6685/

Ph

?

N
Ph” >N

Cl
D67

i

=00°¢

€02
mmm.m
609
L1011

co'l

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)
5277

10.5

0




2022-10-26 yy0025 616 LQQ-9

M~ DWW MmN Qo
© < ONOMNLWOD o
O WVIPBI~ OGO 0
+ OANNNNN o
— T T T T T T (p]
| ) I
N _Ph
Ph N X~
Cl
D67
L
I T T T T T T T T T T T T T T T T T T
i 180 170 160 150 140 130 120 110 100 80 80 70 B0 50 10 30 20 10

Chemical Shift (ppm)

5278



-10-13 yy000T 616-1gq-F13

)

a

96¢Z1'S—

1641
vi61°L
¥0EC L
06vc L
8692 L
¥60E L
€L2E°L
LYvE L
ov.E'L
L68E L
816G L
L0191

Ph

?

N
Ph” >N

Br
D68
L

=00'¢

007¢
vV
Ely

Jm_,.m

€0'¢

(ppm)

S279

Chemical Shift

10.0

10.5




—yv0026-616-F13

22-11-7

a3

81°06—

SL9.
hc.hhw
8€LL

L0ELL~
7682t
£€'9 )
05 1z1
09821 7
€162
96' 1€}
ge'eel

L8°9F]—

10

30

10

a0

60

70

Br
D68

90
S280

100
Chemical Shift (ppm)

N
P SN SR

110

12

130

140

150

160

17

180

0



1 YY0O018 616-LOG-F3

022-10-2

o

143X —=6l'¢

N
P NN SN
D69

il 'G— = >00¢C
68529
¢69.L'9
09449
12 TAYA
181171
G061 L
090¢ L
Sk’ ~=~560
66¢C 'L oL'e
Leve L A0S
66G¢'L 86'¢
8982/ wﬁwm._‘

000€°L
190€ "2
98¢/
ovze L]
AR WA
8886/
6909/
mmow.h_

5281

f1 (ppm}




b 616 LOG-3

7

6 yy00

22-10-2

)

181 —

1G°0S—

S0¢CLL
LG'GLL
69°LCl
r0'9clt
919¢L
ve'lél
8L4L¢CL
61'8Cl
66'8CL—
9eeElL—
L1'GE _.L\w.
6G9€L
L6'8EL
€6 LYL—

Ph

?

N
Ph” >N

D69

140

G0

100 90 80

Chemical Shift (ppm)

110

130

15

160

17

180

10

5282



022-10-17-YY0OOT-616-ZGH-f6

a9

PG¥LG—

8€09'9
6€2¢9°9
6E¥9°9
08202
98102
0e61L° 2
wﬁw.n%
G0SC L~
IGLE L
LEEE L
G0SE L
€0y L

1209°2
JATAL A

A

Ph

D70

J

N
Ph” >N

=00¢

l.'lp_:}m':'
5283

f1

10.0

10.5




-11-08-yy0037-616-f6

3y

ol

PC0S—

E..mm/
mo.hhk_ln
8€°LL

€0'201
0€'201
§0'20ky
12101
€601
7669}
:%NL#
6¥' .21\
0€'8Z1
E.mﬂw
¢ _.mﬂ\
09'¢el

8r'6rl
mm.miv

LL'29)~
€1's9lL—

10

20

30

40

50

60

70

Ph
80

90

D70

N
Ph” >N
S284

100

Chemical Shift{ppm)

110

120

130

Ll
170 160 150 140

180

30



2022-12-7 yy0035 616-1q0-6

o

[vn]

o

b

- _Ns_Ph

N N

=

1

|

F
D70

T T T T T T T T T T T T T T T T T T T T T T T T T
=70 -7a -0 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -1565

Chemical Shift (ppm)

5285



5

7 yy0018 616-1ql

22-10-2

)

)2
29011
1621
99/1°/
L1602°L1
9€12'1
2622 L1
9€€2'.
1SYT'L
ATl
10121
6082'.
968Z'.
600€"Z
oLLEL
€81€'/
G12€' L
G6EE"LT
00t 2
981/
691G/
BYES L]
18EG L
Z8Y9'L1
Y169/
1899/
1292

Ph

?

N
Ph” N

Cl

D71

— ]

=00¢

80'L

00}
ve
68'S
60¢C
60¢C
1O}

10,0

10.5

Chemical Shift (ppm)

5286



T-yy0026-616-10

=

022-11

o

€205

€GCH
S8l
AN
96'GCL
1481
¢s'lel
£€'8¢C1
c9'8¢L
9l'6¢L
eL0EL—
18 €El—
oL'sel
€L'GEL
80'9€1
L8yl —

p

Ph
Cl

?

N
Ph” >N

10

30

40

60

&0

D71
90
5287

100 _
Chemical Shift (ppm)

110

120

130

140

15

160

70

1

180

10



10-12 yy0009 616-1gg-F14

A

o]

L

Nt
o

?

Z

\
4
A|n
o

Br

D72

6YLLG— — =002
62€0° L1
€650 L1
650121
CrANE
L9tL "L
181111
8961 "L £6°0
L1021 60°}
GLZ'L 0L'S
LLET L L0%
82T’ L ~660
98¥Z '/ vo'l
6EGZ L 00}
1992/ S0°L
111Z1
101€2
XA
R2WE
126€° 21
8665 L1
0Z19°2-
19292
0L£9° 21
09€9°2!

5288

Chemical Shift{ppm}

10,0

10.5




-vyD026-616-f14

022-11-7

5

£2'06— —

Ph
Br

?

D72

LOELL
€L L1
9g'ect
or'eEct
16’62l
Sv'ocl
S LC1L
9e'8cl
£9'8¢C1
8L'6¢ _‘L_\m
Ev0EL
06'€El
80°GEL
L09€1L
co6rl—

N
Ph” >N

50 40 30 20 10

GO

20

90

5289

100

Chemical Shift (ppm)

110

a

1

140

15

160

17

180

0



-11-01 yy0024 616-F17

)

o

92L'G—
929} L1
7181 L1
€161 L1
2512 L1
6612 L]
YSYZ L]
88YC L
L1ST L
L€92'L
2Tl L
G8.Z'L
818z L
LS8T' L
€062 L
622€ L
12rE L]
965 L1
99.€' L
196" L]
9L L]
909" £
£G9Y L1

120921
1629' L]
2629'L1
1G2L L

Ph

?

N
Ph” >N

CF3

D73

A

AN

=00'¢

GlL'E
90°¢
LG
=g0'¢
€0'L
¥6'0
160

10.0

10. 5

Chemical Shift (ppm)

5290



-616-f17

23

-11-09-yy002

)

o

A

¥1'9.
%.RW
o4t
0v'LLL-
669111
€0'LLL]
o
e LI
Y65zl
17921
09'221
S8zl
59'8z1
1Z'62)
99'621
LLPEL
B.EW
/6'GEL

OL8rL—

Ph

?

N
Ph” >N

CF3

D73

\ \Amﬂ..l\

60

70

160 150 140 130 12 110 100 90
Chemical Shift(ppm)

170

180

0

5291



-11-14 yy0044 616-1gg9—4

T30,

L]

mmo_‘._‘/
EN_‘._‘M
€9l

#0552
£695°¢
18852
0L09¢

P62 8,
G004,
920041
9220 L,
£€9¢0°41
vrLL L
2181745
9981,
8¢61°L
8002°L
02 L
8Edl L
£€6€2C'.L
GGy L
952 L
GG9Z'.L
108221
9€82" .1
G621
8862 .1
6LIE L]
r9LE L]
L2vE L]
£209€° L]
€59 L]
reE8Y L]
298%'L”

N
P N AP

D74

F00€

— -C0C

F00°¢

J

¥60
160

le'e
¢80
09
0o¢e
86'L

10,0

10. 5

Chemical Shift (ppm)

5292



v001 B16 lgg—4

[ Y

022-11-1

a7

9628 v —

Lvée ve—

G2es 09—

N
P NN AP
D74

¢scl'sel
€€CLocl
celL’ el
09G1°LC)
vGle Lel
89¥€’LCI
€L1E8CI
68E'8¢L
Seey'scl - |
€cLe6Cl JE—
S.0v'eEl
1841791
08908}
¢696' L1l
LEVL PPl

10

10 20

GO

B0

90

5293

100 )
Chemical Shift {(ppm)

110

a

1

140 130

15

160

17

180




-11-18 yy0009 616-1gq-7

2.
oA

L

]

gse0 7,
S¥S0°LT
0290° 1
SPL0"
G8L0°L1
0£80° 1
1880°L]
25112
ZIELL
9Ge L2
YA
LLILT L
GLET'L
£6v2'L
16921
0682°L
8262'L
980€" .-
ZELE L]
SLee 2
9ce /]
E%L
6005°L
L¥0G 2]
6225 L
SLIS L
LGPG 2]

N
P NN

D75

N

=00¢

v6' |
sc'l
12¢
JEH
SL'E

a0

[ ]

10.0

10.5

Chemical Shift (ppm)

5294



A-yy0024-616-1qgq-f7

22-11-2

)

8¥' 96—

S 9l
€L°9L1L
09211
€911
89'VC1 1
0LV 1A
SLYELA
cevel
91'9¢l
99'9¢1
YA
66'LZ1)
15'8¢t
LL'8Cl
08 ¥EL~,
ve9tL
8E'9EL
9’ 9ElL
€8'9¢1
9E'ESL~
18661

_Ns_Ph
Ph N X~
F

D75

1

60

80

90

100

110

15

140

50

160 1

0

1

180

190

4]

)

Chemical Shift {(ppm)

5295



~11-14 yy0044 616-1qg-11

]

a

LY6 Y~
020}Z;
901"/
9121 L,
SYTL L]
661"/
Eryl L]
€281/
5L0Z"2
6812°2
05ez’.
8GE€2".
26€T'L
LEvZL
6£SZ"2
8.2,
£082"2
1962 L
L00E":
181E°L:
9€.€°/;
026€"L:
L2Vl
65LY'L:
9zEY'L;
LSEYL
296V L
ErLGL

Cl

N
phe NN AP
D76

A

Ep0¢

LO'L
mmm.m
£ l0¢

V"
Huo.w

5296

Chemical Shift (ppm)

10. 0

10. 5




-11-17 vy001 616 lgg-11

)

3

L2'8G—

ANT4%
98'9Z 11
IR
GG LZ 1
69'LZ 1
¥ LZ 1
G6'LT 1
05'8Z 1
25'8z1
60°0€ 1
1L 0EL~E
0G'SE I~
LZ9ELT
E.fo
Vi vhL—

10

10

60

70

Cl
D76
90 80
{ppm)

N
phe N AP

5297

100
Chemical Shift

110

12

140

150

160

170

180

0



5

T yy0018 616-1ql

)

022-10-

7

Br

N
P NN
D77

o .
SRR T s lade
9€91" /1
1961 L1
900¢" L1
29121
90¢ee .1
YA AR
G6EC LY
0Ly L SO'L
LLSC L SO'L
649¢°L 90’8
99/¢'L ||.._H.,.NG.N
9087 . 1602
6.8¢ L Z20'1
986¢ L
€50¢€°.L
Ggoe’ L
Gace L
718€ 11
950121

- BE0G L]
6125 2
1GZG L
2G€9°L

- ¥8€9°/1
1669/
¥859°2"

\

|

5298

Chemical Shift (ppm)

10.0

10. 5




—11-09-yy0023-616-15

it

]

Br

D77

LL8G—

N
P NN SN

LLOL
ma.an
Ge'LL

L Lel
S0'9¢l
Gl el
GG Ll
18221
Ge'8cl
A rA

1444

hm.mmr/

LY GEL~

AL
61°2€1

69°G¥L— —

10

40 20

GO

80

a0

100
Chemical Shift (ppm)

110

¥

70 160 15 140 130 1

130 1

0

5299



-12-6 yy0032 616-1gg-12

ey

3

Cl

G8E0'G— =F00'¢

_Ns_Ph
Ph” N X~
D78

Cl

6.98'9
8L/8'91 | J
85/8'9

19212

6L L

20912 7060
6822 L 66')
LoV L fooy
8v9Z / llw_u,m_m.o
0562 L 06}
111
0Z€S' 2
6.8/

619G/
098G,

(ppm)

S300

Chemical Shift




a2

0034 616 lgg-1

22-12-7 yy

o

005 —

10

10

50

N
P N AP

60

Cl

70

D78

Cl

{ppm}

90

v8cLL
lc'0cL
L6'GCl
69°9¢C1
LL12)
€8¢l
08'8¢C1
€€62L—
PG PEL~
80°GEl
09'GEL
99'GEL

9g' 6L —

S301

100
Chemical Shift

110

12

130

140

150

160

170

180

10



-616-f18

5

7

22-11-T-yy002

o

€661°G—

2981 L
AR
Y812 1
G182
1S6Z 11
000€ '/
PrLE'LY
8118
PrveL
IE9€E'L
€188,
6701 'L
98152
8z19',
90€9°,
0vE9'L
€8.L'L

N
P NN S
CFs
D79

F3C

F00°¢

0¢
86°L
4>
080
00°L
960
96°L
6l

5302

Chemical Shift (ppm)

10.0

10.5




-11-09-yy0023-616-T18

)

o

€0'0S5—

GE'ELL
8E'ELL
2y L]
9F €L
0SEH1]
P8'ELL]
L8°ELL
256111
€222
X!
18521
2,921
G9'/21
06221
9,821
€062
65621
2021
A
19Z¢)
00°€E}-;
pLveLf
GEGEL
00'9€
09'8%L—

Ph

?

N
Ph” >N

CF3

F3C

D79

L

100 90 80 70 60 a0 10 30
Chemical Shift (ppm)

110

12

150 140

160

T

180 1

10

5303



2022-12-7 yv0035 616-1qq-18 o)

@

cQ

@

o N Ph

NS
[ Ph” N X
F4C CFs
D79

T T T T T T I T T T T
—40 —45 -a0 -55 —60 ] =70 -75 -80 -85 -40

Chemical Shift (ppm)

5304



3

-11-18 vy0009 616-1qq-22

e

b

I

|

D80

16857,
86.1'L1
€2 L1
¥1€2 I
E¥ST L1
€852 /1
2T LA
1062 L
1962,
8e0€',
9G1€'2
ZIZE L]
€12€'L
GOVE /1
PE9E L1
189€" /1
816 /1
665"/
1919/
9619'/1
06€9'/1
069"/
6169°/1
e

ULy

w3y

4.0

10.0

10. 5

5305

Chemical Shift (ppm)



3-vy0024-616-1qq-f22

22-11-2

<

8vec 6 —

G6Lv'0C)
ov/6'0¢Z)
£G.E°¢cl
JALA R TA
998%'9¢l
9EY6 921
L1291¢l
051.'8¢l
1590'6C|
186Y'6CL
€68.L°¢El
G88r vEl
€981'8¢€1
6CCCCSl—

G¥69'69L—

ol

10

160 150 140 130 12 110 100 90 80 70 60 30 10
Chemical Shift

170

180

10

(ppm)

5306



—-616-1qgg—f

—02-vy001

29-12

2

R )
92089+
250891
9602 L
002221
6¥2cc LA
YSe LA
AT
ye8e’ L

0L0E°L —
161E°L

GLEE L J_
0c2S'L

8166,
860921
2192
8LY9' L
L9¥9°L1
9828° L
0058°L-
£002°8-
0202'8"
STAYAS
6912°8"

—

Fooe

660

heirg
=660
66z
860
#G6'0

Lz

1.0

[F=]

of

9.0

10.0

10. 5

(ppm}

5307

1] Shift

Chemic:



6 yy0033 616-1gq-21

7919

9

6EV L 9v—

10

10

60

70

80

(ppm)

90

¥¥89°601—

depB8ELT
8621 9Z|
2686'921
528¢'8Z1
98.5'8Z1
0288zl
S¥69°LEL

€cee Lyl —

0048°LS1L—

5308

100

Chemical Shift

110

9,

l

130

140

b

160

17

180

0



-11-24 YY0014 616-1qq-F23

v

Y

e85
mmmN.L
Stre Ly
2062 11
€952 /1
88711
G0E 21
90Z€ L
292€ -
58¢¢e’/
0LYE L
89G€'/
659€"/
pLIE L
0611 L
GI9v'L
29/
z08y 2
ze6v 2]
29,9 /1
12182
0228’ L1
6929’/
1868 L1
Ly L]

i

N
P NN PR

D82

M

J

F ooz

9Z'0l

8L'e
E 0L
h ooz

T

10.0

10.5

Chemical Shift (ppm)

S309



29

022-11-30-yy0010-616-F

]

G 'Gr—

N
phe NP
D82

05921
| XAVXA
(A XA
G L)

89'8¢C1L

69621
So'oEl
1G0El
coveEl
80°GEl
61°GEL
0c ol

VG LLL—

60

B

90
5310

100
Chemical Shift {(ppm)

110

9

1

140

15

160

17

180

30



— 7

616-1.00Q

4 YY000:

22-10-2

o

69689,
cl8l /1
G661 LA
[AS I AR
L6EZ /A
Ofe /A
el eTAIR
L6Se 2
¢9l¢ L
[A X TAV
cele'l
662E L
LGBE L
eSly L
co9er L
6Ery L
£oGYy L
891 /1
A AR
GPet L1
9l¥vl 2
¢c9l 2
€698 /1
¢888 /1
892081
IWAZINE

_Ns_Ph
Ph” ONTT Y~

D83

A

L

LAV

€0'1
wg. l
5619
oL
MS. !
20'L
oo

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

10.5

0

S311



-

616 LOQ

b

2

29-10-26 yy002

o

1G09—

869/
om.tW
c9'LL

cl'ecl
0c'vel
0L'9¢1L
€192
9r'9¢l
69°9¢C|
A"
[ARA
08¢l
¢c'8cl
19'8¢L
0.'8¢L
9.°8¢l
0L°0€l
S6°vEl
c0'GElL
€8°9¢€]
L2'8€El
6 E¥l

Ph

?

N
Ph” >N

10

20

30

40

50

90 80 70 60

100

D83
f1 (ppm)
S312

110

1

140

150

160

0

180 1

190

0



S-yy0014-616-1gg-F26

022-11-2

o]

8112 L~

ev6e L

6£5.'€
vO0LLE
898.L°€
E0B'E
6618°€
7oE8'E
6258'€
MOt v —

9690°L1
|7 AWE
A dWE
9091 241
8¥LZ L
1282 L+
£€252°L
Lzl
8582°L
61L0€°2
2L0€'L
1AW
182€° -
00vE 24
LEVE L
6EY L
029t 21
0G9%'2*

Ph

?

F209

—=m 100" L

D84

N
Ph” >N

< F0L¢

/€0')
£20°1
ME.\.

002

S313

Chemical Shift (ppm)

10,0

10.5




~02-yy0013-616-1qg-f26

2

022-1

o

I 0c—

19°¢S—
TAVAS

¢L 9.
_wﬁ_.nnw
9t L.

[AN=TA"
€r'ocl
08'9¢L
98'9¢1
£e'8cl
02821
69°0€1L
LG LEL
61°8€L

Ph

)

N
Ph” >N

10

20

50 40 30

[ G0

20

{ppm)}

90

Chemical Shift

D84
S314

100

110

¥

70 160 15 140 130

1

180

30



28

022-11-14 yy0044 616-1qq-

9

S6YLL
82LL 1
GL8L L1
PELZ 1
L6121
0v0E 1A
€z1e'1

T

Goce’L
99€e’|
6vve’|
ceSe’L
VLLE'L
GEVG'L
816G’
vw.iG'L
1E8S'L
o9v09°|L
veEL9'L
€LE9°|
8v¥9’lL
9089°L
€628
€8G8°|L
8G86°|
€066 1
1810°C1
6220°C1
CEEEE]
1EGE €
€COL'E1
V1LLEE]
€L6EC]

—_—

Ph

?

N
Ph” >N
D85

wnmv.v\

1620°L
GL0LL
8521,
AR W]
Lyl L
0LPLL
82221
omvmi
VY2 L
L1921
66821
29621
ve1E /]
€26¢ /1
G8Zh .1
SO /]

L6VV'L-

L

60'L
Y00
Y0z
Mmoe
602
1602

EGO')

=007¢

J20')L
£G0'|
w%.o

902

Chemical Shift (ppm)
S315

10.0

10.5




2022-11-17 vy001 616 1gg-28

LOOWBW—ODWm

NOOomow MmN o ~ M~ —

O M~ Q) 00 OO (O <O WO D «© = N @

OO NN NN (o] o — 0

— T T T T T T T T w ] ool

N e———— I I |

N~ _Ph
Ph” N X~
D85

|| [
I T 1 1 1 1 T 1 I 1 I T I I I 1 T 1 1
10 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 10 30 20 10

Chemical Shift (ppm)

5316



8. 10. fid

022-08-15 YY0014 616-LOQ-BZ

a

00000~
69F1 1
L8LI'T
0S5T1
[HLT ]
08671
§90¢" |
1S1€°1

790l
50T
[6€€° w%.w
6LYE | WE.N
CTesl 90'C
FOSST

9887
9768
651871
6EC8’
96¥8"1
LBEO'] ———== %mc._
£876°1

FILG]

R9LO" B W
€T8T'€ €0'C
[20E°E ( \ I,.w
g
POCE
TOPE'E
£800°%
LTIOF
9020'F
1ST0't
L6179
690C°9

161279 | ) .
9FET'9 oot
89+7°9 :
63570 Fro
bZ159

£255°9 mouﬁ
PIEI'L 9T
86v1°L # mmw
7891°L

9161°L Rl
L60T L
RLTTL
0657'L
785T'L
SPLT'L
08LT L]
967 L]
STIE L
8TrE' L]
65t L]
1€9¢" L1
bL95" L]
Z015°L]
015 L
205s" L1
[bEs L

N Ph
P N RN
D86

0.5

1.0

6.0 55 5.0 4.5 4.0
Chemical Shift (ppm)

6.5

7.0

1.5

8.0

10.0 9.5 9.0

10.5

S317



2022-08-15 YY0014 616-LQQ-B28. 11. fid

mooowoer-— o — — =

= S0 onown on = MDD om0 = wy ey - (] o0 -l

[ =T - Sl o Y R T o o D ™

Laa T o I s TN o I ot It st I o IO O I M- - o s = — s’

——————————— M~ M~ - g=] L' o |

e\ ~ I L

Ph” N T
D86
| | d

T T T ¥ T T T ¥ T T T F T ¥ T T T ¥ T T T ¥ T ¥ T T T T T
30 180 170 160 150 140 130 120 110 100 90 80 70 50 40 30 10

Chemical Shift (ppm)

5318



3

022-11-24 YY0O014 616-1gg-F32

oy

|

680G v— ==F €IV

D87

956 1" L1
£€91 /1
Gel L L
616 L1
1502" 11
LELT L7
061.2° 21
0922" 1
LVET L
A gA] .
5557/ y 00%€
ShLZ L e ok
11821 00¢
8€0¢€’.
080¢€'2
68161
gzze L
geve ]
196¢° 21
909¢€ 2
8e8Y 21
120G 2]

N
P NS

S319

Chemical Shift (ppm)

10. 0

10. 5




2022-12-02-yy0013-616-1gg—f32

P — G0 0 O) I — (O (N
COBOF®H~NQ 0 =9 ©
Pe ~ — 00 00 I~ I I~ 1O <+ @ o
Mmoo N M~ M~ © P~
— T T T T T T T P~ P P~ [Te]
e [ ~ I
N~ _Ph
Ph” N X~
D87
I T T T T T T T T T T T T T T T T T T
30 180 170 160 150 140 120 120 110 100 90 20 70 60 50 40 20 20 10

Chemical Shift (ppm)

5320



12-02-yy0012-616-1qq-£29

R

o

8225
625G 11
P9S 11
vCl6'91
291691
¢026'91 4
GEC6'91 1
¢0¥6'91
LEVE O
£266'91
056691
0€10°2L
191L0°Z41
€020
£€ee0’s
€Le0°L
L0v0°L
8150°L
L¥90°L
10£0°L
G280l
0880°L
0012
el L
09rlL'L
LE91°L
S691°L
8¢8l’L
098lL'L
8€0C°L
S602'L
96éc’.L +0v0
0cec’s keoz
6EVC L 106
vive L 19°L
0v9c'.L 80°L
€G8c'L B0
0462
6L1€°L
L02E'L
96EE’L
8EreE’L
18SE°L
¢29t’L
718E'L
EELY L
cley'sL
o6 L
8E16'L
6816°L

———— Fooy

N
P NP
D88

5321

Chemical Shift {(ppm)

10,0

10. 5




022-12-6 yy0033 616-1gg-29

ol

E.E
o’ Ev
mm.hmw
t %ot
8L'¥Z)1
12 V2L
RvAR
A TAR
G¥'SZ I
0.'GZ )
WA
B6E L2
192211
08211
A TAR
258211
69'82)
12821
06'821
86°821
L0°0€EL
LL'OEL
Gozel”
£6'9€ Q.

ov LEL
69°LEL

06851
i'6G1
766G

10

20

30

40

20

GO

D88
20

90

_Ns_Ph
Ph N X~

5322

100 )
Chemical Shift {ppm)

110

120

140

15

160

ik

17

180

10



fid

10.

5.

18-yy0004-616-1-b

07-

) L -

2

SL69 €Y
E10LE
691L°E
BLIO
B1C0 1
LTEO 11
99t0 ¥
125t 11
BI8191
£96191
0o
91T 91

795779
0189
QIFF 9
SS9
9619
LI8F9
£S89
T681°9
TrI89
1RO
+978'9
8LER'9
6THR9
60589
POP1'L
9EP1 L
RECT'L
£esl’L
1H91°L
PELT'L
€8LI°L
9Zol’L
9961 L
600T'L
LO0T L
BrIC L
65T L
11€T°L
SRET'L
[0ST'L
9geT’ L
SLST'L
Y69TL
€SLTL
[08T°L
L88T L
6667 L
870¢" L]
102E"L]
svzeL]
L6165 L]
ommm.h._

© 6SES'L
SOS’L
9Eps L]
LSHE LA

_Ns_Ph
Ph” N X~

OCH,

D89

= [ oo¢

F ROC

S F ooe

A ooy
6071
g 07
Fsom
F ot

0.5

1.0

3.5 3.0
Chemical Shift (ppm)

6.0

6.5

7.0

1.5

8.0

10,0

10.5

5323



10. fid

a.

(—19-YY0059-616-1-B:

2022-07

RS
cpee>
pers/

S69L
LTLL
@mﬁhkm

iy
LSt
15921
9E°LTIE
wLT g
09°$T
CL8CI
P16T1
8L'6T
el
65TE |
569€ 1

96851 —

10

30

40

50

OCH,
D89
90 80 70

5324

_Ns_Ph
Ph” N X~

100

Chemical Shift (ppm)

110

120

130

I_M|Ahu
160 5 140

170

180

10



FoLS Y
wtwmm,wv.

OFLT™
9H0T'9
LY1T9
LYTT9
CHRE9—
Sats!
8900°L
9720'L
0820°L
6LLTL
0261°L
o 9S61L
& 097T°L
S 0sHTL
M5 0€9T°L
I“_ 698 LA
© 6167L
m Ot0E LA
S TSIEL:
S PITEL:
< OtbeL-
< 60EF'L
b S0F9°L-
N 6859°L"
S

A

¢ / Ph

Ph N

D90

—

F ooz

F 90C
wmmd_
E Tl
F soz

0.

0.5

20 15 1.0

2.5

3.0

35

4.0

55 50 45
Chemical Shift (ppm)

6.0

6.5

80 75 7.0

8.5

9.0

9.5

10.5

5325



806Y—

L89L
61 ,h__nu_lv
[S°LL

09°CI1
8°CII
vT9l11
(€911
89°ICI
9C9CI
1679C1
06°LCI
r0'8CI
F9"8CI
[L°8CI
LY 1€l
oﬁ.mm_\w
mm.cm_“‘

8S9€ 1
81 .3\%
0T b1

0L'9S 1~
L0651~

10.

-b7.

0008-616-1qq

22-6-15 yy

a

Ph

=

PN

D90

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

)0

5326



2022-6-15 yy0008-616-1q0q-b7. 11. fid

5327

<
[=)]
el
o
! (
I
Pho__N. A
N2 TN e
F
D90
I T I I I T 1 I I | T 1 I I T
-85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 155
Chemical Shift (ppm)



0011-616-1-b13. 10. fi

¥y

022-6-1

]

ALLVIVIV I Vi T =]

1.0

20

LISS'F
9985 ¥ 0
L16S'F

as | 2= ) -
£eel'y
£e0c9
PEITY
EESED
Z8sEoq /
FEot’ 9

S86E'9

Felr9

P

Cl
D91

50

5.5

Ph N

T
6.0

9071
0l

6.5

SLITL
FLECL

9THTL ﬂ :
: 00T
ELYT'L ozl |

7.0

ST L 0Tl
PO9T"L e
OP9T" L
€L9TL
C6LT L
6T8T'L L
o8 L]
£€6T L -
L66T L] =
LIS L]
091€" L1 -
TIgE L =
0SE€" L1
859 L] i
LSHo L
€8+ L]
85991 -
L6991

10.0

10.5

Chemical Shift (ppm)
5328



QL RF—

98°9L
8 ﬁ.ﬁmwﬁ
0s8°LL

S6'SII
€711
8BS SCI
6eE 9Ll
9t 9cl
087 9¢1
£6°LLI
|
0L 8L
CL8C1
60°6C1 ...ﬂ..
€S 1El
0T eel .__a
U9t &‘v
9e'9¢l
[T9r1—

yy0016-616-Lgg-B13. 10. fid

o7

022-06-

|

=

Ph\?N\N

Cl

D91

Il

10

40

Wy

90 80 70 60

100
Chemical Shift (ppm)

110

180 170 160 150 140 130 120

0

5329



fid

022-6-20 yy00

o

Uuuu U

Ph

E88S ¥
mmmm.ﬂv
6109%

F9S1°9
#991°9
FOL1'9
#961°9 \ )
9079

99179 - 107
wﬁm.@ﬂ - POl
8F1+'9
ISI'L
SELT” M
¥861°L
S9TT'L
SHT'L
PE9T L
FIRT'L
1S0€°L
991 ¢ 'L
9see L]
pobe L]
Sese L]
789€°L-
09L" L]
02S9°L-
TILYL]

A
CF3
D92
I—|—|
=
=
-l

PN,

i

1TCI
 SEl
81'C

!

27 616-1qq-12. 10.

0.5

1.0

2.0

2.5

3.0

35

50 45 4.0

5330

5.5
Chemical Shift (ppm)

6.0

6.5

100 95 90 85 80 75 7.0

10.5




516-1qq-12. 10. fid

25 B

1 vyl

7

22-06-2

o

v ar—

PR9L
.E.__..._,.JLI\./
BY'LL

tECll
97'1ZI
01Tl
91°ZTI
1921
[€9C1
L6LT
TERTI
ZL'8TI
ELRTI
65°1€1
qﬁﬁmﬁw
v oL
mmﬁmmv
86'THI
@@mqﬁv.
rEor1

10

30

40

50

70

P

CF3
D92
80

Ph N
90

S331

00

1

Chemical Shift (ppm)

110

120

130

| | L L
160 150 140

170

180

0



2022-06-21 yy0025 616-1gg-12. 11. fid

W
=
o
o
|
Ph ~> N. N /\/\ Ph
CF3
D92
-15 =20 -25 -30 -35 -40 -45 -50 -55 -6 -65 =70 =75

Chemical Shift (ppm)

5332



