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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. Non-halogenated solvents were dried over sodium
benzophenone, 2-methyltetrahydrofuran (2-Me-THF) was dried over calcium hydride,
and halogenated solvents were dried over P,Os. 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 (J) 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 pm, 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 pm). 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. Screening of reaction parameters

Closed system:

t-BuOK R
RPNoH + HN-R ————» RN

RCN H
A B C

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume)
was charged with a magnetic stirring bar, base, alcohol (A1), amine (B1), nitrile, and
solvent. 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 NaxSO4 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 C1 (pentane/ethyl ether = 15/1 — 5/1) in

the reported yield.

Entry Parameter

Table S1 The difference of base screening
Table S2 The difference of solvent screening
Table S3 Screening the loading of --BuOK
Table S4 Reaction temperature screening
Table S5 The ratio of A1 and B1 screening
Table S6 Reaction system screening
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Table S1: The difference of base screening

P NoH + HoN—Ph ﬂ» F>h/\H’Ph
A1 B1 PhCN C1

Entry Base (1.6 equiv) C1 (%)
1 Li2COs 0
2 LiOH 0
3 t-BuOLi 0
4 LiHMDS 0
5 LDA 0
6 Na>COs3 0
7 NaOH 0
8 t-BuONa 15
9 NaHMDS 0
10 NaHCO3 0
11 NaH <5
12 NaNH <5
13 NaOAc 0
14 K>COs 0
15 KHCO3 0
16 K3PO4 0
17 KoHPO4 0
18 KOH 0
19 t-BuOK 95
20 KHMDS 86
21 KH 73
22 Cs2CO0O3 0
23 CsOH 0
24 t-BuOCs <5
25 EtsN 0
26 Pyridine 0
27 DBU 0
28 TMEDA 0
29 DABCO 0
30 DMAP 0
31 - 0

¢ Reaction conditions: base (0.8 mmol), Al (1.0 mmol, 104 pL), B1 (0.6 mmol, 55 pL),
PhCN (0.5 mmol, 51 pL), 1,4-dioxane (2.0 mL), 120 °C (extern temperature), N, 15 h.
Yield of C1 determined by GC-analysis using n-dodecane (50 pL) as internal standard.
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Table S2: The difference of solvent screening “

P NoH  + H.N—Ph _BUOR e SPh
A1 B1 PhCN CI-’I|

Entry Solvent (2 mL) C1 (%)
1 xylene 49

2 toluene 64

3 benzene 56

4 anisole 82

5 1,4-dioxane 95

6 THF 36

7 2-THF 74

8 diglyme 58

9 CH3;0H 0

10 CH3;CH>OH 0

11 i-PrOH 0

12 -BuOH <5

13 t-AmOH 7

14 DCM 0

15 DCE 0

16 CHCl3 0

17 CH3NO, 0

18 NMP 32

19 DMSO 33

20 DMF 7

21 DMAc 6

22 CH3CO2CH2CH3 16

¢ Reaction conditions: --BuOK (0.8 mmol), A1 (1.0 mmol, 104 pL), B1 (0.6 mmol, 55
pL), PhCN (0.5 mmol, 51 pL), solvent (2.0 mL), 120 °C (extern temperature), N2, 15 h.
Yield of C1 determined by GC-analysis using n-dodecane (50 pL) as internal standard.
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Table S3: Screening the loading of --BuOK ¢

P NoH  + H.N—Ph _ PBuOK Ph/\H’Ph
A1 B1 PhCN C1
Entry t-BuOK (mmol) C1 (%)
1 0 0
2 0.1 0
3 0.2 <5
4 0.4 34
5 0.5 59
6 0.6 72
7 0.7 91
8 0.8 95
9 0.9 94
10 1.0 95
11 1.2 94
12 1.4 95
13 1.6 91
14 1.8 89
15 2.0 85

¢ Reaction conditions: -BuOK (x mmol), A1 (1.0 mmol, 104 uL), B1 (0.6 mmol, 55
uL), PhCN (0.5 mmol, 51 pL), 1,4-dioxane (2.0 mL), 120 °C (extern temperature), N2,
15 h. Yield of C1 determined by GC-analysis using n-dodecane (50 pL) as internal
standard.
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Table S4: Reaction temperature screening “

P NoH  + H.N—Ph _ PBuOK Ph/\H’Ph

A1 B1 PhoN C1
Entry T [°C] C1 (%)

1 RT 0
2 40 0
3 60 0
4 80 21
5 100 52
6 120 95
7 130 94
8 140 88
9 150 62
10° 160 41
1 180 <5

4 Reaction conditions: --BuOK (0.8 mmol), A1 (1.0 mmol, 104 puL), B1 (0.6 mmol, 55
uL), PhCN (0.5 mmol, 51 pL), 1,4-dioxane (2.0 mL), T (extern temperature), N2, 15 h.
Yield of C1 determined by GC-analysis using n-dodecane (50 pL) as internal standard.
b Reactions carried out in the autoclave.
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Table S5: The ratio of A1 and B1 screening “

P NoH  + H.N—Ph _ PBuOK Ph/\H’Ph
A1 B1 PhCN C1

Entry A1l (mmol) B1 (mmol) PhCN (mmol) C1 (%)
1 0.5 0.6 0.5 76
2 0.6 0.6 0.5 88
3 0.7 0.6 0.5 90
4 0.8 0.6 0.5 90
5 0.9 0.6 0.5 91
6 1.0 0.6 0.5 95
7 1.0 0.5 0.5 69
8 1.0 0.55 0.5 90
9 1.0 0.75 0.5 95
10 1.0 0.5 0 0
11 1.0 0.5 0.1 10
12 1.0 0.5 0.25 39
13 1.0 0.5 0.75 90
14 1.0 0.5 0.8 96
15 1.0 0.5 0.85 95
16 1.0 0.5 0.9 96
17 1.0 0.5 1.0 96
18 0.5 1.0 0.5 71
19 0.5 1.0 0.75 71
20 0.5 1.0 1.0 73

¢ Reaction conditions: ~BuOK (0.8 mmol), A1 (x mmol), B1 (x mmol), PhCN (x
mmol), 1,4-dioxane (2.0 mL), 120 °C (extern temperature), N2, 15 h. Yield of C1
determined by GC-analysis using n-dodecane (50 pL) as internal standard.
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Table S6: Reaction system screening ¢

P NoH  + H.N—Ph _ PBuOK Ph/\H’Ph
A1 B1 PhCN C1
Entry System C1 (%)
1 Seal tube N2 96
2 Seal tube Ar 95
3 Seal tube air 83
4 Seal tube Oz <5
5 Open-reflux N2 91
6 Open-reflux Ar 90
7 Open-reflux air 81
8 Open-reflux 0)) <5

¢ Reaction conditions: ~-BuOK (0.8 mmol), A1 (1.0 mmol), B1 (0.5 mmol), PhCN (0.8
mmol), 1,4-dioxane (2.0 mL), 120 °C (extern temperature), N2, 15 h. Yield of C1
determined by GC-analysis using n-dodecane (50 pL) as internal standard.
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3. General procedure for the N-alkylation reaction

Closed system:

t-BuOK R2
R1/\OH + HZN_R2 TCN> R1/\H’
A B Cc

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume)
was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol, 90 mg), alcohols A (1.0
mmol), amines B (0.5 mmol), nitriles D (0.8 mmol), toluene (2.0 mL). The seal tube
was closed tightly with a teflon cap, removed from the glove box and immersed into a
pre-heated oil bath (120 °C). After 15 hours the r'eaction was cooled, quenched with
half-saturated brine and extracted with dichloromethane (4 x 15 mL). The combined
organic phase was dried over Na>SO4 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 C

(pentane/ethyl ether = 15/1 — 5/1) in the reported yield, respectively.
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4. Characterization data

N-benzylaniline (C1) :The title compound was prepared according to the general

procedure and purified by column chromatography to give the

_Ph
©/\ N light yellow oil 83 mg, 91% yield. Purification by column

1 chromatography on silica gel (pentane/ethyl ether = 20 : 1).

"H NMR (299.86 MHz, 23.0 °C, CDCl3): 8 = 7.40 — 7.31 (m,
5H), 7.21 (t, J=7.6 Hz, 2H), 6.76 (t, J= 7.2 Hz, 1H), 6.67 (d, J = 8.1 Hz, 2H), 4.36 (s,
2H), 4.06 (bs, 1H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CDCl): & = 148.1, 139.4,
129.2, 128.6, 127.5, 127.2, 117.5, 112.8, 48.3 ppm. HRMS (ESI) calcd. for Ci3H14N
[M+H]: 184.1126, found: 184.1129.

N-(4-chlorobenzyl)aniline (C2): The title compound was prepared according to the

general procedure and purified by column chromatography

.Ph
/©/\” to give as the light yellow oil 89 mg, 82% yield.
Cl

Purification by column chromatography on silica gel
C2

(pentane/ethyl ether = 20 : 1). 'H NMR (299.86 MHz,
23.0 °C, CDCL): § = 7.35 (d, J = 3.8 Hz, 4H), 7.27 — 7.21 (m, 2H), 6.82 — 6.77 (m,
1H), 6.68 — 6.65 (m, 2H), 4.35 (s, 2H), 4.09 (bs, 1H) ppm; *C NMR (75.41 MHz, 23.0
°C, CDCls): 6 =147.7,137.9, 132.7, 129.2, 128.7, 128.6, 117.7, 112.8, 47.5 ppm.
HRMS (ESI) calced. for C13Hi3CIN [M+H]: 218.0737, found: 218.0738.

N-(4-bromobenzyl)aniline (C3): The title compound was prepared according to the

general  procedure and  purified by  column

_Ph
/©/\” chromatography to give the yellow oil 92 mg, 70% yield.
Br Purification by column chromatography on silica gel

C3

(pentane/ethyl ether = 20 : 1). "H NMR (299.86 MHz,
23.0 °C, CDCL3): § = 7.58-7.55 (m, 2H), 7.36 — 7.29 (m, 4H), 6.87-6.82 (m, 1H), 6.71
(d, J=7.1 Hz, 2H), 4.39 (s, 2H), 4.15 (bs, 1H) ppm; 3C NMR (75.41 MHz, 23.0 °C,
CDCh): 6 = 147.7, 138.5, 131.6, 129.3, 129.0, 120.9, 117.8, 112.8, 47.6 ppm. HRMS
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(ESI) caled. for Ci3Hi3BrN [M+H]: 262.0231, found: 262.0235.

N-(3-methylbenzyl)aniline (C4): The title compound was prepared according to the

general procedure and purified by column chromatography

.Ph
\©/\” to give the yellow oil 83 mg, 84% yield. Purification by

column chromatography on silica gel (pentane/ethyl ether
C4

=30 : 1). '"H NMR (299.86 MHz, 23.0 °C, CDCL): § =
7.23-7.18 (m, SH), 7.15 (d, J= 7.2 Hz, 1H), 6.74 (t, J= 7.3 Hz, 1H), 6.64 (d, J= 7.6
Hz, 2H), 4.27 (s, 2H), 3.95 (bs, 1H), 2.38 (s, 3H) ppm; 3C NMR (75.41 MHz, 23.0 °C,
CDCL): § = 148.1, 139.3, 138.2, 129.1, 128.4, 128.2, 127.9, 124.5, 117.4, 112.7, 48.2,
21.3 ppm. HRMS (ESI) calcd. for Ci4HisN [M+H]: 198.1283, found: 198.1278.

N-(2-methylbenzyl)aniline (C5): The title compound was prepared according to the

e

general procedure and purified by column chromatography to

”/Ph give the yellow oil 67 mg, 68% yield. Purification by column
chromatography on silica gel (pentane/ethyl ether = 30 : 1).

~ cs / TH NMR (299.86 MHz, 23.0 °C, CDCl3): 8 = 7.43 (d, J = 6.1

Hz, 1H), 7.31 — 7.26 (m, 5H), 6.85 — 6.68 (m, 1H), 6.74 — 6.71 (m, 2H), 4.35 (s, 2H),
3.90 (bs, 1H), 2.47 (d, J = 1.7 Hz, 3H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CDCl):
0 = 148.2, 136.9, 136.3, 130.3, 129.2, 128.2, 127.3, 126.1, 117.4, 112.6, 46.3, 18.9
ppm. HRMS (ESI) caled. for Ci4HisN [M+H]: 198.1283, found: 198.1281.

N-(4-(tert-butyl)benzyl)aniline (C6): The title compound was prepared according to

( Ph\ the general procedure and purified by column
H chromatography to give a white solid 108 mg, 90% yield.

Purification by column chromatography on silica gel

\ C6 (pentane/ethyl ether = 30 : 1). '"H NMR (299.86 MHz,

g

23.0 °C, CD,Cl): & = 7.36 (dd, J = 19.9, 8.3 Hz, 4H), 7.17 (t, J = 6.2 Hz, 2H), 6.72 (t,
J=17.3Hz, 1H), 6.65 (d, J = 7.8 Hz, 2H), 4.30 (s, 2H), 4.00 (bs, 1H), 1.33 (s, 9H) ppm;
13C NMR (75.41 MHz, 23.0 °C, CD2CLy): § = 150.2, 148.5, 136.7, 129.2, 127.3, 125.5,
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117.3, 112.8, 47.8, 34.5, 31.2 ppm. HRMS (ESI) calcd. for C17H2N [M+H]: 240.1752,
found: 240.1753.

N-(4-methoxybenzyl)aniline (C7): The title compound was prepared according to the

( Y\ general procedure and purified by column chromatography

_Ph
” to give a white solid 98 mg, 92% yield. Purification by
e

column chromatography on silica gel (pentane/ethyl ether

L C7 J =30:1). "H NMR (299.86 MHz, 23.0 °C, CDCL): & =

7.31 (d, J=8.3 Hz, 2H), 7.19 (t, J = 7.5 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.73 (t, J =
7.3 Hz, 1H), 6.63 (d, J = 7.7 Hz, 2H), 4.27 (s, 2H), 3.96 (bs, 1H), 3.82 (s, 3H) ppm;
13C NMR (75.41 MHz, 23.0 °C, CDClz): 6 = 158.8, 148.2, 131.3, 129.2, 128.8, 117.4,
114.0, 112.8, 55.3, 47.7 ppm. HRMS (ESI) calcd. for CisHisNO [M+H]: 214.1232,
found: 214.1234.

N-(2-methoxybenzyl)aniline (C8): The title compound was prepared according to the

general procedure and purified by column chromatography

s A
~N
O to give a white solid 73 mg, 69% yield. Purification by
_Ph
” column chromatography on silica gel (pentane/ethyl ether =
30 : 1). 'TH NMR (299.86 MHz, 23.0 °C, CDCl3): 6 = 7.33 (d,
C8
. J

J=17.4Hz, 1H), 7.28 (t, J= 8.1 Hz, 1H), 7.19 (dd, J = 11.3,
4.3 Hz, 2H), 6.92 (dd, J = 16.1, 7.9 Hz, 2H), 6.74 — 6.67 (m, 3H), 4.36 (s, 2H), 4.15 (bs,
1H), 3.88 (s, 3H) ppm; *C NMR (75.41 MHz, 23.0 °C, CDCL): & = 157.3, 148.4,
129.1, 128.8, 128.2, 127.3, 120.5, 117.3, 113.0, 110.2, 55.2, 43.4 ppm. HRMS (ESI)
calcd. for Ci1sH1sNO [M+H]: 214.1232, found: 214.1233.

N-(naphthalen-1-ylmethyl)aniline (C9): The title compound was prepared according

f \ to the general procedure and purified by column
O oh chromatography to give a white solid 81 mg, 70% yield.
O ” Purification by column chromatography on silica gel

co (pentane/ethyl ether = 30 : 1, DCM 1%). '"H NMR (299.86
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MHz, 23.0 °C, CDClz): § = 8.22-8.19 (m, 1H), 8.06-8.03 (m, 1H), 7.96 (d, J = 8.1 Hz,
1H), 7.68 — 7.64 (m, 3H), 7.59— 7.54 (m, 1H), 7.38 (t, J = 7.8 Hz, 2H), 6.94 (t, J = 7.3
Hz, 1H), 6.79 (d, J = 7.9 Hz, 2H), 4.81 (s, 2H), 4.04 (bs, 1H) ppm; *C NMR (75.41
MHz, 23.0 °C, CDCl): 6 = 148.2, 134.3, 133.8, 131.5, 129.3, 128.7, 128.1, 126.3,
126.0, 125.8, 125.5, 123.5, 117.5, 112.7, 46.4 ppm. HRMS (ESI) calcd. for Ci7H 6N
[M-+H]: 234.1283, found: 234.1284.

N-(naphthalen-1-ylmethyl)aniline (C10): The title compound was prepared

according to the general procedure and purified by column

S _Ph
N chromatography to give the yellow oil 76 mg, 80% yield.
\ | H graphy to g y g y

Purification by column chromatography on silica gel
Cc10

(pentane/ethyl ether = 20 : 1). "TH NMR (299.86 MHz, 23.0 °C,
CDxCl): 6 = 7.33 — 7.25 (m, 3H), 7.13 — 7.06 (m, 2H), 6.84 — 6.76 (m, 3H), 4.61 (s,
2H), 4.26 (bs, 1H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CD2CL): § = 147.8, 143.4,
129.2, 126.8, 125.0, 124.5, 117.9, 113.1, 43.3. HRMS (ESI) calcd. for Ci1Hi2NS
[M-+H]: 190.0690, found: 190.0692.

N-benzhydrylaniline (C11): The title compound was prepared according to the

- N general procedure and purified by column chromatography
il _Ph to give a white solid 46 mg, 36% yield. Purification by
H column chromatography on silica gel (pentane/ethyl ether
c11 =30 : 1, DCM 3%). 'TH NMR (299.86 MHz, 23.0 °C,
\ J

CDCl3): & = 7.45-7.37 (m, 8H), 7.33 (d, J = 7.2 Hz, 2H),
7.21 —7.17 (m, 2H), 6.79-6.75 (m, 1H), 6.62 — 6.60 (m, 2H), 5.58 (s, 1H), 4.29 (bs, 1H)
ppm; BC NMR (75.41 MHz, 23.0 °C, CDCl3): 8 = 147.4, 142.9, 129.1, 128.8, 127.5,
127.4, 117.7, 113.5, 63.1 ppm. HRMS (ESI) calcd. for CioHisN [M+H]: 260.1439,
found: 260.1437.

N-heptylaniline (C12): The title compound was prepared according to the general

procedure and purified by column chromatography to give a white solid 36 mg, 41%
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yield. Purification by column chromatography on silica gel

-Ph
/(\/\” (pentane/ethyl ether = 30 : 1). '"H NMR (299.86 MHz, 23.0

°C, CD,Cl): & = 7.22-7.17 (m, 2H), 6.73-6.68 (m, 1H),

6.66-6.63 (m, 2H), 3.70 (bs, 1H), 3.14 (t, J = 7.2 Hz, 2H),
1.68-1.64 (m, 2H), 1.46-1.38 (m, 6H), 1.00-0.96 (m, 3H) ppm; '*C NMR (75.41 MHz,
23.0 °C, CD2Cly): 6 =148.8, 129.1, 116.8, 112.5,43.9, 31.7, 29.5, 26.9, 22.7, 13.9 ppm.
HRMS (ESI) calcd. for C12H20N [M+H]: 178.1595, found: 178.15956.

N-(2-(6,6-dimethylbicyclo[3.1.1]heptan-2-yl)ethyl)aniline (C13): The title

compound was prepared according to the general procedure

.Ph
” and purified by column chromatography to give a white
c13 solid 61 mg, 53% yield. Purification by column

chromatography on silica gel (pentane/ethyl ether = 30 : 1,
DCM 1%). "TH NMR (299.86 MHz, 23.0 °C, CD:CL): 8 = 7.19 — 7.14 (m, 2H),
6.70-6.65 (m, 1H), 6.65 — 6.58 (m, 2H), 5.40 — 5.13 (m, 1H), 3.83 —3.58 (m, 3H), 2.48
—2.35 (m, 4H), 2.04-2.01 (m, 1H), 1.99 — 1.83 (m, 2H), 1.40 (d, J = 9.3 Hz, 1H), 1.38
(s, 1H), 1.31 (s, 2H), 0.79 (d, J = 4.5 Hz, 3H). 13C NMR (75.41 MHz, 23.0 °C,
CD:Cl): 6 = 148.6, 145.8, 129.0, 118.6, 118.2, 116.9, 116.8, 112.7, 45.3, 41.2, 40.9,
40.8, 40.7, 40.5, 27.5, 26.0, 25.9, 25.7, 24.8, 23.7, 23.6, 21.7, 21.5, 19.7. HRMS (ESI)
calcd. for CisH24aN [M-+H]: 230.1909, found: 230.190.

N-(3,7-dimethyloct-6-en-1-yl)aniline (C14): The title compound was prepared

)\/\)\/\ according to the general procedure and purified
Ph . . .

X H’ by column chromatography to give a white solid

C14 46 mg, 40% yield. Purification by column

chromatography on silica gel (pentane/ethyl ether = 30 : 1, DCM 1%). 'TH NMR
(299.86 MHz, 23.0 °C, CDCl3): 6 = 7.22 (t, J = 7.9 Hz, 2H), 6.74 (td, J = 7.3, 0.8 Hz,
1H), 6.65 (d, J = 8.5 Hz, 2H), 5.16 (t, J = 7.1 Hz, 1H), 3.58 (bs, 1H), 3.29 — 3.01 (m,
2H), 2.06 (dt, J=15.5, 7.8 Hz, 2H), 1.74 (d, /= 7.7 Hz, 3H), 1.72 — 1.56 (m, 5H), 1.46
(tdd, J = 11.9, 11.0, 7.0 Hz, 2H), 1.36 — 1.17 (m, 1H), 1.00 (d, J = 6.4 Hz, 3H); ¥C
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NMR (75.41 MHz, 23.0 °C, CDCls): 6 = 148.6, 131.3, 129.2, 124.7, 117.1, 112.71,
42.0, 37.1, 36.7, 30.5, 25.8, 25.5, 19.6, 17.7. HRMS (ESI) calcd. for CisH2sN [M+H]:
232.2065, found: 232.2066.

N-benzyl-4-chloroaniline (C15): The title compound was prepared according to the

( H | general procedure and purified by  column
N ~Fh . . .
/©/ chromatography to give the yellow oil 91 mg, 84% yield.
Cl Purification by column chromatography on silica gel
C15
. ) (pentane/ethyl ether = 20 : 1). TH NMR (299.86 MHz,

23.0 °C, CDCls): & = 7.42 — 7.33 (m, 5H), 7.20 — 7.15 (m, 2H), 6.61 — 6.56 (m, 2H),
4.34 (s, 2H), 4.09 (bs, 1H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CDCls): & = 146.5,
138.8, 128.9, 128.6, 127.3, 127.2, 121.9, 113.8, 48.2 ppm. HRMS (ESI) calcd. for
Ci3H5CIN [M+H]: 218.0737, found: 218.0738.

N-benzyl-4-bromoaniline (C16): The title compound was prepared according to the

( H | general procedure and  purified by column
NvPh

/©/ chromatography to give the yellow oil 89 mg, 68% yield.

Br Purification by column chromatography on silica gel

\ c16 ) (pentane/ethyl ether = 20 : 1). '"H NMR (299.86 MHz,

23.0 °C, CDCls): & = 7.40 — 7.33 (m, 5H), 7.28 (d, J = 8.8 Hz, 2H), 6.53 (d, J = 8.8 Hz,
2H), 4.33 (s, 2H), 4.11 (bs, 1H) ppm; '3C NMR (75.41 MHz, 23.0 °C, CDCl3): § =
147.0, 138.8, 131.8, 128.6, 127.3, 114.3, 109.0, 48.1 ppm. HRMS (ESI) calcd. for
Ci3Hi3BrN [M+H]: 262.0231, found: 262.0233.

N-benzyl-4-iodoaniline (C17): The title compound was prepared according to the

- ~ general procedure and purified by column
H
NvPh chromatography to give a white solid 66 mg, 43% yield.
Purification by column chromatography on silica gel
I
C17 (pentane/ethyl ether = 20 : 1). '"H NMR (299.86 MHz,
(. J/

23.0 °C, CDCL): § = 7.47 — 7.46 (m, 2H), 7.40 — 7.31 (m,
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5H), 6.47 — 6.42 (m, 2H), 4.33 (d, J = 4.6 Hz, 2H), 4.13 (bs, 1H) ppm; *C NMR
(75.41 MHz, 23.0 °C, CDCl3): 6 = 147.5, 138.2, 137.7, 128.2, 127.2, 127.3, 115.0, 78.0,
47.9 ppm. HRMS (ESI) calcd. for Ci3Hi3IN [M+H]: 310.0093, found: 310.0094.

4-(benzylamino)benzonitrile (C18): The title compound was prepared according to

4 )

H the general procedure and purified by column
N\/Ph . . . .
/©/ chromatography to give a white solid 27 mg, 26% yield.
NC Purification by column chromatography on silica gel
C18

\

L

(pentane/ethyl ether = 20 : 1). 'TH NMR (299.86 MHz,

23.0 °C, CDCls): 6 = 7.41 — 7.40 (m, 2H), 7.38-7.31 m, 5SH), 6.59 (d, J = 8.8 Hz, 2H),
4.66 (bs, 1H), 4.38 (d, J = 5.5 Hz, 2H) ppm; *C NMR (75.41 MHz, 23.0 °C, CDCls):
o = 151.1, 137.8, 133.8, 128.9, 127.7, 127.3, 120.2, 112.4, 98.5, 47.5 ppm. HRMS
(ESJ) caled. for Ci14Hi3N2 [M+H]: 209.1079, found: 209.1077.

N-benzyl-4-ethylaniline (C19): The title compound was prepared according to the

( H ) general procedure and purified by column
/©/ N\/Ph chromatography to give the yellow oil 95 mg, 90% yield.

Et Purification by column chromatography on silica gel
\ c19 ) (pentane/ethyl ether = 20 : 1). '"H NMR (299.86 MHz,

23.0 °C, CDCl3): 6 = 7.44 — 7.26 (m, 5H), 7.09-7.06 (m, 2H), 6.66-6.62 (m, 2H), 4.35
(s, 2H), 3.95 (bs, 1H), 2.60 (q, J = 7.5 Hz, 2H), 1.24 (t, J = 7.6 Hz, 3H) ppm; *C
NMR (75.41 MHz, 23.0 °C, CDCls): & = 146.1, 139.6, 133.3, 128.5, 128.5, 127.5,
127.1, 112.9, 48.6, 27.9, 15.9 ppm. HRMS (ESI) caled. for C1sHisN [M+H]: 212.1439,
found: 212.1438.

N-benzyl-2,5-dimethylaniline (C20): The title compound was prepared according to

- ~ the general procedure and purified by column
H

NvPh chromatography to give the yellow oil 106 mg, 71%

\@ yield. Purification by column chromatography on silica

C20 ) gel (pentane/ethyl ether =20 : 1). '"H NMR (299.86 MHz,
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23.0 °C, CDCls): & = 7.48 — 7.43 (m, 4H), 7.39-7.36 (m, 1H), 6.51 (s, 1H), 6.38 (s, 2H),
4.39 (s, 2H), 3.97 (bs, 1H), 2.34(s, 6H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CDCL):
5 = 148.3, 139.6, 138.8, 128.5, 127.5, 127.1, 119.5, 110.87, 48.3, 21.4 ppm. HRMS
(ESI) calcd. for CrsHisN [M+H]: 212.1439, found: 212.1440.

N-benzyl-3,5-dimethylaniline (C21): The title compound was prepared according to

( A

H the general procedure and purified by column

vah chromatography to give the yellow oil 87 mg, 83% yield.

Purification by column chromatography on silica gel

\ C21 / (pentane/ethyl ether = 20 : 1). "TH NMR (299.86 MHz,

23.0 °C, CDCl3): 6 = 7.48 — 7.38 (m, 5H), 6.51 (d, J = 3.7 Hz, 1H), 6.39(d, J = 4.2 Hz,
2H), 4.39 (d, J = 4.2 Hz, 2H), 3.97 (bs, 1H), 2.35 (d, J = 4.0 Hz, 6H) ppm; '*C NMR
(75.41 MHz, 23.0 °C, CDCl3): 6 = 148.2, 139.6, 138.8, 128.5, 127.4, 127.1, 119.5,
110.7, 48.3, 21.4 ppm. HRMS (ESI) calcd. for CisHisN [M+H]: 212.1439, found:
212.1437.

N-benzyl-2-(tert-butyl)aniline (C22): The title compound was prepared according to
e N\

H Ph the general procedure and purified by column
~~
chromatography to give a white solid 69 mg, 58% yield.

Purification by column chromatography on silica gel

C22 | (pentane/ethyl ether = 30 : 1, DCM 1%). "H NMR (299.86

.

MHz, 23.0 °C, CDCls): 8 = 7.60 — 7.28 (m, 6H), 7.17 (d, J = 6.4 Hz, 1H), 6.77 (dt, J =

14.4,7.7 Hz, 2H), 4.47 (d, J = 6.3 Hz, 2H), 4.35 (s, 1H), 1.51 (d, J = 6.4 Hz, 9H) ppm;
13C NMR (75.41 MHz, 23.0 °C, CDCl3): 6 = 146.1, 139.6, 133.2, 128.7, 127.4, 127.2,
126.2, 117.2, 111.9, 109.9, 109.9, 48.8, 34.5, 29.9 ppm. HRMS (ESI) calcd. for
Ci17H2oN [M+H]: 240.1752, found: 240.1753.

N-benzyl-[1,1'-biphenyl]-2-amine (C23): The title compound was prepared according
to the general procedure and purified by column chromatography to give a white solid

91 mg, 70% yield. Purification by column chromatography on silica gel (pentane/ethyl
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( \ ether =6 : 1, DCM 10%). '"H NMR (299.86 MHz, 23.0 °C,

H
@[vah CDCLs): 8 = 7.78 — 7.67 (m, 4H), 7.61 — 7.40 (m, 8H), 7.06 (t,

o J=17.3Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 4.69 (bs, 1H), 4.55

c23 (s, 2H) ppm; *C NMR (75.41 MHz, 23.0 °C, CDCl): § =

145.2, 139.8, 130.5, 129.7, 129.2, 129.0, 128.9, 127.9, 127.6,
127.3, 117.5, 111.1, 48.3 ppm. HRMS (ESI) calcd. for CioHisN [M+H]: 260.1439,
found: 260.1440.

N-benzyl-4-methoxyaniline (C24): The title compound was prepared according to the

( N

H

N
/©/ ~-Ph chromatography to give a white solid 96 mg, 90% yield.
MeO Purification by column chromatography on silica gel

g C24 )

general procedure and purified by column

(pentane/ethyl ether = 30 : 1, DCM 1%). '"H NMR
(299.86 MHz, 23.0 °C, CDCLs): & = 7.41 — 7.34 (m, 4H), 7.31 — 7.29 (m, 1H), 6.81 —
6.79 (m, 2H), 6.64 — 6.62 (m, 2H), 4.30 (s, 2H), 3.76 (s, 3H) ppm; 3C NMR (75.41
MHz, 23.0 °C, CDCls): 6 = 152.3, 142.3, 139.6, 128.6, 127.6, 127.2, 114.9, 114.2, 55.8,
49.3 ppm. HRMS (ESI) calcd. for Ci14H16NO [M+H]: 214.1232, found: 214.1232.

N-benzyl-3-methoxyaniline (C25): The title compound was prepared according to the

1 N\ general procedure and purified by column

H
Me0\©/Nv Ph chromatography to give a white solid 81 mg, 76% yield.

Purification by column chromatography on silica gel

L C25 (pentane/ethyl ether = 30 : 1, DCM 1%). 'TH NMR

J

(299.86 MHz, 23.0 °C, CDCl3): 6 = 7.43 — 7.33 (m, 5H), 7.14 (t, J = 8.1 Hz, 1H), 6.36
—6.25 (m, 2H), 6.24 (t, J = 2.3 Hz, 1H), 4.35 (s, 2H), 4.14 (bs, 1H), 3.80 (s, 3H) ppm;
I3C NMR (75.41 MHz, 23.0 °C, CDCl3): 6 = 160.9, 149.6, 139.4, 130.1, 128.7, 127.6,
127.3, 106.1, 102.8, 99.0, 55.1, 48.4 ppm. HRMS (ESI) calcd. for Ci14HisNO [M+H]:
214.1232, found: 214.1235.

N-benzyl-4-(thiophen-2-yl)aniline (C26): The title compound was prepared

according to the general procedure and purified by column chromatography to give a
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white solid 110 mg, 83% yield. Purification by

4 N\
H
vah column chromatography on silica gel (pentane/ethyl
N ether = 20 : 1, DCM 10%). '"H NMR (299.86 MHz,
S — 26 23.0 °C, CD2ClL2): 6 = 7.46 — 7.28 (m, 10H), 6.69 (d,
\\ J

J = 8.0 Hz, 2H), 4.39 (s, 2H), 4.20 (bs, 1H) ppm; 3C

NMR (75.41 MHz, 23.0 °C, CD2CL): 6 = 147.3, 142.5, 139.2, 128.6, 127.4, 127.4,
127.2, 126.1, 125.7, 125.56, 117.7, 113.0, 109.9, 109.9, 48.2 ppm. HRMS (ESI) calcd.
for C17H16NS [M+H]: 266.1003, found: 266.1005.

(E)-N-benzyl-4-styrylaniline (C27): The title compound was prepared according to

the general procedure and purified by column

H

N
/\/©/ ~-Ph chromatography to give a white solid 94 mg, 66%
Ph” XX yield. Purification by column chromatography on

silica gel (pentane/ethyl ether =20 : 1, DCM 10%)).

-
(9]
N
~
\\

TH NMR (299.86 MHz, 23.0 °C, CDCls): 8 = 7.50 (d, J = 7.7 Hz, 2H), 7.43 — 7.20 (m,
10H), 7.00 (dd, J = 39.8, 16.2 Hz, 2H), 6.66 (d, J = 8.3 Hz, 2H), 4.39 (s, 2H), 4.24 (bs,
1H) ppm; C NMR (75.41 MHz, 23.0 °C, CDCl3): 8 = 147.8, 139.1, 138.1, 128.8,
128.7, 128.6, 127.8, 127.5, 127.3, 127.1, 126.8, 126.6, 124.6, 113.0, 48.2 ppm. HRMS
(ESJ) caled. for C21H20N [M+H]: 286.1596, found: 286.1597.

N-benzyl-5-bromopyridin-2-amine (C28): The title compound was prepared

( )

H according to the general procedure and purified by

| A N\/Ph column chromatography to give a white solid 69 mg,

~N 75% yield. Purification by column chromatography on

h c28 # silica gel (pentane/ethyl ether = 5 : 1, DCM 10%). 'H

NMR (299.86 MHz, 23.0 °C, CDCls): § = 8.08 (d, J = 4.4 Hz, 1H), 7.48 — 7.28 (m,
5H), 7.27 — 7.17 (m, 1H), 6.63 — 6.50 (m, 1H), 6.35 (d, J = 8.4 Hz, 1H), 4.92 (s, 1H),
4.48 (d, J = 5.7 Hz, 2H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CDCl3): & = 158.5,
148.2, 139.0, 137.4, 128.6, 127.4, 113.1, 106.8, 46.3. ppm. HRMS (ESI) calcd. for
Ci2H13N2 [M+H]: 185.1079, found: 185.1080.
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N-benzyl-5-bromopyridin-2-amine (C29): The title compound was prepared

r

H according to the general procedure and purified by

Br AN N\/Ph column chromatography to give a white solid 78 mg,
| N 60% yield. Purification by column chromatography on

- C29 ~ silica gel (pentane/ethyl ether = 5 : 1, DCM 10%).'"H

NMR (299.86 MHz, 23.0 °C, CDCls): § = 8.01 (d, J = 2.3 Hz, 1H), 7.37 (dd, J = 8.8,
2.5 Hz, 1H), 7.29 — 7.03 (m, 5H), 6.20 (d, J = 8.9 Hz, 1H), 4.99 (s, 1H), 4.39 (d, J =
5.8 Hz, 2H) ppm; *C NMR (75.41 MHz, 23.0 °C, CDCls): & = 157.1, 148.7, 139.7,
138.6, 128.7, 127.4, 127.3, 108.2, 107.2, 46.3 ppm. HRMS (ESI) caled. for
C12H12BrN; [M+H]: 263.0184, found: 263.0185.

N-benzylpyridin-2-amine (C30): The title compound was prepared according to the

( H ) general  procedure and  purified by  column
N\/Ph . . . .
| N chromatography to give a white solid 72 mg, 73% yield.
2 Purification by column chromatography on silica gel
C30

\\

\.

(pentane/ethyl ether = 5 : 1, DCM 10%). '"H NMR

(299.86 MHz, 23.0 °C, CDCl): 6 = 7.84 (d, /= 5.2 Hz, 1H), 7.40 — 7.02 (m, 5H), 6.49
—6.27 (m, 1H), 6.09 (s, 1H), 4.95 (bs, 1H), 4.38 (d, /= 5.7 Hz, 2H), 2.10 (s, 3H) ppm;
13C NMR (75.41 MHz, 23.0 °C, CDClz): 6 = 158.8, 148.3, 147.7, 139.3, 128.5, 127.3,
127.0, 114.6, 114.6, 106.9, 106.8, 46.2, 21.1 ppm. HRMS (ESI) calcd. for Ci3HisN:
[M-+H]: 199.1235, found: 199.1238.

N-benzylpyridin-3-amine (C31): The title compound was prepared according to the

( H ) general  procedure and  purified by column
N NvPh
| chromatography to give a white solid 75 mg, 81% yield.
=
N Purification by column chromatography on silica gel
C31
~ Z  (pentane/ethyl ether = 5 : 1, DCM 10%). '"H NMR

(299.86 MHz, 23.0 °C, CD:CL,): 5 = 8.07 (d, J= 2.9 Hz, 1H), 7.94 (dd, J = 4.6, 1.3 Hz,
1H), 7.48 — 7.20 (m, SH), 7.08 (dd, J = 8.3, 4.6 Hz, 1H), 6.93-6.89 (m, 1H), 4.40 (br,
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3H) ppm; 3C NMR (75.41 MHz, 23.0 °C, CD:Cl,): § = 143.7, 138.5, 138.2, 135.7,
128.2,126.9, 126.86, 123.1, 117.9, 47.2 ppm. HRMS (ESI) calcd. for Ci12H13N2 [M+H]:
185.1079, found: 185.1078.

N-(4-methylbenzyl)pyridin-3-amine (C33): The title compound was prepared
according to the general procedure and purified by

H
N N column chromatography to give a white solid 80 mg,

| _ 81% yield. Purification by column chromatography on

N C33

silica gel (pentane/ethyl ether = 30 : 1, DCM 1%). 'H
NMR (299.86 MHz, 23.0 °C, CD2Clz): 6 = 8.05 (dd, J = 2.9, 0.5 Hz, 1H), 7.93 (dd, J =
4.6, 1.4 Hz, 1H), 7.41 — 7.23 (m, 2H), 7.19 (dd, J= 7.0, 1.4 Hz, 2H), 7.07 (ddd, J = 8.3,
4.7, 0.7 Hz, 1H), 6.92-6.88 (m, 1H), 4.32 (s, 3H), 2.36 (s, 3H). ppm; 3C NMR (75.41
MHz, 23.0 °C, CD2CL): 6 = 144.2, 138.5, 137.1, 136.1, 135.7, 129.3, 127.3, 123.5,
118.3, 47.4, 20.8 ppm. HRMS (ESI) calcd. for Ci3HisN2 [M+H]: 199.1235, found:
199.1238.

N-(4-methoxybenzyl)pyridin-3-amine (C34): The title compound was prepared

r

J

according to the general procedure and purified by

OMe
H\/©/ column chromatography to give a white solid 88

0/ mg, 82% yield. Purification by column
N/ C34

chromatography on silica gel (pentane/ethyl ether

\.

=30: 1, DCM 1%). 'TH NMR (299.86 MHz, 23.0 °C, CD,Cly): 8 = 8.05 (d, J= 2.0 Hz,

1H), 7.93 (d, /=4.3 Hz, 1H), 7.43 — 7.23 (m, 2H), 7.08 (dd, J = 8.2, 4.6 Hz, 1H), 6.98
— 6.80 (m, 3H), 4.29 (s, 3H), 3.81 (s, 3H) ppm; 3C NMR (75.41 MHz, 23.0 °C,
CD2CL): 8 =159.0, 138.5, 136.1, 130.7, 128.6, 123.5, 118.3, 114.0, 47.1 ppm. HRMS
(ESJ) caled. for Ci13HisN2O [M+H]: 215.1184, found: 215.1184.

N-(4-(methylthio)benzyl)pyridin-3-amine (C35): The title compound was prepared
according to the general procedure and purified by column chromatography to give a

white solid 91 mg, 79% yield. Purification by column chromatography on silica gel
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. (pentane/ethyl ether = 30 : 1, DCM 1%). 'TH NMR

SMe| (299.86 MHz, 23.0 °C, CD:CL): § = 8.05 (s, 1H),

H
N 7.93 (d, J = 4.4 Hz, 1H), 7.45 — 7.17 (m, 4H), 7.07
| _ (dd, J = 82, 4.6 Hz, 1H), 6.97 — 6.70 (m, 1H),

N C35
\ 7 4.37-4.33 (m, 3H), 2.49 (d, J = 1.1 Hz, 3H) ppm; *C

NMR (75.41 MHz, 23.0 °C, CD:Cly): & = 138.7, 137.6, 136.1, 135.6, 127.9, 126.7,
123.5, 118.3, 47.2, 15.6 ppm. HRMS (ESI) calcd. for Ci3HisN2S [M+H]: 231.0956,
found: 231.0956.

N-(4-chlorobenzyl)-4-iodoaniline (C36): The title compound was prepared according

[ ) to the general procedure and purified by column

Cl
H\/©/ chromatography to give a white solid 68 mg, 40%
/©/ yield. Purification by column chromatography on
[ C36

\ ~/ silica gel (pentane/ethyl ether = 30 : 1, DCM 1%).

TH NMR (299.86 MHz, 23.0 °C, CDCl3): 6 = 7.46 — 7.43 (m, 2H), 7.39 — 7.33 (m, 4H),
6.47 — 6.44 (m, 2H), 4.34 (s, 3H) ppm; '3C NMR (75.41 MHz, 23.0 °C, CDCl3): 8 =
147.9, 138.1, 132.9, 129.4, 128.8, 128.7, 117.8, 112.9, 47.6 ppm. HRMS (ESI) calcd.
for C13H12CIIN [M+H]: 343.9703, found: 343.9704.

(E)-N-(4-chlorobenzyl)-4-styrylaniline (C37): The title compound was prepared

( according to the general procedure and

C N\
H \/©/ purified by column chromatography to give
I N O a white solid 113 mg, 71% yield.

C37 Purification by column chromatography on

. J

silica gel (pentane/ethyl ether = 30 : 1, DCM 1%). '"H NMR (299.86 MHz, 23.0 °C,

CDCL): § = 7.53 — 7.52 (m, 2H), 7.41 — 7.28 (m, 8H), 7.25-7.10 (m, 1H), 7.01 (dd, J =
38.0, 16.3 Hz, 2H), 6.64 (d, J = 8.4 Hz, 2H), 4.38 (s, 2H), 4.21 (bs, 1H) ppm; *C
NMR (75.41 MHz, 23.0 °C, CDCL): & = 147.4, 138.0, 137.7, 132.9, 128.8, 128.6,
128.6, 127.7, 126.8, 126.0, 124.7, 112.9, 47.4 ppm. HRMS (ESI) calcd. for C2iH1oCIN
[M+H]: 320.1206, found: 320.1203.
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N'-hexyl-N*-(4-methoxybenzyl)benzene-1,3-diamine (C38): The title compound was

( )

prepared according to the general

/\/\NQ\N procedure and purified by column
HC38 H/\©\0Me chromatography to give a white solid

A © 104 mg, 73% yield. Purification by

column chromatography on silica gel (pentane/ethyl ether = 30 : 1, DCM 1%). 'H
NMR (299.86 MHz, 23.0 °C, CD:Clz): 6 = 7.34 — 7.31 (m, 2H), 6.97 — 6.90 (m, 3H),
6.03 — 5.99 (m, 2H), 5.90 (t, /= 2.2 Hz, 1H), 4.25 (s, 2H), 3.82 (s, 3H), 3.08 (t, /= 7.0
Hz, 2H), 1.62 — 1.57 (m, 2H), 1.48 — 1.40 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H) ppm; *C
NMR (75.41 MHz, 23.0 °C, CD:Cly): 6 = 158.8, 149.9, 149.5, 131.9, 129.7, 128.6,
113.8, 102.7, 102.4, 96.9, 55.2, 47.6, 43.6, 31.7, 20.3, 13.7 ppm. HRMS (ESI) calcd.
for C1sH25N20 [M+H]: 285.1967, found: 285.1966.

N, N3-dibenzylbenzene-1,3-diamine (C39): The title compound was prepared

( Y\ according to the general procedure and
/@\ purified by column chromatography to

©/\H ”/\© give a white solid 95 mg, 66% yield.
q C39 ) Purification by column chromatography

on silica gel (pentane/ethyl ether = 30 : 1, DCM 1%). "TH NMR (299.86 MHz, 23.0 °C,
CD2ClL): 8 = 7.40-7.27 (m, 10H), 6.95 (t, J = 8.0 Hz, 1H), 6.05 (dd, J = 8.0, 2.1 Hz,
2H), 5.94 (t, J = 2.1 Hz, 1H), 4.30 (d, J = 3.5 Hz, 4H), 4.07 (bs, 2H) ppm; C NMR
(75.41 MHz, 23.0 °C, CD:Cl): & = 149.4, 140.0, 129.8, 128.5, 127.4, 127.0, 102.9,
97.2, 48.1 ppm. HRMS (ESI) calcd. for C2oH21N2 [M+H]: 289.1705, found: 289.1707.
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5. Gram scale experiments

t-BuOK _Ph
Ph/\OH + HZN—Ph T Ph/\H
PhCN
A1 B1 C1

Open system:

10 mmol Scale: Using a nitrogen-filled glove box, an oven-dried Schlenk tube
(250 mL volume) was charged with a magnetic stirring bar, ~-BuOK (16 mmol, 1.79 g),
benzyl alcohol A1 (20 mmol), aniline B1 (10 mmol), benzonitrile (16 mmol) and
1,4-dioxane (80 mL). The tube was sealed, taken out of the glove box and a reflux
condenser was attached under argon stream. The mixture was heated to a gentle reflux
for 24 hours under inert atmosphere in an open system at 120 °C (oil bath). After
cooling, quenched with half-saturated brine and extracted with dichloromethane (4 x
200 mL). The combined organic phase was dried over NaxSO4 and concentrated. Then
the corresponding reaction mixture was purified by flash column chromatography on a
silica gel column (pentane/ethyl ether = 10/1) to give the desired product C1 in 80.0 %
yield (1.47 g).

100 mmol Scale:

Using a nitrogen-filled glove box, an oven-dried flask (2.5 L volume) was
charged with a magnetic stirring bar, --BuOK (160 mol, 17.9 g), benzyl alcohol Al
(200 mmol), aniline B1 (100 mmol), benzonitrile (160 mmol) and 1,4-dioxane (0.5 L).
The flask was sealed, taken out of the glove box and a reflux condenser was attached
under argon stream. The mixture was heated to a gentle reflux for 48 hours under inert
atmosphere in an open system at 120 °C (oil bath). After cooling, quenched with
half-saturated brine and extracted with dichloromethane (4 x 1 L). The combined
organic phase was dried over Na;SO4 and concentrated. Then the corresponding
reaction mixture was purified by recrystallized to give the desired product C1

(pentane/diethyl ether at the -10 °C) in 70.99 % yield (13.01 g).
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1000 mmol Scale:

t-BuOK @)
P NoH + H,N—Ph > Ph/\H’Ph + )J\
A1 B1 D13 c1 Ph NH,
2000 mmol 1000 mmol 72% (137.8 g) 90% (108.9 g)

Under nitrogen, an oven-dried flask (25 L volume) was charged with a magnetic
stirring bar, --BuOK (1600 mol, 179 g), benzyl alcohol A1 (2000 mmol), aniline B1
(1000 mmol), benzonitrile (1600 mmol) and 1,4-dioxane (5 L). The flask was sealed
and was put into the autoclave under argon stream. Then the mixture was stirred at 120
°C for 72 hours under inert atmosphere. After cooling, quenched with half-saturated
brine and extracted with dichloromethane (4 x 1 L). The combined organic phase was
dried over Na>SO4 and concentrated. Then the corresponding reaction mixture was
purified by recrystallized three times to give the desired benzamide product

(DCM/diethyl ether at 0 °C) in 90 % yield (108.9 g).

Hereafter, the combined organic phase concentrated and was purified by
recrystallized three times to give the desired amine product C1 (diethyl ether/hexane at

-30°C) in 72 % yield (137.8 g).

0 Benzamide (CAS: 55-21-0): a white solid 108.9 mg, 90% yield.

Melting Point (°C): 127-128 °C. 'H NMR (500 MHz,, CDCl):

N2 5 0 (d,J=7.3 Hz, 2H), 7.51 (d, J = 6.8 Hz, 1H), 7.43 (t, J =

7.3 Hz, 2H), 6.33 (bs, 2H) ppm; 3C NMR (100 MHz, CDCl;): §

— 169.7, 133.4, 131.9, 128.6, 1273, 81.6 ppm. HRMS (ESI) caled. for C;HsNO

[M+H]: 122.0606, found: 122.0608.
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6. Synthesis of C40

/@\ 1.A1,D13 2. A7,D13 /@\
Y ’ /\
HaN NH, t-BuOK tBuOK PP ” Hl\@\
OMe

2
C40, 51%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume)

was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), A1 (1.0 mmol),
benzene-1,3-diamine (0.6 mmol), D13 (0.8 mmol) and 1,4-dioxane (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 oil bath (120 °C). After 15 hours the reaction was cooled,
A7 (1.0 mmol), D13 (0.8 mmol) and 1,4-dioxane (2.0 mL) were added into the
reaction mixture. Then the seal tube was closed tightly with a teflon cap, removed from
the glove box and immersed into a pre-heated oil bath (120 °C). After another 15 hours
the reaction was cooled, quenched with half-saturated brine and extracted with
dichloromethane (4 x 15 mL). The combined organic phase was dried over NaxSO4 and
concentrated. A small aliquot of the organic phase was analyzed by GC or GC-MS to
monitor products formation. Purification of the remainder by column chromatography
on silica gel gave the corresponding products C40 (pentane/ethyl ether = 15/1 — 5/1) in
the reported yield.
N'-benzyl-N3-(4-methoxybenzyl)benzene-1,3-diamine (C40): The title compound
was prepared according to the general procedure and purified by column
chromatography to give a white solid 83 mg, 51% yield. Purification by column
chromatography on silica gel (pentane/ethyl ether = 30 : 1, DCM 3%). 'H NMR
(299.86 MHz, 23.0 °C, CD2Clp): 6 =7.39 (dd, /= 7.2, 4.1 Hz, 4H), 7.30 (d, J = 8.4 Hz,
3H), 7.11 — 6.79 (m, 3H), 6.05 (dd, J = 8.0, 2.2 Hz, 2H), 5.94 (t, /= 1.8 Hz, 1H), 4.31
(s, 2H), 4.23 (s, 2H), 4.04 (s, 2H), 3.82 (s, 3H) ppm; 13C NMR (75.41 MHz, 23.0 °C,
CD:Cl»): 6 = 158.8, 149.5, 149.4, 140.0, 131.9, 129.8, 128.7, 128.5, 128.4, 127.4 127.0,
113.8, 102.9, 102.8, 97.2, 55.2, 48.1, 47.5 ppm. HRMS (ESI) calcd. for C21H23N20
[M-+H]: 319.1810, found: 319.1812.
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7. Mechanistic investigations

7.1 Control experiments

standard conditions _Ph
P oy + HoN—Ph > P N
new tube
A1 B1 pure substrates C1, 94%

Entry  Reaction condition C1 (%)
1 New seal tube, 99.99% -BuOK - 94
2 New seal tube, 99.99% t-BuOK  Pure substrates 93
3 New seal tube - 0
4 New seal tube H>0 (0.8 mmol) <5

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL
volume) was charged with a magnetic stirring bar, --BuOK (0.8 mmol), A1 (1.0 mmol),
B1 (0.5 mmol), D13 (0.8 mmol) and 1,4-dioxane (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 oil bath (120 °C). After 15 hours 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;SO4 and concentrated. A small aliquot of the organic

phase was analyzed by GC or GC-MS to monitor products formation.

7.2 Control experiments with 18-crown-6 additive

standard conditions _Ph
P NOH + HN—Ph = Ph” N

A1 B1 with 18-crown-6 (0.5 equiv); C1, 28%
with 18-crown-6 (2 equiv); C1, <5%

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL volume)
was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), A1 (1.0 mmol), B1 (0.5
mmol), D13 (0.8 mmol), 18-crown-6 and 1,4-dioxane (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 oil bath (120 °C). After 15 hours the reaction was cooled, quenched with

half-saturated brine and extracted with dichloromethane (4 x 15 mL). The combined
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organic phase was dried over Na>SO4 and concentrated. A small aliquot of the organic

phase was analyzed by GC or GC-MS to monitor products formation.

7.3 Control experiments with radical scavenger

iti _Ph
A~oH + HN—Ph standard COI"IdItIOfLS P N

y

Ph

A1 B1 TEMPO (2 equiv); C1, 78%

Ph,C=CH, (2 equiv); C1, 81%
Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL volume)
was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), A1 (1.0 mmol), B1 (0.5
mmol), D13 (0.8 mmol), additives (1.0 mmol) and 1,4-dioxane (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 oil bath (120 °C). After 15 hours 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;SO4 and concentrated. A small aliquot of

the organic phase was analyzed by GC or GC-MS to monitor products formation.

7.4 Isolated the intermediate E1

t-BuOK NH
PhCN + H,N—Ph - > Ph)J\N’Ph
D13 B1 1,4-dioxane N

without t-BuOK; E1, <5%
t-BuOK (0.8 mmol); E1, 41%

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL volume)
was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), B1 (0.6 mmol), D13
(0.5 mmol) and 1,4-dioxane (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 oil bath (120
°C). After 15 hours 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;SO4 and concentrated. A small aliquot of the organic phase was analyzed by

GC or GC-MS to monitor products formation. Purification of the remainder by column
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chromatography on silica gel gave the corresponding products E1 (pentane/ethyl ether

= 5/1) in the reported yield.

7.5 The reaction of E1 with alcohols

NH
t-BuOK (0.8 mmol) Ph
Jph + pr™on > Ph” N’
Ph N 1,4-dioxane H
E1 C1,82%

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL volume)
was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), A1 (1.0 mmol), E1 (0.5
mmol) and 1,4-dioxane (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 oil bath (120 °C).
After 15 hours the reaction was cooled, quenched with half-saturated brine and
extracted with dichloromethane (4 x 15 mL). The combined organic phase was dried
over NaxSO4 and concentrated. A small aliquot of the organic phase was analyzed by

GC or GC-MS to monitor products formation.

7.6 The cascade reaction

1.tBuOK 2. +-BuOK
PhCN + H,N—Ph > ~ pr N

1 4-dioxane H
D13 B1 ,4-dioxane A1 C1, 84%

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL volume)
was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), A1 (1.0 mmol), B1 (0.5
mmol), D13 (0.8 mmol) and 1,4-dioxane (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
oil bath (120 °C). After 15 hours the reaction was cooled, A1 (1.0 mmol) was added
into the reaction mixture under the glove box. Then the seal tube was closed tightly
with a teflon cap, removed from the glove box and immersed into a pre-heated oil bath
(120 °C). After 15 hours the reaction was cooled, quenched with half-saturated brine

and extracted with dichloromethane (4 x 15 mL). The combined organic phase was
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dried over Na;SOs; and concentrated. A small aliquot of the organic phase was

analyzed by GC or GC-MS to monitor products formation.

7.7 5N labeled experiment

R T H,'SN—Ph Standard conditions _ Ph \EN‘ph
A1 15N-B1 5N-C1, 88%

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL
volume) was charged with a magnetic stirring bar, ~-BuOK (0.4 mmol), A1 (0.5 mmol),
ISN-B1 (0.25 mmol), D13 (0.4 mmol) and 1,4-dioxane (1.0 mL). Then the seal tube
was closed tightly with a teflon cap, removed from the glove box and immersed into a
pre-heated oil bath (120 °C). After 15 hours 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>SO4 and concentrated. A small aliquot of the organic
phase was analyzed by GC or GC-MS to monitor products formation. Purification of
the remainder by column chromatography on silica gel gave the corresponding
products N-C1 (pentane/ethyl ether = 15/1 — 5/1) in the reported yield.
N-benzylaniline (**N-C1): the light yellow oil 41.6 mg, 90% yield. "TH NMR (299.86

@ MHz, 23.0 °C, CDCL): § = 7.40 — 7.14 (m, SH), 7.09 (t, J = 7.6
N

©/‘5 Hz, 2H), 6.63 (t, J= 7.2 Hz, 1H), 6.55 (d, J= 8.1 Hz, 2H), 4.23
H
(s, 2H), 3.94 (bs, 1H) ppm; 3C NMR (75.41 MHz, 23.0 °C,

CDCl3): 6 148.2, 139.4, 129.2, 128.6, 127.5, 127.2, 117.5, 112.8 (d, 2Jc-1sn = 2.3 Hz),
48.2 (d, 'Jc.1sv = 2.6 Hz) ppm. HRMS (ESI) caled. for  [M+H]: 185.1097, found:
185.1098.
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Fig S1 The HRMS of the N-benzylaniline ('SN-C1)

7.8 Time-conversion-plot reaction

standard conditions _Ph
P N0y + HoN—Ph > Ph” N

A1 B1 C1

Using a nitrogen-filled glove box, an oven-dried new pressure tube (38 mL volume)

was charged with a magnetic stirring bar, ~-BuOK (0.8 mmol), A1 (1.0 mmol), B1 (0.5
mmol), D13 (0.8 mmol) and 1,4-dioxane (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
oil bath (120 °C). After desired time the reaction was cooled, quenched with
half-saturated brine and a small aliquot of the organic phase was analyzed by GC and
GC-MS to monitor product formation. Composition of Al, B1, D13, C1, E1 and

benzamide determined by GC-analysis using n-dodecane as internal standard.
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100 @ PhC(O)NH,
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t/h

Fig S2 Time-conversion-plot for the reaction
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9. NMR Spectra

S34



90—
019¢ ¥—

665991
698991
LEEL 97
[8SL 94
0T8L ™9

9881 L1t
mm_m.mw
T6ET'L

JH

—

r.I-I-lulr,

—

A

E%WT -

zIze L
€ree L]
THSE L]
66LE L]
ziovL

lzy 2019-08-11-1

,Ph}

ZT

C1

1670

S0'T |

00'cC |

[0°1

60°C |

[0°S

T

0.5

4.5 3.5 2.5 LS5

55
Chemical Shift (ppm)

9.5 8.5 7.5 6.5

10.5

S35



CIBC8Y—

x:xw‘ch/
@go.hhM
_mmﬂ.hh

8F08°CI _/
6rCTS LI T/
SLBILT]

60LY LTI #
CC65'8CI -
orCe 6cl .\.

PoLE 6L —

098808 [—

lzy 2019-08-11-1

150 130 110 90 80 70
Chemical Shift (ppm)

170

190

S36



6£60v—
QIsEP—

12599
SLLYOT
L0899
9ELL9;
SOLL'O
[86L°97
szT8'9y
75789+
OP1T LA
961Z7.LF

fJ
—

rI||r.|.J
prr-InJ_

—

< FE0'C

00°1

e |

88€TL
1TrT L]
2097 L
8997 L1
PELT L
6vPe L
LLSE L

lzy 2019-08-11-2

o

-

 —~ )
L
o
\

ZT

N
o
O
-

k| 00v

Juwmmg.

6.5

€0C |

0.5

4.5 35 25 L5

5.5
Chemical Shift (ppm)

i)

8.5

ry

10.5

S37



688 L¥—

cl ww.@h/
m._u_uo.hhﬂ
hxm._u‘hh

L96LTIT—
[EOLLIT—

9019°8C1
L199°8TI
8T 6CI )
SSYLTEI \
90€6°LE]
OCPL LY

o

lzy 2019-08-11-2

|

80

,Ph}

ZT

Cl
C2

30 20

0

10

170 150 130 110 90 70 60 50 40
Chemical Shift (ppm)

190

210

S38



[1S] b~ hee,

weevr—

9Z0L 9y
T9TL 9]
10289
9€T8"91
P8 91
889891
L¥ST'L
9097 L
THTE
6E8T L
[887°L
ooeLf T
9E1€°L
TLEE L
66S€" L]
065 L
LSS L]
89LS°L
6185

lzy 2019-08-11-3

,Ph}

ZT

Br
C3

|lﬁ

860 |

S0°¢C

[0°1

LOY ¢
00¢C

2.9

3. 4.5 3.3 25 i3 0.5

Chemical Shift (ppm)

6.5

o3 8.5

10.5

S39



CROS ' Ly—

mowm._@___.l.f/
.ﬁi_c.hhw\.
6LCY LL

TWRTIT—
90LL'LIT—
0998°0T1
mm%ﬁ_w
[¥ST6T1

Nzu__,\u.:‘._Kﬁ
0£0S 8E1

OSHL L1~

lzy 2019-08-11-3

,Ph}

ZT

Br
C3

10

40 30 20

50

70 60

80

170 150 130 110 90
Chemical Shift (ppm)

190

210

S40



|

68LET—

LBSHE—
ELLEY -

Jr
LA

—

7TE9'94
9,599+
LYTL'9
68%L 91
[ELL'9Y

6901 Lt
60€1 .Lf
8LL _.,ﬂTIJJ ——
9£0T'L

€STT LA
STET L]
6097 L
€S8T L

A
d

.Ph }

ZT

C4

lzy 2019-08-12-1

Froe |

00°C
[0°1

c0°¢

29 1.5 0.5

3.5

5 4.5

Chemical Shift (ppm)

6.5

Z5

8.5

By

.3

41



COSE1C—

£90C 8 —

CS00°LL

Ol wm.whW
96ct LL

COILTII
68Le LI
998 T
1988 LTI
[€81°8CI
PoEr 8CI1
LSST6C1
9¢91°8¢E1
slecotl
el 8yl

B e e

lzy 2019-08-12-1

sl

.Ph }

ZT

C4

160

220

120 100 80 60) 40 20 0

Chemical Shift (ppm)

140

180

200

S42



S99¥° T~
_an.mv.

6£06°t—

ey
61491
PPEL'9]
BLEL':
TOPL'9:
TEPL'9;
810891
9708'9
SLO8'9
9978°9

90589
€€68'9
0097 L4
99971
0FLT L]
1S67°L
Z66T'L]
_PPoEL]
eI L]
HI1TyL]
o1t L]

lzy 201

M

IF

=

_Ph

ZT

C5

F80°¢

Fseo |

Feoz |

00T |

60°1

SO°S ¢

0l

T

23

0.5

1.5

3.5

3.5 4.5

Chemical Shift (ppm)

6.5

it

8.5

-5

10.5

S43



9L88'8BI—

cl6T9r—

hcmm.@ﬁ,/.
h._uoo.hhﬂ
wwmv.hh

6209°T11
069€°L11
£€60°9T1
SSPE LTI
£591°871
8TIT 6T~
gLec0s1/
¥Z9T'9C 1
26769€1
91T 8P —

lzy 2019-08-12-2

70 60

.Ph

ZT

C5

30 20 10 0

40

190 170 150 130 110 90 80 50
Chemical Shift (ppm)

210)

s44



[Cee

S100'v—
86T v—

6v¥9°9
60L9°9
LOOL™9
LPTL™9
[6¥L9
CE9l'L
hnw_.nM
mvom._ﬁw
[70€°L
1L L
SOLEL
£86¢°L

lzy 2019-08-12-3

I~

// A

_Ph

ZT

C6

N

FE0'6 |

Freo

Fvoz ¢

00T |

00°1
FSO0'C
ksoy

0.5

1.3

6.5 5.3 4.5 3.5 23
Chemical Shift (ppm)

53

8.5

10.5

545



80T TE~
QLSP e~
9C8L'LY
9¢8LTS
vl eEs
LYOS €S
hmc_m.mmﬂ

LITT¥S

7908 T 11—
S60ELIT—
06€5°STI~
12LT LT~
P10z 621
661191 —

0SSP 8PI~
TTsTos1

lzy 2019-08-12-3

_Ph

ZT

40

350

70 60

80

90
Chemical Shift (ppm)

170 150 130 110

190

546



[618-€

9656 ¢
9L9T v—

P1H9°94
0£99'9-
LSOL 91
[€€L°97
SLSLO
L1889~
S116'97.
L891 L
8E61°L
(81T L
SH6T L
17z¢ L

lzy 2019-08-13-1

—_—

r|||-|||rr
B

a|l|l|.|||J_

—_—
—_—

JUAL

.Ph

ZT1

C7

=OE |

h g0

=10°C T

6.5 55 4.5 = 2.5 8] 0.5
Chemical Shift (ppm)

7.3

8.5

10.5

S47



61SL Ly—
C89CSS—

Swm.@h/
_mo@.hhﬂ
vmmw.hh

PT8L'TI I~
€ELO'ETT~
€OSH LITY
OVLL'STIy
LEIT 6T~
wpseel’

CRCI8YI—

SI088S[—

zy 2019-08-13-1

60 50 40 30 20 10

70

90 80

Chemical Shift (ppm)

190 170 150 130 110

210

S48



lzy 2019-08-13-2

7988°€ ;
LLPT D~

SEOLp—

6vL9 9
S069°9
POIL 9
SPIL9
68EL9
6L069
LYC6'9
CIPe
65569
[6L1°L
9¢t61°'L
SLOTL
01T L
009T L
TLLG L
96T L
8lECL
SoOreL

.Ph

ZT

C8

d

FOI'E
F€6'0
£00'C

70t
Wwo.m

00°¢C
m:._
601

0.5

L5

2.3

3.3

4.5

5.5
Chemical Shift (ppm)

6.5

i

950

9.9

10.5

549



lzy 2019-08-13-2

96t tr—

O69FC SS—

9C00°LL

wwvn.@nw
LOST LL

OLLT 0TI
¢866°ClI
[69CLII /
[S9Y° 0TI~
[99C° L] \
Py 8Tl —
8LERBCI
[8C1°6CI

889¢°8¥[—
96T LST—

.Ph

ZT

C8

0

10

90 80 70 60 50 40 30 20

Chemical Shift (ppm)

190 170 150 130 110

210

S50



670" v— f

.
wmwmﬁ R
680891
891691
11691
$596'9;
95SEL
0Z8E'L
6LOV Lt —
6695 L
8565°LY
L6EY’
9959°L
999,
TLLY'L
7889'L
ZIS6'L
[8L6'L
LLED'S
8108
78508
T690°8
0618
ZIH0T'8]
TS
Svees
9

.Ph

ZT

C9

35 4.5 = S5 2.3 5 0.5

6.5
Chemical Shift (ppm)

9.5 8.5 7.3

10.5

115

S51



8L8E 9P—

TI8S9L
8700°LL
/

66%4t
TeES LI
S6¥S €T
STIS'SZI
€008'ST1
1600°9Z1
€€67'971
965 1'ST1
162L'STI
S16T 621
SIES EET~,
6167 +E17

SE8I'8¥I—

lzy 2019-08-13-3

80 70 60 50 40 30 20 10

170 150 130 110 90
Chemical Shift (ppm)

190

210

S52



09CI L]
L6TI LT
6£ST L
0TLT LA

-&wg._ .

I_WQO.N

Fsoe t

00T
F60°¢

8.5 7.3 6.5 o] 4.5 33 2.5 La 0.5
Chemical Shift (ppm)

99

10.5

S53



ommm.mv
mmxh.mm/
sPrles
0S05°€S
[998°¢C
a9CTYs

CLOOETI \
9T68°L1 T/
EI8Y PTI
86L6'VCI
Nccm.cm_%
860C°6CI

60SY eVl —
CebL Ll—

Izy 2019-08-16-1

/Ph}

ZT

C10

S
\

90 80 70 60 50 40 30 20 10

S54

190 170 150 130 110
Chemical Shift (ppm)

210



lzy 2019-08-16-2

LS6T V—

7965
0,099
19799
9CELO
60LL9
898L9

e L
CYLE LA
968€"L
LE6E L
STI¥L]
SEIP L
Oz L]
162T'L
9ph L]

Ph

.Ph

ZT

c11

8.5 7 6.5 3.3 4.5 3.5 2.5 L3 0.5
Chemical Shift (ppm)

95

10.5

S55



lzy 2019-08-16-2

$990°€9—

SE80°LL

@m@h.@hw
CI0v LL

PrOS el —
[C8YLIT—
w&mm.hm_w.
Ce8y LTI
C9LL8TI
Lov1 67l
PeSO'TPI—
LLOE LP]—

90 80

A

Ph

.Ph

ZT

Cc11

0

60 50 40 30 20 10

70

170 150 130 110
Chemical Shift (ppm)

190

210

S56



6¥9t _M
P91
8L99°1

0121 €~
SPP1°¢
¥891°¢
szoL e’

0929"91
162991
9L+9" 91
Pr$9°91
085991
618991
6T0L 9~}
m%hi
LOEL'9

LyLT L
zIsT L
2661 L]
0£0T L
07T L
LLTT L

f

lzy 2019-08-16-3

,Ph]

ZT

C12

3

Y9 |
61T |

001

FLEC |
660 |

FClC |

-C0C |

1.0

0.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0
Chemical Shift (ppm)

9.0

10.0

1.0

S57



6LS8 El~
_mmc.mm/
omhw.om/
80¥S 6T~
880L° 1€
ceee'ey
LSBYTS
ohwo.mmw
SLOY'ES
SLOL'ES
Poll vs

810SCII—
90SL911—

Sre0'6C1—

SOBL8YI—

lzy 2019-08-16-3

,Ph]

ZT

C12

90 80 70 60 50 40 30 20 10 0 -l

Chemical Shift (ppm)

170 150 130 110

190

S58



6v9C |

r60¢°1
SP8L 1

06LL™O
Or6L o#
wa

0996°1
60T

$569°€
091L°€
[EPES
LOPES
£0SE°S
£€685°9
€019°9
$€19°9
69199
09€9°9 =
98€9°9
oo T
95199
86L9°9
L7899
geelL
Z0p1 L]
STHI L
0091 "L
0791 "L
SHOT"L
i
&/ 8811
Lo

—
T

-Ph
N

C13

=090

=<0

81'C
001

Fv0'C

0.5

3.3 2.9 ]

4.5

3.5
Chemical Shift (ppm)

6.5

]

10.5

S59



8869611
801 S 1Ty
8Y0L 1T
£909° mﬁ
EP0L €T
0CPL ST
8CTI6°SC
6586'ST
88ES'LTT

P9¥S OF
0899 0F
L86L 0F
PI160F
LE61 I ﬁ
161€°SH

061 € TS
€8L9'ZS
06£0° €5
0004 €64
LO9L €5
AR LS

80 70 60 50 40 30 20 10 0 -l

90

S60

889°Cl1
eLT8 I
[SL8OI1
SEOI8II
SCI9BII

Chemical Shift (ppm)

110

6£66'8C1—

[€18°SPI~
PS8y

lzy 2019-08-19-1

130

150

170

190



$066°0
0zTI0'T
$0ST'1
LELTT
808T'1
65671
8E0E”
LSTET
8It'1
00€t'1
9ISt
S09%'1
LTUY'T
€761
200S'1
LIIS']
pIT9'l
o'l
7899'1
9$69'1
9FIL]
SISLY
$T€0°T
LLSOT
LE8O'T
0TEL'E
L8SI'E
96L1'€
0981°€
8S0T'€
[8LS°€
pI91°S
1L£9'9
£599°9-
PrIL 9]
0LIL'9
68€L9]
€IPL9
TEIL'9]
T8S9L'9]
S6LOT LT
=6YTTL]

E0STL-
s

J

,Ph}

ZT

C14

Foo'1

€0l
wm_.m

0.5

L5

2.3

4.5

55
Chemical Shift (ppm)

6.5

i)

10.5



9LTL L]
S8Y9 61~
mwmm.mmv
PO8L ST
[S9%° 0
68€L9¢
W_E.nm\
8€96'I¥

h#@c.@h/
wao.hhM
SCTIS'LL

EPILCHI~
OITTLIT—
880L VT
[9¥T6T1~
cebe 1el—

[I8S 8P —

Izy 2019-08-19-2

,Ph}

ZT

C14

80 70 60 50 40 30 20 10

190 170 150 130 110 90
Chemical Shift (ppm)

210

S62



7560 v— ey

A

BLECHY—

-

AAN
_gm.@W
1099
08F1°L
68 I

1]

7991 L
CIST'L
9881°L
P661°L
[bE€°L
SHPe L]
90S €L
¢ L]
I OLE L]
S06L€" L]
2056 e/
290V L
Se61 v L1
Srad

~Fh

Iz

C15

Cl

To.o
v0'T |

Fooz |

FI0T |

Feos

7.5 6.5 55 4.5 3.5 23 b 0.5
Chemical Shift (ppm)

8.5

10.5

S63



0L8 [ 8F—

cmnm.ch/
mooo.hhw\.
Ewmv.ﬁh

80C8°¢l1
[€1671CI
CS9C LTI
[SOE LTI
cmec.mm_l\m
L6S6'STI
SEP88El—

£66L°601y
\

PLYS 9OV —

LZY-2019-09-20-3

~Ph

Iz

Cl

C15

50 40 30 20 10

60

170 150 130 110 90 80 70
Chemical Shift (ppm)

190

210

S64



8901 v—
LBCEV—

06159~
784597
6697 L
766T°L

LZY-2019-09-20-5

JA

= Froc

- 01'¢e ¢

I

NvPh

Br

C16

00°1
01'¢c

) 8IS

6.5

7

0.5

3.3 2.3 L2

4.5

iy
$65

Chemical Shift (ppm)

8.5

9.5

10.5



LOTT 8v—

Nchm.@m/
oooo.nnﬂ
_wmw.._rw

SP66'801—
6SEE ¥l1—

080€'LT1—
86798717
OIPS I€]

ogsLse1/
$796 9%~

LZY-2019-09-20-5

30 20 10

40

90 80 70 60 50

S66

110

Chemical Shift (ppm)

130

150

N__ Ph
170

C16
190

Br

210



L9TI
rice
99¢E’t

L8IV'O
98Ty 9
12338
(489 4°,
85Y'9

58287
serei|

I/

—

R—a

0LSE'L
899¢°/
PTLE L
7E8¢°L
$96€'L
810% L1
997F L1
Ly L
ALSEY L]
S6cht L]
65t L
S19% L]

_%om:u.h_

T

N Ph

C17

001

0T |

SOS |
L0'C

6.5

0.5

£

2.5

3.3

4.5

5.3
Chemical Shift (ppm)

ri)

8.5

10.5

S67



[SLO8Y—

FILL 9L
LOVI'LL
[¥9S°LL
8PLI'8L

98C1 811

18THLT]
R ats
678" LE
9998'8¢1/
L€99" L]~

LZY-2019-09-25-1

I

NvPh

C17

20 10

170 150 130 110 90 80 70 60 50 40 30
Chemical Shift (ppm)

190

210

S68



-l

Ie
o

LZY-2019-09

8699/

S65¢°L]
¢69¢ L]
6€8¢"L]
686¢°L1
970t L]
91t L]
pOTH L]

C18

F01'T
Foot

F80°C

00°¢
MS.N

0.5

1.5

2.9

7.5 6.5 5.5 4.5 3.9
Chemical Shift (ppm)

8.5

10.5

S69



LZY-2019-09-25-2

96V Lv—

LI60LL

@mvm.mnW
60SE°LL

PSS 86—

ObEE T I~
6STT 0TI
6THE LTI
TSTL' LTI
€906'8C1~
QLSL'EET-
STY8'LET

a8el'ISI—

~Ph

=2

NC

C18

70 60 50 40 30 20 10

90 80

190 170 150 130 110
Chemical Shift (ppm)

210

S70



cocT1

€9cT1

ELETT

8SPT 13—
BISTI
[1LC ]
[LLT']
125 N
9065°C
8S19°C
01¥9°¢C

[£56'E~
6TSE'Y
mhmmvv.
97299
88799
80599
19599
08S0°L
$790°L
80°L
1060°L
9€STL
Z097'L
0S67'L
LOOE'L
790€'L
90Z€'L
88EE'L
[SPEL
8P9¢ L]
589¢L]
pIge L]
088€L1
LRE6E L
2691 1L
SE8€ L]
S d adh
-

N

A

J

J

FCI'E

T

N Ph

Et

C19

T

0.5

S

29

3.2

4.5

5.5
Chemical Shift (ppm)

6.5

10.5

S71



9616 S1—

C668'LI—
6¥8S 8y —

whmm.en/
wooo.hnﬂ
n_wmﬂ.._nﬁ

CPL8 601~
SOL6'TIT
€E01 LTI
90LY LT]
2615821
P6£S'8T1 \
8OFE €€
[£09°6€1 \
LOLO9F1

LZY-2019-09-25-3

T

N__ Ph

Et

C19

200 180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)

220

S72



LZY-2019-09-25-4

LL96'E—
0oL v—

CEBE 9~
09059~
009C°L
£09¢°L
0F9t'L
CLIE'L
VLLE L
PT8E’L
0L8EL
0l6¢L]
9r6¢L L]
P8TY L
90¥Y L1
0Py L]
€85t L1
[T9Y%°L1
[CLY L]
68LY'L”

L

~Ph

C20

=8C9

Fs60
=71T

01°¢
€0’

r00°'l
hery

5.0 4.0 3.0 2.0 1.0

S73

6.0
Chemical Shift (ppm)

7.0

8.0

9.0

10.0

1.0



LZY-2019-09-25-4

90S¥ 1C—

CC5C BF—

vC00'LL

_wwﬁ.@hv
89T LL

6CLYOT I~
[80S°61 _/
OrLO LTI
065 LTI
COIS 8T

61 8'8¢l l_J\.
8LO6S 6L
68¢C 81—

I

N__ Ph

C20

20 10

30

60 50 40

70

170 150 130 110 90 80
Chemical Shift (ppm)

190

210

S74



0£SE T

€99¢7/

£EL6'E~
1210 %
960 ¥

606€°9
0S0t'9
€159
€675°9
[08€'L
616€ L
610t L
6601 L
8It'L
LvTE L
128t L
295t L
Naadh
L8t L]
0S¥ L
Srrot L]
2069%' L1
Z68L1" L]
Soegp ]
o

J -

J

J;.Jl\‘_

I

NvPh

Cc21

909 |

980
Loz |

2,3

0.5

1.5

4.5 35 23
Chemical Shift (ppm)

3.3

6.5

9.3

10.5

S75



Irht 17—

LLST8Y—

thm.oh./
moo@.onﬂ
mmmw.nn

SI89°0I [~
60561 _./
coLel
LoVY LTI
SPOS 8T

P66L 8t _N
SL6S 6L
61T 8YI—

LZY-2019-09-22-1

|

T

NvPh

Cc21

30 20 10

170 150 130 110 90 70 60 50 40
Chemical Shift (ppm)

190

210

S76



056+ 1~
OIS

LESE b\
265 P~
1084/
bTIL9
88€L'9
S09L9
8OLL'9
L96L9
P1Z89
6€91°L
Zs8I'L
661¢€'L
TIvEL
9SH €L
019€'L
L99EL
P0S€'L
1L8€ LA
XACAR

o

~Ph

=z

C22

=

== Looz |

- 01

5 Tﬁfc .

L5

0.5

8.5 & 6.5 780 4.5 335 23
Chemical Shift (ppm)

9.5

10.5

S77



968 67—
Sovl ve—

[LLL 8Y—

m@hm.oh/
wooo.onﬂ
SETV LL

SL68 60
LIT6°601
01981117
0691°LIT~
9611 9C1+
[8¥1°LTI
Emw.hm_w
@cc.c.mm_%
Orsieel
vmwm.@m_\.
8790°9%1

LZY-2019-09-22-2

I

NvPh

20 10

30

60 50 40

70

80

190 170 150 130 110 90
Chemical Shift (ppm)

210

S78



08%S P~ — c0'C

»
P069 7~ h 680 |

LZY-2019-09-20
C23

T

4.5

]

B ]

33

S79

9.5 8.5 73 6.5
Chemical Shift (ppm)

10.5



6016 LY—

mmnm.@n/
oooo.@nﬂ
wwmﬁ.hn

SO0S9°011T—

0080°LII—
£e989CI

00CT'LTI
SE6v'LTI
0S¥ 8CI
809871
6¢188CI
20T 6Tl
L8OT0EI
[Cseotl
0CeEL VYL

LZY-2019-10-01-1

~Ph

Iz

Ph

Cc23

30 20

90 80

Chemical Shift (ppm)

0

10

60 50 40

70

190 170 150 130 110

210

S80



08SL€—

€10€ p—
€079°9-
09799
69£9°91
LTH9'9
$88L'91
€H6L 91
75089
6018°9
S09T'L
LO6T'L
080€°L
ZZIC
90VEL
LybEL
$SSEL
R6SE L
61LE L]
PLLE L]
16LE" L
TL8E L

Sheov L

Ze0%L-

LZY-2019

M—

...|FJ

I

N__ Ph

MeO

C24

-

~QLE |

FELE |

80°C

LT |
LEO
mco._ i
90

6.5

T

T

7]

4.5 3.3 2.3 L3 0.5

55
Chemical Shift (ppm)

8.5

9.5

10.5



LECE 6P
0878'CS—

@wnh.@h/
9v60°LL
£CIVLL

9IPTHII~
zize vl
9SET LTI
E%.Rﬁ
€0¥9'STI

8I19°6E1~
POLE TR

OvLT TS —

LZY-2019-10-01-2

~Ph

Iz

MeO

C24

90 80 70 60 50 40 30 20 10

110
Chemical Shift (ppm)

170 150 130

190

S82



[S6LE—
[SEl P~

cEpt s,
6€5T 91
9657 91
moom.od_
610€91
#0TE9
0TTE9
065€79-k

€611'L
QQ@
86
S09T'L
96T€'L
SLEE'L
T9rEL
€1S€°L]
99LE"L]
CI8EL]
€16€°L]
«£96€"L1
=3ALE
Sepiv L]
ST L]
SeleyL
o

/

I

I

N Ph

MeO

C25

|

LOE |

$9°0
L€

00°1
0T

P01
00°S

8.5 73 6.5 33 4.5 3.5 2.5 &3 0.5
Chemical Shift (ppm)
583

03

10.5



CEBLBY—
L6CLSS—

8981 °LL

mmcm.cﬁv
LYOS'LL

[PLO6BO~
0ELLTOI~—
6560901

ceEt L]
Pe19° LTI
ommh.wm_%
P60 0]
[96€°6¢1 /

o6v8S oY1 —

[S68°09]—

LZY-2019-10-01-3

I

NvPh

MeO

C25

90 80 70 60 50 40 30 20 10

110

170 150 130
Chemical Shift (ppm)

190

210

S84



SYOT ¥~
CLRE1

LZY-2019-10-01-4

S

C26

- 00

T@E.

- 98°0]
F Iz

4.0 3.0 2.0 1.0

3.0
585

6.0
Chemical Shift (ppm)

10.0 9.0 8.0 7.0

1.0



CEST8Y
CEST8Y

POLS 9L
POLS 9L
r000°LL
P000°LL
0Ly LL

o2667z1T
9L66°11
€6LE LTI
€6LE LT]
pEY LT
IPEr LTI
TIE9'8TI
TIE9'8T

peeEd oLl
peecotl
SOV TP
8G9V TP
ELLT LY
ELLT LY

LZY-2019-10-01-4

¢

M

50 40

N\

I

20 10

30

170 150 130 110 90 80 70 60
Chemical Shift (ppm)

190

210

S86



PRET P~
C06Ev

LZY-2019-10-05-1

v

JA

/

Ph

Cc27

80
60°C

T

4.5

2.5 L3

3.5

S87

3.5
Chemical Shift (ppm)

¥

6.

7.5

8.5

5T

10.5



91L1 8%—

0000°LL

wonm.@nv
Over'LL

9C6°601~
[BI6TII
C69S ¥l i
L900°9C1 5
SECL9¢CI
CC00’LTI
(98T LTI
S8EP LTI
CSELLT]
691S 8CI
L¥¥9°8CI
00¥L'8CI
9EE0'8El
6880°6¢!
COILLYI

LZY-2019-10-05-1

I

N__ Ph

Ph

Cc27

200 180 160 140 120 100 80 60 40
Chemical Shift (ppm)

220

S88



LZY-2019-10-05-3

69LY v
V88 vw
616t~

RLEE9
WEMLK
12559
mmﬁ.@w
Gere?

VLCE L

Lrtt:L

09L0°8
81808

I

N__ Ph

N
C28

FLO'C
Fzot

P01

F2T0'1

o1l
00°S

Fro'l

0.5

1.

) 4.5 3.5 2.5
Chemical Shift (ppm)
589

6.5

£

8.5

0.5

10.5




LZY-2019-10-05-3

68LT9Y—

PC00°LL

mmﬁm.cnv
S9STLL

0LSL901—
Pecl €11—

089€ LTI
m_o@.wm_\
ELYLIE]
hwmﬁm%
wmmmmm_\
PS8 SPI

SE68°SST
LEEL' Y91

90 80

Chemical Shift (ppm)

~Fh

=z

N
C28

60 50 40 30 20 10

70

110

130

150

170

190

S90



LZY-2019-10-05-4

S000°0-—

608€+
mm%_wv_rj

P886T—

L

T

N__ Ph

Br

~-N

C29

0.5

1.3

2.5

3.3

4.5

S91

3.5
Chemical Shift (ppm)

6.5

7

8.5

10.5



LZY-2019-10-05

91CE 9y —

hwm@.on/
8CO0'LL
60TE'LL

901 LOT~
€661°8017

SPee LTI
mmcm.hm_\
9€99°8C1

P619°8E 1
[1#L6E]

708981~
981 1°LS T~

30 20

90 80

Chemical Shift (ppm)

T

N\/Ph

Br

~-N

C29

0

10

50 40

60

70

190 170 150 130 110

210

S92



<0000~

f

LZY-2019-10-11-1

o o)
uh
8
=n]

C30

Fire

kLot

Fs60

Fzot
Fro1

01l
iy

Fro1

0.5

L.y

8.5 7.3 6.5 5.5 4.5 35 2.5
Chemical Shift (ppm)

g5

10.5

S93



LZY-2019-10-11-1

p901° 12—

S10C9Y—

[200°LL

Nwmo.ohv
00CTELL

LPS8 901
CE68901
Pe6s vl _w.
FOTO¥I 1
._um._u_u_.hm_w.
hmmm.hm_.\
_mww.wm_

PLOT 6L [~
wooh.hi/
0PSE8Y[—

06885 [—

~Ph

Iz

N
C30

30 20

0

10

80 70 60 50 40

150 130 110 90
Chemical Shift (ppm)

170

190

S94



LZY-2019-10-11-2

E6LE PN

coges
[T06'91
9¢16'91
ma;._j
[$T6791
962691
68S0°L
PrLO’L
9980°L
[TO1°L
COLE L~

.IJ.

/I

SOTT L
P6ES’L
PrSEL
095€°L
318€°L
R16€°L
P00t L-
9761
LOE6'L]
61+6'L]
19b6°L]
$£90°81
7€L0'8

-

L

y

6CC
SLO

FSO°1
Rro
Foos

70’1
9071

0.5

1.5

1y
~

8.5 g 6.5 S 4.5 3.
Chemical Shift (ppm)

9.5

10.5

S95



LZY-2019-10-11-2

LTOI' LY
P8LT TS
momw.mm%
000°€S—
09t mm%
8ITL'ES

[CO6°LII
:&_.mm_/.
wmwm.om_./
9106'9C1~L-

9061°8217
[9¥9°CE[—
0bS1'8€]
BELYREL
9GEL EP

90

S96

150 130 110
Chemical Shift (ppm)

170

190



«

LZY-2019-10-11

.

i, o

IETE———

8I¥eS

¢mvm.mv
488617
89LIT"LA
L8E ik
8¥0T LA
mm.cm.h,,_
PSOT LAk

[916°L
LOT6'L
91t0 L
9E6'L
£oro's
6050'8
68508

If HU

)
=)
O
<
o0

=3CE

—— ¥l

vO'1

_——

a0t
60

UWQE

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
Chemical Shift (ppm)

9.0

10.0

1.0

S97



«

LZY-2019-10-11

.

i, o

IETE———

8I¥eS

¢mvm.mv
488617
89LIT"LA
L8E ik
8¥0T LA
mm.cm.h,,_
PSOT LAk

[916°L
LOT6'L
91t0 L
9E6'L
£oro's
6050'8
68508

If HU

)
=)
O
<
o0

=3CE

—— ¥l

vO'1

_——

a0t
60

UWQE

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
Chemical Shift (ppm)

9.0

10.0

1.0

S98



LZY-2019-10-11-4

gl
e =]
op
s I

611E'S
Nﬁ.m.mv
3942
LL16O
$726°9
8867 L
PSOE'L
ZIE

LLTE'L

mo_m.hv.
8EE6'L S 2
LOSO'8

CLSO'8

=Lt

Feog

Wﬂc.m
90'1
koo'z

v0°1
AN

0.

s LO B

20 23 24

e, 6

3.5 5.0 45 4.0

93 90 &y A0 15 Zf 625 640

10.5

Chemical Shift (ppm)

S99



LZY-2019-10-11-4

PCOL'CS
LTO0 €S
6LCh'LS
8FBLES
eSrLvs
LO0T'SS

cocl .i“./

[8S6°E1 I~
Z8TE' 8T~
CLESETI~L
6€79°8T 1
0€TL O —
0090°9€ [~
6£€S°8ET

9810°651—

OMe

80 70 60 350 40 30 20 10

90
Chemical Shift (ppm)

170 150 130 110

190

S$100



LZY-2019-10-15-1

9Z61 T,

r96t 7

[€€E T~
90LE ¥

ogm.mv

PEbE 9
0£06'9
08069
9L90°L
PTL
PYLTL
TLOE'L
Lyee L=

LYT6'L
P6e6’L
ohwo.wk_ﬂ

Fso¢

30 45 40 35 30 25

20 L3 10 93

93 90 83 &8 75 L0 65 60 IH.D

10.5

Chemical Shift (ppm)

5101



LZY-2019-10-15-1

[S6S°ST—

Evel 'Ly
mmo.m.mm/
mm@o.mmw
Q9cr'es

oomh.mm%
LY S

68€€°811

%mm.mm_/
mmE.ﬁ%
POLS LTI\
SE69'SE Iy
1€ 9E]~
mmom.nm%
PSIL8El

90 80 70 60 50 40 30 20 10 0 -l

Chemical Shift (ppm)

170 150 130 110

190

5102



o

LZY-2019-10-15

96tEv—

ovcmw
_oﬁmnv
$9¢H9
81++9
6859
9599
$69%°9
L9TE'L
POCE L
b6SEL
€6LE'L
98¢
206€°L
€76€°L]
91€H L]
TLEY'L]
1St L]
weowh%
6v9%'L

Cl

Iz

C36

X

Froe¢

EFso'T

0%
00°¢C

1.4 0.3

A0 8y 68 33 30 #35 40 35 30 23 20 15

Q3 90 83 840 I3

1.3

Chemical Shift (ppm)

5103



LZY-2019-10-15-2

G199 Ly—

vmoh.ch%
ﬁwm_.nhﬂ
6C5S'LL

0¢Z6 C11—
C8CS'LII—
9L 8CI
SL8L'8CI
mww@@m_\
m_hw.mm_\
L9S0 8L
€898 Ly —

|

80

Cl

Iz

C36

0

170 150 130 110 90 70 60 50 40 30 20 10
Chemical Shift (ppm)

190

210

5104



LZY-2019-10-15-3

LTITH~
68LE
L9T9'9
85991
9126'91
09L6°9;
£810°L
9201°L;
€0ET L
SSST'L
06LT'L
STT'L
TS6T L

066C L]
9€7E L]
€55¢°L]
€E8¢L
S0t L
YTt L]
$S0SL]
L62S"L
L7es L]

—

Cl

Iz

0.5

1.5

2.5

3.5

4.5

3.5
Chemical Shift (ppm)

S105

6.5

7.3

9.5 8.5

C37

10.5




LZY-2019-10-15-3

SChb Ly —

@m.\lm.@h/
hooo.ohﬂ
6Ly LL

16€6'T11—
91SL YTl

QMS@SW
198L°9C1-F
TLEL LT
785S'8T1
7919'87 1
68SL°8C1
S126'C€1-
0€89°LE1
[€£96°LET
2019 L1

1 n

150 130 110 90 80 70 60 350 40 30 20 10 0
Chemical Shift (ppm)

170

190

5106



LZY-2019-10-15-4

08LY'
00LS'T
098S°1
re6s’
LOCo'1

ZT

ZT

OMe

C38

hrog
90°C
917

=00°¢

=1t
=80°C

60°1
mc_.m

FE0'S
Foo'z

0.5

25 2.5

4.5

3.5
Chemical Shift (ppm)

6.5

7.5

8.5

10.5

5107



LZY-2019-10-15-4

8LO9 El—
PCIE 00—

PICLTE—
09ty
COLS LY
[£0L°CS
8€90°¢S
[AT4 439
9S8L'ES
148 29
CC8I°ES

[€1696~
m__wdo_v
m_hcﬂc_

COIBEl—

£9£9'8T1
7S0L'6T1—
sor61E1/

ﬁomvdw_ﬂ
LLSB 6
696L°8S—

ZT

OMe

C38

10

40 30 20

150 130 110 90 80 70 60 50
Chemical Shift (ppm)

170

190

5108



LZY-2019-10-18-1

€0LOH,
[L6TY
880€Y

erres
65209
mmwo.cW
97909

29069
8CS69
mmmm.c%

o
[08TL
vl6TL

SLOT LA
[01€'L
102€ L]
8LEE L
Chhe L]
6bSE L
PrOE L
LOLE L
18€L
086€°L-

~

ZT

ZT1

C39

F LT
~ €'y

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
Chemical Shift (ppm)

10.0

1.0

5109



LZY-2019-10-18-1

960L°CS
0IL0°ES
BIEVLS
PToL S
cEST¥S

mmoo.mw/

L6LI'L6—
8698°C01—

0586971
€786 LT

hnowwm_w
606L°6Z1
6L86 61—

0L6t 6¥]—

150 130 110 90
Chemical Shift (ppm)

170

190

S110



£
2]

—

LZY-2019-10-

Peis i~

8SE0 P~ ~—_

82T M”

i
6680
Y6
81E0°9
12409

p1909y
689097

0¥68°9
9726
19€6'9
8796°

£686'9
S98T7'L
Sratas
667€ L
99t € L]
T6¥E L
TSLE L
CZ8E L]
LT6¢ L
6711 L

ZT

ZT

OMe

C40

/80°€
r161
3607
Aoz

90°1
LT

Foo¢
60°€
00t

4.5 3.5 2.5 1.5

3.5
Chemical Shift (ppm)

6.5

5.3

0.5 8.5

10.5

S111



LZY-2019-10-18-2

OrPS 'L
S9LO'8Y
90CLCS
[180°ES
vivyes
8C08ES
0Pl °vS
000C°sS

[E0T Lo~
Nmmm.mo_uv
0F16°C01

Qr8e-oel
S16€°LT1
%@.wm_w
7L59'87 1

wowh.omé
£CCy'1E1

o@@m.@zﬂ
S99t 6|
COI8'8S1—

ZT

ZT1

C40

0

10

40 30 20

50

60

150 130 110 90 80 70
Chemical Shift (ppm)

170

190

5112



