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General information

All of the reactions were carried out in flame-dried tubes under an argon atmosphere. Solvents were
dried prior to use. Commercially was obtained reagents were used as received. Analytical thin layer
chromatography (TLC) was carried out using pre-coated (0.20 mm thickness) silica gel plates with
Fas4 indicator. For column chromatography, 200-300 mesh silica gel was used. '"H NMR spectra
were recorded on Bruker 300 MHz, or 400 MHz spectrometer in CDCls or DMSO-d6. 3C NMR
spectra were recorded on Bruker 75 MHz, or 100 MHz spectrometer in CDCl3 or DMSO-d6. °F
NMR spectra were recorded on Bruker 376 MHz spectrometer in CDCls or DMSO-d6. Data for 'H
NMR spectra were reported relative to tetramethylsilane (TMS) as an internal standard (0 ppm) and
were reported as follows: chemical shift (& ppm), multiplicity, coupling constant (Hz) and
integration. Multiplicities are denoted as follows: s = singlet, d = doublet, t = triplet, q = quartet, dd
= doublet of doublets, td = triplet of doublets, and m = multiplet. Data for 3C NMR spectra were
reported relative to CDCIls as an internal standard (77.16 ppm) and were reported in terms of
chemical shift (6 ppm). High resolution mass spectra (HRMS) were performed on Agilent 6540 Q-
TOF or Agilent 6230A TOF mass spectrometer (ESI). Melting points were uncorrected and
determined on a SGW X-4B melting point apparatus. Enantiomeric excess (ee) values were
determined by chiral HPLC analysis on Daicel Chiralpak IA, IC, OD-H, AS-H, ID column. Optical
rotations were determined on a Shanghai Shenguang® polarimeter and reported as follows: [o]p"
(c: g/100 mL, solvent).

All of the CPA were known compounds and were purchased from Daicel Chiral Technologies
(China) Co., Ltd. All of the Pyridazinones 1 and Pyridones 4 were known compounds and were
purchased from Aladdin, Bide pharm and Energy Chemical. All of the C-alkynyl N,O-acetals 2

were known and prepared according to the literature procedures.!
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Optimization of the reaction conditions for 5*

Cr
_CPA(1OmOI%)

N™ "0

o C1: R = 2,4,6-Me;CeHz
\P’/ C2: R = 2,4,6-(Pr)3CsHz

(IMe :

4;’:" o /\NHBoc cyclopentane . /;NHBoc OF; “oH gi E : gg:%z;iéia

entry CPA solvent 1a:2a t(C) yield (%) ee (%)°
1 C1 cyclopentane 1:4 30 23 0
2 C2 cyclopentane 1:4 30 83 83
3 C3 cyclopentane 1:4 30 <5 0
4 C4 cyclopentane 1:4 30 23 26
5 C2 DCM 1:4 30 56 76
6 C2 DCE 1:4 30 43 70
7 C2 EtO 1:4 30 32 72
8 C2 MeCN 1:4 30 27 60
9 C2 Hexane 1:4 30 16 86
10 C2 PhMe 1:4 30 68 78
11 C2 THF 1:4 30 61 78
12 C2 cyclohexane 1:4 30 72 82
13 C2 cyclopentane 1:4 25 79 88
14 C2 cyclopentane 1:4 20 58 90
15 C2 cyclopentane 1:4 10 <10 94
16 C2 cyclopentane 1:4 0 <5 94
174 C2 Cyclopentane 1:4 25 79 88
18°¢ C2 cyclopentane 1:4 25 78 93
19 C2 cyclopentane 1:4 25 78 88

208 C2 cyclopentane 1:4 25 35 93

“Reaction conditions: 1a (0.1 mmol), 2a (0.4 mmol), catalyst (10 mol %) in solvent (2 mL) under
Ar. The reaction was stirred at 25 °C for 24 h. ’Isolated yield. ‘ee was determined by chiral HPLC
analysis. 3AMS (50 mg) was added. “4AMS (50 mg) was added. /SAMS (50 mg) was added. £5

mol % of C2 was used.

General procedure for Scheme 2

NHR? €2 (10 mol %)
o R¥ “OEt  Cyclopentane, 30 °C N7 70

,Z=\/;U

N Iz}/_/)
=

)/_/7

To a 10 mL of dry Schlenk tube were added C2 (7.2 mg, 0.01 mmol, 10 mol %), 1 (0.1 mmol, 1.0
equiv) and 2 (0.4 mmol, 4.0 equiv), then Cyclopentane (2 mL) was added under argon atmosphere.
The resulting mixture was stirred at 30 °C for 24 hours. The reaction mixture was concentrated
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under vacuum; the crude residue was purified by silica gel column chromatography (eluent:
petroleum ether/EtOAc = 10:1-3:1) to give 3.
[Note: racemic samples were prepared by using BNDHP instead of C2.]

tert-Butyl (S)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (3a)

/NHBOC

Ph
Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-

ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (31.6 mg,
88%), mp: 159-161 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 1.0 mL/min, [ =215 nm) tr = 8.84 min (major),
10.79 min (minor), 94% ee.

[a]p?5: +29.76 (¢ = 0.25, CH2Cl).

'H NMR (400 MHz, CDCl3) 8 7.46-7.39 (m, 2H), 7.37-7.22 (m, 4H), 7.16 (d, J= 9.6 Hz, 1H), 6.93
(d, J=9.6 Hz, 1H), 6.23 (s, 1H), 1.45 (s, 9H).

13C NMR (100 MHz, CDCl3) § 157.6, 153.5, 138.1, 134.2, 132.8, 132.1, 129.2, 128.4, 121.4, 85.1,
82.8, 81.3, 59.0, 28.3.

HRMS (ESI) m/z: [M+H]" Calcd for C1sH19CIN303 360.1109; Found 360.1112.
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tert-Butyl (S)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-(p-tolyl)prop-2-yn-1-yl)carbamate (3b)

Cl

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxy-3-(p-tolyl)prop-2-yn-1-yl)carbamate (115.7 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
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column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(34.7 mg, 93%), mp: 177-179 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, I =215 nm) tr = 11.07 min (major),
14.23 min (minor), 96% ee.

[a]p?5: +8.96 (¢ = 0.25, CH,Cly).

'TH NMR (400 MHz, CDCls) § 7.35-7.30 (m, 2H), 7.25 (d,J=9.6 Hz, 1H), 7.16 (d, J=9.6 Hz, 1H),
7.10 (d, J=7.6 Hz, 2H), 6.92 (d, /= 9.6 Hz, 1H), 6.19 (s, 1H), 2.33 (s, 3H), 1.45 (s, 9H).

13C NMR (100 MHz, CDCl3) § 157.6, 153.5, 139.5, 138.0, 134.2, 132.8, 132.0, 129.2, 118.3, 85.3,
82.1, 81.3, 59.1, 28.3, 21.6.

HRMS (ESI) m/z: [M+Na]* Calcd for C19H20CIN3NaO3 396.1085; Found 396.1085.

A6 396.1085
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tert-Butyl (8)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-(4-methoxyphenyl)prop-2-yn-1-
ylcarbamate (3¢)
Clhax
|
N \l;l o

MeO

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxy-3-(4-methoxyphenyl)prop-2-yn-1-yl)carbamate (122.1 mg, 0.4 mmol, 4.0 equiv) according
to the general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica
gel column chromatography (petroleum ether/ EtOAc = 10:1 to 2:1) and was obtained as a white
solid (34.6 mg, 89%), mp: 135-137 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.1.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 2.0 mL/min, [ =215 nm) tr = 9.08 min (major),
13.13 min (minor), 90% ee.

[a]p?5: +35.68 (¢ = 0.25, CHCl).

H NMR (400 MHz, CDCls) § 7.40-7.32 (m, 2H), 7.25 (d,J=9.6 Hz, 1H), 7.16 (d, J=9.6 Hz, 1H),
6.92 (d, J=9.6 Hz, 1H), 6.85-6.78 (m, 2H), 6.25 (s, 1H), 3.79 (s, 3H), 1.45 (s, 9H).

13C NMR (100 MHz, CDCl3) § 160.3, 157.6, 153.6, 138.0, 134.2, 133.6, 132.8, 114.0, 113.4, 85.2,
81.5,81.2,59.1,55.4, 28.3.

HRMS (ESI) m/z: [M+Na]* Calcd for C19H20CIN3NaO4 412.1035; Found 412.1032.
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tert-Butyl (8)-(1-(3-chloro-6-oxopyridazin-1(6 H)-yl)-3-(4-fluorophenyl)prop-2-yn-1-
yDcarbamate (3d)
Cl | N
N.

N0

/[::j/;ZZ/A\NHBoc
F

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxy-3-(4-fluorophenyl)prop-2-yn-1-yl)carbamate (117.2 mg, 0.4 mmol, 4.0 equiv) according to
the general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(27.5 mg, 73%), mp: 139-141 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ = 215 nm) tg = 12.70 min (major),
14.04 min (minor), 92% ee.

[a]p?5: +24.32 (¢ = 0.25, CH:Cl).

'H NMR (400 MHz, CDCls) 6 7.47-7.38 (m, 2H), 7.24 (d,J=9.6 Hz, 1H), 7.19 (d, J= 9.6 Hz, 1H),
7.04-6.97 (m, 2H), 6.94 (d, J = 9.6 Hz, 1H), 6.20 (s, 1H), 1.45 (s, 9H).

13C NMR (100 MHz, CDCl3)  163.0 (d, J=250.0 Hz), 157.6, 153.5, 138.1, 134.3, 134.1(d, /= 9.0
Hz), 132.8, 117.5 (d, J= 3.0 Hz), 115.8 (d, /= 22.0 Hz), 84.1, 82.5, 81.4, 59.1, 28.3.

F NMR (376 MHz, CDCl3)  -109.2 (s).

HRMS (ESI) m/z: [M+Na]* Calcd for Ci3H;7CIFN3NaO3 400.0835; Found 400.0833.

100+ 400.0833
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tert-Butyl (5)-(1-(3-chloro-6-oxopyridazin-1(6 H)-yl)-3-(3-chlorophenyl)prop-2-yn-1-
ylcarbamate (3e)

Cl XN

|
N.
N0

=" "NHBoc

Cl
Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and terz-butyl (3-(3-
chlorophenyl)-1-ethoxyprop-2-yn-1-yl)carbamate (123.6 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(18.5 mg, 47%), mp: 139-141 °C.
Rt (Petroleum ether/ EtOAc = 3:1) = 0.4.
HPLC (IA, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, [ = 215 nm) tg = 13.56 min (minor),
15.50 min (major), 92% ee.
[a]p?5: +17.60 (¢ = 0.10, CH2Cl).
'H NMR (400 MHz, CDCls) 8 7.43 (t, J= 1.6 Hz, 1H), 7.34-7.30 (m, 2H), 7.26-7.21 (m, 2H), 7.19
(d,J=9.6 Hz, 1H), 6.94 (d, J=9.6 Hz, 1H), 6.14 (s, 1H), 1.45 (s, 9H).
13C NMR (100 MHz, CDCl3) 8 157.6, 153.4, 138.1, 134.3, 134.2, 132.8, 131.9, 130.2, 129.6, 129.5,
123.0, 83.8, 83.6, 81.4, 59.0, 28.2.
HRMS (ESI) m/z: [M+Na]* Calcd for C1sHi7CloN3NaO3; 416.0539; Found 416.0538.
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tert-Butyl (S)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-cyclopropylprop-2-yn-1-yl)carbamate
(3D
NG
I
N \l;l o

/\NHBOC

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (3-
cyclopropyl-1-ethoxyprop-2-yn-1-yl)carbamate (95.7 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
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(29.7 mg, 92%), mp: 149-151 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.2.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 2.0 mL/min, [ =215 nm) tr = 6.57 min (major),
9.72 min (minor), 80% ee.

[a]p?5: +18.88 (¢ = 0.25, CH:Cl).

H NMR (400 MHz, CDCl3) 4 7.17 (d, J= 9.6 Hz, 1H), 6.95 (dd, J=9.2, 1.6 Hz, 1H), 6.91 (d, /=
9.6 Hz, 1H), 6.02 (s, 1H), 1.42 (s, 9H), 1.31-1.14 (m, 1H), 0.82-0.74 (m, 2H), 0.74-0.67 (m, 2H).
13C NMR (100 MHz, CDCls) 8 157.6, 153.4, 137.8, 134.1, 132.8, 89.4, 81.1, 69.1, 58.8, 28.3, 8.4,
8.3, -0.6.

HRMS (ESI) m/z: [M+Na]* Calcd for C15sHisCIN3NaO3 346.0929; Found 346.0927.

—_— 345.0027
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tert-Butyl (8)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-(trimethylsilyl)prop-2-yn-1-
yDcarbamate (3g)
Cl XN
|
N. N o
/\ NHBoc
T™MS

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxy-3-(trimethylsilyl)prop-2-yn-1-yl)carbamate (108.5 mg, 0.4 mmol, 4.0 equiv) according to
the general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(20.6 mg, 58%), mp: 169-171 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ =215 nm) tr = 6.86 min (major),
8.21 min (minor), 90% ee.

[a]p?5: +4.00 (¢ = 0.15, CH:Cly).

TH NMR (400 MHz, CDCI3) 6 7.18 (d, J=9.6 Hz, 1H), 7.01 (d, /= 10.0 Hz, 1H), 6.92 (d, J=9.6
Hz, 1H), 6.04 (s, 1H), 1.43 (s, 9H), 0.16 (s, 9H).

13C NMR (100 MHz, CDCl3) 8 157.5, 153.5, 137.9, 134.2, 132.8,97.9, 90.8, 81.3, 58.7, 28.3, -0.3.
HRMS (ESI) m/z: [M+Na]* Calcd for Ci5sH2>CIN3NaO3Si 378.1011; Found 378.1012.
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Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl
(ethoxy(phenyl)methyl)carbamate (100.5 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (10.1 mg,
30%), mp: 154-156 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (OD-H, n-hexane/i-PrOH = 80/20, flow rate = 2.0 mL/min, [ =215 nm) tg = 8.89 min (major),
10.11 min (minor), 24% ee.

[a]p?5: +9.80 (¢ = 0.1, CH:Cl).

'H NMR (400 MHz, CDCls) 4 7.43 (d, J = 10.0 Hz, 1H), 7.40-7.29 (m, 5H), 7.16 (d, J = 9.6 Hz,
1H), 6.89 (d, J=9.6 Hz, 1H), 6.16 (s, 1H), 1.46 (s, 9H).

13C NMR (100 MHz, CDCls) & 158.3, 154.3, 137.9, 136.6, 133.8, 132.6, 128.8, 126.3, 80.9, 68.3,
28.3.

HRMS (ESI) m/z: [M+Na]* Calcd for C1sHisCIN3NaO3 358.0929; Found 358.0927.
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tert-Butyl (5)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)propyl)carbamate (3i)
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“~"“NHBoc

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxypropyl)carbamate (81.3 mg, 0.4 mmol, 4.0 equiv) according to the general procedure in the
presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column chromatography
(petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (13.2 mg, 46%), mp: 135-
137 °C.

Rt (Petroleum ether/EtOAc = 3:1) =0.3.

HPLC (OD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, [ =215 nm) tg = 6.49 min (major),
7.76 min (minor), 70% ee.

[a]p?5: +12.00 (¢ = 0.1, CH:Cly).

TH NMR (400 MHz, CDCl3) 6 7.16 (d, /= 9.6 Hz, 1H), 6.90 (d, /= 9.6 Hz, 1H), 6.35-6.18 (m, 1H),
5.65 (s, 1H), 2.02-1.79 (m, 2H), 1.42 (s, 9H), 0.95 (t, J= 7.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 158.5, 154.4, 137.6, 133.5, 132.6, 80.5, 68.0, 28.3,27.2, 9.7.
HRMS (ESI) m/z: [M+Na]* Calcd for C12HisCIN3NaO3 310.0929; Found 310.0928.
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Benzyl (5)-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (3j)
NG
|

N.
NS0

/NHCbz

Ph
Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and benzyl (1-ethoxy-

3-phenylprop-2-yn-1-yl)carbamate (123.6 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOA ¢ = 10:1 to 3:1) and was obtained as a white solid (16.1
mg, 41%), mp: 136-138 °C.

Rt (Petroleum ether/ EtOAc = 5:1) =0.3.

HPLC (IA, n-hexane/i-PrOH = 80/20, flow rate = 2.0 mL/min, [ =215 nm) tr = 6.12 min (minor),
8.54 min (major), 92% ee.

[a]p?5: +13.12 (¢ = 0.25, CHCl).

'H NMR (400 MHz, CDCl3) 8 7.45-7.38 (m, 2H), 7.37-7.22 (m, 9H), 7.11 (d, J= 9.6 Hz, 1H), 6.90
(d,J=9.6 Hz, 1H), 6.57 (d, /= 7.2 Hz, 1H), 5.18 (d, J = 12.0 Hz, 1H), 5.08 (d, J= 12.0 Hz, 1H).
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I3C NMR (100 MHz, CDCl3) 8 157.6, 154.5, 138.3, 135.8, 134.3, 132.8, 132.1, 129.4, 128.7, 128.5,
128.4,121.3, 85.5, 82.3, 67.7, 59.4.
HRMS (ESI) m/z: [M+Na]* Calcd for C21H16CIN3NaO; 416.0772; Found 416.0769.
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(8)-N-(1-(3-chloro-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)benzamide (3k)
Cl

|
N.
N0

/\NHBZ
Ph

Prepared from 6-chloropyridazin-3(2H)-one (13.0 mg, 0.1 mmol, 1.0 equiv) and N-(1-ethoxy-3-
phenylprop-2-yn-1-yl)benzamide (111.6 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column

X

chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (18.5 mg,
51%), mp: 196-198 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.2.

HPLC (IC, n-hexane/i-PrOH = 40/60, flow rate = 3.0 mL/min, [ = 215 nm) tr = 14.07 min (major),
20.97 min (minor), 88% ee.

[a]p?5: +8.53 (¢ = 0.15, CH:Cly).

'H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.8 Hz, 1H), 7.89 (d, J= 7.2 Hz, 2H), 7.70 (d, J = 8.8
Hz, 1H), 7.53 (t, J= 7.6 Hz, 1H), 7.48-7.39 (m, 4H), 7.37-7.24 (m, 3H), 7.14 (d, J= 10.0 Hz, 1H),
6.96 (d, J=10.0 Hz, 1H).

13C NMR (100 MHz, CDCl3) § 165.9, 157.9, 138.2, 134.3, 132.9, 132.7, 132.5, 132.1, 129.3, 128.7,
128.4,127.6, 121.2, 85.5, 82.5, 58.4.

HRMS (ESI) m/z: [M+Na]* Calcd for C20H14CIN3NaO 386.0667; Found 386.0666.

386.0666

Relative Abundance
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tert-Butyl (S)-(1-(3-bromo-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (31)

/\NHBOC
Ph

Prepared from 6-bromopyridazin-3(2H)-one (17.4 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (32.7mg,
81%), mp: 162-164 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 1.0 mL/min, [ =215 nm) tr = 9.48 min (major),
11.97 min (minor), 94% ee.

[a]p?5: +22.16 (¢ = 0.25, CH:Cl).

'H NMR (400 MHz, CDCl3) 8 7.46-7.41 (m, 2H), 7.36-7.20 (m, 5H), 6.83 (d, /= 9.6 Hz, 1H), 6.25
(s, 1H), 1.45 (s, 9H).

13C NMR (100 MHz, CDCl5) § 157.6, 153.5, 136.9, 132.5, 132.1, 129.2, 128.4, 127.0, 121.4, 85.1,
82.8, 81.3, 59.2,28.3.

HRMS (ESI) m/z: [M+Na]* Calcd for Ci1sHisBrN3NaO3 426.0424; Found 426.0423.
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tert-Butyl (5)-(1-(3-methyl-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (3m)

/\NHBOC

Ph
Prepared from tert-butyl 6-methylpyridazin-3(2H)-one (11.0 mg, 0.1 mmol, 1.0 equiv) and fert-

butyl (1-ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to
the general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 2:1) and was obtained as a white solid
(7.5 mg, 22%), mp: 163-165 °C.

Rt (Petroleum ether/ EtOAc = 2:1) =0.2.

HPLC (IA, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ =215 nm) tr = 6.06 min (minor),
7.16 min (major), 92% ee.

[a]p?5: +81.52 (¢ = 0.25, CH2Cl).

TH NMR (400 MHz, CDCls) & 7.48-7.38 (m, 2H), 7.36-7.26 (m, 3H), 7.25-7.12 (m, 1H), 7.08 (d, J
=9.6 Hz, 1H), 6.87 (d, J=9.6 Hz, 1H), 6.33 (s, 1H), 2.36 (s, 3H), 1.45 (s, 9H).
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13C NMR (100 MHz, CDCls) & 158.5, 153.7, 144.7, 133.8, 132.0, 130.6, 128.9, 128.2, 121.7, 84.2,
83.6, 80.9, 59.9, 28.3, 20.9.
HRMS (ESI) m/z: [M+Na]" Calcd for C19H21N3NaO3 362.1475; Found 362.1472.

3621472

Relative Abundance
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tert-Butyl (S)-(1-(3-(benzyloxy)-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate
(3n)

/ZZZ/A\NHBOC

Ph
Prepared from 6-(benzyloxy)pyridazin-3(2H)-one (20.2 mg, 0.1 mmol, 1.0 equiv) and zerz-butyl (1-

ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 2:1) and was obtained as colorless oil (28.9 mg,
67%).

Rt (Petroleum ether/ EtOAc = 3:1) =0.1.

HPLC (IC, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ = 215 nm) trg = 21.16 min (major),
24.15 min (minor), 94% ee.

[a]p?5: +23.92 (¢ = 0.25, CHCl).

'H NMR (400 MHz, CDCls) § 7.49-7.40 (m, 4H), 8 7.40-7.27 (m, 6H), 7.22 (s, 1H), 6.96 (d, J =
10.0 Hz, 1H), 6.91 (d, J = 10.0 Hz, 1H), 6.19 (s, 1H), 5.27 (d, /= 12.0 Hz, 1H), 5.21 (d, /= 12.0
Hz, 1H), 1.46 (s, 9H).

13C NMR (100 MHz, CDCl3) § 157.9, 153.7, 152.4, 135.9, 133.6, 132.1, 129.0, 128.7, 128.5, 128 4,
127.5, 121.8, 84.4, 83.6, 81.0, 69.3, 58.9, 28 4.

HRMS (ESI) m/z: [M+Na]* Calcd for C25H2sN3NaO4 454.1737; Found 454.1732.
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tert-Butyl (S)-(1-(6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (30)

/\NHBOC
Ph

Prepared from pyridazin-3(2H)-one (9.6 mg, 0.1 mmol, 1.0 equiv) and terz-butyl (1-ethoxy-3-
phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 2:1) and was obtained as a white solid (13.3 mg,
41%), mp: 164-166 °C.

Rt (Petroleum ether/ EtOAc = 2:1) =0.2.

HPLC (IA, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, [ = 215 nm) tg = 17.64 min (minor),
20.11 min (major), 94% ee.

[a]p?5: +46.72 (¢ = 0.25, CH:Cl).

'H NMR (400 MHz, CDCl3) & 7.81 (dd, J= 3.6, 1.6 Hz, 1H), 7.48-7.38 (m, 2H), 7.36-7.25 (m, 4H),
7.19 (dd, J=9.2, 3.6 Hz, 1H), 6.95 (dd, J=9.2, 1.6 Hz, 1H), 6.30 (s, 1H), 1.44 (s, 9H).

13C NMR (100 MHz, CDCl3) § 159.2, 153.7, 136.5, 132.1, 131.7, 130.9, 129.1, 128.3, 121.6, 84.7,
83.2, 81.1, 60.0, 28.3.

HRMS (ESI) m/z: [M+Na]* Calcd for C1sHi9N3NaOs3 348.1319; Found 348.1314.
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tert-Butyl  (S)-(1-(3,4-dichloro-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate
(3p)

/\NHBOC

Prepared from 5,6-dichloropyridazin-3(2H)-one (16.4 mg, 0.1 mmol, 1.0 equiv) and terz-butyl (1-

Ph

ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 30:1 to 10:1) and was obtained as a white solid (36.2
mg, 92%), mp: 191-193 °C.

Rt (Petroleum ether/ EtOAc = 10:1) = 0.3.

HPLC (OD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, I =215 nm) tgr = 6.73 min (minor),
8.85 min (major), 86% ee.

[a]p?5: +30.13 (¢ = 0.15, CH2Cl).
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TH NMR (400 MHz, CDCL3) & 7.48-7.38 (m, 2H), 7.38-7.27 (m, 3H), 7.24 (d, J= 9.6 Hz, 1H), 7.11
(s, 1H), 6.15 (s, 1H), 1.46 (s, 9H).

13C NMR (100 MHz, CDCls) & 157.0, 153.4, 140.1, 137.0, 132.0, 130.1, 129.3, 128.4, 121.1, 85.4,
82.3, 81.5, 59.1, 28.2.

HRMS (ESI) m/z: [M+Na]" Calcd for C1sH;7CL,NsNaOs 416.0539; Found 416.0537.

b h
sl g

nnnnnn
............

tert-Butyl  (S)-(1-(4,5-dichloro-6-oxopyridazin-1(6H)-yl)-3-phenylprop-2-yn-1-yl)carbamate
(39

/\NHBOC

Ph

Prepared from 4,5-dichloropyridazin-3(2H)-one (16.4 mg, 0.1 mmol, 1.0 equiv) and terz-butyl (1-
ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 20:1 to 5:1) and was obtained as a colorless oil (19.7
mg, 50%).

Rt (Petroleum ether/ EtOAc = 5:1) = 0.5.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 1.0 mL/min, I =215 nm) tr = 6.11 min (major),
7.62 min (minor), 88% ee.

[a]p?5: +59.60 (¢ = 0.25, CHCl).

'H NMR (400 MHz, CDCls) & 7.83 (s, 1H), 7.47-7.38 (m, 2H), 7.38-7.27 (m, 3H), 7.25-7.17 (m,
1H), 6.24 (s, 1H), 1.45 (s, 9H).

13C NMR (100 MHz, CDCl3) 8 155.4, 153.6, 137.0, 136.1, 135.0, 132.1, 129.3, 128.4, 121.2, 85.5,
82.1, 81.5, 61.3,28.3.

HRMS (ESI) m/z: [M+Na]* Calcd for C1sHi7CloN3NaO3 416.0539; Found 416.0537.

Relative Abundance
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General procedure for Scheme 3

R! ‘\1
\ 2 I}
Ei . ﬂ“\HR C2 (10 mol %) 0
0 R® “OEt Cyclopentane, RT

4AMS R3
2 5

a» IZ

To a 10 mL of dry Schlenk tube were added C2 (7.2 mg, 0.01 mmol, 10 mol %), 4AMS (50 mg), 4

(0.1 mmol, 1.0 equiv) and 2 (0.4 mmol, 4.0 equiv), then Cyclopentane (2 mL) was added under

argon atmosphere. The resulting mixture was stirred at RT for 24 hours. The reaction mixture was

concentrated under vacuum; the crude residue was purified by silica gel column chromatography

(eluent: petroleum ether/EtOAc = 10:1-3:1) to give 5.

[Note: racemic samples were prepared by using BNDHP instead of C2.]

tert-Butyl (5)-(1-(3-methyl-2-oxopyridin-1(2H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (5a)
@Me

N~ ~O

/NHBOC

Ph
Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-

3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (26.4 mg,
78%), mp: 90-92 °C.

Rt (Petroleum ether/ EtOAc =3:1) = 0.5.

HPLC (IC, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ =215 nm) tg = 10.73 min (minor),
12.67 min (major), 93% ee.

[a]p?5: -35.12 (¢ = 0.25, CH,CLy).

TH NMR (400 MHz, CDCl3) 6 7.51 (d, J= 6.4 Hz, 1H), 7.44 (d, J= 7.2 Hz, 2H), 7.36-7.25 (m, 3H),
7.20 (d, J= 6.4 Hz, 1H), 6.76 (s, 1H), 6.61 (s, 1H), 6.13 (t, J= 6.8 Hz, 1H), 2.17 (s, 3H), 1.43 (s,
9H).

13C NMR (100 MHz, CDCl3) § 162.3, 154.0, 137.2, 133.4, 132.0, 130.4, 129.0, 128.3, 121.6, 105.6,
85.0, 83.1, 81.0, 59.3, 28.2, 17.0.

HRMS (EST) m/z: [M+Na]* Calcd for C20H2oN>NaO; 361.1523; Found 361.1523.
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tert-Butyl (5)-(1-(3-methyl-2-oxopyridin-1(2H)-yl)-3-(p-tolyl)prop-2-yn-1-yl)carbamate (5b)

Cr
N0

/@/NHBoc
Me

Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-
3-(p-tolyl)prop-2-yn-1-yl)carbamate (115.7 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (27.5 mg,
78%), mp: 153-155 °C.

Rt (Petroleum ether/ EtOAc = 3:1) = 0.4.

HPLC (IC, n-hexane/i-PrOH = 80/20, flow rate = 2.0 mL/min, [ = 215 nm) tg = 9.46 min (minor),
12.13 min (major), 92% ee.

[a]p?5: +2.00 (¢ = 0.25, CH:Cly).

'H NMR (400 MHz, CDCl3) 6 7.50 (d, J= 6.4 Hz, 1H), 7.33 (d, /= 7.6 Hz, 2H), 7.23-7.15 (m, 1H),
7.09 (d, J=17.6 Hz, 2H), 6.75 (s, 1H), 6.54 (s, 1H), 6.12 (t, /= 6.8 Hz, 1H), 2.33 (s, 3H), 2.16 (s,
3H), 1.42 (s, 9H).

13C NMR (100 MHz, CDCl3) § 162.2, 154.0, 139.2, 137.2, 133.3, 131.9, 130.4, 129.0, 118.5, 105.6,
85.2, 82.4, 81.0,59.4,28.2,21.5, 17.0.

HRMS (ESI) m/z: [M+Na]* Calcd for C21H24N>NaO3 375.1679; Found 375.1675.
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tert-Butyl (8)-(3-(4-chlorophenyl)-1-(3-methyl-2-oxopyridin-1(2H)-yl)prop-2-yn-1-

ylcarbamate (5¢)

N~ ~O

/@/\NHBOC
cl

Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (3-(4-
chlorophenyl)-1-ethoxyprop-2-yn-1-yl)carbamate (123.6 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(23.8 mg, 64%), mp: 173-175 °C.

Rt (Petroleum ether/ EtOAc = 3:1) = 0.4.

HPLC (IA, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, I =215 nm) tr = 5.56 min (major),
6.10 min (minor), 82% ee.

[a]p?5: -12.43 (¢ = 0.25, CH2Cl,).
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TH NMR (400 MHz, DMSO-d6) 5 8.84 (d, J= 7.6 Hz, 1H), 7.71 (d, J = 6.4 Hz, 1H), 7.55-7.43 (m,
4H), 7.39-7.27 (m, 2H), 6.30 (t, J = 6.8 Hz, 1H), 2.02 (s, 3H), 1.39 (s, 9H).

13C NMR (100 MHz, DMSO-d6) & 165.7, 158.9, 142.3, 139.4, 138.7, 136.4, 134.2, 133.6, 124.9,
111.3,91.2,87.9, 85.1, 58.3, 33.2, 22.1.

HRMS (ESI) m/z: [M+Na]" Calcd for C20Hz CIN;NaO3 395.1133; Found 395.1132.

33333333
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tert-Butyl (5)-(1-(3-methyl-2-oxopyridin-1(2H)-yl)-3-(m-tolyl)prop-2-yn-1-yl)carbamate (5d)

N 6]

@/\NHBOC

Me
Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-
3-(m-tolyl)prop-2-yn-1-yl)carbamate (115.7 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (31.0 mg,
88%), mp: 148-150 °C.
Rt (Petroleum ether/ EtOAc = 3:1) = 0.4.
HPLC (IC, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ =215 nm) tr = 14.09 min (minor),
16.42 min (major), 90% ee.
[a]p?5: -16.64 (¢ = 0.25, CH2Cl,).
'H NMR (400 MHz, CDCls) § 7.52 (d, J = 6.4 Hz, 1H), 7.27-7.06 (m, 5H), 6.76 (s, 1H), 6.66 (s,
1H), 6.12 (t, J= 6.8 Hz, 1H), 2.29 (s, 3H), 2.16 (s, 3H), 1.43 (s, 9H).
13C NMR (100 MHz, CDCl3) § 162.2, 154.0, 137.9, 137.2, 133.4, 132.6, 130.2, 129.8, 129.0, 128.1,
121.4,105.7, 85.2, 82.9, 80.9, 59.0, 28.2, 21.2, 17.1.
HRMS (ESI) m/z: [M+Na]* Calcd for C2;H24N>NaOs3 375.1679; Found 375.1682.
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tert-Butyl  (S)-(3-cyclopropyl-1-(3-methyl-2-oxopyridin-1(2H)-yl)prop-2-yn-1-yl)carbamate

(5¢)
@Me

N0

/\NHBOC

Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (3-
cyclopropyl-1-ethoxyprop-2-yn-1-yl)carbamate (95.7 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(26.3 mg, 87%), mp: 176-178 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 2.0 mL/min, [ = 215 nm) tg = 6.70 min (minor),
11.15 min (major), 94% ee.

[a]p?5: -44.80 (¢ = 0.25, CH2Cl,).

'H NMR (400 MHz, CDCls) 8 7.39 (dd, J= 6.8, 1.2 Hz, 1H), 7.22-7.12 (m, 1H), 6.46 (s, 1H), 6.32
(s, IH), 6.10 (t, J= 6.8 Hz, 1H), 2.15 (s, 3H), 1.40 (s, 9H), 1.31-1.22 (m, 1H), 0.82-0.73 (m, 2H),
0.73-0.66 (m, 2H).

13C NMR (100 MHz, CDCl3) 8 162.7, 154.5, 137.6, 133.9, 130.8, 106.0, 89.7, 81.4, 70.0, 59.6, 28.8,
17.6, 8.9, 8.8, 0.0.

HRMS (ESI) m/z: [M+Na]* Calcd for C17H22N>NaOs3 325.1523; Found 325.1519.

tert-Butyl (5)-(1-(3-methyl-2-oxopyridin-1(2H)-yl)-3-(trimethylsilyl)prop-2-yn-1-yl)
carbamate (5f)

/NHBOC

T™MS
Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-

3-(trimethylsilyl)prop-2-yn-1-yl)carbamate (108.5 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid
(27.1 mg, 81%), mp: 165-167 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.5.

HPLC (IC, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, [ = 215 nm) tg = 7.24 min (minor),
9.87 min (major), 89% ee.
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[0]p3: -37.04 (c = 0.25, CH,Cly).

'H NMR (400 MHz, CDCL3) § 7.43 (d, J = 6.0 Hz, 1H), 7.22-7.16 (m, 1H), 6.58 (s, 1H), 6.27 (s,
1H), 6.11 (t, J= 6.8 Hz, 1H), 2.15 (s, 3H), 1.41 (s, 9H), 0.17 (s, 9H).

13C NMR (100 MHz, CDCl3) § 162.4, 154.2, 137.4, 133.5, 130.5, 105.9, 98.9, 91.0, 81.3, 58.5, 28.6,
17.5, 0.0.

HRMS (ESI) m/z: [M+Na]" Calcd for C17H26N2NaOsSi 357.1605, Found 357.1602.

71602
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tert-Butyl (S)-(1-(3-methyl-2-oxopyridin-1(2H)-yl)propyl)carbamate (5g)

N Yo
“"“NHBoc

Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-
ethoxypropyl)carbamate (81.3 mg, 0.4 mmol, 4.0 equiv) according to the general procedure in the
presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column chromatography
(petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (5.6 mg, 21%), mp: 144-
146 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IC, n-hexane/i-PrOH = 70/30, flow rate = 2.0 mL/min, [ =215 nm) tr = 3.46 min (major),
4.33 min (minor), 66% ee.

[a]p?5: +70.80 (¢ = 0.05, CH2Cl).

'H NMR (400 MHz, CDCl3) 6 7.21 (d, J = 6.8 Hz, 1H), 7.16 (d, J= 6.8 Hz, 1H), 6.46 (d, J= 7.2
Hz, 1H), 6.09 (t, J = 6.8 Hz, 1H), 5.36 (d, J = 5.6 Hz, 1H), 2.38-2.18 (m, 1H), 2.13 (s, 3H), 2.11-
1.95 (m, 1H), 1.41 (s, 9H), 0.88 (t, J= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 163.2, 155.0, 137.0, 134.9, 130.5, 105.4, 80.1, 73.4, 28.2, 26.1, 16.9,
10.4.

HRMS (ESI) m/z: [M+Na]* Calcd for C14H2oN>NaOs 289.1523; Found 289.1523.

289.1523

Relativz Abundance
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Benzyl (5)-(1-(3-methyl-2-oxopyridin-1(2H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (Sh)

N~ 0

/\NHCbz
Ph

Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and benzyl (1-ethoxy-3-
phenylprop-2-yn-1-yl)carbamate (123.6 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as colorless oil (16.0 mg,
43%).

Rt (Petroleum ether/ EtOAc = 3:1) =0.3.

HPLC (IA, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, [ =215 nm) tr = 7.35 min (minor),
8.02 min (major), 76% ee.

[a]p?5: -27.69 (¢ = 0.15, CH2Cl,).

TH NMR (400 MHz, CDCl3) 4 7.56 (d, J= 6.4 Hz, 1H), 7.46-7.40 (m, 2H), 7.38-7.25 (m, 8H), 7.20
(d, J= 6.0 Hz, 1H), 6.88 (s, 1H), 6.81 (s, 1H), 6.12 (t, /= 6.8 Hz, 1H), 5.14 (d, /= 12.0 Hz, 1H),
5.06 (d, J=12.0 Hz, 1H), 2.15 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 162.2, 155.0, 137.4, 135.8, 133.5, 132.0, 130.4, 129.1, 128.5, 128.31,
128.27, 128.2, 121.5, 105.8, 85.6, 82.7, 67.4,59.2, 17.1.

HRMS (ESI) m/z: [M+Na]* Calcd for C23H20N>NaO3 395.1366; Found 395.1365.
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TR}

i
o
o3
=

(8)-N-(1-(3-methyl-2-oxopyridin-1(2H)-yl)-3-phenylprop-2-yn-1-yl)benzamide (5i)

N O

/\NHBZ
Ph

Prepared from 3-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and N-(1-ethoxy-3-
phenylprop-2-yn-1-yl)benzamide (111.6 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (28.1 mg,
82%), mp: 193-195 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.2.

HPLC (IA, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, [ = 215 nm) tg = 13.53 min (minor),
14.87 min (major), 54% ee.

[a]p?5: +5.36 (¢ = 0.25, CH:Cly).
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TH NMR (400 MHz, CDCls) § 8.69 (d, J= 8.4 Hz, 1H), 7.93-7.79 (m, 2H), 7.66 (d, J= 6.4 Hz, 1H),
7.51-7.36 (m, 5H), 7.34-7.24 (m, 3H), 7.20 (d, J = 6.4 Hz, 1H), 7.11 (d, J = 8.4 Hz, 1H), 6.14 (t, J
= 6.8 Hz, 1H), 2.13 (s, 3H).

13C NMR (100 MHz, CDCls) § 166.4, 162.6, 137.6, 134.5, 132.8, 132.3, 132.1, 130.6, 129.0, 128.6,
128.3, 127.6, 121.6, 105.8, 85.2, 82.9, 59.1, 16.9.

HRMS (ESI) m/z: [M+Na]" Calcd for C2,HisN2NaO, 365.1260; Found 365.1262.

Felative Abundance
& 82 0aq

) L i L S L e L s e L B g LI S et S e A s i e o
5 5 380 s

tert-Butyl (5)-(1-(3-chloro-2-oxopyridin-1(2H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (5j)

N~ 0

/NHBoc

Ph
Prepared from 3-chloropyridin-2(1H)-one (12.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-

3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (22.9 mg,
64%), mp: 189-191 °C.

Rt (Petroleum ether/ EtOAc = 3:1) = 0.4.

HPLC (IC, n-hexane/i-PrOH = 90/10, flow rate = 2.0 mL/min, [ =215 nm) tr = 13.93 min (minor),
16.17 min (major), 76% ee.

[a]p?5: -16.88 (¢ = 0.25, CH2Cl,).

'H NMR (400 MHz, CDCl3) & 7.70-7.59 (m, 1H), 7.54 (dd, /= 7.2, 2.0 Hz, 1H), 7.48-7.40 (m, 2H),
7.37-7.26 (m, 3H), 6.72 (s, 1H), 6.57 (s, 1H), 6.18 (t,J= 7.2 Hz, 1H), 1.43 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 158.2, 153.9, 138.1, 134.9, 132.0, 129.2, 128.3, 126.6, 121.3, 105.3,
85.7, 82.1, 81.3, 60.3, 28.2.

HRMS (ESI) m/z: [M+H]" Calcd for C19H19CIN2NaO; 381.0976; Found 381.0978.
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tert-Butyl (8)-(1-(2-0x0-3-(trifluoromethyl)pyridin-1(2H)-yl)-3-phenylprop-2-yn-1-

yDcarbamate (5k)
@CF:;

N0

/\NHBOC
Ph

Prepared from 3-(trifluoromethyl)pyridin-2(1H)-one (16.3 mg, 0.1 mmol, 1.0 equiv) and ferz-butyl
(1-ethoxy-3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the
general procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel
column chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as colorless oil
(23.5 mg, 60%).

Rt (Petroleum ether/ EtOAc = 3:1) =0.5.

HPLC (IE, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, [ = 215 nm) tr = 9.89 min (major),
11.96 min (minor), 72% ee.

[a]p?5: -6.08 (¢ = 0.25, CH>Cl,).

H NMR (400 MHz, CDCls) 6 8.06 (d, /= 6.8 Hz, 1H), 7.74 (d, J= 6.8 Hz, 1H), 7.45-7.39 (m, 2H),
7.37-7.25 (m, 3H), 6.81 (s, 2H), 6.28 (t, J = 6.8 Hz, 1H), 1.43 (s, 9H).

13C NMR (75 MHz, DMSO-d6) & 156.6, 154.1, 140.9 (q, J = 4.5 Hz), 139.4, 132.2, 130.0, 129.2,
123.3 (q,J=270.0 Hz), 121.0, 118.6 (q, /= 30.0 Hz), 105.6, 85.1, 84.2, 80.6, 54.4, 28.3.

F NMR (376 MHz, DMSO-D6) § -70.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C20H19F3N2NaO3 415.1240; Found 415.1237.

||||||||
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tert-Butyl (5)-(1-(4-methyl-2-oxopyridin-1(2H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (5I)
Me

N~ O

/\NHBOC

Prepared from 4-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-

Ph

3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc=10:1 to 3:1) and was obtained as a white solid (20.3 mg,
60%), mp: 213-215 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.2.

HPLC (IC, n-hexane/i-PrOH = 50/50, flow rate = 1.0 mL/min, [ = 215 nm) tg = 7.84 min (minor),
9.89 min (major), 83% ee.
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[0]p®: +8.24 (c = 0.25, CH,Cl,).

TH NMR (400 MHz, CDCL3) § 7.51 (d, J= 6.8 Hz, 1H), 7.47-7.42 (m, 2H), 7.37-7.26 (m, 3H), 6.67
(s, 1H), 6.53 (s, 1H), 6.37 (s, 1H), 6.04 (dd, J= 7.2, 2.0 Hz, 1H), 2.17 (s, 3H), 1.43 (s, 9H).

13C NMR (100 MHz, CDCls) § 161.9, 154.0, 151.9, 134.9, 132.0, 129.0, 128.3, 121.6, 119.8, 108.6,
85.2, 82.9, 81.0, 58.9,28.3, 21.4.

HRMS (ESI) m/z: [M+Na]" Calcd for C20H2,N2NaOs 361.1523; Found 361.1519.

11111111

238.009 57.13 3622
o i
3 2 Z : T

vz

/\NHBOC
Ph

Prepared from 5-methylpyridin-2(1H)-one (10.9 mg, 0.1 mmol, 1.0 equiv) and fert-butyl (1-ethoxy-
3-phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (30.8 mg,
91%), mp: 176-178 °C.

Rt (Petroleum ether/ EtOAc = 3:1) =0.2.

HPLC (AS-H, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, I =215 nm) tg = 7.74 min (major),
10.97 min (minor), 88% ee.

[a]p?5: +5.44 (c = 0.25, CH:Cly).

'H NMR (400 MHz, CDCl3) & 7.47-7.41 (m, 2H), 7.37-7.25 (m, 4H), 7.20 (dd, J=9.2, 2.4 Hz, 1H),
6.65 (s, 2H), 6.53 (d, J=9.2 Hz, 1H), 2.09 (s, 3H), 1.43 (s, 9H).

13C NMR (100 MHz, CDCl3) § 161.2, 154.0, 142.8, 133.3, 132.0, 129.0, 128.3, 121.6, 121.1, 115.1,
84.9, 83.2, 81.0, 59.2, 28.3, 17.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C20H22N>NaOs3 361.1523, Found 361.1518.
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tert-Butyl (S)-(1-(2-oxopyridin-1(2H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (5n)

CL
N~ 0

/NHBOC

Ph
Prepared from pyridin-2(1H)-one (9.5 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-ethoxy-3-
phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 10:1 to 3:1) and was obtained as a white solid (28.2 mg,
87%), mp: 188-190 °C.
Rt (Petroleum ether/ EtOAc = 3:1) =0.2.
HPLC (IC, n-hexane/i-PrOH = 80/20, flow rate = 1.2 mL/min, [ =215 nm) tr = 17.46 min (minor),
19.19 min (major), 82% ee.
[a]p?5: +26.16 (¢ = 0.25, CH2Cl).
'H NMR (400 MHz, CDCl3) & 7.64 (dd, J= 6.8, 1.6 Hz, 1H), 7.48-7.40 (m, 2H), 7.39-7.27 (m, 4H),
6.72 (s, 1H), 6.58 (dd, J=9.2, 0.4 Hz, 2H), 6.20 (td, /= 6.8, 1.2 Hz, 1H), 1.43 (s, 9H).
13C NMR (100 MHz, CDCl3) 6 161.9, 153.9, 140.1, 136.0, 132.0, 129.1, 128.3, 121.53, 121.47,
105.9, 85.3,82.7, 81.1, 59.4, 28.2.
HRMS (ESI) m/z: [M+Na]* Calcd for C19H20N>NaO3 347.1366; Found 347.1363.
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tert-Butyl (5)-(1-(1-oxoisoquinolin-2(1H)-yl)-3-phenylprop-2-yn-1-yl)carbamate (50)

N0

/\NHBOC
Ph

Prepared from isoquinolin-1(2H)-one (14.5 mg, 0.1 mmol, 1.0 equiv) and tert-butyl (1-ethoxy-3-
phenylprop-2-yn-1-yl)carbamate (110.0 mg, 0.4 mmol, 4.0 equiv) according to the general
procedure in the presence of C2 (7.2 mg, 0.01 mmol, 10 mol %), purified by silica gel column
chromatography (petroleum ether/ EtOAc = 20:1 to 5:1) and was obtained as colorless oil (10.1 mg,
27%).

Rt (Petroleum ether/ EtOAc = 5:1) =0.3.

HPLC (ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, I =215 nm) tr = 9.90 min (major),
12.20 min (minor), 96% ee.

[a]p?5: -8.40 (¢ = 0.1, CH2Cl,).
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TH NMR (400 MHz, CDCls) § 8.48-8.41 (m, 1H), 7.69-7.57 (m, 1H), 7.55-7.37 (m, 5H), 7.36-7.25
(m, 3H), 6.89 (s, 1H), 6.54 (d, J= 7.6 Hz, 1H), 6.45 (s, 1H), 1.42 (s, 9H).

13C NMR (100 MHz, CDCls) § 161.5, 154.1, 137.0, 132.6, 132.0, 129.7, 129.0, 128.3, 128.0, 127.0,
126.4, 126.0, 121.6, 106.4, 84.8, 83.3, 80.8, 58.5, 28.3.

HRMS (ESI) m/z: [M+Na]" Calcd for C2sH2,N,NaOs 397.1523; Found 397.1527.

a75.14702 413.1260
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Control Experiments for Scheme 4

Gram-scale reaction

N
¢l N . NHBoc  ¢2 (10 mol %) NI\N o
N-N"X0 = OEt  Cyclopentane, 30 °C Z
N Ph /\NHBOC
1a 2a Ph 3a
3.5 mmol 1.12g

To a 100 mL of dry three-neck flask were added C2 (251.6 mg, 0.35 mmol, 10 mol %), 1a (455
mg, 3.5 mmol, 1.0 equiv) and 2a (3.85 g, 14 mmol, 4.0 equiv), then Cyclopentane (50 mL) was
added under argon atmosphere. The resulting mixture was stirred at 30 °C for 24 hours. The
reaction mixture was concentrated under vacuum; the crude residue was purified by silica gel
column chromatography (eluent: petroleum ether/EtOAc = 10:1-3:1) to give 3a (1.12 g, 89 %,
94% ee).

Scheme 4a
OFt

OEt
C2 (10 mol %
/\ NHBo ¢ EOH — o . / NHBoc

cyclopentane, 30 °C Ph
Ph (1 equiv) 2a

2a
(1 equiv) (recovered)

To a 10 mL of dry schlenk tube were added 2a (13.8 mg, 0.05 mmol, 1.0 equiv) and EtOH (2.3

mg, 0.05 mmol, 1.0 equiv), then Cyclopentane (1 mL) was added under argon atmosphere. The

resulting mixture was stirred at 30 °C. After a period of time, the reaction solution was monitored

an the ee values were determined by HPLC.

entry t (h) ee of recovered 2a (%)

1 1 0

2 3 0

3 6 0

4 12 0

5 24 0
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Scheme 4b

‘ N Yl
C2 (10 mol %
NeyNo  + gon - 2U0mol%) /\NHBoc
: cyclopentane, 30 °C
/NHBoc / NHBoc

Ph 3a (94% ee) (1 equiv) Ph 3a (recovered)
(1 equiv)
To a 10 mL of dry schlenk tube were added 3a (18.0 mg, 0.05 mmol, 1.0 equiv), EtOH (2.3 mg,
0.05 mmol, 1.0 equiv) and C2 (3.6 mg, 0.005 mmol, 10 mol %), then Cyclopentane (1 mL) was
added under argon atmosphere. The resulting mixture was stirred at 30 °C. After a period of time,
the reaction solution was monitored an the ee values were determined by HPLC.

Entry t(h) eeofrecovered 3a (%) yield of 2a (%) ee of 2a (%)

1 6 94 <5 0
2 12 94 0
3 18 92 0
4 24 92 17 0
5 48 92 22 0

Scheme 4¢

\
(10 mol%
Yl N\N .

cyclopentane, 30 °C

/NHBOC /\NHBOC
Ph

3a (94% ee) @ equtv) 3a

To a 10 mL of dry schlenk tube were added 3a (18.0 mg, 0.05 mmol, 1.0 equiv), 1a (13.0 mg, 0.1
mmol, 2.0 equiv) and C2 (3.6 mg, 0.005 mmol, 10 mol %), then Cyclopentane (1 mL) was added
under argon atmosphere. The resulting mixture was stirred at 30 °C. After a period of time, the

Ph

reaction solution was monitored an the ee values were determined by HPLC.

entry t (h) ee of 3a
1 6 94
2 12 94
3 18 92
4 24 92
5 48 92
6 96 92
Scheme 4d
O Ch
N €2 (10 mol %) |
N" "0 cyclopentane, 30 °C NT 0
/\NHBOC /‘\NHBOC
Ph rac-3a Ph (R)-3a

To a 10 mL of dry schlenk tube were added rac-3a (18.0 mg, 0.05 mmol, 1.0 equiv) and C2 (3.6
mg, 0.005 mmol, 10 mol %), then Cyclopentane (1 mL) was added under argon atmosphere. The
resulting mixture was stirred at 30 °C. After a period of time, the reaction solution was monitored

an the ee values were determined by HPLC.
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entry t(h) ee of (R)-3a

1 6 -6
2 12 -6
3 18 -10
4 24 -10
5 48 -15

X-ray crystallographic data of 5f

The crystal structures have been deposited at the Cambridge Crystallographic Data Centre. CCDC
2268745 (5f) contains the supplementary crystallographic data for this paper. These data can be was
obtained free of charge via the internet at www.ccdc.cam.ac.uk/data-request/cif.

The measurements were taken in a Bruker D8 Venture diffractometer. The data were integrated by
Bruker D8 with multi-scan absorption corrections. The structure solution and refinement were
processed by SHELXL.

X-ray crystallographic data for 5f

Method of crystallization: A solution of 5f in dichloromethane and petroleum ether was evaporated
the solvent slowly at room temperature.

Crystal data and structure for 5f

X-ray structure of 5f. Thermal ellipsoids are shown at the 50% level.

Empirical formula C17H26N203Si

Formula weight 334.49

Temperature 213.00K

Wavelength 1.34139 A

Crystal system Monoclinic

Space group P1211

Unit cell dimensions a=9.30452) A a=90°

b=11.4846(2) A B=115.1230(10) °
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c=10.10852) A y=90°

Volume 977.99(3) A3

Z 2

Density (calculated) 1.136 Mg/m?
Absorption coefficient 0.764 mm™!

F(000) 360

Crystal size 0.07 x 0.07 x 0.05 mm?
0 range for data collection 4.203 to 54.886°

Index ranges

-11<h<11,-13<k<13,-12<1<12

Reflections collected

11863

Independent reflections

3679 (Rint = 0.0473)

Completeness to 6 = 25.242 ©

99.7 %

Max. and min. transmission

0.7508 and 0.5632

Data / restraints / parameters

3679/1/215

Goodness-of-fit on F2

1.052

Final R indices [ > 20(])]

R;=0.0351, wR>=0.0804

R indices (all data)

R;=0.0336, wR> = 0.0819

Largest diff. peak and hole

0.134 and -0.202 e.A"3

Flack parameter

0.049(17)

References

[1] (a) Wang, Y.; Wang, S.; Shan, W.; Shao, Z. Nat. Commun. 2020, 11, 226. (b) Sun, Z.; Chen, L.;
Qiu, K.; Liu, B.; Li, H.; Yu, F. Chem. Commun., 2022,58, 3035-3038. (c) Ma, X.-Y.; Zhang, C.-F.;

Hu, X.; Zou, W.; Li, Y. Tetrahedron, 2020, 76, 131085.

S28

S28




0000—

N
)
¥
-

0§69
6£6'9
s
9LT'L
1STL
9LTL
18T'L
68T'L
V6T L
86T'L
60€°L
L
02E'L
bTEL
0€€L
LEE LA
95¢°L1
12y LA
9T L
Ty LA
Lt LA
P L
Shi LA
ISR

NHBoc

e

Ph

400 MHz, CDCly

3a

1 JLL

Fooe

%hw.o L

660
7 00'T

H\mm.m I

Yo'l

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S29


lenovo
图章


— O O — O~ © X
O S AN>SOA <t on S O A <t D
= n 6 F ol ol QN B — — o < T
v N cnenenon A AN AN v Al — o) op
— — — o~ — O 00 o0 v N
I SN\ N

Cl ] =

N.
N7S0
MNHBoc
%\
Fh
100 MHz, CDCly
3a
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 T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
$30


lenovo
图章


0000—

op
T
b
-+

veec—

061'9—
169
9¢6'9
¢60°L
1L
0sT'L
vi.n%
SETL-T
65CL
vieL
8I¢L
vee'L

NHBoe

400 MHz, CDCly

Me

3b

[N

i

006

86T |

6.0 5.5 5.0 4.5 4.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S31


lenovo
图章


91—

P
€T
op
q

cres—

LT T8~
6078~
€eeg"

6C8I1—

SI'6T1
L6IET
R.NQV
Liver””
00'SE1-7
LY6€1

PoeST—
C9LST—

NHBoc

Me

100 MHz, CDCly4

3b

MWWLLJWJM I N W

-20

-10

20 10

50 30

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70
f1 (ppm)

T
220

S32


lenovo
图章


0000—

v

o~

6L €—

yST9—

66L9
9089
1189

€289
wmw.oN.
Ge89

2169
9€6'9
8b1°L
€LTL
9€TL
097'LA
SheL
S¢L
LSE L
69€'LA
bLE LA
18€°L1
98¢

400 MHz, CDCly

MeD

3c

661
860
860

EI160 |

Br61

= 006

—  Foo¢ [

%vw.o i

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.5

f1 (ppm)

S33


lenovo
图章


[
o
op
N

LESS—
vres—

LEETT~L
0vI-"

9L CEl
S.mmﬁw
f.vmﬁ.\
86°LEI

LS EST—
COLST~
9T 091 —

NHBoc

MeD

100 MHz, CDCly

3C

.Mwwwwlmm

-20

-10

20 10

50 30

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70
f1 (ppm)

T
220

S34


lenovo
图章


0000—

e

N
Yl

A
-+

861°9—
6269
£€56'9
°L6'9
6L69
¥86'9
0669
966'9
000'L
S00°L
LI0'L
0L
620°L
€LTL
L61'L
97T L1
057 L]
0L
80" L
1L
L
ST LA
0t
8€hLA
b LA
IStL”

4

Cl

=i
£

NHBac

400 MHz, CDCly

3d

Foo6

%a.o i

00°1
80C
10°1

€60 |

H/no.m

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S35


lenovo
图章


op
q
op
N

6065 —

0 I8~
6hI8—
L0487

99°¢11
88°¢11
LY LTT
0S°LIT

08Cel
wo.vmﬁ/

E.vmﬁw
LTYEL

ao.wmﬂ\

€SesI—
€9°LST~
6L 19T~
6CYIl—

NHBoc

ZF

100 MHz, CDCly

3d

VWMWMMWW

-20

-10

20 10

50 30

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70
f1 (ppm)

T
220

S36


lenovo
图章


-109.22

376 MHz, CDCly

3d

BN A A

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 T T T T T T T T T
-10 =20 -30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 —2(
f1 (ppm)
$37


lenovo
图章


0000—

M3
-

961'9—
v26'9
8469
PLI'L
861°L
81TL
9€TL
WL
LSTL-F
80€°L
gL
€I¢L
LT L
67¢ LA
zeeL
seer/
0€t'LA
peb LA
et L

o
NHEoC

400 MHz, CDCl4

Cl

3e

|

=006

L6°0

0’1
H\::
96'1
=661
2660

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.5

f1 (ppm)

S38


lenovo
图章


on
r.
op
q

2065 —

c0°¢eCl
om.@ﬁ/
9°6C1
91°0¢l

06'1¢l

SLTEF
om.vﬂ\
wm.vﬂ\

I8¢l

8L EST—
SSLST—

NHBoc

100 MHz, CDCl4

Cl

3e

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S39


lenovo
图章


4048
S0L0
TIL0
LILO

18L°0
mwh.oV.
10C'1

S0T'1
eIl

81T’
12T

LTTT

€T

bETT

LETTA
6€T 1
Wt
LVT 1A
157 -
ST
65T 1+
L9T'T-
wTTA
A

S109—

6689
€69
6£69
€v6'9
Nom.o\
L96'9

091°L

Y8I°L

MHBoc

400 MHz, CDCl4

3f

J JJU\JA |

660

€6°0
o001

—!vw.o

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S40


lenovo
图章


o< o~ O
v o<t 0 O~ o o~ o o wh o
~ o ~ < A BE < — ® R v A e}
v N N en en N — o 0 ob Qo S
— —_— o — o0 o) O v q [eeliee] ]
[ Y4 I I N
Cl l e
N'\-\.
N Q
MHBoOC
==
100 MHz, CDCly
WMW
r—r——— 1+~ 1 T 1 T 71 71T 71T 71T "~ 71T 1T "~ 1T 1 "~ 1 *~ T "~ T *~ T "~ T * T "~ T " T "~ T * T ™ 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 =20

f1 (ppm)
S41


lenovo
图章


<X
——
<P

o

-

o
¥
-

ev0'9—

9069
om@/
3660~
0L
@E\
681°L

MHBoc

TMS

400 MHz, CDCly

3g

LI Ju

1838 |

Foo6

EL60

5660

860 |

—!vw.o

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

9.5

f1 (ppm)

S42


lenovo
图章


— <t O O
v <t A AN~ — @) o~ 0 \© o
= <o o S &« < S 9
"N cnehen = o — o ) s
— — — o — [@) [@)} [oe] e} [\l T
I Y4 I
Cl | 54
N.
N“0
MHBoc
%\
TMS
100 MHz, CDCly
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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

S$43


lenovo
图章


0000—

Foo6

O
w
<
-+

€91°9—
.89
0069
Sh1L
691°L
0L
S0E°L
91¢’L
LTEL
4330
8EEC°L
ShEL
1S¢°L
65¢LA
9L
0LE LA
€8¢,
06¢°L
L
LibLA

e
N

Cl

O

Ph”” “NHBoc
400 MHz, CDCl4

M

3h

.

Rge0
001

06V

v6°0

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S44


lenovo
图章


O - o Al en <+
[o\ENe\| oo W) O \O 0 N wv — [o2e)
0 < ~ 8 n Al oo\ xQ N N
wv cnenenonaAa A (=) 0 o0
—_— — o — — — [e%) o) [\l
[ N P
M.
N O
Ph”” ~NHBoc
100 MHz, CDCl4
& VL bt i J‘ ‘L‘ i o N ) ey it
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 T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
S45


lenovo
图章


0000—

9260
mvm.ow
¥96°0

44|

Fse6t

oSt 1"
€581
onwﬁu«

L88'1-F
S06'T
€26'1

SO e—

1299
mnm.o%
6LC9

0629
L6T9
SI€9

888'9~_
69~
Lyl L~
1L

400 MHz, CDCl4

‘WWMM Feot

h

l M M

Fo06

F96°0
Es60 |

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
f1 (ppm)

9.0

9.5

S46


lenovo
图章


O © n S \©o
<t on O N () < [« Vo)
0 <t ~N e \n < o — D
v n cn N N S o] ool T~
—_— —_— o — oo O AN N [@)
[ Y4 /
M.
M 0
~~""NHBoc
100 MHz, CDCly
3i
— T - 71T T T 717 71T -~ 17 "~ 71T -~ 1 7 "~ 1T "~ 17 "~ 1T "~ T T T "~ T "~ T "~ T "~ T " T "~ T " T " T " 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
s47


lenovo
图章


0000—

€959~

18597
ﬁ

LLTL

197/

660
00T |

X0
201

LL'8 t

W6TL
S6T'L
00€°L
bOS'L
80€°L
€Ie’L
61¢LA
97€'L
seeL
TheLA
-t
opE'L
0t LA
L0V LA
61%'L-
€Th'LA
LTh LA

MHCbz

FPh

400 MHz, CDCl4

— ({4

Tﬁwd

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S48


lenovo
图章


— N SN O — XN N
O SN0 — N O <t o — <t — [\
ST T ol o o6 08 0o o S
Ueli'g} cnenenonaAa AN i Al [ [N
— — o o o o —— o0 o0 O v
I i | | |
Cl : e
N"'\.
N0
MHCbz
%\
FPh
100 MHz, CDCly
ettt T mem‘
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 T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

S49


lenovo
图章


000°0-—

S76°9
0L6'91
PTILy
6v1°L
€T L
69T L
€LT LA
067" LA
60€°L
91¢'L
02€L
[€€°L
€€,
LbEL
€5€°L
95¢°L
€THL
pEy'L
8€t'L
Ihh'L
bSt'L
LSt'L
80S°L
LTS L
SHS'LA
89"/
LOL'LA
9/8°L1
168" L-
0L6'LA
¢66'L

Cl

4.0

4.5

5.0

T
5.5

6.5

NHBz

Ph

400 MHz, CDCly

3k

J@u | | J‘ M

8.5

9.5

f1 (ppm)

S50


lenovo
图章


9¢€'86—

S8 —
8V 68—

(1A
19°LT1
I¥"8C1

VL 8Tl
ce6cl
LOTEI~N
Ly'cel

mo.mmﬁN.
98°CEl
0ePvel

61'8¢I1

S8LST—

88°¢91—

NHBz

Ph

100 MHz, CDCly

3k

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S51


lenovo
图章


0000— =

Fo06

M3

1

Tﬁwd L

8189~_ = 360 |

€59 —

VAN

€STLF Fesv |
€9T'L 161

o
o0
()]
~
O
MNHBoc

o

“

o~

I

N
=

\

N
400 MHz, CDCl4
3l

S
A
o
nl
Ph

4.0 3.5 3.0 2.5 2.0 1.5

4.5

f1 (ppm)
S52

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5



lenovo
图章


S53

N <t <t O 0 <t — — O\
O AT OoOANTONn <t SNon (@] -
~ S A ARG — — 5 N QK
wv nenenaAaadaa A v A — (@) oD
—_— — o e — — o0 OO0 o0 v q
[ NN A~ NV

Br | o

M.
N“~0
MHBoC
%\ Z
Ph
100 MHz, CDCly
WWW vt
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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 =20
£1 (ppm)


lenovo
图章


0000—

o~
-+

SSeC—

0€e9—

9589
0889
£€90°L
aos/
€0T'L
ESM
€8T'L
LST'L
067'L
20€°L
S0E°L
60€°L
cre]
0ZE LA
e L
vy L
6Tt LA
ey ]
oL
-

400 MHz, CDCly

[

3m

e

006

Tw.o |

001
S0
98°0

0Te |

koot

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S54


lenovo
图章


16'0C—

ST8C—

[6'65—

98°08~_
95" €8~
e

%ANT/.

N
o@.ws/
0906 1-¢
00ZE1—
gL ecr”/

LYY —

LYEST—
16°8ST—

MWMMMMMWWWM

NHBaoc

=

Ph

100 MHz, CDCly4

3m

DRV o

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S55

210


lenovo
图章


0000—

L

o~
wh
¥
-+

vo1'S

mNN.mV
LSTST
nwm.m.\.

58897~
1269
$H6'9
0L6°9
08T'L
S6TL
667L
0€°L
€IeL
81E°L
L
LTEL
SeeL
65€L
breL
LY L
S9€LA
08€°LA
vvL ]
6t
19t L]
bt L
St LA
9St'LA
19"

BnO

e

=

NHEBoc

Z

Fh

400 MHz, CDCly4

3n

E006 [

1.5

2.0

2.5

3.0

4.0

4.5

5.0

T
5.5

6.5

8.5

9.5

f1 (ppm)

S56


lenovo
图章


9¢8C—

€6'86—
ST69—

€018~
19" €8~
or 8~

oiﬁ
wiﬁ/
8¢'8TI
58Tl

12°8C1

06217y
80°T€1 \
09°€ET \
L8'SET

P TS T ~

89°¢ST-"
98°LST—

NHBoe

Z

Ph

100 MHz, CDCly

3n

MWJWWMMWWMMW

-20

-10

20 10

50 30

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70
f1 (ppm)

T
220

S57


lenovo
图章


0000—

o]
I
¥
-

8669
¥8TL
€0¢’L
v0e'L
60¢°L

ICy'L
mmv.h/
vy L~

808°'L
CI8'L
L18'L
18'L

._._\ -
HIM

NHBGOC

A\

Ph

400 MHz, CDCly4

30

L JL»L

|

006

%hw.o I

1ot
601

F86'1

Freo [

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S58


lenovo
图章


L
NMH o

%\ MHBoC
Ph

100 MHz, CDCly

30

—159.24
—153.70

136.49

/
L
\
\

132.09

131.66
130.94

129.09

128.34
121.59

8472
—83.18
\-81.14

60.04

o2Q 2N
Z0. 00

T
220

210

200 190 180

170

160

150

140

130

120

110

T
100
f1 (ppm)
S59

90

80

70

60

50

40

30

20

10

-10

-20


lenovo
图章


0000—

O
W
D
-+

6v1'9—
901°L
€TTL
LYTL
8L
L8T'L
162L
bOE'L
80€°L
L
67¢°L
€eeL
LEE'L
breL
1S€°L
09¢°LA
99¢°L
69¢°L
€Th LA
8zh L]
cetL
Ot LA
b L
Lyt LA
€St

(o]
NHBoc

|
N
=

Ph

400 MHz, CDCly

3p

I

006

$6°0

P60

S6°0 |
m@o.m
00°¢

4.0 3.5 3.0 2.5 2.0 1.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S60


lenovo
图章


N <+ nNna—  — O 0 <

N < — o O —tnen — <t v O o~ ha
S o S SN — = A < qN
w n <t nenenA AN AN v Al — N op
— — e — — o0 0 O v q
I NSNS Y4

%NHBDG
Ph

100 MHz, CDCly

3p

SOUEUUCIUU O MMW

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 T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S61


lenovo
图章


0000—

QP
-+

5622
00€L
pIEL
9TE'L
€pEL

8IY'L
va&/
8EV'L
va.hv

6C8'L—

N

cl
q

NHBoc

3

|N\

=

400 MHz, CDCly4

Ph

006

€60 |

780 |
To0¢
Kooz

Fze0 [

4.0 3.5 3.0 2.5 2.0 1.5

4.5

f1 (ppm)
S62

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5



lenovo
图章


O DD N — O
N N OANO N T A <t <t < [@)) [
©“voen O O < Al O 6 — n — N N <N
v cnenenon A AN v Al — — op
— — o — — — o0 OO0 o0 O N
\/ ~\\ |+ | NN

/NHESDG

Ph
100 MHz, CDCly
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 T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S63


lenovo
图章


0000—

e

op
e\
A A
-+

91c—

MHBOC

\

=

Ph

400 MHz, CDCl,

5a

iy

Fv1e

Fooe |

0. (

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.0

9.5

S64


lenovo
图章


00°LT—

I
¢
op
E

ye6s—

10" 18~
60°€8—
€0's8~"

€901 —

€9'1TI~

9T'8C1
8.%;

AIRN

007Ctl
geeel /.
6r'Ls1”

S6'EST—

8C91—

Me

==

MNHBoC

Ph

100 MHz, CDCl,

ba

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S65


lenovo
图章


0000—

<

1215 %
[e€c—

NHBoc

400 MHz, CDCl4

e

ob

o

=006

ETIE |

=I10¢

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S66


lenovo
图章


voL1
N (o
€8T

wres—

L6'08~_
1728
81'68~"

¢9°S0T—

Me
0

NHBoc

100 MHz, CDCly

Me

Sb

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S67


lenovo
图章


000°0-—

[6€1—

SC0C—

Me
(@]

7

SE88~
vS8'8~"

1 LJLJL

4.0

4.5

f1 (ppm)
S68

6.0 5.5 5.0

6.5

7.0

7.5

NHBoc
8.0

5c
8.5

=

400 MHz, CMSO-d6

o

9.5



lenovo
图章


el'cc—

LTeE—

[€86—

90'$8—
88°L8—
IT16—

LTIIT—

L8V —

09°¢el

@:umﬁVr
el —
S98E1-7

1243
mm.NE.\

88851 —

L9991 —

Me

=

NHBoc

=

100 MHz, CMSO-d6

Cl

5¢c

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S69


lenovo
图章


000°0-—

\p
g

A 3
-+

SO1e—
€6Cc—

€019
oﬁ.ow
LET9

$59'9~
95.°9—
SII'L
EEV
1sTLE
0LT'L
88T°L
107°L
€Tl
We'L
65TL
€IS,
62S°L

Me
Q

NHBoc

=

400 MHz, CDCl,

Me

3d

I Ju N

=016

=00'¢

=00°€¢ |

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.5

f1 (ppm)

S70


lenovo
图章


OT'LT—
SI'ic—

<X

6685 —

L8088~
98°C8—
LTS8~

€L 01—

6€'1C1
Q.wﬁ/
66'8C1
861
P OE1~
SSTEl-7
Lees1/,
oﬁﬁ\
16°LE1

e0vSI—

61 C9T—

Me
(@]

NHBoc

100 MHz, CDCl4

Me

5d

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S71


lenovo
图章


PO
TIL0
LILO
9510
19L°0
LLL07
6¢7'1
e
09Z'1

LTl
LLTT
66¢°1

ovic—

NHBoc

400 MHz, CDCIE
5e

) A_UM_JLL J

I

7.5

L0T |

E8E1

o006

Roo

9L°0 |

M\vo.

660 |

Feot

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5

5.0

5.5

6.0

6.5

7.0

8.0

8.5

9.0

9.5

f1 (ppm)
S72


lenovo
图章


ob
N
ob
S

19°'66—

86'69—

e 18—

CL'68—

Y0901 —

¥8'0el—
98'¢cel—
19°LET—

SYysl—

€L 91—

Me
o

NHBoc

100 MHz, CDCl,

5e

WWNMMMWW

10 -10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30
f1 (ppm)

T
210

20

S73


lenovo
图章


0000—

o~
P

5y

L

P
-
<+
-

Is1'c—

Me
o

NHBoc

TMS

400 MHz, CDCl4

5f

EI1l'e

ﬁ .
et L
8L0

wom.o

001
=660

Fw6s |

- F00¢€ |

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S74


lenovo
图章


O o~ <t o>~ > e
) — < < < o) N " O © W "
N < =) e N ) N < “ < P
Ne) v NN = 0 S — 59 b ~ <
— — — o — — (o)) (o) [ele] v N — P
I I [\ ] I I
CL
N70
MHBG
%\ "
TMS
100 MHz, CDCl4
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 T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S75


lenovo
图章


0000—

¥98°0
Nww.ow
S@.o

b T

UV 1
S00°¢
6v0°C
990°¢
mwo.mv
001°¢
TS.N\
Lo1C
0T’
gcce
evee
(44
6LCTC
L8TT

860

Me

Zi

~~""NHBoc

400 MHz, CDCl,

59

%E.m

Fooe .

< Fheo |

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.5

f1 (ppm)

S76


lenovo
图章


N = AN O [y
[\l (=] S 0N on N 0 <t © [ el
) Te) = v - «@ N < x® «@
O g} N N on () el on o0 \O el (e
— — — p— — (o) ~ e\l e\l — —
| | I | \/ |
CL
N“~0
~~""NHBoc
100 MHz, CDCl4
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S77


lenovo
图章


0000—

8Y1'C—

L0899~
66377
woﬁk
9TL
89T'L
6LT'L
¥8TL
88T'L
66T'L
0€°L
LOS'L
TIELA
SIELA
€7EL
LyE LA
61t'L]
L
€L
165°LA
195"

/

=i

NHCbz

A

00°T |

F1071

400 MHz, CDCl4

Ph

Sh

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S78


lenovo
图章


90°LI—

LT'6S—
9¢'L9—

89°C8—
y9°68—

8L'SOT—

0S1¢I
[14'14!
LT8CI

1€°8¢1
yS 8¢l

LOo6cl—-

9¢°0¢T”

Me

=i

NHCbz

\\

==

Ph

100 MHz, CDCl,

5h

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S79


lenovo
图章


000°0—

eerc—

LT19

144! .ow
iy
8IT°L
9L
£€8C°L
wlL
L8EL
LOV'L
STy'L
6Ch'L
Svv'L
6vyL
V8L
9v8’L
¥98°L

—~le——

SL98~_
969'8~"

Me
MHEBEz

=
5

400 MHz, CDCl4

Ph

=00°¢

Feot

40'1
€0’
y'E
6T°S

Rgo1 |

Forz

Feot

4.0

4.5

f1 (ppm)
S80

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5



lenovo
图章


€6 91—

90'65—

G878~
81°68—

8L'SOT—

19°1¢1
19°LC1
8C'8CI

65°8¢C1
10°6¢1
LS0ET~C
LOCel

BN.NQN"
8cel
vvel

19°LET

€991 —
99T —

NHEz

100 MHz, CDCl,

5i

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S81


lenovo
图章


0000—

i

-
o
<
-

¥91°9
NwSW
0029
°US9—
otz
18T°L
86T'L
10€°L
gL
91¢L
L
9z€'L
0€€°L
€hEL
s a
9¢tL
6vLA
ShLA
95t L
s
0gs'L
Che' L]
8hS L1
659°L
9597

Cl

=z

NHBoc

Ph

400 MHz, CDCl4

=006

Fvot

4.0 3.5 3.0 2.5 2.0 1.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S82


lenovo
图章


on
r.
op
q

ye09—

PEI8~
v178"
vL'S8~"

8CTSOT—

ce8Cl

6l6cl—

TOCET
88ve1 "
1ser-"

¢oES1—
91851 —

100 MHz, CDCl,

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S83


lenovo
图章


0000— —
Fept hﬂ 006
~

979
;SW — = T9071
8679

o L8°1
437 %
Sms/
801°L i
:E% i o L Rore

e B m m R0z

€L L, z ©° SOl
1seL A.x N o m Te) v
LYO'8~ i :
1903 // m Feot

Ph

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
f1 (ppm)

9.0

9.5

S84


lenovo
图章


0€'8C—

8EYS—

SS08~
0T¥8~_
168"

90 VST~
S 9ST—

CFj3

N__.

NHBoC

=

Ph

75 MHz, DMSO-d6

ok

10 -10

30

40

70 50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S85


lenovo
图章


CF4

..ZQ

o

%\NHBGG

376 MHz, CDCly

Ph

Sk

70.219

JA

10

T 1
-10 -20 -30

-40

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 T T T T
=50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)
S86


lenovo
图章


0000—

op
o
¥
-+

ELI'C—

O
NHBoC

Ph

400 MHz, CDCly

J e

sl

Fooe

Fooe |

H/SA

80T |
8L0
ﬁqo

PLUE

S6'1
660

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S87


lenovo
图章


9¢'1c—

wH
q
op
E

Y6'86—

1018~
06T8—
6158~

GG 801 —

LLOTT~
LSTCI—
6C'8¢CI

10°6C1 V
00CceEr—
[6vel-—"

16'1ST~
LO'EST—

06’191 —

o
MHEBoC

Ph

100 MHz, CDCl4

Sl

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S88


lenovo
图章


0000—

A

o
o
b
-+

880C—

LIS~
0vS'9—"
697
w6lL
60T
SITL
997°L
UTL
88T'L
6L
b6T'L
208L
90€°L
zIgL
L1€ L
67 LA
8pe L]
8T'L
ect L]
8¢
it L
8L
st

Me

=i

MHBoc

Ph

400 MHz, CDCl,

5m

006

Fo0°¢

60'1
S

o'l

vy |

heoz

4.0 3.5 3.0 2.5 2.0 1.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S89


lenovo
图章


€L —

wH
q
op
E

T6S—

2018~
SI'Eg—
8878~

90°STT~
LOTCI
9CTCI ~

ST8Cl
L6871

96'1€1

1€eer—"

8L W1 —

10VST—

IT191—

Me

-

MNHBoc

FPh

100 MHz, CDCl,

5m

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S90


lenovo
图章


0000—

op
QN
<
-+

(9]
NHBoc

Ph

400 MHz, CDCl4

5n

006

2.0 1.5

IRVt

2.5

3.0

4.0

4.5

5.0

T
5.5

Frot
6L'T [
160 |

v |
1oz b
=101

6.5

7.0

7.5

8.5

9.5

f1 (ppm)

S91


lenovo
图章


[®)) on V>N O NN o> N
[*o] (o)) S AN O AN NV T N o~ N O <t N
— o S — B\ B — — v N O = . qT
\O v <t N en AN AN AN () v Al — [©N) op
— — — e — — — o0 00 o0 Ve (q\l
| | NNNNY Y N/
(L
NS0
NHBoc
%\
Ph
100 MHz, CDCl,
5n
T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S§92


lenovo
图章


0000—

<P
d
¥
—

PSr9-
9759~
svs97/

oy

60€°L

L6EL—
0er'L
SEv'L
0sty'L

or¥'8
(424"
ey’
198
o918
Yot'8

e

MNHBoc

Ph

400 MHz, CDCl,

50

L

Fo06

98°0
IT1

%\3.0 -

6T |

Frev
001

Foeo

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
f1 (ppm)

9.0

9.5

S93


lenovo
图章


o~
aQ
op
p

SY86—

8L°08~_
€CE8~
¥8v8~"

Y7901 —

LSTTI
Y0'9Cl1
ge9cCl

L6'9T1
66'LTI~E

0t 8CT-F

00°6CT-
€L°6C1

86'1¢1
¥9°Cel
10°LeT

SOvSI—

YS 191 —

zn

NHBoc

==

Ph

100 MHz, CDCl,

50

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S94


lenovo
图章


VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-07-171-R.D)

mAU{
2000—?
1750—? Cl | ~ ©
? N. 2
1500 N~ ~O
125(); /\NHBoc N
] Ph S
1000
750—?
5oo—f
250—?
2‘.5 é 7‘.5 1b 12‘.5 1‘5 17‘.5 2‘0 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Rl B R |- |- |-------- |
1 8.806 BB 0.2934 2.92104e4 1545.91370 49.7149
2 10.502 BB 0.4243 2.95454e4 1056.23389 50.2851
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-07-171-171.D)
mAU |
2500 Cl | X
N. 2
f N0 2
2000 - :
/NHBOC
1500; Ph
* 3a
1000;
500;
0 ‘\““\““\““\“MH‘\“\‘ T 1 T
25 5 75 10 125 15 175 20 min

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
| e |- e |- |- |
1 8.843 MM 0.3287 4.01724e4 2036.99768 97.1887
2 10.793 MM 0.4896 1162.04663 39.55899 2.8113
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VWD1 A, Wavelength=215 nm (C\CHEM32\1\DATA\LQY\LQY-08-41-R-1.D)

mAUi
1 of
1000 \@
] N-NSo o
800 =" "NHBoc p=
] Me
600 3
400;
200;
o
s 10 15 20 2 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.112 BV R 0.4083 2.18504e4  807.78693 49.6470

2 13.964 VB

0.6655 2.21611e4  491.99591 50.3530

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-41.D)

mAU |
14ooi Cl ‘ X
N

] "N [@]

1200 | B §
// NHBoc b

1000 |

| Me

800; 3b

600;

400;

200;

o A =
5 15 20 25 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

R B |- |- |- |- |

1 11.074 BB 0.3775 2.61821e4 1073.79468 97.7482

2 14.232 BB 0.6489 603.15656  14.24609 2.2518
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-33-R-2.D)

mAU ]
500-| s
] Nonso
i Z NHBoc g
400 o
] MeO
300;
200; 5
100{
o B
2‘5é7‘51‘012‘51‘517‘52‘022‘5 min|
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Sl e |- |- |- |
1 9.088 BB 0.4817 1.22173e4  391.94629 50.2893
2 12.780 BB 0.9601 1.20768e4  189.36020 49.7107
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-33-2.D)
mAU ]|
1 Cl N
500 — |
i NS0
il /@/\NHBOC %
400 4
1 MeO
300{ 3c
200;
100{
0 e
‘2ﬁ5“"g““7ﬁ5““1‘0““12‘.5““1‘5““17‘.5““2‘0““22‘5‘m‘in
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Rl B e |- |- |- |
1 9.084 BB 0.4753 1.23838e4  403.28482 94.9234
2 13.133 BB 0.9599 662.29431 9.81979 5.0766
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-59-R-1.D)

mAU |
1400 4
] c | =
1200 1
] N. 0 !
1000—: =~ "NHBoc o
800 F g
600-]
400;
200;
o0l
5 4y T4y T T 2 m
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

o e e . |-------- |
1 12.752 W 0.3719 2.37278e4  985.34229 49.9988
2 13.923 MM 0.5121 2.3728%e4  772.22656 50.0012

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-59-1.D)

mAU ]
2000 7
1750 — c I A
: NnSo g
1500 b < o
1250
1000 7 F 3d
750
500 é
250 2
0 : i
R S 2 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 12.695 MM 0.3900 3.36248e4 1437.00769 95.6994
2 14.039 MM 0.5489 1511.06738 45.88544  4.3006
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-121-R-1.D)

mAU ]
3000 — ¢ 7
N-NSo
2500 B // NHBoc E =
] B g

2000 ; a
1500
1000 ;

500{

S
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 13.551 VW R 0.3982 6.05814e4 2331.77954 48. 5467
2 15.630 VB 0.4480 6.42085e4 2216.45508 51.4533

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-121-2.D)
mAU |
1400 ] Cl \(1
1 N .
1 N @]
1200 B ~
] B
] A NHBoc 9
1000
] 3e
800 | Cl
600 ;
400 ;
200 o
] 8
4
o0
T T T
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 13.561 VB 0.3563 1101.51282  47.19630  3.7118
2 15.502 BB 0.4159 2.85748e4 1048.71362 96. 2882
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-35-R.D)

mAU |
1400 +
1 Cl N
1200 N‘
N0 °
1000 Z NHBoc ©
800;
600; §
400;
200;
.
D T T T R 16 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.546 BB 0.2839 1.76657e4  972.57458 49.5176
2 9.406 VB R 0.5205 1.80099e4  523.37500 50.4824

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-35.D)
mAU ]
1400 +
] i
1200 NI
] ‘N” 0 d
1000 —+ : ©
] /\NHBOC
800 3f
600;
400;
200; .
N
> a4 e g " do 1y 1 6 mid
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 6.573 BB 0.2841 1.82249%e4 1002.47131 89.4876
2 9.723 MM 0.5513 2140.93506 64.72498 10.5124
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-63-R.D)
mAU |

1400 Cl

1200

6.842

8.166

1000 {
800 {
600 {
400 {
200 {

0

— 77T T T
2 4 6 8 10

min

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Sl e |- |- |- |
1 6.842 BB 0.2322 1.66073e4 1112.35486 49.6510
2 8.166 BB 0.2670 1.68408e4  977.25244 50.3490

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-63.D)
mAU ]
1400 4
1200; Cl | ~
N 2
| N7 0 ©
1000 H
: /NHBoc
800 -| T™MS 3
600;
400;
200;
o
D T S T T 14 % min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o e e |- |- |
1 6.859 BV R 0.1930 1.27776e4 1026.81482 94.8457
2 8.208 VB 0.2457 694.38489 43.62417 5.1543
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-81-R.D)
mAU ]
2250 -

1 |
2000 Cc x

1750 ‘N” O

8.763

1500 ] Ph NHBoc

9.846

1250 —
1000 —
750 —
500 —

250

- [ " " [ T [ [ [ T[T
2 4 6 8 10 12 14 16 18 min

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
e R |-=mmmmmee |-=-mmmmee | ===~ |
1 8.763 W R 0.3982 4.08560e4 1592.40771 49.2159
2 9.846 VB 0.5173 4.21579e4 1247.26355 50.7841

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-81.D)
mAU |
1000 —
| Cl | x
800 —|
N.
N0 ;
] A~ <
600 Ph NHBoc
400 — ©
200
0
‘2‘.5‘ - “5‘ - ‘7‘.5‘ - ‘1‘0‘ - ‘12‘.5‘ - ‘1‘5‘ - ‘17‘.5‘ - ‘2‘0‘ ‘ ‘min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o e . |--mnmmm o |- |
1 8.891 BV 0.3809 1.59569e4  648.88745 62.2837
2 10.108 VB 0.5151 9662.78125 287.51392 37.7163
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-85-R.D)

mAU "]
2500;
] Cl | N
] N. o
2000 | N 0 !
\“f/L“NHBoc g
1500;
1000;
500;
2 1 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

e |--=-] === |- R |- |
1 6.432 VW R 0.3888 4.53167e4 1901.92883 49.6298
2 7.525VB 0.4674 4.59928e4 1562.36353 50.3702

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-85.D)

mAU ]
1400
7 Cl | N
1200
] N ©
, NT 70 3
1000 —{ :
’ “~~""NHBoc
800; -
] 3i
600{
400{
200{ E
0 J
Y T T T 14 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R B e |---me |--mmee |- |
1 6.486 W R 0.2543 1.72738e4 1031.92419 85.2559

2

7.757 VB 0.3314 2987.31543 138.64326 14.7441
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-47-R-1.D)

mAu{

2000-] cl ~

1750—? N‘N O -

1500€ o S NHCbz ©

1250—f g

1000—? 1

750%

250—?

Ojf”ﬂ”fJ‘L‘_H_‘A;H“:H"H_H_H_

2 4 6 8 10 12 14 16 18  min

Peak RetTime Type Width Area Height Area

#  [min] [min]  [mAU*s] [mAU] %

1 6.099 BB 0.1927 1.92867e4 1533.41492 49.3974
2 8.546 BB 0.2765 1.97573e4 1089.68945 50.6026

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-47-1.D)
mAU ]
1750{ C|
1 | = 2
1500 N @
] NT 0
1250 |
] /NHCbz
1 Ph
1000 3j
750
500
250 0
o FAN ‘
2 2 5 8 10 ap " aa " 46 mn
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.115 BB 0.1861 1214.56812 100.40508 4.3998
2 8.538 BB 0.2720 2.63904e4 1487.71179 95.6002
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-171-R-2.D)

mAU:
600
: Cl | x
mo{ N\N 0 2
] = "NHBz
400 Ph
300—: 8
200—:
100—:
o]
5 10 15 20 2 30 3 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
\ \ | | | | \
1 13.796 BB 0.8311 2.40085e4  440. 35574 49.9961
2 20.392 BB 1.2674 2.40122e4  287.49829 50.0039
VWDI1 A, Wavelength=215 nm (C\CHEM32\1\DATA\LQY\LQY-08-171-1.D)
mAU |
1200 Cl | xn
] N.
1000 s 0 o
7 /NHBZ 3
800 Ph Sk
600 |
400
2001
07 L S
R T T T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | | |
1 14.073 BB 0.7816 4.37153e4  869. 48621 93.7963
2 20.968 BB 1. 1839 2891.34961  36.74792  6.2037
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-07-185-X-R.D)

mAUi
1000
, Br | = -
800 | 2
N >
1 "N @]
600 // NHBoc .
Ph ~
400;
200;
o AN
B A N A A T
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

| |- | | | |
I 9.495 MM 0.3519 1.60500e4  760.16357 49.8748

2 11.787 MM 0.5537 1.61305e4  485.56241 50. 1252

VWD1 A, Wavelength=215 nm (CACHEMB2\T\DATALQY\LQY-08-05-1.)
mAU |
1200
7 Br. | X
1000 N
1 N0 g
- [}
200 /223/”‘NHBoc
] Ph
600
400
200
] -]
| 3
S R |6 :
B R A A R A T A T
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

| |- | | | |
1 9.482 VB R 0.3206 1.8562%4  892.58099 97.1696
2 11.968 MM 0.5823 540.70605 15.47744 2.8304
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-15-R-3.D)

mAU |
1000
1 Mel\
800 N §
1 ‘N” 0 © .
s00.] /;2g/ﬁ\NHBoc N
Ph
400;
200;
o J A\
R T T T T 1 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

e e |- R |--nmmo- |
1 6.080 BV 0.2028 9636.93945 735.68634 50.7219
2 7.220 WM 0.2466 9362.63770 632.67725 49.2781

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-15-3.D)

mAU ]
] M
2500 i © | =
] N‘N o g
2000 f N / NHBoc
] 3m
1500
1000 ;
500 ;
0 T T T T T T T T T T T T T T T T T T T T T T N
2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

R e e e |---mm--- |
1 6.056 MM 0.1853 1226.41675 110.30167 4.3519
2 7.160 MM 0.2219 2.69548e4 2024.46106 95.6481
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-07-187-R.D)

mAU |
1800 |
1600—: BnO | S
] N. 2
1400 N™ "0 ;
] = NHBoc
] =
1200 | P 3
1000—: &
800{
600{
400—:
zoo—:
o
N T N Y "
Peak RetTime Type Width Area Height Area
£  [min] [min] [mAU*s] [mAU] %
1 21.223 BV 0.7520 6.44654e4 1328.69922 50.1330
2 23.844 VB 0.9757 6.41235e4 1001. 86029 49. 8670
VWDL A, Wavelength=215 nm (C\CHEM32\L\DATALQY\LQY-08-07-1.D)
mAU ]
1400 |
: BnO B
1200 |
1 N‘N 0
1000 =~ “NHBoc 4
] Ph/ &
800 3“
600
400
200
O T o N
5 1045 s ENE 40 45 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
|
1 21.158 BB 0.7504 4.56736e4  942.41882 97.0787
2 24.145 BB 0.9230 1374.42297 22.71358 2.9213
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-09-R.D)

mAU?
sooé
] ~
700 FJ
] N0 3
600 ~ 2
s00 7 %j\ NHBoc
1 Ph
400
300%
200%
1ooé
A
) 5 o 5 20 5 =S " 35 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
| | | | | | |
1 17.619 BB 0.4874 1.81186e4  567.64630 49.8163
2 20.245 BB 0.5433 1.82523e4  520.20465 50. 1837
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATALLQY\LQY-08-09.D)
mAU |
1400
1 ~
1200 — |
] N.
] N @] 8
1000 - =
] /NHBoc
800 — Ph
] 30
600 —
400
200;
ol — A
T T 2 3 35 i
Peak RetTime Type Width Area Height Area
£  [min] [min] [mAU*s] [mAU] %
| | | \ | \ \
1 17.639 BB 0.4345 861.66656  30.23155 2.7676
2 20.105 BB 0.4942 3.02721e4  951.46997 97.2324
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-13-R.D)
mAU |
1400+

1200 | =

6.759

1000

B
=
8.915

800 —|
600 —|
400 —|

200 —|

0

——— T T T T
0 2 4 6 8 10 12 14

16

mil

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAUxs] [mAU] %

| |—] | | | |

1 6.759 BV 0.3671 2.46307e4 1025.82715 48.2583

2 8.915 MM 0.5570 2.64085e4  790. 22650 51.7417

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-13-1.D)

mAU )
Cl
2500; Cl | ~
N N
] NTT0 3
2000 | - NHB
] /ZZZ/A\ oc
, Ph

1500 ] 3 p

1000
500 -
2 2 6 g 10 2 1 16 1 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.734 MM 0. 3537 5093. 09863 239.99750  7.0609
2 8.852 BB 0. 4958 6.70378e4 2064.76172 92.9391
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-11-R.D)

mAU |
] Cl
1400
1200—: N*N 0 N
1000 /NHBOC
1 Ph
800; ©
soo—:
400;
200
.
D T T min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 6.122 BB 0. 1823 1.28656e4 1077.32642 50.5592
2 7.586 BV R 0.2883 1.25810e4  663.24408 49. 4408

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-11.D)
mAU ]
lGOO{ Cl
] N Cl
1400 |
] )L o) E
1200 : i
: /NHBOC
lOOOi Ph
800{ 3q
600{
400—:
200 ~
1 @
07 t T
D T T -
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.109 BV 0.1820 1.40047e4 1184.01758 93.9780
2 7.622 VB 0.3002 897.40613  45.47625  6.0220
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-95-RX.D)

mAU ]
1400 1
] I\/\IME‘
1200 | |
] N"0 g g
1000-] /\NHBOC 1
1 Ph
800 |
600{
400;
200;
ol
s " aw s ST T T
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

e e |---mmeeme e |---m--- |
1 9.892 BV 0.3536 2.35565e4 1023.03162 48.3775
2 11.641 W R 0.3889 2.51366e4 988.15271 51.6225

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-95-1.D)
mAU |

1000 |
800 (o)

600

1
12.673

400

200

5 10 15 20 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o e |--mmmmm e |--mmmmeo- |- |
1 10.732 BB 0.4510 780.96393 26.33418  3.4528
2 12.673 BV R 0.4752 2.18376e4  701.65155 96.5472

S112


lenovo
图章

lenovo
图章

lenovo
图章


VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-105-S-R D)

mAU ]
1600;
] N Me
1400{ (NIO ©
1200{ /Q/ NHBoc i
4 Me
1000i
800{
600{
400{
200{
.
2‘5é7‘5 1‘5 17‘5 o 2‘0 22‘5 min|
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

e |- |-mmmmmeen R |---mo-- |
1 9.478 BB 0.4710 3.77713e4 1223.91370 50.0738
2 12.435 WM 0.6061 3.76599e4 1035.52917 49.9262

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-105-S-1.D)
mAU ]
400
350 -] |
1 NT0
300 /@/ NHBoc %
250 Me - 5b
200
150
100
50 ~
1 2
: (o2}
0]
‘215““é“"7‘.5““1‘0““12‘.5““1‘5‘“‘17“5“"2‘0““22‘.5“mi‘
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

e e e . |--nmm-- |
1 9.457 VB R 0.5679 505.45255 13.31378 4.2992

2 12.127 BB 0.6398 1.12516e4  271.30576 95.7008
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-131-R-1.D)

mAU |
1400 —
1200;
1000{
800;
600{
400;
200;
.
2 Ty Ty T T 1‘2 mir
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

e |-==- ] === R e . |
1 5.468 MM 0.2397 1.35316e4  940.80920 50.8477
2 6.053 VB 0.2038 1.30805e4  979.35138 49.1523

VWD1 A, Wavelength=215 nm (Snapshot.d)

mAU |
2500 ‘

] L

] /I:::r/égf)\NHBoc 2
2000 [T}

cl
1500 ;
1000 ;
500 ;
0 - - - - - - B - - - - - -
é 4‘1 é é 1‘0 1‘2 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o e e |- |- |
1 5.559 MM 0.1549 1.82867e4 1967.73901 90.6805
2 6.103 MM 0.1521 1879.38477 205.95634 9.3195
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-157-1-R.D)

mAUE
400 |
] (\IMQ
] |
350: N o
200 _~~ "NHBoc ¢ 8
2507:
Me
200
150%
100;
50
o
R T 30 mi
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o B e e |- |
1 14.635 BV 0.8388 1.59665e4  287.09940 49.5697
2 17.383 VB 0.8883 1.62437e4  279.80981 50.4303

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-157.D)

mau]

1600 - Me

(L,

1200 " NHBoc :

5d

800{ Me

200 %

5 10 15 20 2 30 min

Peak RetTime Type Width Area Height Area

#  [min] [min]  [mAU*s] [mAU] %

. e e . |- |
1 14.088 BB 0.7265 3357.64209 70.77703 5.2640
2 16.420 BB 0.8240 6.04279e4 1133.43201 94.7360
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-115-2-R.D)

15 17.5 20 min

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R R | -]~ |---v |- |- |
1 6.559 MM 0.3800 3.06810e4 1345.70300 49.4692
2 11.102 MM 0.6680 3.13394e4  781.96362 50.5308
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-115-2.D)
mAUi
1000 (IME\
] O
800 - ©
’ =~ "NHBoc 2
600
] Se
400;
200;
o
‘2‘.5““‘5““7ﬁ5““1‘0‘“‘12‘.5““1‘5‘“‘17‘.5““2‘()““22‘.5‘1“nin
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

e e e e |------- |
1 6.697 BB 0.3521 845.15936 36.91849 2.9985
2 11.145 WM 0.6703 2.73409e4  679.79895 97.0015
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-105-X-R.D)

mAU |
1000
o
800 N0
] /\NHBOC 8
N ™S ™~
600 ~
] &
(=2}
400
200
0
T T 16 mir
Peak RetTime Type Width Area Height Area
£  [min] [min] [mAU*s] [mAU] %

| |- | | | |
1 7.196 BB 0.3241 1.33883e4  645.15979 50. 4298
2 9.967 VB R 0.3889 1.31600e4  518.94922 49.5702

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-105-X.D)

mAU ]
2000
] Me
1750 (\I
] N0
1500 | : 3
: / NHBoc
1250 -| ™S
1000
750
500
250 | 3
0 : :
2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s | [mAU] %

1 7.239 BB 0.2658 2017.70862 116.66652  5.4800
2 9.868 VB R 0.3848 3.48019e4 1363.39001 94.5200
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VWD1 A, Wavelength=215 nm (C\CHEM32\1\DATA\LQY\LQY-08-115-3-R.D)
mAU ]
350 |

N Me
300 ] |
1 N @

250*; \)\NHBOC

200{
150{
100
50{
.
b -—r - - - I T - I T T I -
1 2 3 4 5 min|
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o e |--nmmmo- e |--nm--- |
1 3.469 WM 0.1609 2105.23413 218.04080 49.8684
2 4.400 VB 0.1785 2116.34814 183.53882 50.1316

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-115-3-1.D)

mAU ]
2250
2000—? (IMG 9
l750é | l'_s] O 3
1500 -
I ™""NHBoc
1250 59
1000—?
750—?
soo—f %
250—?
o - ‘
5 L B B R A "
1 2 3 4 5 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Rl B e |- |- |-------- |
1 3.458 W 0.1845 4438.65137 400.91919 17.0290
2 4.325VB 0.1856 2.16266e4 1794.70776 82.9710
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-119-1-R.D)

mAU |
1600{
] x Me
1400 |
] N”~0 8
1200 ©
] /NHCbz
] Ph
lOOOi N
800{
600{
400{
200{
07 T
> a4 & s do A 6 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
R B e |---ev |- |- |
1 6.989 W R 0.1989 1.58923e4 1212.43835 49.5567
2 7.692 VB 0.2708 1.61766e4  862.37329 50.4433
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-119-1.D)
1500
1600—; | . Me
1400—; S0 é
1200? /NHCbZ
1000i Ph 5h
800{
600{
400 o
200
.
> a4 & s a0 1 1 16 mi
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 7.351 MM 0.2226 3554.34644 266.09863 12.3308
2 8.015 VB 0.2827 2.52707e4 1283.75549 87.6692
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-169-R-1.D)

mAU ]
1600{
] (\IMG
1400 |
] N7 0
12007 / NHBz S .
] Ph Z
1000 T
800{
600{
400{
200{
07 B
R T T 20 2 i
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 13.438 W 0.5133 3.38782e4 1099.95325 48.0874
2 14.945 MM 0.6125 3.65731e4  995.24701 51.9126

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-169-1.D)

mAU ]
ZOOOi

| Y
1750 | |

] N0 .
1500i H ﬁ
250 : Ph/ NHBz
1250 -

: i
1000
750
500;
250

O: T

5‘ ‘ ‘ ‘ ‘ 1‘0 ‘ ‘ ‘ ‘ 1‘5 ‘ ‘ ‘ ‘ 2‘0 2‘5 3‘0 m%n
Peak RetTime Type Width Area Height Area

#  [min] [min]  [mAU*s] [mAU] %

. e . R |--nmm-- |
1 13.533 MM 0.5022 1.43179e4  475.13943 23.0375
2 14.869 MM 0.5692 4.78327e4 1400.56360 76.9625
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-69-R-1.D)

mAU |
500—: @Cl
N"So N
] NHB iog
] 7 NHBoo TE
i Ph —
300
200
100
.
5 10 5 20 5 a0 35 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
| | \ \ \ \ |
1 14.207 VWV R 0.7978 2.02276e4 369. 42578 46. 3217
2 17.033 VB 0.9899 2. 34400e4 337. 23438 53.6783
VWDLI A, Wavelength=215 nm (CACHEM32\1\DATALLQY\LQY-08-69.D)
mAU |
] | N Cl
2000
] N (0]
, NHBoc E
1500 | //;2225///\\
| Ph EH
1000
500 3
5 10 15 20 2 30 35 mif
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
\ | | \ \ \ \
1 13.931 BV 0.6961 1.33869e4 294.64618 12.0267

2 16.166 VB 0.9071 9.79231e4

1569. 156857 87.9733
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-103-R-2.D)

mAU?
soo—f
] RS CF3
700 (I .
] N (0] ]
600 T 8
1 if; NHBoc <
500 Ph
400;
300—?
zoo—f
100—?
o
) ‘2‘.5“"E‘)““7‘.5‘“‘1‘0““12‘.5““1‘5“"17‘.5““2‘0‘ ‘mir‘1
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R R e |---mmme |- |- |
1 9.863 MM 0.3271 1.19437e4  608.49042 49.9623
2 11.857 BB 0.3446 1.19617e4  535.50598 50.0377
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-103.D)
mAU |
1400—: (\/\[CF3
] |
1200 0 §
1000—: /NHBOC
] Ph
800{ 5k
600{
400{
200—: ;
JUA
s T s g5 do 135 45 ars 20 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

L |---- === R R |- !
1 9.892 W R 0.3170 2.27945e4 1100.88086 86.0349
2 11.960 VB 0.3606 3699.98804 157.78110 13.9651
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-89-X-R.D)

7.903

Peak RetTime Type Width Area Height Area
£  [min] [min]  [mAUxs] [mAU] %
| | | | | | |
1 7.903 BB 0.3352 1.25375e4  570.89581 49.6493
2 10.085 BB 0.4199 1.27146e4  465.19318 50. 3507

VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-89-X-1.D)
mAU ]
1 Me
1200
| | x
1000 N~ ~0O
| : .
] /NHBOC 5
800 — Ph 5'
600 |
400 |
200; S
] X
I
T 12 14 16 18 min
Peak RetTime Type Width Area Height Area
£  [min] [min] [mAU*s] [mAU] %

1 7.840 MM 0.3291 2046. 23303 103.63663  8.5911
2 9.887 VB R 0.3935 2.17718e4853. 83411 91. 4089
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-89-S-R-1.D)

mAU |
1400
il Me N
1200 H
| Nighae}
1000 /Z;Z’i\NHBoc 3
] Ph
800{
600{
400{ §
200;
0 ! S —
‘2‘.5““é“"7‘.5““1‘0“"12‘.5““1‘5““17‘.5“ 2‘0 ‘min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Rl |- |- |- |-------- |
1 7.167 BV 0.4341 2.75061e4  952.08728 49.7177
2 10.031 MM 1.2391 2.78185e4  374.17365 50.2823
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-89-S-1.D)
mAU ]
500;
i Men
400; A 0 §
/NHBOC
300; Ph 5m
200;
100;
.
‘2‘.5‘ “ ‘&";‘ “ ‘7‘.5‘ ] ‘1‘0‘ “ ‘12‘.5‘ “ ‘1‘5‘ “ ‘17‘.5‘ “ ‘2‘0‘ m}n
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

o e e . |-------- |
1 7.743 BB 0.6900 1.64497e4  362.12421 93.9783
2 10.967 BB 1.1497 1054.02502 13.34138 6.0217
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VWD1 A, Wavelength=215 nm (C\CHEM32\1\DATA\LQY\LQY-08-45-R D)

mAU ]
| ),
1600i |
] N~ 0
1400i
] =" "NHBoc g
- / ~ o
1200: Ph ~ g
1000{ 0
800{
600{
400{
200{
0 N
R T T 35 mi
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
\ | | | \ \
1 17.198 BV 0.5926 4.46036e4 1142.12146 48. 8387
2 19.132 MM 0.7535 4.67247e4 1033.51782 51.1613
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-45-45.D)
mAU |
1400 —
1 AN
1200+ ‘ Q
] N @] 5
1000 :
] / NHBoc
] Ph
800 5n
600{
400{
200; %
. JA%
N A T T "% mn
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

| || | | | |
1 17.464 BV 0.5475 4334.63232 122.59177 9. 2154
2 19.188 VB 0.6185 4.27024ed 1052.22437 90. 7846
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VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-111-R.D)

mAU |
1600—: (@
1400{ | N0
1200{ o // NHBoc %
1000—:
soo—:
eoo—: g
400—:
200—:
0 —
s 1 15 20 25 mi
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
| | | | | |
1 9.856 BV 0.3930 2.87715e4 1115.11047 49. 8483
2 12.076 MM 0.9080 2.89466e4  531.31116 50.1517
VWD1 A, Wavelength=215 nm (C:\CHEM32\1\DATA\LQY\LQY-08-111.D)
mAU |
3000—:
2500—: ‘
| NS0
2000 ] -
1 /NHBOC
1 Ph
1500i 50
1000{
500—:
o e — —
2‘.5 5‘ 7}5 1‘5 17‘5 2‘0 m‘in
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
| | | | | |
1 9.900 BB 0.4011 5.83087e4 2214.91919 98.0437
2 12.202 BB 0.7001 1163.45093  25.75040 1.9563

S$126


lenovo
图章

lenovo
图章

lenovo
图章


	data
	NMR
	3a-1
	3a-2
	3b-1
	3b-2
	3c-1
	3c-2
	3d-1
	3d-2
	3d-3
	3e-1
	3e-2
	3f-1
	3f-2
	3g-1
	3g-2
	3h-1
	3h-2
	3i-1
	3i-2
	3j-1
	3j-2
	3k-1
	3k-2
	3l-1
	3l-2
	3m-1
	3m-2
	3n-1
	3n-2
	3o-1
	3o-2
	3p-1
	3p-2
	3q-1
	3q-2
	5a-1
	5a-2
	5b-1
	5b-2
	5c-1
	5c-2
	5d-1
	5d-2
	5e-1
	5e-2
	5f-1
	5f-2
	5g-1
	5g-2
	5h-1
	5h-2
	5i-1
	5i-2
	5j-1
	5j-2
	5k-1
	5k-2
	5k-3
	5l-1
	5l-2
	5m-1
	5m-2
	5n-1
	5n-2
	5o-1
	5o-2

	HPLC
	3a
	3b
	3c
	3d
	3e
	3f
	3g
	3h
	3i
	3j
	3k
	3l
	3m
	3n
	3o
	3p
	3q
	5a
	5b
	5c
	5d
	5e
	5f
	5g
	5h
	5i
	5j
	5k
	5l
	5m
	5n
	5o




