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I. General Remarks

1H NMR and 13C NMR spectra were recorded on a Bruker AVANCE III HD 400 MHz 

spectrometer. Chemical shifts (δ) are given in relative to tetramethylsilane (δ 0.00 ppm) 

in CDCl3. Coupling constants, J, were reported in hertz unit (Hz). High resolution mass 

spectra (HRMS) were obtained on a High Resolution Orbitrap Mass Spectrometer. 

Chemical names were generated using Cambridge Soft ChemDraw 16.0. Optical 

rotations were measured on a Jasco, P-2000 Automatic Digital Polarimeter. 

Enantiomeric ratios were determined by chiral HPLC using a chiralpak AD-H (Amylose 

tris (3,5-dimethylphenylcarbamate) coated on 5 μm silica-gel), chiralpak AS-H (Amylose 

tris-[(S)-α-methylbenzylcarbamate] coated on 5 μm silica-gel), chiralpak AS (Amylose 

tris-[(S)-α-methylbenzylcarbamate] coated on 10 μm silica-gel) with hexane and i-PrOH 

as solvents. Commercially obtained reagents were used without further purification. 

II. Synthesis of Substrates

DCM, r.t.

N
H

R

DCC, DCM, r.t.

COOH

S-2a-cS-1a-c

R-NH2
Br

N

O

R

3-Bromoprop-1-yne (2.33 mL, 24.0 mmol, 1.0 equiv) was slowly added to a solution

of benzylamine (S-1a, 13.15 g, 96.0 mmol, 4 equiv) in dichloromethane (100 mL) at

room temperature. The mixture was stirred for 12 h before the reaction was completed.

the mixture was filtrated, and the filtrate was evaporated in vacuo. The residue was

purified by flash chromatography (ethyl acetate/petroleum ether = 1/10) to afford S-2a

(2.55g, 61% yield) as a yellow transparent liquid. Next, the mixture of S-2a (14.6 mmol,

2.55 g, 1.0 equiv), propiolic acid (16.1 mmol, 1.12 g, 1.1 equiv) and DCC (16.1 mmol,

3.32 g, 1.1 equiv) in DCM (100 mL) were stirred at room temperature for 6 hours. After

the reaction was completed, the mixture was filtrated, and solvent was removed in

vacuum. The residue was purified by flash chromatography (ethyl acetate/petroleum

ether = 1/5) to afford compound 1a as a yellow transparent liquid (2.1g, 73% yield). 1H

NMR (400 MHz, CDCl3, two rotamers ) δ 7.28-7.38 (m, 5H), 4.93 & 4.74 (2s, 2H),

4.27 & 4.12 (2d, J = 2.4 Hz, 2H), 3.25 & 3.24 (2s, 1H), 2.37 & 2.27 (2t, J =2.4Hz, 1H);
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13C NMR (100MHz, CDCl3, two rotamers) δ 153.1, 153.0, 135.4, 135.2 129.0, 128.8 

128.6, 128.3, 128.0, 127.9, 80.2, 80.0, 77.4, 75.4, 75.1, 73.6, 72.8, 51.4, 46.6, 37.5, 32.4; 

HRMS (ESI) calcd. for C13H12NO+ (M + H)+ 198.0919, found 198.0912. 

 
N-(4-methoxybenzyl)-N-(prop-2-yn-1-yl)propiolamide (1b) 
Substrates 1b was synthesized via similar procedure of 1a. The product was purified by 

column chromatography (ethyl acetate/petroleum ether = 1:10). 2.6 g, 78%, yellow 

transparent liquid. 1H NMR (400 MHz, CDCl3, two rotamers) δ 7.18-7.23 (m, 2H), 6.87 

& 6.84 (2d, J = 8.4 Hz, 2H), 4.84 & 4.64 (2s, 2H), 4.22 & 4.07 (2d, J = 2.4 Hz, 2H), 

3.78 & 3.76 (2s, 3H), 3.23 & 3.21 (2s, 1H), 2.34 & 2.24 (2t, J = 2.4 Hz, 1H); 13C NMR 

(100 MHz, CDCl3， two rotamers) δ 159.6, 159.4, 152.9, 152.8, 130.1, 129.3, 127.4, 

127.0, 114.3, 114.2, 79.9, 79.9, 77.5, 75.5, 75.2, 73.4, 72.7, 55.3, 55.3, 50.8, 46.0, 37.3, 

32.1; HRMS (ESI) calcd. for C14H14NO2
 + (M + H)+ 228.1025, found 228.1019. 

 
N-butyl-N-(prop-2-yn-1-yl)propiolamide (1c) 
Substrates 1c was synthesized via similar procedure of 1a. The product was purified by 

column chromatography (ethyl acetate/petroleum ether = 1:10). 1.27g, 53%, yellow 

transparent liquid. 1H NMR (400 MHz, CDCl3, two rotamers) δ 4.37 & 4.22 (2d, J 

=2.4Hz, 2H), 3.70 & 3.50 (2t, J =7.6 Hz, 2H), 3.18 & 3.14 (2s, 1H), 2.32 & 2.24 (2t, J 

= 2.4Hz, 1H), 1.56-1.71 (m, 2H), 1.25-1.39 (m, 2H), 0.91-0.98 (m, 3H); 13C NMR (100 

MHz, CDCl3, two rotamers) δ 153.1, 152.9, 79.3, 79.1, 77.8, 77.8, 75.5, 75.4, 72.9, 72.3, 

48.2, 44.3, 38.6, 33.4, 30.3, 29.0, 20.0, 19.7, 13.8, 13.7; HRMS (ESI) calcd. for 

C10H14NO + (M + H)+ 164.1075, found 164.1070. 
 

III. The Two-Step Sequential Reaction 
 

Supplementary Table 1: Screening of the reaction conditions. a 
              

Cs2CO3, PhCF3, T1
 oC

N
Ph

O

+

N

O

N
N

O

O Ph

Ph

Bn

L1: R =
 
tBu

L5: R = 4-tBu-C6H4

O

N N

O

Bn Bn
Ph

Bn
[Cu] / L*1a

2a 3aa

DMSO, T2
 oC

R R

+ N
N

O O

Ph

Ph

3aa'

Bn

 

S3



Entry L* [Cu] Cs2CO3 (eq.) T1 / T2 (℃) yield (%)b e.r.c 
(3aa) 3aa/ 3aa′ d 

1 L1 Cu(CH3CN)4BF4
 3.0 -10 / 60 ℃ 41 83:17 4.5:1 

2 L1 CuCl 3.0 -10 / 60 ℃ 43 76:24 5:1 

3 L1 CuOTf 3.0 -10 / 60 ℃ 35 85.5:15.5 6:1 

4 L1 Cu(MeCN)4PF6 3.0 -10 / 60 ℃ 49 90.5:9.5 7:1 

5 L5  Cu(CH3CN)4PF6  3.0 -10 / 60 ℃ 53 94:6 7:1 

6 L5  Cu(CH3CN)4PF6  3.0 -20 / 60 ℃ 35 94:6 7:1 

7e L5 Cu(CH3CN)4PF6  3.0 -10 / 60 ℃ 53 94:6 6:1 

8f L5 Cu(CH3CN)4PF6   3.0 -10 / 60 ℃ 50 87.5:12.5 7:1 

9 L5  Cu(CH3CN)4PF6  2.5 -10 / 60 ℃ 46 94:6 7:1 

10 L5  Cu(CH3CN)4PF6  3.5 -10 / 60 ℃ 50 94:9 7:1 
[a] 1a (0.2 mmol), 2a (0.24 mmol), copper catalyst (10 mol%), ligand (12 mol%), Cs2CO3 (0.6 mmol), PhCF3 (2 mL), -10 oC for 6 h,  then 

in DMSO (2 mL), 60 oC for 6 h. [b] Isolated yields. [c] Determined by HPLC analysis. [d] Determined by 1H NMR analysis of the crude 

reaction mixture.[e] L5 (20 mol%), Cu(MeCN)4PF6 (20 mol%). [f] L5 (6 mol%), Cu(MeCN)4PF6（5 mol%）. 

 

General procedure: 

A mixture of propiolamide 1a (0.20 mmol, 1.0 equiv.), nitrone 2a (0.24 mmol, 1.2 

equiv.), Cs2CO3 (0.6 mmol, 195.2 mg, 3.0 equiv.), Cu(CH3CN)4PF6 (0.02 mmol, 7.5 

mg, 10 mol%) with chiral ligand L5 (0.024 mmol, 18.7 mg,12 mol%) in 2 mL dry 

PhCF3 was stirred at -10 oC for 6 hours under the atmosphere of argon. Then DMSO (2 

mL) was added, and the mixture was stirred at 60 ℃ for another 6 hours. After the 

reaction was completed (monitored by TLC), H2O (5.0 mL) and ethyl acetate (5.0 mL) 

were added into the mixture. The organic phase was separated, and the aqueous phase 

was extracted with ethyl acetate (5.0 mL× 3). Τhe combined organic phase was washed 

with H2O and brine, dried over Na2SO4. The solvent was removed under reduced 

pressure. The residue was purified by flash chromatography (ethyl acetate/petroleum 

ether = 1/5~1/3) to afford the desired products 3aa. 

Other products were prepared according to the similar procedures. 
 
(3S,4S)-6-benzyl-8-methylene-2,3-diphenyl-2,6-diazaspiro[3.4]octane-1,5-dione (3aa) 

N N

O

OBn
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The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:5), 41.8 mg, 53%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.38-7.41 (m, 

7H), 7.31-7.35 (m, 2H), 7.25-7.28 (m, 3H), 7.14 (t, J = 7.2 Hz, 1H), 6.86-6.88 (m, 2H), 

5.50 (s, 1H), 5.42 (s, 1H), 5.17 (s, 1H), 4.68 (d, J = 14.4 Hz, 1H), 3.99 (d, J = 14.4 Hz, 

1H), 3.92 (d, J = 14.4 Hz, 1H), 3.88 (d, J = 14.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 166.5, 162.4, 138.2, 137.1, 135.5, 132.4, 129.2, 128.9, 128.7, 128.3, 128.0, 127.7, 

127.6, 124.5, 117.7, 112.1, 70.2, 69.4, 50.2, 46.5; HRMS (ESI) calcd. for C26H22N2O2
+ 

(M + H)+ 395.1760, found 395.1758; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow 

rate = 1.0 mL/min, I = 254 nm) τmajor = 10.5 min, τminor = 8.8 min; [α]25 
D  -122.6 (c 1.0, 

CHCl3, 94:6 er). 
 

(3S,4R)-6-benzyl-8-methylene-2,3-diphenyl-2,6-diazaspiro[3.4]octane-1,5-dione 

(3aa’) 

N
N

O O

Ph

Ph
Bn

 
The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:5). white solid, 1H NMR (400 MHz, CDCl3) δ 7.36-7.41 (m, 4H), 7.34 - 7.26 

(m, 8H), 7.15 - 7.10 (m, 3H), 5.62 (s, 1H), 4.99 (s, 1H), 4.81 (s, 1H), 4.65 (d, J = 14.8 

Hz, 1H), 4.55 (d, J = 14.8 Hz, 1H), 3.77 (d, J = 13.6 Hz, 1H), 3.59 (d, J = 13.6 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ 169.5, 162.1, 137.1, 135.4, 133.5, 133.0, 129.1, 129.0, 

128.8, 128.5, 128.2, 128.0, 126.9, 124.5, 117.7, 115.5, 70.1, 64.4, 50.6, 47.0; HRMS 

(ESI) calcd. for C26H22N2O2
+ (M + H)+ 395.1760, found 395.1758; HPLC (AS-H, n-

hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 8.5 min, τminor =9.9 

min; [α]25 
D  -95.7(c 1.0, CHCl3, 94:6 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-2,3-diphenyl-2,6 diazaspiro[3.4]octane-

1,5-dione (3ba) 

N N

O

OPMB
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The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 41.6 mg, 49%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.31-7.37 (m, 

7H), 7.28-7.30 (m, 2H), 7.11 (t, J = 7.2 Hz, 1H), 6.76-6.90 (m, 4H), 5.46 (s, 1H), 5.38 

(s, 1H), 5.12 (s, 1H), 4.57 (d, J = 14.6 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 3.85 (s, 2H), 

3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.3, 162.4, 159.1, 138.3, 137.1, 132.5, 

129.4, 129.1, 128.8, 128.3, 127.6, 127.6, 124.4, 117.7, 114.0, 112.0, 70.2, 69.3, 55.3, 

50.0, 45.8; HRMS (ESI) calcd. for C27H24N2O3
+ (M + H)+ 425.1865, found 425.1859; 

HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 

15.2 min, τminor = 10.6 min; [α]25 
D -135.4 (c 1.0, CHCl3,. 95.5,4.5 er). 

 

(3S,4S)-6-butyl-8-methylene-2,3-diphenyl-2,6-diazaspiro[3.4]octane-1,5-dione 

(3ca) 

N N

O

OnBu

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:5). 30.3 mg, 42%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.37 - 7.29 (m, 

9H), 7.10 (t, J = 7.2 Hz, 1H), 5.48 (s, 1H), 5.44 (s, 1H), 5.12 (s, 1H), 4.06 (d, J = 14.0 

Hz, 1H), 3.95 (d, J = 14.0 Hz, 1H), 3.27-3.34 (m, 1H), 2.93-3.03 (m, 1H), 1.24-1.29 (m, 

2H), 1.00-1.06 (m, 2H), 0.77 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 

162.6, 138.6, 137.1, 132.5, 129.1, 128.7, 128.2, 127.4, 124.4, 117.6, 111.7, 70.2, 69.1, 

50.6, 42.1, 28.9, 19.5, 13.6; HRMS (ESI) calcd. for C23H25N2O2
+ (M + H)+ 361.1916, 

found 361.1911; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 

254 nm) τmajor = 6.7 min, τminor = 5.8 min; [α]25 
D -97.8 (c 1.0, CHCl3,. 88:12 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-3-(p-tolyl)-2,6diazaspiro[3.4] 

octane-1,5-dione (3bb) 

S6



N N

O

OPMB
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The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:5). 44.7 mg, 51%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 7.8 

Hz, 2H), 7.28-7.34 (m, 3H), 7.27 (s, 1H), 7.20 (d, J = 8.0 Hz, 2H), 7.13 (t, J = 7.6 Hz, 

1H), 6.76-6.82 (m, 4H), 5.47 (s, 1H), 5.39 (s, 1H), 5.11 (s, 1H), 4.58 (d, J = 14.6 Hz, 

1H), 3.98 (d, J = 14.6 Hz, 1H), 3.88 (d, J = 14.0 Hz, 1H), 3.86 (d, J = 14.0 Hz, 1H), 

3.82 (s, 3H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.4, 162.5, 159.1, 138.6, 

138.4, 137.1, 129.4, 129.4, 129.1, 129.0, 127.6, 127.5, 124.4, 117.7, 114.0, 111.8, 70.3, 

69.3, 55.3, 50.0, 45.8, 21.4; HRMS (ESI) calcd. for C28H27N2O3
+ (M + H)+ 439.2022, 

found 439.2018; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 

254 nm) τmajor = 11.7 min, τminor = 8.1 min; [α]25 
D -160.5 (c 1.0, CHCl3, 93:7 er). 

(3S,4S)-3-(4-isopropylphenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bc) 

N N

O

OPMB

iPr

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:5). 45.7 mg, 49%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 7.8 

Hz, 2H), 7.25-7.36 (m, 6H), 7.13 (t, J = 7.2 Hz, 1H), 6.76 (s, 4H), 5.47 (s, 1H), 5.39 (s, 

1H), 5.11 (s, 1H), 4.66 (d, J = 14.6 Hz, 1H),3.88 (d, J = 14.6 Hz, 1H),3.85 (s, 1H), 3.81 

(s, 3H), 2.98 - 2.93 (m, 1H), 1.30 (dd, J = 6.4, 2.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) 

δ 166.4, 162.5, 159.1, 149.4, 138.4, 137.1, 129.7, 129.3, 129.1, 127.7, 127.6, 126.4, 

124.4, 117.7, 113.9, 111.9, 70.3, 69.6, 55.3, 50.0, 45.8, 33.9, 24.1, 23.8; HRMS (ESI) 

calcd. for C30H31N2O3
+ (M + H)+ 467.2335, found 467.2330; HPLC (AS-H, n-hexane/i-
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PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 8.8 min, τminor = 6.4 min; 

[α]25 
D -155.3 (c 1.0, CHCl3,. 91:9 er). 

 

(3S,4S)-3-(4-(tert-butyl)phenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bd) 

N N

O

OPMB

tBu

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:5). 65.3 mg, 68%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.28-7.40 (m, 

8H), 7.11 (t, J = 7.2 Hz, 1H), 6.71-6.76 (m, 4H), 5.44 (s, 1H), 5.37 (s, 1H), 5.08 (s, 1H), 

4.66 (d, J = 14.4 Hz, 1H), 3.85 (d, J = 14.4 Hz, 1H), 3.82 (s, 2H), 3.78 (s, 3H), 1.34 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 166.4, 162.6, 159.1, 151.7, 138.4, 137.1, 129.3, 

129.3, 129.1, 127.7, 127.4, 125.2, 124.4, 117.7, 113.9, 111.9, 70.3, 69.6, 55.3, 50.0, 

45.8, 34.7, 31.4; HRMS (ESI) calcd. for C31H33N2O3
+ (M + H)+ 481.2491, found 

481.2487; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 

nm) τmajor = 8.2 min, τminor = 6.0 min; [α]25 
D -146.2 (c 1.0, CHCl3, 94.5:5.5 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-3-(4-methoxyphenyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione(3be) 

N N

O

OPMB

OMe

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 48.1 mg, 53%, white solid, 1H NMR (400 MHz, CDCl3) δ 7.30-7.37 (m, 

6H), 7.10 (t, J = 7.0 Hz, 1H), 6.89 (d, J = 7.2 Hz, 2H), 6.78 (d, J = 8.0 Hz, 2H), 6.74 (d, 

J = 8.0 Hz, 2H) 5.43, (s, 1H), 5.35 (s, 1H), 5.06 (s, 1H), 4.57 (d, J = 14.6 Hz, 1H), 3.94 
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(d, J = 14.6Hz, 1H), 3.83, (s, 2H), 3.82, (s, 3H), 3.78, (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 166.5, 162.5, 160.0, 159.1, 138.4, 137.1, 129.3, 129.1, 129.0, 127.6, 124.4, 

124.2, 117.7, 114.0, 113.7, 111.8, 70.4, 69.3, 55.3, 55.2, 50.0, 45.8; HRMS (ESI) calcd. 

for C28H26N2O4
+ (M + H)+ 455.1971, found 455.1962; HPLC (AS-H, n-hexane/i-PrOH 

= 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 20.3 min, τminor = 11.3 min; [α]25 
D  

-132.5 (c 1.0, CHCl3,. 91.5:8.5 er). 

 

(3S,4S)-3-(4-fluorophenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bf) 

N N

O

OPMB

F

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 54.8 mg, 62%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.30-7.35 (m, 

6H), 7.02-7.13 (m, 2H), 6.75-6.82 (m, 4H), 5.46 (s, 1H), 5.39 (s, 1H), 5.09 (s, 1H), 4.56 

(d, J = 14.6 Hz, 1H), 3.95 (d, J = 14.6 Hz, 1H), 3.86 (s, 2H), 3.79 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 166.3, 163.0 (d, J = 246.0 Hz), 162.2, 159.2, 138.0, 136.9, 129.5, 

129.4, 129.2, 128.2 (d, J = 3.0 Hz), 127.6, 124.6, 117.6, 115.4 (d, J = 21.6 Hz), 114.0, 

112.1, 70.2, 68.6, 55.3, 50.1, 45.9; HRMS (ESI) calcd. for C27H24FN2O3
+ (M + H)+ 

443.1771, found 443.1767; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 

mL/min, I = 254 nm) τmajor = 14.9 min, τminor = 9.8 min; [α]25 
D -142.1 (c 1.0, CHCl3, 88:12 

er). 

 

(3S,4S)-3-(4-chlorophenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bg) 

N N

O

OPMB

Cl
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The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 48.5 mg, 53%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.24-7.38 (m, 

9H), 6.75-6.78 (m, 4H), 5.46 (s, 1H), 5.39 (s, 1H), 5.09 (s, 1H), 4.57 (d, J = 14.6, 1H), 

3.91 (d, J = 14.6 Hz, 1H), 3.84 (s, 2H), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

166.1, 162.3, 159.1, 138.1, 135.5, 132.0, 129.6, 129.4, 129.2, 129.0, 128.4, 127.5, 118.9, 

117.6, 114.0, 112.2, 70.5, 69.5, 55.3, 50.0, 45.9; HRMS (ESI) calcd. for C27H24ClN2O3
+ 

(M + H)+ 459.1475, found 459.1471; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow 

rate = 1.0 mL/min, I = 254 nm) τmajor = 13.4 min, τminor = 9.3 min; [α]25 
D -149.3 (c 1.0, 

CHCl3, 89:11 er). 

 

(3S,4S)-3-(4-bromophenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bh) 

N N

O

OPMB

Br

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 48.2 mg, 48%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.4 

Hz, 2H), 7.28-7.34 (m, 4H), 7.23 (d, J = 8.4 Hz, 2H), 7.13 (t, J = 6.4 Hz, 1H), 6.78 (s, 

4H), 5.46 (s, 1H), 5.39 (s, 1H), 5.05 (s, 1H), 4.59 (d, J = 14.6 Hz, 1H), 3.92 (d, J = 14.6 

Hz, 1H), 3.86 (s, 2H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 162.1, 159.2, 

137.9, 136.8, 131.5, 129.4, 129.3, 129.2, 127.6, 124.7, 124.6, 123.0, 117.6, 114.1, 112.3, 

70.2, 68.6, 55.3, 50.1, 45.9; HRMS (ESI) calcd. for C27H24BrN2O3
+ (M + H)+ 503.0970, 

found 503.0964; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 

254 nm) τmajor = 14.2 min, τminor = 9.9 min; [α]25 
D  -151.4 (c 1.0, CHCl3, 86:14 er). 

 

Methyl-4-((1S,4S)-6-(4-methoxybenzyl)-8-methylene-3,5-dioxo-2-phenyl-2,6-

diazaspiro[3.4]octan-1-yl)benzoate (3bi) 
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N N

O

OPMB

CO2Me

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:2). 50.1mg, 52%, white solid. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.4 

Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.29-7.35 (m, 4H), 7.11-7.15 (m, 1H), 6.75-6.79 (m, 

4H), 5.49 (d, J = 0.8 Hz, 1H), 5.41 (d, J = 0.8 Hz, 1H), 5.15 (s, 1H), 4.54 (d, J = 14.4 

Hz, 1H), 3.94 (d, J = 14.4 Hz, 1H), 3.92 (s, 3H), 3.87 (s, 2H), 3.80 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 166.7, 166.0, 162.1, 159.2, 137.9, 137.7, 136.8, 130.5, 129.6, 

129.4, 129.2, 127.5, 127.4, 124.7, 117.6, 114.1, 112.4, 70.2, 68.4, 55.3, 52.2, 50.0, 45.9; 

HRMS (ESI) calcd. for C29H27N2O5
+ (M + H)+ 483.1920, found 483.1915; HPLC (AS-

H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 21.9 min, 

τminor = 14.0 min; [α]25 
D  -143.1 (c 1.0, CHCl3, 87.5:12.5er).  

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-3-(4-(trifluoromethyl) 

phenyl)-2,6-diazaspiro[3.4]octane-1,5-dione (3bj) 

N N

O

OPMB

CF3

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 52.2 mg, 53%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 

Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.30-7.34 (m, 4H), 7.12-7.16 (m, 1H), 6.73-6.78 (m, 

4H), 5.49 (s, 1H), 5.43 (s, 1H), 5.15 (s, 1H), 4.58 (d, J = 14.6 Hz, 1H), 3.91 (d, J = 14.6 

Hz, 1H), 3.89 (s, 2H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.0, 162.1, 159.2, 

137.7, 136.7, 136.6, 130.8 (q, J = 32.2 Hz), 129.4, 129.3, 128.0, 127.5, 125.3 (q, J = 

4.1 Hz), 124.8, 117.5, 114.0, 112.6, 70.2, 68.3, 55.2, 50.1, 46.0; HRMS (ESI) calcd. for 

C28H24F3N2O3
+ (M + H)+ 493.1739, found 493.1733; HPLC (AS-H, n-hexane/i-PrOH 
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= 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 9.4 min, τminor = 6.7 min; [α]25 
D  -

124.5(c 1.0, CHCl3, 91.5:8.5 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-3-(o-tolyl)-2,6-diazaspiro[3.4] 

octane-1,5-dione (3bk) 

N N

O

OPMB Me

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 44.8 mg, 51%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.14-7.41 (m, 

9H), 6.85 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.0 Hz, 2H), 5.50 (s,1H), 5.41 (s,1H), 5.27 

(s, 1H), 4.67 (d, J = 14.4 Hz, 1H), 3.92 (d, J = 14.4 Hz, 1H), 3.87 (d, J = 13.6 Hz, 2H), 

3.83 (s, 3H), 2.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.0, 162.7, 159.2, 138.2, 

137.2, 134.6, 130.7, 130.1, 129.5, 129.1, 128.4, 127.7, 125.7, 124.5, 117.7, 114.0, 112.0, 

69.1, 66.6, 55.3, 50.0, 45.9, 19.3; HRMS (ESI) calcd. for C28H27N2O3
+ (M + H)+ 

439.2022, found 439.2012; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 

mL/min, I = 254 nm) τmajor = 16.9 min, τminor = 10.1 min; [α]25 
D  -143.2(c 1.0, CHCl3, 

92.5:7.5 er). 

 

(3S,4S)-3-(3-fluoro-4-methylphenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-

2,6diazaspiro[3.4]octane-1,5-dione (3bl) 

N N

O

OPMB

Me
F

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 47.4 mg, 52%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.28-7.36 (m, 

4H), 7.09-7.19 (m, 3H), 6.98 (t, J = 8.8 Hz, 1H), 6.81 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 

8.4 Hz, 2H), 5.44 (s, 1H), 5.37 (s, 1H), 5.04 (s, 1H), 4.59 (d, J = 14.6 Hz, 1H), 3.94 (d, 

S12



J = 14.6 Hz, 1H), 3.86 (s, 2H), 3.79 (s, 3H), 2.26 (s, 3H); 13C NMR (100MHz, CDCl3) 

δ 166.3, 162.3, 161.5 (d, J = 245.0 Hz), 159.2, 138.3, 137.0, 130.5 (d, J = 5.4 Hz), 129.3, 

129.1, 127.9, 127.6, 126.8, (d, J =8.0 Hz), 124.8 (d, J = 18.0 Hz), 124.5, 117.6, 115.0 

(d, J = 22.0 Hz), 114.0, 111.9, 70.2, 68.8, 55.3, 50.1, 45.9, 14.7; HRMS (ESI) calcd. 

for C28H26FN2O3
+ (M + H)+ 457.1927, found 457.1917; HPLC (AS-H, n-hexane/i-

PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 11.3 min, τminor = 7.5 min; 

[α]25 
D -132.5 (c 1.0, CHCl3,. 90:10 er). 

 

(3S,4S)-3-(3,5-dimethylphenyl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bm) 

N N

O

OPMB

Me Me

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 48.8 mg, 54%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 4.0 

Hz, 2H), 7.28-7.32 (m, 2H), 7.11 (t, J = 7.2 Hz, 1H), 6.96-6.98 (m, 3H), 6.80 (d, J = 

8.0 Hz, 2H), 6.75 (d, J = 8.0 Hz, 2H), 5.43 (s, 1H), 5.36 (s, 1H), 5.05 (s, 1H), 4.63 (d, 

J = 14.6 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 3.85 (d, J = 7.6 Hz, 2H), 3.79 (s, 3H), 2.31 

(s, 6H); 13C NMR (100 MHz, CDCl3) δ 166.4, 162.6, 159.1, 138.6, 137.8, 137.3, 132.4, 

130.5, 129.3, 129.1, 127.7, 125.1, 124.3, 117.7, 114.1, 111.7, 70.2, 69.4, 55.3, 50.1, 

45.8, 21.5; HRMS (ESI) calcd. for C29H29N2O3
 + (M + H)+ 453.2178, found 453.2171; 

HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 

8.8 min, τminor = 6.5 min; [α]25 
D -152.0 (c 1.0, CHCl3, 89:11 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-3-(naphthalen-2-yl)-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bn) 
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N N

O

OPMB

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 55.9 mg, 59%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.82-7.88 (m, 

4H), 7.51-7.60 (m, 3H), 7.28-7.40 (m, 4H), 7.11 (t, J = 7.2 Hz, 1H), 6.53 (d, J = 8.2 Hz, 

2H), 6.41 (d, J = 8.2 Hz, 2H), 5.52 (s, 1H), 5.42 (s, 1H), 5.28 (s, 1H), 4.58 (d, J = 14.6 

Hz, 1H), 3.90 (d, J = 14.0 Hz, 1H), 3.84 (d, J = 14.0 Hz, 1H), 3.79 (d, J = 14.6 Hz, 1H), 

3.69 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.4, 162.4, 159.0, 138.4, 137.2, 133.7, 

133.0, 130.5, 129.2, 129.1, 128.2, 128.0,128.0, 127.5, 126.9, 126.5, 126.3, 125.3, 124.5, 

117.6, 113.9, 112.1, 70.6, 69.8, 55.2, 50.2, 45.8; HRMS (ESI) calcd. for C31H27N2O3
+ 

(M + H)+ 475.2022, found 475.2015; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow 

rate = 1.0 mL/min, I = 254 nm) τmajor = 10.9 min, τminor = 14.6 min; [α]25 
D -152.3 (c 1.0, 

CHCl3, 91:9 er). 

 

(3R,4S)-3-(furan-2-yl)-6-(4-methoxybenzyl)-8-methylene-2-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bo) 

N N

O

OPMB
O

 
The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 48.8 mg, 59%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.44 (s, 1H), 

7.29-7.38 (m, 4H), 7.13 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 6.82 (d, J = 8.4 

Hz, 2H), 6.42-6.54 (m, 2H), 5.42 (s, 1H), 5.36 (s, 1H), 5.13 (s, 1H), 4.60 (d, J = 14.6 

Hz, 1H), 4.16 (d, J = 14.6 Hz, 1H), 3.90 (d, J = 14.4 Hz, 1H), 3.87 (d, J = 14.4 Hz, 1H), 

3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.1, 161.9, 159.2, 146.6, 142.7, 137.7, 

136.6, 129.4, 129.1, 127.6, 124.6, 117.5, 114.1, 112.0, 111.3, 111.0, 69.6, 62.1, 55.3, 

49.9, 46.0; HRMS (ESI) calcd. for C25H23N2O4
+ (M + H)+ 415.1658, found 415.1650; 
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HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 

23.6 min, τminor = 14.5 min; [α]25 
D  -113.5 (c 1.0, CHCl3, 95:5 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2-(p-tolyl)-2,6-diazaspiro[3.4] 

octane-1,5-dione (3bp) 

N N

O

OPMB
Me

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 53.4 mg, 61%, white solid, 1H NMR (400 MHz, CDCl3) δ 7.33-7.37 (m, 

5H), 7.24 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 6.74 

(d, J = 8.8 Hz, 2H), 5.44 (s, 1H), 5.36 (s, 1H), 5.08 (s, 1H), 4.56 (d, J = 14.6 Hz, 1H), 

3.91 (d, J = 14.6 Hz, 1H), 3.83 (s, 2H), 3.78 (s, 3H), 2.29 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 166.4, 162.1, 159.1, 138.3, 134.6, 134.1, 132.6, 129.6, 129.4, 128.8, 128.3, 

127.6, 127.6, 117.6, 114.0, 111.9, 70.1, 69.3, 55.3, 50.0, 45.8, 21.0; HRMS (ESI) calcd. 

for C28H27N2O3
+ (M + H)+ 439.2022, found 439.2018; HPLC (AS-H, n-hexane/i-PrOH 

= 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 16.4 min, τminor = 10.3 min; [α]25 
D  

-152.0(c 1.0, CHCl3, 95.5:4.5 er ). 

 

(3S,4S)-6-(4-methoxybenzyl)-2-(4-methoxyphenyl)-8-methylene-3-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione(3bq) 

N N

O

OPMB
OMe

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 42.7 mg, 47%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.38-7.40 (m, 

5H), 7.33 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 6.76-6.81 (m, 4H), 5.48 (s, 1H), 

5.40 (s, 1H), 5.10 (s, 1H), 4.59 (d, J = 14.8 Hz, 1H), 3.94 (d, J = 14.8 Hz, 1H), 3.86 (s, 

2H), 3.81 (s, 3H), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.4, 161.9, 159.1, 
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156.4, 138.3, 132.6, 130.6, 129.4, 128.8, 128.3, 127.6, 119.0, 114.4, 114.0, 111.9, 70.2, 

69.4, 55.5, 55.3, 50.0, 45.8; HRMS (ESI) calcd. for C28H27N2O4
+ (M + H)+455.1971, 

found 455.1966; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 

254 nm) τmajor = 31.1 min, τminor = 19.0 min; [α]25 
D  -123.8(c 1.0, CHCl3, 91:9 er). 

 

(3S,4S)-2-(4-fluorophenyl)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3br) 

N N

O

OPMB
F

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 59.2 mg, 67%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.35-7.39 (m, 

7H), 6.99-7.02 (m, 2H), 6.73-6.78 (m, 4H), 5.46 (s, 1H), 5.39 (s, 1H), 5.09 (s, 1H), 4.57 

(d, J = 14.6 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 3.84 (s, 2H), 3.79 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 166.2, 162.2, 159.9 (d, J = 242.6 Hz), 159.1, 138.1, 133.3 (d, J = 

2.6 Hz), 132.1, 129.4, 129.0, 128.4, 127.6 (d, J = 3.5 Hz), 119.1 (d, J = 7.9 Hz), 116.0 

(d, J = 23.0 Hz), 114.0, 112.1, 70.4, 69.5, 55.3, 50.0, 45.9; HRMS (ESI) calcd. for 

C27H24FN2O3
+ (M + H)+ 443.1771, found 443.1767; HPLC (AS-H, n-hexane/i-PrOH = 

80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 17.2 min, τminor = 11.4 min; [α]25 
D -

152.2 (c 1.0, CHCl3, 96:4 er). 

 

(3S,4S)-2-(4-chlorophenyl)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bs) 

N N

O

OPMB
Cl

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 41.2 mg, 45%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.22-7.40 (m, 

9H), 6.76 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 5.46 (s, 1H), 5.39 (s, 1H), 5.09 
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(s, 1H), 4.56 (d, J = 14.6 Hz, 1H), 3.91 (d, J = 14.6 Hz, 1H), 3.84 (s, 2H), 3.78 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 166.1, 162.3, 159.1, 138.1,135.4, 132.0, 129.6, 129.4, 

129.2, 129.0, 128.4, 127.5, 127.5, 118.9, 114.0, 112.2, 70.5, 69.5, 55.3, 50.0, 45.9; 

HRMS (ESI) calcd. for C27H24ClN2O3
+ (M + H)+459.1475, found 459.1468; HPLC 

(AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 19.1 

min, τminor = 11.8 min; [α]25 
D  -133.214 (c 1.0, CHCl3, 91:9 er). 

 

(3S,4S)-2-(4-bromophenyl)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione (3bt) 

N N

O

OPMB
Br

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 46.2 mg, 46%, white solid. 1H NMR (400 MHz, CDCl3) δ 7.34-7.43 (m, 

7H), 7.27 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.2 Hz, 2H), 5.48 

(s, 1H), 5.41 (s, 1H), 5.11 (s, 1H), 4.59 (d, J = 14.6 Hz, 1H), 3.93 (d, J = 14.6 Hz, 1H), 

3.87 (s, 2H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.1, 162.4, 159.1, 138.1, 

136.0, 132.2, 132.0, 129.4, 129.0, 128.4, 127.5, 127.5, 119.2, 117.3, 114.0, 112.2, 70.5, 

69.5, 55.3, 50.0, 45.9; HRMS (ESI) calcd. For C27H24BrN2O3
+ (M + H)+503.0970, 

found 503.0966; HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 

254 nm) τmajor =19.2 min, τminor = 12.0 min; [α]25 
D -114.4 (c 1.0, CHCl3, 94:6 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2-(4-(trifluoromethyl)phenyl) 

-2,6-diazaspiro[3.4]octane-1,5-dione (3bu) 

N N

O

OPMB
CF3

 

The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 49.2 mg, 50%, white solid, 1H NMR (400 MHz, CDCl3) δ 7.36-7.56 (m, 
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9H0, 6.73-6.78 (m, 4H), 5.47 (s, 1H), 5.41 (s, 1H), 5.15 (s, 1H), 4.57 (d, J = 14.6 Hz, 

1H), 3.92 (d, J = 14.6 Hz, 1H), 3.86 (s, 2H), 3.79 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 166.0, 162.8, 159.2, 139.7, 138.0, 131.8, 129.4, 129.1, 128.5, 127.5, 127.4, 126.5 (q, 

J = 3.0 Hz), 125.7, (q, J = 270.0 Hz), 117.6, 114.1, 112.3, 70.6, 69.6, 55.3, 50.0, 45.9. 

HRMS (ESI) calcd. for C28H24F3N2O3
+ (M + H)+ 493.1739, found 493.1731, HPLC 

(AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 12.1 

min, τminor =7.8 min; [α]25 
D  -110.4(c 1.0, CHCl3, 92:8 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2-(m-tolyl)-2,6-

diazaspiro[3.4]octane-1,5-dione (3bv) 

N N

O

OPMB

 
The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 43.7 mg, 54%, white solid, 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.35 (m, 

6H), 7.16 (t, J = 8.0 Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.93 (d, J = 7.6 Hz, 1H), 6.80 – 

6.74 (m, 4H), 5.45 (s, 1H), 5.37 (s, 1H), 5.11 (s, 1H), 4.58 (d, J = 14.6 Hz, 1H), 3.92 

(d, J = 14.6 Hz, 1H), 3.85 (d, J = 1.5 Hz, 2H), 3.79 (s, 3H), 2.31 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 166.3, 162.4, 159.1, 139.3, 138.4, 137.0, 132.6, 129.4, 128.9, 128.8, 

128.3, 127.6, 127.5, 125.3, 118.5, 114.6, 114.0, 111.9, 70.1, 69.3, 55.3, 50. 0, 45.8, 21.5. 

HRMS (ESI) calcd. for C28H27N2O3
+ (M + H)+ 439.2016, found 439.2014, HPLC (AS, 

n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 9.7 min, τminor 

=7.5 min; [α]25 
D  -143.2(c 1.0, CHCl3, 93.5:6.5 er). 

 

(3S,4S)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2-(o-tolyl)-2,6-

diazaspiro[3.4]octane-1,5-dione (3bw) 

N N

O

OPMB
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The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 20.2 mg, 23%, white solid, 1H NMR (400 MHz, CDCl3) δ 7.30-7.28 (m, 

6H), 7.20 – 7.18 (m, 1H), 7.15 (q, J = 4.0 Hz, 2H), 6.74 (s, 4H), 5.54 (s, 1H), 5.43 (s, 

1H), 5.36 (s, 1H), 4.60 (d, J = 14.6 Hz, 1H), 3.92 (d, J = 14.6 Hz, 1H), 3.85 (s, 2H), 

3.78 (s, 3H), 2.60 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 166.8, 162.8, 159.1, 138.1, 

134.5, 133.1, 132.8, 131.7, 129.3, 128.6, 128.3, 127.7, 127.6, 126.8, 126.4, 121.8, 114.0, 

112.3, 70.3, 69.8, 55.3, 50.0, 45.8, 19.7. HRMS (ESI) calcd. for C28H27N2O3
+ (M + H)+ 

439.2016, found 439.2018, HPLC (AS, n-hexane/i-PrOH = 80:20, flow rate = 1.0 

mL/min, I = 254 nm) τmajor = 23.7 min, τminor =8.2 min; [α]25 
D  -145.4(c 1.0, CHCl3, 90:10 

er). 

 

(3S,4S)-2-(6-fluoropyridin-3-yl)-6-(4-methoxybenzyl)-8-methylene-3-phenyl-2,6-

diazaspiro[3.4]octane-1,5-dione(3bx) 

N N

O

OPMB N
F

 
The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:3). 46.1 mg, 52%, white solid, 1H NMR (400 MHz, CDCl3) δ 8.09 – 8.05 (m, 

2H), 7.42 – 7.39 (m, 5H), 6.96 – 6.93 (m, 1H), 6.76 (s, 4H), 5.50 (s, 1H), 5.44 (s, 1H), 

5.15 (s, 1H), 4.59 (d, J = 14.6 Hz, 1H), 3.95 (d, J = 14.6 Hz, 1H), 3.87 (s, 2H), 3.81 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 165.9, 162.5, 159.7 (d, J = 236.0 Hz), 159.1, 137.8, 

135.8, (d, J = 15.0 Hz), 131.8 (d, J = 4.0 Hz), 131.3, 130.7 (d, J = 7.0 Hz), 129.3, 129.3, 

128.6, 127.6, 127.4, 114.1, 112.5, 110.0(d, J = 39.0 Hz), 71.2, 69.7, 55.3, 50.0, 45.9. 

HRMS (ESI) calcd. for C26H23FN3O3
+ (M + H)+ 444.1718, found 444.1708, HPLC (AS, 

n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 16.2 min, τminor 

=12.3 min; [α]25 
D  -121.6 (c 1.0, CHCl3, 95:5 er). 

 

(4R)-N-benzyl-2-oxo-1,4-diphenyl-N-(prop-2-yn-1-yl)azetidine-3-carboxamide (7) 
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N
Bn

O

N

Ph

PhO  
The product was purified by silica gel column chromatography (ethyl acetate/petroleum 

ether = 1:10). 44 mg, 55%, white solid. 1H NMR (400 MHz, CDCl3, two rotamers) δ 

7.17-7.50 (m, 14H), 7.07-7.12 (m, 1H), 5.84 & 5.79 (2d, J = 2.4 Hz, 1H), 5.23 & 5.08 

(2d, J = 14.8 Hz, 1H), 4.85 & 4.82 (2d, J = 13.2 Hz, 1H), 4.14-4.42 (m, 2H), 3.91 & 

3.87 (2d, J = 14.8 Hz, 1H), 2.20-2.22 (m, 1H); 13C NMR (100 MHz, CDCl3, two 

rotamers) δ 164.9, 164.8, 160.8, 160.4, 137.2, 136.7, 136.7, 136.0, 129.3, 129.3, 129.2, 

129.1, 128.9, 128.8, 128.2, 128.0, 127.8, 127.5, 126.4, 126.3, 124.4, 124.4, 117.3, 117.3, 

78.2, 77.9, 73.3, 72.4, 63.5, 63.4, 57.6, 57.5, 50.0, 48.7, 36.1, 34.3; HRMS (ESI) calcd. 

for C26H25N2O2
+ (M + H)+ 395.1081, found 395.1075; HPLC (AS-H, n-hexane/i-PrOH 

= 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 7.8 min, τminor = 10.1 min; [α]25 
D  -

76.7 (c 1.0, CHCl3,. 94:6 er). 

 

IⅤ. Synthetic Transformations  

N
N

O

OPMB

3ba, 48%, 1.02g
95.5:4.5 er

2) CAN

HN
N

O

O

5, 70%, 95.5:4.5 er

3) Pd/C, H2 HN
N

O

O

6, 67%, 95.5:4.5 er

1) AlCl3/LiAlH4
N

N

PMB

4, 50%, 95.5:4.5 er

+

Ph N
Ph

O

N

O

PMB

1b

2a

standard conditions

5.0 mmol scale

 
Gram synthesis of 3ba: A mixture of Cu(CH3CN)4PF6 (0.5 mmol, 186.2 mg, 10 mol%) 

with (4R,4'R)-L5 (L5, 0.6 mmol, 467.4 mg, 12 mol%) in dry PhCF3 (10 mL) was stirred 

at room temperature for 0.5 h under the atmosphere of argon. Then, corresponding 

propiolamide 1b (5.0 mmol, 1.14 g, 1.0 equiv.), nitrone 2a (6.0 mmol, 1.18 g, 1.2 

equiv.), Cs2CO3 (15.0 mmol, 4.88 g, 3.0 equiv.) and dry PhCF3 (20 mL) were added to 

the mixture at -10 ℃ for 6 hours subsequently, transfer to 60 ℃ and 30 ml of dry DMSO 
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was added to continue the reaction for 6 hours. After the reaction was complete 

(monitored by TLC), the solvent was removed in vacuum. Then H2O (50.0 mL) and 

ethyl acetate (50.0 mL) were added into the mixture. The organic phase was separated, 

and the aqueous phase was extracted with ethyl acetate (50.0 mL× 3). Τhe combined 

organic phase was washed with H2O and brine, dried over Na2SO4. The solvent was 

removed under reduced pressure. The residue was purified by flash chromatography 

(ethyl acetate/petroleum ether = 1:5) to afford the desired products 3ba in 48% yield 

(1.02 g) with 95.5:4.5 er. 

 

Synthesis of 4: The mixture of 3ba (0.1 mmol, 42.4 mg, 1.0 equiv.), LiAlH4 (0.62 mmol, 

6.2 equiv.) and AlCl3 (0.62 mmol, 6.2 equiv.) in Et2O (10mL) were stirred at room 

trmperature for 45 minutes. After the reaction was complete, the reaction was quenched 

with saturated NaHCO3 solution and extracted with dichloromethane. The organic 

phase was dried over Na2SO4, concentrated in vacuum and the residue was loaded on 

silica column（ethyl acetate/petroleum ether = 3:1) to afford compound 4 as a white 

solid in 50% yield (19.8 mg). 1H NMR (400 MHz, CDCl3) δ 7.30-7.37 (m, 5H), 7.17 (t, 

J = 7.6 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.75-6.80 (m, 3H), 6.49 (d, J = 7.8 Hz, 2H), 

5.20 (s, 1H), 5.18 (s, 1H), 4.95 (s, 1H), 4.01 (d, J = 6.8 Hz, 1H), 3.79 (s, 3H), 3.74 (d, 

J = 6.8 Hz, 1H), 3.49 (d, J = 13.0 Hz, 1H), 3.14-3.29 (m, 3H), 2.58 (d, J = 9.6 Hz, 1H), 

2.42 (d, J = 9.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.5, 151.8, 138.7, 129.3, 

128.9, 128.3, 127.5, 126.7, 118.4, 113.6, 112.9, 106.5, 63.3, 61.5, 59.5, 59.3, 55.3, 49.8, 

29.7; HRMS (ESI) calcd. for C27H29N2O+ (M + H)+ 397.2280, found 397.2275; HPLC 

(AD-H, n-hexane/i-PrOH = 99:1, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 6.5 min, 

τminor = 9.1 min; [α]25 
D  -76.7(c 1.0, CHCl3,. 95.5:4.5 er). 

 

Synthesis of 5: The mixture of 3ba (0.1 mmol, 42.4 mg, 1.0 equiv.), Ce(NH4)2(NO3)6 

(0.4 mmol, 219.3 mg, 4.0 equiv.) in MeCN/H2O (9:1, 10 mL) were stirred at room 

trmperature for 12 hours. After the reaction was complete, the mixture was quenched 

with H2O and extracted with DCM, dried over Na2SO4. The organic phase was 
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concentrated in vacuum and the residue was loaded on silica column (ethyl 

acetate/petroleum ether=3:1) to afford compound 5 as a white solid in 70% yield 

(21.3mg). 1H NMR (400 MHz, DMSO-d6) δ 8.09 (s, 1H), 7.37 - 7.28 (m, 9H), 7.13 (d, 

J = 7.2 Hz, 1H), 5.46 (s, 2H), 5.40 (s, 1H), 4.00 - 3.90 (m, 2H). 13C NMR (100MHz, 

DMSO-d6) δ 169.0, 163.2, 141.4, 137.1, 133.4, 129.7, 128.6, 128.3, 128.0, 124.7, 117.9, 

112.3, 69.5, 67.8, 45.8. HRMS (ESI) calcd. for C19H17N2O2
+ (M + H)+ 305.1290, found 

305.1281 HPLC (AS-H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) 

τmajor = 10.4 min, τminor = 12.8 min; [α]25 
D 22.6 (c 1.0, CHCl3, 95.5:4.5 er). 

 

Synthesis of 6: A mixture of 5 (0.1 mmol, 30.4 mg, 1.0 equiv) and Pd/C (0.01mmol, 

10.6mg, 10 mol%) in EtOH (10 mL) was stirred at room temperature for 12 h under the 

atmosphere of hydrogen. After the reaction was complete (monitored by TLC), the 

mixture was quenched with H2O and extracted with dichloromethane, dried over 

Na2SO4. The organic phase was concentrated in vacuum and the residue was loaded on 

silica column (ethyl acetate/petroleum ether = 3:1) to afford compound 6 as a white 

solid in 96% yield (29.5 mg). 1H NMR (400 MHz, CDCl3) δ 7.25-7.34 (m, 9H), 7.08 (t, 

J = 6.8 Hz, 1H), 5.57 (s, 1H), 5.05 (s, 1H), 3.48-3.52 (m, 1H), 3.10-3.13 (m, 1H), 2.98-

3.04 (m, 1H), 1.40 (d, J = 7.2 Hz, 3H); 13C NMR (100MHz, CDCl3) δ 170.7, 162.5, 

137.1, 132.8, 129.1, 128.6, 128.3, 127.3, 124.2, 117.4, 69.6, 64.1, 47.0, 37.4, 15.0; 

HRMS (ESI) calcd. for C19H19N2O2
+ (M + H)+307.1447, found 307.1438; HPLC (AS-

H, n-hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, I = 254 nm) τmajor = 11.7min, 

τminor = 15.1min; [α]25 
D  38.9 (c 1.0, CHCl3,. 95.5:4.5 er). 

 

V. X-Ray Crystallographic Data of 3aa and 3aa’ 

X-Ray Crystallographic Analysis of 3aa 

A suitable crystal of 3aa was selected and collected on a SuperNova, Dual, Cu at 

zero, AtlasS2 diffractometer. The crystal was kept at 292.99(10) K during data 

collection. Using Olex2[1], the structure was solved with the SHELXS structure solution 
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program using Direct Methods and refined with the SHELXL refinement package using 

Least Squares minimisation. 

The chiral 3aa was completely dissolved in ethyl acetate (0.1 mL), Petroleum 

ether (0.2 mL) was added slowly to the solution at room temperature. The solvent 

diffused slowly, and the single crystal was obtained after two days. The structure in 

Figure S1 showed the absolute configuration of 3aa is (3S, 4S). The CCDC number is 

2371699. These details can be obtained free of charge via https://www.ccdc.com.ac.uk/ 

from the Cambridge Crystallographic Data Centre. 

Figure S1. Thermal Ellipsoid Plot for 3aa (50% probability level) 

 

Table 1 Crystal data and structure refinement for LSY-L23. 

Identification code LSY-L23 

Empirical formula C26H22N2O2 

Formula weight 394.45 

Temperature/K 170.00(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.99923(13) 

b/Å 13.0716(2) 

c/Å 16.3120(3) 
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α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2132.07(6) 

Z 4 

ρcalcg/cm3 1.229 

μ/mm-1 0.620 

F(000) 832.0 

Crystal size/mm3 0.15 × 0.13 × 0.11 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.668 to 146.87 

Index ranges -12 ≤ h ≤ 12, -14 ≤ k ≤ 15, -19 ≤ l ≤ 14 

Reflections collected 12913 

Independent reflections 4218 [Rint = 0.0283, Rsigma = 0.0248] 

Data/restraints/parameters 4218/0/279 

Goodness-of-fit on F2 1.061 

Final R indexes [I>=2σ (I)] R1 = 0.0358, wR2 = 0.0896 

Final R indexes [all data] R1 = 0.0373, wR2 = 0.0913 

Largest diff. peak/hole / e Å-3 0.28/-0.23 

Flack/Hooft parameter -0.02(10)/0.06(10) 

 

X-Ray Crystallographic Analysis of 3aa’ 

A suitable crystal of 3aa’ was selected and collected on a SuperNova, Dual, Cu 

at zero, AtlasS2 diffractometer. The crystal was kept at 292.99(10) K during data 

collection. Using Olex2[1], the structure was solved with the SHELXS structure solution 

program using Direct Methods and refined with the SHELXL refinement package using 

Least Squares minimisation. 

The chiral 3aa’ was completely dissolved in ethyl acetate (0.1 mL), Petroleum 

ether (0.2 mL) was added slowly to the solution at room temperature. The solvent 

diffused slowly, and the single crystal was obtained after two days. The structure in 
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Figure S2 showed the absolute configuration of 3aa’ is (3S,4R). The CCDC number is 

2371702. These details can be obtained free of charge via https://www.ccdc.com.ac.uk/ 

from the Cambridge Crystallographic Data Centre. 

 

 

Figure S2. Thermal Ellipsoid Plot for 3aa’ (50% probability level) 

 

 
Table 2 Crystal data and structure refinement for 118-b1. 

Identification code 118-b1 

Empirical formula C26H22N2O2 

Formula weight 394.45 

Temperature/K 150.00(10) 

Crystal system monoclinic 

Space group P21 

a/Å 14.3085(14) 

b/Å 9.9631(10) 

c/Å 14.4518(16) 

α/° 90 

β/° 93.217(11) 

γ/° 90 
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Volume/Å3 2057.0(4) 

Z 4 

ρcalcg/cm3 1.274 

μ/mm-1 0.643 

F(000) 832.0 

Crystal size/mm3 0.16 × 0.12 × 0.1 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 6.126 to 147.96 

Index ranges -16 ≤ h ≤ 17, -12 ≤ k ≤ 11, -17 ≤ l ≤ 17 

Reflections collected 17946 

Independent reflections 7857 [Rint = 0.1250, Rsigma = 0.1341] 

Data/restraints/parameters 7857/1/541 

Goodness-of-fit on F2 1.030 

Final R indexes [I>=2σ (I)] R1 = 0.1063, wR2 = 0.2908 

Final R indexes [all data] R1 = 0.1420, wR2 = 0.3281 

Largest diff. peak/hole / e Å-3 0.42/-0.46 

Flack parameter -0.2(8) 

  

 

 

VI. NMR and HPLC Spectra 
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HPLC Reprot

Sample name : lsy-Bn-X-0701-AS20%
: 

Data name : lsy-Bn-X-0701-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/1 10:56:48 Analyst : System Administrator
Pro. Date : 2023/7/1 11:18:32 Processor : System Administrator

min
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RT[min]
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 10.284 

Area
 7771542 
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 15856639 

Height
 382132 
 336711 
 718843 

Area%
 49.011 
 50.989 

    M 
    M 

<Sample Information>
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HPLC Reprot

Sample name : LSY-0711-L23-Bn-AS20%
: 

Data name : LSY-0711-L23-Bn-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/11 21:35:04 Analyst : System Administrator
Pro. Date : 2023/7/14 16:38:00 Processor : System Administrator
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    M 

<Sample Information>
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HPLC Reprot

Sample name : LSY0-0708-AS20%
: 

Data name : LSY0-0708-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/8 20:07:17 Analyst : System Administrator
Pro. Date : 2024/7/8 9:04:37 Processor : System Administrator
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 49.242     M 

<Sample Information>

S98



HPLC Reprot

Sample name

Data name
Acq. name

Location Sample Typle : unknown

Ana. Date Analyst : System Administrator
Pro. Date

: LSY-Bn-118-B1-AS20%-0705
: 
: LSY-Bn-118-B1-AS20%-0705.lcd 
: AS-H-20%.lcm
: 
: 1-1
: 1 uL
: 2023/7/5 19:18:27
: 2024/7/9 11:30:46 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-0722-PMB-290-1-AS20%
: 

Data name : LSY-0722-PMB-290-1-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/22 20:02:29 Analyst : System Administrator
Pro. Date : 2024/5/29 15:10:43 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-PMB-0720-289-1-S-AS20%
: 

Data name : LSY-PMB-0720-289-1-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/20 20:57:27 Analyst : System Administrator
Pro. Date : 2024/6/25 16:17:34 Processor : System Administrator
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<Sample Information>

S101



HPLC Reprot

Sample name : LSY-0725-299-A-AS20%
: 

Data name : LSY-0725-299-x-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/25 15:02:50 Analyst : System Administrator
Pro. Date : 2023/7/25 15:24:18 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-303-A1
: 

Data name : LSY-0727-299-s-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/27 15:58:20 Analyst : System Administrator
Pro. Date : 2023/7/27 16:15:47 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-0819-310-b2-X-AS20%
: 

Data name : LSY-0819-310-b1-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/19 15:29:17 Analyst : System Administrator
Pro. Date : 2023/8/19 15:57:56 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-0818-314-b2-s-AS20%
: 

Data name : LSY-0818-314-b2-s-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/18 18:31:03 Analyst : System Administrator
Pro. Date : 2023/11/1 17:14:20 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : lSY-1031-419-ipr-AS20 %
: 

Data name : lSY-1031-419-ipr-AS20 %.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/10/31 15:50:29 Analyst : System Administrator
Pro. Date : 2023/11/1 16:06:24 Processor : System Administrator
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 8.804 

Area
 2917819 
 2915078 
 5832897 

Height
 146700 
 118452 
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Area%
 50.023 
 49.977   V 

<Sample Information>
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HPLC Reprot

Sample name : LSY-0914-S-354-B2-AS20%
: 

Data name : LSY-0914-S-354-B2-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/14 16:59:16 Analyst : System Administrator
Pro. Date : 2023/9/14 17:10:10 Processor : System Administrator
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 8.791 

 91.209 
  V 

<Sample Information>
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HPLC Reprot

Sample name : LSY-0921-361-B1-X-AS20%
: 

Data name : LSY-0921-361-B1-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/21 15:06:46 Analyst : System Administrator
Pro. Date : 2024/5/29 15:14:52 Processor : System Administrator
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Area%
 50.046 
 49.954   V 

<Sample Information>
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HPLC Reprot

Sample name : LSY-0921-362-B1-1-AS20%
: 

Data name : LSY-0921-362-B1-1-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/21 16:52:50 Analyst : System Administrator
Pro. Date : 2024/5/29 15:14:25 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-0927-367-B1-X-AS20%
: 

Data name : LSY-0927-367-B1-X-AS20%001.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/27 16:11:38 Analyst : System Administrator
Pro. Date : 2023/9/27 17:21:50 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : lSY-0928-370-B1-AS20%
: 

Data name : lSY-0928-370-B1-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/28 14:30:29 Analyst : System Administrator
Pro. Date : 2023/9/28 15:09:09 Processor : System Administrator
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 91.614 
    M 

<Sample Information>
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HPLC Reprot

Sample name : LSY-0921-361-B2-X-AS20%
: 

Data name : LSY-0921-361-B2-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/21 15:34:42 Analyst : System Administrator
Pro. Date : 2023/9/21 21:59:33 Processor : System Administrator

min
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 265028 
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 49.739 
 50.261 

<Sample Information>

S112



HPLC Reprot

Sample name : LSY-0921-362-B2-S-AS20%
: 

Data name : LSY-0921-362-B2-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/21 16:21:23 Analyst : System Administrator
Pro. Date : 2023/9/21 16:48:57 Processor : System Administrator
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 11.588 
 88.412     M 

<Sample Information>
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HPLC Reprot

Sample name : LSY-0921-363-B3-X-AS20%
: 

Data name : LSY-0921-363-B3-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/21 17:13:10 Analyst : System Administrator
Pro. Date : 2023/9/22 15:53:18 Processor : System Administrator
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<Sample Information>

S114



HPLC Reprot

Sample name : lSY-1102-425-B1-AS20 %
: 

Data name : lSY-1102-425-B1-AS20 %.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/2 15:53:54 Analyst : System Administrator
Pro. Date : 2024/5/6 15:31:33 Processor : System Administrator
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<Sample Information>

S115



HPLC Reprot

Sample name : LSY-0907-334-B1-X-AS20%
: 

Data name : LSY-0907-334-B1-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/7 15:49:12 Analyst : System Administrator
Pro. Date : 2023/11/1 16:31:42 Processor : System Administrator
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Area%
 50.057 
 49.943 

<Sample Information>

S116



HPLC Reprot

Sample name : LSY-0907-348-B1-S-AS20%
: 

Data name : LSY-0907-348-B1-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/7 16:11:01 Analyst : System Administrator
Pro. Date : 2023/9/7 16:32:31 Processor : System Administrator
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<Sample Information>

S117



HPLC Reprot

Sample name : LSY-0824-320-B1-AS20%
: 

Data name : LSY-0824-320-B1-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/24 15:46:54 Analyst : System Administrator
Pro. Date : 2023/8/24 16:19:02 Processor : System Administrator
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    M 
    M 

<Sample Information>

S118



HPLC Reprot

Sample name : LSY-0829-S-330-b1-AS20%
: 

Data name : LSY-0829-S-330-b1-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/29 16:33:48 Analyst : System Administrator
Pro. Date : 2023/11/1 16:34:59 Processor : System Administrator
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<Sample Information>

S119



HPLC Reprot

Sample name : LSY-0906-343-B2-AS20%
: 

Data name : LSY-0906-343-B2-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/6 16:18:58 Analyst : System Administrator
Pro. Date : 2024/5/29 14:25:25 Processor : System Administrator
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<Sample Information>

S120



HPLC Reprot

Sample name : LSY-0915-S-357-B1-AS20%
: 

Data name : LSY-0915-S-357-B1-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/16 15:50:36 Analyst : System Administrator
Pro. Date : 2024/5/29 11:31:06 Processor : System Administrator
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<Sample Information>

S121



HPLC Reprot

Sample name : LSY-0726-301-A-AS20%
: 

Data name : LSY-0726-301-A-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/26 19:55:37 Analyst : System Administrator
Pro. Date : 2023/7/26 20:52:38 Processor : System Administrator
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 49.977     M 

<Sample Information>

S122



HPLC Reprot

Sample name : LSY-0726-301-B-AS20%
: 

Data name : LSY-0726-301-B-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/26 20:24:01 Analyst : System Administrator
Pro. Date : 2024/5/9 14:34:02 Processor : System Administrator
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    M 

<Sample Information>

S123



HPLC Reprot

Sample name : LSY-0818-308-b1-AS20%
: 

Data name : LSY-0818-308-b1-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/18 16:31:07 Analyst : System Administrator
Pro. Date : 2023/8/18 17:14:58 Processor : System Administrator
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<Sample Information>

S124



HPLC Reprot

Sample name : LSY-0818-314-b1-AS20%
: 

Data name : LSY-0818-314-b1-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/18 16:51:31 Analyst : System Administrator
Pro. Date : 2023/8/18 17:14:25 Processor : System Administrator
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<Sample Information>

S125



HPLC Reprot

Sample name : LSY-0927-367-B2-X-AS20%
: 

Data name : LSY-0927-367-B2-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/27 15:27:08 Analyst : System Administrator
Pro. Date : 2023/9/28 12:29:28 Processor : System Administrator
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 49.433     M 

<Sample Information>

S126



HPLC Reprot

Sample name : LSY-0927-369-B2-S-AS20%
: 

Data name : LSY-0927-369-B2-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/27 15:46:29 Analyst : System Administrator
Pro. Date : 2023/9/27 16:56:27 Processor : System Administrator
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<Sample Information>

S127



 

HPLC Reprot

Sample name : LSY-0818-310-b1-AS20%
: 

Data name : LSY-0818-310-b2-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/18 17:17:12 Analyst : System Administrator
Pro. Date : 2024/5/6 16:33:39 Processor : System Administrator
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<Sample Information>

S128



HPLC Reprot

Sample name : LSY-0819-315-B1-S-AS20%
: 

Data name : LSY-0819-315-B1-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/8/19 16:13:40 Analyst : System Administrator
Pro. Date : 2024/6/19 17:04:11 Processor : System Administrator
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<Sample Information>

S129



HPLC Reprot

Sample name : LSY-0726-302-A-AS20%-1
: 

Data name : LSY-0726-302-A-AS20%-1.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/26 21:42:59 Analyst : System Administrator
Pro. Date : 2024/5/9 16:32:05 Processor : System Administrator
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<Sample Information>

S130



HPLC Reprot

Sample name : LSY-0726-302-B-AS20%-1
: 

Data name : LSY-0726-302-B-AS20%-1.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/7/26 19:24:42 Analyst : System Administrator
Pro. Date : 2023/8/23 16:04:15 Processor : System Administrator
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<Sample Information>

S131



HPLC Reprot

Sample name : LSY-1021-400-x-AS20%
: 

Data name : LSY-1021-400-x-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/10/21 15:09:38 Analyst : System Administrator
Pro. Date : 2023/10/30 22:02:58 Processor : System Administrator
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<Sample Information>

S132



HPLC Reprot

Sample name : LSY-1024-406-S-AS20%
: 

Data name : LSY-1024-406-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/10/24 15:20:07 Analyst : System Administrator
Pro. Date : 2023/10/24 15:49:32 Processor : System Administrator
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<Sample Information>

S133



HPLC Reprot

Sample name : LSY-1125OME-X-AS20%-1
: 

Data name : LSY-1125OME-X-AS20%-1.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/25 19:53:50 Analyst : System Administrator
Pro. Date : 2023/12/10 15:33:29 Processor : System Administrator
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<Sample Information>

S134



HPLC Reprot

Sample name : LSY-1125OME-S-AS20%-1
: 

Data name : LSY-1125OME-S-AS20%-1.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/25 20:36:31 Analyst : System Administrator
Pro. Date : 2024/7/21 12:07:23 Processor : System Administrator
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<Sample Information>

S135



HPLC Reprot

Sample name : lSY-1102-424-1-AS20 %
: 

Data name : lSY-1102-424-1-AS20 %.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/2 16:56:57 Analyst : System Administrator
Pro. Date : 2023/11/2 17:18:32 Processor : System Administrator
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<Sample Information>

S136



HPLC Reprot

Sample name : 
: 

Data name : LSY-0923-366-B2-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/9/23 15:58:18 Analyst : System Administrator
Pro. Date : 2023/9/23 16:19:41 Processor : System Administrator
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<Sample Information>

S137



HPLC Reprot

Sample name : LSY-1125-393-X-AS20%-3
: LSY-1124-444-S-AS20%

Data name : LSY-1125-393-X-AS20%-3.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/25 11:01:26 Analyst : System Administrator
Pro. Date : 2024/5/9 14:30:08 Processor : System Administrator
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<Sample Information>

S138



HPLC Reprot

Sample name : LSY-1125-393-S-AS20%
: LSY-1124-444-S-AS20%

Data name : LSY-1125-393-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/25 10:34:42 Analyst : System Administrator
Pro. Date : 2023/11/25 14:29:04 Processor : System Administrator
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<Sample Information>

S139



HPLC Reprot

Sample name : LSY-1128-BR-NO2-AS20%-X
: 

Data name : LSY-1128-BR-NO2-AS20%-X.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/28 10:23:27 Analyst : System Administrator
Pro. Date : 2024/5/18 14:57:53 Processor : System Administrator
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<Sample Information>

S140



HPLC Reprot

Sample name : LSY-1125-BR-NO2-AS20%-1
: 

Data name : LSY-1125-BR-NO2-AS20%-1.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/25 21:16:19 Analyst : System Administrator
Pro. Date : 2024/5/18 14:56:30 Processor : System Administrator
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    M 

<Sample Information>

S141



HPLC Reprot

Sample name : LSY-1128-CF3-NO2-AS20%-X1
: 

Data name : LSY-1128-CF3-NO2-AS20%-X1.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/28 16:42:44 Analyst : System Administrator
Pro. Date : 2024/5/9 14:30:17 Processor : System Administrator
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<Sample Information>

S142



HPLC Reprot

Sample name : LSY-1202-CF3-NO2-S-AS20%
: 

Data name : LSY-1202-CF3-NO2-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/12/2 16:38:06 Analyst : System Administrator
Pro. Date : 2023/12/2 16:59:00 Processor : System Administrator

min

mV

7.5 10.0 12.5 15.0

0

10

20

30

 
7
.
8
3
8
 

 
1
2
.
1
0
4
 

SPD-20A

Entry
 1 
 2 
Sum

RT[min]
 7.838 

 12.104 

Area
 119508 

 1398251 
 1517759 

Height
 4104 

 35158 
 39262 

Area%
 7.874 

 92.126 

<Sample Information>
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HPLC Reprot

Sample name : lsy-3-ME-NO2-1006-X-AS20%
: lsy-3-ME-NO2-1006-X-AS20%

Data name : lsy-3-ME-NO2-1006-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2024/10/6 19:49:52 Analyst : System Administrator
Pro. Date : 2024/10/6 20:05:49 Processor : System Administrator
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<Sample Information>
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图章



  

  

HPLC Reprot

Sample name : lsy-3-ME-NO2-1006-S-AS20%
: lsy-3-ME-NO2-1006-S-AS20%

Data name : lsy-3-ME-NO2-1006-S-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2024/10/6 20:07:08 Analyst : System Administrator
Pro. Date : 2024/10/7 17:36:18 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : lsy-2-ME-NO2-1006-X-AS20%
: lsy-2-ME-NO2-1006-X-AS20%

Data name : lsy-2-ME-NO2-1006-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2024/10/6 20:25:07 Analyst : System Administrator
Pro. Date : 2024/10/9 17:22:42 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-2-ME-S-1007-AS20%
: LSY-2-ME-S-1007-AS20%

Data name : LSY-2-ME-S-1007-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2024/10/7 17:24:24 Analyst : System Administrator
Pro. Date : 2024/10/7 18:07:56 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-FBD-X-1007-AS20%
: LSY-FBD-X-1007-AS20%

Data name : LSY-FBD-X-1007-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2024/10/7 16:32:41 Analyst : System Administrator
Pro. Date : 2024/10/7 18:39:22 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-FBD-1-S-1007-AS20%
: LSY-FBD-1-S-1007-AS20%

Data name : LSY-FBD-1-S-1007-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2024/10/7 18:25:16 Analyst : System Administrator
Pro. Date : 2024/10/7 18:55:19 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : lSY-1107-433-X-AS20 %
: 

Data name : lSY-1107-433-X-AS20 %.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/7 9:54:41 Analyst : System Administrator
Pro. Date : 2024/5/30 16:41:34 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : lSY-1107-434-S1-AS20 %
: 

Data name : lSY-1107-434-S1-AS20 %.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/7 10:14:21 Analyst : System Administrator
Pro. Date : 2023/12/9 15:24:28 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-1203-ALCL3-X-AD1%-1
: 

Data name : LSY-1203-ALCL3-X-AD1%-1.lcd
Acq. name : AD-1%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/12/3 12:33:11 Analyst : System Administrator
Pro. Date : 2024/7/7 15:01:10 Processor : System Administrator
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<Sample Information>

S152



HPLC Reprot

Sample name : ALCL3-1204-S-AD1%
: 

Data name : ALCL3-1204-S-AD1%.lcd
Acq. name : AD-1%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/12/4 9:52:38 Analyst : System Administrator
Pro. Date : 2024/7/8 8:57:32 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : lsy-1121-444-x-as20%
: KM010XX-ADH-80B

Data name : lsy-1121-444-x-as20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/21 19:29:49 Analyst : System Administrator
Pro. Date : 2023/12/9 15:31:28 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-1124-444-S-AS20%-4
: LSY-1124-444-S-AS20%

Data name : LSY-1124-444-S-AS20%-4.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/11/24 18:28:06 Analyst : System Administrator
Pro. Date : 2023/11/25 9:10:52 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-1212-450-X-AS20%
: 

Data name : LSY-1212-450-X-AS20%.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/12/12 14:40:03 Analyst : System Administrator
Pro. Date : 2024/5/9 15:32:04 Processor : System Administrator
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<Sample Information>
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HPLC Reprot

Sample name : LSY-1210-450-S-AS20%-3
: 

Data name : LSY-1210-450-S-AS20%-3.lcd
Acq. name : AS-H-20%.lcm

: 
Location : 1-1 Sample Typle : unknown

: 1 uL
Ana. Date : 2023/12/10 14:23:22 Analyst : System Administrator
Pro. Date : 2024/5/9 15:44:24 Processor : System Administrator
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<Sample Information>
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