
1

Supporting Information

Copper-Catalyzed Asymmetric Propargylation of 

Imines Enabled by a Biphenol-Based 

Phosphoramidite Ligand

Qi-Qi Yan, Cheng-Kai Ruan, Yu-Qin Deng, Yu-Chuan Pu, Wen-Dao Chu, Cheng-Yu 
He* and Quan-Zhong Liu*

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2023



2

Table of Contents
1. General Information ................................................................................................3

2. Preparation of Imines ..............................................................................................4

3. The Preparation of L10 ...........................................................................................6

4. Cu-Catalyzed Asymmetric Propargylation of N, 1-diphenylmethanimines .........10

4.1 Typical Procedure.......................................................................................10

4.2 Characterization Data for the Products of 3a–3x .......................................10

5. Synthetic Transformations ....................................................................................24

6. Control Experiments .............................................................................................37

7. NMR Spectra of Products 3a–3x ..........................................................................50

8. HPLC Spectra of Products 3a–3x .........................................................................74

9. X-ray Crystallographic Data of 1a and 3a ............................................................98



3

1. General Information 

All reactions were carried out under the argon atmosphere in flame-dried 

glassware. Unless otherwise noted, all the reagents were obtained from commercial 

supplier and used as received without further purification. The solvents used in the 

reactions were distilled from appropriate drying agents prior to use. Flash column 

chromatography was performed using 200-300 mesh silica gel. 1H NMR, 13C NMR 

and 31P NMR spectra were recorded respectively on a Bruker 400 MHz or a Bruker 

600 MHz spectrometers. Chemical shifts were reported in parts per million (ppm) down 

field from TMS with the solvent resonance as the internal standard. Coupling constants 

(J) are reported in Hz and refer to apparent peak multiplications. Enantiomeric ratio 

(er) was determined by HPLC analysis on a Shimadzu LC-20A, using Daicel Chiralcel 

AD-H, AS-H, IC, IA or OD-H columns. or on an Agilent 1260 Infinity II LC System. 

Optical rotations were measured at PerkinElmer Model 341 LC Polarimeter. High 

resolution mass spectra were obtained on Bruker Daltonics micr OTOF-Q II 

spectrometer in ESI mode. The configurations of 1a and 3a were assigned by the X-ray 

analysis and the configurations of other products were assigned by analogy. The X-ray 

single-crystal determination was performed on Bruker D8 VENTURE X-ray single 

crystal diffractometer.
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2. Preparation of Imines

The 1a1-1v1 were synthesized according to literature procedures. [1-2]

NNH2

CHO

MgSO4, CHCl3,

120 ℃ , reflux, 2-12 h

1a-1v

R1

R2

R2

R1R3

NH2
R1

I

CuI, PdCl2(PPh3)2,

TEA, THF, rt

R3

1a R1= H, R2 = 4-NO2, R3= Ph
1b R1= H, R2 = 3-NO2, R3= Ph
1c R1= H, R2 = 2-NO2, R3= Ph
1d R1= H, R2 = 3-Br, R3 = Ph
1e R1= H, R2 = 4-CN, R3 = 4-MePh
1f R1= H, R2 = 4-Me, R3 = Ph
1g R1 = 5-Cl, R2 = 4-NO2, R3 = Ph
1h R1 = 5-Br, R2 = 4-NO2, R3 = Ph
1i R1 = 5-Me, R2 = 4-NO2, R3 = Ph
1j R1 = H, R2 = 4-NO2, R3 = 4-COOMePh
1k R1 = H, R2 = 4-NO2, R3 = 4-ClPh
1l R1 = H, R2 = 4-NO2, R3 = 4-BrPh

R3

1m R1 = H, R2 = 4-NO2, R3 = Vinyl
1n R1 = H, R2 = 2, 4-NO2, R3 = Ph
1o R1 = 3-Cl, R2 = 2, 4-NO2, R3 = Ph
1p R1 = 5-Cl, R2 = 2, 4-NO2, R3 = Ph
1q R1 = 5-Br, R2 = 2, 4-NO2, R3 = Ph
1r R1 = 4-Me, R2 = 2, 4-NO2, R3 = Ph
1s R1 = 5-Me, R2 = 2, 4-NO2, R3 = Ph
1t R1 = 4-OMe, R2 = 2, 4-NO2, R3 = Ph
1u R1 = Ph, R2 = 2, 4-NO2, R3 = Ph
1v R1 = H , R2 = 2, 4-NO2, R3 = C10H7

1a1-1v1

Figure S1. The synthesis of alkynyl imines

Procedure 1 (1a-1v):

To a stirred solution of MgSO4(10 g, 90 mmol) in CHCl3 (50 mL) were added 

anilines (3 mmol), and corresponding aldehydes (3 mmol). The reaction mixture was 

refluxed at 120 ℃ for 2–12 h. Until the starting material disappeared on 1H NMR, the 

reaction mixture was filtered through short pad of celite and the filtrate was 

concentrated under reduced pressure to afford imines 1a-1v which were used as such 

without further purification (Figure S1).

[1] Kusama, H.; Takaya, J.; Iwasawa, N. J. Am. Chem. Soc. 2002, 124, 11592.
[2] Yuan, S.; Yan, Q.; Wang, D.; He, L.; He, C.; Chu, W.; Liu, Q. Org. Lett. 2021, 23, 4823.
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NH2

I

NH2Pd(OAc)2, P(o-Tol)3,

Et3N, 125 ℃ , 12 h

N

NO2

MgSO4, CHCl3,

120 ℃， reflux

H

O
NO2

1w

NH2

Pd/C, MeOH, rt
N

NO2

MgSO4, CHCl3,

120 ℃， reflux

H

O
NO2

1x

NH2

NH2 N

NO2

MgSO4, CHCl3,

120 ℃， reflux

H

O
NO2

1aa

1w1

1w1 1x1

Ph Ph

Ph
Ph Ph

NH2

R
N

R

NO2

MgSO4, CHCl3,

120 ℃， reflux

H

O
NO2

1bb, R = OMe
1cc, R = I

O2N

NO2
R = OMe, I

Figure S2. The synthesis of 1w, 1x, 1aa, 1bb, 1cc

Procedures 2 (1w, 1x, 1aa, 1bb, 1cc): 

To a dried round-bottom flask with the 1w1 (975 mg, 5 mmol) and Pd/C (532 mg, 

10 mol%) was added a solution of MeOH (20 mL), then purged with hydrogen 3 times 

and protected with hydrogen atmosphere. The reaction mixture was stirred at the room 

temperature for 12 h until starting material disappeared on TLC. The mixture was 

filtered through celite using CH2Cl2 (15 mL) and then concentrated in vacuo. The 

residue was purified by column chromatography on silica gel with a solution of hexane 

and ethyl acetate (10:1) to give the desired product 1x1 in 90% yield. The synthesis of 

1w, 1x, 1aa, 1bb, 1cc follows the procedure 1. (1w1 was synthesized according to the 

literature procedures.[3])

[3] Li, D. X.; Kim, J.; Yang, J. W.; Yun, J. Chem. Asian J. 2018, 17, 2365.
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3. The Preparation of L10

OH
OH

+ N
H

O
O
P N

PCl3, Et3N,

DCM
0℃ - rt

Ti(Oi-Pr)4,
NaBH4,

MeOH, rt

N
H

O

NH2+

O O

MeO

MeO

L10

O O MeO OMe

Figure S3. The synthesis of L10

A mixture of the 4-methoxyacetophenone (1.5 mL, 10 mmol), titanium (IV) 

isopropoxide (3.9 mL, 13 mmol) and (R)-phenylethylamine (4.4 mL, 30 mmol) in 

absolute MeOH (20 mL) was stirred under argon at room temperature for 5–6 h. Sodium 

borohydride (378 mg, 10 mmol) was then added at -78 ºC and the resulting mixture was 

stirred for an additional 2 h raising the temperature to 25 °C. The reaction was then 

quenched by adding water (10 mL). Stirring was maintained at room temperature for 

20 min then the reaction mixture was acidified with hydrochloric acid (1 M, 5 mL). 

After filtration over a pad of celite, washing with water and ethyl acetate, the organic 

layer was separated and the remaining aqueous layer was extracted once with ethyl 

acetate. The acidic aqueous extracts were treated with aqueous sodium hydroxide (10% 

NaOH, 5–10 mL) to pH 10–12 and extracted with ethyl acetate (20 mL × 3). The 

combined organic extracts were dried over Na2SO4, filtered, and concentrated in vacuo 

to afford the expected crude amine which was recrystallized from MeOH and Et2O until 

the dr was above 20:1 to give the desired (R, R)-amines product in 65% yield.

To a solution of triethylamine (30 mmol) in CH2Cl2 (5.0 mL) at 0 °C was added 

phosphorus trichloride (5 mmol). The resulting white solution was stirred at the same 

temperature for 30 min before the addition of (R, R)-amine (5 mmol). The resulting 

white suspension was warmed to room temperature and stirred for 4 h. The diphthol (5 

mmol) was then added dropwise over 5 min at 0 °C. Then warming to room temperature 

and stirring for 18 h. The reaction was quenched via the addition of water (30 mL), 

extracted with CH2Cl2 (3 × 20 mL), dried over anhydrous magnesium sulfate and the 
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solvent removed in vacuo to afford the crude product as a white foam. The residue was 

purified by column chromatography on silica gel with hexane and ethyl acetate (60:1) 

to give the desired product L10 in 75% yield. (Figure S3).

N,N-bis((R)-1-(4-methoxyphenyl)ethyl)dibenzo[d,f][1,3,2]dioxaphosphepin-6-

amine

O
O
P N

MeO

MeO

White solid, 75% yield, Rf = 0.3 (petroleum ether/ethyl acetate = 60:1), m. p. 109.2 

– 110.7 ℃, [α]D
20 = + 343 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm). 

1C NMR (400 MHz, CDCl3, ppm) δ 7.48 (ddd, J = 7.6, 4.1, 1.6 Hz, 2H), 7.40 – 7.27 

(m, 3H), 7.22 (dd, J = 15.3, 7.7 Hz, 2H), 7.13 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 8.7 Hz, 

4H), 6.75 – 6.66 (m, 4H), 4.54 (dq, J = 14.1, 7.1 Hz, 2H), 3.77 (s, 6H), 1.71 (d, J = 7.1 

Hz, 6H). 13C NMR (101 MHz, CDCl3, ppm) δ 158.3, 151.5, 135.3, 131.3, 130.0, 129.1, 

124.6, 122.5, 122.0, 113.1, 55.2, 51.8, 22.4. 31P NMR (162 MHz, CDCl3, ppm) δ 147.0 

(t, J = 11.4 Hz). HRMS (ESI) m/z: [M+H]+ Calcd. for C30H30NO4PH+ 500.1985; Found 

500.1980.
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1H NMR Spectra of L10 (400 MHz, CDCl3)

1C NMR Spectra of L10 (101 MHz, CDCl3)

O
O
P N

O

O

L10

O
O
P N

O

O

L10
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31P NMR Spectra of L10 (162 MHz, CDCl3, ppm)
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4. Cu-Catalyzed Asymmetric Propargylation of N, 1-

diphenylmethanimines 

4.1 Typical Procedure

N

R3
+

NH

R3
R1

R2
R2

R1

1a-1x 2a 3a-3x

Cu(OAc)2 (10 mol%),
L10 (12 mol%)

t-BuONa (20 mol%),
EtOH (2 equiv.),
Et2O, 25 ℃ , 10 h

•
Bpin

Figure S4. Cu-catalyzed asymmetric propargylation of N, 1-diphenylmethanimines

A dried tube filled with the imines 1a–1x (0.1 mmol), Cu(OAc)2 (2 mg, 0.01 

mmol), t-BuONa (2 mg, 0.02 mmol) and L10 (6 mg, 0.012 mmol) was evacuated and 

purged with argon three times. Afterwards, Et2O (2 mL), 2a (22 μL, 0.12 mmol) and 

EtOH (12 μL, 0.2 mmol) were added via syringe. The solution was kept at room 

temperature for 10 h. After TLC confirmed full conversion, filtration through a short 

celite, the solvent was evaporated in vacuo and the crude reaction mixture was purified 

by column chromatography on silica gel to give the corresponding product 3a-3x 

(Figure S4). (NOTE: The racemic products were synthesized by using 12 mol% (±)-

MonoPhos (CAS 157488-65-8) as ligand)

4.2 Characterization Data for the Products of 3a–3x

(S)-N-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3a)

NH

Ph

NO2

Yellow solid, 95% yield, 90:10 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

m. p. 99.1 – 99.5 ℃, [α]D
20 = + 30.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.02 (d, J = 8.1 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.62 (dd, J = 7.3, 1.7 
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Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.46 – 7.35 (m, 5H), 7.02 (t, J = 7.4 Hz, 1H), 6.65 (t, 

J = 7.5 Hz, 1H), 6.21 (d, J = 8.3 Hz, 1H), 5.85 (s, 1H), 5.43 (d, J = 3.6 Hz, 1H), 3.13 

(ddd, J = 17.1, 5.1, 2.6 Hz, 1H), 2.89 (ddd, J = 17.1, 4.5, 2.6 Hz, 1H), 2.10 (t, J = 2.5 

Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 149.3, 147.5, 146.8, 132.1, 131.5, 129.8, 

128.4, 128.3, 127.4, 124.0, 123.1, 117.6, 110.9, 108.5, 95.9, 85.4, 78.5, 72.8, 55.2, 28.0. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 90/10; 

flow = 1 mL/min; Retention time: 11.3 min (major), 13.4 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C24H18N2O2H+ 367.1441; Found 367.1440.

(S)-N-(1-(3-nitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3b)

NH

Ph

NO2

Yellow oil, 75% yield, 82:18 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = + 57.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.31 (s, 

1H), 8.15 (d, J = 8.2 Hz, 1H), 7.77 (d, J = 7.3 Hz, 1H), 7.61 (d, J = 5.9 Hz, 2H), 7.52 

(t, J = 7.9 Hz, 1H), 7.40 (dd, J = 14.2, 6.7 Hz, 4H), 7.05 (t, J = 7.7 Hz, 1H), 6.68 (t, J = 

7.4 Hz, 1H), 6.26 (d, J = 8.3 Hz, 1H), 5.69 (s, 1H), 4.75 (s, 1H), 2.97 (d, J = 14.1 Hz, 

1H), 2.77 (d, J = 13.6 Hz, 1H), 2.10 (s, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 147.3, 

147.3, 144.3, 131.9, 131.4, 130.8, 130.3, 129.8, 129.4, 128.4, 128.2, 125.0, 123.3, 

122.8, 117.2, 111.0, 108.3, 95.7, 85.7, 72.3, 55.5, 28.3. HPLC: Chiralpak AD-H (250 

mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention 

time: 13.4 min (major), 16.8 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for 

C24H18N2O2H+ 367.1441; Found 367.1439.

(S)-N-(1-(2-nitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3c)

NH

Ph

NO2

Yellow oil, 86% yield, 83:17 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = + 55.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.02 (d, J 

= 8.1 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.62 (dd, J = 7.3, 1.7 Hz, 2H), 7.56 (t, J = 7.6 
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Hz, 1H), 7.46 – 7.32 (m, 5H), 7.02 (t, J = 7.4 Hz, 1H), 6.65 (t, J = 7.5 Hz, 1H), 6.21 (d, 

J = 8.3 Hz, 1H), 5.85 (s, 1H), 5.43 (d, J = 3.6 Hz, 1H), 3.13 (ddd, J = 17.1, 5.1, 2.6 Hz, 

1H), 2.89 (ddd, J = 17.1, 4.5, 2.6 Hz, 1H), 2.10 (t, J = 2.5 Hz, 1H). 13C NMR (101 

MHz, CDCl3, ppm) δ148.8, 146.5, 136.9, 133.6, 132.0, 131.5, 130.0, 129.9, 128.9, 

128.5, 128.4, 128.3, 125.0, 117.4, 110.6, 108.3, 95.8, 85.5, 78.8, 72.9, 50.2, 26.8. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 90/10; 

flow = 1 mL/min; Retention time: 7.9 min (major), 9.4 min (minor). HRMS (ESI) m/z: 

[M+H]+ Calcd. for C24H18N2O2H+ 367.1441; Found 367.1442.

(S)-N-(1-(3-bromophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3d)

NH

Ph

Br

Yellow solid, 81% yield, 90:10 er, Rf = 0.4 (petroleum ether/ethyl acetate = 20:1), 

m. p. 122.2 – 122.9 ℃, [α]D
20 = ‒ 54.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.59 (d, J = 7.7 Hz, 3H), 7.37 (dd, J = 12.9, 6.3 Hz, 6H), 7.21 (t, J = 7.7 

Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 6.67 (t, J = 7.4 Hz, 1H), 6.31 (d, J = 8.3 Hz, 1H), 5.61 

(d, J = 5.1 Hz, 1H), 4.59 (d, J = 5.6 Hz, 1H), 2.88 (d, J = 16.8 Hz, 1H), 2.76 – 2.66 (m, 

1H), 2.09 (s, 1H). 13C NMR (101 MHz, CDCl3, ppm) 147.2, 144.3, 131.9, 131.4, 130.8, 

130.3, 129.7, 129.4, 128.4, 128.3, 124.9, 123.3, 122.8, 117.2, 111.0, 108.3, 95.7, 85.6, 

79.2, 72.2, 55.4, 28.2. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-

hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 6.1 min (major), 7.4 min 

(minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C24H18BrNH+ 400.0696; Found 

400.0696.

(S)-4-(1-((2-(p-tolylethynyl)phenyl)amino)but-3-yn-1-yl)benzonitrile (3e)

NH

CN

Yellow oil, 55% yield, 81:19 er, Rf = 0.3 (petroleum ether/dichloromethane = 

10:1), [α]D
20 = + 26.3 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 7.72 
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– 7.56 (m, 2H), 7.51 (dd, J = 18.8, 8.1 Hz, 4H), 7.40 (dd, J = 7.6, 1.4 Hz, 1H), 7.19 (d, 

J = 7.9 Hz, 2H), 7.07 – 6.94 (m, 1H), 6.67 (td, J = 7.5, 0.9 Hz, 1H), 6.21 (d, J = 8.2 Hz, 

1H), 5.66 (d, J = 5.9 Hz, 1H), 4.75 – 4.60 (m, 1H), 2.94 (ddd, J = 16.8, 5.4, 2.7 Hz, 

1H), 2.73 (ddd, J = 16.8, 5.8, 2.6 Hz, 1H), 2.39 (s, 3H), 2.09 (t, J = 2.6 Hz, 1H). 13C 

NMR (101 MHz, CDCl3, ppm) δ 147.3, 146.8, 138.5, 132.5, 131.9, 131.3, 129.6, 129.2, 

127.3, 120.0, 118.7, 117.5, 111.5, 110.8, 108.7, 96.0, 84.8, 78.6, 72.6, 55.4, 27.9, 21.5. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; 

flow = 1 mL/min; Retention time: 18.2 min (major), 31.2 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C26H20N2H+ 361.1699; Found 361.1698.

(S)-2-(phenylethynyl)-N-(1-(p-tolyl)but-3-yn-1-yl)aniline (3f)

NH

Ph

Yellow solid, 45% yield, 67:33 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

m. p. 84.3 – 84.7 ℃, [α]D
20 = + 32.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.59 (d, J = 6.3 Hz, 2H), 7.42 – 7.34 (m, 4H), 7.31 (d, J = 7.8 Hz, 2H), 

7.16 (d, J = 7.7 Hz, 2H), 7.05 (t, J = 7.8 Hz, 1H), 6.64 (t, J = 7.4 Hz, 1H), 6.37 (d, J = 

8.3 Hz, 1H), 5.62 (d, J = 4.7 Hz, 1H), 4.62 (d, J = 5.4 Hz, 1H), 2.88 (dd, J = 16.8, 2.5 

Hz, 1H), 2.73 (dd, J = 16.8, 4.3 Hz, 1H), 2.34 (s, 3H), 2.07 (s, 1H). 13C NMR (101 

MHz, CDCl3, ppm) δ 147.8, 138.8, 137.2, 131.9, 131.5, 129.8, 129.4, 128.4, 128.2, 

126.2, 123.5, 116.8, 111.1, 108.1, 95.6, 86.0, 80.0, 71.8, 55.6, 28.4, 21.1. HPLC: 

Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 

mL/min; Retention time: 5.3 min (major), 6.4 min (minor). HRMS (ESI) m/z: [M+H]+ 

Calcd. for C25H21NH+ 336.1747; Found 336.1743.

(S)-5-chloro-N-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3g)

NH

Ph

Cl

NO2

Yellow solid, 94% yield, 90:10 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

m. p. 87.8 – 88.7 ℃, [α]D
20 = + 258.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 
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CDCl3, ppm) δ 8.23 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz, 4H), 7.42 – 7.35 (m, 3H), 

7.32 (d, J = 8.2 Hz, 1H), 6.65 (d, J = 8.2 Hz, 1H), 6.20 (s, 1H), 5.75 (d, J = 6.0 Hz, 1H), 

4.72 (q, J = 5.5 Hz, 1H), 3.04 – 2.92 (m, 1H), 2.82 – 2.69 (m, 1H), 2.10 (s, 1H). 13C 

NMR (101 MHz, CDCl3, ppm) δ 148.4, 147.7, 147.6, 135.6, 132.9, 131.4, 128.6, 128.5, 

127.3, 124.1, 122.8, 117.8, 110.9, 107.1, 96.7, 84.5, 78.2, 73.0, 55.0, 27.9. HPLC: 

Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 

mL/min; Retention time: 19.5 min (major), 23.9 min (minor). HPLC: Chiralpak AD-H 

(250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention 

time: 19.5 min (major), 23.9 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for 

C24H17ClN2O2H+ 401.1052; Found 401.1052.

(S)-5-bromo-N-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3h)

NH

Ph

NO2

Br

Yellow solid, 91% yield, 91:9 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

m. p. 67.7 – 67.9 ℃, [α]D
20 = + 7.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3) 

δ 8.23 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.6 Hz, 4H), 7.38 (d, J = 1.7 Hz, 3H), 7.25 (d, J 

= 7.0 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.37 (s, 1H), 5.74 (d, J = 6.0 Hz, 1H), 4.72 (q, 

J = 5.4 Hz, 1H), 2.98 (dd, J = 16.9, 2.6 Hz, 1H), 2.75 (dd, J = 16.9, 2.9 Hz, 1H), 2.11 

(s, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 148.3, 147.6, 147.6, 133.0, 131.4, 128.6, 

128.5, 127.3, 124.1, 123.9, 122.7, 120.6, 113.7, 107.5, 96.8, 84.5, 78.2, 73.0, 54.8, 27.8. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; 

flow = 1 mL/min; Retention time: 23.1 min (major), 26.0 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C24H17BrN2O2H+ 445.0546; Found 445.0544.

(S)-5-methyl-N-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3i)

NH

NO2

Yellow solid, 80% yield, 78:22 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 
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m. p. 125.3 – 126.1 ℃, [α]D
20 = + 6.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.22 (d, J = 8.5 Hz, 2H), 7.59 (t, J = 8.2 Hz, 4H), 7.36 (d, J = 6.6 Hz, 

3H), 7.30 (d, J = 7.7 Hz, 1H), 6.51 (d, J = 7.6 Hz, 1H), 6.05 (s, 1H), 5.62 (d, J = 5.7 

Hz, 1H), 4.75 (d, J = 5.7 Hz, 1H), 3.02 – 2.88 (m, 1H), 2.75 (dd, J = 16.9, 3.1 Hz, 1H), 

2.15 (s, 3H), 2.09 (s, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 149.4, 147.5, 146.7, 

140.2, 131.9, 131.4, 128.4, 128.2, 127.4, 124.0, 123.3, 118.7, 111.6, 105.7, 95.4, 85.7, 

78.5, 72.7, 55.1, 28.0, 22.0. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-

hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 18.0 min (major), 23.5 

min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C25H20N2O2H+ 381.1598; Found 

381.1600.

methyl (S)-4-((2-((1-(4-nitrophenyl)but-3-yn-1-yl)amino)phenyl)ethynyl)benzoate 

(3j)

NH

NO2

O

O

Yellow solid, 90% yield, 86:14 er, Rf = 0.3 (petroleum ether/ethyl acetate = 10:1), 

m. p. 59.3 – 60.5 ℃, [α]D
20 = + 24.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.22 (d, J = 8.1 Hz, 2H), 8.05 (d, J = 8.0 Hz, 2H), 7.62 (dd, J = 21.3, 

8.0 Hz, 4H), 7.42 (d, J = 7.6 Hz, 1H), 7.06 (t, J = 7.7 Hz, 1H), 6.69 (t, J = 7.2 Hz, 1H), 

6.22 (d, J = 8.2 Hz, 1H), 5.68 (s, 1H), 4.76 (s, 1H), 3.95 (d, J = 9.5 Hz, 3H), 2.99 (d, J 

= 12.8 Hz, 1H), 2.77 (d, J = 16.6 Hz, 1H), 2.12 (s, 1H). 13C NMR (101 MHz, CDCl3, 

ppm) δ 166.5, 149.1, 147.8, 146.9, 132.3, 131.3, 130.4, 129.6, 129.4, 127.8, 127.4, 

124.0, 117.7, 111.0, 107.8, 95.4, 88.6, 78.5, 72.8, 55.1, 52.3, 27.9. HPLC: Chiralpak 

AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; 

Retention time: 31.8 min (major), 45.6 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. 

for C26H20N2O4H+ 425.1496; Found 425.1499.

(S)-2-((4-chlorophenyl)ethynyl)-N-(1-(4-nitrophenyl)but-3-yn-1-yl)aniline (3k)
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NH

NO2

Cl

Yellow oil, 95% yield, 86:14 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = + 245.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.21 (d, J 

= 8.7 Hz, 2H), 7.55 (dd, J = 26.8, 8.5 Hz, 4H), 7.45 – 7.30 (m, 3H), 7.05 (dd, J = 11.4, 

4.2 Hz, 1H), 6.68 (t, J = 7.5 Hz, 1H), 6.22 (d, J = 8.2 Hz, 1H), 5.64 (d, J = 5.5 Hz, 1H), 

4.75 (q, J = 5.4 Hz, 1H), 2.97 (ddd, J = 16.9, 5.2, 2.6 Hz, 1H), 2.76 (ddd, J = 16.9, 5.7, 

2.5 Hz, 1H), 2.10 (t, J = 2.4 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 149.1, 147.6, 

146.8, 134.4, 132.6, 132.1, 130.0, 128.8, 127.4, 123.9, 121.6, 117.7, 110.9, 108.1, 94.8, 

86.5, 78.54, 72.7, 55.2, 27.9. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; 

n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 17.6 min (major), 28.4 

min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C24H17ClN2O2H+ 401.1052; Found 

401.1051.

(S)-2-((4-bromophenyl)ethynyl)-N-(1-(4-nitrophenyl)but-3-yn-1-yl)aniline (3l)

NH

NO2

Br

Yellow oil, 82% yield, 87:13 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = - 21.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.30 – 8.08 

(m, 2H), 7.68 – 7.29 (m, 7H), 7.03 (d, J = 6.2 Hz, 1H), 6.80 – 6.50 (m, 1H), 6.21 (d, J 

= 8.0 Hz, 1H), 5.63 (s, 1H), 4.81 – 4.60 (m, 1H), 3.05 – 2.84 (m, 1H), 2.75 (d, J = 14.1 

Hz, 1H), 2.09 (d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 149.1, 147.6, 

146.8, 132.8, 132.1, 131.7, 130.6, 127.4, 124.0, 122.6, 122.1, 117.7, 110.9, 108.1, 94.8, 

86.7, 78.5, 72.8, 55.2, 27.9. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-

hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 18.7 min (major), 31.4 

min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C24H17BrN2O2H+ 445.0546; Found 

445.0547.
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(S)-2-(but-3-en-1-yn-1-yl)-N-(1-(4-nitrophenyl)but-3-yn-1-yl)aniline (3m)

NH

NO2

Yellow solid, 94% yield, 80:20 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

m. p. 81.7 – 82.3 ℃, [α]D
20 = + 100.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.20 (d, J = 8.7 Hz, 2H), 7.57 (d, J = 8.6 Hz, 2H), 7.32 (dd, J = 7.6, 1.1 

Hz, 1H), 7.08 – 6.88 (m, 1H), 6.64 (t, J = 7.3 Hz, 1H), 6.26 – 6.03 (m, 2H), 5.79 (dd, J 

= 17.5, 1.9 Hz, 1H), 5.59 (dd, J = 11.2, 1.9 Hz, 1H), 5.58 (s, 1H), 4.71 (t, J = 5.6 Hz, 

1H), 2.93 (ddd, J = 16.8, 5.5, 2.6 Hz, 1H), 2.74 (ddd, J = 16.8, 5.7, 2.6 Hz, 1H), 2.14 

(t, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 149.2, 147.5, 146.8, 132.1, 

129.8, 127.4 126.7, 123.9, 117.6, 117.0, 110.9, 108.4, 94.6, 85.9, 78.4, 72.6, 55.2, 27.9. 

HPLC: Chiralpak OD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; 

flow = 1 mL/min; Retention time: 12.5 min (major), 42.3 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C20H16N2O2H+ 317.1285; Found 317.1283.

(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3n)

NH

NO2

NO2

Yellow solid, 75% yield, 94:6 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

m. p. 62.9 – 64.4 ℃, [α]D
20 = + 68.7 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.87 (d, J = 2.3 Hz, 1H), 8.39 (dd, J = 8.7, 2.3 Hz, 1H), 8.01 (d, J = 8.7 

Hz, 1H), 7.72 – 7.51 (m, 2H), 7.40 (tdd, J = 6.3, 5.1, 1.4 Hz, 4H), 7.03 (td, J = 8.3, 1.5 

Hz, 1H), 6.70 (td, J = 7.6, 0.8 Hz, 1H), 6.16 (d, J = 8.2 Hz, 1H), 5.87 (s, 1H), 5.51 (t, J 

= 4.8 Hz, 1H), 3.18 (ddd, J = 17.2, 5.4, 2.7 Hz, 1H), 2.92 (ddd, J = 17.2, 4.2, 2.7 Hz, 

1H), 2.14 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 148.8, 147.3, 145.7, 

143.9, 132.2, 131.5, 130.9, 130.0, 128.5, 128.5, 127.4, 122.9, 120.5, 118.2, 110.4, 

108.7, 96.1, 85.1, 77.8, 73.8, 50.4, 26.4. HPLC: Chiralpak OD-H (250 mm); detected 

at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 21.7 min 
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(major), 34.9 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C24H17N3O4 H+ 

412.1292; Found 412.1287.

(S)-3-chloro-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3o)

NH

NO2

NO2

Cl

Yellow solid, 75% yield, 93:7 er, Rf = 0.3 (petroleum ether/dichloromethane = 

5:1), m. p. 61.5 – 62.8 ℃, [α]D
20 = + 66.3 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.88 (d, J = 2.3 Hz, 1H), 8.40 (dd, J = 8.7, 2.3 Hz, 1H), 7.96 (d, J = 8.7 

Hz, 1H), 7.72 – 7.55 (m, 2H), 7.45 – 7.29 (m, 3H), 6.93 (t, J = 8.1 Hz, 1H), 6.78 (dd, J 

= 8.0, 0.8 Hz, 1H), 6.02 (dd, J = 26.2, 7.5 Hz, 2H), 5.60 – 5.42 (m, 1H), 3.18 (ddd, J = 

17.2, 5.4, 2.7 Hz, 1H), 2.92 (ddd, J = 17.2, 4.1, 2.7 Hz, 1H), 2.13 (t, J = 2.6 Hz, 1H). 
13C NMR (101 MHz, CDCl3, ppm) δ 148.8, 147.5, 146.9, 143.4, 136.6, 131.6, 130.8, 

130.0, 128.9, 128.5, 127.5, 122.7, 120.6, 118.9, 108.9, 108.4, 101.0, 82.2, 77.5, 74.0, 

50.5, 26.4. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-

propanol = 95/5; flow = 1 mL/min; Retention time: 13.5 min (major), 45.9 min (minor). 

HRMS (ESI) m/z: [M+H]+ Calcd. for C24H16ClN3O4H+ 446.0902; Found 446.0905.

(S)-5-chloro-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3p)

NH

NO2

NO2Cl

Yellow solid, 88% yield, 94:6 er, Rf = 0.3 (petroleum ether/dichloromethane = 

5:1), m. p. 53.8 – 54.9 ℃, [α]D
20 = + 72.0 ° (c = 1 mg / mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.90 (d, J = 2.3 Hz, 1H), 8.41 (dd, J = 8.7, 2.3 Hz, 1H), 7.96 (d, J = 8.7 

Hz, 1H), 7.60 (ddd, J = 8.3, 4.0, 2.4 Hz, 2H), 7.43 – 7.35 (m, 3H), 7.33 (dd, J = 7.4, 5.2 

Hz, 1H), 6.68 (dd, J = 8.2, 1.9 Hz, 1H), 6.17 (d, J = 1.9 Hz, 1H), 5.92 (d, J = 7.1 Hz, 

1H), 5.51 (dd, J = 11.3, 5.3 Hz, 1H), 3.17 (ddd, J = 17.2, 5.5, 2.7 Hz, 1H), 2.90 (ddd, J 

= 17.2, 4.1, 2.7 Hz, 1H), 2.13 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 



19

148.7, 147.5, 146.6, 143.1, 135.9, 133.0, 131.5, 130.7, 128.8, 128.5, 127.5, 122.6, 

120.8, 118.4, 110.5, 107.2, 96.9, 84.2, 77.5, 74.0, 50.3, 26.4. HPLC: Chiralpak AD-H 

(250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention 

time: 22.2 min (major), 39.3 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for 

C24H16ClN3O4H+ 446.0902; Found 446.0895.

(S)-5-bromo-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-(phenylethynyl)aniline (3q)

NH

NO2

NO2Br

Yellow oil, 86% yield, 95:5 er, Rf = 0.3 (petroleum ether/dichloromethane = 5:1). 

[α]D
20 = + 66.2 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.91 (d, J 

= 2.3 Hz, 1H), 8.43 (dd, J = 8.7, 2.3 Hz, 1H), 7.99 (t, J = 6.8 Hz, 1H), 7.71 – 7.54 (m, 

2H), 7.45 – 7.37 (m, 3H), 7.27 (d, J = 5.0 Hz, 1H), 6.92 – 6.76 (m, 1H), 6.35 (d, J = 1.7 

Hz, 1H), 5.92 (d, J = 7.1 Hz, 1H), 5.53 (dd, J = 11.4, 5.3 Hz, 1H), 3.18 (ddd, J = 17.2, 

5.5, 2.7 Hz, 1H), 2.92 (ddd, J = 17.2, 4.0, 2.7 Hz, 1H), 2.15 (t, J = 2.6 Hz, 1H). 13C 

NMR (101 MHz, CDCl3, ppm) δ 148.7, 147.5, 146.6, 143.1, 133.2, 131.5, 130.7, 128.8, 

128.5, 127.5, 124.1, 122.6, 121.3, 120.7, 113.4, 107.7, 97.1, 84.2, 77.5, 74.0. 50.2, 26.4. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; 

flow = 1 mL/min; Retention time: 26.2 min (major), 48.7 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C24H16BrN3O4H+ 490.0397; Found 490.0391.

(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-4-methyl-2-(phenylethynyl)aniline (3r)

NH

NO2

NO2

Yellow solid, 80% yield, 93:7 er, Rf = 0.2 (petroleum ether/dichloromethane = 

5:1), m. p. 52.1 – 53.5 ℃, [α]D
20 = + 79.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.85 (d, J = 2.3 Hz, 1H), 8.37 (dd, J = 8.7, 2.3 Hz, 1H), 7.99 (d, J = 8.7 

Hz, 1H), 7.60 (dt, J = 4.7, 2.8 Hz, 2H), 7.44 – 7.33 (m, 3H), 7.24 (d, J = 1.8 Hz, 1H), 
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6.84 (dd, J = 8.3, 1.6 Hz, 1H), 6.09 (d, J = 8.3 Hz, 1H), 5.73 (d, J = 6.6 Hz, 1H), 5.48 

(d, J = 4.9 Hz, 1H), 3.17 (ddd, J = 17.2, 5.4, 2.7 Hz, 1H), 2.92 (ddd, J = 17.2, 4.2, 2.7 

Hz, 1H), 2.18 (s, 3H), 2.13 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 

148.9, 147.3, 144.2, 143.5, 132.5, 131.4, 130.9, 130.7, 128.5, 127.4, 127.3, 127.3, 

123.0, 120.4, 110.6, 108.7, 95.8, 85.3, 77.9, 77.3, 50.6, 26.4, 20.1. HPLC: Chiralpak 

AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; 

Retention time: 23.3 min (major), 55.4 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. 

for C25H19N3O4H+ 426.1448; Found 426.1451.

(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-5-methyl-2-(phenylethynyl)aniline (3s)

NH

NO2

NO2

Yellow oil, 75% yield, 95:5 er, Rf = 0.3 (petroleum ether/dichloromethane = 5:1). 

[α]D
20 = + 84.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.87 (d, J 

= 2.3 Hz, 1H), 8.39 (dd, J = 8.7, 2.3 Hz, 1H), 8.01 (d, J = 8.7 Hz, 1H), 7.64 – 7.55 (m, 

2H), 7.41 – 7.34 (m, 3H), 7.29 (d, J = 7.8 Hz, 1H), 6.52 (dd, J = 7.8, 0.6 Hz, 1H), 5.99 

(s, 1H), 5.81 (s, 1H), 5.51 (s, 1H), 3.16 (ddd, J = 17.2, 5.4, 2.7 Hz, 1H), 2.90 (ddd, J = 

17.2, 4.1, 2.7 Hz, 1H), 2.17 – 2.09 (m, 4H). 13C NMR (101 MHz, CDCl3, ppm) δ 148.9, 

147.3, 145.7, 144.0, 140.5, 132.1, 131.4, 130.9, 128.4, 128.3, 127.4, 123.2, 120.4, 

119.3, 111.2, 105.9, 95.6, 85.4, 77.8, 73.8, 50.3, 26.5, 22.0. HPLC: Chiralpak AD-H 

(250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention 

time: 25.1 min (major), 38.8 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for 

C25H19N3O4H+ 426.1448; Found 426.1451.

(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-((4-methoxyphenyl)ethynyl)aniline 

(3t)

NH

NO2

NO2

OMe
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Yellow oil, 85% yield, 94:6 er, Rf = 0.4 (petroleum ether/dichloromethane = 5:1), 

[α]D
20 = + 74.6 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.86 (d, J 

= 2.3 Hz, 1H), 8.38 (dd, J = 8.7, 2.3 Hz, 1H), 8.00 (d, J = 8.7 Hz, 1H), 7.62 – 7.45 (m, 

2H), 7.38 (dd, J = 7.6, 1.4 Hz, 1H), 7.01 (td, J = 8.3, 1.5 Hz, 1H), 6.96 – 6.82 (m, 2H), 

6.68 (td, J = 7.5, 0.7 Hz, 1H), 6.15 (d, J = 8.2 Hz, 1H), 5.86 (s, 1H), 5.50 (t, J = 4.7 Hz, 

1H), 3.85 (s, 3H), 3.17 (ddd, J = 17.2, 5.4, 2.7 Hz, 1H), 2.92 (ddd, J = 17.2, 4.2, 2.7 Hz, 

1H), 2.13 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 159.8, 148.8, 147.3, 

145.5, 143.9, 132.9, 131.9, 130.9, 129.6, 127.4, 120.5, 118.2, 115.0, 114.1, 110.4, 

109.1, 96.1, 83.8, 77.8, 73.8, 55.3, 50.4, 26.4. HPLC: Chiralpak AD-H (250 mm); 

detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 34.2 

min (major), 64.4 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C25H19N3O5 H+ 

442.1397; Found 442.1399.

(S)-2-([1,1'-biphenyl]-4-ylethynyl)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)aniline 

(3u)

NH

NO2

NO2

Ph

Yellow oil, 89% yield, 94:6 er, Rf = 0.3 (petroleum ether/dichloromethane = 5:1), 

[α]D
20 = + 72.3 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.88 (d, J 

= 2.3 Hz, 1H), 8.39 (dd, J = 8.7, 2.3 Hz, 1H), 8.02 (d, J = 8.7 Hz, 1H), 7.75 – 7.65 (m, 

2H), 7.65 – 7.59 (m, 4H), 7.45 (ddd, J = 13.6, 7.4, 1.6 Hz, 3H), 7.42 – 7.35 (m, 1H), 

7.12 – 6.97 (m, 1H), 6.71 (td, J = 7.6, 0.8 Hz, 1H), 6.17 (d, J = 8.2 Hz, 1H), 5.89 (d, J 

= 6.9 Hz, 1H), 5.52 (dd, J = 11.3, 5.1 Hz, 1H), 3.20 (ddd, J = 17.2, 5.4, 2.7 Hz, 1H), 

2.94 (ddd, J = 17.2, 4.2, 2.7 Hz, 1H), 2.17 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, 

CDCl3, ppm) δ 148.8, 147.3, 145.7, 143.9, 141.3, 140.2, 132.3, 131.9, 130.9, 130.0, 

128.9, 127.8, 127.4, 127.1, 127.0, 121.8, 120.5, 118.2, 110.4, 108.8, 96.1, 85.8, 77.8, 

73.8, 50.4, 26.5. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-

propanol = 95/5; flow = 1 mL/min; Retention time: 32.1 min (major), 75.6 min (minor). 

HRMS (ESI) m/z: [M+H]+ Calcd. for C30H21N3O4H+ 488.1605; Found 488.1603.

(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-(naphthalen-1-ylethynyl)aniline (3v)
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NH

NO2

NO2

Yellow oil, 82% yield, 94:6 er, Rf = 0.3 (petroleum ether/dichloromethane = 5:1), 

[α]D
20 = + 40.5 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.88 (d, J 

= 2.3 Hz, 1H), 8.53 – 8.28 (m, 1H), 8.14 (s, 1H), 8.03 (d, J = 8.7 Hz, 1H), 7.83 (dd, J = 

15.9, 8.8 Hz, 3H), 7.74 – 7.60 (m, 1H), 7.60 – 7.36 (m, 3H), 7.14 – 6.93 (m, 1H), 6.87 

– 6.57 (m, 1H), 6.18 (d, J = 8.2 Hz, 1H), 5.95 (d, J = 6.9 Hz, 1H), 5.53 (dd, J = 11.4, 

5.1 Hz, 1H), 3.22 (ddd, J = 17.2, 5.4, 2.7 Hz, 1H), 2.95 (ddd, J = 17.2, 4.1, 2.7 Hz, 1H), 

2.16 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 148.8, 147.3, 145.8, 

143.9, 133.0, 132.9, 132.3, 132.3, 131.4, 130.9, 130.1, 128.2, 127.8, 127.7, 127.4, 

126.9, 126.8, 120.5, 120.2, 118.3, 110.4, 108.7, 96.6, 85.5, 77.9, 73.9, 50.4, 26.5. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; 

flow = 1 mL/min; Retention time: 27.7 min (major), 53.6 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C28H19N3O4H+ 462.1448; Found 462.1446.

(S, E)-N-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-styrylaniline (3w)

NH

NO2

Yellow oil, 78% yield, 91:9 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = + 25.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.21 (d, J 

= 8.7 Hz, 2H), 7.57 (dd, J = 18.8, 8.1 Hz, 4H), 7.40 (t, J = 7.7 Hz, 3H), 7.30 (t, J = 7.4 

Hz, 2H), 7.03 (dd, J = 20.8, 11.7 Hz, 2H), 6.78 (t, J = 7.4 Hz, 1H), 6.28 (d, J = 8.1 Hz, 

1H), 4.70 (t, J = 5.9 Hz, 2H), 2.88 (ddd, J = 16.8, 5.3, 2.6 Hz, 1H), 2.73 (ddd, J = 16.9, 

6.5, 2.5 Hz, 1H), 2.13 (t, J = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 149.5, 

147.5, 143.5, 137.5, 131.7, 128.8, 127.7, 127.8, 127.7, 127.4, 126.5, 124.8, 124.0, 

123.8, 118.8, 112.6, 78.9, 72.6, 56.0, 28.1. HPLC: Chiralpak AD-H (250 mm); detected 

at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 42.0 min 

(major), 55.5 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C24H20N2O2H+ 
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369.1598; Found 369.1596.

(S)-N-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-phenethylaniline (3x)

NH

NO2

Yellow solid, 83% yield, 92:8 er, Rf = 0.4 (petroleum ether/ethyl acetate = 20:1), 

m. p. 38.1 – 39.5 ℃, [α]D
20 = + 69.9 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.23 – 8.12 (m, 2H), 7.52 (d, J = 8.7 Hz, 2H), 7.38 – 7.30 (m, 2H), 7.28 

(d, J = 2.1 Hz, 2H), 7.26 – 7.22 (m, 1H), 7.11 (dd, J = 7.4, 1.2 Hz, 1H), 7.02 – 6.89 (m, 

1H), 6.71 (td, J = 7.4, 0.8 Hz, 1H), 6.19 (d, J = 8.0 Hz, 1H), 4.71 – 4.56 (m, 1H), 4.46 

(d, J = 4.0 Hz, 1H), 3.09 – 2.96 (m, 2H), 2.93 (dd, J = 9.4, 5.6 Hz, 2H), 2.81 (ddd, J = 

16.9, 5.3, 2.6 Hz, 1H), 2.65 (ddd, J = 16.9, 6.7, 2.6 Hz, 1H), 2.13 (t, J = 2.6 Hz, 1H). 
13C NMR (101 MHz, CDCl3, ppm) δ 149.8, 147.5, 143.6, 141.7, 129.5, 128.5, 128.5, 

127.3, 127.2, 126.3, 126.2, 123.9, 118.4, 111.8, 79.2, 72.5, 55.7, 35.7, 33.6, 28.1. 

HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-propanol = 95/5; 

flow = 1 mL/min; Retention time: 14.5 min (major), 22.3 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C24H22N2O2H+ 371.1754; Found 371.1758.
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5. Synthetic Transformations

NH

NO2

NH

NO2

Lindlar catalyst,

MeOH, H2, rt

3a 4a

89:11 er 68% yield, 89:11 er

Figure S5. The synthesis of 4a

Procedure: To a dried tube filled with the 3a (37 mg, 0.1 mmol) and Lindlar catalyst 

(10 mg, 0.01 mmol) was added MeOH (2 mL) under the argon atmosphere, then purged 

with hydrogen three times and protected with hydrogen. The reaction mixture was 

stirred at room temperature for 6 h until starting material disappeared on TLC. The 

mixture was filtered through celite using CH2Cl2 (15 mL) and concentrated in vacuo. 

The residue was purified by column chromatography on silica gel with hexane and ethyl 

acetate (30:1) to give the desired product 4a in 68% yield (Figure S5).

(S)-N-(1-(4-nitrophenyl)but-3-en-1-yl)-2-(phenylethynyl)aniline (4a)

NH

NO2

4a

Yellow solid, 68% yield, 89:11 er, Rf = 0.5 (petroleum ether/ethyl acetate = 15:1), 

m. p. 43.1 – 44.5 ℃, [α]D
20 = + 225.2 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.31 – 8.10 (m, 2H), 7.55 (ddd, J = 10.6, 6.1, 4.0 Hz, 4H), 7.46 – 7.29 

(m, 4H), 7.06 – 6.92 (m, 1H), 6.65 (td, J = 7.5, 0.9 Hz, 1H), 6.15 (d, J = 8.2 Hz, 1H), 

5.84 – 5.63 (m, 1H), 5.42 – 5.11 (m, 3H), 4.68 – 4.49 (m, 1H), 2.81 – 2.66 (m, 1H), 

2.66 – 2.50 (m, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 151.0, 147.2, 147.1, 133.0, 

132.2, 131.3, 129.7, 128.4, 128.4, 127.2, 124.0, 123.2, 119.8, 117.2, 110.9, 108.2, 95.6, 

85.6, 56.4, 42.8. HPLC: AD-3; detected at 254 nm; n-hexane/i-propanol = 90/10; flow 

= 0.5 mL/min; Retention time: 6.9 min (major), 8.3 min (minor). HRMS (ESI) m/z: 

[M+H]+ Calcd. for C24H20N2O2H+ 369.1598; Found 369.1600.
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1H NMR Spectra of 4a (400 MHz, CDCl3)

1C NMR Spectra of 4a (101 MHz, CDCl3)

NH

NO2

4a

NH

NO2

4a
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HPLC Spectra of 4a (by Agilent 1260 Infinity II LC System)
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NH

NO2

TMSN3, Ag2CO3,

DMSO, H2O, 80 °C

3a

NH

NO2

5a

N3

70% yield, 85:15 er89:11 er

Figure S6. The synthesis of 5a

Procedure: To a dried tube filled with the Ag2CO3 (2.8 mg, 0.01 mmol) and TMSN3 

(27 mg, 0.2 mmol) was added DMSO (1 mL) under the argon atmosphere. The reaction 

mixture was stirred at 80 °C for 5 min, and then 3a (37 mg, 0.1 mmol) and H2O (3.6 

μL, 0.2 mmol) were added to the reaction system and continued to react at 80 °C for 90 

min until starting material disappeared on TLC. To reaction mixture were added CH2Cl2 

(2 mL) and saturated ammonium chloride solution, and phases were separated in 

separatory funnel. Aqueous phase was additionally extracted with CH2Cl2 (2 × 10 mL). 

Organic phases were combined and dried over anhydrous Na2SO4, filtered and 

concentrated in vacuo. The residue was purified by column chromatography on silica 

gel with hexane and ethyl acetate (30:1) to give the desired product 5a in 70% yield 

(Figure S6).

(S)-N-(3-azido-1-(4-nitrophenyl)but-3-en-1-yl)-2-(phenylethynyl)aniline (5a)

NH

NO2

5a

N3

Yellow oil, 70% yield, 85:15 er, Rf = 0.5 (petroleum ether/ethyl acetate = 10:1), 

[α]D
20 = + 182.0 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.21 (d, J 

= 8.7 Hz, 2H), 7.56 (dd, J = 8.1, 6.6 Hz, 4H), 7.46 – 7.30 (m, 4H), 7.06 – 6.95 (m, 1H), 

6.68 (dd, J = 17.6, 10.1 Hz, 1H), 6.15 (d, J = 8.2 Hz, 1H), 5.50 (d, J = 3.9 Hz, 1H), 4.80 

(s, 1H), 4.75 (d, J = 1.9 Hz, 1H), 4.68 (dt, J = 8.8, 4.3 Hz, 1H), 2.61 (dd, J = 14.1, 4.7 

Hz, 1H), 2.50 (dd, J = 14.3, 8.9 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 150.3, 

147.4, 147.1, 142.8, 132.2, 131.4, 129.8, 128.5, 127.1, 124.2, 123.1, 117.5, 110.9, 

108.4, 101.5, 95.6, 85.6, 55.8, 43.1, 29.7. HPLC: Chiralpak OD-H (250 mm); detected 
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at 254 nm; n-hexane/i-propanol = 95/5; flow = 1 mL/min; Retention time: 8.0 min 

(major), 23.6 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C24H19N5O2H+ 

410.1612; Found 410.1610. 

1H NMR Spectra of 5a (400 MHz, CDCl3)

1C NMR Spectra of 5a (101 MHz, CDCl3)

NH

NO2N3

5a

NH

NO2N3

5a
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HPLC Spectra of 5a
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NH

NO2

BnN3, CuSO45H2O,
sodium ascorbate

THF, H2O, rt

3a

NH

NO2

6a
95% yield, 86:14 er

N
NN

Bn

89:11 er

Figure S7. The synthesis of 6a

Procedure: To a dried tube filled with the 3a (37 mg, 0.1 mmol) and BnN3 (12.5 μL, 

0.1 mmol) was added THF (1 mL) and a solution of CuSO4×5H2O (12.5 mg, 0.05 

mmol) and sodium ascorbate (20 mg, 0.1 mmol) in H2O (1 mL) under the argon 

atmosphere. The reaction mixture was stirred at room temperature for 10 h until starting 

material disappeared on TLC. Reduced pressure in vacuo to remove the THF. To 

reaction mixture were added CH2Cl2 (2 mL) and saturated ammonium chloride 

solution. Aqueous phase was additionally extracted with CH2Cl2 (2 × 10 mL). Organic 

phases were combined and dried over anhydrous Na2SO4, filtered and concentrated in 

vacuo to give the desired product 6a in 95% yield without further purification (Figure 

S7).

(S)-N-(2-(1-benzyl-1H-1,2,3-triazol-4-yl)-1-(4-nitrophenyl)ethyl)-2-
(phenylethynyl) aniline (6a)

NH

NO2

6a

N
NN

Bn

Yellow solid, 95% yield, 86:14 er, Rf = 0.3 (petroleum ether/ethyl acetate = 5:1), 

m. p. 146.6 – 147.9 ℃, [α]D
20 = + 231 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.05 (d, J = 8.7 Hz, 2H), 7.72 (dd, J = 8.0, 1.5 Hz, 2H), 7.44 – 7.32 (m, 

6H), 7.33 – 7.26 (m, 3H), 7.08 (dd, J = 7.1, 2.1 Hz, 2H), 7.01 – 6.92 (m, 1H), 6.91 (s, 

1H), 6.62 (dd, J = 7.4, 7.0 Hz, 1H), 6.16 (d, J = 8.2 Hz, 1H), 5.92 (d, J = 19.4 Hz, 1H), 

5.35 (s, 2H), 4.97 – 4.76 (m, 1H), 3.37 (dd, J = 14.7, 5.0 Hz, 1H), 3.19 (dd, J = 14.7, 

7.0 Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 150.2, 147.1, 147.0, 143.1, 134.5, 
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132.2, 131.7, 129.6, 129.0, 128.7, 128.4, 128.3, 127.8, 127.3, 123.8, 123.3, 121.9, 

117.2, 110.7, 108.4, 95.9, 85.6, 57.1, 54.0, 34.1. HPLC: Chiralpak AS-H (250 mm); 

detected at 254 nm; n-hexane/i-propanol = 90/10; flow = 1 mL/min; Retention time: 

67.1 min (major), 97.2 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for 

C31H25N5O2H+ 500.2081; Found 500.2086.
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1H NMR Spectra of 6a (400 MHz, CDCl3)

13C NMR Spectra of 6a (101 MHz, CDCl3)

NH

NO2N
NN

Bn

6a

NH

NO2N
NN

Bn

6a
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HPLC Spectra of 6a
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N
Ph

NO2
NH

Ph

NO2

AuCl3, DCM, 5 min

3a 7a

89:11 er 44% yield, 81:19 er

Figure S8. The Synthesis of 7a

Procedure: To a tube filled with the 3a (37 mg, 0.1 mmol) and AuCl3 (3 mg, 0.01 

mmol) was added CH2Cl2 (2 mL). The reaction mixture was stirred at 0 ℃ for 5 min. 

The reaction was quenched by the addition of the saturated ammonium chloride 

solution. To reaction mixture were added CH2Cl2 (2 mL) and saturated ammonium 

chloride solution, and phases were separated in separatory funnel. Aqueous phase was 

additionally extracted with CH2Cl2 (2 × 10 mL). Organic phases were combined and 

dried over anhydrous Na2SO4, filtered and concentrated in vacuo. The residue was 

purified by column chromatography on silica gel with hexane and ethyl acetate (30:1) 

to give the desired product 7a in 44% yield (Figure S8).

(S)-1-(1-(4-nitrophenyl)but-3-yn-1-yl)-2-phenyl-1H-indole (7a)

N
Ph

NO2

7a

Yellow oil, 44% yield, 81:19 er, Rf = 0.3 (petroleum ether/ethyl acetate = 15:1), 

[α]D
20 = + 65 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, CDCl3, ppm) δ 8.26 – 8.07 

(m, 2H), 7.67 (d, J = 7.7 Hz, 1H), 7.57 – 7.33 (m, 7H), 7.19 – 7.07 (m, 1H), 7.10 – 6.98 

(m, 1H), 6.90 (dd, J = 8.3, 0.6 Hz, 1H), 6.62 (d, J = 0.7 Hz, 1H), 5.88 (t, J = 7.6 Hz, 

1H), 3.36 (ddd, J = 17.0, 7.2, 2.6 Hz, 1H), 3.30 – 3.13 (m, 1H), 1.97 (dd, J = 5.0, 2.4 

Hz, 1H). 13C NMR (101 MHz, CDCl3, ppm) δ 147.3, 146.6, 142.7, 135.5, 132.6, 129.7, 

129.4, 128.7, 128.5, 127.5, 123.9, 121.9, 121.2, 120.5, 111.9, 103.6, 79.5, 72.0, 56.7, 

23.2. HPLC: Chiralpak IC (250 mm); detected at 254 nm; n-hexane/i-propanol = 90/10; 

flow = 1 mL/min; Retention time: 9.1 min (major), 10.7 min (minor). HRMS (ESI) 

m/z: [M+H]+ Calcd. for C24H18N2O2H+ 367.1441; Found 367.1439.
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1H NMR Spectra of 7a (400 MHz, CDCl3)

1C NMR Spectra of 7a (101 MHz, CDCl3)

7a

N
Ph

NO2

7a

N
Ph

NO2
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HPLC Spectra of 7a
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6. Control Experiments

C) +

Ar

N NH

R

Ar

R

Cu(OAc)2 (10 mol%)
L10 (12 mol%)

t-BuONa (20 mol%)
EtOH (2 equiv.)
Et2O, 25 oC, 10 h

2 (1.2 equiv.)


Bpin

3aa, 90% yield, 90: 10 er
3bb, 92% yield, 64: 36 er
3cc, 75% yield, 92: 8 er

A) +N NH

CuCl (10 mol%)
L10 (12 mol%)

t-BuONa (20 mol%)
EtOH (2 equiv.)
Et2O, 25 oC, 10 h

2 (1.2 equiv.)


Bpin

NO2 NO2

3a, 94% yield, 89:11 er
Ph Ph

B) +N NH

Cu(OAc)2 (10 mol%)
L (12 mol%)

t-BuONa (20 mol%)
EtOH (2 equiv.)
Et2O, 25 oC, 2 h

2 (1.2 equiv.)


Bpin

NO2 NO2

Ph Ph

1aa, R1 = Et, Ar = 4-NO2Ph
1bb, R = OMe, Ar = 2, 4-(NO2)2Ph
1cc, R = I, Ar = 2, 4-(NO2)2Ph

1w 3w

1a

1

results

3n with 94:6 er

L10 81% NMR yield, 91:9 er

70% NMR yield, 89:11 er

65% NMR yield, 87:13 er

Lentry

2

3 L10 (12 mol%) + 3n (12 mol%)
with 94:6 er

Figure S9. The control experiments

Procedure: The procedure of control experiments is given below (Figure S9). 

A) A dried tube filled with the imines 1a (33 mg, 0.1 mmol), CuCl (1 mg, 0.01 mmol), 

t-BuONa (2 mg, 0.02 mmol) and L10 (6 mg, 0.012 mmol) was evacuated and 

purged with argon three times. Afterwards, Et2O (2 mL), 2a (22 μL, 0.12 mmol) 

and EtOH (12 μL, 0.2 mmol) were added via syringe. The solution was kept at room 

temperature for 10 h. After TLC confirmed full conversion, filtration through a 

short celite, the solvent was evaporated in vacuo and the crude reaction mixture was 

purified by column chromatography on silica gel to give the product 3a.

B) A dried tube filled with the imines 1w (33 mg, 0.1 mmol), Cu(OAc)2 (2 mg, 0.01 
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mmol), t-BuONa (2 mg, 0.02 mmol) and L (0.012 mmol) was evacuated and purged 

with argon three times. Afterwards, Et2O (2 mL), 2 (22 μL, 0.12 mmol) and EtOH 

(12 μL, 0.2 mmol) were added via syringe. The solution was kept at room 

temperature for 2 h. Then filtration through a short celite, the solvent was 

evaporated in vacuo and the crude reaction mixture was purified by column 

chromatography on silica gel to give the product 3w. The yield on the table in 6B 

were obtained through NMR using CH2Br2 as the internal standard.

C) A dried tube filled with the imines 1aa-1cc (0.1 mmol), Cu(OAc)2 (1 mg, 0.01 

mmol), t-BuONa (2 mg, 0.02 mmol) and L10 (6 mg, 0.012 mmol) was evacuated 

and purged with argon three times. Afterwards, Et2O (2 mL), 2 (22 μL, 0.12 mmol) 

and EtOH (12 μL, 0.2 mmol) were added via syringe. The solution was kept at room 

temperature for 10 h. After TLC confirmed full conversion, filtration through a 

short celite, the solvent was evaporated in vacuo and the crude reaction mixture was 

purified by column chromatography on silica gel to give the corresponding products 

3aa-3cc.

(S)-2-ethyl-N-(1-(4-nitrophenyl)but-3-yn-1-yl)aniline (3aa)

NH

NO2

Yellow solid, 90% yield, 90:10 er, Rf = 0.4 (petroleum ether/ethyl acetate = 30:1), 

m. p. 118.8 – 119.9 ℃, [α]D
20 = + 80.1 ° (c = 1 mg/mL, THF). 1H NMR (400 MHz, 

CDCl3) δ 8.27 – 8.09 (m, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 7.4 Hz, 1H), 6.94 

(td, J = 7.9, 1.5 Hz, 1H), 6.71 (td, J = 7.4, 0.9 Hz, 1H), 6.20 (d, J = 7.6 Hz, 1H), 4.75 – 

4.59 (m, 1H), 4.52 (s, 1H), 2.87 (ddd, J = 16.9, 5.2, 2.7 Hz, 1H), 2.79 – 2.57 (m, 3H), 

2.14 (t, J = 2.6 Hz, 1H), 1.36 (t, J = 7.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 149.9, 

147.5, 143.5, 128.3, 128.3, 127.3, 126.8, 124.0, 118.3, 111.5, 79.1, 72.4, 55.8, 28.1, 

24.0, 13.1. HPLC: Chiralpak AD-H (250 mm); detected at 254 nm; n-hexane/i-

propanol = 95/5; flow = 1 mL/min; Retention time: 9.3 min (major), 11.6 min (minor). 

HRMS (ESI) m/z: [M+H]+ Calcd. for C18H18N2O2H+ 295.1441; Found 295.1440.
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(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-methoxyaniline (3bb)

NH

OMe

NO2

NO2

Brown oil, 92% yield, 64:36 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = + 18.0 ° (c = 1 mg / mL, THF). 1H NMR (600 MHz, CDCl3, ppm) δ 8.83 (d, J 

= 2.3 Hz, 1H), 8.35 (dd, J = 8.7, 2.3 Hz, 1H), 7.98 (d, J = 8.7 Hz, 1H), 6.87 – 6.73 (m, 

1H), 6.75 – 6.55 (m, 2H), 6.28 – 6.03 (m, 1H), 5.40 (q, J = 5.5 Hz, 1H), 5.24 (d, J = 6.0 

Hz, 1H), 3.93 (s, 3H), 3.03 (ddd, J = 17.1, 5.5, 2.7 Hz, 1H), 2.88 (ddd, J = 17.1, 5.1, 

2.7 Hz, 1H), 2.15 (t, J = 2.6 Hz, 1H).13C NMR (151 MHz, CDCl3, ppm) δ148.9, 147.2, 

146.9, 144.6, 135.0, 130.8, 127.2, 121.2, 120.4, 118.2, 110.7, 109.8, 78.1, 73.2, 55.6, 

51.0, 26.5. HPLC: AD-3; detected at 254 nm; n-hexane/i-propanol = 90/10; flow = 0.5 

mL/min; Retention time: 12.98 min (major), 21.77 min (minor). HRMS (ESI) m/z: 

[M+H]+ Calcd. for C17H15N3O5H+ 342.1084; Found 342.1088.

(S)-N-(1-(2,4-dinitrophenyl)but-3-yn-1-yl)-2-iodoaniline (3cc)

NH

I

NO2

NO2

Yellow oil, 75% yield, 92:8 er, Rf = 0.3 (petroleum ether/ethyl acetate = 20:1), 

[α]D
20 = + 77.0 ° (c = 1 mg / mL, THF). 1H NMR (600 MHz, CDCl3, ppm) δ 8.86 (d, J 

= 2.3 Hz, 1H), 8.39 (dd, J = 8.7, 2.3 Hz, 1H), 7.92 (d, J = 8.7 Hz, 1H), 7.68 (dd, J = 

7.8, 1.4 Hz, 1H), 7.07 – 6.89 (m, 1H), 6.47 (td, J = 7.7, 1.4 Hz, 1H), 6.12 (dd, J = 8.2, 

1.3 Hz, 1H), 5.48 (dd, J = 11.1, 5.5 Hz, 1H), 5.31 (d, J = 6.5 Hz, 1H), 3.11 (ddd, J = 

17.2, 5.6, 2.7 Hz, 1H), 2.87 (ddd, J = 17.2, 4.6, 2.7 Hz, 1H), 2.24 (t, J = 2.7 Hz, 1H). 
13C NMR (151 MHz, CDCl3, ppm) δ 148.9, 147.4, 144.2, 143.6, 139.4, 130.8, 129.6, 

127.5, 120.5, 120.3, 111.5, 85.8, 77.6, 74.0, 51.4, 26.5. HPLC: AD-3; detected at 254 

nm; n-hexane/i-propanol = 90/10; flow = 0.5 mL/min; Retention time: 10.09 min 

(major), 13.92 min (minor). HRMS (ESI) m/z: [M+H]+ Calcd. for C16H12IN3O4H+ 

437.9945; Found 437.9944.

HPLC Spectra of 3a in the Scheme 4 A
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HPLC Spectra in the Scheme 4 B 

HPLC Spectra of 3n. (IA; detected at 254 nm; n-hexane/i-propanol = 90/10; flow = 0.5 
mL/min)
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HPLC Spectra of 3w

The racemic spectra. (IA; detected at 254 nm; n-hexane/i-propanol = 95/5; flow = 0.5 
mL/min)

Entry 1 (Ligand = 3n) 
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Entry 2 (Ligand = L10)

Entry 3 (Ligand = L10 + 3n)
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1H NMR Spectra of 3aa in the Scheme 4 C (400 MHz, CDCl3)

1C NMR Spectra of 3aa in the Scheme 4 C (101 MHz, CDCl3)

NH

NO2

3aa

NH

NO2

3aa
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1H NMR Spectra of 3bb in the Scheme 4 C (600 MHz, CDCl3)

1C NMR Spectra of 3bb in the Scheme 4 C (151 MHz, CDCl3)
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1H NMR Spectra of 3cc in the Scheme 4 C (600 MHz, CDCl3)

1C NMR Spectra of 3cc in the Scheme 4 C (151 MHz, CDCl3)
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HPLC Spectra of 3aa in the Scheme 4 C
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HPLC Spectra of 3bb in the Scheme 4 C
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HPLC Spectra of 3cc in the Scheme 4 C



50

7. NMR Spectra of Products 3a–3x

1H NMR Spectra of 3a (400 MHz, CDCl3)

1C NMR Spectra of 3a (101 MHz, CDCl3) 
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1H NMR Spectra of 3b (400 MHz, CDCl3)

1C NMR Spectra of 3b (101 MHz, CDCl3)
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1H NMR Spectra of 3c (400 MHz, CDCl3)

1C NMR Spectra of 3c (101 MHz, CDCl3)
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1H NMR Spectra of 3d (400 MHz, CDCl3)

1C NMR Spectra of 3d (101 MHz, CDCl3)
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1H NMR Spectra of 3e (400 MHz, CDCl3)

1C NMR Spectra of 3e (101 MHz, CDCl3)
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1H NMR Spectra of 3f (400 MHz, CDCl3)

1C NMR Spectra of 3f (101 MHz, CDCl3)
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1H NMR Spectra of 3g (400 MHz, CDCl3)

1C NMR Spectra of 3g (101 MHz, CDCl3)
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1H NMR Spectra of 3h (400 MHz, CDCl3)

1C NMR Spectra of 3h (101 MHz, CDCl3)
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1H NMR Spectra of 3i (400 MHz, CDCl3)

1C NMR Spectra of 3i (101 MHz, CDCl3)
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1H NMR Spectra of 3j (400 MHz, CDCl3)

1C NMR Spectra of 3j (101 MHz, CDCl3)

NH

NO2

O

O3j

NH

NO2

O

O3j



60

1H NMR Spectra of 3k (400 MHz, CDCl3)

1C NMR Spectra of 3k (101 MHz, CDCl3)
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1H NMR Spectra of 3l (400 MHz, CDCl3)

1C NMR Spectra of 3l (101 MHz, CDCl3)

NH

NO2

Br3l

NH

NO2

Br3l



62

1H NMR Spectra of 3m (400 MHz, CDCl3)

1C NMR Spectra of 3m (101 MHz, CDCl3)

NH

NO2

3m

NH

NO2

3m



63

1H NMR Spectra of 3n (400 MHz, CDCl3)

1C NMR Spectra of 3n (101 MHz, CDCl3)
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1H NMR Spectra of 3o (400 MHz, CDCl3)

1C NMR Spectra of 3o (101 MHz, CDCl3)
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1H NMR Spectra of 3p (400 MHz, CDCl3)

1C NMR Spectra of 3p (101 MHz, CDCl3)
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1H NMR Spectra of 3q (400 MHz, CDCl3)

1C NMR Spectra of 3q (101 MHz, CDCl3)
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1H NMR Spectra of 3r (400 MHz, CDCl3)

1C NMR Spectra of 3r (101 MHz, CDCl3)
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1H NMR Spectra of 3s (400 MHz, CDCl3)

1C NMR Spectra of 3s (101 MHz, CDCl3)
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1H NMR Spectra of 3t (400 MHz, CDCl3)

1C NMR Spectra of 3t (101 MHz, CDCl3)
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1H NMR Spectra of 3u (400 MHz, CDCl3)

1C NMR Spectra of 3u (101 MHz, CDCl3)
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1H NMR Spectra of 3v (400 MHz, CDCl3)

1C NMR Spectra of 3v (101 MHz, CDCl3)
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1H NMR Spectra of 3w (400 MHz, CDCl3)

1C NMR Spectra of 3w (101 MHz, CDCl3)
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1H NMR Spectra of 3x (400 MHz, CDCl3)

1C NMR Spectra of 3x (101 MHz, CDCl3)
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8. HPLC Spectra of Products 3a–3x
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9. X-ray Crystallographic Data of 1a and 3a
The structure of 1a (CCDC: 2267478) was determined by the X-ray diffraction 

analysis of single crystal, which recrystallized from a mixed solution of CH2Cl2 and 

hexane. The data can be obtained free of charge from The Cambridge Crystallographic 

Data Centre. 

N

NO2

ORTEP of 1a (CCDC: 2267478)
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The structure of 3a (CCDC: 2265065) was determined by the X-ray diffraction 

Identification code 1a

CCDC Deposit number 2267478

Empirical formula C24H14N2O2

Formula weight 326.34

Temperature/K 296.4(3)

Crystal system monoclinic

Space group P21/c

a/Å 24.7258 (4)

b/Å 10.9717 (2)

c/Å 12.8034 (2)

α/° 90

β/° 104.793 (2)

γ/° 90

Volume/Å3 3358.23 (10)

Z 4

ρcalcg/cm3 1.291

μ/mm-1 0.679

F(000) 1360.0

Crystal size/mm3 0.2 × 0.15 × 0.14

Radiation CuKα (λ = 1.54184)

2Θ range for data collection/° 7.396 to 153.748

Index ranges -31 ≤ h ≤ 31, -13≤ k ≤ 12, -15≤ l ≤ 10

Reflections collected 24894

Independent reflections 6683 [Rint = 0.0272, Rsigma = 0.0257]

Data/restraints/parameters 6683/0/452

Goodness-of-fit on F2 1.083

Final R indexes [I>=2σ (I)] R1 = 0.0918, wR2 = 0.2592

Final R indexes [all data] R1 = 0.0978, wR2 = 0.2629

Largest diff. peak/hole / e Å-3 0.32/-0.25
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analysis of single crystal, which recrystallized from a mixed solution of CH2Cl2 and 

hexane. The crystal of 3a was cultured using the sample after recrystallization (with > 

99:1 er). The data can be obtained free of charge from The Cambridge Crystallographic 

Data Centre. 

NH

NO2

ORTEP of 3a (CCDC: 2265065)

Identification code 3a

CCDC Deposit number 2265065

Empirical formula C24H18N2O2
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Formula weight 366.40

Temperature/K 297.64(10)

Crystal system monoclinic

Space group P21

a/Å 9.6789(2)

b/Å 9.7371(2)

c/Å 10.6182(4)

α/° 90

β/° 93.927(2)

γ/° 90

Volume/Å3 998.36(3)

Z 2

ρcalcg/cm3 1.219

μ/mm-1 0.626

F(000) 384.0

Crystal size/mm3 0.16 × 0.15 × 0.14

Radiation CuKα (λ = 1.54184)

2Θ range for data collection/° 8.346 to 152.61

Index ranges -11 ≤ h ≤ 11, -12≤ k ≤ 12, -13≤ l ≤ 13

Reflections collected 12022

Independent reflections 3963 [Rint = 0.0312, Rsigma = 0.0264]

Data/restraints/parameters 3963/1/253

Goodness-of-fit on F2 1.063

Final R indexes [I>=2σ (I)] R1 = 0.0411, wR2 = 0.1211

Final R indexes [all data] R1 = 0.0443, wR2 = 0.1253

Largest diff. peak/hole / e Å-3 0.12/-0.12

Flack parameter 0.03(12)


