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General: 

All reactions that required anhydrous conditions were carried by standard 

procedures under nitrogen atmosphere. Commercially available reagents were used as 

received. The solvents were dried by distillation over the appropriate drying reagents. 

Infrared spectra were recorded on a TENSOR 27 FT-IR spectrophotometer and 

reported in wave numbers (cm
-1

). 
1
H and 

13
C NMR spectra were recorded on Varian 

(400 MHz) spectrometer. Chemical shifts (δ) are reported in ppm relative to TMS (δ 

0.00) for the 
1
H NMR and to chloroform (δ 77.0), dimethylsulfoxide (δ 39.5) and 

acetone (δ 206.2) for the 
13

C NMR measurements. High resolution mass spectra were 

obtained on a UltiMate 3000 spectrometer. Reactions were followed with TLC 

(0.254mm silica gel 60-F plates). Visualization was accomplished with UV light. 

Flash chromatography separations were performed on 200-300 mesh silica gel. 

Compound 1r
1
, 1s

2
 , 2g-2j

3-4
 was synthesized according to literature known 

procedure. 

General procedure for the preparation of substrates 1a-1q, 1u-1ac
5-7
: 

 

To a stirred solution of isopropyltriphenylphosphonium iodide (4.32 g, 10.0 mmol, 

2.0 equiv) in THF (30 mL) at 0 °C was added n-BuLi (4.0 mL, 2.5 M solution in 

hexanes, 2.0 equiv) slowly via syringe. The mixture was stirred for 2 h at 0 °C and 

then a solution of aldehyde (5.0 mmol, 1 equiv) in THF (8 mL) was added dropwise 

via syringe, whereupon the mixture was allowed to warm to r.t. and stirred overnight. 

The mixture was then quenched with H2O and extracted with EtOAc (3 × 10 mL). 

The combined organic layers were washed with brine, dried over Na2SO4. After 

removed the solvent under reduced pressure, the residue was purified on silica gel by 

flash chromatography to yield the corresponding product. 
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General procedure for the DDQ-mediated dehydrogenative Diels-Alder reaction. 

R1

H
DDQ (1.2 eqviu)

toluene, 115 oC, 48 h
R1 R2

CN

CN

CN

CN

NC CN

NC CN

+

R2

H

1 2a 3  

In a sealed tube, a mixture of prenyl derivatives 1 (0.2 mmol), tetracyanoethylene 

(51.2 mg, 0.4 mmol, 2 equiv) and DDQ (54.5 mg, 0.24 mmol, 1.2 equiv) in toluene (2 

mL) was stirred at 115 °C for 48 h until the DDQ-adduct 4 was disappeared 

(monitored by TLC). After removed the solvent under reduced pressure, the residue 

was purified by column chromatography on silica gel (hexanes/EtOAc = 7:1 to 3:1) to 

afford the desired product 3. 

Gram-scale reaction of 1a 

In a sealed tube, a mixture of prenyl benzene 1a (1.17 g, 8.0 mmol, 1 equiv), 

tetracyanoethylene (2.05 g, 16.0 mmol, 2 equiv) and DDQ (2.18 g, 9.6 mmol, 1.2 

equiv) in toluene (80.0 mL) was stirred at 115 °C for 48 h until the DDQ-adduct 4 

was disappeared (monitored by TLC). After removed the solvent under reduced 

pressure, the residue was purified by column chromatography on silica gel 

(hexanes/EtOAc = 7:1 to 3:1) to afford the desired product 3a (1.96 g, 7.2 mmol) in 

90% yield. 

DHDA reaction of quinones 2b-2c with prenyl benzene. 

 

In a sealed tube, a mixture of prenyl benzene 1a (58.5 mg, 0.4 mmol), quinones 2b-2c 

(0.2 mmol), LiCl (8.5 mg, 0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in toluene (2 mL) 

was stirred at 115 
o
C for 72 h until the DDQ-adduct 4 was disappeared (monitored by 

TLC). After removed the solvent under reduced pressure, the residue was purified by 

column chromatography on silica gel (hexanes/EtOAc = 15:1) to afford the desired 

product 5ab-5ac. 

DHDA reaction of DMAD (but-2-ynedioic acid dimethyl ester) 2d with prenyl 
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benzene. 

 

In a sealed tube, a mixture of Prenyl benzene 1a (58.5 mg, 0.4 mmol), DMAD 2d 

(28.5 mg, 0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in toluene (2 mL), was stirred at 

115 °C until the DMAD 2d was disappeared nearly, which was determined by TLC 

analysis (72 h). The residue was purified by column chromatography on silica gel 

(petroleum ether /EtOAc = 7:1) to afford the desired product 5ad. 

DHDA reaction of maleic anhydride 2e with prenyl benzene.  

 

In a sealed tube, a mixture of Prenyl benzene 1a (58.5 mg, 0.4 mmol), anhydride 2e 

(19.7 mg, 0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in toluene (2 mL), was stirred at 

115 
o
C until the anhydride 2e was disappeared nearly, which was determined by TLC 

analysis (72 h). The residue was purified by column chromatography on silica gel 

(petroleum ether /EtOAc = 5:1 to 4:1) to afford the desired product 5ae. 

DHDA reaction of methyl acrylate 2f with prenyl benzene. 

 

In a sealed tube, a mixture of Prenyl benzene 1a (58.5 mg, 0.4 mmol), methyl acrylate 

2f (17.3 mg, 0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in toluene (2 mL), was stirred 

at 115 
o
C until the methyl acrylate 2f was disappeared nearly, which was determined 

by TLC analysis (72 h). The residue was purified by column chromatography on silica 

gel (petroleum ether /EtOAc = 15:1) to afford the desired product 5af. 

DHDA reaction of 2,3-olefinic oxindoles 2g-2i with prenyl benzene. 
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In a sealed tube, a mixture of Prenyl benzene 1a (58.5 mg, 0.4 mmol), 2,3-olefinic 

oxindoles 2g-2i (0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in PhCl (2 mL), was 

stirred at 115 
o
C until the 2,3-olefinic oxindoles 2g-2i was disappeared nearly, which 

was determined by TLC analysis (72 h). The residue was purified by column 

chromatography on silica gel (petroleum ether /EtOAc = 8:1) to afford the desired 

product 5ag-5ai. 

DHDA reaction of 2,3-olefinic oxindoles 2j with prenyl benzene. 

 

In a sealed tube, a mixture of Prenyl benzene 1a (58.5 mg, 0.4 mmol), 2,3-olefinic 

oxindoles 2j (57.1 mg, 0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in PhCl (2 mL), was 

stirred at 115 
o
C for 72 h. The residue was purified by column chromatography on 

silica gel (petroleum ether /EtOAc = 8:1) to afford the desired product 5aj. 

DHDA reaction of trans-dibenzoylethene 2k with prenyl benzene. 

O
Ph

O

DDQ (1.5 equiv)

toluene, 115 oC, 72 h

+

1a 2f 5af

Ph

O Ph

Ph

O

 

In a sealed tube, a mixture of Prenyl benzene 1a (58.5 mg, 0.4 mmol), 

trans-dibenzoylethene 2k (47.3 mg, 0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in 

toluene (2 mL), was stirred at 115 
o
C until the trans-dibenzoylethene 2k was 

disappeared nearly, which was determined by TLC analysis (72 h). The residue was 

purified by column chromatography on silica gel (petroleum ether /EtOAc = 20:1) to 

afford the desired product 5ak. 
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Control experiments 

b: a direct thermal reversible process 

 

In a sealed tube, a mixture of DDQ-adduct 4 (37.1 mg, 0.1 mmol), tetracyanoethylene 

2a (25.6 mg, 0.2 mmol) in toluene (2 mL), was stirred at 115 
o
C for 48 h. The residue 

was purified by column chromatography on silica gel (petroleum ether /EtOAc = 5:1 to 

4:1) to provide the desired product 3a (23.7 mg, 87%). When 2a was reduced to 1 

equiv, the product 3a was isolated in 79% yield and the DDQ-adduct 4 was recovered 

in 9% yield. 

c: the experiment of thermal stability 

Ph

CN

CN

O

O

Cl

Cl
Ph

CN

CN

CN

CN

43a

NC

NC

O

O

Cl

Cl

+
toluene

115 oC, 48 h
n.d.

 

In a sealed tube, a mixture of 3a (27.2 mg, 0.1 mmol), DDQ (22.7 mg, 0.1 mmol) in 

toluene (2 mL), was stirred at 115 
o
C for 48 h. The residue was purified by column 

chromatography on silica gel (petroleum ether /EtOAc = 7:1) and no product 4 was 

isolated, recovering 3a in 91% yield. 

 

(3-Methylbut-2-en-1-yl)benzene (1a) 

Colourless oil, 599 mg, 82% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.31 – 7.25 (m, 2H), 7.20 – 7.14 (m, 3H), 5.33 (t, J = 7.4 Hz, 1H), 

3.35 (d, J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.72 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

141.8, 132.5, 128.3, 128.3, 125.7, 123.2, 34.4, 25.7, 17.8. 

 

1-Fluoro-2-(3-methylbut-2-en-1-yl)benzene (1b) 
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Colourless oil, 397 mg, 48% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2920, 

1627, 1448, 1226, 1093, 752 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.21 – 7.13 (m, 7.3, 

2H), 7.08 – 6.97 (m, 2H), 5.29 (m, 1H), 3.36 (d, J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.73 (s, 

3H). 
13

C NMR (100 MHz, CDCl3): δ 160.9 (d, J = 243.0 Hz), 159.7, 133.3, 130.2 (d, 

J = 5.0 Hz), 128.5 (d, J = 16.0 Hz), 127.3 (d, J = 8.0 Hz), 123.9 (d, J = 3.5 Hz), 121.5, 

115.1 (d, J = 22.0 Hz), 77.3, 77.0, 76.9, 27.3 (d, J = 3.0 Hz), 25.7, 17.7. HRMS (EI) 

calcd for C11H13F m/z [M 
+
]: 164.0996; found: 164.0998. 

 

1-Chloro-2-(3-methylbut-2-en-1-yl)benzene (1c) 

Colourless oil, 461 mg, 51% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2920, 

1625, 1442, 1377, 1041, 746 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.37 – 7.32 (dd, J = 

7.8, 1.2 Hz, 1H), 7.24 – 7.10 (m, 3H), 5.29 (m, 1H), 3.44 (d, J = 7.3 Hz, 2H), 1.76 (s, 

3H), 1.73 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 139.2, 133.9, 133.5, 129.9, 129.3, 

127.1, 126.7, 121.2, 32.1, 25.8, 17.9. HRMS (EI) calcd for C11H13Cl m/z [M 
+
]: 

180.0700; found: 180.0705. 

 

1-Bromo-2-(3-methylbut-2-en-1-yl)benzene (1d) 

Colourless oil, 554 mg, 49% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.53 (d, J = 7.8 Hz, 1H), 7.25 – 7.18 (m, 2H), 7.09 – 7.00 (m, 1H), 

5.28 (t, J = 7.1 Hz, 1H), 3.44 (d, J = 7.1 Hz, 2H), 1.76 (s, 3H), 1.73 (s, 3H). 
13

C NMR 

(100 MHz, CDCl3): δ 140.9, 133.6, 132.6, 130.0, 127.4, 127.4, 124.5, 121.4, 34.7, 

25.8, 18.0. 

 

1-Methyl-2-(3-methylbut-2-en-1-yl)benzene (1e) 

Colourless oil, 417 mg, 52% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.21 – 7.12 (dt, J = m, 4H), 5.33 – 5.24 (m, 1H), 3.35 (d, J = 7.0 Hz, 
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2H), 2.34 (s, 3H), 1.79 (s, 3H), 1.77 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 139.9, 

136.1, 132.3, 130.0, 128.6, 125.9, 125.9, 122.5, 32.2, 25.7, 19.4, 17.8. 

 

1-Methoxy-2-(3-methylbut-2-en-1-yl)benzene (1f) 

Colourless oil, 493 mg, 56% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.21 – 7.11 (m, 2H), 6.89 (td, J = 7.4, 0.9 Hz, 1H), 6.85 (d, J = 8.2 

Hz, 1H), 5.35 – 5.27 (m, 1H), 3.83 (s, 3H), 3.32 (d, J = 7.3 Hz, 2H), 1.74 (s, 3H), 1.71 

(s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 157.2, 132.4, 130.0, 129.2, 126.8, 122.5, 

120.4, 110.1, 55.3, 28.4, 25.8, 17.7. 

 

1-Methoxy-3-(3-methylbut-2-en-1-yl)benzene (1g) 

Colourless oil, 511 mg, 58% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.22 (t, J = 8.1 Hz, 1H), 6.83 – 6.72 (m, 3H), 5.34 (t, J = 6.5 Hz, 1H), 

3.81 (s, 3H), 3.34 (d, J = 7.0 Hz, 2H), 1.76 (s, 3H), 1.73 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 159.6, 143.5, 132.6, 129.3, 122.9, 120.7, 114.1, 110.8, 55.1, 34.3, 25.7, 

17.8. 

 

1-Chloro-3-(3-methylbut-2-en-1-yl)benzene (1h) 

Colourless oil, 406 mg, 45% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2922, 

1630, 1602, 1467, 1371, 775, 686 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.23 – 7.14 

(m, 3H), 7.06 (d, J = 7.5 Hz, 1H), 5.29 (m, J = 1H), 3.32 (d, J = 7.3 Hz, 2H), 1.76 (s, 

3H), 1.72 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 143.8, 134.1, 133.4, 129.5, 128.4, 

126.5, 125.9, 122.2, 34.0, 25.7, 17.8. HRMS (EI) calcd for C11H13Cl m/z [M 
+
]: 

180.0700; found: 180.0703. 

 

1-Fluoro-4-(3-methylbut-2-en-1-yl)benzene (1i) 
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Colourless oil, 337 mg, 41% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2920, 

1627, 1481, 1371, 1070, 804 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.17 – 7.09 (m, 

2H), 7.00 – 6.92 (m, 2H), 5.30 (m, 1H), 3.31 (d, J = 7.3 Hz, 2H), 1.76 (d, J = 0.8 Hz, 

3H), 1.72 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 161.2 (d, J = 243.1 Hz), 137.3 (d, J 

= 3.2 Hz), 132.8, 129.6 (d, J = 7.7 Hz), 123.0, 115.0 (d, J = 21.0 Hz), 33.5, 25.7, 17.8. 

HRMS (EI) calcd for C11H13F m/z [M 
+
]: 164.0996; found: 164.0994. 

 

 

1-Chloro-4-(3-methylbut-2-en-1-yl)benzene (1j) 

Colourless oil, 607 mg, 67% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.17 (d, J = 8.2 Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 5.39 (t, J = 6.8 Hz, 

1H), 3.85 (s, 3H), 3.36 (d, J = 7.2 Hz, 2H), 1.82 (s, 3H), 1.80 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 140.2, 133.1, 131.4, 129.6, 128.4, 122.6, 33.7, 25.7, 17.8. 

 

1-Bromo-4-(3-methylbut-2-en-1-yl)benzene (1k) 

Colourless oil, 599 mg, 53% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2920, 

1628, 1483, 1371, 1070, 803 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.39 (d, J = 8.4 Hz, 

2H), 7.05 (d, J = 8.4 Hz, 2H), 5.29 (m, 1H), 3.29 (d, J = 7.3 Hz, 2H), 1.76 (s, 3H), 

1.71 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 140.7, 133.1, 131.3, 130.0, 122.5, 119.4, 

33.7, 25.7, 17.8. HRMS (EI) calcd for C11H13Br m/z [M 
+
]: 224.0195; found: 

224.0200. 

 

1-(3-Methylbut-2-en-1-yl)-4-(trifluoromethyl)benzene (1l) 

Colourless oil, 225 mg, 21% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.53 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 7.9 Hz, 2H), 5.34-5.26 (m, 1H), 

3.40 (d, J = 7.1 Hz, 2H), 1.76 (s, 3H), 1.73 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

145.9, 133.6, 128.6, 128.1 (q, J = 32.6 Hz), 125.2 (q, J = 3.7 Hz), 124.4 (q, J = 270.1 
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Hz), 122.0, 34.2, 25.7, 17.8. 

 

1-Methyl-4-(3-methylbut-2-en-1-yl)benzene (1m) 

Colourless oil, 449 mg, 56% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.13 – 7.06 (m, 4H), 5.33 (t, J = 7.3 Hz, 1H), 3.32 (d, J = 7.3 Hz, 2H), 

2.33 (s, 3H), 1.76 (s, 3H), 1.74 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 138.8, 135.1, 

132.3, 129.1, 128.2, 123.5, 33.9, 25.8, 21.0, 17.8. 

 

1-Methoxy-4-(3-methylbut-2-en-1-yl)benzene (1n) 

Colourless oil, 564 mg, 64% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.24 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 5.32 – 5.25 (m, 

1H), 3.31 (d, J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.71 (s, 3H). 
13

C NMR (100 MHz, CDCl3): 

δ 140.2, 133.1, 131.4, 129.6, 128.4, 122.6, 33.7, 25.7, 17.8. 

 

N-(4-(3-methylbut-2-en-1-yl)phenyl)acetamide (1o) 

White solid, 347 mg, 34% yield; petroleum ether : EtOAc = 4 : 1. 
1
H NMR (400 MHz, 

CDCl3): δ 7.39 (d, J = 8.4 Hz, 2H), 7.33 (s, 1H), 7.11 (d, J = 8.4 Hz, 2H), 5.32 – 5.26 

(m, 1H), 3.29 (d, J = 7.3 Hz, 2H), 2.15 (s, 3H), 1.74 (s, 3H), 1.70 (s, 3H). 
13

C NMR 

(100 MHz, CDCl3): δ 168.3, 137.9, 135.5, 132.6, 128.7, 123.0, 120.1, 33.7, 25.7, 

24.51, 17.8. 

 

5-(3-Methylbut-2-en-1-yl)benzo[d][1,3]dioxole (1p) 

Colourless oil, 580 mg, 61% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 6.73 (d, J = 7.9 Hz, 1H), 6.67 (s, 1H), 6.63 (d, J = 7.9 Hz, 1H), 5.92 

(s, 2H), 5.28 (t, J = 7.3 Hz, 1H), 3.26 (d, J = 7.2 Hz, 2H), 1.74 (s, 3H), 1.71 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ 147.5, 145.5, 135.7, 132.5, 123.3, 120.8, 108.8, 108.1, 
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100.7, 34.0, 25.7, 17.8. 

 

1-(3-Methylbut-2-en-1-yl)naphthalene (1q) 

Colourless oil, 658 mg, 67% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 8.06 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 8.1 Hz, 

1H), 7.58 – 7.47 (m, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 6.9 Hz, 1H), 5.47 – 

5.39 (m, 1H), 3.81 (d, J = 6.7 Hz, 2H), 1.84 (s, 3H), 1.79 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 137.7, 133.8, 132.7, 132.0, 128.6, 126.5, 125.7, 125.6, 125.6, 125.4, 124.0, 

122.8, 31.8, 25.8, 17.9. 

 

2-Methyl-5-(3-methylbut-2-en-1-yl)furan (1r) 

Yellow oil, 320 mg, 67% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 MHz, 

CDCl3): δ 5.86 – 5,81 (m, 2H), 5.34 – 5.27 (m, 1H), 3.29 (d, J = 7.1 Hz, 2H), 2.25 (s, 

3H), 1.74 (s, 3H), 1.68 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 153.4, 150.4, 133.7, 

119.6, 105.8, 105.2, 27.1, 25.7, 17.7, 13.6. 

 

(3-Methylbut-2-ene-1,1-diyl)dibenzene (1u) 

Colourless oil, 415 mg, 56% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.33 – 7.27 (m, 4H), 7.24 – 7.18 (m, 6H), 5.69 – 5.63 (m, 1H), 4.92 

(d, J = 9.5 Hz, 1H), 1.82 (s, 3H), 1.75 (s, 3H). 
13

C NMR (100 MHz, CDCl3): 
13

C 

NMR (100 MHz, CDCl3) δ 145.15, 132.46, 128.33, 128.24, 127.29, 125.97, 77.32, 

77.00, 76.68, 49.43, 25.93, 18.06. 

 

4,4'-(3-Methylbut-2-ene-1,1-diyl)bis(methylbenzene) (1v) 
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Colourless oil, 488 mg, 39% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2916, 

1630, 1506, 1443, 1375, 1024, 802, 760 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.14 – 

7.05 (t, 8H), 5.63 (m, 1H), 4.84 (d, J = 9.6 Hz, 1H), 2.33 (s, 6H), 1.80 (s, 3H), 1.74 (s, 

3H). 
13

C NMR (100 MHz, CDCl3): δ 142.4, 135.4, 132.0, 129.0, 128.1, 127.6, 48.6, 

25.9, 21.0, 18.0. HRMS (ESI) calcd for C19H22Na m/z [M + Na]
+
: 273.1614; found: 

273.1619. 

 

4,4'-(3-Methylbut-2-ene-1,1-diyl)bis(chlorobenzene) (1w) 

Colourless oil, 642 mg, 44% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.24 (d, J = 8.5 Hz, 4H), 7.08 (d, J = 8.5 Hz, 4H), 5.50 (d, J = 9.3 Hz, 

1H), 4.81 (d, J = 9.4 Hz, 1H), 1.79 (s, 3H), 1.69 (s, 3H). 
13

C NMR (100 MHz, CDCl3): 

δ 143.1, 133.6, 132.0, 129.5, 128.6, 126.3, 48.2, 25.9, 18.1. 

 

 

1-Fluoro-2-(3-methyl-1-phenylbut-2-en-1-yl)benzene (1x) 

Colourless oil, 505 mg, 42% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2922, 

1627, 1483, 1446, 1379, 1028, 744, 692 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.29 – 

7.24 (m, 2H), 7.24 – 7.14 (m, 5H), 7.10 – 6.97 (m, 2H), 5.62 (m, 1H), 5.20 (d, J = 9.5 

Hz, 1H), 1.79 (d, J = 1.0 Hz, 3H), 1.71 (d, J = 1.1 Hz, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 160.6 (d, J = 245.7 Hz), 133.4, 132.0 (d, J = 14.6 Hz), 129.6 (d, J = 4.6 Hz), 

128.3, 127.8, 127.6 (d, J = 8.3 Hz), 126.1, 125.7, 115.4 (d, J = 22.4 Hz), 42.4 (d, J = 

2.5 Hz), 25.9, 18.0. HRMS (ESI) calcd for C17H17FNa m/z [M + Na]
+
: 263.1206; 

found: 263.1208. 

 

1-Chloro-3-(3-methyl-1-phenylbut-2-en-1-yl)benzene (1y) 
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Colourless oil, 525 mg, 41% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2918, 

1635, 1581, 1375, 1065, 768, 694 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.34 – 7.28 

(m, 2H), 7.25 – 7.15 (m, 6H), 7.08 (d, J = 7.4 Hz, 1H), 5.60 (m, 1H), 4.87 (d, J = 9.5 

Hz, 1H), 1.82 (s, 3H), 1.73 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 147.3, 144.4, 

134.2, 133.3, 129.6, 128.5, 128.3, 128.2, 126.6, 126.5, 126.3, 126.2, 49.2, 25.9, 18.1. 

HRMS (ESI) calcd for C17H17ClNa m/z [M + Na]
+
: 279.0911; found: 279.0919. 

 

1-Methyl-3-(3-methyl-1-phenylbut-2-en-1-yl)benzene (1z) 

Colourless oil, 614 mg, 52% yield; petroleum ether : EtOAc = 20 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 7.33 – 7.27 (m, 2H), 7.24 – 7.17 (m, 4H), 7.05 – 6.99 (m, 3H), 5.65 

(dd, J = 9.6, 1.2 Hz, 1H), 4.88 (d, J = 9.6 Hz, 1H), 2.33 (s, 3H), 1.82 (s, 3H), 1.74 (s, 

3H). 
13

C NMR (100 MHz, CDCl3): δ 145.3, 145.1, 137.9, 132.3, 129.0, 128.3, 128.2, 

128.2, 127.3, 126.8, 125.9, 125.3, 49.4, 26.0, 21.5, 18.1. 

 

1-Fluoro-4-(3-methyl-1-phenylbut-2-en-1-yl)benzene (1aa) 

Colourless oil, 445 mg, 37% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2920, 

1633, 1610, 1500, 1377, 1220, 694 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.31 – 7.24 

(m, 2H), 7.21 – 7.20 (m, 5H), 6.99 – 6.91 (m, 2H), 5.57 (m, 1H), 4.86 (d, J = 9.5 Hz, 

1H), 1.79 (s, 3H), 1.71 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 161.3 (d, J = 244.0 

Hz), 145.0, 140.8 (d, J = 3.1 Hz), 132.8, 129.6 (d, J = 7.8 Hz), 128.4, 128.2, 127.1, 

126.1, 115.1 (d, J = 21.1 Hz), 48.7, 25.9, 18.1. HRMS (ESI) calcd for C17H17FNa m/z 

[M + Na]
+
: 263.1206; found: 263.1202. 

 

1-Bromo-4-(3-methyl-1-phenylbut-2-en-1-yl)benzene (1ab) 
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Colourless oil, 528 mg, 35% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2918, 

1625, 1483, 1386, 1006, 794, 742, 696 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.39 (d, J 

= 8.4 Hz, 2H), 7.32 – 7.24 (m, 2H), 7.21 – 7.13 (m, 3H), 7.05 (d, J = 8.4 Hz, 2H), 

5.56 (m, 1H), 4.83 (d, J = 9.4 Hz, 1H), 1.79 (s, 3H), 1.70 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 144.6, 144.2, 133.1, 131.4, 130.0, 128.5, 128.2, 126.7, 126.2, 119.8, 48.9, 

25.9, 18.1. HRMS (EI) calcd for C17H17Br m/z [M 
+
]: 300.0508; found: 300.0512. 

 

1-Methyl-4-(3-methyl-1-phenylbut-2-en-1-yl)benzene (1ac) 

Colourless oil, 613 mg, 52% yield; petroleum ether : EtOAc = 20 : 1. IR (KBr): 2924, 

1631, 1500, 1446, 1382, 1028, 734, 698 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.32 – 

7.25 (m, 2H), 7.22 – 7.15 (m, 2H), 7.13 – 7.06 (m, 4H), 5.62 (m, 1H), 4.86 (d, J = 9.6 

Hz, 1H), 2.32 (s, 3H), 1.79 (s, 3H), 1.73 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

145.4, 142.2, 135.5, 132.2, 129.1, 128.3, 128.2, 128.1, 127.4, 125.9, 49.0, 25.9, 21.0, 

18.0. HRMS (ESI) calcd for C18H20Na m/z [M + Na]
+
: 259.1457; found: 259.1464. 

 

(E)-3-(2-Oxo-2-phenylethylidene)-1-tosylindolin-2-one (2g) 

yellow solid; 
1
H NMR (400 MHz, CDCl3): δ 8.26 (d, J = 7.7 Hz, 1H), 8.01 (dd, J = 

11.9, 5.5 Hz, 5H), 7.77 (s, 1H), 7.63 (t, J = 7.4 Hz, 1H), 7.57 – 7.42 (m, 3H), 7.34 (d, 

J = 8.1 Hz, 2H), 7.15 (t, J = 7.5 Hz, 1H), 2.43 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

190.8, 166.1, 145.9, 141.1, 137.0, 135.2, 134.2, 133.8, 133.2, 129.9, 129.0, 128.8, 

128.3, 128.0, 127.4, 124.9, 120.4, 113.6, 21.7. 

 

(E)-1-Methyl-3-(2-oxo-2-phenylethylidene)indolin-2-one (2h) 
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red solid; 
1
H NMR (400 MHz, CDCl3): δ 8.31 (d, J = 7.7 Hz, 1H), 8.10 (d, J = 7.4 Hz, 

2H), 7.88 (s, 1H), 7.62 (t, J = 7.2 Hz, 1H), 7.52 (t, J = 7.5 Hz, 2H), 7.36 (t, J = 7.6 Hz, 

1H), 7.02 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.7 Hz, 1H), 3.26 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 191.1, 167.9, 146.0, 137.6, 136.5, 133.7, 132.6, 128.9, 128.8, 127.6, 

126.2, 122.8, 120.1, 108.2, 26.2. 

 

 

 

(E)-Ethyl 2-(2-oxo-1-tosylindolin-3-ylidene)acetate (2i) 

yellow solid; 
1
H NMR (400 MHz, CDCl3): δ 8.63 (d, J = 7.7 Hz, 1H), 8.06 – 7.92 (m, 

3H), 7.46 (t, J = 7.8 Hz, 1H), 7.32 (d, J = 7.9 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H), 6.81 (s, 

1H), 4.30 (q, J = 7.0 Hz, 2H), 2.41 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 165.8, 164.9, 145.9, 141.1, 135.3, 135.1, 133.1, 129.8, 128.8, 127.9, 

125.0, 124.0, 120.3, 113.5, 61.5, 21.7, 14.1. 

 

2-(1-Benzyl-2-oxoindolin-3-ylidene)malononitrile (2j) 

purple solid; 
1
H NMR (400 MHz, CDCl3): δ 8.13 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 7.7 

Hz, 1H), 7.38 – 7.28 (m, 5H), 7.11 (t, J = 7.7 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 4.92 

(s, 2H). 
13

C NMR (100 MHz, CDCl3): δ 162.6, 149.2, 146.2, 137.6, 134.1, 129.1, 

128.3, 127.5, 126.8, 123.9, 118.3, 112.3, 110.6, 44.2. 

 

5-Methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3a) 

White solid, mp 176-177 °C, 51.2 mg, 94% yield; petroleum ether : EtOAc = 7 : 1. IR 

(KBr): 2959, 2920, 1626, 1444, 1259, 802, 684 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 
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7.51 – 7.47 (m, 3H), 7.47 – 7.42 (m, 2H), 5.68 (s, 1H), 4.29 (d,  1H), 3.25 (d, J = 

18.2 Hz, 1H), 3.04 (d, J = 18.2 Hz, 1H), 1.98 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

133.1, 130.9, 130.2, 129.4, 129.2, 121.1, 111.0, 110.8, 110.6, 108.9, 47.1, 45.3, 39.2, 

36.2, 22.7. HRMS (ESI) calcd for C17H12N4Na m/z [M + Na]
+
: 295.0954; found: 

295.0956. 

 

2'-Fluoro-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3b) 

Off-white solid, mp 174-175 °C, 50.5 mg, 87% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1628, 1445, 1043, 848, 754 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

7.52 – 7.45 (m, 1H), 7.44 – 7.38 (m, 1H), 7.31 – 7.20 (m, 2H), 5.57 (s, 1H), 4.81 (s, 

1H), 3.26 (d, J = 18.3 Hz, 1H), 3.06 (d, J = 18.3 Hz, 1H), 1.97 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 160.7 (d, J = 250.8 Hz), 132.2 (d, J = 8.6 Hz), 131.1, 130.2 (d, J = 

2.2 Hz), 125.2 (d, J = 3.8 Hz), 120.6, 120.5 (d, J = 13.9 Hz), 116.5 (d, J = 21.9 Hz), 

110.8, 110.3, 110.2, 109.0, 44.0, 39.6 (d, J = 2.7 Hz), 39.3, 36.2, 22.7. HRMS (ESI) 

calcd for C17H11FN4Na m/z [M + Na]
+
: 313.0860; found: 313.0866. 

CN

CN

CN

CN

Cl

 

2'-Chloro-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3c) 

Off-white solid, mp 165-167 °C, 55.2 mg, 90% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1628, 1445, 754 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.56 – 7.53 (m, 

1H), 7.48 – 7.40 (m, 3H), 5.52 (s, 1H), 5.18 (s, 1H), 3.27 (d, J = 18.3 Hz, 1H), 3.07 (d, 

J = 18.3 Hz, 1H), 1.96 (s, 3H). 
13

C NMR (100 MHz, CDCl3): 
\
δ 135.2, 131.4, 131.1, 

130.9, 130.6, 130.3, 127.9, 121.4, 110.8, 110.4, 110.1, 109.2, 43.8, 42.0, 39.6, 36.4, 

22.6. HRMS (ESI) calcd for C17H11ClN4Na m/z [M + Na]
+
: 329.0564; found: 

329.0561. 
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2'-Bromo-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3d) 

Off-white solid, mp 176-177 °C, 61.8 mg, 88% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2918, 1628, 1261, 1022, 800 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.73 (d, 

J = 7.9 Hz, 1H), 7.49 – 7.44 (m, 2H), 7.39 – 7.32 (m, 1H), 5.52 (s, 1H), 5.21 (s, 1H), 

3.27 (d, J = 18.4 Hz, 1H), 3.08 (d, J = 18.0 Hz, 1H), 1.95 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 134.0, 132.8, 131.6, 130.8, 130.4, 128.5, 125.9, 121.4, 110.9, 110.4, 

110.0, 109.2, 44.5, 43.8, 39.6, 36.5, 22.6. HRMS (ESI) calcd for C17H11BrN4Na m/z 

[M + Na]
+
: 373.0059; found: 373.0053. 

 

2',5-Dimethyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3e) 

Off-white solid, mp 160-161 °C, 52.7 mg, 92% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2918, 1627, 1373, 804 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.39 – 7.29 (m, 

4H), 5.55 (s, 1H), 4.75 (s, 1H), 3.27 (d, J = 18.3 Hz, 1H), 3.06 (d, J = 18.3 Hz, 1H), 

2.56 (s, 3H), 1.95 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 137.4, 131.6, 131.6, 130.1, 

129.9, 128.8, 127.1, 122.5, 111.0, 110.9, 110.7, 109.3, 44.3, 41.8, 39.7, 36.3, 22.6, 

19.6. HRMS (ESI) calcd for C18H14N4Na m/z [M + Na]
+
: 309.1111; found: 309.1117. 

CN

CN

CN

CN

O

 

2'-Methoxy-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3f) 

Off-white solid, mp 159-160 °C, 58.7 mg, 97% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1602, 1490, 1375, 1254, 756 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

7.44 (t, J = 7.7 Hz, 1H), 7.31 (d, J = 7.5 Hz, 1H), 7.09 – 6.97 (m, 2H), 5.54 (s, 1H), 

5.09 (s, 1H), 3.91 (s, 3H), 3.24 (d, J = 17.9 Hz, 1H), 3.02 (d, J = 18.2 Hz, 1H), 1.95 (s, 
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3H). 
13

C NMR (100 MHz, CDCl3): δ 157.2, 131.3, 130.0, 129.6, 122.0, 121.6, 121.1, 

111.2, 111.1, 110.7, 110.7, 109.5, 55.5, 44.1, 39.5, 38.6, 36.4, 22.7. HRMS (ESI) 

calcd for C18H14N4ONa m/z [M + Na]
+
: 325.1060; found: 325.1067. 

 

3'-Methoxy-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3g) 

Off-white solid, mp 128-130 °C, 56.2 mg, 93% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1630, ,1600, 1440, 1375, 1040, 860, 740 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.39 (t, J = 8.0 Hz, 1H), 7.05-6.99 (m, 2H), 6.95 (t, J = 2.0 Hz, 1H), 5.67 (s, 

1H), 4.25 (d, J = 1.6 Hz, 1H), 3.85 (s, 3H), 3.24 (d, J = 18.2 Hz, 1H), 3.03 (d, J = 18.2 

Hz, 1H), 1.97 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 160.1, 134.5, 130.8, 130.5, 

121.4, 121.1, 115.6, 114.9, 110.9, 110.8, 110.6, 108.9, 55.4, 47.1, 45.1, 39.3, 36.2, 

22.8. HRMS (ESI) calcd for C18H14N4ONa m/z [M + Na]
+
: 325.1060; found: 

325.1068. 

 

3'-Chloro-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3h) 

Off-white solid, mp 132-133 °C, 55.2 mg, 90% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2922, 2361, 1628, 1458, 1373, 860, 688 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 7.51 – 7.41 (m, 3H), 7.37 – 7.33 (m, 1H), 5.64 (s, 1H), 4.27 (d, J = 1.6 Hz, 1H), 

3.25 (d, J = 18.3 Hz, 1H), 3.05 (d, J = 18.3 Hz, 1H), 1.99 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 135.4, 135.0, 131.6, 130.7, 130.6, 129.2, 127.6, 120.3, 110.8, 110.5, 

110.4, 108.6, 46.7, 44.9, 39.2, 36.1, 22.8. HRMS (ESI) calcd for C17H11ClN4Na m/z 

[M + Na]
+
: 329.0564; found: 329.0571. 
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4'-Fluoro-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3i) 

Off-white solid, mp 161-162 °C, 51.7 mg, 89% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2916, 1618, 1500, 1226, 829 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.46 – 

7.41 (m, 2H), 7.22 – 7.15 (m, 2H), 5.65 (s, 1H), 4.29 (d, J = 1.5 Hz, 1H), 3.24 (d, J = 

17.1 Hz, 1H), 3.04 (d, J = 18.3 Hz, 1H), 1.98 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

163.7 (d, J = 250.8 Hz), 131.3, 131.2 (d, J = 8.7 Hz), 128.9 (d, J = 3.4 Hz), 120.8, 

116.6 (d, J = 21.9 Hz), 110.9, 110.7, 110.5, 108.8, 46.5, 45.2, 39.1, 36.2, 22.8. HRMS 

(ESI) calcd for C17H11FN4Na m/z [M + Na]
+
: 313.0860; found: 313.0861. 

 

4'-Chloro-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3j) 

Off-white solid, mp 189-190 °C, 57.7 mg, 94% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1625, 1446, 1259, 804 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.47 (d, 

J = 8.6 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 5.63 (s, 1H), 4.28 (d, J = 1.6 Hz, 1H), 3.23 

(d, J = 13.7 Hz, 1H), 3.04 (d, J = 18.3 Hz, 1H), 1.98 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 136.6, 131.6, 131.5, 130.6, 129.8, 120.6, 110.8, 110.6, 110.4, 108.7, 46.6, 

45.1, 39.1, 36.2, 22.8. HRMS (ESI) calcd for C17H11ClN4Na m/z [M + Na]
+
: 329.0564; 

found: 329.0565. 

CN

CN

CN

CN

Br  

4'-Bromo-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3k) 

Off-white solid, mp 208-209 °C, 63.9 mg, 91% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1625, 1446, 1259, 802 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.63 (d, 

J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 5.63 (s, 1H), 4.26 (d, J = 1.0 Hz, 1H), 3.24 
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(d, J = 18.4 Hz, 1H), 3.04 (d, J = 18.2 Hz, 1H), 1.98 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 132.7, 132.1, 131.5, 130.8, 124.7, 120.4, 110.8, 110.6, 110.4, 108.7, 46.6, 

44.9, 39.1, 36.12, 22.8. HRMS (ESI) calcd for C17H11BrN4Na m/z [M + Na]
+
: 

373.0059; found: 373.0051. 

CN

CN

CN

CN

CF3  

5-Methyl-4'-(trifluoromethyl)-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile 

(3l) 

Off-white solid, mp 133-135 °C, 57.2 mg, 84% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1625, 1325, 1126, 846 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.76 (d, 

J = 8.2 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H), 5.65 (s, 1H), 4.36 (d, J = 1.2 Hz, 1H), 3.26 

(d, J = 18.3 Hz, 1H), 3.07 (d, J = 18.3 Hz, 1H), 2.00 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 137.1, 132.5 (q, J = 33.0 Hz), 131.9, 129.9, 126.5 (q, J = 3.7 Hz), 123.6 (q, 

J = 272.5 Hz), 120.1, 110.7, 110.5, 110.4, 108.6, 46.9, 44.9, 39.2, 36.2, 22.9. HRMS 

(ESI) calcd for C18H11F3N4Na m/z [M + Na]
+
: 363.0828; found: 363.0826. 

CN

CN

CN

CN

 

4',5-Dimethyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3m) 

Off-white solid, mp 166-167 °C, 54.4 mg, 95% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2956, 2920, 1625, 1431, 1259, 802 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

7.33 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 5.66 (s, 1H), 4.25 (d, J = 1.6 Hz, 

1H), 3.24 (d, J = 19.4 Hz, 1H), 3.02 (d, J = 18.2 Hz, 1H), 2.41 (s, 3H), 1.97 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ 140.4, 130.6, 130.1, 129.1, 121.4, 111.0, 110.9, 110.6, 

109.0, 46.8, 45.37, 39.2, 36.2, 22.7, 21.2. HRMS (ESI) calcd for C18H14N4Na m/z [M 

+ Na]
+
: 309.1111; found: 309.1108. 
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CN

CN

CN

CN

O  

4'-Methoxy-5-methyl-[1,1'-biphenyl]-2,2,3,3(1H,4H)-tetracarbonitrile (3n) 

Off-white solid, mp 140-141 °C, 60.7 mg, 96% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2922, 1616, 1512, 1257, 1028, 827 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

7.36 (d, J = 8.7 Hz, 2H), 6.99 (d, J = 8.7 Hz, 2H), 5.65 (s, 1H), 4.25 (d, J = 1.6 Hz, 

1H), 3.85 (s, 3H), 3.23 (d, J = 20.4 Hz, 1H), 3.02 (d, J = 18.2 Hz, 1H), 1.96 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ 160.9, 130.6, 130.5, 124.8, 121.5, 114.7, 111.0, 110.9, 

110.6, 109.0, 55.4, 46.6, 45.5, 39.1, 36.1, 22.7. HRMS (ESI) calcd for C18H14N4ONa 

m/z [M + Na]
+
: 325.1060; found: 325.1064. 

 

N-(2',2',3',3'-tetracyano-5'-methyl-1',2',3',4'-tetrahydro-[1,1'-biphenyl]-4-yl)acet

amide (3o) 

Off-white solid, mp 230-232 °C, 61.9 mg, 94% yield; petroleum ether : EtOAc = 3 : 1. 

IR (KBr): 2924, 1680, 1604, 1527, 1370, 1317, 837 cm
-1

; 
1
H NMR (400 MHz, 

Acetone-D6): δ 9.42 (s, 1H), 7.80 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 5.78 (s, 

1H), 4.54 (d, J = 1.4 Hz, 1H), 3.63 (d, J = 18.6 Hz, 1H), 3.40 (d, J = 18.6 Hz, 1H), 

2.12 (s, 3H), 2.03 (s, 3H). 
13

C NMR (100 MHz, Acetone-D6): δ 169.1, 141.8, 132.6, 

130.7, 129.2, 121.1, 120.0, 112.8, 112.6, 111.7, 110.4, 46.8, 46.7, 40.4, 35.6, 24.2, 

22.5. HRMS (ESI) calcd for C19H15N5ONa m/z [M + Na]
+
: 352.1169; found: 

352.1175. 

 

3-(Benzo[d][1,3]dioxol-5-yl)-5-methylcyclohex-4-ene-1,1,2,2-tetracarbonitrile 
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(3p) 

Off-white solid, mp 181-182 °C, 61.4 mg, 97% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2918, 1622, 1493, 1445, 1248, 1037, 927, 812, 737 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 6.95 – 6.85 (m, 3H), 6.04 (s, 2H), 5.63 (s, 1H), 4.21 (d, J = 1.6 Hz, 

1H), 3.22 (d, J = 18.2 Hz, 1H), 3.01 (d, J = 18.2 Hz, 1H), 1.96 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 149.2, 148.5, 130.8, 126.4, 123.4, 121.3, 110.9, 110.8, 110.5, 109.1, 

109.0, 108.9, 101.8, 46.9, 45.3, 39.2, 36.1, 22.7. HRMS (ESI) calcd for 

C18H12N4O2Na m/z [M + Na]
+
: 339.0852; found: 339.0860. 

 

5-Methyl-3-(naphthalen-1-yl)cyclohex-4-ene-1,1,2,2-tetracarbonitrile (3q) 

Off-white solid, mp 200-203 °C, 60.0 mg, 93% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1627, 1442, 1257, 856, 785 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

8.20 (d, J = 8.6 Hz, 1H), 7.98 (dd, J = 11.1, 8.3 Hz, 2H), 7.71 – 7.55 (m, 4H), 5.66 (s, 

1H), 5.42 (s, 1H), 3.34 (d, J = 18.3 Hz, 1H), 3.11 (d, J = 18.3 Hz, 1H), 2.00 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ 134.0, 131.3, 130.9, 130.5, 129.3, 127.9, 127.4, 126.6, 

125.3, 122.7, 121.9, 111.0, 110.9, 110.2, 109.2, 44.7, 40.3, 39.9, 36.2, 22.7. HRMS 

(ESI) calcd for C21H14N4Na m/z [M + Na]
+
: 345.1111; found: 345.1120. 

CN

CN

CN

CN

O

 

5-Methyl-3-(5-methylfuran-3-yl)cyclohex-4-ene-1,1,2,2-tetracarbonitrile (3r) 

Off-white gum, 40.3 mg, 73% yield; petroleum ether : EtOAc = 7 : 1. IR (KBr): 2922, 

2361, 1632, 1448, 1389, 795 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 6.43 (d, J = 3.2 Hz, 

1H), 6.04 (dd, J = 3.1, 0.9 Hz, 1H), 5.66 (s, 1H), 4.42 (s, 1H), 3.18 (d, J = 18.2 Hz, 

1H), 3.00 (d, J = 18.2 Hz, 1H), 2.33 (s, 3H), 1.95 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 154.7, 144.2, 130.9, 118.5, 112.2, 110.8, 110.7, 110.4, 108.7, 107.2, 43.4, 

41.9, 38.7, 36.1, 22.8, 13.6. HRMS (ESI) calcd for C16H12N4ONa m/z [M + Na]
+
: 
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299.0903; found: 299.0897. 

 

5-Methyl-3-phenoxycyclohex-4-ene-1,1,2,2-tetracarbonitrile (3s) 

Off-white gum, 60.7 mg, 75% yield; petroleum ether : EtOAc = 8 : 1. IR (KBr): 2925, 

1619, 1501, 1246, 1044, 843, 761 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.40 (t, J = 

7.8 Hz, 2H), 7.17 (t, J = 7.3 Hz, 1H), 7.08 (d, J = 8.1 Hz, 2H), 5.80 (s, 1H), 5.35 (s, 

1H), 3.20 (d, J = 18.4 Hz, 1H), 3.04 (d, J = 18.8 Hz, 1H), 1.93 (s, 3H). 
13

C NMR (100 

MHz, CDCl3): δ 155.7, 133.1, 130.2, 124.3, 118.8, 117.1, 110.4, 110.1, 108.2, 74.9, 

43.3, 37.9, 36.6, 22.4. HRMS (ESI) calcd for C17H12N4ONa m/z [M + Na]
+
: 311.0903; 

found: 311.0905. 

CN

CN

CN

CN  

4-Methylcyclohex-4-ene-1,1,2,2-tetracarbonitrile (3t)
8
 

Off-white solid, 20.0 mg, 51% yield; petroleum ether : EtOAc = 8 : 1. 
1
H NMR (400 

MHz, CDCl3): δ 5.62 – 5.56 (m, 1H), 3.12 – 3.08 (m, 2H), 3.01 (d, J = 0.8 Hz, 2H), 

1.87 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 129.8, 115.2, 110.7, 110.6, 97.1, 37.8, 

37.2, 36.2, 32.4, 22.5. 

 

5'-Methyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile (3u) 

Off-white solid, mp 198-201 °C, 59.9 mg, 86% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3063, 2922, 1628, 1442, 1263, 1088, 802, 752, 698 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.56 – 7.50 (m, 4H), 7.42 – 7.35 (m, 6H), 6.28 (d, J = 1.4 Hz, 1H), 

3.23 (s, 2H), 2.10 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 139.5, 130.2, 129.0, 128.8, 

126.8, 111.4, 111.2, 54.9, 46.5, 38.4, 37.2, 23.0. HRMS (ESI) calcd for C23H16N4Na 

m/z [M + Na]
+
: 371.1267; found: 371.1266. 



S24 

 

4,4'',5'-Trimethyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile (3v) 

Off-white solid, mp 161-163 °C, 63.9 mg, 85% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3069, 2949, 1648, 1454, 1415, 1115, 1022, 655 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.40 (d, J = 8.5 Hz, 4H), 7.17 (d, J = 8.1 Hz, 4H), 6.24 (d, J = 1.5 Hz, 1H), 

3.20 (d, J = 0.6 Hz, 2H), 2.33 (s, 6H), 2.08 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 

139.0, 136.6, 129.5, 129.4, 128.6, 127.0, 111.5, 111.3, 54.3, 46.7, 38.4, 37.2, 23.0, 

20.9. HRMS (ESI) calcd for C25H20N4Na m/z [M + Na]
+
: 399.1580; found: 399.1576. 

 

4,4''-Dichloro-5'-methyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitr

ile (3w) 

Off-white solid, mp 189-191 °C, 67.6 mg, 81% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3065, 2936, 1668, 1489, 1186, 1097, 820 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.45 (d, J = 8.9 Hz, 4H), 7.37 (d, J = 8.9 Hz, 4H), 6.18 (d, J = 1.5 Hz, 1H), 

3.23 (s, 2H), 2.11 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 137.5, 135.7, 131.1, 130.1, 

129.2, 125.8, 111.0, 111.0, 54.1, 46.3, 38.3, 37.1, 23.2. HRMS (ESI) calcd for 

C23H14Cl2N4Na m/z [M + Na]
+
: 439.0488; found: 439.0490. 

 

 

2-Fluoro-5'-methyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile 

(3x) 

Off-white solid, mp 183-184 °C, 61.6 mg, 84% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3069, 2920, 1628, 1446, 1263, 1082, 802, 750, 698 cm
-1

; 
1
H NMR (400 
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MHz, CDCl3): δ 8.01 (td, J = 8.1, 1.5 Hz, 1H), 7.49 – 7.29 (m, 8H), 7.04 (ddd, J = 

12.7, 8.1, 1.3 Hz, 1H), 6.34 (s, 1H), 3.24 (d, J = 0.7 Hz, 2H), 2.09 (s, 3H). 
13

C NMR 

(100 MHz, CDCl3): 159.8 (d, J = 251.3 Hz), 136.5, 131.1 (d, J = 4.3 Hz), 131.0, 129.9, 

129.7, 128.5, 128.3 (d, J = 8.6 Hz), 127.3, 124.5 (d, J = 8.3 Hz), 124.0 (d, J = 3.6 Hz), 

118.0 (d, J = 23.1 Hz), 112.4, 111.2, 111.1, 110.0, 54.0 (d, J = 3.4 Hz), 46.2, 38.4, 

37.0, 22.9. HRMS (ESI) calcd for C23H15FN4Na m/z [M + Na]
+
: 389.1173; found: 

389.1176. 

 

3-Chloro-5'-methyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile 

(3y) 

Off-white solid, mp 175-177 °C, 66.6 mg, 87% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3065, 2920, 1635, 1445, 1263, 1069, 875, 794, 704 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.55 – 7.48 (m, 3H), 7.44 – 7.38 (m, 4H), 7.37 – 7.31 (m, 2H), 6.24 

(d, J = 1.5 Hz, 1H), 3.23 (s, 2H), 2.11 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 141.2, 

138.9, 134.9, 130.9, 129.9, 129.4, 129.3, 129.0, 128.5, 126.9, 126.0, 111.2, 111.1, 

111.0, 111.0, 54.5, 46.3, 38.4, 37.0, 23.0. HRMS (ESI) calcd for C23H15ClN4Na m/z 

[M + Na]
+
: 405.0877; found: 405.0869. 

CN

CN

CN

CN

 

3,5'-Dimethyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile (3z) 

Off-white solid, mp 167-169 °C, 61.6 mg, 85% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3067, 2920, 1626, 1448, 1267, 800, 752 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 7.56 – 7.51 (m, 2H), 7.41 – 7.33 (m, 4H), 7.27 (dd, J = 10.3, 5.1 Hz, 2H), 7.17 (d, J 

= 7.6 Hz, 1H), 6.27 (d, J = 1.4 Hz, 1H), 3.22 (s, 2H), 2.34 (s, 3H), 2.10 (s, 3H). 
13

C 

NMR (100 MHz, CDCl3): δ 139.4, 138.6, 130.0, 129.7, 129.3, 129.0, 128.8, 128.7, 

128.6, 126.8, 125.7, 111.4, 111.3, 111.2, 111.1, 54.7, 46.5, 38.4, 37.0, 23.0, 21.7. 

HRMS (ESI) calcd for C24H18N4Na m/z [M + Na]
+
: 385.1424; found: 385.1421. 
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4-Fluoro-5'-methyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile 

(3aa) 

Off-white solid, mp 175-176 °C, 59.7 mg, 85% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 2920, 1632, 1506, 1261, 1059, 752 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ7.56 – 7.48 (m, 4H), 7.44 – 7.36 (m, 3H), 7.06 (t, J = 8.5 Hz, 2H), 6.25 (d, J = 1.2 

Hz, 1H), 3.23 (s, 2H), 2.10 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 162.8 (d, J = 

251.4 Hz), 139.6, 134.8 (d, J = 1.6 Hz), 131.3 (d, J = 8.5 Hz), 130.4, 129.0, 128.9, 

128.2, 126.5, 115.8 (d, J = 21.8 Hz), 111.3, 111.3, 111.2, 110.9, 54.4, 46.5, 38.6, 37.0, 

23.0. HRMS (ESI) calcd for C23H15FN4Na m/z [M + Na]
+
: 389.1173; found: 

389.1164. 

 

4-Bromo-5'-methyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile 

(3ab) 

Off-white solid, mp 183-184 °C, 71.8 mg, 84% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3067, 2922, 1636, 1446, 1263, 1014, 804, 754, 696 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.54 – 7.49 (m, 4H), 7.43 – 7.37 (m, 5H), 6.23 (d, J = 1.5 Hz, 1H), 

3.22 (s, 2H), 2.10 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 139.0, 138.4, 131.9, 130.6, 

130.5, 129.2, 128.9, 128.5, 126.1, 123.6, 111.2, 111.1, 111.1, 54.5, 46.3, 38.3, 37.1, 

23.0. HRMS (ESI) calcd for C23H15BrN4Na m/z [M + Na]
+
: 449.0372; found: 

449.0368. 

 

4,5'-Dimethyl-2'H-[1,1':1',1''-terphenyl]-2',2',3',3'(4'H)-tetracarbonitrile (3ac) 



S27 

Off-white solid, mp 144-146 °C, 62.3 mg, 86% yield; petroleum ether : EtOAc = 7 : 1. 

IR (KBr): 3064, 2920, 1625, 1442, 1041, 856, 748, 686 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.56 – 7.51 (m, 2H), 7.43 – 7.34 (m, 5H), 7.18 (d, J = 8.1 Hz, 2H), 6.26 (d, 

J = 1.5 Hz, 1H), 3.22 (d, J = 0.7 Hz, 2H), 2.34 (s, 3H). 
13

C NMR (100 MHz, CDCl3): 

δ 139.6, 139.2, 136.4, 129.8, 129.4, 128.9, 128.7, 128.7, 126.8, 111.4, 111.2, 111.2, 

54.5, 46.5, 38.4, 37.1, 23.0, 21.0. HRMS (ESI) calcd for C24H18N4Na m/z [M + Na]
+
: 

385.1424; found: 385.1421. 

 

7-Methyl-5-phenylnaphthalene-1,4(5H,8H)-dione (5ab) 

Yellow gum, 25.5 mg, 51% yield; petroleum ether : EtOAc = 15 : 1. IR (KBr): 3010, 

2920, 2856, 1647, 1448, 1294, 698 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.29 – 7.24 

(m, 3H), 7.23 – 7.16 (m, 3H), 6.72 (d, J = 10.1 Hz, 1H), 6.62 (d, J = 10.1 Hz, 1H), 

5.61 – 5.57 (m, 1H), 4.63 – 4.56 (m, 1H), 3.13 (t, J = 4.8 Hz, 2H), 1.84 (s, 3H). 
13

C 

NMR (100 MHz, CDCl3): δ 187.4, 186.1, 142.9, 141.8, 139.2, 136.6, 135.9, 128.9, 

128.6, 128.3, 126.8, 122.9, 41.5, 28.9, 22.7. HRMS (ESI) calcd for C17H14O2Na m/z 

[M + Na]
+
: 273.0886; found: 273.0882. 

O

O

 

3-Methyl-1-phenylanthracene-9,10(1H,4H)-dione (5ac) 

Yellow solid, mp 118-119 °C, 42.6 mg, 71% yield; petroleum ether : EtOAc = 15 : 1. 

IR (KBr): 3062, 3020, 2920, 1661, 1591, 1445, 1290, 1165, 1078, 754, 698, 577 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 8.13 – 8.05 (m, 1H), 8.00 – 7.92 (m, 1H), 7.71 – 7.62 

(m, 2H), 7.27 (d, J = 4.4 Hz, 4H), 7.18 (dq, J = 8.7, 4.2 Hz, 1H), 5.68 – 5.61 (m, 1H), 

4.84 – 4.76 (m, 1H), 3.40 – 3.20 (m, 2H), 1.87 (s, 3H). 
13

C NMR (100 MHz, CDCl3): 

δ 184.9, 183.7, 144.1, 143.3, 141.6, 133.6, 133.4, 132.1, 131.9, 128.9, 128.6, 128.3, 

126.7, 126.4, 126.1, 123.0, 42.0, 29.6, 22.7. HRMS (ESI) calcd for C21H16O2Na m/z 



S28 

[M + Na]
+
: 323.1043; found: 323.1050. 

 

Dimethyl 5-methyl-1,4-dihydro-[1,1'-biphenyl]-2,3-dicarboxylate (5ad) 

Off-white gum, 50.7 mg, 88% yield; petroleum ether : EtAc = 10 : 1. IR (KBr): 3057, 

2918, 2852, 1722, 1637, 1431, 1263, 740 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.31 – 

7.25 (m, 2H), 7.24 – 7.18 (m, 1H), 7.18 – 7.13 (m, 2H), 5.45 (s, 1H), 4.42 – 4.33 (m, 

1H), 3.78 (s, 3H), 3.52 (s, 3H), 3.15 (ddd, J = 22.8, 7.6, 0.9 Hz, 1H), 2.88 (dd, J = 

22.8, 7.3 Hz, 1H), 1.77 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 168.3, 168.0, 141.7, 

137.0, 130.9, 128.7, 128.6, 128.3, 127.0, 122.0, 52.3, 51.9, 45.3, 31.9, 22.5. HRMS 

(ESI) calcd for C17H18O4Na m/z [M + Na]
+
: 309.1097; found: 309.1101. 

H

H

O

O

O

 

(±)-(3aR,4R,7aS)-6-Methyl-4-phenyl-3a,4,7,7a-tetrahydroisobenzofuran-1,3-dion

e (5ae) 

Off-white gum, 29.6 mg, 61% yield; petroleum ether : EtAc = 7 : 1. IR (KBr): 3055, 

2920, 2854, 1844, 1774, 1628, 1449, 1263, 740 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

7.38 – 7.27 (m, 3H), 7.22 – 7.15 (m, 2H), 5.91 – 5.85 (m, 1H), 3.76 (s, 1H), 3.54 – 

3.44 (m, 2H), 2.78 (d, J = 16.1 Hz, 1H), 2.40 (dd, J = 16.3, 5.8 Hz, 1H), 1.90 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ 173.7, 170.7, 138.0, 136.7, 128.7, 128.6, 127.8, 123.2, 

45.9, 41.0, 40.0, 27.6, 23.5. HRMS (ESI) calcd for C15H14O3Na m/z [M + Na]
+
: 

265.0835; found: 265.0840. 

 

Methyl 5-methyl-1,2,3,4-tetrahydro-[1,1'-biphenyl]-2-carboxylate (5af)
9,10
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Off-white gum, 24.9 mg, 54% yield (endo:exo = 1.4:1); petroleum ether : EtAc = 15 : 

1. IR (KBr): 3060, 3033, 2954, 1735, 1264, 1167, 765, 702 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.28 – 7.21 (m, 2H, major), 7.28 – 7.21 (m, 2H, minor), 7.20 – 7.10 (m, 3H, 

major), 7.20 – 7.10 (m, 3H, minor), 5.47 – 5.43 (m, 1H, major), 5.34 (s, 1H, minor), 

3.82 (s, 1H, major), 3.73 – 3.67 (m, 1H, minor), 3.53 (s, 3H, minor), 3.46 (s, 3H, 

major), 2.89 – 2.83 (m, 1H, major), 2.55 – 2.47 (m, 1H, minor), 2.19 – 2.02 (m, 2H, 

major), 2.19 – 2.02 (m, 2H, minor), 2.01 – 1.94 (m, 1H, minor), 1.92 – 1.81 (m, 1H, 

major), 1.92 – 1.81 (m, 1H, minor), 1.80 – 1.75 (m, 1H, major), 1.78 (s, 3H, major), 

1.73 (s, 3H, minor). 
13

C NMR (100 MHz, CDCl3): δ 175.8 (minor), 174.3 (major), 

144.6 (minor), 140.8 (major), 135.2 (major), 134.1 (minor), 129.3 (major), 128.3 

(minor), 128.0 (major), 127.8 (minor), 126.8 (major), 126.5 (minor), 123.8 (minor), 

122.4 (major), 51.4 (minor), 51.0 (major), 48.3 (minor), 44.9 (major), 44.5 (minor), 

42.9 (major), 29.4 (major), 29.1 (minor), 25.8 (minor), 23.5 (major), 23.5 (minor), 

19.3 (major), 17.2 (major). HRMS (ESI) calcd for C15H19O2 m/z [M + H]
+
: 231.1380; 

found: 231.1382. 

 

3-Benzoyl-5-methyl-1-phenyl-1'-tosylspiro[cyclohex[5]ene-2,3'-indolin]-2'-one 

(5ag) 

Off-white solid, mp 176-178 °C, 56 mg, 77% yield; petroleum ether : EtOAc = 8 : 1. 

IR (KBr): 3058, 2922, 2852, 1755, 1460, 1375, 1176, 1085, 750, 700 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 8.00 (d, J = 8.1 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.60 – 7.54 

(m, 2H), 7.49 (dd, J = 10.5, 4.3 Hz, 1H), 7.39 – 7.30 (m, 3H), 7.20 – 7.07 (m, 7H), 

7.04 – 6.97 (m, 2H), 5.64 – 5.57 (m, 1H), 4.17 (dd, J = 9.5, 6.7 Hz, 1H), 3.78 (d, J = 

2.9 Hz, 1H), 2.81 (dd, J = 18.4, 6.6 Hz, 1H), 2.35 (s, 3H), 2.27 (dd, J = 18.4, 9.6 Hz, 

1H), 1.92 (s, 3H).
13

C NMR (100 MHz, CDCl3): δ 199.6, 175.4, 144.8, 138.7, 138.3, 

136.0, 134.8, 133.5, 133.0, 132.5, 129.9, 129.3, 128.4, 128.3, 128.3, 128.0, 127.9, 
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127.3, 124.5, 124.3, 122.3, 113.3, 52.3, 50.1, 44.3, 31.4, 23.1, 21.6. HRMS (ESI) 

calcd for C33H27NO4SNa m/z [M + Na]
+
: 556.6260; found: 556.6258. 

Off-white solid, mp 172-174 °C, 15 mg, 20% yield; petroleum ether : EtOAc = 8 : 1. 

IR (KBr): 2920, 2850, 1744, 1460, 1377, 1176, 1089, 750, 700 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.77 (d, J = 8.3 Hz, 2H), 7.68 – 7.60 (m, 3H), 7.53 (t, J = 7.4 Hz, 1H), 

7.39 (t, J = 7.7 Hz, 2H), 7.22 – 7.16 (m, 1H), 7.14 – 6.99 (m, 5H), 6.92 (t, J = 7.6 Hz, 

2H), 6.72 (d, J = 7.2 Hz, 2H), 5.62 (s, 1H), 4.43 (dd, J = 12.4, 6.1 Hz, 1H), 4.19 (s, 

1H), 2.61 (dd, J = 18.3, 6.0 Hz, 1H), 2.49 (dd, J = 21.2, 9.4 Hz, 1H), 2.32 (s, 3H), 

1.90 (s, 3H).
13

C NMR (100 MHz, CDCl3): δ 199.0, 178.2, 144.7, 139.7, 137.4, 135.9, 

135.1, 134.6, 133.0, 129.2, 128.7, 128.4, 128.4, 128.3, 128.1, 127.9, 127.5, 127.0, 

125.0, 124.7, 123.8, 112.9, 53.7, 51.1, 50.1, 32.2, 23.0, 21.6. HRMS (ESI) calcd for 

C33H27NO4SNa m/z [M + Na]
+
: 556.6260; found: 556.6263. 

 

3-Benzoyl-1',5-dimethyl-1-phenylspiro[cyclohex[5]ene-2,3'-indolin]-2'-one (5ah) 

Off-white solid, mp 156-159 °C, 78 mg, 96% yield; petroleum ether : EtOAc = 8 : 1. 

IR (KBr): 2922, 2852, 1708, 1612, 1492, 1469, 1377, 1348, 1263, 1026, 752, 700 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.89 – 7.74 (m, 2H), 7.56 – 7.35 (m, 3H), 7.30 – 

7.24 (m, 2H), 7.24 – 7.10 (m, 3H), 7.06 – 6.77 (m, 4H), 6.59 (dd, J = 103.3, 7.7 Hz, 

1H), 5.71 – 5.65 (m, 1H), 4.64 – 3.93 (m, 2H), 3.05 – 2.29 (m, 5H). 
13

C NMR (100 

MHz, CDCl3): δ 200.8, 200.0,* 178.4,* 176.7, 143.9,* 143.6, 139.4, 138.5,* 136.8, 

136.5,* 134.5,* 133.0, 132.9,* 132.8, 132.7, 129.7, 128.9,* 128.8,* 128.5, 128.5,* 

128.4, 127.8,* 127.5, 126.9, 126.9,* 126.5,* 124.9,* 124.7,* 124.4, 122.8, 122.0, 

121.6,* 107.6, 107.4,* 53.8,* 52.1, 50.3,* 49.2, 48.6,* 43.7, 32.2,* 31.2, 25.9, 25.7,* 

23.3, 23.0.* HRMS (ESI) calcd for C28H25NO2Na m/z [M + Na]
+
: 430.1778; found: 

430.1782. 
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Ethyl 5-methyl-2'-oxo-1-phenyl-1'-tosylspiro[cyclohex[5]ene-2,3'-indoline]-3- 

carboxylate (5ai) 

Off-white solid, mp 165-168 °C, 94 mg, 91% yield; petroleum ether : EtOAc = 8 : 1. 

IR (KBr): 2979, 2920, 2854, 1759, 1730, 1458, 1375, 1178, 1087, 750,694 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ 8.03 – 7.56 (m, 3H), 7.37 – 7.21 (m, 3H), 7.21 – 7.03 (m, 

4H), 6.96 – 6.53 (m, 3H), 5.57 – 5.46 (m, 1H), 4.07 – 3.26 (m, 4H), 2.86 – 2.37 (m, 

5H), 2.00 – 1.88 (m, 3H), 0.90 (dt, J = 17.2, 7.1 Hz, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 177.8, 175.0, 171.8, 171.0, 144.9, 139.7, 138.8, 138.1, 137.7, 135.5, 135.2, 

134.0, 133.7, 131.9, 129.8, 129.4, 129.3, 128.7, 128.4, 128.3, 128.2, 127.8, 127.4, 

127.3, 127.2, 126.6, 125.2, 124.3, 123.9, 123.9, 123.8, 121.5, 113.1, 112.7, 60.91, 

60.53, 53.2, 51.7, 50.6, 50.4, 46.1, 41.4, 30.2, 30.1, 23.0, 22.9, 21.6, 21.6, 13.7, 13.7. 

HRMS (ESI) calcd for C30H29NO5SK m/z [M + K]
+
: 554.1398; found: 554.1393. 

 

1'-Benzyl-4-methyl-2'-oxo-6-phenylspiro[cyclohex[4]ene-2,3'-indoline]-1,1-dicarb

onitrile (5aj) 

Off-white solid, mp 148-151 °C, 61 mg, 71% yield; petroleum ether : EtOAc = 8 : 1. 

IR (KBr): 2923, 2853, 1713, 1489, 1468, 1366, 1175, 832, 783, 698 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 7.77 (d, J = 7.5 Hz, 1H), 7.51 (d, J = 6.7 Hz, 2H), 7.34 (m, 

10H), 7.14 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 5.73 (s, 1H), 5.09 (d, J = 15.7 

Hz, 1H), 4.99 (s, 1H), 4.91 (d, J = 15.7 Hz, 1H), 2.96 (d, J = 18.9 Hz, 1H), 2.37 (d, J 

= 18.8 Hz, 1H), 1.93 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 173.7, 142.5, 136.5, 

134.8, 132.7, 130.5, 130.0, 128.9, 128.7, 127.9, 127.3, 127.2, 124.3, 123.8, 121.3, 
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113.1, 112.8, 110.0, 50.4, 45.3, 45.3, 44.3, 35.5, 23.2. HRMS (ESI) calcd for 

C29H23N3ONa m/z [M + Na]
+
: 452.1733; found: 452.1725. 

O

Ph

Ph

O

 

(5-Methyl-1,2,3,4-tetrahydro-[1,1'-biphenyl]-2,3-diyl)bis(phenylmethanone) 

(5ak) 

Off-white solid, mp 135-138 °C, 47 mg, 62% yield; petroleum ether : EtOAc = 20 : 1. 

IR (KBr): 2924, 2850, 1666, 1631, 1448, 1380,1259, 1209, 756, 698 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 7.94 (d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.1 Hz, 1H), 7.46 (dd, J = 

18.1, 7.8 Hz, 4H), 7.27 (t, J = 7.4 Hz, 1H), 7.12 (t, J = 7.5 Hz, 2H), 7.09 – 6.95 (m, 

5H), 5.53 (s, 1H), 4.42 (td, J = 11.3, 5.3 Hz, 1H), 4.03 (t, J = 10.6 Hz, 1H), 3.72 (d, J 

= 10.2 Hz, 1H), 2.44 (dd, J = 17.3, 4.0 Hz, 1H), 2.29 (t, J = 14.6 Hz, 1H), 1.80 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ 205.7, 202.8, 143.1, 138.2, 136.1, 133.2, 132.9, 132.2, 

128.6, 128.6, 128.3, 128.1, 127.7, 126.7, 125.4, 50.9, 47.9, 46.8, 34.5, 23.1. HRMS 

(ESI) calcd for C27H24O2Na m/z [M + Na]
+
: 403.1669; found: 403.1667. 

Off-white solid, mp 141-143 °C, 25 mg, 33% yield; petroleum ether : EtOAc = 20 : 1. 

IR (KBr): 2920, 2854, 1676, 1632, 1446, 1382,1274, 750, 697 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.98 (d, J = 7.6 Hz, 2H), 7.93 (d, J = 7.6 Hz, 2H), 7.62 – 7.42 (m, 

6H), 7.21 – 7.14 (m, 3H), 6.90 – 6.78 (m, 2H), 5.58 (s, 1H), 4.48 (dd, J = 11.0, 5.8 Hz, 

1H), 4.28 (td, J = 11.4, 5.8 Hz, 1H), 4.09 (s, 1H), 2.52 (dd, J = 17.6, 5.6 Hz, 1H), 2.29 

– 2.13 (m, 1H), 1.85 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 203.9, 200.9, 139.8, 

137.4, 136.7, 133.6, 132.9, 129.2, 128.7, 128.6, 128.5, 128.4, 127.9, 127.1, 123.0, 

49.2, 44.1, 38.8, 34.5, 23.1. HRMS (ESI) calcd for C27H24O2Na m/z [M + Na]
+
: 

403.1669; found: 403.1665. 

Reaction of 5ac
11,12
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A solution of 1,4-dihydro-9,10-anthraquinone 5ac (30.2 mg, 0.1 mmol) and 5% Pd/C 

(10.6 mg, 0.005 mmol, 5 mol%) in dry toluene (5 mL) was stirred at 80 °C for 12 h. 

After removed the solvent under reduced pressure, the residue was purified by column 

chromatography on silica gel (hexanes/EtOAc = 15:1) to afford the desired product 

6ac in 87% yield. 

One-pot reaction of 1,4-quinones and prenyl benzene. 

 

In a sealed tube, a mixture of prenyl benzene 1a (58.5 mg, 0.4 mmol), 1,4-quinones 

2b-2c (0.2 mmol) and DDQ (68.1 mg, 0.3 mmol) in toluene (2 mL), was stirred at 115 

°C for 72 h. Then to the mixture was added 5% Pd/C (21.2 mg, 0.01 mmol, 5 mol%), 

the reaction was further stirred at 80 °C for 12 h. After removed the solvent under 

reduced pressure, the residue was purified by column chromatography on silica gel 

(hexanes/EtOAc = 15:1) to afford the desired product 6ab-6ac. 

 

3-Methyl-1-phenylanthracene-9,10-dione (6ac) 

Yellow solid, mp 179-181 °C, 41.4 mg, 69% yield; petroleum ether : EtOAc = 15 : 1. 

IR (KBr): 3065, 2922, 1630, 1456, 1330, 1269, 1097, 802, 748 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.30 – 8.25 (m, 1H), 8.21 (d, J = 1.2 Hz, 1H), 8.14 – 8.10 (m, 1H), 

7.78 – 7.70 (m, 2H), 7.49 – 7.42 (m, 3H), 7.40 (d, J = 1.2 Hz, 1H), 7.32 – 7.27 (m, 

2H), 2.54 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 183.7, 183.1, 144.6, 143.9, 142.1, 
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138.5, 134.7, 134.6, 134.2, 133.5, 132.9, 128.5, 128.0, 128.0, 127.6, 127.3, 127.1, 

126.7, 21.7. HRMS (ESI) calcd for C21H14O2Na m/z [M + Na]
+
: 321.0886; found: 

321.0887. 

 

7-Methyl-5-phenylnaphthalene-1,4-dione (6ab) 

Yellow solid, mp 113-115 °C, 19.5 mg, 60% yield; petroleum ether : EtOAc = 15 : 1. 

IR (KBr): 2918, 1651, 1454, 1332, 1269, 1033, 842, 760 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.97 (d, J = 1.2 Hz, 1H), 7.45 – 7.39 (m, 3H), 7.37 (d, J = 1.1 Hz, 1H), 7.26 

– 7.22 (m, 2H), 6.91 (d, J = 10.2 Hz, 1H), 6.79 (d, J = 10.2 Hz, 1H), 2.50 (s, 3H). 
13

C 

NMR (100 MHz, CDCl3): δ 185.5, 185.0, 143.8, 141.0, 140.3, 138.1, 136.9, 133.2 

128.1, 128.0, 127.3, 126.9, 126.8, 21.6. HRMS (ESI) calcd for C21H14O2Na m/z [M + 

Na]
+
: 271.0730; found: 271.0739. 

Reaction of 5ad
13
 

 

To a solution of 1,4-cyclohexadiene derivative 5ad (28.6 mg, 0.1 mmol) in H2O (1 

mL) were added 5% Pd/C (10.6 mg, 0.005 mmol, 5 mol%) and acrylic acid (34.3 µL, 

0.5 mmol) under N2. The reaction mixture was refluxed at 120 
o
C. After 24 hours, the 

reaction mixture was cooled to room temperature and filtered over Celite® to remove 

Pd/C. The filtrate was extracted with EtOAc (3 × 10 mL). The combined organic 

layers were washed satd NaHCO3 (3 × 10 mL), dried over NaSO4 and concentrated in 

vacuo. The residue was purified by column chromatography on silica gel 

(hexanes/EtOAc = 15:1) to afford the desired product 6ad. 
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Dimethyl 5-methyl-[1,1'-biphenyl]-2,3-dicarboxylate (6ad) 

Off-white gum, 25.8 mg, 91% yield; petroleum ether : EtOAc = 15 : 1. IR (KBr): 

3033, 2952, 2850, 1728, 1600, 1487, 1237, 1120, 985, 844, 795 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.80 (d, J = 0.9 Hz, 1H), 7.42 – 7.32 (m, 6H), 3.90 (s, 3H), 3.65 (s, 

3H), 2.44 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 169.4, 166.4, 140.6, 139.4, 139.3, 

134.8, 132.0, 129.4, 128.5, 128.2, 127.8, 52.5, 52.2, 21.1. HRMS (ESI) calcd for 

C17H16O4Na m/z [M + Na]
+
: 307.0941; found: 307.0946. 
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Figure S1. X-ray structure of 3u 
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