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1. General 

All moisture-sensitive manipulations were carried out with standard Schlenk techniques under 

nitrogen or argon. Toluene was distilled from sodium under nitrogen. Cs2CO3 (Sinopharm Chemical 

Reagent Co., Ltd), 4-methyl-1-naphthaleneboronic acid (Accela ChemBio Inc.), 1-

naphthaleneboronic acid (Acros), 1-bromo-2-methylnaphthalene (Acros) were used as received. 

NMR spectra were recorded on a Bruker 400 MHz. Chemical shifts are reported in δ ppm 

referenced to an internal SiMe4 standard for 
1
H NMR and residual CHCl3 (δ 77.00) for 

13
C NMR. 

The in situ IR experiments were performed on a React IR iC10 from Mettler-Toledo AutoChem 

fitted with a SiComp probe. Optical rotations were measured on a JASCO P-1030 polarimeter. 

Diene ligands,
1
 PdCl2(PhCN)2,

2
 3b

3
 were synthesized following the literature procedures. 

 

2. General procedure for the synthesis of [PdCl2(diene)] complexes 

 

To a solution of PdCl2(PhCN)2 (153.4 mg, 0.4 mmol) in dry benzene (4 ml) at room temperature 

under argon atmosphere was added the solution of diene (0.4 mmol) in dry benzene (8 ml). The 

mixture was stirred overnight. The precipitate was filterd, residue was recrystallized from ether and 

chloroform to give the [PdCl2(diene)] complexes. 

 

       

2a. 55% yield, 
1
H NMR (300 MHz, CDCl3): δ 2.77 (d, 2H, J = 16.2Hz), 3.20 (s, 2H), 3.62 (d, 2H, J 

=16.2Hz), 6.79 (s, 2H), 7.14-7.53 (m, 6H), 8.06 (d, 4H, J = 6.9). 

 

                                                           

 
1 Z.-Q. Wang, C.-G. Feng, M.-H. Xu, G.-Q. Lin, J. Am. Chem. Soc. 2007, 129, 5336. 
2 Braunstein, P.; Bender, R.; Jud, J. Inorg. Synth. 1989, 26, 341. 
3 Schulte, B.; Froehlich, R.; Studer, A. Tetrahedron 2008, 64, 11852. 
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2d. 63% yield, 1H NMR (400 MHz, CDCl3): δ 2.36 (s, 12H), 2.71 (d, 2H, J =14.8Hz), 3.12 (s, 2H), 

3.58 (d, 2H, J =16.0Hz), 6.72 (s, 2H), 7.15 (s, 2H), 7.67 (s, 4H). 

 

 

3. Synthesis of starting materials 

3-(benzyloxy)-2-bromo-4-methoxybenzaldehyde (3c) 
4
 

 

A round-bottomed flask was charged with 3-Hydroxy-4-methoxybenzaldehyde (15.21g, 0.1 mol) 

and acetic acid (150 ml). The mixture was cooled to 0 
o
C and Bromine (5 ml in 20 ml acetic acid, 

0.1 mol) was added dropwise. The solution was warmed gradually to ambient temperature and 

stirred for 3h. After reaction finished, the solution was poured into ice water (200 ml) and stirred for 

30 min. The precipitate was filtered and recrystallization from hot acetic acid gave 2-bromo-3-

hydroxy-4-methoxybenzaldehyde as a white solid (16.2 g, 70% yield). 

A solution of 2-bromo-3-hydroxy-4-methoxybenzaldehyde (4.62 g, 20 mmol, 1.0 equiv), potassium 

carbonate (6.92 g, 50 mmol, 2.5 equiv), BnBr (4.8 ml, 40 mmol, 2.0 equiv) in acetone (20 ml) was 

refluxed for 3 h. The solution was diluted with ethyl acetate and filtered, filtrate was concentrated 

and the residue was purified by flash chromatography on silica gel to give the title compound as a 

white solid (3.68 g, 58%). 
1
HNMR (400 MHz, CDCl3) δ 3.94 (s, 3H), 5.05 (s, 2H), 6.97 (d, J = 

8.8Hz, 1H), 7.25-7.56 (m, 5H), 7.75 (d, J = 8.8 Hz, 1H), 10.26 (s, 1H). 
13

C NMR (100 MHz, 

CDCl3): δ 56.27, 74.78, 110.94, 123.45, 126.53, 127.46, 128.28, 128.37, 128.46, 136.63, 145.15, 

158.74, 190.93. 

 

2-bromo-4-methoxy-3-(4-methoxybenzyloxy)benzaldehyde (3d) 

MeO

O CHO

Br
O  

                                                           

 
(4) Cheng, B.; Zhang, S.; Zhu, L.; Zhang, J.; Li, Q.; Shan, A.; He, L. Synthesis 2009, 2501. 
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A solution of 2-bromo-3-hydroxy-4-methoxybenzaldehyde (924 mg, 4 mmol, 1.0 equiv), potassium 

carbonate (1.2 g, 8 mmol, 2.0 equiv), 4-methoxybenzyl chloride (813 uL, 6 mmol, 1.5 equiv) in 

DMF (5 ml) was refluxed for 3 h. The solution was diluted with ethyl acetate and filtered, filtrate 

was concentrated and the residue was purified by flash chromatography on silica gel to give the title 

compound as a white solid (912 mg, 65%). 
1
H NMR (400 MHz, CDCl3) δ3.81 (s, 3H), 3.95 (s, 3H), 

4.99 (s, 2H), 6.89-6.97 (m, 3H), 7.44-7.46 (m, 2H), 7.72-7.74 (m, 1H), 10.25 (s, 1H). 
13

C NMR 

(100 MHz, CDCl3): δ 55.24, 56.25, 74.55, 110.89, 113.75, 123.53, 126.43, 127.42, 128.75, 130.29, 

145.10, 158.77, 159.74, 190.99. ESI-MS: 373.0 [M+Na]
+
. HRMS calcd for C16H15BrO4Na 

[M+Na]
+
 373.00459, found 373.00528. 

 

2-methyl-3,4-dihydronaphthalen-1-yl trifluoromethanesulfonate (3e) 

 

To a mixture of 2,6-lutidine (1.1 mL, 9.5 mmol, 1.9 equiv), triflic anhydride (1.9 mL, 11.2 mmol, 

2.2 equiv) and CH2Cl2 (20 mL) under nitrogen at -78 
o
C  was add  a solution of 2-Methyl-1-

tetralone (760 uL, 5 mmol, 1.0 equiv) in CH2Cl2 (5 ml). The mixture was allowed to warm to 

ambient temperature and stirred for 24 h, the solvent was removed, and the residue was diluted with 

petroleum ether and washed with 1N HCl, saturated aqueous NaHCO3 and brine. The organic layer 

was dried over MgSO4, filtered, concentrated, the residue was purified by flash chromatography on 

silica gel to give the title compound as a white solid (912 mg, 65%).  
1
H NMR (400 MHz, CDCl3) 

δ2.00 (s, 3H), 2.43 (t, J = 8.0Hz, 2H), 2.85 (t, J = 8.0Hz, 2H), 7.13-7.33 (m, 4H). 
13

C NMR (100 

MHz, CDCl3): δ 17.52, 27.12, 29.77, 118.59(q, J = 320 Hz), 120.18, 126.68, 127.32, 128.00, 129.51, 

129.71, 135.18, 140.93. EI-MS (m/z): 292(M
+
). HRMS m/z calcd for C12H11F3O3S 292.0381 found 

292.0386. 

 

 



 5 

4. In situ IR experiment 

An oven dried self-prepared three-necked micro reactor with a magnetic stirrer was charged with 3d 

(98.4 mg, 0.2 mmol, 1 eq), 1-naphthaleneboronic acid (68.8 mg, 0.4 mmol, 2 eq). The reactor was 

allowed to be vacuumed and purged with nitrogen for three times. 2 ml dry toluene was injected via 

a syringe. The mixture was reacted at room temperature for 15 minutes and then 2-bromo-3-

methylbenzaldehyde (40 mg, 0.2 mmol, 1 eq) was added. 45 minutes later, 1 equiv 1-

naphthaleneboronic acid was added. The whole reaction progress was monitored by in situ IR. 

 

 

 

 

 

5555. General Procedure for the Suzuki-Miyaura coupling reaction 

A dry schlenk tube was charged with aryl halide (alkenyl triflate) (0.2 mmol, 1.0 equiv), 

arylboronic acid (0.3 mmol, 1.5 equiv), Cs2CO3 (163 mg, 0.5 mmol), PdCl2(diene) (0.01 mmol, 5 

mol%), diene (0.03 mmol, 15 mol%), dry toluene (1.5 mL). The mixture was degassed using 

Freeze-Pump-Thaw cycling with liguid nitrogen, and then stirred at indicated temperature until 

consumption of the aryl (alkenyl triflate) (monitored by TLC). To the Mixture was add water (10 

mL), extracted with ethyl acetate. Organic phase was dried over MgSO4, filtered, concentrated, the 

residue was purified by flash chromatography on silica gel using petroleum ether or petroleum 

ether-ethyl acetate mixtures as eluents. 
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78% yield, [α]
23

D +41.8 (c 0.90, CHCl3) for 90% ee. 
1
H NMR (400 MHz, CDCl3) 

δ2.10 (s, 3H), 7.13-7.28 (m, 4H), 7.36-7.50 (m, 4H), 7.58-7.62 (m, 1H), 7.87 (dd, 

2H, J = 8.8Hz, 2.4Hz), 7.94 (d, 2H, J = 8.4 Hz). 
13

C NMR (100 MHz, CDCl3): δ 

20.48, 124.80, 125.63, 125.85, 125.88, 126.00, 126.11, 126.26, 127.54, 127.62, 

127.73, 127.76, 128.26, 128.59, 132.00, 132.59, 133.48, 133.76, 134.38, 136.07, 137.50. EI-MS 

(m/z): 268(M
+
). HRMS m/z calcd for C21H16 268.1252 found 268.1255. HPLC: Chiralcel OJ-H 

Column (250 mm); detected at 224 nm; n-hexane / i-propanol = 95/5; flow = 1.0 mL/min; Retention 

time: 7.7 min (minor), 12.9 min (major).  

 

 

 

 

Me

5a
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90% yield, [α]
23

D +2.2 (c 2.48, CHCl3) for 84% ee. 
1
H NMR (400 MHz, CDCl3) 

δ1.90(s, 3H), 2.15(s, 3H), 7.09-7.41(m, 8H), 7.74-7.83 (m, 2H). 
13

C NMR (100 

MHz, CDCl3): δ 19.51, 20.29, 124.74, 125.71, 125.87, 125.93, 127.09, 127.39, 

127.81, 128.57, 129.71, 130.03, 132.01, 132.56, 133.05, 136.79, 137.49, 139.20. 

EI-MS (m/z): 232(M
+
). HRMS m/z calcd for C18H16 232.1252 found 232.1253. HPLC: Chiralcel 

OJ-H Column (250 mm); detected at 224 nm; n-hexane / i-propanol = 98/2; flow = 1.0 mL/min; 

Retention time: 6.8 min (minor), 8.7 min (major).  

 

 

 

 

 

Me

Me

5b
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97% yield, [α]
23

D -1.8 (c 0.39, CHCl3) for 87% ee. 
1
H NMR (400 MHz, CDCl3) 

δ1.88(s, 3H), 2.16(s, 3H), 2.42(s, 3H), 6.98-7.42(m, 7H), 7.75-7.84 (m, 2H). 
13

C 

NMR (100 MHz, CDCl3): δ19.43, 20.34, 21.20, 124.67, 125.79, 125.82, 126.66, 

126.97, 127.79, 128.57, 129.93, 130.76, 132.04, 132.80, 133.25, 136.17, 136.58, 

136.86, 137.56. EI-MS (m/z): 246(M
+
). HRMS m/z calcd for C19H18 246.1409 

found 246.1412. HPLC: Chiralcel OJ-H Column (250 mm); detected at 224 nm; n-hexane / i-

propanol = 98/2; flow = 1.0 mL/min; Retention time: 5.7 min (minor), 17.4 min (major). 

 

 

 

Me

Me

Me

5c
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90% yield, [α]
23

D -47.8 (c 0.63,CHCl3) for 73% ee. 
1
H NMR (400 MHz, CDCl3) δ 

1.98 (s, 3H), 7.27-7.59 (m, 7H), 7.94 (d, 3H, J =8.4 Hz), 9.46 (s, 1H). 
13

C NMR 

(100 MHz, CDCl3): δ 19.44, 124.53, 125.13, 125.49, 126.14, 126.66, 127.75, 

127.92, 128.32, 128.37, 132.32, 133.36, 134.27, 135.06, 135.36, 138.22, 143.53, 

192.35. ESI-MS: 247.2 [M+H]
+
, 269.1 [M+Na]

+
, 285.0 [M+K]

+
. HRMS calcd for C18H15O [M+H]

+
 

247.11174, found 247.11177. HPLC: Chiralpak AS-H Column (250 mm); detected at 224 nm; n-

hexane / i-propanol = 98/2; flow = 1.0 mL/min; Retention time: 11.0 min (major), 17.5 min (minor). 

 

 

 

 

Me CHO

5d
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99% yield, [α]
23

D -49.6 (c 1.10, CHCl3) for 70% ee. 
1
H NMR (400 MHz, CDCl3) δ 

1.98 (s, 3H), 2.77 (s, 3H), 7.21-7.57 (m, 7H), 7.93 (d, 1H, J =8.4 Hz), 8.09 (d, 1H, J 

=8.4 Hz), 9.48 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 19.48, 19.54, 124.55, 

124.60, 126.00, 126.25, 126.32, 127.59, 127.87, 132.48, 132.54, 132.62, 134.80, 

135.29, 135.34, 138.47, 143.97, 192.67. EI-MS (m/z): 260(M
+
). HRMS m/z calcd 

for C19H16O 260.1201 found 260.1204. HPLC: Chiralpak AD-H Column (250 mm); detected at 224 

nm; n-hexane / i-propanol = 98/2; flow = 0.7 mL/min; Retention time: 7.7 min (minor), 9.1 min 

(major). 

 

 

 

 

Me CHO

Me

5e
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90% yield, [α]
23

D +4.8 (c 1.10,CHCl3) for 58% ee. 
1
H NMR (400 MHz, CDCl3) δ 

1.99 (s, 3H), 2.04 (s, 3H), 7.10 (d, 1H, J =7.6 Hz), 7.25-7.54 (m, 5H), 7.86 (d, 1H, J 

=7.6 Hz), 9.61 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 19.39, 19.82, 124.57, 125.89, 

127.57, 128.07, 129.56, 130.04, 133.98, 135.48, 136.09, 136.26, 137.20, 144.98, 

192.56. EI-MS (m/z): 210(M
+
). HRMS m/z calcd for C15H14O 210.1045 found 210.1049. HPLC: 

Chiralcel OJ-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 98/2; flow = 0.7 

mL/min; Retention time: 8.4 min (minor), 9.1 min (major). 

 

 

 

 

 

Me CHO

Me 5f
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97% yield, [α]
27

D +7.7 (c 0.73,CHCl3) for 65% ee. 
1
H NMR (400 MHz, CDCl3) δ 

1.95 (s, 3H), 2.03 (s, 3H), 2.39 (s, 3H), 6.97 (d, 1H, J = 7.8 Hz), 7.08 (d, 1H, J = 

7.6Hz), 7.12 (s, 1H), 7.38 (t, 1H, J = 7.6Hz), 7.51 (d, 1H, J = 7.6 Hz), 7.84 (d, 1H, J 

= 7.8 Hz), 9.61 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 19.46, 19.78, 21.13, 124.57, 

126.65, 127.48, 129.56, 130.85, 133.27, 134.27, 135.44, 135.94, 137.50, 137.74, 

145.20, 192.88. EI-MS (m/z): 224(M
+
). HRMS m/z calcd for C16H16O 224.1206 found 224.1205. 

HPLC: Chiralcel OJ-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 98/2; flow = 

1.0 mL/min; Retention time: 5.2 min (minor), 5.8 min (major). 

 

 

 

 

Me CHO

Me

Me

5g
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93% yield, [α]
23

D -93.0 (c 0.94, CHCl3) for 65% ee. 
1
H NMR (300 MHz, 

CDCl3): δ 4.03 (s, 3H), 4.64(q, 2H, J =10.5Hz), 6.63 (d, 2H, J = 7.2Hz), 

7.01-7.18(m, 4H), 7.33-7.54 (m, 5H), 7.90-7.96 (m, 3H), 9.36 (s, 1H).    
13

C 

NMR (75 MHz, CDCl3): δ 56.01, 74.82, 111.64, 124.58, 124.89, 125.91, 

125.99, 126.58, 127.58, 127.76, 127.87, 128.17, 128.49, 128.58, 128.89, 

131.03, 132.98, 133.25, 136.71, 139.02, 145.56, 157.98, 190.87. ESI-MS: 369.2 [M+H]
+
, 

391.2 [M+Na]
+
, 407.1 [M+K]

+
. HRMS calcd for C25H10O3Na [M+Na]

+
 391.13101, found 

391.13190.  HPLC: Chiralpak AD-H Column (250 mm); detected at 254 nm; n-hexane / i-

propanol = 95/5; flow = 0.7 mL/min; Retention time: 19.3 min (major), 21.7 min (minor). 

 

 

 

 

CHO

MeO

BnO

5h



 14 

97% yield, [α]
23

D -86.0 (c 0.65,CHCl3) for 69% ee. 
1
H NMR (400 MHz, 

CDCl3) δ 2.77 (s, 3H), 4.00 (s, 3H), 4.63(q, 2H, J =10.8Hz), 6.64(d, 2H, J 

=7.2 Hz), 7.02-7.51 (m, 9H), 7.93 (d, 1H, J =8.8 Hz), 8.06 (d, 1H, J =8.4 Hz), 

9.38 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 19.50, 55.99, 74.83, 111.55, 

124.31, 124.51, 125.71, 125.81, 126.17, 126.60, 127.50, 127.74, 127.81, 

128.35, 129.08, 129.22, 132.44, 133.06, 134.89, 136.87, 139.37, 145.74, 157.96, 191.05. EI-

MS (m/z): 382(M
+
). HRMS m/z calcd for C26H22O3 382.1569 found 382.1572. HPLC: 

Chiralpak AD-H Column (250 mm); detected at 224 nm; n-hexane / i-propanol = 90/10; 

flow = 0.7 mL/min; Retention time: 9.6 min (minor), 19.2 min (major). 

 

 

 

 

CHO

MeO

BnO

5i
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83% yield, [α]
23

D -94.1 (c 1.00, CHCl3) for 65% ee. 
1
H NMR (400 MHz, 

CDCl3): δ 3.67 (s, 3H), 3.99 (s, 3H), 4.58(q, 2H, J =10.4Hz), 6.54 (s, 4H), 

7.13(d, 1H, J =8.8 Hz), 7.32-7.52 (m, 5H), 7.89-7.94 (m, 3H), 9.36 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 55.06, 55.99, 74.44, 111.59, 113.23, 

124.47, 124.86, 125.92, 125.94, 126.53, 128.11, 128.42, 128.62, 128.88, 

129.51, 131.09, 132.97, 133.20, 139.04, 145.44, 158.03, 159.10, 190.89. EI-MS (m/z): 

398(M
+
). HRMS m/z calcd for C26H22O4 398.1518, found 398.1514. HPLC: Chiralcel OD-H 

Column (250 mm); detected at 224 nm; n-hexane / i-propanol = 90/10; flow = 0.7 mL/min; 

Retention time: 18.6 min (major), 26.4 min (minor). 

 

 

 

 

CHO

MeO

O
PMB

5j



 16 

72% yield, [α]
23

D -24.7 (c 0.88, CHCl3) for 48% ee. 
1
H NMR (400 MHz, 

CDCl3) δ 1.61(s, 3H), 2.51(m, 2H), 3.00(m, 2H) ,6.36 (d, 1H, J = 7.6 Hz) 6.87 

(t, 1H, J = 7.4 Hz) , 7.03 (t, 1H, J = 7.4 Hz), 7.16-7.54 (m, 5H) , 7.69 (d, 1H, J 

= 8.4 Hz), 8.76 (q, 2H, J = 8.4 Hz). 
13

C NMR (100 MHz, CDCl3): δ 21.42, 

28.38, 30.18, 125.10, 125.68, 125.70, 125.82, 125.90, 126.00, 126.26, 127.01, 127.16, 

127.64, 128.23, 131.47, 132.50, 133.76, 134.48, 135.80, 136.83, 137.58. EI-MS (m/z): 

270(M
+
). HRMS m/z calcd for C21H18 270.1409 found 270.1413. HPLC: Chiralcel OJ-H 

Column (250 mm); detected at 224 nm; n-hexane / i-propanol = 95/5; flow = 0.7 mL/min; 

Retention time: 5.6 min (minor), 7.0 min (major). 

 

 

 

 

Me

5k



 17 

6. 
1
HNMR and 

13
CNMR Spectra of Compounds 1d, 2d, 5 
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