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General Information. THF and toluene were distilled from sodium benzophenone ketyl under 

nitrogen. Tetrakis(triphenylphosphine)palladium(0), copper(I) iodide, copper(II) acetate and other 

commercial substrates were purchased and used as received. 2-Iodo-4-methylphenol and 3-

phenylpropiolonitrile were prepared according to the literature procedure.
1,2

 All reduction procedures 

were carried out with standard schlenk tube techniques under a nitrogen atmosphere.. 

 

Experimental Section 

 

3-(2-hydroxy-5-methylphenyl)propiolonitrile. The title compound was 

synthesized according to the literature procedure.
2,3

 2-Iodo-4-methylphenol (3.6 mg, 

15 mmol), tetrakis(triphenylphosphine)palladium(0) (347 mg, 0.3 mmol), and 

copper(I) iodide (171 mg, 0.9 mmol) were dissolved in freshly distilled toluene (50 

mL) under nitrogen at room temperature. Piperidine (3.0 mL, 30 mmol) was added, followed by slow 

addition of propargyl alcohol (1.1 mL, 18 mmol) via syringe (Caution: exothermic reaction, when 

propargyl alcohol was added). The resulting dark brown reaction mixture was stirred at 50 ℃ for 3 h 

under nitrogen and allowed to reach room temperature. The dark brown crude product filtered over a 

pad of silica gel and the solvent was removed under reduced pressure. To a solution of crude product in 

THF (20 mL), placed in a 100 mL round-bottom flask, were added a 2 M solution of ammonia in 2-

propanol (26 mL, 52 mmol) and anhydrous magnesium sulfate (12 g, 100 mmol). Then, activated 

manganese dioxide (17 g, 195 mmol) was added to the solution. The resulting mixture was stirred at 

room temperature for 2 h and then diluted with ethyl acetate (20 mL). The reaction mixture was filtered 

through celite and washed well with dichloromethane, and the combined filtrates concentrated under 

reduced pressure. The residue was purified by flash column chromatography (SiO2, hexane/EtOAc 5:1) 

to give 2.04 g of product as a pale yellow solid (87%) for two steps: 
1
H NMR (CDCl3, 300 MHz) δ 

7.31–7.45 (m, 3H), 2.46 (s, 3H); 
13

C NMR (75.4 MHz, CDCl3) δ 154.2, 134.3, 130.0, 127.1, 125.6, 

OH

CH3

CN

3a
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122.0, 118.3, 112.0, 111.5, 21.2; IR (neat) 2262 cm
-1

; Anal. calcd for C10H7NO: C 76.42; H 4.49; N 

8.91. found C 76.50; H 4.50; N 8.88. 

 

3-(2-methoxy-5-methylphenyl)propiolonitrile. Using the same procedure of 

3a,  1.79 g of product was isolated as a yellow oil (70%): 
1
H NMR (CDCl3, 300 

MHz) δ 7.31 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 3.87 (s, 

3H), 2.28 (s, 3H); 
13

C NMR (75.4 MHz, CDCl3) δ 160.8, 134.9, 134.2, 129.9, 

110.7, 105.8, 105.6, 80.7, 65.9, 55.5, 19.7; IR (neat) 2262 cm
-1

;
 
Anal. calcd for C11H9NO: C 77.17; H 

5.30; N 8.18. found C 77.20; H 5.40; N 8.18. 

 

Scheme 1. Reactions which failed to efficiently give the stereoselective unsaturated nitriles 

 

We attempted various kinds of the literature procedure such as a Heck,
4
 a Suzuki-Miyaura cross 

coupling,
5
 an Aldol-type condensation,

6
 and a HWE olefination reaction

7
 for the stereoselective 
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preparation of unsaturated nitriles. But the reactions resulted in low conversion and production of a 

inseparable mixture of (E)- and (Z)-isomers. 

General Procedure for Copper-Catalyzed Stereoselective Hydroarylation:
8
 To a solution of 

alkynenitrile 3 (5 mmol) and arylboronic acid (10 mmol) in methanol (10 mL) was added CuOAc (30.5 

mg, 0.25 mmol). The reaction mixture stirred at room temperature under a nitrogen atmosphere for 6 h. 

After filtration of the reaction mixture through a pad of celite to remove insoluble materials, the filtrate 

was concentrated in vacuo. The residue was purified by flash column chromatography (SiO2, 

hexane/EtOAc = 20:1). 

 

 (Z)-3-(2-hydroxy-5-methylphenyl)-3-phenylacrylonitrile. Using the 

hydroarylation procedure, 3a (786 mg, 5mmol) and phenylboronic acid (1.2 g, 10 

mmol) were employed to afford 830 mg of product as a pale yellow solid (71%): 
1
H 

NMR (CDCl3, 300 MHz) δ 7.55–7.53 (m, 3H), 7.48–7.43 (m, 2H), 7.38–7.32 (m, 

2H), 7.25 (s, 1H), 6.35 (s, 1H), 2.33 (s, 3H); 
13

C NMR (75.4 MHz, CDCl3) δ 161.1, 155.8, 152.4, 135.4, 

134.0, 133.0, 129.7, 129.0, 128.5, 126.8, 118.8, 117.2, 115.3, 21.1; IR (neat) 2211 cm
-1

; Anal. calcd for 

C16H13NO: C 81.68; H 5.57. found C 81.42; H 5.58; HRMS (EI) calcd for C16H13NO 235.0997, found 

235.0988. 

 

 (E)-3-(2-hydroxy-5-methylphenyl)-3-phenylacrylonitrile. Using the 

hydroarylation procedure, 3-phenyl-propiolonitrile (423 mg, 3 mmol) and 5-methyl-

2-(trimethylsilyloxy)phenylboronic acid (1.33 g, 6 mmol) were employed to afford 

702 mg of (E)-3-(5-methyl-2-(trimethylsilyloxy)phenyl)-3-phenyl-acrylonitrile 

(76%). To a solution of the TMS protected-adduct in THF (5 mL) was added a 1 M solution of TBAF in 

THF (4.5 mL, 4.5 mmol) and stirred at room temperature for 3 h.  The reaction was quenched with water 

and the reaction mixture was extracted with EtOAc (3 x 20 mL). The combined organic layers were 

dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column 

CH3

OH
NC

(Z)-1a

(E)-1a

CH3

OH
CN
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chromatography (SiO2,  hexane/EtOAc 3:1) to give 496 mg of product as a yellow oil (92%): 
1
H NMR 

(CDCl3, 300 MHz) δ 7.47–7.42 (m, 5H), 7.28–7.24 (m, 2H), 7.10–7.07 (m, 1H), 5.72 (s, 1H), 2.34 (s, 

3H); 
13

C NMR (75.4 MHz, CDCl3) δ 163.6, 139.2, 138.7, 137.4, 131.5, 130.2, 129.8, 129.2, 128.8, 

128.7, 126.0, 118.3, 94.9, 21.6; IR (neat) 2211 cm
-1

; Anal. calcd for C16H13NO: C 81.68; H 5.57; N 5.95. 

found C 81.73; H 5.68; N 5.63. 

 

 (Z)-3-(2-methoxy-5-methylphenyl)-3-phenylacrylonitrile. Using the 

hydroarylation procedure, 3b (855 mg, 5 mmol) and phenylboronic acid (1.2 g, 

10 mmol) were employed to afford 990 mg of product as a white solid (80%): 
1
H 

NMR (CDCl3, 300 MHz) δ 7.40–7.29 (m, 5H), 7.22 (d, J = 8.4 Hz, 1H), 7.01 (s, 

1H), 6.90 (d, J = 8.4 Hz, 1H), 5.88 (s, 1H), 3.69 (s, 3H), 2.32 (s, 3H); 
 13

C NMR (75.4 MHz, CDCl3) δ 

160.5, 155.5, 138.4, 131.9, 131.6, 130.0, 129.6, 128.7, 128.4, 128.2, 118.3, 111.8, 97.5, 55.9, 20.5; IR 

(neat) 2217 cm
-1

; Anal. calcd for C17H15NO: C 81.90; H 6.06; N 5.62. found C 81.82; H 6.21; N 5.59. 

 

 (E)-3-(2-methoxy-5-methylphenyl)-3-phenylacrylonitrile. Using the 

hydroarylation procedure, 3-phenyl-propiolonitrile (423 mg, 3 mmol) and 2-

methoxy-5-methylphenylboronic acid (996 mg, 6 mmol) were employed to 

afford 450 mg of product as a white solid (60%): 
1
H NMR (CDCl3, 300 MHz) δ 

7.44–7.40 (m, 5H), 7.16 (d, J = 8.4 Hz, 1H), 6.88 (s, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.82 (s, 1H), 3.65 (s, 

3H), 2.25 (s, 3H); 
13

C NMR (75.4 MHz, CDCl3) δ 160.3, 154.9, 138.4, 131.5, 131.2, 130.2, 130.1, 128.7, 

127.3, 126.0, 117.8, 111.7, 96.6, 55.8, 20.5; IR (neat) 2217 cm
-1

; Anal. calcd for C17H15NO: C 81.90; H 

6.06; N 5.62. found C 81.83; H 6.22; N 5.47. 

 

The stereochemical assignments of (Z)-1b and (E)-1b were determined by NOE experiments. In the 

case of (Z)-isomer, irradiation of the vinyl proton at δ 5.88 gave no enhancement. On the other hand, in 

the case of (E)-isomer, irradiation of the vinyl proton at δ 5.82 gave 2.46 % enhancement of the methoxy 

(Z)-1b

CH3

O
NCH3C

CH3

O
CN

(E)-1b

H3C
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hydrogens and 2.14 % enhancement of the methyl hydrogens. The stereochemistry of 1a was determined 

by comparing 
1
H NMR of the methylation products of 1a with those of authentic (Z)- and (E)-1b. 

Figure 1. NOE spectra of (Z)-1b and (E)-1b 

 

General Procedure for Copper-Catalyzed Enantioselective Reduction: Cu(OAc)2 (1.82 mg, 0.010 

mmol) and Josiphos ligand (6.41 mg, 0.010 mmol, ethanol adduct) were placed in an oven-dried 

Schlenk tube. Toluene (0.5 mL) was added under a nitrogen atmosphere and the reaction mixture was 

stirred for 10 min at room temperature. PMHS (75 µL, 1.25 mmol) was added to the reaction mixture 

and stirred for 5 min for catalyst activation. The unsaturated nitrile (0.5 mmol) and toluene (0.5 mL) 

were added, followed by t-BuOH (191 µL, 2.0 mmol). The reaction was sealed, and stirred until the 

starting material was completely consumed as judged by TLC. The reaction mixture was quenched with 

water and transferred to a round-bottomed flask with an aid of EtOAc (10 mL), and NaOH (2.5 M, 1.2 

mL) was added. The biphasic mixture was stirred vigorously for 0.5 h. The layers were separated and the 

aqueous layer was extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with 

brine, dried over MgSO4, and concentrated in vacuo. The product was purified by chromatography. 

 

 (R)-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanenitrile. Using the general 

procedure for the enantioselective reduction, (Z)-1a (118 mg, 0.5 mmol) were 

(R)-2a

CH3

OH
CN
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employed to afford 102 mg of product as a pale yellow oil (86%): 
1
H NMR (CDCl3, 300 MHz) δ 7.37–

7.25 (m, 3H), 7.17–7.03 (m, 4H) 6.78 (s, 1H), 4.29 (t, J = 6.7 Hz, 1H), 3.02 (sept, J = 7.5 Hz, 2H), 2.25 

(s, 3H); 
13

C NMR (75.4 MHz, CDCl3) δ 154.6, 141.0, 129.9, 129.4, 128.8, 128.6, 127.8, 127.0, 119.0, 

110.9, 55.5, 40.9, 22.7, 20.7; IR (neat) 2245 cm
-1

; Anal. calcd for C16H15NO: C 80.98; H 6.37; N 5.90. 

found C 80.84; H 6.69; N 5.78.
 
The ee (96% ee) was measured by chiral HPLC on an OD-H column (i-

PrOH/hexane 10:90, 0.5 mL/min); (R)-isomer tr = 16.8 min and (S)-isomer tr = 18.9 min. 

 

 (S)-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanenitrile. Using the general 

procedure for the enantioselective reduction, (E)-1a (118 mg, 0.5 mmol) were 

employed to afford 108 mg of product as a pale yellow oil (91%); The ee (86% ee) 

was measured by chiral HPLC on an OD-H column (i-PrOH/hexane 10:90, 0.5 

mL/min): (R)-isomer tr = 16.6 min and (S)-isomer tr = 18.9 min. 

 

Figure 2. HPLC spectra of 2a 

(R)-2a (S)-2a

racemic

 

 

(S)-2a

CH3

OH
CN
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 (R)-3-(2-methoxy-5-methylphenyl)-3-phenylpropanenitrile. Using the 

general procedure for the enantioselective reduction, (Z)-1b (125 mg, 0.5 mmol) 

were employed to afford 109 mg of product as a white oil (87%): 
1
H NMR 

(CDCl3, 300 MHz) δ 7.61–7.22 (m, 5H), 7.02 (br d, J = 7.5 Hz, 1H), 6.85 (s, 

1H), 6.77 (d, J = 8.1 Hz, 1H), 4.74 (t, J = 7.5 Hz, 1H), 3.77 (s, 3H), 3.08 (dd, J = 16.5, 6.9 Hz, 1H), 

2.98 (dd, J = 16.8, 8.4 Hz, 1H), 2.24 (s, 3H);
 13

C NMR (75.4 MHz, CDCl3) δ  141.6, 141.4, 138.8, 129.1, 

129.0, 128.6, 128.4, 127.8, 127.6, 124.7, 118.8, 47.4, 31.9, 24.5, 21.7; IR (neat) 2250 cm
-1

; Anal. calcd 

for C17H17NO: C 81.24; H 6.82; N 5.57. found C 81.21; H 6.83; N 5.65.
 
The ee (92% ee) was measured 

by chiral HPLC on an OD-H column (i-PrOH/hexane 10:90, 0.5 mL/min): (R)-isomer tr = 18.9 min and 

(S)-isomer tr = 21.4 min. 

 

 (S)-3-(2-methoxy-5-methylphenyl)-3-phenylpropanenitrile. Using the 

general procedure for the copper catalyzed enantioselective reduction, (E)-1b 

(125 mg, 0.5 mmol) were employed to afford 106 mg of product as a white oil 

(85%); The ee (90% ee) was measured by chiral HPLC on an OD-H column (i-

PrOH/hexane 10:90, 0.5 mL/min): (R)-isomer tr = 18.7 min and (S)-isomer tr = 20.6 min. 

 

The absolute configuration of (R)- and (S)-2b was determined by comparison with HPLC data of the 

compounds obtained by methylation of 2a whose stereochemistry was already known. 

CH3

O
CN

(R)-2b

H3C

CH3

O
CN

(S)-2b

H3C
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Figure 3. HPLC spectra of 2b 

racemic

(S)-2b(R)-2b

 

 (R)-Tolterodine.
9
 To a solution of (R)-2a (100 mg, 0.42 mmol) in 

anhydrous toluene (3 mL) was added dropwise a solution of 1 M 

DIBAL-H in toluene (500 µL, 0.5 mmol) at 0 ℃ under a nitrogen 

atmosphere. The reaction was quenched after 5 h with EtOAc, a solution of sulfuric acid was added, and 

then the solution was stirred at room temperature overnight. The aqueous phase was extracted with 

EtOAc (3 x 20 mL), the organic phases were dried over Na2SO4 and filtered, and the solvent was 

removed under reduced pressure. To a solution of the crude product in 1,2-dichloroethane (3 mL) were 

added diisopropylamine (280 µL, 2 mmol) and sodium triacetoxyborohydride (59.4 mg, 2 mmol), and 

the reaction mixture was stirred at room temperature for 16 h. Aqueous NaHCO3 was added and the 

mixture was extracted with EtOAc. The combined organic extracts were dried over MgSO4, filtered, and 

the solvent was removed under reduced pressure. Flash chromatography (SiO2, hexane/EtOAc = 9:10) 

afforded 86 mg of product as a colorless oil (63 %): 
1
H NMR (CDCl3, 300 MHz) δ 7.32–7.29 (m, 4H), 

OH

H3C
N(i-Pr)2
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7.24–7.20 (m, 1H), 6.84 (dd, J = 8.2, 2.0 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.54 (s, 1H), 4.48 (dd, J = 

11.1, 3.8 Hz, 1H), 3.21 (sept, J = 6.7 Hz, 2H), 2.72–2.69 (m, 1H), 2.40–2.30 (m, 2H), 2.11 (s, 3H), 

2.11–2.04 (m, 1H), 1.12 (d, J = 6.7 Hz, 6H), 1.06 (d, J = 6.7 Hz, 6H); 
13

C NMR (75.4 MHz, CDCl3) δ 

153.0, 144.7, 132.3, 129.1, 128.5, 128.3, 128.2, 127.6, 125.9, 117.8, 47.9, 42.2, 39.5, 33.5, 20.6, 19.9, 

19.5; [α]D
23

 +19.6 (c 0.5, MeOH) [lit. value : [α]D
20

 +22.0 (c 0.32, MeOH) for (R)-tolterodine]. 
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