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1. General remarks
All non-aqueous reactions and manipulations were performed in air atmosphere using standard Schlenk 
techniques. All solvents before use were dried, degassed by standard methods, and stored under nitrogen. The 
reactions were monitored by GC and GC-MS. The 1H NMR and 13C NMR spectra were recorded on a Varian 
INOVA-400 spectrometer at 400 MHz and 100 MHz respectively (Hunan university), and chemical shifts 
were reported in parts per million (ppm) downfield from TMS using the solvent resonance as internal 
standard. Flash column chromatography was performed using silica gel 30-60 μm. GC-MS results were 
recorded on GC-MS QP2010, and GC analysis was performed on GC 7820A (Hunan university). The 
electron ionization (EI) method was used as the ionization method for the HRMS measurement (Thermo 
Finnigan MAT 95 XP, Hunan University). Melting point was recorded on X-4 (digital display micro melting 
point measuring instrument, Gonyiyuhua). Benzonitriles were purchased from Energy Chemical, Alfa Aesar, 
Aladdin or Maya Reagent; 2-phenylacetonitrile was dried and degassed by standard methods and stored under 
nitrogen before use. The TBHP was purchased from Energy Chemical, dried by MgSO4 before use.

2. General procedure
5 mol% catalyst, 0.2 mmol benzonitriles, 1.2 mmol TBHP, 110 mg 4Åx MS were dissolved in 2 mL CH3CN 
under N2 atmosphere and stirred at 60 oC in sealed tube. After completion of the reaction, the resulting 
solution was cooled to room temperature, washed with saturated NaCO3 aqueous solution, and extracted with 
CHCl3 three times. The organic layer was dried over anhydrous MgSO4, and concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel and eluted with petroleum ether to 
afford the desired product.

3. Optimization of reaction conditionsa
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15 -- + CH3CN 89

16d -- + CH3CN 86

17e -- + CH3CN 60

18f -- + CH3CN 29

19g -- + CH3CN --

Entry Metal cat. (5 mol %) Ms 4 Ab Solvent Yield (2a%)c

4 CuCl 36- THF

6 CuCl n-hexane 39-

8 CuCl 35- DMF

aReaction conditions: 2-phenylacetonitrile 1a (0.2 mmol), TBHP (1.2 mmol), cat (5 mol%), additive (110 mg), 
solvent (2 ml),  in 25 mL schlenk tube, 60 oC, N2, 16 h. bAbbreviation: + or - shows the presence or absence of 4A 
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molecular sieves. cGC yields based on 1a using n-hexadecane as internal standard. d80 oC. e100 oC. f40 oC. gdi-tert-
butyl peroxide (DTBP) was employed as oxidant under N2 atmosphere.

1H NMR and 13C NMR data of products
tert-butyl benzoate (2a)1

O

O

Following the general procedure (petroleum ether), 2a was obtained as a white liquid, isolated yield: 82%. 1H 

NMR (CDCl3, 400 MHz): δ 7.98 (d, 2H, J = 4.0 Hz), 7.51 (t, 1H, J = 7.4 Hz), 7.41 (t, 2H, J = 7.6 Hz), 1.60 (s, 

9H); 13C NMR (100 MHz, CDCl3): δ 165.8, 132.4, 132.0, 129.4, 128.2, 81.0, 28.2; GC-MS: m/z = 178.

tert-butyl 4-methylbenzoate(2b)1

.

O

O

Following the general procedure (petroleum ether), 2b was obtained as a white liquid, isolated yield: 81%. 1H 

NMR (CDCl3, 400 MHz): δ 7.76 (d, 2H, J = 8.4 Hz), 7.17 (d, 2H, J = 8.0 Hz), 2.33 (s, 3H), 1.33 (s, 9H); 13C NMR 

(100 MHz, CDCl3): δ 164.5, 144.2, 129.3, 129.1, 124.9, 83.9, 26.3, 21.7; GC-MS: m/z = 192.

tert-butyl 4-methoxybenzoate (2c)1

.

O

O

O

Following the general procedure (petroleum ether), 2c was obtained as a white liquid, isolated yield: 82%. 1H 

NMR (CDCl3, 400 MHz): δ 7.93 (d, 2H, J = 8.8 Hz), 6.88 (d, 2H, J = 8.8 Hz), 3.84 (s, 3H), 1.58 (s, 9H); 13C NMR 

(100 MHz, CDCl3): δ 165.6, 163.0, 131.4, 124.5, 113.4, 80.5, 55.4, 28.3; GC-MS: m/z = 208.

tert-butyl 4-hydroxybenzoate (2d)2

.

O

O

HO

Following the general procedure (petroleum ether), 2d was obtained as a white solid, mp = 128-130 oC isolated 

yield: 72%. 1H NMR (CDCl3, 400 MHz): δ 7.88 (d, 2H, J = 8.8 Hz), 6.85 (d, 2H, J = 8.8 Hz), 1.59 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 165.6, 166.3, 160.1, 131.7, 124.0, 115.1, 81.0, 28.3; GC-MS: m/z = 194.

tert-butyl 4-fluorobenzoate (2e)3

.

O

O

F

Following the general procedure (petroleum ether), 2e was obtained as a pale yellow liquid, isolated yield: 81%. 
1H NMR (CDCl3, 400 MHz): δ 7.98 (d, 2H, J = 4.4 Hz), 7.07 (d, 2H, J = 8.6 Hz), 1.59 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 164.5 (d, JF-C = 251.3 Hz), 163.8, 130.8 (d, JF-C = 9.2 Hz), 127.2 (d, JF-C = 2.9 Hz), 114.1 (d, JF-C 

= 21.7 Hz), 80.2, 27.2; 19F NMR (376 MHz, CDCl3): δ -106.9 (s, 1F); GC-MS: m/z = 196.
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tert-butyl 4-chlorobenzoate (2f)1

.

O

O

Cl

Following the general procedure (petroleum ether), 2f was obtained as white liquid, isolated yield: 78%. 1H 

NMR (CDCl3, 400 MHz): δ 7.91 (d, 2H, J = 8.4 Hz), 7.36 (d, 2H, J = 8.4 Hz), 1.59 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ 164.8, 138.8, 130.8, 130.4, 128.4, 81.4, 28.1; GC-MS: m/z = 212.

tert-butyl 4-bromobenzoate (2g)1

O

O

Br
Following the general procedure (petroleum ether), 2g was obtained as a pale yellow liquid, isolated yield: 83%. 

1H NMR (CDCl3, 400 MHz): δ 7.83 (d, 2H, J = 8.4 Hz), 7.53 (d, 2H, J = 8.4 Hz), 1.58 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 165.0, 131.5, 131.0, 130.9, 127.4, 81.5, 28.2; GC-MS: m/z = 256.

tert-butyl 4-iodobenzoate (2h)4

.

O

O

I

Following the general procedure (petroleum ether), 2h was obtained as a yellow liquid, isolated yield: 69%. 1H 

NMR (CDCl3, 400 MHz): δ 7.74 (d, 2H, J = 8.4 Hz), 7.67 (d, 2H, J = 8.8 Hz), 1.57 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ 165.2, 137.5, 131.5, 131.0, 100.1, 81.4, 28.2; GC-MS: m/z = 303.

tert-butyl 4-(trifluoromethyl)benzoate (2i)5

.

O

O

F3C

Following the general procedure (petroleum ether), 3a was obtained as a pale yellow liquid, isolated yield: 78%. 
1H NMR (CDCl3, 400 MHz): δ 8.09 (d, 2H, J = 8.4 Hz), 7.66 (d, 2H, J = 8.4 Hz), 1.60 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 164.5, 135.2, 134.0 (q, JF-C = 32,3 Hz), 129.8, 125.2 (q, JF-C = 3.8 Hz), 123.7 (q, JF-C = 270.9 Hz), 

81.9, 28.1; 19F NMR (376 MHz, CDCl3): δ -63.0 (s, 3F); GC-MS: m/z = 246.

tert-butyl [1,1'-biphenyl]-4-carboxylate (2j)6

.

O

O

Following the general procedure (petroleum ether), 2j was obtained as a pale yellow liquid, isolated yield: 73%. 
1H NMR (CDCl3, 400 MHz): δ 8.09 (d, 2H, J = 8.0 Hz), 7.65 (t, 4H, J = 8.4 Hz), 7.47 (t, 2H, J = 7.6 Hz), 7.40 (t, 
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1H, J = 7.4 Hz), 1.65 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 165.7, 145.2, 140.2, 130.8, 130.0, 128.9, 128.0, 

127.3, 126.9, 81.0, 28.3; GC-MS: m/z = 254.

tert-butyl 4-nitrobenzoate (2k)3

.

O

O

O2N

Following the general procedure (petroleum ether), 2k was obtained as a white solid, mp = 112-114 oC isolated 

yield: 90%. 1H NMR (CDCl3, 400 MHz,): δ 8.23 (d, 2H, J = 8.8 Hz), 8.12 (d, 2H, J = 8.8 Hz), 1.60 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ 163.7, 150.2, 137.4, 130.5, 123.3, 82.6, 28.1; HRMS (EI): calcd for C11H13NO4: 

223.0845; found: 223.0882.

di-tert-butyl terephthalate (2l)6

.

O

OO

O

Following the general procedure (petroleum ether), 2l was obtained as white solid, mp = 117-119 oC, isolated 

yield: 72%. 1H NMR (CDCl3, 400 MHz): δ 8.00 (s, 4H), 1.60 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 165.1, 

135.4, 129.2, 81.6, 28.1; GC-MS: m/z = 278.

tert-butyl thiophene-2-carboxylate (2m)1

.

O

O

S

Following the general procedure (petroleum ether), 2m was obtained as a pale yellow liquid, isolated yield: 

72%. 1H NMR (CDCl3, 400 MHz): δ 7.70 (d, 1H, J = 3.6 Hz), 7.48 (d, 1H, J = 5.2 Hz), 7.05 (t, 1H, J = 4.2 Hz), 

1.57 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 161.6, 135.9, 132.7, 131.6, 127.5, 81.7, 28.2; GC-MS: m/z = 184.

tert-butyl-1-naphthoate (2n)1

.

OO

Following the general procedure (petroleum ether), 2n was obtained as a pale yellow liquid, isolated yield: 80%. 
1H NMR (CDCl3, 400 MHz): δ 8.87 (d, 1H, J = 8.4 Hz), 8.09 (d, 1H, J = 7.2 Hz), 7.98 (d, 1H, J = 8.0 Hz), 7.87 (d, 

1H, J = 8.0 Hz), 7.60 (t, 1H, J = 7.6 Hz), 7.47-7.54 (m, 2H), 1.69 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 167.2, 

133.9, 132.7, 131.2, 129.6, 129.3, 128.5, 127.4, 126.0, 125.8, 124.5, 81.5, 28.4; GC-MS: m/z = 228.

tert-butyl-2-naphthoate (2o)1

.

O

O
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Following the general procedure (petroleum ether), 2o was obtained as a white solid, mp = 81-83 oC, isolated 

yield: 84%. 1H NMR (CDCl3, 400 MHz): δ 8.55 (s, 1H), 8.03 (d, 1H, J = 8.4 Hz), 7.94 (d, 1H, J = 8.0 Hz), 7.86 (d, 

2H, J = 5.2 Hz),  7.51-7.59 (m, 1H), 1.66 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 166.0, 135.3, 132.5, 130.7, 

129.3, 128.0, 127.9, 127.7, 126.5, 125.4, 81.2, 28.3; GC-MS: m/z = 228.

tert-pentyl 4-methoxybenzoate (2p)

.

O

O

O

Following the general procedure (petroleum ether), 3a was obtained as a pale yellow liquid, isolated yield: 82%. 
1H NMR (CDCl3, 400 MHz): δ 7.86 (d, 2H, J = 8.8 Hz), 7.80 (d, 2H, J = 8.2 Hz), 3.75 (s, 3H), 1.82 (q, 2H, J = 7.6 

Hz), 1.58 (s, 9H), 0.87 (t, 3H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3): δ 165.5, 163.0, 131.3, 124.5, 113.4, 82.9, 

55.4, 33.8, 25.7, 8.3; HRMS (EI): calcd for C13H18O3: 222.1256; found: 222.1241.

tert-pentyl 4-bromobenzoate (2q)

.

O

O

Br

Following the general procedure (petroleum ether), 2q was obtained as a pale yellow liquid, isolated yield: 88%. 

isolated yield: 93%. 1H NMR (CDCl3, 400 MHz, TMS): δ 7.83 (d, 2H, J = 8.4 Hz), 7.53 (d, 2H, J = 8.4 Hz), 1.91 

(q, 2H, J = 7.4 Hz), 1.55 (s, 9H), 0.95 (t, 3H, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3, TMS): δ 164.9, 131.5, 

131.0, 130.9, 127.4, 83.9, 33.7, 26.0, 8.3; HRMS (EI): calcd for C12H15BrO2: 270.0255; found: 270.0269.

tert-pentyl 4-nitrobenzoate (2r)

O

O

O2N

Following the general procedure (petroleum ether), 2r was obtained as a pale yellow liquid, isolated yield: 83%. 
1H NMR (CDCl3, 400 MHz): δ 8.23 (d, 2H, J = 8.8 Hz), 8.12 (d, 2H, J = 8.8 Hz), 1.93 (q, 2H, J = 7.6 Hz), 1.57 (s, 

9H), 0.95 (t, 3H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3): δ 163.6, 150.2, 137.4, 130.5, 123.4, 85.1, 33.6, 25.5, 

8.3; HRMS (EI): calcd for C12H15NO4: 237.1001; found: 237.1018.
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5. Copies of 1H, 13C NMR and 19F NMR spectra
1H NMR and 13C NMR of 2a 
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1H NMR and 13C NMR of 2b 
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1H NMR and 13C NMR of 2c
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1H NMR and 13C NMR of 2d
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1H NMR, 13C NMR and 19F NMR of 2e
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1H NMR and 13C NMR of 2f
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1H NMR and 13C NMR of 2g
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1H NMR and 13C NMR of 2h
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1H NMR,13C NMR and 19F NMR of 2i
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1H NMR and 13C NMR of 2j
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1H NMR and 13C NMR of 2k
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1H NMR and 13C NMR of 2l
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1H NMR and 13C NMR of 2m
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1H NMR and 13C NMR of 2n
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1H NMR and 13C NMR of 2o
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1H NMR and 13C NMR of 2p
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1H NMR and 13C NMR of 2q



26

1H NMR and 13C NMR of 2r


