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Typical reaction procedure for alkoxycarbonylation carbonylation reactions:
Pd(OAc), (3 mol %) and Xantphos (3 mol %) were transferred into an oven-dried
tube which was filled with nitrogen. Toluene (2.0 mL), aryl halides (1.0 mmol),
phenols (2.0 mmol) were added to the reaction tube. Then a mixture of formic acid
(2.0 mmol) and acetic anhydride (2.0 mmol), which was stirred for 1.5 h at 30 °C,
added dropwise to the reaction tube. After that, was added Et;N (5.0 mmol). The
mixture was stirred for 12 h at 80 °C. After the reaction was complete, the reaction
mixture was filtered and concentrated, column chromatography on silica gel

(petroleum ether/ethyl acetate 50:1).

Phenyl benzoate

2 10
©)J\O
'H NMR (400 MHz, CDCl3) § 8.21 (d, J = 8.1 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 7.50
(t, J=17.7 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.28 (d, J= 7.3 Hz, 1H), 7.22 (d, J = 8.3

Hz, 2H).

3C NMR (101 MHz, CDCl;) & 165.10, 150.89, 133.51, 130.09, 129.50, 129.42,
128.50, 125.81, 121.65.

GC-MS (EL 70 eV): m/z(%)=198.0 ((M]+, 6), 198.0 (11), 105.0 (100), 77.0 (42), 51.0
(10).

Phenyl 2-methylbenzoate

oo/©

'H NMR (400 MHz, CDCl3) & 8.19 (d, J = 7.8 Hz, 1H), 7.53 — 7.40 (m, 3H), 7.36 —
7.27 (m, 3H), 7.23 (d, J = 7.9 Hz, 2H), 2.70 (s, 3H).

3C NMR (101 MHz, CDCl;) & 165.74, 150.87, 141.22, 132.64, 131.89, 131.09,
129.41, 128.50, 125.85, 125.74, 121.76, 21.88.

GC-MS (EL, 70 eV): m/z(%)=212.0 ([M]+, 5), 119.0 (100), 91.0 (48), 65.0 (20).

Phenyl 3-methylbenzoate
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'H NMR (400 MHz, CDCL3) & 7.91 (d, J = 8.1 Hz, 2H), 7.31 (dd, J = 15.4, 7.7 Hz,
4H), 7.15 (dd, J = 12.7, 5.3 Hz, 1H), 7.11 (d, J = 8.2 Hz, 2H), 2.33 (s, 3H).

3C NMR (101 MHz, CDCl;) & 165.24, 150.94, 138.31, 134.26, 130.58, 129.42,
129.39, 128.38, 127.24, 125.75, 121.65, 21.19.

GC-MS (EL 70 eV): m/z(%)=212.0 ((M]+, 7), 212.0 (11), 119.1 (100), 91.1 (43), 65.0
(15).

Phenyl 4-methylbenzoate
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'H NMR (400 MHz, CDCl5) & 7.98 (d, J = 7.9 Hz, 2H), 7.29 (d, J = 7.6 Hz, 2H), 7.17

(d, J=8.0 Hz, 2H), 7.10 (d, J = 8.2 Hz, 3H), 2.31 (s, 3H).

13C NMR (101 MHz, CDCl;) & 165.12, 150.95, 144.29, 130.11, 129.35, 129.19,
126.74, 125.68, 121.68, 21.63.

GC-MS (EL, 70 eV): m/z(%)=212.0 ((M]+, 6), 212.0 (15), 119.1 (100), 91.1 (79), 65.0
(39).

Phenyl 4-ethylbenzoate
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'H NMR (400 MHz, CDCly) & 8.14 (d, J = 8.1 Hz, 2H), 7.43 (t, J = 7.8 Hz, 2H), 7.34
(d, J= 8.0 Hz, 2H), 7.28 (d, J = 7.4 Hz, 1H), 7.22 (d, J = 7.8 Hz, 2H), 2.75 (q, J = 7.6

Hz, 2H), 1.29 (t, J = 7.6 Hz, 3H).

3C NMR (101 MHz, CDCl;) & 165.17, 150.98, 150.52, 130.27, 129.39, 128.05,
126.96, 125.72, 121.71, 28.98, 15.19.

GC-MS (EI, 70 eV): m/z(%)=226.0 ([M]+, 7), 226.0 (11), 133.0 (100), 105.0 (34),
77.0 (30).

Phenyl 4-(tert-butyl)benzoate

OOQ

'H NMR (400 MHz, CDCl;) & 8.03 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 7.29
(t,J=7.7 Hz, 2H), 7.14 (d, J= 7.5 Hz, 1H), 7.09 (d, J = 8.4 Hz, 2H), 1.25 (s, 9H).



13C NMR (101 MHz, CDCl;) & 165.04, 157.25, 150.96, 130.00, 129.35, 126.70,
125.67, 125.47, 121.69, 35.07, 31.02.

GC-MS (EI, 70 eV): m/z(%)=254.0 ([M]+, 5), 161.1 (100), 146.0 (33), 118.0 (30),
91.0 (28).

Phenyl 4-methoxybenzoate
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'H NMR (400 MHz, CDCl3) § 8.15 (d, J = 8.7 Hz, 2H), 7.40 (t, J = 7.8 Hz, 2H), 7.24
(dd, J=12.5, 5.4 Hz, 1H), 7.19 (d, J = 8.1 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.86 (s,
3H).

3C NMR (101 MHz, CDCl;) & 164.82, 163.82, 151.01, 132.20, 129.35, 125.63,
121.80, 121.73, 113.76, 55.41.

GC-MS (EL 70 eV): m/z(%)=228.0 ((M]+, 8), 135.0 (100), 107.0 (20), 92.0 (32), 77.0
(36).

Phenyl 4-acetylbenzoate
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'H NMR (400 MHz, CDCls) 8 8.27 (d, J = 8.2 Hz, 2H), 8.05 (d, J = 8.2 Hz, 2H), 7.42
(t, J= 7.8 Hz, 2H), 7.26 (dd, J = 13.6, 6.1 Hz, 1H), 7.21 (d, J = 8.1 Hz, 2H), 2.65 (s,
3H).

3C NMR (101 MHz, CDCl;) & 197.43, 164.29, 150.69, 140.66, 133.29, 130.38,
129.55, 128.32, 126.12, 121.53, 26.90.

GC-MS (EL, 70 eV): m/z(%)=240.0 ([M]+, 9), 240.0 (11), 147.0 (100), 119.0 (12),
91.0 (12).

Methyl phenyl terephthalate
O
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'H NMR (400 MHz, CDCl;) & 8.26 (d, J = 8.3 Hz, 2H), 8.17 (d, J = 8.3 Hz, 2H), 7.44
(t,J=7.8 Hz, 2H), 7.31 — 7.21 (m, 3H), 3.96 (s, 3H).



13C NMR (101 MHz, CDCl;) & 166.11, 164.32, 150.71, 134.42, 133.30, 130.07,
129.66, 129.52, 126.07, 121.52, 52.46.

GC-MS (EL, 70 eV): m/z(%)=256.0 ((M]+, 9), 256.0 (10), 163.0 (100), 135.0 (11).

Phenyl 4-(trifluoromethyl)benzoate
O
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'H NMR (400 MHz, CDCly) § 8.31 (d, J = 8.2 Hz, 2H), 7.76 (d, J = 8.2 Hz, 2H), 7.44
(t,J=7.7 Hz, 2H), 7.29 (s, 1H), 7.22 (d, J = 7.9 Hz, 2H).

3C NMR (101 MHz, CDCl;) 8 164.01, 150.74, 135.03 (q, J = 32.33 Hz), 132.89,
130.58, 129.63, 126.25, 125.63 (q, J = 3.68 Hz), 123.62 (q, J = 273.60 Hz), 121.57.

GC-MS (EL 70 eV): m/z(%)=266.0 ([M]+, 9), 266.0 (29), 247.0 (10), 174.0 (21),
173.0 (100), 145.0 (83).

Phenyl 4-cyanobenzoate

QAOQ

'H NMR (400 MHz, CDCly) & 8.30 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.2 Hz, 2H), 7.45
(t,J=7.8 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H).

13C NMR (101 MHz, CDCl;) & 163.55, 150.51, 133.40, 132.36, 130.60, 129.63,
126.33,121.40, 117.82, 116.97.

GC-MS (EL 70 eV): m/z(%)=223.0 ([M]+, 6), 233.0 (33), 130.0 (100), 102.0 (51).

Phenyl 2,4-difluorobenzoate

'H NMR (400 MHz, CDCl5) § 8.12 (dd, J = 15.4, 8.1 Hz, 1H), 7.41 (t,J = 7.8 Hz, 2H),
7.26 (t,J=7.4 Hz, 1H), 7.21 (d, J= 7.9 Hz, 2H), 7.03 — 6.88 (m, 2H).

3C NMR (101 MHz, CDCls3) 8 167.49 (d, J = 12.60 Hz), 164.76 (dd, J = 12.44, 33.01
Hz), 162.00 (bdd), 150.55, 134.44 (dd, J = 1.84, 10.66 Hz), 129.56, 126.16, 121.67,
114.64 (dd, J=3.65,9.53 Hz), 111.87 (dd, J=4.05, 21,63 Hz), 105.52 (t, J = 25.71).



GC-MS (EI, 70 eV): m/z(%)=234.0 ([M]+, 5), 234.0 (44), 141.1 (100), 113.0 (68),
63.0 (30).

Phenyl 2,3,4-trifluorobenzoate

'H NMR (400 MHz, CDCl5) § 7.92 — 7.84 (m, 1H), 7.43 (t, J= 7.8 Hz, 2H), 7.28 (t, J
=7.4 Hz, 1H), 7.22 (t, J = 6.6 Hz, 2H), 7.09 (q, J = 7.4 Hz, 1H).

13C NMR (101 MHz, CDCl;) 8 161.28 (bs), 155.80 (m), 153.37 (m), 150.77 (m),
150.38, 129.61, 126.79 (m), 126.33, 121.49, 115.85 (m), 112347 (dd, J = 4.05, 18.01
Hz).

GC-MS (EL 70 eV): m/z(%)=252.0 ([M]+, 7), 252.0 (26), 159.0 (100), 131.0 (41),
81.0 (20).

Phenyl 4-fluorobenzoate
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'H NMR (400 MHz, CDCl;) & 8.12 (dd, J = 8.5, 5.7 Hz, 2H), 7.32 (t, J = 7.8 Hz, 2H),

7.16 (dd, J=13.7, 6.3 Hz, 1H), 7.14 — 7.08 (m, 3H), 7.06 (d, J = 8.5 Hz, 1H).

13C NMR (101 MHz, CDCLy) § 166.21 (d, J = 255.78 Hz), 164.80, 164.12, 150.77,
132.83 (d, J = 9.56 Hz), 129.45, 125.91, 121.59, 115.82 (d, J = 22.11 Hz).

GC-MS (EL 70 eV): m/z(%)=216.0 ((M]+, 8), 216.0 (46), 123.0 (100), 95.0 (79), 75.0
(34).

Phenyl 4-chlorobenzoate

@iOQ

'H NMR (400 MHz, CDCl3) & 8.18 — 8.10 (m, 2H), 7.48 (t, J = 7.1 Hz, 2H), 7.46 —
7.39 (m, 2H), 7.33 — 7.27 (m, 1H), 7.24 — 7.17 (m, 2H).

13C NMR (101 MHz, CDCl;) & 164.33, 150.75, 140.11, 131.53, 129.53, 128.93,
128.01, 126.03, 121.59.

GC-MS (EL 70 eV): m/z(%)=232.0 ([M]+, 7), 232.0 (14), 141.0 (65), 139.0 (100),
111.0 (50), 75.0 (15).



Phenyl 3-chlorobenzoate
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'H NMR (400 MHz, CDCl5) & 8.10 — 8.05 (m, 1H), 8.00 — 7.94 (m, 1H), 7.48 (ddd, J
=8.0, 2.0, 1.0 Hz, 1H), 7.33 (dt, J = 8.5, 6.5 Hz, 3H), 7.21 — 7.14 (m, 1H), 7.13 — 7.08

(m, 2H).

13C NMR (101 MHz, CDCl;) & 163.85, 150.63, 134.64, 133.49, 131.23, 130.06,
129.81, 129.47, 128.18, 126.01, 121.48.

GC-MS (EL, 70 eV): m/z(%)=232.0 ([M]+, 6), 232.0 (40), 139.0 (100), 141.0 (71),
111.0 (69), 75.0 (36).

Phenyl 2-chlorobenzoate
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'H NMR (400 MHz, CDCL3) & 7.96 (d, J = 7.7 Hz, 1H), 7.46 — 7.39 (m, 2H), 7.39 —
7.28 (m, 3H), 7.19 (dd, J = 15.3, 7.5 Hz, 3H).

13C NMR (101 MHz, CDCl;) & 164.05, 150.65, 134.32, 133.12, 131.82, 131.29,
129.50, 129.35, 126.70, 126.07, 121.57.

GC-MS (EI, 70 eV): m/z(%)=232.0 ([M]+, 6), 232.0 (10), 141.0 (36), 139.0 (100),
111.0 (28), 75.0 (15).

Phenyl [1,1'-biphenyl]-4-carboxylate
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OO

'H NMR (400 MHz, CDCl;) & 8.25 — 8.15 (m, 2H), 7.71 — 7.60 (m, 2H), 7.57 (d, J =
6.2 Hz, 2H), 7.46 — 7.30 (m, SH), 7.18 (d, J = 12.2 Hz, 3H).

3C NMR (101 MHz, CDCl;) & 165.05, 150.96, 146.28, 139.82, 130.67, 129.47,
128.95, 128.28, 128.23, 127.29, 127.20, 125.86, 121.71.

GC-MS (EI, 70 eV): m/z(%)=274.0 ([M]+, 6), 181.0 (100), 152.0 (41).

Phenyl 2-naphthoate



OQ

'H NMR (400 MHz, CDCl;) § 8.81 (s, 1H), 8.22 (d, J = 8.6 Hz, 1H), 8.01 (d, J = 8.1
Hz, 1H), 7.98 — 7.90 (m, 2H), 7.61 (dt, J = 14.9, 7.0 Hz, 2H), 7.47 (t, J = 7.8 Hz, 2H),
7.31 (t,J = 8.0 Hz, 3H).

13C NMR (101 MHz, CDCl;) & 165.28, 151.00, 135.74, 132.43, 131.85, 129.46,
129.42, 128.55, 128.32, 127.77, 126.77, 126.71, 125.85, 125.39, 121.72.

GC-MS (EL 70 eV): m/z(%)=248.0 ([M]+, 7), 248.0 (21), 155.0 (100), 127.0 (80).

Phenyl thiophene-3-carboxylate
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'H NMR (400 MHz, CDCl;) & 8.30 (d, J = 2.1 Hz, 1H), 7.66 (d, J = 5.1 Hz, 1H), 7.41
(t, J= 7.7 Hz, 2H), 7.36 (dd, J = 4.6, 3.4 Hz, 1H), 7.28 — 7.23 (m, 1H), 7.20 (d, J =
7.8 Hz, 2H).

13C NMR (101 MHz, CDCl;) & 161.00, 150.63, 133.96, 132.84, 130.12, 129.42,
128.52, 128.17, 126.32, 125.83, 121.65.

GC-MS (EI, 70 eV): m/z(%)=204.0 ([M]+, 5), 204.0 (30), 111.0 (100), 83.0 (26).
Phenyl nicotinate
e
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'H NMR (400 MHz, CDCls) § 9.40 (s, 1H), 8.85 (d, J = 4.7 Hz, 1H), 8.46 (d, J = 8.0
Hz, 1H), 7.54 — 7.39 (m, 3H), 7.32 — 7.17 (m, 3H).

13C NMR (101 MHz, CDCl;) & 163.60, 153.52, 150.92, 150.35, 137.71, 129.47,
126.12, 125.60, 123.47, 121.39.

GC-MS (EL 70 eV): m/z(%)=199.0 ([M]+, 6), 199.0 (47), 106.0 (100), 78.0 (66), 51.0
(32).

Phenyl quinoline-6-carboxylate

ol



'H NMR (400 MHz, CDCls) & 9.06 (d, J = 3.6 Hz, 1H), 8.79 (s, 1H), 8.47 (d, J = 8.8
Hz, 1H), 8.36 (d, J = 8.3 Hz, 1H), 8.27 (d, J = 8.8 Hz, 1H), 7.54 (dd, J = 8.3, 4.3 Hz,
1H), 7.47 (t, J = 7.8 Hz, 2H), 7.30 (dd, J = 17.1, 7.8 Hz, 3H).

13C NMR (101 MHz, CDCl;) & 164.56, 152.36, 150.82, 149.68, 137.97, 131.79,
129.60, 129.56, 129.46, 127.73, 127.47, 126.08, 122.01, 121.61.

GC-MS (EI, 70 eV): m/z(%)=249.0 ([M]+, 8), 249.0 (10), 156.0 (100), 128.0 (42),
101.0 (12).

4-(2-Methoxyethyl)phenyl benzoate
0 /©/\/ O
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'H NMR (400 MHz, CDCl3) & 8.24 — 8.18 (m, 2H), 7.63 (dd, J = 10.5, 4.3 Hz, 1H),
7.50 (t, J = 7.7 Hz, 2H), 7.28 (t, J = 7.8 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 3.62 (t, J =
7.0 Hz, 2H), 3.37 (s, 3H), 2.91 (t, J = 7.0 Hz, 2H).

13C NMR (101 MHz, CDCl;) & 165.17, 149.26, 136.58, 133.45, 130.06, 129.77,
129.54, 128.46, 121.44, 73.40, 58.58, 35.54.

GC-MS (EL 70 eV): m/z(%)=256.0 ([M]+, 6), 256.0 (13), 105.0 (100), 77.0 (34).

p-Tolyl benzoate
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'H NMR (400 MHz, CDCl3) & 8.24 — 8.18 (m, 2H), 7.63 (dd, J = 10.5, 4.3 Hz, 1H),
7.51 (t, J = 7.7 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 2.37 (s,

3H).

3C NMR (101 MHz, CDCl;) & 165.36, 148.68, 135.49, 133.47, 130.12, 129.97,
129.66, 128.51, 121.34, 20.88.

GC-MS (EI, 70 eV): m/z(%)=212.0 ((M]+, 4), 212.0 (24), 105.0 (100), 77.0 (49), 51.0
(10).

4-Chlorophenyl benzoate.
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'H NMR (400 MHz, CDCl3) & 8.20 (d, J = 7.9 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.52
(t,J=7.7 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 8.6 Hz, 2H).



13C NMR (101 MHz, CDCl;) & 164.82, 149.34, 133.70, 131.15, 130.10, 129.44,
129.09, 128.55, 123.03.

GC-MS (EI, 70 eV): m/z(%)=232.0 ((M]+, 5), 232.0 (26), 105.0 (100), 77.0 (68), 51.0
(28).

Benzoic acid

©/COOH

'H NMR (400 MHz, CDCl5) & 13.03 (s, 1H), 8.14 (d, J = 8.3 Hz, 2H), 7.61 (t, J= 7.4
Hz, 1H), 7.47 (t,J = 7.7 Hz, 2H).

BC NMR (101 MHz, CDCl;) & 172.68, 133.80, 130.19, 129.30, 128.44.

GC-MS (EL 70 eV): m/z(%)=122.0 ((M]+, 4), 122.0 (94), 105.0 (100), 77.0 (79), 51.0
31).

S-(tert-Butyl) benzothioate
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'H NMR (400 MHz, CDCl;) § 7.91 (d, J = 7.2 Hz, 2H), 7.52 (t, J = 7.4 Hz, 1H), 7.40
(t,J=7.7 Hz, 2H), 1.58 (s, 9H).

I3C NMR (101 MHz, CDCl;) 6 192.81, 138.23, 132.86, 128.40, 126.90, 48.09, 29.96.

GC-MS (EL, 70 eV): m/z(%)=194.0 ([M]+, 8), 194.0 (33), 138.0 (46), 105.0 (100),
77.0 (49), 57.1 (30).

Phenyl(p-tolyl)sulfane

L

'"H NMR (400 MHz, CDCls) & 7.30 (d, J = 8.0 Hz, 2H), 7.26 (d, /= 4.4 Hz, 4H), 7.14
(s, 1H), 7.12 (d, J = 6.5 Hz, 2H), 2.34 (s, 3H).

13C NMR (101 MHz, CDCl;) & 137.58, 137.10, 132.25, 131.25, 130.04, 129.75,
129.02, 126.38, 21.11.

GC-MS (EL 70 eV): m/z(%)=200.0 ([M]+, 12), 201.0 (18), 200.0 (100), 199.0 (36),
185.0 (46), 184.0 (45), 91.0 (26).
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'H NMR. (400 MHz, CDC) 6 821 (d, J=8.1 Hz, 2H), 7.62 (t, /= 7.3 Hz, 1H), 730 (t, /= 7.7 Hz, 2H),
743 (t,J=T7.7Hz,2H), 728 (4, J=73 Hz, 1H), 722 (d, /=83 Hz 2H).
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*H NMR (400 MHz, CDCL) & 7.91 (4 J=8.1 Hz, 2H), 731 (dd, J=15.4, 7.7 Hz, 4H), 7.15 (dd, =
12753 He, 1H), 711 (d. 7= 82 Hz. 2H), 233 (s. 3H).
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13C NMR (101 MHz, CDCL) 8 165.24, 150.94, 138.31, 134.26, 130.58, 129.42, 129.30, 128.38, 12724,
12575, 12165, 21.19.
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7.10 (4, 7= 82 Hz, 3H), 231 (s, 3H).
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16 15 14 13 12 1 10 9 8 Fs 6 5 -1 -2 -3
f1 (ppm)
o D O — WO OO
~ O N AT~ OO ©
w O T CDDOW =
= LR S S &~
[V pInE
3¢ NMR (101 MHz, CDCL) & 165.12, 150.93, 144.29, 13011, 129.35, 129.19, 126.74, 125.68, 121.68,
2163,
10
jon
phenyl 4-methylbenzoate
Iy
I
|
|
|
| J l
— sy \ ol i
T T T T T T T T T T T T T T
210 190 170 150 130 110 9 80 70 60 20 10
f1 (ppm)

28000

+26000

24000

F22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

+2000

2000
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- = R ] e A
mL_f? S w T
PSSR
13000
~12000
‘HNMR (400 MEz, CDCL) 3 8.14 (d, /= 8.1 Hz, 2H), 743 (t, /= 7.8 Hz, 2H), 7.34 (d, /= 8.0 Hz, 2H),
728 (d, J= 7.4 Hz, 1H), 722 (d, /=18 Hz, 2H), 2.75 (g, /= 7.6 Hz, 2H), 129 (t, /=76 Hz, 3H).
11000
10000
9000

8000

i /@
0
F7000

phenyl 4-ethylbenzoate
6000

5000
4000
" 3000
2000

1000

1000

200=
231 =
oﬁng

229

2.08—]

—~ 4203

F2300
+2200
2100
+2000
+1900
b b NMR (101 MHz, CDCl;) & 163.17, 150.98, 150.52, 13027, 129.39, 128.03, 126.96, 123.72, 121.71, 1800
2898.15.19. L1700
+1600
1500
+1400
0 @ 1300
v@»)Lo 1200
F1100

phenyl 4-ethylbenzoate L1000

16517
150,98
150,52
130 27
128 39
128 05
126 96
12572
12171
—28.98
15.19

F900
800
+700

T T

T T T T T
130 110 9 80 70 60 50 4 30 2 10 0 -0
f1 (ppm)

T T T T
210 190 170 150

14
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'H NME. (400 Mz, CDCL) 8 803 (d 7= 8.1 Hz, 2H), 740 (4, = 8.3 Hz, 2H), 7.29 (¢, J= 7.7 Hz, 2H),
7.14 (4, J7=7.5 Hz, 1), 7.09 (d, 7=8.4 Hz, 2H), 125 (s. 9H).

Oij

phenyl 4-(tert-butylbenzoate

P f
O OW=— O ~
QO T NON ©
N NNo o w©
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4
1 (ppm)
< 0 © CWOo o
O N ; oM~ ©T© ~ oy
0 o~ O O ;oI — [Sh=]
o Em  gedsan 85
[ S V= |
3¢ NMR (101 MHz, CDCL) & 163.04, 137.23, 150.96, 130.00, 129.33, 126.70, 123.67, 123.47, 121.69,
35.07.31.02
0 /@
0
phenyl 4-(tert-butyl)benzoate
1
oy
1 I i
| 1
0 I
T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 9 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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FZ3000
22000
21000
20000
19000
18000
+17000
16000
15000
14000
13000
12000
+11000
10000
F9000
8000
+7000
6000
0000
4000
3000
2000
1000

-1000
F-2000

4000

3500

3000

F2500

2000

+1500

+1000

F500
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'H NMR. (400 MHz, CDCL) 5 8.15 (d 7= 8.7 Hz, 2H), 7.40 (t. /= 7.8 Hz, 2H), 7.24 (dd, /= 12.5, 5.4
Hz, 1H), 7.19 (d, /= 8 1 Hz, 2H)_ 6.96(d, 7= 8.8 Hz, 2H), 3 86 (s, 3H).
- £ A0
HsCO
phenyl 4-methoxybenzoate
Pt
‘ d |
[ *F‘
o SO =
o 909 o
o N o 3
T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1" 10 9 7 6 5 2 1 0 -1 -2 -3 -4
1 (ppm)
o oy — OWMOoO® ©
© @ s N©ODM~ R~ -
< — NOW=—— =
S5 g5 el 8
ST eSsE \
3¢ NMR (101 MHz, CDCL:) 5 164 82, 163.82, 151.01, 13220, 129:35. 125.63. 121.80, 121.73, 113.76,
i34
- 30
HiCO
phenyl 4-methoxybenzoate
i |
1
1
H ‘
! ohin )
T T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 90 70 60 50 40 30 20 10 -10
1 (ppm)

16

28000

26000

24000

F22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

F-2000

12000

11000

10000

9000

8000

F7000

6000
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4000

3000

2000

1000

1000




8.28
8.26
8.08
8.04
742
740
7.29
T.27
723
722
7.20
265

f

30000

'H NMR (400 MHz CDCL) § 827 (d /= 8.2 Hz. 2H), 8.05 (d. /= 8.2 Hz, 2H), 742 (£, /= 7.8 Hz 2H),
726 (dd, J=136, 6.1 Hz, 1H), 721 (d, J= 8.1 Hz, 2H), 2.65 (s, 3H).

+25000

9 @ 120000
(8]

s}

phenyl 4-acetylbenzoate
15000

10000

F5000

—

7

2.03—=
2.00

0 42.02— F—m -

—~ 4098

—197 43
—164.29
—150.69
—140 .66
~129.55
—126.12
—121.53
—26.80

T

®

(=)

13C NMR (101 MHz, CDCL) 8 197.43, 164.29, 150.69, 140.66, 133.29, 13038, 129.55, 128.32, 126.12, 300
121.53,26.90.

s}
,@ 180
0

Q

phenyl 4-acetylbenzoate

T T T
170 150 130 110

17



8.27
8.25
8.18
8.15
744
742
7.28
7.24
722

j
|

'H NMR (400 MHz CDC) § 8.26 (d 7= 8.3 Hz. 2H), 8.17 (d. /= 8.3 Hz, 2H), 744 (£, /= 7.8 Hz 2H),
731-721 (m, 3H), 3.96 (s, 36)

10O

methyl phenyl terephthalate

—3.96

i
[

[#=] !
H
2.00—= -
~Ja1s7~ ;:

6
f1 (ppm)

_~166.1
~164.32
—150.71
130.07
12066
12952
126.07
—121.52

3¢ NMR (101 MHz, CDCL) 3 166.11, 164.32, 150.71, 134.42, 133.30, 130.07, 129.66, 129.52, 126.07,
12152, 5246,

methyl phenyl terephthalate

~4310-J

—52 46

T T T T T T T
210 190 170 150

18

34000
32000
30000
28000
26000
24000
22000
20000
18000
-16000
14000
12000
+10000
8000

F6000

4000

2000

~-2000

F550

F500

F350

F300

250

150

100
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25000
'H NMR. (400 MEz, CDCL) & 831 (d /=82 Hz, 2H). 7.76 (d, /= 8.2 Hz, 2H), 7.4 (. 7= 7.7 Hz. 2H),
729 (s, 1H), 722 (d, J= 79 Hz, 2H).
20000
i 0
u}
E
E 15000
F
phenyl 4-trifluorom ethylbenzoate
10000
o wf 5000
|
P 1 Lo
O NBOoOM
Q 009
o o — ol
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1" 10 9 7 6 3 0 -1 -2 -3 -4
1 (ppm)
Current Data Parameters
HAME 20150914-1cl-93-2-C
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150914
Time 9.44
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG Zgpg30
D 65536
SOLVENT CDC13
NS 98
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 22.6
oW 20.800 usec
DE 6.00 usec
TE 298.1 K
D1 2.00000000 sec
d1l 0.03000000 sec
DELTA 1.89999998 sec
TDO 3
HANNEL f1
NUCL 13C
Pl 14.90 usec
PL1 -3.00 dB
SFOL 100.6228298 MHz
= CHANNEL f2
CPDPRG [2 waltzl6
NuC2 1H
BCPD2 80.00 usec
PL2 -2.00 dB
PL12 18.50 dB
PL13 18.50 dB
SFoz2 400.1316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
LB 1.00 Hz
T T T T T T T T T T T P? a £k
200 180 160 140 120 100 80 60 40 20 0 ppm '
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8.31
8.29
782
7.80
748
745
743
7.32
7.30
7.28
722
7.20

|

'H NMR (400 MHz, CDCIs) 8 830 (d /=82 Hz. 2H), 781 (/=8 2 Hz 2H) 745 (¢ J=78 Hz 2H).
730 (t, =74 Hz, 1H), 721 (d, J=80 Hz, 2H).

QiOQ

phenyl 4-cyanobenzoate

i
D DT
DO DD
— NO —
T T T T T T T T T T T T
% 15 14 13 12 11 10 9 7 6
1 (ppm)
B h «883385
© (=] NO®W ~ M~
= JO Il SR
| | A R =S

13C NMR. (101 MHz, CDCL;) & 163.53, 150.51, 133.40, 132.36, 130.60, 129.63, 12633, 121.40, 117.82,
11697

phenyl 4-cyanobenzoate

g

T T T T T T T T

T T T T
210 190 170 150 130 110 ]
1 (ppm)

20

r1ouuw
17000
16000
15000
14000
13000
+12000
11000
~10000
9000
8000
7000
F6000
2000
4000
3000
2000

1000

~-1000

1000

900

800

F700

100
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30000
'HNMR (400 MHz, CDCL) 6 8.12 (dd /=154, 8.1 Hz 1H), 741 (t J=7.8Hz, 2H), 726 (t, /= T4 Hz, 28000
1H), 721 (d,J= 7.9 Hz, 2H), 7.03 — 6.88 (m, 2H)
F26000
24000
22000
F 0
20000
(8]
F 18000
phenyl 2 4-difluorobenzoate
16000
14000
12000
10000
8000
6000
1!
4000
2000
—n ]} L0
(=T N ] L
g 5508 -2000
— il
T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1" 10 9 7 6 4 3 0 -1 -2 -3 -4
f1 (ppm)
Current Data Parameters
NAME 20150909-1c1-86-C
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150910
Time 2.37
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG zZgpg30
TD 65536
SOLVENT cDel3
NS 115
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
2O 1.3631488 sec
RG 101
DW 20.800 usec
DE 6.00 usec
TE 295.8 K
D1 2,00000000 sec
a1l 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
== CHANNEL f1
NucL 13C
Pl 14.90 usec
PL1 -3.00 dB
SFO1 100.6228298 MHz
== CHANNEL f2
CPDPRG [2 waltzl6
Nucz 1H
PCPD2 80.00 usec
PL2 -2.00 dB
PL12 18.50 dB
PL13 18.50 4B
SFO2 400,1316005 MHz
F2 - Processing parameters
sI 32765
: 1 SP 100.6127690 MHz
WOW EM
558 0
LB 1.00 Hz
T T T T T T T T T T T PS o .55
200 180 160 140 120 100 80 60 40 20 0 ppm '
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7 42
L7 41
L7 30
L7 25
L7 .26
L7 24
17 23
7.21
7.12
7.10
7.08
7.06

|

T2l
7.81
788
7.88
787
786
785
745

'H NMR (400 MHz, CDCL) & 7.92 - 784 (m, 1H), 743 (£, J= 7.8 Hz, 1H), 728 (¢, J= T4 Hz, 1H), 722
(t.J=6.6Hz, 2H), 7.00 (q, /= T4 Hz, 1H).

1 i ,@
F
o]

F
phenyl 2,3 A-trifluorobenzoate

F22000
21000
20000
19000
18000
r17000
~16000
15000
14000
13000
12000
11000
10000
9000
8000
F7000
6000
5000
4000
3000
2000
1000

f

112

F-1000
--2000

& 11.00—=
2.07

—41.02
2.20

6
1 (ppm)

Current Data Parameters

HAME 20150921-1¢c1-101-C
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150921
Time 10.41
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG zgpg30
D 65536
SOLVENT CcDC13
NS 78
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 90.5
oW 20.800 usec
DE 6.00 usec
TE 297.5 K
D1 2,00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
CHANNEL f1
14.90 usec
-3.00 dB

100.6228298 MHz

== CHANNEL f2 ==
CPDPRG [2 waltzlé
NUc2 1H
PCPD2 80.00 usec
PL2 -1.50 dB
PL12 17.91 dB
PL13 17.91 dB
SFO2 400.1316005 MHz

F2 - Processing parameters
SI 32768
100.6127690 MHz

b e AT
WDW EM

200

T T T T T
180 160 140 120 100 80 60 40

22

20

0 ppm

SSB ]

LB 1.00 Hz
B 0

PC 1.40



8.13
8.12
8.11
8.10
7.34
732
7.31
AT
7.12
7.10
7.08
7.07
7.05

et e ——

'H NMR (400 MHz, CDCL) & 8.12 (d4 J=8.5, 5.7 Hz, 2H), 7.32 (¢t, /= 7.8 Hz, 2H), 7.16 (dd, J=13.7,
63 Hz 1H), 7.14 — 708 (m. 3H). 706(d. J= 8.5 Hz, 1H)

@iOQ

phenyl 4-fluorobenzoate
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3¢ NMR. (101 MHz, CDCL) & 167.33, 164.80, 164.12, 150.77, 132.76, 132.66, 129.43, 123,91, 121.59,
115.81, 115.59.
e
/©)ko
F
phenyl 4-fluorobenzoate
|
5 (Il 1
| ]
it L l
T T T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 9 80 70 60 50 4 30 2 10 -10
1 (ppm)
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+15000

14000

~13000

12000

+11000

10000

9000

8000

7000

F6000

F5000

4000

3000

2000

+1000
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£2100
2000
~1900
1800
F1700
+1600
1500
1400
+1300
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1000
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700
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100
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8.15
8.14
8.13
750
747
745
743
741
741
7.28
7.21
7.21
18

'H NMR (400 MHz, CDCl)  8.18 — 8.10 (m, 2H), 7.48 (£, 7= 7.1 Hz, 2H), 7.46 — 7.39 (m. 2H), 733 —
727 (m, 1H), 724 - 717 (m, 2H).

Qig@

phenyl 4-chlorabenzoate

O
o OITo0O
2 =N
o N oo
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1 10 9 6 3 2 1 0 -1 -2 -3 -4
f1 (ppm)
o [7e] - MO TO®
© ~ -~ oo oaowmn
T o O — MO OO—
© 3] T OO NN™
| | | | "

3C NMR. (101 MHz, CDCL) & 164.33, 150,73, 140.11, 131.53, 129.53, 128.93, 128.01, 126.03, 121.59.

o

phenyl 4-chlorobenzoate

T T T T T T T
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*H NMR. (400 MHz, CDCL) 3 8.10 —8.05 (m, 1H), 8.00 — 7.94 (m, 1H), 748 (ddd, /= £.0,2.0, 1.0 Hz,
1H), 733 (dt, =85, 6.5 Hz, 3H). 721— 7 14 (m_ 1E), 713 — 7.08 (m, 2E]).
3,0
CI\©)LO
phenyl 3-chlorobenzoate
1
AL —
T
oG —@0WWw
o0 O O
~ O e
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 " 10 9 8 6 4 3 2 1 0 -1 -2 -3 -4
f1 (ppm)
[Tl ] o0 — ©
@ © TOoOwT oW
© o DO ;O
© o OONNN
~ 1
3¢ NMR (101 MHz, CDCl:) & 163.85, 150.63, 134.64, 133.49, 13123, 130.06, 129.81, 129.47, 128.18,
12601, 12148
1,0
Cl a
1
phenyl 3-chlorobenzoate
[
1
I
|1
| A
T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 9 80 70 60 50 40 30 2 10 -10
f1 (ppm)

25

19000
18000
+17000
16000
15000
14000
+13000
12000
11000
10000
9000
8000
£7000
6000
5000
4000
3000
+2000
1000

1000

200

180

160

140

F120

100
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'H NMR. (400 MHz CDCL) & 7.96 (d J= 7.7 Hz, 1H), 7.46 — 7.39 (m, 2H), 7.39 — 7.28 (m. 3H), 7.19
(dd, =153, 75 Hz, 3H).

éﬁg@

phenyl 2-chlorobenzoate

.
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16 15 14 13 12 1 10 9 8 7 6 4 2 1 0 -1 -2 -3 -4
f1 (ppm)
o o oD W
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L. o NMR (101 MEz, CDCE) & 164.03, 150,63, 134.32, 133.12, 151.82, 13129, 129.50, 129.33, 126.70,
126,07 12157,
o ,©
phenyl 2-chlorobenzoate
o
|
AN ; Ay oo nimnpe i
T T T T T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 9 680 70 60 50 40 30 2 10 0 -10

f1 (ppm)

26
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28000
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2000
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8.20
8.19
8.18
765
765
763
758
7.56
740
7.38
a5
7.18
7.18

'H NMR (400 MHz, CDC) & 825 —8.15 (m, 2H), 7.71 — 7.60 (m, 2H), 757 (d, J= 6.2 Hz, 2H), 746 —
7.30 (m, 5H), 7.18 (d, /= 12.2 Hz, 3H).
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phenyl [1.1%-biphenyl]-4-carboxylate

.
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13C NMR (101 MHz, CDCE) & 165.05, 150.96, 146.28, 139.82, 130.67, 129.47, 128.93, 128.28, 12823,
1272912720, 125 86, 121.71.

phenyl [1,1"-biphenyl}-4-carboxylate

T T T
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*H NMR. (400 MHz, CDC) & 8.81 (s, 1H), 822 (d, J= 8.6 Hz, 1H), 8.01 (4, /=8.1 Hz, 1H), 7.98 - 790
(m, 2H), 761 (dt, J= 149, T0Hz 2H), 747 (¢ J= 1.8 Hz. 2H). 731 (t. /= 8.0 Hz. 3H).

oo

phenyl 2 -naphthoate

I
o -0 oM
O — O
—~ T NONNM
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1 (ppm)
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150 NMR (101 MHz, CDCL) & 165.28, 151.00, 135.74, 13243, 131.85, 129.46, 129.42, 128.55, 128.32,
127.77,126.77, 126,71, 123.83, 123.39, 121.72.
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phenyl 2-naphthoate
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8.30
8.30
766
765

1743

L7 41

7 29

L7 37

|7 36

7.36
.25
T 27
7.28
ki)
723
7.2
7.18

-f .

'H NMR (400 MHz, CDCL) & 8.30 (d, J=2.1 Hz, 1H), 7.66 (d.= 5.1 Hz, 1H), 741 (¢, J= 7.7 Hz, 2H),
7.36(dd, J=4.6, 3.4 Hz, 1H), 728 —7.23 (m, 1H), 720 (d, J= 7.8 Hz, 2H).
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phenyl thiophene-3-carboxylate
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3C NMR. (101 MHz, CDCL) & 161.00, 150.63, 133.96, 132.84, 13012, 129.42, 128.52, 128.17, 126.32,
12583, 121.65.

phenyl thiophe ne-3-carboxylate
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—9.28
—8.71
—8.20
7.32
7.31
7.29
7.18
7.18
7.14
12
7.10

|

'H NMR (400 MHz, CDCL) & 928 (s, 1H), 8.71 (d, J= 40 Hz, 1H), 831 (d, J=T9 Hz, 1H), 731 (¢, J=
7.0 Hz, 3H), 721 - 7.13 (m, 1H), 7.11(4, /= 7.9 Hz, 2H)
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M
phenyl nicotinate
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150 NMR (101 MHz, CDCL) & 163.54, 15359, 150.93, 15027, 13742, 129.35, 125.99, 125.40, 123.30,
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H NMR (400 MHz, CDCL) & 9.06 (d, J=36 Hz, 1H), 8.79 (s, 1H), 847 (4, /=88 Hz, 1H), 836 (d, /=
83 Hz, 1H), 827 (4, J=8.8 Hz, 1H),7.54 (dd, /=83, 43 Hz, 1H), 747 (t, /= 7.8 Hz, 2H), 730 (dd, J=
17.1, 78 Hz, 3H).
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3¢ NMR (101 MHz, CDCL) & 164.56, 152.36, 150.82, 149
127.73, 127 47, 126.08, 122.01, 121.61.

phenyl quinoline-B-carboxylate
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'H NMR (400 MHz, CDCL) § 8.24 —8.18 (m, 2H), 7.63 (dd, J= 105, 4.3 Hz, 1H), 750 (t. /=7.7Hz,
2H), 728 (t. J= 7.8 Hz. 2H), 7.15 (d.J = 8.3 Hz, 2H), 3.62 (t. 7= 7.0 Hz, 2H), 3.37 (s, 3H). 291 (£, /=
70Hz, 3H).

4-(2-methoxyethy)phenyl benzoate
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3¢ NMR (101 MHz, CDCL) & 165.17, 14926, 136.58, 133.43, 130.06, 129.77, 129.54, 128.46, 121.44,
7340,58.38,35.54.
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4-(2-methoxyethy )phenyl benzoate
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'H NMR. (400 MEz, CDCL) & 824 —8.18 (m, 2H), 7.63 (dd, /= 10.5, 43 Hz, 1H), 7.51 (£ /= 7.7 Hz,
2H), 722 (d, =81 Hz, 2H), 709 (d J= 8.4 Hz, 7H), 237 (s, 3H)
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3C NMR (101 MHz, CDCL:) & 163.36, 148.68, 135.49, 133.47, 130.12, 129.97, 129.66, 128.51, 12134,
20.88.
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'H NMR (400 MHz CDCl;) § 820 (d 7= 7.9 Hz, 2H), 7.65 (t. J= 74 Hz. 1H), 752 (t, /= 7.7 Hz 2H),

739 (d,J=85Hz, 2H), 7.18 (d, /=86 Hz, JH).

A-chlorophenyl benzoate
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3C NMR. (101 MHz, CDCL) & 164.82, 14934, 133.70, 131.13, 130.10, 129.44, 129.09, 128.55, 123.03.
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4-chlorophenyl benzoate
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*H NMR (400 MHz, CDCL) & 13.03 (s, 1H), 8.14 (4, J= 83 Hz, 2H), 7.61 (t. /= 7.4 Hz, 1H), 747 (t, /=

7.7 He, 2H).
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3¢ NMR. (101 MHz, CDCL) & 172.68, 133.80, 130.19, 12930, 128.44.
@,COOH
benzoic acid
1
I
A
T T T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 70 60 50 40 30 20 10 -10

90
f1 (ppm)

35

28000

26000

24000

F22000

+20000

18000

16000

14000

12000

+10000

8000

6000

4000

2000

2000

/50

+700

650

600

F550

500

350

300

F250

150

100




NOTNONOO© o]
GOOWWN DT T® [rs]
L e e o -
S I
'H NMR. (400 MHz, CDCL) 3 7.91 (d, /=72 Hz, 2H), 7.52 (t, /= 7.4 Hz, 1H), 740 (t, /= 7.7 Hz, 2H),
158 (s, 9H).
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3¢ NMR. (101 MHz, CDCL) & 192.81, 138.23, 132.86, 128.40, 126.90, 48.09, 29.96.
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S-(tert-butyl) benzothioate
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'H NMR (400 MHz CDC) § 7.30 (d J= 8.0 Hz. 2H), 7.26 (d. /= 4.4 Hz, 4H), 7.14 (s, 1H), 7.12 (4. /=
635 Hz, 2H), 234 (s, 3H).

SRGL

phenyl{ p-tolyl)sulfane
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3¢ NMR (101 MHz, CDCL) & 137.58, 137.10, 132.25, 13125, 130.04, 129.75, 129.02, 128.52, 12638,
2111
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