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1. Experimental Section:

1.1. General Information:

All reagents and solvents were as obtained by commercial source. All the reactions were run under Argon
atmosphere using standard techniques. All solvents were dried by usual methods and distilled under Argon.
Column chromatography was generally performed on silica gel (pore size 60 A, 32-63 nm particle size) and
reactions were monitored by thin-layer chromatography (TLC) analysis was performed with Merck Kieselgel
60 F254 plates and visualized using UV light at 254 nm, KMnQs, 2,4-DNP and cerium ammonium

molybdate staining. The reactions were conducted with Abet tech sun 2000 simulator (under 100 mW/cm2
simulated AM 1.5G irradiance). For irradiation with blue light OSRAM Oslon SSL 80 LDCQ7P-1U3U (blue,
A max = 455 nm, I max = 1000 mA, 1.12 W) was used. '"H NMR and ">C NMR spectra were measured on a
Bruker Avance 111 400 spectrometer (400 MHz or 100 MHz, respectively) using CDCl; solutions and TMS as
an internal standard. Chemical shifts are reported in parts per million (ppm, d) relative to internal
tetramethylsilane standard (TMS, d 0.00). The peak patterns are indicated as follows: s, singlet; d, doublet; t,
triplet; m, multiplet; q, quartet; dd, doublet of doublets; br, broad. The coupling constants, J, are reported in
Hertz (Hz). High resolution mass spectra HRMS (HESI-FT-ORBITRAP) were recorded on a Q-Exactive
Thermo Scientific mass spectrometer. Melting points were determined in open capillary tubes and are

uncorrected.

1.2. General Procedure for the synthesis of methyl benzoate 5a under solar simulator irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (1.3 mmol) was added to a solution of a
benzyl alcohol (1.1 mmol) in 2 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under solar simulator irradiation for 1.5 hours under Ar (the reaction was
monitored by TLC until disappearance of benzyl alcohol). Then the reaction mixture was cooled to 0 °C, stirred
under an inert atmosphere of dry argon and methanol (1.0 mmol) was dropwise added via syringe followed by
dropwise addition of NEt; (2.0 mmol) and then DMAP (10% mol) at once. After completion of the addition,
the reaction mixture left to stir at room temperature until disappearance of the methanol (monitored by TLC,
the reaction is usually complete in about 1 h). Then the solvent was removed under vacuum, and the residue

purified by flash chromatography. Pale yellow oil; (0.135 g, 99 % yield).

1.3. General Procedure for the synthesis of methyl benzoate 5a under sunlight irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (1.3 mmol) was added to a solution of a
benzyl alcohol (1.1 mmol) in 2 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under sun light irradiation for 1.5 hours under Ar (the reaction was monitored
by TLC until disappearance of benzyl alcohol). Then the reaction mixture was cooled to 0 °C, stirred under an

inert atmosphere of dry argon and methanol (1.0 mmol) was dropwise added via syringe followed by dropwise



addition of NEt3 (2.0 mmol) and then DMAP (10% mol) at once. After completion of the addition, the reaction
mixture left to stir at room temperature until disappearance of the methanol (monitored by TLC, the reaction
is usually complete in about 1 h). Then the solvent was removed under vacuum, and the residue purified by

flash chromatography. Pale yellow oil; (0.134 g, 98 % yield).

1.4. General Procedure to esters under blue LED irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (1.1 mmol) was added to a solution of a
benzyl alcohol (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred and irradiated using a blue LED (455 nm) for 1.5 h at 25 °C under Ar (the
reaction was monitored by TLC until disappearance of benzyl alcohol). Then the reaction mixture was cooled
to 0 °C, stirred under an inert atmosphere of dry argon and an alcohol (1.0 mmol) was dropwise added via
syringe followed by dropwise addition of NEt; (2.0 mmol) and then DMAP (10% mol) at once. After
completion of the addition, the reaction mixture left to stir at room temperature until disappearance of the
alcohol (monitored by TLC, the reaction is usually complete in about 1 h). Then the solvent was removed

under vacuum, and the residue purified by flash chromatography.



1.5. Compound characterizations:

O
@)‘\0/

Methyl benzoate (5a):!" Pale yellow oil; (0.135 g, 99 % yield); R;= 0.484 (hexane/ethyl acetate 4.7/0.3). 'H
NMR (400 MHz, CDCls) 8: 8.03 (d, J = 7.6 Hz, 2H), 7.54 (t, J= 7.4 Hz, 1H), 7.42 (t, J = 7.7 Hz, 2H), 3.90 (s,
3H). *C NMR (100 MHz, CDCl;) 8: 166.9, 132.8, 130.1, 129.4, 128.2, 51.9.

0]
Benzyl benzoate (5b):1*! Colorless oil; (0.182 g, 86 % yield); R, = 0.448 (hexane/ethyl acetate 4.5:0.5). 'H

NMR (400 MHz, CDCls) &: 8.07 (d, J = 7.8 Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H), 7.49 — 7.31 (m, 7H), 5.36 (s,
2H). '*C NMR (100 MHz, CDCl3) 8: 166.5, 136.1, 133.1, 130.2, 129.8, 128.6, 128.4, 128.3, 128.2, 66.7.

SAav

Thiophen-2-ylmethyl benzoate (5¢): Colorless oil; (0.203 g, 93 % yield); Ry= 0.36 (hexane/ethyl acetate
4.5/0.5). "H NMR (400 MHz, CDCl3) & : 8.04 (d, J=7.9 Hz, 2H), 7.49 (t, J= 7.3 Hz, 1H), 7.37 (t,J= 7.4 Hz,
2H), 7.28 (d, J= 5.0 Hz, 1H), 7.13 (m, 1H), 6.97 - 6.95 (m, 1H), 5.48 (s, 2H).’! 3C NMR (100 MHz, CDCls)
5:166.0,137.9, 132.9, 129.8, 129.6, 128.2, 128.0, 126.7, 126.6, 60.8.1*!

O)‘\o

2-Ethylphenyl benzoate (5d): Colorless oil; (0.186 g, 82 % yield); Ry= 0.44 (hexane/ethyl acetate 4.7/0.3).



"H NMR (400 MHz, CDCl3) & : 8.23 - 8.21 (m, 2H), 7.62 - 7.46 (m, 1H), 7.50 - 7.46 (m, 2H), 7.30 — 7.13 (m,
4H), 2.61 (q, J = 7.5 Hz, 2H), 1.20 (t,J = 7.5 Hz, 3H).[ '*C NMR (100 MHz, CDCl3) § : 165.2, 149.2, 136.1,
133.6, 130.2, 129.7, 129.6, 128.7, 127.0, 126.3, 122.4, 23.4, 14.44

Hee

Naphthalen-2-yl benzoate (5e): White solid; (0.201 g, 81 % yield); m.p= 101-103 °C;®) R, = 0.492
(hexane/ethyl acetate 4.5/0.5). '"H NMR (400 MHz, CDCls) &: 8.29 (d, J = 7.7 Hz, 2H), 7.95 — 7.85 (m, 3H),
7.73 (d, J= 2.3 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H), 7.58 — 7.49 (m, 4H), 7.40 (dd, J = 8.9, 2.3 Hz, 1H).l® BC
NMR (100 MHz, CDCl;) 6: 165.3, 148.6, 133.8, 133.6, 131.5, 130.2, 129.5, 129.4, 128.6, 127.8, 127.6, 126.5,
125.7,121.2, 118.7.19

Sha

Prop-2-yn-1-yl benzoate (5f):" Colorless oil; (0.114 g, 71 % yield); R/= 0.46 (hexane/ethyl acetate 4.5/0.5).
"H NMR (400 MHz, CDCl5) & : 8.08 - 8.06 (m, 2H), 7.60 - 7.56 (m, 1H), 7.47 - 7.43 (m, 2H), 4.94 (d, J = 2.4
Hz, 2H), 2.52 (t, J = 2.4 Hz, 1H). *C NMR (100 MHz, CDCl;) & : 165.8, 133.3, 129.8, 129.4, 128.5, 77.7,
75.0, 52.4.

L
©)‘\O
Sec-butyl benzoate (5g):!* Yellow oil; (0.123 g, 69 % yield); R;= 0.55 (hexane/ethyl acetate 4.5/0.5). 'H
NMR (400 MHz, CDCL3) 5 : 8.05 (d, J = 8.0 Hz, 2H), 7.55 (t, /= 7.1 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 5.10

(m, 1H), 1.71 (m, 2H), 1.34 (d, J= 6.2 Hz, 3H), 0.98 (t, /= 7.4 Hz, 3H). 3C NMR (100 MHz, CDCl;) 3: 166.3,
132.7, 1309, 129.5, 128.3, 72.8, 29.0, 19.6, 9.7.



TG

Benzyl 4-(tert-butyl)benzoate (6a):'! Colorless oil; (0.215 g, 80 % yield); R,= 0.38 (hexane/ethyl acetate
4.7/0.3). "H NMR (400 MHz, CDCl5) §: 8.01 (d, J = 8.1 Hz, 2H), 7.45 - 7.43 (m, 4H), 7.39 — 7.32 (m, 3H),
5.35 (s, 2H), 1.33 (s, 9H). *C NMR (100 MHz, CDCl3) &: 166.5, 156.7, 136.3, 129.6, 128.6, 128.2, 128.1,
127.4, 125.4, 66.5, 35.1, 31.1.

0

Benzyl [1,1'-biphenyl]-4-carboxylate (6b):!'” White solid; (0.260 g, 90 % yield); m.p. 115 - 117 °C, R;=0.41
(hexane/ethyl acetate 4.5/0.5). "H NMR (400 MHz, CDCl;) &: 8.17 (d, J = 8.4 Hz, 2H), 7.69 - 7.63 (m, 4H),
7.52 —7.37 (m, 8H), 5.42 (s, 2H). *C NMR (100 MHz, CDCl;) &: 166.3, 145.7, 139.9, 136.1, 130.2, 128.9,
128.8, 128.6, 128.2, 128.1, 128.1, 127.2, 127.0, 66.7.

0

Benzyl 4-chlorobenzoate (6¢):!'"! Yellow oil; (0.237 g, 96 % yield); R/= 0.48 (hexane/ethyl acetate 4.5/0.5).
"H NMR (400 MHz, CDCls) &: 8.04 — 7.99 (m, 2H), 7.46 — 7.34 (m, 7H), 5.36 (s, 2H). '°C NMR (100 MHz,
CDCl) 6: 165.6, 139.5, 135.8, 131.1, 128.7, 128.6, 128.6, 128.4, 128.2, 66.9.

SSaas

Benzyl 3-chlorobenzoate (6d):!' Yellow oil; (0.232 g, 94 % yield); R;= 0.42 (hexane/ethyl acetate 4./0.5).
"H NMR (400 MHz, CDCL3) &: 8.05 (¢, J = 1.9 Hz, 1H), 7.96 (dt, J = 7.8, 1.4 Hz, 1H), 7.5 — 7.53 (m, 1H),
7.47 —7.35 (m, 6H), 5.37 (s, 2H). *C NMR (100 MHz, CDCls) 5: 165.2, 135.6, 134.5, 133.0, 131.9, 129.7,



129.7,128.6, 128.4, 128.3, 127.8, 67.1.

0

Benzyl 2,4-dichlorobenzoate (6e):!"*! Yellow oil; (0.239 g, 85 % yield); R;= 0.48 (hexane/ethyl acetate
4.4/0.6). "H NMR (400 MHz, CDCls) &: 7.83 (d, J = 8.4 Hz, 1H), 7.49 — 7.35 (m, 6H), 7.29 (dd, J = 8.5, 2.0
Hz, 1H), 5.37 (s, 2H). *C NMR (100 MHz, CDCl;) &: 164.5, 138.4, 135.4, 135.1, 132.6, 131.1, 128.6, 128.5,
128.4, 128.2,127.0, 67.5.

Neaas

Benzyl 4-(trifluoromethyl)benzoate (6f):!' Yellow oil; (0.098 g, 35 % yield); R,= 0.46 (hexane/ethyl acetate
4.8/0.2). "H NMR (400 MHz, CDCl3) 3: 8.20 (d, J = 7.8 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.48 — 7.35 (m,
SH), 5.41 (s, 2H). >C NMR (100 MHz, CDCls) 8: 165.2, 135.6, 134.5 (d, JC-F = 32.4 Hz), 133.3 (d, Jer= 0.9
Hz), 130.1, 128.7, 128.5, 128.3, 125.4 (q, Jc.r = 3.7 Hz), 123.6 (d, Jc.r = 271.6 Hz), 67.2.

Neaas

Benzyl 4-nitrobenzoate (6g): Yellow solid; (0.057 g, 22 % yield); Ry= 0.516 (hexane/ethyl acetate 4.2/0.8);
m.p.= 82-83°C .l'" 'TH NMR (400 MHz, CDCl;) : 8.29 — 8.22 (m, 4H), 7.47 (d, J = 7.2 Hz, 2H), 7.44 — 7.36
(m, 3H), 5.41 (s, 2H).!"™ 3C NMR (100 MHz, CDCl;) &: 164.4, 150.5, 135.4, 135.2, 130.7, 128.6, 128.5, 128.3,
123.4,67.5."

/©)ko/
Ph



Methyl [1,1'-biphenyl]-4-carboxylate (7a): White solid; (0.180 g, 85 % yield); m.p= 116-117 °C;!'®! R,=
0.303 (hexane/ethyl acetate 4.8/0.2). '"H NMR (400 MHz, CDCls) &: 8.12 (d, J = 8.3 Hz, 2H), 7.65 (dd, J =
14.7, 7.9 Hz, 4H), 7.47 (t, J = 7.5 Hz, 2H), 7.40 (t, J = 7.3 Hz, 1H), 3.95 (s, 3H).l'!”2 3*C NMR (100 MHz,
CDCls) 8: 166.9, 145.5, 139.9, 130.0, 128.9, 128.8, 128.1, 127.2, 126.9, 52.0.1'"

Negane

3-cyclohexylpropyl [1,1'-biphenyl]-4-carboxylate (7b):!'"® Pale yellow oil; (0.268 g, 83 % yield); R,= 0.486
(hexane/ethyl acetate 4.8/0.2). '"H NMR (400 MHz, CDCl;) &: 8.13 (d, J= 8.2 Hz, 2H), 7.65 (dd, J=14.7, 7.9
Hz, 4H), 7.48 (t, J = 7.5 Hz, 2H), 7.40 (t, /= 7.3 Hz, 1H), 4.34 (t, J = 6.8 Hz, 2H), 1.84 — 1.66 (m, 7H), 1.37
—1.17 (m, 6H), 0.98 — 0.89 (m, 2H). *C NMR (100 MHz, CDCls) &: 166.5, 145.5, 140.0, 130.0, 129.3, 128.9,
128.0, 127.2, 126.9, 65.4, 37.3, 33.7, 33.3, 26.6, 26.3, 26.1.

fepanas

5-phenylpentyl 4-fluorobenzoate (7¢): Colorless oil; (0.244 g, 85 % yield); R/= 0.515 (hexane/ethyl acetate
4.7/0.3). '"H NMR (400 MHz, CDCl;) : 8.07 (dd, J = 8.7, 5.5 Hz, 2H), 7.35 — 7.28 (m, 2H), 7.25 — 7.19 (m,
3H), 7.12 (t, J= 8.6 Hz, 2H), 4.34 (t, J = 6.6 Hz, 2H), 2.68 (t,J= 7.7 Hz, 2H), 1.83 (dt, /= 14.4, 6.8 Hz, 2H),
1.79 — 1.71 (m, 2H), 1.53 (g, J = 8.1 Hz, 2H). *C NMR (100 MHz, CDCls) &: 165.6 (d, Jc.r = 252 Hz), 165.5,
142.22,132.0 (d, Jc.r = 9 Hz), 128.29, 128.19, 126.6 (d, Jc.r = 3 Hz), 125.63, 115.3 (d, Jc.r = 22 Hz), 64.96,
35.64,30.92,28.46,25.50. HRMS (HESI-FT-ORBITRAP) calcd for CisH;9FNaO, [M+Na]": 309,1267, found
309,1269.

/@)‘\O/\
Cl

Ethyl 4-chlorobenzoate (7d):""” Colorless oil; (0.148 g, 80 % yield); R,= 0.49 (hexane/ethyl acetate 4.8/0.2).



'"H NMR (400 MHz, CDCL) 8: 7.95 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 4.35 (q, J = 7.1 Hz, 2H),
1.37 (t, J = 7.2 Hz, 3H). >C NMR (100 MHz, CDCL3) 8: 165.6, 139.1, 130.8, 128.9, 128.6, 61.1, 14.2.

J e

4-ethylphenyl 4-chlorobenzoate (7e): Colorless oil; (0.258 g, 99 % yield); Ry= 0.486 (hexane/ethyl acetate
4.5/0.5). "H NMR (400 MHz, CDCls) &: 8.22 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.39 — 7.37 (m,
1H), 7.35 — 7.27 (m, 2H), 7.23 — 7.20 (m, 1H), 2.68 (q, J = 7.6 Hz, 2H), 1.28 (t, J = 7.6 Hz, 3H). *C NMR
(100 MHz, CDCls) 3: 164.1, 148.8, 140.0, 135.8, 131.47, 129.4, 128.9, 127.9, 126.9, 126.3, 122.1, 23.2, 14.1.
HRMS (HESI-FT-ORBITRAP) calcd for CisHi3CINaO, [M+Na]™: 283,0502, found 283,0500.

RORAY

Thiophen-2-ylmethyl 3-chlorobenzoate (7f): Colorless oil; (0.223 g, 88 % yield); Ry= 0.469 (hexane/ethyl
acetate 4.7/0.3). "H NMR (400 MHz, CDCl;) &: 8.03 (s, 1H), 7.94 (d, J= 7.8 Hz, 1H), 7.52 (d, J = 8.6 Hz, 1H),
7.36 (t, J = 6.9 Hz, 2H), 7.19 (d, J = 3.4 Hz, 1H), 7.07 — 6.96 (m, 1H), 5.52 (s, 2H). *C NMR (100 MHz,
CDCl) 6: 164.9, 137.5, 134.4, 133.0, 131.6, 129.7, 129.6, 128.4, 127.8, 127.0, 126.8, 61.2. HRMS (HESI-FT-
ORBITRAP) calcd for C;2HoCINaO,S [M+Na]*: 274,9910, found 274,9912.



1.6. Detection and characterization of benzoyl chloride (3):
0]
Cl

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (2.2 mmol) was added to a solution of
benzyl alcohol (2.2 mmol) in 2 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under blue LED irradiation (455 nm) for 1.5 hours under Ar (the reaction was
monitored by TLC until disappearance of benzyl alcohol). The mixture of reaction was filtered on Celite, then
the solvent was removed under vacuum and the residue was distilled."H NMR (400 MHz, CDCI3) §: 8.08 (d,
J=7.8 Hz, 2H), 7.66 (t, ] = 7.4 Hz, 1H), 7.48 (t, ] = 7.6 Hz, 2H). *C NMR (100 MHz, CDCI3) &: 168.3, 135.4,

133.2, 131.4, 129.0.2%
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2. NMR Spectra of esters:
Methyl benzoate (5a):
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Benzyl benzoate (Sb)
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Thiophen-2-ylmethyl benzoate (5¢):
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2-Ethylphenyl benzoate (5d):
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Prop-2-yn-1-yl benzoate (5f)
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Sec-butyl benzoate (5g)
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Benzyl 4-(tert-butyl)benzoate (6a):
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Benzyl [1,1'-biphenyl]-4-carboxylate (6b):
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Benzyl 4-chlorobenzoate (6¢)
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Benzyl 3-chlorobenzoate (6d)
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Benzyl 2,4-dichlorobenzoate (6e)
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Benzyl 4-(trifluoromethyl)benzoate (6f):
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trobenzoate (6g):
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Methyl [1,1'-biphenyl]-4-carboxylate (7a):
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3-cyclohexylpropyl [1,1'-biphenyl]-4-carboxylate (7b):
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5-phenylpentyl 4-fluorobenzoate (7c):
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Ethyl 4-chlorobenzoate (7d):
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4-ethylphenyl 4-chlorobenzoate (7e):
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Thiophen-2-ylmethyl 3-chlorobenzoate (7f):
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2.1. NMR Spectra of Benzoyl chloride (3):
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3. UV-Vis Spectra

TCCA (1.1 mmol) in 10 mL dichloromethane and benzyl alcohol (1.1 mmol).

Absorbance (a. u.)

0-
310 335 360 385 410 435 460 485 510

Wavelength (nm)

4. Experimental set-up:




