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Experimental Section:

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.
Aldehydes were fresh distilled before use. 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, KMnOy,
2,4-DNP and cerium ammonium molybdate staining. The reactions were conducted with Abet tech sun 2000
simulator (under 100 mW/cm? simulated AM 1.5G irradiance). For irradiation with blue light OSRAM Oslon
SSL 80 LDCQ7P-1U3U (blue, A max = 455 nm, | 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
CDCls; 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). Elemental analyses were measured on a Perkin-Elmer Elemental Analyzer 2400-
CHN. 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. For
the determination of the quantum yield a Stabilized laser diode Oxxius-450 (A= 450 £+ 5 nm) was utilized as
excitation source. Newport model 1918-C power meter for the determination of the irradiation beam and

transmitted. Arex Digital as plate stirrer.

General Procedure for esters 5a-s under solar simulator irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under solar simulator irradiation for 4 hours under Ar (the reaction was
monitored by TLC until disappearance of aldehyde). 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.
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Compound characterizations:

J@Ao/
Cl

Methyl 2,4-dichlorobenzoate (5a): Yellow oil; (0.201 g, 98 % vyield); Rs = 0.3 (hexane/ethyl acetate
4.7/0.3). 'H NMR (400 MHz, CDCls) 6: 7.79 (d, J = 8.5 Hz, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.29 (dd, J = 8.4,
2.0 Hz, 1H), 3.92 (s, 3H).! °C NMR (100 MHz, CDCls) 8: 165.2, 138.3, 134.9, 132.5, 131.0, 128.2, 126.9,
52.5.1

Cl O

Foaasl

4-chlorobenzyl 2,4-dichlorobenzoate (5b): White solid; (0.293 g, 93 % yield); m.p.= 69-70 °C; Ri= 0.276
(hexane/ethyl acetate 4.7/0.3). *H NMR (400 MHz, CDCls) &: 7.81 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 2.0 Hz,
1H), 7.41 — 7.33 (m, 4H), 7.29 (dd, J = 8.5, 2.0 Hz, 1H), 5.32 (s, 2H). 3C NMR (100 MHz, CDCls) &: 164.4,
138.6, 135.1, 134.4, 133.8, 132.6, 131.1, 129.8, 128.8, 127.9, 127.0, 66.6. Anal. Calcd. for C14HsCl30,: C,
53.29; H, 2.87. Found: C, 53.27; H, 2.84.

Cyclohexyl 2,4-dichlorobenzoate (5¢): Colorless oil; (0.218 g, 80 % yield); Ri= 0.44 (hexane/ethyl acetate
4.7/0.3). *H NMR (400 MHz, CDCls) &: 7.77 (d, J = 8.4 Hz, 1H), 7.45 (s, 1H), 7.29 (d, J = 8.3 Hz, 1H), 5.04
(tt, J = 8.6, 3.9 Hz, 1H), 1.94 (dt, J = 9.1, 5.0 Hz, 2H), 1.79 (dq, J = 14.6, 4.8 Hz, 2H), 1.64 — 1.54 (m, 3H),
1.49 — 1.31 (m, 3H). °C NMR (100 MHz, CDCls) &: 164.4, 137.9, 134.6, 132.3, 130.9, 129.2, 126.9, 74.3,
31.5, 25.4, 23.6. Anal. Calcd. for Cy13H14Cl,0;: C, 57.16; H, 5.17. Found: C, 57.17; H, 5.15.

Finae
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2-methylbenzyl 2,4-dichlorobenzoate (5d):2 Colorless oil; (0.283 g, 96 % vyield); Ri= 0.4 (hexane/ethyl
acetate 4.7/0.3). *H NMR (400 MHz, CDCls) &: 7.80 (d, J = 8.4 Hz, 1H), 7.47 (s, 1H), 7.41 (d, J = 7.0 Hz, 1H),
7.29 — 7.20 (m, 4H), 5.38 (s, 2H), 2.41 (s, 3H). *C NMR (100MHz, CDCls) &: 164.5, 138.4, 137.1, 135.1,
133.3,132.6, 131.1, 130.4, 129.6, 128.8, 128.2, 127.0, 126.1, 65.9, 19.0.

s

Pentan-3-yl 2,4-dichlorobenzoate (5¢): Yellow oil; (0.201 g, 77 % yield); Rs= 0.41 (hexane/ethyl acetate
4.7/0.3). 'H NMR (400 MHz, CDCls3) 6: 7.78 (d, J = 8.4 Hz, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.29 (dd, J = 8.5,
2.0 Hz, 1H), 5.04 (p, J = 6.2 Hz, 1H), 1.71 (p, J = 7.3 Hz, 4H), 0.97 (t, J = 7.5 Hz, 6H). 3C NMR (100 MHz,
CDCls) &: 164.7, 137.8, 134.5, 132.1, 130.8, 129.2, 126.8, 78.6, 26.3, 9.6. Anal. Calcd. for C12H14Cl,0-: C,
55.19; H, 5.40. Found: C, 55.21; H, 5.42.

Prop-2-yn-1-yl 3-chlorobenzoate (5f): Colorless oil; (0.156 g, 80 % vyield); Ri = 0.486 (hexane/ethyl
acetate 4.5/0.5). H NMR (400 MHz, CDCls) 3: 8.04 (d, J = 2.0 Hz, 1H), 7.95 (d, J = 7.7 Hz, 1H), 7.54 (dd, J
=8.1, 2.1 Hz, 1H), 7.39 (t, J = 7.9 Hz, 1H), 4.92 (d, J = 2.5 Hz, 2H), 2.54 (t, J = 2.5 Hz, 1H). *C NMR (100
MHz, CDCls) &: 164.6, 134.6, 133.3, 131.1, 129.8, 129.7, 127.9, 75.3, 52.8. Anal. Calcd. for C10H;CIO,: C,
61.72; H, 3.63. Found: C, 61.75; H, 3.66.

(0]

/@)J\O/\
Cl

Ethyl 4-chlorobenzoate (5g):2 Colorless oil; (0.131 g, 71 % yield); Ri= 0.49 (hexane/ethyl acetate 4.8/0.2).
IH NMR (400 MHz, CDCls) &: 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). 3C NMR (100 MHz, CDCls) &: 165.6, 139.1, 130.8, 128.9, 128.6, 61.1, 14.2.
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Boaas

3

Benzyl 4-(trifluoromethyl)benzoate (5h):* Yellow oil; (0.224 g, 80 % yield); R:= 0.303 (hexane/ethyl
acetate 4.8/0.2). 'H NMR (400 MHz, CDCls) &: 8.19 (d, J = 8.1 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.46 (d, J =
7.0 Hz, 2H), 7.43 — 7.36 (m, 3H), 5.40 (s, 2H). *C NMR (100 MHz, CDClIs) &: 165.2, 135.6, 134.5 (d, Jc-r =
32.4 Hz), 133.3 (d, Jc.r = 0.9 Hz), 130.1, 128.7, 128.5, 128.3, 125.4 (q, Jc-~= 3.7 Hz), 123.6 (d, Jc.r = 271.6
Hz), 67.2.

@ix

Tert-butyl 4-cyanobenzoate (5i): White solid; (0.122 g, 60 % yield); R:= 0.39 (hexane/ethyl acetate
4.5/0.5); m.p.= 77-78°C.> 'H NMR (400 MHz, CDCls) &: 8.07 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H),
1.60 (s, 9H).6 *C NMR (100 MHz, CDCls) &: 164.0, 135.8, 132.0, 129.9, 118.1, 115.8, 82.4, 28.1.°

4-chloro-2-methylphenyl 4-cyanobenzoate (5j): White solid; (0.256 g, 94 % yield); m.p.= 116-118°C; Ry
= 0.424 (hexane/ethyl acetate 4.2/0.8). *H NMR (400 MHz, CDCls) &: 8.31 (d, J = 8.2 Hz, 2H), 7.84 (d, J =
8.2 Hz, 2H), 7.42 (d, J = 8.6 Hz, 1H), 7.13 (d, J = 2.8 Hz, 1H), 7.03 (dd, J = 8.7, 2.8 Hz, 1H), 2.43 (s, 3H). 13C
NMR (100 MHz, CDCls) 6: 163.5, 148.8, 137.7, 133.1, 132.4, 131.9, 130.6, 129.9, 123.8, 120.1, 117.7, 117.2,
20.2. Anal. Calcd. for C1sH10CINO.: C, 66.31; H, 3.71; N, 5.16. Found: C, 66.33; H, 3.75; N, 5.20.

(0]

/@)J\O/\/
NC

Allyl 4-cyanobenzoate (5k):” Yellow oil; (0.161 g, 86 % yield); Ri= 0.27 (hexane/ethyl acetate 4.5/0.5).
'H NMR (400 MHz, CDCls) &: 8.15 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 6.03 (ddt, J = 16.4, 11.0, 5.8
Hz, 1H), 5.41 (d, J = 17.1 Hz, 1H), 5.32 (d, J = 10.4 Hz, 1H), 4.85 (d, J = 5.8 Hz, 2H). *C NMR (100 MHz,
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CDCls) 6: 164.5, 133.9, 132.2, 131.5, 130.1, 119.0, 117.9, 116.4, 66.3.

2-(thiophen-2-yl)ethyl 4-nitrobenzoate (51): Colorless oil; (0.130 g, 47 % yield); Ri= 0.47 (hexane/ethyl
acetate 4.2/0.8). 'H NMR (400 MHz, CDCls) &: 8.30 (d, J = 8.8 Hz, 2H), 8.22 (d, J = 8.8 Hz, 2H), 7.19 (d, J =
5.2 Hz, 1H), 6.99 — 6.94 (m, 1H), 6.92 (d, J = 3.4 Hz, 1H), 4.60 (t, J = 6.5 Hz, 2H), 3.33 (t, J = 6.5 Hz, 2H).
13C NMR (100 MHz, CDCls) 8: 164.5, 150.6, 139.5, 135.5, 130.8, 127.0, 125.7, 124.3, 123.6, 66.0, 29.3. Anal.
Calcd. for C13H11NO4S: C, 56.31; H, 4.00; N, 5.05. Found: C, 56.33; H, 3.96; N, 5.09.

Boaas

2

Benzyl 4-nitrobenzoate (5m): Yellow solid; (0.211 g, 82 % yield); Ri = 0.516 (hexane/ethyl acetate
4.2/0.8); m.p.= 81-83°C .2 'H NMR (400 MHz, CDCls) &: 8.29 — 8.22 (m, 4H), 7.47 (d, J = 7.2 Hz, 2H), 7.44
—7.36 (m, 3H), 5.41 (s, 2H).° *C NMR (100 MHz, CDCls) 8: 164.4, 150.5, 135.4, 135.2, 130.7, 128.6, 128.5,
128.3, 123.4,67.5.°

0

Benzyl benzoate (5n):%° Colorless oil; (0.159 g, 75 % 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). 3C NMR (100 MHz, CDCls) &: 166.5, 136.1, 133.1, 130.2, 129.8, 128.6, 128.4, 128.3, 128.2, 66.7.

J@AO/
Ph

Methyl [1,1'-biphenyl]-4-carboxylate (50): White solid; (0.170 g, 80 % yield); m.p= 117 °C;* R¢= 0.303
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(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).12 3C NMR (100 MHz, CDCls) &:
166.9, 1455, 139.9, 130.0, 128.9, 128.8, 128.1, 127.2, 126.9, 52.0.12

O/\©\
NO

2

4-Nitrobenzyl 4-acetylbenzoate (5p):** White solid; (0.254 g, 85 % yield); m.p= 168-169 °C; R = 0.227
(hexane/ethyl acetate 3.5:1.5). *H NMR (400 MHz, CDCls) &: 8.27 (d, J = 8.0 Hz, 2H), 8.17 (d, J = 7.8 Hz,
2H), 8.04 (d, J = 7.9 Hz, 2H), 7.62 (d, J = 8.1 Hz, 2H), 5.49 (s, 2H), 2.66 (5, 3H). *C NMR (100 MHz, CDCls)
0:197.3,165.2, 147.8, 142.8, 140.6, 133.2, 130.0, 128.5, 128.3, 123.9, 65.6, 26.9.

Sy

Benzyl pivalate (5q9):1* Yellow oil; (0.177 g, 92 % yield); Ri= 0.5 (hexane/ethyl acetate 4.5/0.5). 'H NMR
(400 MHz, CDCls) &: 7.38 — 7.31 (m, 5H), 5.11 (s, 2H), 1.23 (s, 9H). 3C NMR (100 MHz, CDCls) &: 178.3,
136.4,128.4, 127.9, 127.6, 65.9, 38.8, 27.2.

Sheas

Benzyl 3-phenylpropanoate (5r):** Colorless oil; (0.194 g, 81 % vyield); Rr= 0.5 (hexane/ethyl acetate
4.3/0.7). 'H NMR (400 MHz, CDCl3) &: 7.41 — 7.24 (m, 10H), 5.18 (s, 2H), 3.04 (t, J = 7.7 Hz, 2H), 2.75 (t, J
= 7.8 Hz, 2H). **C NMR (100 MHz, CDCls) &: 172.5, 140.3, 135.8, 128.4, 128.4, 128.2, 128.2, 128.1, 126.1,
66.1, 35.7, 30.8.

0]
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3-Cyclohexylpropyl 2-phenylacetate (5s):** Colorless oil; (0.221 g, 85 % yield); Ri= 0.548 (hexane/ethyl
acetate 4.5/0.5). 'H NMR (400 MHz, CDCls) &: 7.32 — 7.22 (m, 5H), 4.05 (t, J = 6.7 Hz, 2H), 3.59 (s, 2H),
1.68 — 1.57 (m, 7H), 1.24 — 1.10 (m, 6H), 0.88 - 0.80 (m, 2H). *C NMR (100 MHz, CDCls) &: 171.6, 134.3,
129.3, 128.5, 127.0, 65.3, 41.5, 37.3, 33.5, 33.3, 26.7, 26.4, 26.0.

General Procedure for esters 5a, 5j, 5n, 50 and 5q under blue LED irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (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 8 h at 25 °C under Ar (the
reaction was monitored by TLC until disappearance of aldehyde). 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 NEts (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.

Compound characterizations:

J@Ao/
Cl

Methyl 2,4-dichlorobenzoate (5a): Yellow oil; (0.154 g, 75 % yield).

4-chloro-2-methylphenyl 4-cyanobenzoate (5j): White solid; (0.212 g, 78 % yield).

(e}

0
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Benzyl benzoate (5n): Colorless oil; (0.148 g, 70 % vyield).

J@Ao/
Ph

Methyl [1,1'-biphenyl]-4-carboxylate (50): White solid; (0.146 g, 69 % yield).

Ras

Benzyl pivalate (5q): Yellow oil; (0.157 g, 82 % yield).

General Procedure for esters 5a, 5j, 5n, 50 and 5q under sun light irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under sun light irradiation for 4 hours under Ar (the reaction was monitored
by TLC until disappearance of aldehyde). 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.

Compound characterizations:

)@A/
Cl

Methyl 2,4-dichlorobenzoate (5a): Yellow oil; (0.199 g, 97 % yield).

S11



4-chloro-2-methylphenyl 4-cyanobenzoate (5j): White solid; (0.250 g, 92 % yield).

Shas

Benzyl benzoate (5n): Colorless oil; (0.157 g, 74 % yield).

0

J@Ao/
Ph

Methyl [1,1'-biphenyl]-4-carboxylate (50): White solid; (0.167 g, 79 % yield).

Ras

Benzyl pivalate (5q): Yellow oil; (0.175 g, 91 % yield).

S12



General Procedure for anhydrides 7a-g under solar simulator irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under solar simulator irradiation for 4 hours under Ar (the reaction was
monitored by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred
under an inert atmosphere of dry argon and a carboxylic acid (1.0 mmol) was dropwise added via syringe
followed by dropwise addition of NEt; (2.0 mmol). After completion of the addition, the reaction mixture left
to stir at room temperature until disappearance of the carboxylic acid (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.

Compound characterizations:

sage

Benzoic anhydride (7a): Colorless oil; (0.181 g, 80 % yield); Ri= 0.58 (Hexane/EtOAc, 4.5:0.5). 'H NMR
(400 MHz, CDCls) &: 8.16 (d, J = 7.6 Hz, 4H), 7.67 (t, J = 7.4 Hz, 2H), 7.52 (t, J = 7.5 Hz, 4H).1*13C NMR
(100 MHz, CDCls) é: 162.2, 134.4, 130.4, 128.8, 128.7.1°

4-fluorobenzoic anhydride (7b):}" White solid; (0.256 g, 98 % vyield); mp 113-115 °C; R = 0.62
(Hexane/EtOAc, 4.5:0.5). *H NMR (400 MHz, CDCls) &: 8.19 — 8.16 (m, 4H), 7.23 - 7.19 (m, 4H). 3C NMR
(100 MHz, CDCls) & 166.7 (d, Jc.r = 255 Hz), 161.2, 133.3 (d, Je.r = 9 Hz), 125.0 (d, Jor = 3 Hz), 116.5 (d,
Jor =11 Hz).

0O [0}
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4-chlorobenzoic anhydride (7c¢):'® White solid; (0.224 g, 76 % yield); mp 180-182 °C; Rf = 0.56
(Hexane/EtOAc, 4.5:0.5). *H NMR (400 MHz, CDCls) §: 8.07 (d, J = 8.2 Hz, 4H), 7.51 (d, J = 8.3 Hz, 4H).
13C NMR (100 MHz, CDCl3) § 161.3, 141.4, 131.9, 129.4, 127.1.

Cl O [¢] Cl

2,4-dichlorobenzoic anhydride (7d):*® White solid; (0.186 g, 51 % yield); mp 119-120 °C Ri= 0.4
(hexane/ethyl acetate 4.5/0.5). *H NMR (400 MHz, CDCls) 8: 7.97 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 2.0 Hz,
2H), 7.38 (dd, J = 8.5, 2.0 Hz, 2H). 3C NMR (100 MHz, CDCls) &: 159.3, 140.4, 136.2, 133.6, 131.6, 127.5,
126.0.

(0] [¢]
O)J\o)b
Cyclohexanecarboxylic anhydride (7¢):° Colorless oil; (0.216 g, 91 % yield); R = 0.55 (Hexane/EtOAc,
4.5:0.5). *H NMR (400 MHz, CDCl3) & 2.39 (tt, J = 11.1, 3.7 Hz, 2H), 1.96 - 1.93 (m, 4H), 1.82 — 1.72 (m,

4H), 1.68 — 1.59 (m, 2H), 1.51 - 1.43 (m, 4H), 1.34 — 1.21 (m, 6H). *C NMR (100 MHz, CDCls) & 171.8, 43.9,
28.4, 25.5, 25.1.

R

Pivalic anhydride (7f): Yellow oil; (0.178 g, 96 % yield); Rs = 0.58 (Hexane/EtOAc, 4.5:0.5). 'H NMR
(400 MHz, CDCl3) 6: 1.19 (s, 18H).2° 3C NMR (100 MHz, CDCl3) 6 173.7, 39.9, 26.3.%

©/\)J\OJ\/\©
3-phenylpropanoic anhydride (7g):? Colorless oil; (0.223 g, 79 % vyield); Rf = 0.57 (Hexane/EtOAc,

4.5:0.5). 'H NMR (400 MHz, CDCl5) &: 7.28 - 7.25 (m,4H), 7.20 - 7.15 (m, 6H), 2.92 (t, J = 7.7 Hz, 4H), 2.70
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(t, J=7.7 Hz, 4H). *C NMR (100 MHz, CDCl5) &: 168.4, 139.4, 128.5, 128.2, 126.4, 36.6, 30.0.

General Procedure for anhydrides 7h under solar simulator irradiation:
©)ko)k©\

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of benzaldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under solar simulator irradiation for 4 hours under Ar (the reaction was
monitored by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred
under an inert atmosphere of dry argon and 4-methylbenzoic acid (1.0 mmol) was dropwise added via syringe
followed by dropwise addition of NEts (2.0 mmol). After completion of the addition, the reaction mixture left
to stir at room temperature until disappearance of the carboxylic acid (monitored by TLC, the reaction is
usually complete in about 1 h). Then the reaction mixture was washed three times with a solution of 5% HCI
and then three times with a solution of 5% NaHCQO3; the organic phase was dried over anhydrous Na,SO. and
the solvent was evaporated under reduced pressure providing the benzoic 4-methylbenzoic anhydride (7h):
Colorless oil; (0.202 g, 75 % Benzoic 4-methylbenzoic anhydride and 25 % of benzoic anhydride); Ry = 0.39
(Hexane/EtOAC, 4.5:0.5). *H NMR (400 MHz, CDCls) &: 8.17 — 8.13 (m, 2H), 8.04 (d, J = 8.3 Hz, 2H), 7.70
—7.62 (m, 1H), 7.52 (m, 2H), 7.31 (d, J = 7.7 Hz, 2H), 2.44 (s, 3H). *C NMR (100 MHz, CDCls) &: 162.4,
162.3, 162.2, 145.6, 134.5, 134.4, 130.5, 130.4, 130.4, 129.5, 128.8, 128.8, 128.7, 128.2, 125.9, 21.7. HRMS
(HESI-FTORBITRAP) calcd for C1sH12NaOs [M+Na]*: 263,0679, found 263,0679.

General Procedure for anhydrides 7a, 7b and 7e under blue LED irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under blue LED irradiation for 8 hours under Ar (the reaction was monitored
by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred under an inert
atmosphere of dry argon and a carboxylic acid (1.0 mmol) was dropwise added via syringe followed by
dropwise addition of NEt; (2.0 mmol). After completion of the addition, the reaction mixture left to stir at
room temperature until disappearance of the carboxylic acid (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.
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Compound characterizations:

o0

Benzoic anhydride (7a): Colorless oil; (0.158 g, 70 % vyield).

o,

4-fluorobenzoic anhydride (7b): White solid; (0.210 g, 80 % yield).

0

Cyclohexanecarboxylic anhydride (7¢): Colorless oil; (0.190 g, 80 % vyield).

General Procedure for anhydrides 7a, 7b and 7e under sun light irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under sun light irradiation for 4 hours under Ar (the reaction was monitored
by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred under an inert
atmosphere of dry argon and a carboxylic acid (1.0 mmol) was dropwise added via syringe followed by
dropwise addition of NEt; (2.0 mmol). After completion of the addition, the reaction mixture left to stir at
room temperature until disappearance of the carboxylic acid (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.
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Compound characterizations:

©)J\O)k©

Benzoic anhydride (7a): Colorless oil; (0.176 g, 78 % yield).

(0] O

jonas!

F F
4-fluorobenzoic anhydride (7b): White solid; (0.252 g, 96 % yield).

(0] (0]
O)J\O)J\O

Cyclohexanecarboxylic anhydride (7¢): Colorless oil; (0.219 g, 92 % vyield).
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General Procedure for amides 9a-h under solar simulator irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under solar simulator irradiation for 4 hours under Ar (the reaction was
monitored by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred
under an inert atmosphere of dry argon and an amine (1.0 mmol) was dropwise added via syringe followed by
dropwise addition of NEt; (2.0 mmol). After completion of the addition, the reaction mixture left to stir at
room temperature until disappearance of the amine (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.

Compound characterizations:

(0]
©)J\N/\Ph
|\Ph
N,N-dibenzylbenzamide (9a):2® White solid; (0.235 g, 78 % vyield); mp 112-113 °C R¢ = 0.353
(hexane/ethyl acetate 4/1). *H NMR (400 MHz, CDCl3) 8: 7.52 — 7.48 (m, 2H), 7.41 — 7.28 (m, 11H), 7.14 (d,

J=7.2Hz, 2H), 4.71 (s, 2H), 4.41 (s, 2H). 3C NMR (100 MHz, CDCls) 8: 172.2, 136.9, 136.4, 136.1, 129.6,
128.8, 128.7, 128.5, 128.4, 127.6, 127.5, 127.0, 126.7, 51.5, 46.8.

O

Phenyl(piperidin-1-yl)methanone (9b):# Yellow oil; (0.147 g, 81 % vyield); Ri= 0.258 (hexane/ethyl
acetate 4/1). 'TH NMR (400 MHz, CDCl3) &: 7.39 (s, 5H), 3.71 (br, s, 2H), 3.34 (br, s, 2H), 1.68 (br, s, 4H),
1.52 (br, s, 2H). 3C NMR (100 MHz, CDCls) 6: 170.3, 136.5, 129.3, 128.4, 126.8, 48.8, 43.1, 26.6, 25.6, 24.6.

(0]

N
OCH,

N-(4-methoxybenzyl)benzamide (9¢): White solid; (0.188 g, 78 % vyield); mp 83-84 °C ?° Ry= 0.353
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(hexane/ethyl acetate 3/2). *H NMR (400 MHz, CDCls) &: 7.77 (d, J = 7.9 Hz, 2H), 7.48 (t, J = 7.0 Hz, 1H),
7.39 (t, J = 7.6 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 6.53 (s, 1H), 4.55 (d, J = 5.6 Hz,
2H), 3.78 (s, 3H).% C NMR (100 MHz, CDCls) &: 167.3, 159.1, 134.5, 131.4, 130.3, 129.3, 128.5, 126.9,
114.1, 55.3, 43.6.26

o0

(4-chlorophenyl)(morpholino)methanone (9d):#” White solid; (0.187 g, 83 % yield); mp 73-75 °C R¢=
0.258 (hexane/ethyl acetate 2/3). 'H NMR (400 MHz, CDCls) &: 7.36 — 7.30 (m, 4H), 3.65 - 3.40 (m, 8H). 3C
NMR (100 MHz, CDCls) 8: 169.2, 135.8, 133.5, 128.7, 128.5, 66.6, 48.0, 42.6.

Jeae

(4-chlorophenyl)(piperidin-1-yl)methanone (9e):2¢ White solid; (0.159 g, 71 % yield); mp 70-71 °C R¢=
0.258 (hexane/ethyl acetate 2/3). *H NMR (400 MHz, CDCls) &: 7.41 — 7.30 (m, 4H), 3.68 (s, 2H), 3.33 (s,
2H), 1.71 — 1.50 (m, 6H). 3C NMR (100 MHz, CDCls) &: 169.1, 135.5, 134.8, 128.5, 128.2, 48.6, 43.1, 26.4,
25.8, 24.4.

(0]

/@)J\N/\/\/\/
H
O,N

N-heptyl-4-nitrobenzamide (9f):?* White solid; (0.180 g, 68 % vyield); mp 77-79 °C Rf = 0.234
(hexane/ethyl acetate 4/1). *H NMR (400 MHz, CDCls) &: 8.29 (d, J = 8.9 Hz, 2H), 7.92 (d, J = 9.0 Hz, 2H),
6.16 (br, 1H), 3.50 — 3.46 (M, 2H), 1.64-1.58 (m, 2H), 1.58 - 1.36 (m, 2H), 1.33-1.25 (m, 6H), 0.89 (t, J = 6.8
Hz, 3H). **C NMR (100 MHz, CDCls) §: 165.5, 149.6, 140.4, 128.0, 123.8, 40.5, 31.7, 29.5, 28.9, 26.9, 22.6,
14.0.
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N-benzylpivalamide (99):* White solid; (0.155 g, 81 % yield); mp 81-82 °C Rs= 0.21 (hexane/ethyl acetate
4/1). 'H NMR (400 MHz, CDCls) 8: 7.35 — 7.20 (m, 5H), 6.03 (s, 1H), 4.41 (d, J = 5.6 Hz, 2H), 1.21 (s, 9H).
13C NMR (100 MHz, CDCls) 6: 178.2, 138.6, 128.6, 127.5, 127.3, 43.5, 38.6, 27.6.

(0]

-

Ph

N,N-dibenzylpivalamide (9h):3 Colorless oil; (0.219 g, 78 % yield); Rr= 0.323 (hexane/ethyl acetate 4/1).
'H NMR (400 MHz, CDCls3) &: 7.39 — 7.27 (m, 6H), 7.16 (d, J = 7.4 Hz, 4H), 4.62 (s, 4H), 1.38 (s, 9H). *3C
NMR (100 MHz, CDCls) 6: 178.0, 137.2, 128.6, 127.2, 49.6, 39.2, 28.7.

General Procedure for amides 9a and 9g under blue LED irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under blue LED irradiation for 8 hours under Ar (the reaction was monitored
by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred under an inert
atmosphere of dry argon and an amine (1.0 mmol) was dropwise added via syringe followed by dropwise
addition of NEt; (2.0 mmol). After completion of the addition, the reaction mixture left to stir at room
temperature until disappearance of the amine (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.

Compound characterizations:

0
©)J\N/\Ph
kPh

N,N-dibenzylbenzamide (9a): White solid; (0.208 g, 69 % yield).
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N-benzylpivalamide (9g): White solid; (0.115 g, 60 % yield).

General Procedure for amides 9a and 9g under sun light irradiation:

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of an aldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room temperature. The
resulting suspension was stirred under sun light irradiation for 4 hours under Ar (the reaction was monitored
by TLC until disappearance of aldehyde). Then the reaction mixture was cooled to 0 °C, stirred under an inert
atmosphere of dry argon and an amine (1.0 mmol) was dropwise added via syringe followed by dropwise
addition of NEt; (2.0 mmol). After completion of the addition, the reaction mixture left to stir at room
temperature until disappearance of the amine (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.

Compound characterizations:
(0]
©)J\N/\Ph
|\Ph

N,N-dibenzylbenzamide (9a): White solid; (0.232 g, 77 % yield).

N-benzylpivalamide (9g): White solid; (0.153 g, 80 % yield).

S21



Characterization of 2,4-dichlorobenzoyl chloride 3:

Cl O

C| D/%

In a round bottom flask of 10 mL, equipped with a condenser, TCCA (0.37 mmol) was added to a solution
of 2,4-dichlorobenzaldehyde (1.1 mmol) in 1 mL dichloromethane under Ar atmosphere and at room
temperature. The resulting suspension was stirred under solar simulator irradiation for 4 hours under Ar (the
reaction was monitored by TLC until disappearance of 2,4-dichlorobenzaldehyde). The mixture of reaction
was filtered on Celite, then the solvent was removed under vacuum and the residue was distilled. 'H NMR
(400 MHz, CDCls) &: 8.07 (d, J = 8.6 Hz, 1H), 7.52 (d, J = 2.0 Hz, 1H), 7.40 (dd, J = 8.6, 2.0 Hz, 1H).%? 13C
NMR (100 MHz, CDCls) 6: 164.1, 140.7, 135.0, 134.6, 131.4, 131.0, 127.4.%
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Determination of quantum yield:

A quartz cuvette was charged with 1 mL dichloromethane, TCCA (0.37 mmol) and benzaldehyde (1.1
mmol). The vial was fitted with a Teflon cap. The reaction mixture was stirred and simultaneously irradiated
by using a Stabilized laser diode Oxxius-450 (A= 450 + 5 nm) at room temperature for 3600s and the photon
flux was measured. The laser beam was expanded and then parallelized by using a telescopic arrangement of
two convergent lens. The final beam dimension was set in 5.5 £ 0.2 mm in order to cover the whole solution
inside a 10x10 mm quartz cuvette. The cuvette with solvent and a stirring bar was placed in the beam (8
mw/cm?) and the transmitted power focalized with a third convergent lens, was measured by a calibrated power
meter (Newport model 1918-C) horizontal to the cuvette. The content of the cuvette was changed to the
reaction mixture and the transmitted power was measured after different times. The yield of benzoyl chloride
formed was determined by *H NMR spectroscopy. The quantum yield is calculated using the following

equation:®

0.209%10° pmol _

¢ — Nproduct __

Nph 70 ymol

§23



UV-Vis Spectra:

TCCA (0.37 mmol) in 10 mL dichloromethane and benzaldehyde (1.1 mmol).

Absorbance (a. u.)

0

3%0 355 3&0 355 4;0 455 460 4é5 510
Wavelength (nm)

S24



=

o

RO~

12.

13.
14.

15.
16.
17.
18.
19.
20.
21.

22,
23.

24,
25.
26.
27.

28.
29.

30.

31.

References:

H. Zhou, J. Zhang, H. Yang, C. Xia and G. Jiang, Organometallics, 2016, 35, 3406-3412.

P. K. Maity, A. Rolfe, T. B. Samarakoon, S. Faisal, R. D. Kurtz, T. R. Long, A. Schétz, D. L.
Flynn, R. N. Grass, W. J. Stark, O. Reiser and P. R. Hanson, Organic Letters, 2011, 13, 8-10.
X. Chen, S. Hu, R. Chen, J. Wang, M. Wu, H. Guo and S. Sun, RSC Advances, 2018, 8, 4571-
4576.

B. Lu, F. Zhu, H.-M. Sun and Q. Shen, Organic Letters, 2017, 19, 1132-1135.

M. Frizler, F. Lohr, N. Furtmann, J. Kl&s and M. Gitschow, Journal of Medicinal Chemistry,
2011, 54, 396-400.

Z. Xin, T. M. Gggsig, A. T. Lindhardt and T. Skrydstrup, Organic Letters, 2012, 14, 284-287.
Y. Wang and Q. Kang, Organic Letters, 2014, 16, 4190-4193.

T. Taniguchi, D. Hirose and H. Ishibashi, ACS Catalysis, 2011, 1, 1469-1474.

T.Y.S.But, J. Luand P. H. Toy, Synlett, 2010, 2010, 1115-1117.

F. Jie, L. Shuai, C. Shan-Yong, Z. Ji, F. Song-Sen and Y. Xiao-Qi, Advanced Synthesis &
Catalysis, 2012, 354, 1287-1292.

L. Ackermann, C. J. Gschrei, A. Althammer and M. Riederer, Chemical Communications,
2006, 1419-1421.

K. Inamoto, J.-i. Kuroda, K. Hiroya, Y. Noda, M. Watanabe and T. Sakamoto,
Organometallics, 2006, 25, 3095-3098.

S. Gaspa, A. Porcheddu and L. De Luca, Organic Letters, 2015, 17, 3666-3669.

J. W. Hilborn, E. MacKnight, J. A. Pincock and P. J. Wedge, Journal of the American
Chemical Society, 1994, 116, 3337-3346.

M. H. C., F. Javier, W. D. J. and W. J. M. J., Chemistry — An Asian Journal, 2010, 5, 538-
542.

W. Phakhodee, C. Duangkamol, S. Wangngae and M. Pattarawarapan, Tetrahedron Letters,
2016, 57, 325-328.

Y. Li, D. Xue, C. Wang, Z.-T. Liu and J. Xiao, Chemical Communications, 2012, 48, 1320-
1322.

Y. D. Park, J. J. Kim, H. K. Kim, S. D. Cho, Y. J. Kang, K. H. Park, S. G. Lee and Y. J. Yoon,
Synthetic Communications, 2005, 35, 371-378.

Y. Hamada, K. Makino and J. Ohtaka, Heterocycles, 2009, 77, 629.

H.-J. G. K. Griesbaum, W. Volpp, I.-C. Jung Chemische Berichte, 1991, 124, 947-956.

M. Al-Talib, I. Jibril, J. C. Jochims and G. Huttner, Chemische Berichte, 1984, 117, 3211-
3221.

M. C. Sheikh, S. Takagi, T. Yoshimura and H. Morita, Tetrahedron, 2010, 66, 7272-7278.
C. Hua, X. Mao-Qian, C. Chuan-Xiang, W. Hua-Jing, L. Qiang, L. Hong-Fu, Y. Fu-Bin, C.
Cheng and V. Francis, Chemistry — An Asian Journal, 2018, 13, 440-448.

S. Zhou, K. Junge, D. Addis, S. Das and M. Beller, Angew. Chem. Int. Ed. Engl., , 2009, 50,
9507-9510.

N. Iranpoor, H. Firouzabadi, S. Motevalli and M. Talebi, Tetrahedron, 2013, 69, 418-426.

S. N. Rao, D. C. Mohan and S. Adimurthy, Org. Lett.,, 2013, 15, 1496-1499.

P. J. Rushworth, D. G. Hulcoop and D. J. Fox, The Journal of Organic Chemistry, 2013, 78,
9517-9521.

E. Bisz and M. Szostak, Advanced Synthesis & Catalysis, 2019, 361, 85-95.

M. Pilo, A. Porcheddu and L. De Luca, Organic & Biomolecular Chemistry, 2013, 11, 8241-
8246.

D. C. Braddock, P. D. Lickiss, B. C. Rowley, D. Pugh, T. Purnomo, G. Santhakumar and S.
J. Fussell, Organic Letters, 2018, 20, 950-953.

Z. Shaolin, J. Kathrin, A. Daniele, D. Shoubhik and B. Matthias, Angewandte Chemie
International Edition, 2009, 48, 9507-9510.

§25



32. H. M. R. Hoffmann and K. Haase, Synthesis, 1981, 1981, 715-719.
33. I. Ghosh, R. S. Shaikh and B. Konig, Angewandte Chemie International Edition, 2017, 56,
8544-8549.

526



we—

8¢,
8¢,
0€L
0€L

W’
EV
8L~
08,

Cl

Cl

5a

e

=00'€

00T
E00T

E00°T

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S27

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



1 SRFRIN o
7 LN E=R R n
© R R Ko g o
NSNS L
Cl 0
/
o}
Cl
B5a

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
S28



€S —

Cl

Cl

Cl

5b

|
JL_JUM

=007 |

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S29

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



8599 —

O +9T—

Cl

Cl

Cl

5b

|

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S30

210



€T
bET
LT
66T
'
€T
b1
ST
9T
8b' T+
8b'1
51
bS'T
56T
951
(5T
851
65T
197
197
€9'T
b9'T
ST
9T
8T
6,1
08T
18T
81
261
€67
6T
96T
16T
66T

10°S
0°S
€0's
¥0°S
S0°S
90°S
AR

Cl

Cl

5¢c

E10¢

7 007¢C

JUU

———— 00T

J =00'T

——— 00T

F00C

w E/60

55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5
f1 (ppm)
S31

6.0

11.0 105 100 95 90 85 80 75 70 6.5

11.5



8G'€C~
SE'SC—

w'TE—

€€ —

06'92T~_
bT'67T~
S8 0€T—
cezer

£opeT
88/eT~"

LEVOT—

Cl

Cl

5¢c

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S32

210



Wwe—

8€'G—

Cl

o LLM

J\

E00°€

F00¢

0.0 -0.5

0.5

3.0 25 20 1.5 1.0

3.5

4.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S33

11.5



00°6T—

§8°99—

60°9CT
66°9CT
61°8¢CT
wm.wﬁ%
95621\t

P 0ET—F
SO'TET

wm.mmﬁ\
TEEET
S0'GET

CTLET
6£"8ET

PSPOT—

Cl

Cl

5d

|

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S34

210



ILT—F
mn.ﬁ\
SLT

10°S
No.m/

Y0'S—%¢
mo.m\
L0°S

Cl

5e

Cl

F009

00t

Eo00T

=007

Foor

E00°T

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S35

11.5



a oYM O
° QN — ™ AN 8 A
NN NToNOW n ]
O [REuEuRENEY [ O
i Ran e BE e B o B e B ] ~ o

Cl O

Cl 5e

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
S36

9.59




€9°C
vm.NW.
pS'¢C

[4a4
mm.vv.

Cl

5f

A

Eo001

=00¢

E00°T
00T

= 00'T
5001

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S37

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



n AT DA MO

n 1N MOOWIMN (=3 O

< Toda @R o N

= a3a33y ~ 2y
SN

0
Cl
O/\
5f

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
S38



¥

E00¢€

o
mm.vk - o0z |
omf\

8t

L5 1 .
mmxv —_ —  Too
v6L q 2
BNV [ = o0
O
o b3
O

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

5.0

11.0 105 100 95 90 85 80 75 70 65 60 5.5
f1 (ppm)
S39

11.5




= T 83y - .
7 o) S 0 ®© - N
8 8 8&Y = <
| NV
0
o O\
cl
39
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
S40



ob's— —_

LEL

L

=00'¢

00°€
00°¢

00T |

E00C [

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S41

11.5



vC(9—

et
S6'vCT
pESCT
8€°GCT
Tv'act
T4
8C'8¢T
[¥'8CT
£9'8CT
80°0€T
PEEET
GE'EET
SEVET
L9PET
S9°GET

L P L

6T°'G9T—

5h

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S42

210



09'T—

0L~
wL-
90'8~_
808~

A\

5i

I\

=006

=00C

E00'C

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S43

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



(Y] Mmoo [oVIA N

a ® o o — @ 0 ~
fon) ENE) 0 L M Q
© Mo — I 0
i ™ o i [¢o] N

I

AN

5i

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
S44



&'c—

Cl

T

9

N\

.

E=00°€

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S45

11.5



vC0C—

STLIT~
LT
800¢1~"
oL€zT—
S6'621
29051\
€6'TET-F
et \
€Tt
€L/ET

LL8YT—

S E9T—

Cl

9

N\

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S46

210



YVAN
scL
PT'8~_
918"

5k

N\

.

JU

=007 |

£-00'T
Fo001

F00C ¢

=007 |

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S47

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



164.53
133.92
132.17
131.53
130.08

118.98

Z117.89

\-116.41

v
<
AN

J

66.25

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)
S48

60

50

40

30

20

10

-10



Hm.m./.

€ee
mm.m.\.

85t
oo.vv
9%

169
Nm.w/.
969~
86’9
wHN\.
0ct

T8
€08~
6C'8-7
1€'8

51

=00 |

Eo00c

00T
00T
F-00'T

= 00C |

5007

40 35 3.0 25 20 1.5 1.0 05 00 -05

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 5.0
f1 (ppm)
S49

11.5



T€'6c—

09—

[S'€TT—
62 veT ]

££'521 \
86'921
9L'0€T

ser”
8b'6ET—

65°0ST—

05+9T—

51

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S50

210



we—

9€L
LEL
6EL
oL
wl—F
&L
WL
8YL
[44]
£
9’8
wN.w.\.

5m

5

=00'¢

=00t T

7.5

40 35 3.0 25 20 1.5 1.0 05 0.0 -05

4.5

60 55 5.0
f1 (ppm)
S51

6.5

7.0

11.0 105 100 95 90 85 8.0

11.5



T < RERIBAS .
g 7 NR8888Y 5
NN\
0
o}
o\l\j+

o) 5m

|

|

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
S52



§EG—

€L
beL
S€Y¢
LEYL
6£L
WL
&L
SPL~E

1SL-F
&
SSY

90'8~_
808"

5n

=007 |

Fooz |

00T

F00C

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 f5(.5 )5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm

11.5

S53



< HNMMO VD
™M QaQuinmAQ
e} Y S g e
o MMANNNNN
i o

66.60

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

S54



S6'c—

50

I\

E=00'€

=007
2002

Bo0v |

E-00C

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S55

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



0'¢s—

S6'9¢T
mHNNH/.
90"8CT~&
¥8'8¢T
mm.wmﬁ\
00T
06'6ET—

€9°GhT—

68'99T —

50

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S56

210



99C¢—

6v’'S—

Z—0

5p

D

e

=00 |

£00'C

£00C

= 00¢C
= 00¢C

00 [

-1.0

-0.5

40 35 30 25 20 15 10 05 0.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S57

11.5



88'9¢—

09'599—

19°0T~"
1y gl
Y8BT~

€991 —

YEL6T—

Z—0

5p

p——

-10

80 70 60 50 40 30 20 10

90

~N
of o
=) 0
1@3
o}

Y
o
L}
L}

200 190 180 170 160 150 140 130 120

210



&1

rs—

o€
A

9gL

5q

=006 |

=00¢

=005 |

40 35 30 25 20 15 10 05 00 -05 -1.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S59

11.5



— — — - [\ ™M (o]
N
@)
O
5q
|
| | L
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ¢ %OO ) 90 80 70 60 50 40 30 20 10 -10
1 (ppm

S60



€T
mn.NV
e
0°e~

vo'e-7
oo.m\

8T'6—

YL
9L
8¢,
[4 YA
€7
beL—=
9€L
8€L
ovL
WL
WL

5r

e

I

F 00C

£ 00¢

= 00 |

55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)
S61

6.0

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

L1.5



08'0c—
aLSeE—

6099 —

e€roct
wo.wNH/
L1°8CT

§SC'8CT
9€'8¢T

6£°8¢I
£8'GeT—

LTOVT—

0§°¢LT—

5r

)

1

H M

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S62

210



080
80
S8°0
880

01T
oH.H/
wi/
TCT-~¥
racd
(ST~
8S'T-F
09°'T
791
59T
89°'T

L
MNN/
ST

stL-f
0€'L
44

JUL/\ A

L

5s

ooz |
Fooo |

Fooz |

Fo0¢

Foo0¢

Foos 1

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 f5(.5 )5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm

11.5

S63



€99 —

OUT—

5s

-10

80 70 60 50 40 30 20 10

90

3
88 3
1/@ w
—

Y
o
—
—

200 190 180 170 160 150 140 130 120

210



167

Nm.m/
WANE
99~
69,

ST'8~_
(18"

7a

E00't

N

00T |

o0t |

40 35 3.0 25 20 1.5 1.0 05 00 -05

4.5

55 5.0
f1 (ppm)
S65

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



162.23

7a

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)
S66



|

0.0

7b

Foov |

Foov |

-0.5

0.5

40 35 3.0 25 20 15 1.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S67

11.5



SLA S8 85 ™=
8835 88 88 23
/0 N
(0] (0]
(0]
F
7b
I
I
PR AR WJWW WM AN
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ‘ %00 | 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm

S68



_-8.08
<-8.06

752
750

O
(0]
Cl Cl
7c
T T
3 3
< <
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0f?.5 )5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1
1 (ppm

S69



161.29

Cl Cl
7c

141.42

—131.87
—129.37
—~127.09

210 200 190 180 170 160

150

140

130

T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50
f1 (ppm)
S70

40

30

20

10

-10



Cl

Cl

7d

Cl

Cl

J

F=00'C

E-00'C

=00'C

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)

11.5

S71



& RIBCERS
i SBEERY
FANTANY
cl of
el
cl of
7d
I L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10

f1 (ppm)
S72



e
7%
SC'TH
LT'TA
om..:
£€'TH
£b'T1
6T -
15°T
9T
€9'1T

¥9'T

SLT
9T
LLT

81 _ _—
641 —
€61 I — — =
€6'T
96'T
9'T

9€'¢
9€'¢C — ===

LE7C
8€°C
6€°C
(0] 24
e
(44
&r'e

//
U

7e

Kooo |

F-00v
£-00'C

E00Y |

+00'h

ooz

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

55 5.0
f1 (ppm)
S73

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



8 o nmo
= 3 M N =
5 e XLAQ
'Y
(0]
7e
|
J
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ‘ %OO | 90 80 70 60 50 40 30 20 10 -10
1 (ppm

S74



1.19

(0]
7f
o
3
0‘_O|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 c ?.5 )5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1
1 (ppm

S75



IQ O ™~

o0 o) N

5 a &
0]
7f

|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
S76



89°¢C

we—
06'C—=

¥6°C

STZ
JAYA
8T,

79

Foovy |

E00Y

009

00t |

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00 -05 -1C
f1 (ppm)
S77

11.5



168.37

139.45

128.47
128.15
\-126.39

e
=~

—36.62

—30.02

210

200

190

180

170

160

150

140

130

T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50
f1 (ppm)
S78

40

30

20

10

-10



¢ —

0e’L
(434
6v°L
0§,
18°L
18°L
[4°pA
€57,
€5°L
¥S°L

¥9°L
99°,L
9L
89/

€08~
508"
b1
b1'8
S1'8
91’8
918
918
18

7a 25%

7h 75%

F-o0¢

007 |

£ 89¢C
9T

=00'C

=p97 |

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

11.5

S79



WLTC—

§6°SCT
6T°'8¢T
vL'8CT
8/'8¢CT

€8°8¢T
1S°6¢T—
6E°0ET
P0ET
€5°0€T
SEPET

SPPET
T19°SPT—

mN.Noﬁ
mN.Nwﬁ W.
6£°CoT

7a 25%

0, ONC

7h 75%

-10

10

20

40

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70
f1 (ppm)

T
210

S80



Tby— S— & F oo
wy— ~ Fooz|
R
VA
ST
67
0L
Nm.m — ﬂ R 002
YeL = T-00T1
oL — 00z
wmx\. B — ¥
6L
b,
057
15
prd

9a

-0.5

40 35 30 25 20 1.5 1.0 05 0.0

4.5

5.0

11.0 105 100 95 90 85 80 75 70 65 60 5.5
f1 (ppm)
S81

11.5




89—
1918 —

£9'92T
00221
bS/Z1
8521
L£'82T
05'82T
69'82T
6,821
096217
19T
mm.omHW
06'9€T

TCUT—

9a

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S82

210



ST—
89'T—

pee—

Le—

6E£L—

9b

F107C

=10 |

ooz |

Fooz L

=—00's

40 35 30 25 20 15 10 05 00 -05 -10

4.5

55 5.0
f1 (ppm)
S83

11.0 105 100 95 90 85 80 75 70 6.5 6.0

11.5



19'bZ~_
£9'57—
(59t

ST'er—

08'8y—

08'92T~_
0b'82T —
seee1”

¢S 9ET—

SE0LT—

Wi

—_—

9b

-10

80 70 60 50 40 30 20 10

90

3
88 3
1/@ w
—

Y
o
—
—

200 190 180 170 160 150 140 130 120

210



8L€—

NH

9c

=00€¢ |

=00¢

-1.0

40 35 30 25 20 15 1.0 05 0.0 -05

4.5

55 5.0
f1 (ppm)
S85

11.0 105 100 95 90 85 80 75 70 6.5 6.0

11.5



S Er—

§C'SS—

80 PIT—

06'92T
8b'871
e
STOST/
THIET
Ob'bET

€0°69T—

€CLOT—

NH

9c

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S86

210



0€L
1€,
[4 A
[43v4
€L
peL
peL
S€'L
9€°L
9e'L

Cl

9d

=00 |

11.0 105 100 95 90 85 80 75 70 65 60 55 5.0
f1 (ppm)

11.5

S87



9 32380 < o ©
o LN M 00 0 © S n
9 moaa 8 ® g
VN [
0
N/\‘
(o
Cl
9d
|
|
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S88



eeeE—

89'€—

1€
€L
€L
b/
e/
GETLA
9"/~
9c'/
o'/
8¢/
mm.&
6L

L L

/]

Cl

9e

Froo |

Fooz |
Fooz |

00t |

125 12.0 11.5 11.0 10.5 10.0 9.5

-2

-1.5

-1.0

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.0

S89



65 H2~_
15T~
(e9¢""

aer—

858 —

A TASN
[N racd

9L PET~_
sTser"

90°69T—

Cl

9e

10

20

40

50

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70

T
200

f1 (ppm)

S90



9T'9—

16'L~_
€6’
8T'8~_
0c'g~"

of

=¢€0'¢

=109 |

_00¢

=00'C

=00'C

E00T

=00'¢

=00C [

11.0 105 100 95 90 85 80 75 70 65 60 55 5.0
f1 (ppm)

11.5

S91



™) o =) 0 o < QYmo aunm <
9 Aa i N o = A8 8N A
| ] | s |
o]
/\/\/\/CH;;,
NH
Ox
N
N of
o}

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S92



TT—

Ob'b~_
W

€09—

€L
vl
T4

(L
6CL
1€L
€L

NH

9d

U

=006 |

E00¢

Foos 1

40 35 30 25 20 1.5 1.0 05 00 -05

4.5

5.0

5.5
f1 (ppm)
S93

11.0 105 100 95 90 85 8.0 7.5 70 65 6.0

11.5



R e SR~ o 0
© o0 0NN ¥ 9 L
S ®  8RY T 8 N
| " |
]
MH
9d
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
S94



8T —

aOv—

STZL
DN/
8¢,

0€L~

[4 YA
peL
9eL

9e

L

=006

Fo0t

=00%

Foo9 |

0.0 -0.5

0.5

40 35 3.0 25 20 1.5 1.0

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)
S95

11.5



Qe

177.96

—137.17

S

_~128.57
~127.18

49.56

39.20

28.69

210

200

190

180

170

160

150

140

130

T T T T T T T T T
120 110 100 90 80
f1 (ppm)

S96

70 60 50

40

30

20

10

-10



6E'L
mm.m/
e
WL
Nm.n\.
13WA

90'8~_
808"

I

Cl

Cl

Cl

Mo,

=00'T
00T

E00°T

11.0 105 100 95 90 85 80 75 70 65 60 55 5.0
f1 (ppm)

11.5

S97



2 R eRITT
g § 33888
I NP7
Cl
Cl
Cl
3
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S98



	Supporting Information 290519
	NMR tutti anidride mista 2
	NMR tutti
	5a 1H
	5a 13C
	5b 1H
	5b 13C
	5c 1H
	5c 13C
	5d 1H
	5d 13C
	5e 1H
	5e 13C
	5f 1H
	5f 13C
	5g 1H
	5g 13C
	5h 1H
	5h 13C
	5i 1H
	5i 13C
	5j 1H
	5j 13C
	5k 1H
	5k 13C
	5l 1H
	5l 13C
	5m 1H
	5m 13C
	5n 1H
	5n 13C
	5o 1H
	5o 13C
	5p 1H
	5p 13C
	5q 1H
	5q 13C
	5r 1H
	5r 13C
	5s 1H
	5s 13C
	7a 1H
	7a 13C
	7b 1H
	7b 13C
	7c 1H
	7c 13C
	7d 1H
	7d 13C
	7e 1H
	7e 13C
	7f 1H
	7f 13C
	7g 1H
	7g 13C
	9a 1H
	9a 13C
	9b 1H
	9b 13C
	9c 1H
	9c 13C
	9d 1H
	9d 13C.1.fid
	9e 1H
	9e 13C
	9f 1H
	9f 13C
	9g 1H
	9g 13C
	9h 1H
	9h 13C

	3 KI23 1H
	3 KI23 13C




