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Section 1. Radical trapping experiments

DMPO + FeCl; + MgCL,/CH,CN
with light
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[Electron paramagnetic resonance (EPR) spectra were recordedon a Bruker A300 spectrophotometer. EPR
spectrawere obtained on solutionsamples (100 mM), using 1-20mW microwavepower and 100kHz field
modulation with theamplitude set to 1G. The g-values for each EPR spectrum were extracted from simulations

performed using Easy Spin (v5.2.23).]
Figure S1. ESR spectra of DMPO capturing generated chlorine radical
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Section 2. Further details of the proposed mechanism
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Scheme S1 Chlorination reaction mechanism

Section 3. DFT studies experiments

Computational details:

All calculations were performed using Gaussian 16, Revision A.03 package.! All of the
reactants, intermediates, transition states, products were optimized by the DFT with the
®B97X-D functional.? For geometry optimizations and frequency calculations, BS-I basis set
system was employed. In BS-I, we employed 6-31G(d) basis sets for all atom. All the
stationary structures were characterized with no imaginary frequency and the transition state
structures (TSs) were characterized with a single imaginary frequency. Intrinsic reaction
coordinate (IRC) calculations were performed on the TSs. The solvent effect of acetonitrile
was evaluated through the SMD method,’ in which a better basis system BS-II was used. In
BS-II, we employed def2tzvp basis sets for all atom. All reported energies are free energies at
a concentration of 1 M.
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Figure S2. DFT calculations on the chlorination of toluene reaction

Cartesian coordinates of the optimized structures:
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Section 4. NMR and GS-MS spectra

Chlorination of toluene

'HNMR of (chloromethyl)benzene (2a)
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GS-MS of Chlorination of toluene reaction solution
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Chlorination of o-Cl-toluene

THNMR of 2-Chlorobenzyl chloride (2b)
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GS-MS of Chlorination of o-Cl-toluene reaction solution
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Chlorination of m-Cl-toluene

'HNMR of 3-Chlorobenzyl chloride (2¢)
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GS-MS of Chlorination of m-Cl-toluene reaction solution
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Chlorination of p-Cl-toluene

'HNMR of 4-Chlorobenzyl chloride (2d)
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GS-MS of Chlorination of p-Cl-toluene reaction solution
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Chlorination of 4-F-toluene

'HNMR of 4-Fluorobenzyl chloride (2¢)
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GS-MS of Chlorination of 4-F-toluene reaction solution
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Chlorination of 4-OMe-toluene

'HNMR of 4-Methoxybenzyl chloride (2f)
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GS-MS of Chlorination of 4-OMe-toluene reaction solution

RT: 0.00 - 30.00
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Chlorination of 0-NO:-toluene

'HNMR of 2-Nitrobenzyl chloride (2g)
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GS-MS of Chlorination of 0-NO:-toluene reaction solution

RT: 0.00 - 30.00
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Chlorination of m-NQz-toluene

IHNMR of 3-Nitrobenzyl chloride (2h)
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GS-MS of Chlorination of m-NQO2-toluene reaction solution

RT: 0.00 - 30.00
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Chlorination of p-NO:-toluene

THNMR of 3-Nitrobenzyl chloride (2i)
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GS-MS of Chlorination of p-NO2-toluene reaction solution

RT: 0.00 - 30.00
11.59 NL:
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Chlorination of o-Xylene

'H NMR of 2-Methylbenzyl chloride(2j)
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GS-MS of Chlorination of 0-Xylene reaction solution

RT:0.00-29.01
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Chlorination of m-Xylene

'H NMR of 3-Methylbenzyl chloride (2k)
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GS-MS of Chlorination of m-Xylene reaction solution

RT: 0.00 - 30.00
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Chlorination of p-Xylene

'H NMR of 4-Methylbenzyl chloride (21)
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GS-MS of Chlorination of p-Xylene reaction solution

RT: 0.00 - 30.00
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Chlorination of 4,4"'-dimethyl-1,1'-biphenyl

'H NMR of 4-Chloromethyl-4'-methylbiphenyl (2m)
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GS-MS of Chlorination of 4,4'-dimethyl-1,1'-biphenyl reaction solution

RT: 0.00 - 30.00
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Chlorination of ethylbenzene

'HNMR of (2-chloroethyl)benzene (2n)
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GS-MS of Chlorination of ethylbenzene reaction solution

RT: 0.00 - 30.00
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Chlorination of ethylbenzene
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GS-MS of Chlorination of reaction solution

RT: 0.00 - 30.00
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Chlorination of isopropylbenzene

THNMR of (2-chloro-1-methylethyl)benzene (2p)
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GS-MS of Chlorination of isopropylbenzene reaction solution

RT: 0.00 - 30.00

1009 6.97E6

TIC MS 1
90

80—
70—
60—
50

40—

Relative Abundance

12.48
30+

535 6.81 933 1075 14.57 16.98 18.68 19.92 2148 2345 2473 2609 2743 29.07

S R B s S R S A R B R B B A S S B B s |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (min)

142168 RT:826 AV:1 AV:5 SB: 122161-2166 2170-2175 NL: 258E6
1#4509 RT: 1248 AV: 1 AV:5 SB: 124592-4597 4601-4606 MNL: 8 84E5
7710,0) +< Bl Fullms [25.00.350.00] T:{0,0} +c EI Full ms [25.00-350.00]

0 1051 100 1052

90-

40

Relative Abundance
Relative Abundance
@

3

1202

30-
20-
1541 1
1391 || 1699 1959 2243 2672 3090 3399
| SRLANL LRI UL L R LI LI B B 1426 1738 2044 2512 2833 3132 3464
50 100 150 200 250 300 350
miz 50 100 150 200 250 300 350
miz

S41



Chlorination of 1-methylnaphthalene
'HNMR of 1-(chloromethyl)naphthalene (2r)
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GS-MS of Chlorination of 1-methylnaphthalene reaction solution

RT: 0.00 - 30.00
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Chlorination of 2-methylquinoline

'HNMR of 2-(chloromethyl) quinoline (2s)
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GS-MS of chlorination of 2-methylquinoline reaction solution

RT: 0.00 - 30.00
14.25 NL:
100 1.13E7
TIC MS7
90
80—
o 707
<]
5
8 60
c
5
2 50
o
2
£ 40+
o}
o
309 17.53
20
10—
4.81 643 7.85 9.04 10.42 12.46 15.25 16.51 19.98 21.40 23.25 24.52 25.84 27.21 28.93
L e s s e s S L s sy [ s I e By B S B By B By B B S By B
[0} 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (min)
7 #3014 RT: 1425 AV: 1 AV: 5 SB: 12 3007-3012 3016-3021 NL: 3.42E6
T: {0,0} + ¢ EI Full ms [25.00-350.00]
100 1432
743979 RT: 17.53 AV:1 AV:5 SB: 12 3972.3077 3981-3086 NL: 4.19E5
T: 0,0} + ¢ El Full ms [25.00-350.00] 90
100+ T4z
E 80
904
50*:. o
E 115.1 8
] 177.1 5 0
£ H
é’ 60 ; 50
3.1
2 505 % 40
2 1 &
5 a0
2 1 30 1151
304 707
| 20 1281
20
3 811 101.1 10 519 151 1014
10
k| .|\ ‘\ il byl 1625 187.8 229.7  260.7 209.9 334.4
Do L 1327 2155  247.0 39'1_15 346.9 0 L e e e e e L I L BN N B ey S s B e B
s e AL T T T T
f.‘n 160 150 Zl‘m 250 200 3é0 50 100 150 200 250 300 350
miz mz

S45



Chlorination of 2-methylpyridine

'HNMR of 2-(chloromethyl) pyridine (2t)
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GS-MS of chlorination of 2-methylpyridine reaction solution

RT: 0.00 - 25.00
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Chlorination of 2-Methylthiophene

'HNMR of 2-(chloromethyl) thiophene (2u)
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GS-MS of chlorination of 2-Methylthiophene reaction solution
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Chlorination of cyclohexan

'HNMR of Chlorocyclohexane (2w)
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GS-MS of chlorination of cyclohexan reaction solution

RT: 0.00 - 20.00
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Chlorination of 2,3-dimethylbutane

'HNMR of 1-chloro-2,3-dimethylbutane (2x)
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Chlorination of acetophenone

'HNMR of 2-Chloroacetophenone (4a)
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GS-MS of chlorination of acetophenone reaction solution
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Chlorination of 4-Cl-acetophene

'HNMR of 2,4’-Dichloroacetophenone (4b)
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I3CNMR of 2,4'-Dichloroacetophenone (4b)
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Chlorination of 4-OMe-acetophene

'HNMR of 2-Chloro-1-(4-methoxyphenyl)ethanone (4c¢)
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GS-MS of chlorination of 4-OMe-acetophene reaction solution

RT: 0.00 - 30.00
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Chlorination of 3,3-dimethyl-2-butanone

'HNMR of 1-CI-3,3-dimethyl-2-butanone (4d)
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GS-MS of chlorination of 3,3-dimethyl-2-butanone reaction solution

RT: 0.00 - 29.82
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Chlorination of cyclohexanone

'HNMR of 2-Cl-cyclohexanone (4¢)
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GS-MS of chlorination of cyclohexanone reaction solution

RT: 0.00 - 30.00
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