Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2021

Supporting Information

Para-selective Hydroxylation of Alkyl Aryl Ethers
Runging Zhu,* Qiangian Sun,® Jing Li,® Luohao Li,* Qinghe Gao,* Yakun
Wang,? and Lizhen Fang*?

aSchool of Pharmacy, Xinxiang Medical University, Xinxiang city, Henan Province 453003,
People’s Republic of China

*Email: 2002flz@163.com

Table of Contents
1. General INTOTMALION .......ooiuiiiiieiieiie ettt ettt st ebe e 2
2. Procedures for the preparation of catalysts........c.ceccveeeeiieriieiiiiiece e 3
3. General procedures for preparation 2 and 4...........cceeeveeeiiieeiieencieeeie e 6
4. Characterization data of products 2 and 4............cocoveeeiiieniieeniieeeee e 6
5. Gram-scale up synthesis of medicine Monobenzone and Pramocaine.................... 18
6. General procedures for TEMPO inhibition eXperiments...........ccccceeeveveeenveeenveenne. 20
7. Radical trapping eXPeriments ............cccvvieriureeriieeerreeesieeesreessreesseeesseeesseeessseesnnns 20
8. Capture of trifluoroacetate intermediate ............ccceeeeivieeriieeriieeiee e 21
RETRIENICES ...ttt ettt et et 22
NMR SPECLIA ...veieieiiiiie ettt e e e et e e ettt e e e s rntaeeeesnssaeeeennsseeeeanseeeas 23



1. General information

All commercial reagents were purchased from Sigma-Aldrich, Alfa-Aesar, Acros and
were used without further purification unless specified. The ligand 1,3-Di-n-
butylimidazoliumBromide [bbim]Br was prepared according to the literature!. The
progress of the reaction was monitored by TLC. 'H and '*C NMR spectra were recorded
on Bruker AV-400 spectrometers operating respectively at 400 MHz for 'H and 100
MHz for *C. The peaks were internally referenced to TMS (0.00 ppm) or residual
undeuterated solvent signal. Peak multiplicities are reported as follows: s = singlet, brs
= broad singlet, d = doublet, t = triplet, m = multiplet, hept = heptet, dd = doublet of
doublets. The high-resolution mass spectra (HRMS) of the new compounds were
acquired on a Bruker microTOF-Q III spectrometer. Melting points were determined
using X-4 apparatus and not corrected. [Ru-1] = [RuCl(p-cymene)]2, [Ru-2] =
[Ru(phen)(p-cymene)]Clz, [Ru-3] = [Ru(bipy)(p-cymene)]|Clz, [Ru-4] = [Ru(bpym)(p-
cymene)]Cly, [Ru-5] = Ru-NHC, [Ru-6] = [Ru(p-cymene)(O>CMes):].



2. Procedures for the preparation of catalysts
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Figure S1. Corresponding structures of the [Ru 1-6] catalysts.

2.1 Preparation of [Ru-1]

A mixture of RuCl; (103.7 mg, 0.5 mmol), a-phellandrene (1 mL) in dry methanol
(8 mL) was refluxed at 70 °C in oil bath for 12 h under nitrogen atmosphere. After
completion of the reaction, the volume of the crude mixture is reduced by half and
stored at -20 °C overnight. During this period, separate and dry under vacuum to afford
Ru-1 as a deep red solid. Synthesis process refer to literature partially>. '"H NMR (400
MHz, Chloroform-d) 6 5.47 (d, J= 5.8 Hz, 2H), 5.34 (d, J = 5.8 Hz, 2H), 2.92 (hept,
J = 7.0 Hz, 1H), 2.15 (s, 3H), 1.27 (d, J = 7.0 Hz, 6H); 3C NMR (100 MHz,
Chloroform-d) 6 101.2, 96.7, 81.3, 80.5, 30.6, 22.2, 18.9.

2.2 Preparation of [Ru-2]

A mixture of [RuClx(p-cymene)]> (61.2 mg, 0.1 mmol), 1,10-phenanthroline (36
mg, 0.2 mmol) in dry methanol (5 mL) was refluxed at 90 °C in oil bath for 4 h under
nitrogen atmosphere. After completion of the reaction, the solution was filtered. The
methanol was removed in vacuo, then dichloromethane was added to the residue and
filtered to afford Ru-2 as a yellow solid. Synthesis process refer to literature
partially®. "H NMR (400 MHz, Methanol-ds) § 9.84 (dd, J = 5.4, 1.4 Hz, 2H), 8.84
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(dd, J=8.2, 1.4 Hz, 2H), 8.21 (s, 2H), 8.11 (dd, J = 8.4, 5.4 Hz, 2H), 6.23 (d, J = 6.4
Hz, 2H), 6.00 (d, J = 6.4 Hz, 2H), 2.65 (hept, J = 7.0 Hz, 1H), 2.26 (s, 3H), 0.98 (d, J
=7.0 Hz, 6H); 1*C NMR (100 MHz, Methanol-ds) 5 155.6, 145.7, 138.6, 130.7, 127.3,
126.2, 104.8, 103.4, 86.1, 84.0, 30.9, 20.9, 17.5.

2.3 Preparation of [Ru-3]

A mixture of [RuCly(p-cymene)]> (61.2 mg, 0.1 mmol), 2,2'-Bipyridine (31.2 mg,
0.2 mmol) in dry methanol (10 mL) was stirred at room temperature for 3 h under
nitrogen atmosphere. After completion of the reaction, the solution was filtered. The
methanol was removed in vacuo, then dichloromethane was added to the residue and
filtered to afford Ru-3 as a yellow solid. Synthesis process refer to literature
partially*. "TH NMR (400 MHz, Methanol-ds) & 9.48 (d, J = 6.4 Hz, 2H), 8.51 (d, J =
8.0 Hz, 2H), 8.23 (t, /= 8.0 Hz, 2H), 7.76 (ddd, J = 7.4, 5.8, 1.4 Hz, 2H), 6.12 (d, J =
6.2 Hz, 2H), 5.86 (d, J = 6.2 Hz, 2H), 2.63 (hept, /= 7.0 Hz, 1H), 2.27 (s, 3H), 1.04 (d,
J = 7.0 Hz, 6H); 13C NMR (100 MHz, Methanol-ds) 5 155.5, 154.9, 139.8, 127.5,
123.6, 104.6, 104.4, 86.8, 84.1, 31.0, 20.9, 17.6.

2.4 Preparation of [Ru-4]

A mixture of [RuClx(p-cymene)]» (61.2 mg, 0.1 mmol), 2,2'-Bipyrimidine (31.6
mg, 0.2 mmol) in dry methanol (10 mL) was stirred at room temperature for 3 h under
nitrogen atmosphere. After completion of the reaction, the solution was filtered. The
methanol was removed in vacuo, and then dichloromethane was added to the residue
and filtered to afford Ru-4 as an orange-brown solid. Synthesis process refer to
literature partially®. "H NMR (400 MHz, Methanol-d4) § 9.82 (dd, /= 5.8, 2.0 Hz, 2H),
9.27 (dd, J=4.8, 2.0 Hz, 2H), 7.96 (dd, J = 5.8, 4.8 Hz, 2H), 6.24 (d, /= 6.4 Hz, 2H),
6.03 (d, /= 6.4 Hz, 2H), 2.80 (hept, /= 7.0 Hz, 1H), 2.24 (s, 3H), 1.16 (d, J = 7.0 Hz,
6H); 13C NMR (100 MHz, Methanol-ds) 5 163.0, 160.2, 160.0, 124.6, 107.1, 103.3,
86.1,84.8,31.1,21.1, 17.4.

2.5 Preparation of [Ru-5]

To a solution of [bbim]Br (60 mg, 0.23 mmol) in dry dichloromethane (5 mL) was

added Ag>0O (39.3 mg, 0.17 mmol). The mixture was stirred at room temperature for 2
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h under nitrogen atmosphere, protected from light. The reaction mixture was filtered
through Celite and [RuCla(p-cymene)]z (61.2 mg, 0.1 mmol) was added. The reaction
solution is stirred at room temperature and protected from light for 20 hours and then
concentrated to dryness. The crude mixture is purified by flash chromatography (2%
dichloromethane/acetone) to afford Ru-5 as an orange solid. Synthesis process refer to
literature partially®. '"H NMR (400 MHz, Chloroform-d) § 7.06 (s, 2H), 5.38 (d, J =
6.0 Hz, 2H), 5.08 (d, J = 5.8 Hz, 2H), 4.58 (br, 2H), 3.98 (br, 2H), 2.90 (sept, J = 7.0
Hz, 1H), 2.04 (s, 3H), 1.95 (br, 2H), 1.67 (br, 2H), 1.42 (br, J=4.2 Hz, 4H), 1.25 (d, J
= 7.0 Hz, 6H), 0.96 (t, J= 7.2 Hz, 6H); 3C NMR (100 MHz, Chloroform-d) 5 173.1,
121.7, 107.8, 99.3, 85.1, 82.8, 51.3, 33.9, 30.7, 22.6, 20.2, 18.7, 14.0.

2.6 Preparation of [Ru-6]

A mixture of [RuCly(p-cymene)]> (61.2 mg, 0.1 mmol), 2,4,6-Trimethylbenzoic
acid (65.7 mg, 0.4 mmol) and K»COs (138.2 mg, 1 mmol) in toluene (10 mL) was stirred
at room temperature for 2 h under nitrogen atmosphere. After completion of the reaction,
the toluene was removed in vacuo, then dichloromethane (10 mL) was added to the
residue. The resulting suspension was filtered through Celite and concentrated to obtain
Ru-6 as an orange-brown solid. Synthesis process refer to literature partially’. "H NMR
(400 MHz, Chloroform-d) 3 6.68 (s, 4H), 5.98 (s, 2H), 5.77 (s, 2H), 2.96 (hept, J =
7.0 Hz, 1H), 2.36 (s, 3H), 2.19 (s, 6H), 2.16 (s, 12H), 1.42 (d, J = 7.0 Hz, 6H); 13C
NMR (100 MHz, Chloroform-d) 6 183.1, 137.4, 135.2, 134.5, 127.9, 98.1, 79.0, 78.1,
31.6,22.7,21.1, 19.9, 19.0.



3. General procedures for preparation 2 and 4

R1
o N
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To a solution of substrate 1 or 3 (0.30 mmol) and [RuClx(p-cymene)]> (2.75 mg,
1.5 mol %) in TFAA (1.5 mL) was added PIFA (129 mg, 0.30 mmol). The mixture was
stirred at 80 °C in oil bath for 1-10 h in a 10 mL of sealed tube. After completion of the

reaction, saturated aqueous NaHCO; solution (10 mL) was added at ambient

temperature, then extracted with ethyl acetate 3 times (3x20 mL). The extract was

washed with brine, dried over anhydrous Na>SO4 and concentrated. The crude mixture

was purified by flash chromatography to afford product 2 or 4.

4. Characterization data of products 2 and 4
0
0
L

H
methyl 2-(4-hydroxyphenoxy)acetate (2a): The general procedure was followed

using methyl 2-phenoxyacetate 1a (50.0 mg, 0.3 mmol). The reaction mixture was
stirred at 80 °C for 6 h. Isolation by flash chromatography (petroleum ether/ethyl
acetate = 3/1) to afford 2a (32 mg, 60%) as a white solid. '"H NMR (400 MHz,
Chloroform-d) & 6.83 — 6.73 (m, 4H), 5.14 (brs, 1H), 4.59 (s, 2H), 3.81 (s, 3H); 1*C
NMR (100 MHz, Chloroform-d) & 169.9, 151.9, 150.5, 116.2, 116.0, 66.2, 52.3.
Spectra data are consistent with those reported in the literature: Bioorg. Med. Chem.

2015, 23, 132-140.
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H
1-(4-hydroxyphenoxy)propan-2-one (2b): The general procedure was followed using

1-phenoxypropan-2-one 1b (45.0 mg, 0.3 mmol). The reaction mixture was stirred at
80 °C for 6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 3/1)
to afford 2b (23.9 mg, 48%) as a white solid. "H NMR (400 MHz, Methanol-ds) &
6.78 — 6.74 (m, 2H), 6.72 — 6.68 (m, 2H), 4.58 (s, 2H), 2.19 (s, 3H); 3C NMR (100
MHz, Methanol-d4) 5 206.5, 151.6, 151.3,115.5, 115.4, 73.3, 24.9; HRMS (ESI): m/z

[M - H] calced for CoHoO3: 165.0552; found: 165.0548. Melt point: 104 — 106°C.
QA
Et

H

ethyl 2-(4-hydroxyphenoxy)propanoate (2¢): The general procedure was followed
using ethyl 2-phenoxypropanoate 1¢ (58.2 mg, 0.3 mmol). The reaction mixture was
stirred at 80 °C for 6 h. Isolation by flash chromatography (petroleum ether/ethyl
acetate = 3/1) to afford 2¢ (41.6 mg, 66%) as a pale brown oil. "H NMR (400 MHz,
Chloroform-d) 6 6.79 — 6.70 (m, 4H), 4.83 (brs, 1H), 4.64 (q, J = 6.8 Hz, 1H), 4.21 (q,
J=17.6,7.2 Hz, 2H), 1.59 (d, ] = 6.8 Hz, 3H), 1.25 (t,J = 7.0 Hz, 3H); 1*C NMR (100
MHz, Chloroform-d) & 173.1, 151.4, 150.5, 116.6, 116.1, 73.6, 61.5, 18.6, 14.1;
HRMS (ESI): m/z [M + Na]" caled for C11H14NaO4: 233.0790; found: 233.0778.

o
O%
Me

H
methyl 2-(4-hydroxyphenoxy)propanoate (2d): The general procedure was followed
using methyl 2-phenoxypropanoate 1d (54.1 mg, 0.3 mmol). The reaction mixture was
stirred at 80 °C for 6 h. Isolation by flash chromatography (petroleum ether/ethyl
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acetate = 3/1) to afford 2d (37.7 mg, 64%) as a pale brown oil. 'H NMR (400 MHz,
Chloroform-d) 6 6.81 — 6.69 (m, 4H), 4.67 (q, J = 6.8 Hz, 1H), 3.76 (s, 3H), 1.59 (d, J
= 6.8 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) & 173.5, 151.4, 150.6, 116.6,
116.2,73.6, 52.5, 18.7; HRMS (ESI): m/z [M + Na]" calcd for C1oH;2NaO4: 219.0633;

found: 219.0626.
(0]

O/\)J\OMe

H
methyl 3-(4-hydroxyphenoxy)propanoate (2e): The general procedure was followed

using methyl 3-phenoxypropanoate 1e (54.1 mg, 0.3 mmol). The reaction mixture was
stirred at 80 °C for 6 h. Isolation by flash chromatography (petroleum ether/ethyl
acetate = 3/1) to afford 2e (36.5 mg, 62%) as a white solid. 'H NMR (400 MHz,
Chloroform-d) 6 6.74 (s, 4H), 5.59 (brs, 1H), 4.17 (t, J = 6.4 Hz, 2H), 3.73 (s, 3H),
2.78 (t, J = 6.4 Hz, 2H); 3C NMR (100 MHz, Chloroform-d) 6 172.2, 152.4, 150.1,
116.1, 115.9, 64.2, 52.1, 34.6; HRMS (ESI): m/z [M - H] calcd for CioH1104:

195.0657; found: 195.0665. Melt point: 72 — 74°C.

OMe

H
4-methoxyphenol (2f): The general procedure was followed using anisole 1f (32.4 mg,
0.3 mmol). The reaction mixture was stirred at 80 °C for 1 h. Isolation by flash
chromatography (petroleum ether/ethyl acetate = 8/1) to afford 2f (28.2 mg, 75%) as a
white solid. "TH NMR (400 MHz, Chloroform-d) 5 6.81 — 6.75 (m, 4H), 4.86 (brs, 1H),
3.76 (s, 3H); '3C NMR (100 MHz, Chloroform-d) 5 153.7, 149.5, 116.1, 114.9, 55.8.
Spectra data are consistent with those reported in the literature: J. Org. Chem. 2012, 77,
7052-7060.



H
4-ethoxyphenol (2g): The general procedure was followed using ethoxybenzene 1g
(36.6 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C for 1 h. Isolation by
flash chromatography (petroleum ether/ethyl acetate = 8/1) to afford 2g (29.4 mg, 71%)
as a beige solid. 'H NMR (400 MHz, Chloroform-d) 5 6.80 — 6.74 (m, 4H), 4.53 (brs,
1H), 3.98 (q, J = 7.0 Hz, 2H), 1.38 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz,
Chloroform-d) 6 152.9, 149.5, 116.1, 115.7, 115.7, 64.3, 14.9. Spectra data are

consistent with those reported in the literature: Org. Lett. 2018, 20, 361-364.
O/\/

H
4-propoxyphenol (2h): The general procedure was followed using propoxybenzene 1h
(40.8 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C for 1 h. Isolation by
flash chromatography (petroleum ether/ethyl acetate = 8/1) to afford 2h (32.0 mg, 70%)
as a beige solid. 'TH NMR (400 MHz, Chloroform-d) 5 6.81 — 6.74 (m, 4H), 4.71 (brs,
1H), 3.86 (t, J = 6.6 Hz, 2H), 1.78 (h, J = 7.2 Hz, 2H), 1.02 (t, J = 7.4 Hz, 3H); 13C
NMR (100 MHz, Chloroform-d) 6 153.2, 149.4, 116.1, 115.7, 70.4, 22.7, 10.5.
Spectra data are consistent with those reported in the literature: Tetrahedron Lett. 2014,

55, 86-89.
0 N

H
4-butoxyphenol (2i): The general procedure was followed using butoxybenzene 1i (45
mg, 0.3 mmol). The reaction mixture was stirred at 80 °C for 1 h. Isolation by flash
chromatography (petroleum ether/ethyl acetate = 8/1) to afford 2i (42.3 mg, 85%) as a
pale brown solid. '"H NMR (400 MHz, Chloroform-d) § 6.80 — 6.73 (m, 4H), 4.36 (brs,

1H), 3.90 (t,J= 6.6 Hz, 2H), 1.78 — 1.69 (m, 2H), 1.47 (h, J= 7.4 Hz, 2H), 0.96 (t, J =
9



7.4 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) 5 153.3, 149.4, 116.0, 115.7, 68.5,
31.4,19.3, 13.9. Spectra data are consistent with those reported in the literature: J. Am.

Chem. Soc. 2019, 141, 3541-3549.
o/\©
H
4-(benzyloxy)phenol (2j): The general procedure was followed using
(benzyloxy)benzene 1j (55.3 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
afford 2j (39.0 mg, 65%) as a white solid. '"H NMR (400 MHz, Chloroform-d) § 7.44
—7.29 (m, 5H), 6.88 — 6.83 (m, 2H), 6.79 — 6.73 (m, 2H), 5.01 (s, 2H), 4.53 (brs, 1H);
13C NMR (100 MHz, Chloroform-d) § 153.0, 149.7,137.2, 128.6, 128.0, 127.6, 116.1,

70.8. Spectra data are consistent with those reported in the literature: Green Chem. 2021,

23,2308-2316.
0 Br

H
4-(2-bromoethoxy)phenol (2k): The general procedure was followed using (2-

bromoethoxy)benzene 1k (60.3 mg, 0.3 mmol). The reaction mixture was stirred at
80 °C for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1)
to afford 2k (45.6 mg, 70%) as a white solid. '"H NMR (400 MHz, Chloroform-d) &
6.85 — 6.73 (m, 4H), 4.67 (brs, 1H), 4.23 (t,J = 6.4 Hz, 2H), 3.61 (t, J = 6.4 Hz, 2H);
13C NMR (100 MHz, Chloroform-d) 5 152.2, 150.1, 116.3, 116.2, 68.9, 29.4. Spectra
data are consistent with those reported in the literature: J. Am. Chem. Soc. 2017, 139,

3122-3133.
0o

o

@m

2-hydroxyphenyl acetate (21): The general procedure was followed using phenyl
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acetate 11 (40.8 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C for 6 h.
Isolation by flash chromatography (petroleum ether/ethyl acetate = 3/1) to afford 21
(19.6 mg, 43%) as a pale yellow oil. '"H NMR (400 MHz, Chloroform-d) § 7.14 —7.09
(m, 1H), 7.08 (dd, J = 8.0, 1.6 Hz, 1H), 6.97 (dd, J = 8.0, 1.5 Hz, 1H), 6.92 (ddd, J =
8.0, 7.2, 1.4 Hz, 1H), 5.04 (brs, 1H), 2.34 (s, 3H); *C NMR (101 MHz, Chloroform-
d) 0 169.9, 147.2, 138.5, 127.1, 122.5, 120.9, 117.7, 20.9. Spectra data are consistent

with those reported in the literature: Org. Biomol. Chem. 2017, 15, 6909-6912.
OMe

H
4-methoxy-3-methylphenol (4a): The general procedure was followed using 1-
methoxy-2-methylbenzene 3a (36.6 mg, 0.3 mmol). The reaction mixture was stirred
at 80 °C for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate =
8/1) to afford 4a (25.3 mg, 61%) as a colorless oil. '"H NMR (400 MHz, Chloroform-
d) 5 6.70 (d, J= 8.6 Hz, 1H), 6.66 (d, J = 3.0 Hz, 1H), 6.62 (dd, J = 8.6, 3.0 Hz, 1H),
3.78 (s, 3H), 2.18 (s, 3H); 3C NMR (100 MHz, Chloroform-d) § 152.0, 149.1, 128.1,
118.0, 112.5, 111.3, 56.0, 16.3. Spectra data are consistent with those reported in the

literature: Org. Lett. 2017, 19, 429-431.
OMe

H

4-methoxy-2-methylphenol (4b): The general procedure was followed using 1-
methoxy-3-methylbenzene 3b (36.6 mg, 0.3 mmol). The reaction mixture was stirred
at 80 °C for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate =
8/1) to afford 4b (25.0 mg, 60%) as an off-white solid. 'H NMR (400 MHz,
Chloroform-d) 6 6.70 (dd, J = 5.8, 2.8 Hz, 2H), 6.63 (dd, J = 8.6, 3.0 Hz, 1H), 4.53
(brs, 1H), 3.75 (s, 3H), 2.24 (s, 3H); '3C NMR (100 MHz, Chloroform-d) 5 153.6,
147.8, 124.9, 116.6, 115.5, 111.8, 55.8, 16.1. Spectra data are consistent with those
reported in the literature: Org. Biomol. Chem. 2016, 14, 5520-5524.
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OMe

H
4-methoxy-3,5-dimethylphenol (4¢): The general procedure was followed using 2-
methoxy-1,3-dimethylbenzene 3¢ (40.8 mg, 0.3 mmol). The reaction mixture was
stirred at 80 °C for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl
acetate = 8/1) to afford 4¢ (28.8 mg, 63%) as a white solid. '"H NMR (400 MHz,
Chloroform-d) § 6.47 (s, 2H), 4.71 (brs, 1H), 3.67 (s, 3H), 2.23 (s, 6H); '3C NMR (100
MHz, Chloroform-d) & 151.3, 150.5, 131.9, 115.1, 60.0, 16.2. Spectra data are
consistent with those reported in the literature: Angew. Chem. Int. Ed. 2014, 53, 11056-

11059.
OMe

H
3-isopropyl-4-methoxyphenol (4d): The general procedure was followed using 1-
isopropyl-2-methoxybenzene 3d (45.0 mg, 0.3 mmol). The reaction mixture was stirred
at 80 °C for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate =
8/1) to afford 4d (31.9 mg, 64%) as a pale yellow oil. '"H NMR (400 MHz,
Chloroform-d) 6 6.72 (dd, J = 6.0, 2.8 Hz, 2H), 6.61 (dd, J = 8.6, 3.0 Hz, 1H), 4.58
(brs, 1H), 3.78 (s, 3H), 3.28 (hept, J= 7.0 Hz, 1H), 1.18 (d, /= 7.0 Hz, 6H); 13C NMR
(100 MHz, Chloroform-d) 5 151.0, 149.5,138.7,113.6, 112.4, 111.9, 56.3, 26.7, 22.7.
Spectra data are consistent with those reported in the literature: J. Med. Chem. 2016,

59, 4790-4799.
OMe

OMe
H

2,4-dimethoxyphenol (4e): The general procedure was followed using 1,3-
dimethoxybenzene 3e (41.4 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C

for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
12



afford 4e (28.0 mg, 60%) as a colorless oil. '"H NMR (400 MHz, Chloroform-d)  6.83
(d, J=8.6 Hz, 1H), 6.49 (d, J = 2.8 Hz, 1H), 6.39 (dd, J = 8.6, 2.8 Hz, 1H), 5.24 (s,
1H), 3.86 (s, 3H), 3.76 (s, 3H); 13C NMR (100 MHz, Chloroform-d) § 153.5, 147.1,
139.8, 114.1, 104.2, 99.4, 55.9, 55.8. Spectra data are consistent with those reported in

the literature: J. Org. Chem. 2020, 85, 2040-2047.
OMe

Cl
H

2-chloro-4-methoxyphenol (4f): The general procedure was followed using 1-chloro-
3-methoxybenzene 3f (42.7 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
afford 4f (20.0 mg, 42%) as a white solid. '"H NMR (400 MHz, Chloroform-d) 5 6.94
(d, J=8.8 Hz, 1H), 6.88 (d, J= 3.0 Hz, 1H), 6.75 (dd, J = 8.8, 3.0 Hz, 1H), 5.19 (s,
1H), 3.75 (s, 3H); 1*C NMR (100 MHz, Chloroform-d) § 153.6, 145.5, 119.9, 116.6,
114.5, 114.1, 55.9. Spectra data are consistent with those reported in the literature:

Angew. Chem. Int. Ed. 2009, 58, 9547-9550.

OMe
Cl

H
3-chloro-4-methoxyphenol (4g): The general procedure was followed using 1-chloro-
2-methoxybenzene 3g (42.7 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
afford 4g (24.7 mg, 52%) as a yellow oil. '"H NMR (400 MHz, Chloroform-d) 5 6.91
(dd, J=3.0, 0.8 Hz, 1H), 6.81 (d, /= 8.8 Hz, 1H), 6.70 (dd, J= 8.8, 2.8 Hz, 1H), 5.27
(brs, 1H), 3.84 (s, 3H); 3C NMR (100 MHz, Chloroform-d) & 149.7, 149.4, 122.9,
117.7, 114.3, 113.5, 56.9. Spectra data are consistent with those reported in the

literature: Angew. Chem. Int. Ed. 2020, 59, 3184-3189.
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OMe
Cl

Cl
H

2,3-dichloro-4-methoxyphenol (4h): The general procedure was followed using 1,2-
dichloro-3-methoxybenzene 3h (53.1 mg, 0.3 mmol). The reaction mixture was stirred
at 80 °C for 10 h. Isolation by flash chromatography (petroleum ether/ethyl acetate =
8/1) to afford 4h (23.2 mg, 40%) as a beige solid. '"H NMR (400 MHz, Chloroform-
d) 5 6.93 (d,J=9.0 Hz, 1H), 6.82 (d, J= 9.0 Hz, 1H), 5.31 (brs, 1H), 3.87 (s, 3H); 13C
NMR (100 MHz, Chloroform-d) 6 150.1, 146.4, 121.4, 120.2, 113.6, 111.5, 57.0.
Spectra data are consistent with those reported in the literature: Org. Biomol. Chem.

2014, /2, 2854-2858.
OMe

Br
H

2-bromo-4-methoxyphenol (4i): The general procedure was followed using 1-bromo-
3-methoxybenzene 3i (56.1 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
afford 4i (33.0 mg, 54%) as a red oil. "H NMR (400 MHz, Chloroform-d) 5 7.01 (d, J
= 2.8 Hz, 1H), 6.94 (d, J = 8.8 Hz, 1H), 6.80 (dd, J = 8.8, 2.8 Hz, 1H), 5.15 (s, 1H),
3.75 (s, 3H); 1*C NMR (100 MHz, Chloroform-d) 5 153.8, 146.5, 116.8, 116.3, 115.3,
109.9, 56.0. Spectra data are consistent with those reported in the literature: Angew.

Chem. Int. Ed. 2021, 60, 685-689.

OMe
Br

H
3-bromo-4-methoxyphenol (4j): The general procedure was followed using 1-bromo-
2-methoxybenzene 3j (56.1 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1 to afford

4j (34.1 mg, 56%) as a white powder. '"H NMR (400 MHz, Chloroform-d) & 7.08 (d,
14



J=2.6 Hz, 1H), 6.81 — 6.73 (m, 2H), 4.34 (brs, 1H), 3.83 (s, 3H); 3*C NMR (100 MHz,
Chloroform-d) § 150.2, 150.1, 120.6, 115.1, 113.2, 111.9, 56.9. Spectra data are

consistent with those reported in the literature: ChemComm 2017, 53, 5291-5293.

OMe
I

H
3-iodo-4-methoxyphenol (4k): The general procedure was followed using 1-i0do-2-
methoxybenzene 3k (70.2 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C for
6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to afford
4Kk (39.0 mg, 52%) as a yellow solid. '"H NMR (400 MHz, Chloroform-d) 5 7.30 (d, J
= 2.8 Hz, 1H), 6.81 (dd, J = 8.8, 3.0 Hz, 1H), 6.71 (d, J = 8.8 Hz, 1H), 4.57 (brs, 1H),
3.82 (s, 3H); '*C NMR (100 MHz, Chloroform-d) 5 152.8, 150.1, 126.3, 116.0, 111.8,
86.0, 57.0. Spectra data are consistent with those reported in the literature: J. Med.

Chem. 2016, 59, 4790-4799.
OMe

H
2-fluoro-4-methoxyphenol (41): The general procedure was followed using 1-fluoro-
3-methoxybenzene 31 (37.8 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
afford 41 (16.0 mg, 37%) as an orange oil. 'H NMR (400 MHz, Chloroform-d) § 6.95
—6.88 (m, 1H), 6.68 (dd, J = 12.0, 2.8 Hz, 1H), 6.59 (ddd, J = 8.8, 2.8, 1.4 Hz, 1H),
4.97 (brs, 1H), 3.75 (s, 3H); 13C NMR (100 MHz, Chloroform-d) & 153.6 (d, 9.2),
151.1 (d, 237.6), 137.3 (d, 14.4), 117.4 (d, 3.2), 109.8 (d, 3.4), 102.3 (d, 21.6), 55.9.
Spectra data are consistent with those reported in the literature: J. Am. Chem. Soc. 2002,

124, 5294-5303.
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O/\/

H
3-iodo-4-propoxyphenol (4m): The general procedure was followed using 1-iodo-2-
propoxybenzene 3m (78.6 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to
afford 4m (44.2 mg, 53%) as a yellow oil. 'H NMR (400 MHz, Chloroform-d) § 7.28
(d, J=2.8 Hz, 1H), 6.78 (dd, J = 8.8, 2.8 Hz, 1H), 6.69 (d, J = 8.8 Hz, 1H), 4.75 (brs,
1H), 3.90 (t, J = 6.4 Hz, 2H), 1.88 — 1.80 (m, 2H), 1.07 (t, J = 7.4 Hz, 3H); *C NMR
(100 MHz, Chloroform-d) 6 152.3, 150.0, 126.1, 116.0, 113.4, 87.0, 71.8, 22.7, 10.8;

HRMS (ESI): m/z [M - HJ calcd for CoH10lO2: 276.9725; found: 276.9726.

O/\/\
Cl

H
4-butoxy-3-chlorophenol (4n): The general procedure was followed using 1-butoxy-
2-chlorobenzene 3n (55.3 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C for
6 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to afford
4n (33.1 mg, 55%) as a yellow oil. '"H NMR (400 MHz, Chloroform-d) 4 6.89 (d, J =
3.0 Hz, 1H), 6.81 (d, J= 8.8 Hz, 1H), 6.68 (dd, J=8.8, 3.0 Hz, 1H), 3.96 (t,J= 6.4 Hz,
2H), 1.82 — 1.74 (m, 2H), 1.56 — 1.45 (m, 2H), 0.97 (t, J= 7.4 Hz, 3H).'3C NMR (100
MHz, Chloroform-d) 6 149.7, 148.9,123.8,117.5,115.4,114.3,70.1,31.3, 19.2, 13.9;

HRMS (ESI): m/z [M - HJ" calcd for C1oH12C102: 199.0526; found: 199.0522.
O

H
2,3-dihydrobenzofuran-5-ol (40): The general procedure was followed using 2,3-
dihydrobenzofuran 30 (36.0 mg, 0.3 mmol). The reaction mixture was stirred at 80 °C
for 1.5 h. Isolation by flash chromatography (petroleum ether/ethyl acetate = 8/1) to

afford 40 (14.3 mg, 35%) as a white solid. "H NMR (400 MHz, Chloroform-d) 5 6.72
16



(d, J=2.8 Hz, 1H), 6.63 (d, /= 8.4 Hz, 1H), 6.56 (dd, J = 8.4, 2.4 Hz, 1H), 5.18 (brs,
1H), 4.53 (t, J = 8.6 Hz, 2H), 3.15 (t, J = 8.6 Hz, 2H); 3C NMR (100 MHz,
Chloroform-d) 6 153.9, 149.6, 128.2, 114.2, 112.4, 109.3, 71.3, 30.2. Spectra data are
consistent with those reported in the literature: Z NATURFORSCH B 2008, 63, 90-94.

(@]
Me

H
methyl 2-(4-hydroxy-3-methylphenoxy)propanoate (4p): The general procedure
was followed methyl 2-(m-tolyloxy)propanoate 3p (58.2 mg, 0.3 mmol). The reaction
mixture was stirred at 80 °C for 6 h. Isolation by flash chromatography (petroleum
ether/ethyl acetate = 3/1) to afford 4p (39.1 mg, 62%) as a colorless oil. '"H NMR (400
MHz, Chloroform-d) ¢ 6.70 (d, /= 3.4 Hz, 1H), 6.65 (d, /= 8.6 Hz, 1H), 6.58 (dd, J
= 8.6, 3.0 Hz, 1H), 4.74 (brs, 1H), 4.66 (q, J = 6.8 Hz, 1H), 3.75 (s, 3H), 2.20 (s, 3H),
1.58 (d, J = 6.8 Hz, 3H); '3C NMR (100 MHz, Chloroform-d) 5 173.4, 151.3, 148.8,
125.3, 118.5, 115.5, 113.4, 73.5, 52.4, 18.7, 16.1; HRMS (ESI): m/z [M + Na]" calcd

for C11H14NaO4: 233.0790; found: 233.0779.

OMe
(0]

Me
H

methyl 2-(5-hydroxy-2-methoxyphenyl)acetate (4q): The general procedure was
followed methyl 2-(2-methoxyphenyl)acetate 3q (54.1 mg, 0.3 mmol). The reaction
mixture was stirred at 80 °C for 1.5 h. Isolation by flash chromatography (petroleum
ether/ethyl acetate = 3/1) to afford 4q (44.1 mg, 75%) as a yellow oil. '"H NMR (400
MHz, Chloroform-d) § 6.75 — 6.68 (m, 3H), 4.96 (brs, 1H), 3.76 (s, 3H), 3.70 (s, 3H),
3.59 (s, 2H); *C NMR (100 MHz, Chloroform-d) 5 173.2, 151.5, 149.6, 123.6, 118.2,
114.8, 111.9, 56.1, 52.2, 35.7; HRMS (ESI): m/z [M - H] calcd for CioH1104:
195.0657; found: 195.0658.
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5. Gram-scale up synthesis of medicine Monobenzone and

Pramocaine

5.1 Gram-scale up synthesis of medicine Monobenzone

© 1.5 mol% [RuCl,(p-cymene)],

PIFA (1.0 equiv), TFAA
1j 80°C,1.5h H
2j, Monobenzone

To a solution of substrate 1j (1.65 g, 9 mmol) and [RuClx(p-cymene)]> (82.6 mg,
13.5 mol %) in TFAA (32 mL) was added PIFA (3.87 g, 9 mmol). The mixture was
stirred at 80 °C in oil bath for 1.5 h in a 75 mL of sealed tube. After completion of the
reaction, the reaction mixture was transferred to a round bottom flask, TFAA was
recovered by distillation at 70°C, and the residue was transferred to a separatory funnel.
A saturated aqueous NaHCOj solution (60 mL) was added at ambient temperature, and
then extracted with ethyl acetate 3 times (3%X50 mL). The extract was washed with brine,
dried over anhydrous Na;SO4 and concentrated. The crude mixture is purified by flash
chromatography (petroleum ether/ethyl acetate = 8:1) to afford the product 2j
(Monobenzone) as a white solid (1.14 g, 63% yield).

5.2 Gram-scale up synthesis of medicine Pramocaine

NN o N o
1.5 mol% [RuCl,(p-cymene)], 4-(3-chloropropyl)morpholine
PIFA (1.0 equiv), TFAA K,COs, DMF, 85 °C o
80°C,1h (\
H \/\/N\)
1i P
2i Pramocaine

To a solution of substrate 1i (1.5 g, 10 mmol) and [RuClx(p-cymene)]» (91.8 mg,
15 mol %) in TFAA (32 mL) was added PIFA (4.3 g, 10 mmol). The mixture was stirred
at 80 °C in oil bath for 1 h in a 75 mL of sealed tube. After completion of the reaction,
the reaction mixture was transferred to a round bottom flask, TFAA was recovered by

distillation at 70°C, and the residue was transferred to a separatory funnel. A saturated
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aqueous NaHCOs3 solution (60 mL) was added at ambient temperature, and then
extracted with ethyl acetate 3 times (3%x50 mL). The extract was washed with brine,
dried over anhydrous Na,;SO4 and concentrated. The crude mixture is purified by flash
chromatography (petroleum ether/ethyl acetate = 8:1) to afford the product 2i as a pale
brown solid (1.41 g, 85% yield).

A mixture of 2i (1.66 g, 10 mmol), KoCO; (2.07 g, 15 mmol) and 4-(3-
chloropropyl)morpholine (2.45 g, 10 mmol) in DMF (15 mL) was stirred at 80 °C in
oil bath for 10 h, After completion of the reaction, added 50 mL water to the mixture,
and then extracted with ethyl acetate 3 times (3x50 mL). The extract was washed with
brine, dried over anhydrous Na>SO4 and concentrated. The crude mixture is purified by
flash chromatography (petroleum ether/ethyl acetate = 3:1) to afford the product

Pramocaine as a pale yellow oil (2.11 g, 75% yield).

o/\/\

—~

O
N
4-(3-(4-butoxyphenoxy)propyl)morpholine (Pramocaine): "H NMR (400 MHz,
Chloroform-d) ¢ 6.82 (s, 4H), 3.97 (t, ] = 6.3 Hz, 2H), 3.90 (t, J = 6.5 Hz, 2H), 3.72
(t,J=4.7 Hz, 4H), 2.54 — 2.44 (m, 6H), 1.99 — 1.91 (m, 2H), 1.78 — 1.70 (m, 2H),
1.53 — 1.42 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) &
153.3,153.0, 115.4, 115.4, 68.3, 67.0, 66.7, 55.6, 53.8, 31.5, 26.6, 19.3, 13.9.
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6. General procedures for TEMPO inhibition experiments

1.5 mol% [RuCl,(p-cymene)],

o
o
o
\O)K/ \© PIFA (1.0 equiv), TFAA \OJ\/O\©\
OH

TEMPO (1.5 equiv), 80 °C, 6 h

1a 2a, trace

To a solution of substrate 1a (50.0 mg, 0.3 mmol), [RuClx(p-cymene)]> (2.75 mg,
1.5 mol %) and TEMPO (70 mg, 0.45 mmol) in TFAA (1.5 mL) was added PIFA
(129mg, 0.3 mmol). The mixture was stirred at 80 °C in oil bath for 6 h in a 10 mL of

sealed tube. The reaction is inhibited.

7. Radical trapping experiments

o 1.5 mol% [RuCl2(p-cymene)]
. 2
~ J\/O ,
0 \© PIFA (1.0 equiv), TFAA 24 .
1,1-Diphenylethylene (1.5 equiv)
1a 80°C,6h trace 6

To a solution of substrate 1a (50.0 mg, 0.3 mmol), [RuClx(p-cymene)]> (2.75 mg,
1.5 mol %) and 1,1-diphenylethylene (81 mg, 0.45 mmol) in TFAA (1.5 mL) was added
PIFA (129 mg, 0.3 mmol). The mixture was stirred at 80 °C in oil bath for 6 hina 10
mL of sealed tube. After completion of the reaction, the mixture was filtered through
Celite. The crude mixture is purified by flash chromatography (petroleum ether/ethyl

acetate =10:1) to afford the product 6.

1,2-diphenylethan-1-one (6): Pale yellow solid. Isolated yield: 24mg, 40%. "H NMR
(400 MHz, Chloroform-d) 6 8.02 (d, J=7.1 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.46 (t,
J=7.5Hz, 2H), 7.36 — 7.30 (m, 2H), 7.29 — 7.24 (m, 3H), 4.29 (s, 2H); *C NMR (100
MHz, Chloroform-d) 6 197.7, 136.6, 134.6, 133.2, 129.5, 128.7, 128.7, 128.7, 126.9,
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45.5; HRMS (ESI): m/z [M + Na]" calcd for C14H;2NaO: 219.0780; found: 219.0779.

8. Capture of trifluoroacetate intermediate

@)
0]
\o)bo\@ 1.5 mol% [RuCl,(p-cymene)], \OJ\/O 0
PIFA (1.0 equiv), TFAA \©\OJ\CF

1a 80°C,6h 2a’

3

To a solution of substrate 1a (50 mg, 0.3 mmol), [RuCl2(p-cymene)]> (2.75 mg,
1.5 mol %) in TFAA (1.5 mL) was added PIFA (129 mg, 0.3 mmol). The mixture was
stirred at 80 °C in oil bath for 6 h in a 10 mL of sealed tube. After completion of the
reaction, the reaction mixture was transferred to a round bottom flask and concentrated.

The crude mixture is purified by flash chromatography (petroleum ether/ethyl acetate

= 8:1) to afford the product 2a’'.

0
\O)K/O\Q\ 0
O)J\CF3

4-(2-methoxy-2-oxoethoxy)phenyl 2,2,2-trifluoroacetate (2a'): off-white solid

Isolated yield: 45.6 mg, 55%. "H NMR (400 MHz, Chloroform-d) & 7.18 — 7.13 (m,
2H), 6.98 —6.93 (m, 2H), 4.65 (s, 2H), 3.82 (s, 3H); 3C NMR (100 MHz, Chloroform-
d) 5 169.01, 156.41, 155.98 (d, J = 43.3 Hz), 143.57, 121.58, 115.66, 114.58 (d, J =
285.6 Hz), 65.54, 52.33; 1’F NMR (376 MHz, Chloroform-d) § -74.83. Melt point:

66 — 68°C.

21



References

[1] S. S. Palimkar, S. A. Siddiqui, T. Daniel, et al., J. Org. Chem. , 2003, 68, 9371-
9378.

[2] M. Dutta, K. K. Bania and S. Pratihar, ChemCatChem, 2019, 11, 2683-2694.

[3] H. Jung, M. Schrader, D. Kim, et al., J. Am. Chem. Soc., 2019, 141, 15356-15366.

[4] H. Tiirkmen, 1. Kani and B. Cetinkaya, Eur. J. Inorg. Chem., 2012, 2012, 4494-
4499.

[5] P. Govindaswamy, J. Canivet, B. Therrien, et al., J Organomet Chem, 2007, 692,
3664-3675.

[6] L. Mercs, A. Neels and M. Albrecht, Dalton Trans, 2008, 5570-5576.

[7] L. Ackermann, R. n. Vicente, H. K. Potukuchi, et al., Org. Lett., 2010, 12, 5032—
5035.

22



9T 1~
817

£es
PES
IF'e
'S

€10ad 9T L—

NMR spectra

Ru-1

809

90°¢

Fira

606'1
00T

£1 (ppm)

681—
Tie—

w_,un.—.u m‘@h/
€100 1'LL~
£10a0 q.Rw
S08

m.;\

L'96—
cror—

Ru-1
CDCl3, 100MHz

T
100

110

T
12

130

140

15

£1 (ppm)

23



Ru-2

L6'0
66'0
9T'T
09T
9T
£9°C
9T
§9°T
L9T
69T
0L'e
AOPN 0E'E
O 0£'€
Ao £
O €€
Ao £

OdH 06'v—
66'S
oo.ow
109
w9
mm.wN
¥To

60'8
or's
s
s
178’
88
£8'8
be's
88
€86
€86
186
786

Ru-2
MeQD, 400MHz

=309

=96'C
611

=L0'T
=60'CT

LT
0T

=10T

=00'C

=

£1 (ppm)

SLI—
60—

0r8~
198"

PE0T~
801"

Tty
£LT1 /
LOET

9'8€1
LSPI~

Ru-2
MeQD, 100MHz

10

T
140

151

T
160

T
200

210

£1 (ppm)

24



Ru-3

€01
0T

LTT
86T
65T
19T
£€9°T
£9C
99T
JON 0E'€
O 0€°€
O 1e'¢
O 1t
ORI 1¢€°€

98¢
_\.w.wv.
19
£l .oN
vLL
vLL
9L'L
9L'L
oL'L
LLL
8LL

178
mm.ww
T8
Om.w“
[}

LY'6
6¥'6

Ru-3
MeQD, 400MHz

S

Foog

Feoe
oot

F66'1
E66'1

Floz

10z
00T

00T

LI~
60T—

01—

TH8~
8'98—

q.vc_
c.vgv

9'¢TI—
SLTI—

q6El—

Ru-3
MeOD, 100MHz

10

200 1% 180 170 160 150 140

T
210

£1 (ppm)

25



Ru-4

ST'T
LT'T

Yoi—
SLT
LLT
6L'T
08'C
8T
8T
98T
AOPIN 0£'E

S6'L
96'L
L6'L
6L

9T6
LT6
LT6
8T6
186
w6
€86
£8°6

T

|

N
X
J

Ru-4
MeOD, 400MHz

\
= "N—Ru-CI
o
N |
N

|

1

N

il

=019

=T0°€

3801

=01'T
40T

80T

=0T

=00T

1.5 1.0 10.

12.0

£1 (ppm)

ViLl—
rie—

re—

8¥8~
198"

€E0T—
TLor—

9rTl—

0091 \

7091
0go1

Ru-4
MeOD, 100MHz

10

=]

£1 (ppm)

26



$6°0
&.ov
860
YTl
ST1
NE\
91
S6'177
v0'T
68T
L8'T
68°C
06'T
6T
V6T
$6'T

86'¢—
8 —
LO'S

80°¢
LE'S
wm.mV

€0ad 9TL—

Ru-5

Ru-5
CDCl3, 400MHz

T
~£1°9
90
1T

€07
b6

ET0°1

I
R
2
o

— = =%l

£l (ppm)

0T~ s ]
L81~

07— —A
977
L0E~ —
6EE— e

€DAd T'LL

€DAI ¥LL
£

8T8
_,mw.\

€10dO 89L Wn

£66— —

8'L0T— s

L1El— =

£
55 3
T O
TELT— 2 9= =
7 [
) "8

10

=

140

T
15

170

T
180

T
200

210

£l (ppm)

27



TP T~
1

9T~
617
9¢7
16T
€6'T
6T
96T
26T
00°¢
w0¢

LLS—
86°¢—

89°9—

€10ad 9TL—

Ru-6

(0]
/

Ru—,

o\

Ru-6
CDCl3, 400MHz

=8

= 509

92zl
Lol
g

Eozt

E 007
= 86’1

= 00t

061
661t
[§tA7d
LET

91E—

£0AD T'LL

€12dD h,cmw.
€000 w.hn\

1'8L
0'6L
T6—
1'86—

6LTI~
SPET

N,nf”ﬂ.
PLEL"

Tesli—

Ru-6
CDCl3, 100MHz

10

=

140

T
15

170

T
180

T
200

210

£l (ppm)

28



methyl 2-(4-hydroxyphenoxy)acetate

o
Q
=
o
COQ AW\ N T T o o0 =]
L R R S S Y S S S - " @B
:\“ =RV V- RV R RV V. RV JE. X1 i <+ -
S el ——
o
e}
OMe
OH
2a
CDCl3, 400 MHz
n
| 1
| L - |
T L T
=] o = -
< ] e =
g =] (o] L]
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 .o 0.5 0.0 0.5
f1 (ppm)
oo o B
QLOQY
8aa
o o =] (SRR
@ = w8 ol b oy ]
o o _— NN ] o
— —— —— ~rer~ = i
| Nl < i I
Lo}
o}
OMe
OH
2a
CDCl3, 100 MHz
!
| “
l n
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 10 30 20 10 0 10
£1 (ppm)

29



1-(4-hydroxyphenoxy)propan-2-one

61'T—

DO&A OM‘M/
AOPIN 0t°E
O 1€°¢
AoPIN 1£°€
AOPIN TE'E

8 —

899
699
699
0L'9
L9
w9
L9
SL9
9L9
LL9
LL9
8L°9

Y
’

2b
MeQD, 400MHz

=70'¢

=00T

ST
307

£l (ppm)

6Vi—

€EL—

el
m.m:v.

€181
918t

§90T—

o’\fo
Q

OH

2b
MeQD, 100MHz

160 151 140 130

T
170

£l (ppm)

30



ethyl 2-(4-hydroxyphenoxy)propanoate

eIy
om.ww
wy

vor/
X
9'r

S9F
Loy
£8°F

0L9
L9
w9
€L’9
€L'9
L9
SL'9
9L9
LL9
8L9
8L9
£10dO em.m\‘

OEt
2c
CDCl3, 400MHz

=10C

or'l
L8°0

=00

£l (ppm)

I'el—
981—

19—

€0dd 1'LL

9EL
£10dO w.wﬁW
A ¥LL

1911~
9911+

908 T~,
Fs1”

LEeLl—

OEt
2c
CDCl3, 100MHz

10

=

£l (ppm)

31



ILe—

¥9r
99°F
89
69°F

1.9
w9
w9
w9
€L'9
L9
SL9
§L'9
9L9
LL9
8L9
8L9
€12a29TL—

methyl 2-(4-hydroxyphenoxy)propanoate

2d
CDCls, 400MHz

£l (ppm)

L8T—

9EL
£10dO m.@n//f
€10ad I'LL
A ¥LL

91T~
9911+

908 T~,
F1s1”

SELT—

OMe
2d
CDCl3, 100MHz

160 151 140 130

T
170

£l (ppm)

32



LLT
mEW
08T
€LE—
9I'F

w S”vw

= 61°F

=)

=

]

=

=)

St

A

> 68C—

4

=)

=

-5}

=

=

= .

A vL9

St

=

> €10 9T L—

=

<

h

en

—

)

=

N

-5}

=]

OMe

0

OH

-

2e
CDCl3, 400MHz

1T

=60't

=E1'T

=¥60

=00'v

£l (ppm)

9pE—
1'es—
Tro—

€0 I'LL

m_unu m‘cmvw
€A FLL

6'sll
_.w:v.

T0ST~
FTst—

TTLI—

OMe

OH

2e
CDCl3, 100MHz

T
160 150 140 130

T
170

£l (ppm)

33



4-methoxyphenol

ILe—

98—

SL9
9L'9
9L'9
LL9
8L9
8L9
6L9
089
189
€10AD 9T L—

CDCl3, 400MHz

=s0'¢

001

=00t

£l (ppm)

€A T'LL

m_uﬂu h‘cmv.
€A FLL

6PIT~
ror-

seri—
L'EsT—

OMe
OH
2f

CDCl3, 100MHz

10

=

140

160 151

T
170

T
180

T
200

210

£l (ppm)

34



4-ethoxyphenol

LET
mm;/
[

S6'¢
L6t
86t
00t

PL9
€LY
9L’9
9L'9
LL9
8L9
8L9
6L°9
089
€A 9TL—

CDCl3, 400MHz

=0t

50T

=00

£l (ppm)

GRl—

e

€A T'LL

£10d0 m‘cmvn
€A FLL

L'SIT
h,m:W.
I'9ll

SorT—
6'TET—

o™
OH
29

CDCl3, 100MHz

10

=

£l (ppm)

35



4-propoxyphenol

001
w1 X
0T

ELT
E.;W
LL'T

6L'T
08’1
|1

8¢
ww.mW
88'¢

We—

L9
L9
L9
9L'9
LL9
LL9
8L'9
6L'9
089
089
€10aD 9T°L—

CDClj, 400MHz

=£0'¢

1) 4

=0T

=00'v

01—

Lee—

YL
€10dD LIL
£10dO0 :...BW.
€100 ¥LL

£l (ppm)

L'SIT
1911

Feri—
[439 S

10

=

140

1 T‘HJ 160 15

T
180

T
200

210

£l (ppm)

36



4-butoxyphenol

60
960
wm.o.\
€'l
S Y
9¥'1
8¥'T
08T
(49
0L'T
[T
LT
SLT
LL'T

68°¢
om.mv
we

9er—

¥L'9
L9
SL'9
9L9
LL9
LL9
8L9
8L9
6L°9
089
€10ad 9T L—

2

OH

2i
CDCl;, 400MHz

L

ET'e

4
Bor'e

=T

=00%

£l (ppm)

6ET—
£E6l—

o4l d

£89—
€12dD LIL
€12d0 _,hmw.
m_uQUTt

LSt
0911

Féerli—
€ECT—

CDCl3, 100MHz

s
15

210

12 110 100 90 80
£l (ppm)

130

140

180 17 160

190

200

37



4-(benzyloxy)phenol

8°0L~
o3 €120 8°9L
4 €10dd d.E.W.
= €D ¥LL

€SP — -4 F160[=

£l (ppm)

1075 _ =00z |2
L9
$L°9
§L'9 M 9L
9.9
LL9 9Lzl
8L9 [ 0'8T1
89 ey
e L TLET—
89 - #20e
-9~ = %61 | = ;
goao 657 -2 L6bT~
e e
mﬂ.\ﬂ - Fors | .
9¢°L
98L
LEL =
8€L “
8€L
8€L
orL
or'L
e
WL
WL
L -
L
VL

CDClz, 400MHz

O
OH
2j

100 90 80

£l (ppm)

38

110

12

140 130

s
151

160

17

200 190 180

210




09°¢
G.mW
£9°¢
w
1
mm.w\.

L9v—

SL9
9L'9
9L9
LL9
8L°9
6L'9
089
1879
189
89
£8'9
89
£€10dD 9T L—

4-(2-bromoethoxy)phenol

2k
CDCl3, 400MHz

90T

90T

Foo1

Fooy

£l (ppm)

r'6c—

689~
€120 L9L
£10d0 _‘RW.
€AD ¥LL

oIt
€911

TOST~
(443154

160 15 140 130

T
170

£l (ppm)

39



PeT—

0§ —
689
689
06'9
169
169
w69
w69
£6°9
€69
¥6'9
96'9
969
869
869
Lol
LOL
60°L
60°L
60°L
e
e
[y
L
(AwA
YL
€10ao ﬁm.l

2-hydroxyphenyl acetate

CDCl3, 400MHz

=30'¢

SLO

L0'1
w0l
w01
001

£l (ppm)

€6'0T—

€1DaD 9L9L
€200 hc‘mm\
m_uQ.uom.nh

99°LTT~
06021~
vszel”
60°LT1

8¥'8E1—

CT'L¥1—

¥6'691—

CDCl3, 100MHz

oy

"

160 150 140 130

T
170

£l (ppm)

40



81'C—

8LE—

099
199
£9°9
€99
€99
99°9
699
L9
€0dd 9T L—

4-methoxy-3-methylphenol

3

OMe
OH
4a
CDCl3, 400MHz

=0t

=60t

9Tl
%:._
£0'l

£9l—

€0 I'LL

m_unu h‘cmv
€A FLL

£l (ppm)

Ell~
sz’
0811

1'8t1—

T6ri~
(AN

OMe

OH

4a
CDCl3, 100MHz

s
151

210

12 110 100 90 80
£l (ppm)

130

140

180 170 160

190

200

41



Yoi—

SLE—

199
w99
99
¥9'9
699
0L'9
119
L9
€[0ad 9TL—

4-methoxy-2-methylphenol

_

.

OMe

=0t

=L0E

Frot

2001
20T

£l (ppm)

re1—

€A 0LL

m_uau n‘emw.
€A ¥LL

I~
SEIT~
99I1~"

6FT—

8LYI—
vesl—

OMe

4b
CDCl3, 100MHz

=

140

151

160

T
170

£l (ppm)

42



4-methoxy-3,5-dimethylphenol

€CT—

L9E—

ILr—

LV9—

£0dD 9T L—

OMe

OH

4c
CDCl3, 400MHz

=319

=L0E

Fsot

=00T |-

£l (ppm)

Z9—

009—

€12dI T'LL
€A FLL

£10dO h‘cmv
IE=
61E1—

I
€181

OMe

OH

4c
CDClg, 100MHz

160 151 140 130

T
170

£l (ppm)

43



3-isopropyl-4-methoxyphenol

LTT
61T

e
¥ee
9T'E
8Tt
6Tt
1ee
£E°E
8LE—

6579
099
99
w99
L9
w9
w9
€L’9
€10dd2 9T L—

4d
CDCl3, 400MHz

OMe
OH

=1T9

Fert

=80t

Foot

=#00'1
70T

£l (ppm)

LiT—
L9C—

€A T'LL

m_uau m‘emv
€A FLL

6'IIT
ﬁ..N:W
9Ell

L8El—

S6ri~
0181

OMe

OH

4d

CDCly, 100MHz

140

151

160

T
170

£l (ppm)

44



2,4-dimethoxyphenol

9L E~
98¢

89
€OAdI 9TL—

M

OMe
i OMe
OH
4de
CDCly, 400MHz

»1T€
=TTE

=01

#5010
€01

=00'1

£l (ppm)

8¢S

668

€A T'LL

m_uau n‘emw.
€A FLL

66—

Trol—

LRI~

gee1/
TLbi~ 5
ety

=

140

151

160

T
170

£l (ppm)

45



2-chloro-4-methoxyphenol

SLE—

L9
SL'9
9L9
LL9
L89
889

€69
$6'9
€A 9TL

OMe
i Cl
OH

4f

CDCl3, 400MHz

=0Tt

=80°1

901
~001
0l

0

6'5S—

€A T'LL

m_uﬂu h‘cmv.
€A FLL

£l (ppm)

I'HIT
cpiS
o.o:%
6611

SEri—

FESl—

OMe

10

=

£l (ppm)

46



3-chloro-4-methoxyphenol

r8e—

699
0.9
L9
L9
08'9
Nw.o\
06'9
06'9 \
169
16'9

£OAD 9T°L-

49
CDCls, 400MHz

OMe
f;r"'

OH

=it

60

/8071
=0'T
ool

£l (ppm)

€0 I'LL

m_unu h‘cmv
€A FLL

SEIl~,
£pIT

v’
6717

Pebin,
Ler1<

OMe
©°'
OH
4g
CDCl3, 100MHz

160 151 140 130

T
170

£l (ppm)

47



2,3-dichloro-4-methoxyphenol

L8e—

1e¢—

18°9
59>
769

£[0dD9T'L /

Cl
Cl

OMe
OH
4h
CDCl3, 400MHz

=¥l't

o0l

»90'1
001

£l (ppm)

0LS—

€A 0LL

m_uau n‘emw.
€A ¥LL

ST~
9EIl~
TOTI~
0 [

rori—
TosT—

=

140

151

160

T
170

£l (ppm)

48



2-bromo-4-methoxyphenol

SLE—

SUs—

6L°9
6L9
189
1879
£6°9
969

10°L
WL
£10dD 9TL

.

OMe
i Br
OH
4i
CDClg, 400MHz

=F0'€

=01

S0
SE01
oot

09§—

€A T'LL

m_uau n‘cmw.
€A FLL

£l (ppm)

6601
€511

STAN
89117

Corl—

8ecT—

OMe

Q.

OH

4i
CDCl,, 100MHz

10

=

£l (ppm)

49



£8'¢—

PeEr—

L9
sL'9
9L'9
LL9
8L9
089
Lol
80°L
£0ad9TL

e e

3-bromo-4-methoxyphenol

OMe
i Br
OH
4
CDCl3, 400MHz

1T
=00'1

69—

€A T'LL

m_uau n‘emv
€A FLL

£l (ppm)

10T
N,cfv

OMe
@B'
OH
4
CDCl3, 100MHz

=

140

151

160

T
170

£l (ppm)

50



3-iodo-4-methoxyphenol

w|e—

LSV —

0L9
w9
089
089
w89
%9
€Dad 9TL
mm.nW
0€'L

=00'¢

Feot

¥l
=01

=001

£l (ppm)

POLE—

€10dD $O°LL
€120 LELL
L6'S8—

£10d0 mm‘o,_lw

6L TIT—
o911 —

0€'9C1—

807081~
LLTST—

OMe
OH
4k
CDCl3, 100MHz

10

=

£l (ppm)

51



2-fluoro-4-methoxyphenol

L6'v—

LS9
LS9
8¢9
8¢9
659
099
09°9-]
099
999
999
699
699
68°9
169
769

e

€10AD 9TL

F

OMe
OH
41
CDCl3, 400MHz

*=80'¢

Fe60

=001
ool
01

£l (ppm)

6'5S—

€A 0LL

m_uau n‘emw.
€A ¥LL

(il
v'Tot
8'601
8601
€LIT
LT

Tie
rLer
6611
TSI
§$'esT
9€ct

s
151

210

12 110 100 90 80
£l (ppm)

130

140

180 17 160

190

200

52



3-iodo-4-propoxyphenol

901
o1
60°T
8L'T
081
w1
[2:
€81
81
81
98’1
L8'1

88'¢
06'¢
Na.m\

SLV—

899
0L'9
LL'9
LL9
6L'9
089
€10dD 9T'L
wn.n/
6T'L

N

O

OH
4m
CDCl3, 400MHz

-=

=9T't

81T

=¥1'T

Feo1

Z0T'1
*80°1

=001

£l (ppm)

8'01—

LTT—

8’IL
£10d0 hcm./
£10d0 _HNW.
10D ¥'LL

0°L8—

PEll~
0911

19¢1—

00ST~
€TeT—

Fo

140

151

160

T
170

£l (ppm)

53
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