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1. General Information

Unless otherwise indicated, all reagents were obtained from commercial sources and used as
received without further purification. All reactions were carried out in oven-dried glassware and
monitored by thin layer chromatography (TLC, pre-coated silica gel plates containing HF»s,).
Reaction products were purified via column chromatography on silica gel (300400 mesh).
Melting points were determined using an open capillaries and uncorrected. NMR spectra were
determined on Bruker AV400 in CDCl; or DMSO-ds with TMS as internal standard for 'H NMR
(400 MHz) and 3C NMR (100 MHz), respectively. HRMS were carried out on a QSTAR Pulsar I
LC/TOF MS mass spectrometer or Micromass GCTTM gas chromatograph-mass spectrometer.
GC-MS were carried out on an Agilent 6890-5973N gas chromatograph-mass spectrometer.

2. General preparation procedure and characterization data
2.1 Mild and eco-friendly oxybromination.
2.1.1 Oxybromination of 4-cresol into 1a.

Br, (0.51 equiv)
H202 (055 equiv)‘

CH,Cl,, 0 °C Br Br Br
OH OH OH

(1.0 equiv) 1a (96%) (0.9%)

General procedure: a three-necked flask was charged with 4-cresol (1.08 g, 10 mmol), CH,Cl,
(10 mL) and H,0, (30%, 0.58 mL, d = 1.11 g/mL, 5.5 mmol), and then the solution was cooled to
0 °C. Under the temperature, to the solution was slowly added a solution of bromine (0.26 mL, d =
3.12 g/mL, 5.1 mmol) and CH,Cl, (5 mL) over 4 h through a syringe pump. Afterwards, the
mixture was further stirred for another 4 h. An aqueous NaHSO; (10 mL, 2%) was added to the
mixture at 0 °C, and the reaction solution was allowed to stir for 1 h at room temperature.
Furthermore, the solution was partitioned into two layers, and the aqueous phase was extracted
with CH,Cl, (5 mL x 3). Finally, the combined organic layers were dried over anhydrous Na;SOy,
and concentrated to give a crude oil, which was purified via column chromatography on silica gel
(eluents: petroleum ether/ethyl acetate 20:1) to provide the desired product 1a (chromatographic

separation can provide a more credible yield).

Br
OH 1a » Bromo-4-methylphenol (1a): yellow oil, 1.80 g (96%); 'H NMR (400 MHz, CDCl,

ppm): & 7.28 (br d, J= 1.6 Hz, 1H), 7.02 (br d, J = 8.0, 1H), 6.92 (br d, J = 8.0 Hz, 1H), 5.40 (brs,
1H), 2.27 (s, 3H); 3C NMR (100 MHz, CDCls, ppm): & 150.0, 132.1, 131.4, 129.8, 115.8, 109.8,
20.2; HRMS (EI): m/z [M*] calcd. for C;H,OBr 185.9680, found 185.9682.



Br Br
OH 2,6-Dibromo-4-methylphenol:! yellow solid, 24 mg (0.9%), m.p. 44-46 °C (lit!

m.p. 49-51 °C); 'H NMR (400 MHz, CDCl;, ppm): § 7.26 (br s, 2H), 5.71 (br s, 1H), 2.26 (s, 3H);
13C NMR (100 MHz, CDCls, ppm): § 147.1, 132.4 (4C), 109.4, 20.0; HRMS (EI): m/z [M*] calcd.
for C;HOBr, 263.8785, found 263.8787.

2.1.2 Oxybromination of 4-hydroxybenzaldehyde into 2a.

CHO CHO CHO
Br, (0.51 equiv)
H202 (055 equiv)
+
CH,Cl,, 0 °C Br Br Br
OH OH
2b (1.0 equiv) 2a (73%) 29 (13%)

General procedure: a three-necked flask was charged with 4-hydroxybenzaldehyde (1.22 g, 10
mmol), CH,Cl, (10 mL) and H,O, (30%, 0.58 mL, d = 1.11 g/mL, 5.5 mmol), and then the
solution was cooled to 0 °C. Under the temperature, to the solution was slowly added a solution of
bromine (0.26 mL, d =3.12 g/mL, 5.1 mmol) and CH,Cl, (5 mL) over 4 h through a syringe pump.
Afterwards, the mixture was further stirred for another 4 h. An aqueous NaHSOj; (10 mL, 2%) was
added to the mixture at 0 °C, and the reaction solution was allowed to stir for 1 h at room
temperature. Furthermore, the solution was partitioned into two layers, and the aqueous phase was
extracted with CH,Cl, (5 mL x 3). Finally, the combined organic layers were dried over
anhydrous Na,SO,4, and concentrated to give a crude oil, which was purified via column
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the desired

product 2a and dibromination product 2g.

CHO

Br

OH 2a 3-Bromo-4-hydroxybenzaldehyde (2a):? pale yellow solid, 1.46 g (73% yield), m.p.

130-132 °C (lit> m.p. 130-132 °C); 'H NMR (400 MHz, CDCl;, ppm): & 9.83 (br s, 1H), 8.04 (br
s, 1H), 7.77 (br d, J = 8.4 Hz, 1H), 7.15 (br d, J = 8.4 Hz, 1H), 6.43 (br s, 1H); 3C NMR (100
MHz, CDCls, ppm): ¢ 192.7, 151.8, 132.9, 130.3, 128.1, 127.5, 127.4; HRMS (EI): m/z [M*]
calcd. for C;Hs0,Br 199.9473, found 199.9474.

CHO

Br Br

OH 2
g 3,5-Dibromo-4-hydroxybenzaldehyde (2g):> white solid, 0.36 g (13%), m.p.

182-184 °C (lit m.p. 181-183 °C); 'H NMR (400 MHz, CDCls, ppm): & 9.80 (br s, 1H), 8.00 (br
s, 2H), 6.40 (br s, 1H); 3C NMR (100 MHz, CDCls, ppm): 5188.3, 154.5, 133.8 (2C), 131.5,
110.9 (2C); HRMS (ESI): m/z [M—H*] caled. for C;H;Br,0, 276.8500, found 276.8517.



2.2 Oxidation of 1a into 2a.

Table S1. Optimizations for the reaction conditions.?

CHO
cobalt salt (ny mol%)
NaOH (n, equiv)
Br 0,(1.0atm),EG,T.,9h Br
OH 1a OH 23
Entry Co salt (n, mol%) NaOH (1, equiv) T. (°C) Yield (%)?
1 CoCl,(3.0) 2.0 50 trace
2 CoBr,(3.0) 2.0 50 trace
3 CoF,(3.0) 2.0 50 trace
4 Cobalt(II) acetylacetonate (3.0) 2.0 50 45
5 Cobalt  tetramethoxyphenylporphyrin 2.0 50 13
3.0)
6 Co(C,04) -2H,0 (3.0) 2.0 50 27
7 Co(OAc),"4H,0 (3.0) 2.0 50 53
8 Co(OAc),"4H,0 (3.0) 2.0 60 59
9 Co(OAc),"4H,0 (3.0) 2.0 70 68
10 Co(OAc),"4H,0 (3.0) 2.0 80 76
11 Co(OAc),"4H,0 (3.0) 0 80 0
12 Co(OAc),4H,0 (3.0) 3.0 80 90
13 Co(OAc),"4H,0 (3.0) 4.0 80 90
14 Co(OAc),"4H,0 (2.0) 4.0 80 90
15 Co(OAc),"4H,0 (1.0) 4.0 80 90
16 Co(OAc),"4H,0 (0.5) 4.0 80 79
17 Co(OAc),"4H,0 (1.0) 4.0 80 trace®

aReaction conditions: 1a (5.0 mmol), cobalt salt (n; mol%), NaOH (n, equiv), EG (10 mL), O,
(1.0 atm), 9 h. YIsolated yield. “Performed under argon atmosphere.

General procedure: a three-necked flask was charged with EG (10 mL), 1a (0.94 g, 5.0 mmol),
cobalt salt (n mol%), and solid NaOH (n, equiv), and then the solution was heated to 80 °C. The
molecular oxygen was continuously supplied to the reaction through a top tube inlet for 9 h.
Hydrochloric acid (10 mL, 10%) and methyl fert-butyl ether (MTBE, 15 mL) were successively
added to the reaction mixture at room temperature. The MTBE phase was separated, and the
aqueous phase was further extracted with MTBE (15 mL X 2). The combined organic layers were
dried over anhydrous Na,SO,4 and concentrated in vacuo to give a residue, which was purified via
column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the
desired product 2a.

CHO

Br

OH 2a 3-Bromo-4-hydroxybenzaldehyde (2a):* pale yellow solid, 0.90 g (as the best yield
0f 90%), m.p. 130-132 °C (lit> m.p. 130-132 °C); '"H NMR (400 MHz, CDCl;, ppm): 59.83 (br s,
1H), 8.04 (br s, 1H), 7.77 (br d, J = 8.4 Hz, 1H), 7.15 (br d, J = 8.4 Hz, 1H), 6.43 (br s, 1H); 3C



NMR (100 MHz, CDCls, ppm): ¢ 192.7, 151.8, 132.9, 130.3, 128.1, 127.5, 127.4; HRMS (EI):
m/z [M*] calcd. for C;HsO,Br 199.9473, found 199.9474.

2.3 Reaction process analysis for the oxidation of 1a.
2.3.1 The oxidation process of 1a in EG (Fig. 1 in the text).

Br
Co(OACc);4H,0 (1.0 mol%) HO 4a
0O, (1.0 atm) l
Br  NaOH (4.0 equiv) Br
OH 1a EG,80°C,9h OH 3a . BFD/CHO
HO

2a (90%)

Oxidation process analysis: a three-necked flask was charged with EG (10 mL), 1a (0.94 g, 5.0
mmol), Co(OAc),-4H,0 (12.5 mg, 0.05 mmol) and solid NaOH (0.80 g, 20 mmol), and then the
solution was heated to 80 °C. The molecular oxygen was continuously supplied to the reaction
through a top tube inlet. About 0.2 mL of sample, withdrawn from the reaction mixture at the
specified time (1.5, 3.0, 4.5, 6.0, 7.5 and 9.0 h), was acidified by hydrochloric acid (2.0 M) and
was extracted with MTBE. The extracted sample was analyzed by GC-MS to evaluate the product
distributions. It should be noted that the sample should be immediately analyzed after extraction.

Besides, another incomplete oxidation reaction (performed for 4 h) was worked up and purified
via column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide

the intermediates 3a and 4a for structure confirmation.

Percentage (%)

0.0 1.5 3.0 4.5 6.0 7.5 9.0
Reaction Time (h)

Fig. 1 Time-dependence curves for the oxidation 1a to 2a in EG (percentages as their respective
ratios by area normalization method in the total ionization chromatography).



Br

OH 3a 2-Bromo-4-((2-hydroxyethoxy)methyl)phenol (3a): yellow oil, 'H NMR (400

MHz, CDCl;, ppm): 6 7.45 (br d, J= 2.0 Hz, 1H), 7.16 (dd, J = 8.0, 2.0 Hz, 1H), 6.95 (br d, J =
8.0 Hz, 1H), 4.44 (s, 2H), 3.76 (t, J = 4.8 Hz, 2H), 3.57 (t, J = 4.8 Hz, 2H); '3C NMR (100 MHz,
CDCl;, ppm): 6 152.4,132.2,131.2,128.8,116.2, 110.0, 72.2, 71.3, 61.7, HRMS (ESI): m/z [M-
H*] calcd. for CoHoO3Br 244.9813, found 244.9823.

OH

Br

OH 4a 2-Bromo-4-(hydroxymethyl)phenol (4a):* white solid, m.p. 126-128 °C (lit* m.p.

127-129 °C); 'H NMR (400 MHz, DMSO-dg, ppm): & 7.41 (br d, J = 2.0 Hz, 1H), 7.11 (dd, J =
8.0, 2.0 Hz, 1H), 6.90 (br d, J = 8.4 Hz, 1H), 4.36 (s, 2H); 1*C NMR (100 MHz, DMSO-ds, ppm):
51532, 1353, 131.5, 127.5, 116.5, 109.3, 62.4; HRMS (EI): m/z [M*] caled. for C;H;0,Br
201.9629, found 201.9631.

CHO

Br
OH 2a 3-Bromo-4-hydroxybenzaldehyde (2a): the spectral data see 2.1 section.

2.3.2 The oxidation process of 1a in methanol (Fig. S1).

B
OMe r OH
Co(OAc)y4H,0 (1.0 mol%) Ho 4
Br  NaOH (4.0 equiv) Br
OH 1a MeOH, reflux, 60 h OH a3y Br CHO
HO: i

2a (71%)

Oxidation process analysis: a three-necked flask was charged with MeOH (10 mL), 1a (0.94 g,
5.0 mmol), Co(OAc),4H,0 (12.5 mg, 0.05 mmol) and solid NaOH (0.8 g, 20 mmol). The mixture
was heated to reflux (about 75 °C), and molecular oxygen was charged to the reaction solution.
About 0.2 mL of sample, withdrawn from the reaction mixture at the specified time (12, 24, 36, 48
and 60 h), was acidified by hydrochloric acid (2.0 M) and was extracted with MTBE. The
extracted sample was analyzed by GC-MS to evaluate the product distributions. It should be noted
that the sample should be immediately analyzed after extraction.



Besides, an incomplete oxidation reaction (performed for 16 h) was worked up and purified via
column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the

intermediates 3a’ and 4a for structure confirmation.

Furthermore, a preparation reaction (performed for 60 h) was worked up and purified via column
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the desired

product 2a.

Percentage (%)

0 12 24 36 48 60
Reaction Time (h)

Fig. S1 Time-dependence curves for the oxidation of 1a into 2a in methanol (percentages as their
respective ratios by area normalization method in the total ionization chromatography).

OCHs

Br
OH 3a' 2-Bromo-4-(methoxymethyl)phenol (3a”): yellow oil, '"H NMR (400 MHz, CDCls,
ppm): 6 7.39 (br s, 1H), 7.10 (br d, J = 8.0 Hz, 1H), 6.89 (br d, J = 8.0 Hz, 1H), 5.66 (br s, 1H),

4.29 (s, 2H), 3.29 (s, 3H); '3*C NMR (100 MHz, CDCl;, ppm): § 150.8, 130.7, 130.6, 127.8, 114.9,
109.1, 72.5, 56.9; HRMS (EI): m/z [M*] calcd. for CgHoO,Br 215.9786, found 215.9792.

OH

Br

OH 4a 2-Bromo-4-(hydroxymethyl)phenol (4a): the spectral data see 2.3.2 section.



Br

—<£ :)—O
T
(@)

OH 2a 3-Bromo-4-hydroxybenzaldehyde (2a): pale yellow solid, 0.71 g (71% yield); the
spectral data see 2.1 section.

2.4 '"H NMR spectra of compounds 2a and 5, in CD3;0Na/CD;0D and CD;0D,
respectively.

Br

—<£ :)—O
T
(@)

OH 2a 3 Byomo-4-hydroxybenzaldehyde (2a): 'H NMR (400 MHz, CD;0D, ppm): & 9.75
(br's, 1H), 8.03 (br d, J= 2.0 Hz, 1H), 7.74 (dd, J = 8.0, 2.0 Hz, 1H), 7.02 (br d, J = 8.0 Hz, 1H).
CHO

Br

o

ONa
phenolate of 2a Sodium 2-bromo-4-formylphenolate: '"H NMR (400 MHz, CD;0D, 2a (6 mg)

and CD;0ONa (7 mg) dissolved in 0.5 mL CD;0D, ppm): 6 9.39 (br s, 1H), 7.89 (br d, J= 2.0 Hz,
1H), 7.51 (dd, J = 8.4, 2.0 Hz, 1H), 6.63 (br d, J = 8.4 Hz, 1H).
CHO

t-Bu t-Bu
OH 5 3 5.Di-tert-butyl-4-hydroxybenzaldehyde (5): '"H NMR (400 MHz, CD;0D,
ppm): 6 9.77 (brs, 1H), 7.75 (br s, 2H), 1.46 (s, 18H).

H ONa
H | H
t-Bu t-Bu
(0]

enolate of 5 Godium  (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methanolate:

'H NMR (400 MHz, CD;0D, 5 (7 mg) and CD3ONa (7 mg) dissolved in 0.5 mL CD;0D, ppm):
6 9.02 (brs, 1H), 7.67 (br s, 1H), 7.25 (br s, 1H), 1.38 (s, 18H).

2.5 Co(OAc);4H,0-catalyzed oxidation of 2-bromo-4-cresol (1a), 4-cresol (1b)
and 2-methoxy-4-cresol (1¢, Scheme 5 in the text).



(a) Co(OAc)y4H,0 (1.0 mol%) ~ GHO

O, (1.0 atm) O O
+ + no tars
Br  NaOH (4.0 equiv) Br Br

Br
OH EG,80°C,9h o OH  OH
1a 2a (90%) 6a (0%)
(b) Co(OAC)y4H,0 (1.0 mal%)  §HO
0O, (1.0 atm) O O
+ + tars
NaOH (4.0 equiv)
o]
OH EG,80°C,9h o o On
1b 2b (81%) 6b (6%)
(© Co(OAC),4H,0 (1.0 mol%) ~ SHO
O, (1.0 atm)
. + + more tars
OMe NaOH (4.0 equiv) OMe MeO OMe
EG, 80°C,9h
OH OH OH OH
1c vanillin (2¢, 55%) 6c (11%)

Scheme 5. Oxidations of 1a, 1b and 1c¢ under the standard conditions. Reaction performed with 1
(5.0 mmol), Co(OAc), 4H,0 (0.05 mmol), NaOH (20 mmol), EG (10 mL) and O, (1.0 atm) at 80
°C for 9 h.

General procedure: a three-necked flask was charged with EG (10 mL), 1a, 1b or 1¢ (5.0 mmol),
Co(OAc),-4H,0 (12.5 mg, 0.05 mmol) and solid NaOH (0.80 g, 20 mmol), and then the solution
was heated to 80 °C. The molecular oxygen was continuously supplied to the reaction through a
top tube inlet for 9 h. Hydrochloric acid (10 mL, 10%) and methyl tert-butyl ether (MTBE, 15 mL)
were successively added to the reaction mixture at room temperature. The MTBE phase was
separated, and the aqueous phase was further extracted with MTBE (15 mL x 2). The combined
organic layers were dried over Na,SO, and concentrated in vacuo to give a residue, which was
purified via column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to
provide 2 and dimer 6, respectively.

CHO

Br

OH 2a 3-Bromo-4-hydroxybenzaldehyde (2a): pale yellow solid, 0.90 g (90%); the spectral
data see 2.1 section.
CHO

OH 2b 4_Hydroxybenzaldehyde (2b):® yellow solid, 0.49 g (81% yield), m.p. 116-118 °C ((lit’
m.p. 115-118 °C); "H NMR (400 MHz, CDCls, ppm): & 9.87 (br s, 1H), 7.83 (br d, J = 8.8 Hz,
2H), 7.98 (br d, J = 8.8 Hz, 2H), 6.29 (br s, 1H); 3C NMR (100 MHz, CDCls, ppm): 5191.2,
161.5, 132.5 (2C), 129.9, 116.0 (2C); HRMS (EI): m/z [M*] caled. for C;HO, 122.0368, found
122.0367.



OH  OH
6b 5 5'"_Dimethylbiphenyl-2,2'-diol (6b):® white solid, 32.1 mg (6% yield), m.p.
148-150 °C (Iit® m.p. 155 °C); "H NMR (400 MHz, CDCls, ppm): 57.11 (dd, J = 8.0, 1.6 Hz, 2H),
7.06 (br d, J = 1.6 Hz, 2H), 6.92 (br d, J = 8.0 Hz, 2H), 5.43 (br s, 2H), 2.32 (s, 6H); *C NMR
(100 MHz, CDCl;, ppm): 8150.6 (2C), 131.6 (2C), 130.8 (2C), 130.3 (2C), 123.7 (2C), 116.5
(2C), 20.5 (2C); HRMS (EI): m/z [M*] caled. for C14H,40, 214.0994, found 214.0992.
CHO

OMe
OH 2¢  vanillin (2¢):7 white solid, 0.42 g (55%), m.p. 82-83 °C (lit’ m.p. 80-81 °C); 'H
NMR (400 MHz, CDCls, ppm): & 9.82 (br s, 1H), 7.43-7.41 (m, 2H), 7.04 (br d, J = 8.8 Hz, 1H),
6.30 (br s, 1H), 3.96 (s, 3H); 3C NMR (100 MHz, CDCls, ppm): 5191.1, 151.8, 147.2, 129.8,
127.6, 114.5, 108.9, 56.1; HRMS (ESI): m/z [M-H*] caled. for CsH;05 151.0395, found 151.0400.

MeO l l OMe

OH
6c o 3,3'-Dimethoxy-5,5'-dimethylbiphenyl-2,2'-diol  (6¢):® brown
solid, 75.4 mg (11% yield), m.p. 132—134 °C (lit® m.p. 133-135 °C); 'H NMR (400 MHz, CDCl;,
ppm): 8 6.73 (brs, 2H), 6.72 (br s, 2H), 5.96 (br s, 2H), 3.91 (s, 6H), 2.33 (s, 6H); '3C NMR (100
MHz, CDCl;, ppm): 6147.1 (2C), 140.3 (2C), 129.6 (2C), 124.4 (2C), 123.4 (2C), 111.3 (2C),
56.0 (2C), 21.2 (2C); HRMS (ESI): m/z [M+H"] calcd. for C,sH;904 275.1283, found 275.1283.

2.6 Co(OAc),4H,0-catalyzed oxidation of 1 (Table 2 in the text).
Table 2. Co(OAc),-catalyzed oxidation of 1.2

CHO
Co(OAC),4H,0 (1.0 mol%)
O, (1.0 atm)
R R®  NaOH (4.0 equiv) R’ R?
OH 1 EG,80°C,9h OH 2
CHO CHO CHO CHO
cl F NC Br Br
OH OH OH OH
2d, 87%° 2e, 85%° 2f, 83%" 2g, 90%°°
CHO CHO CHO CHO
cl cl F Br F OMe NC OMe
OH OH OH OH
2h, 91%Pc 2i, 88%P°° 2j, 89%P° 2k, 86%"°




aReaction conditions: substrates 1 (5.0 mmol), Co(OAc),4H,0 (0.05 mmol), NaOH (20.0 mmol),
EG (10 mL) and O, (1.0 atm) at 80 °C for 9 h. ® Isolated yield via column chromatography.
“Performed with NaOH (10.0 mmol).

General procedure: a three-necked flask was charged with EG (10 mL), 1 (5.0 mmol),
Co(OAc),-4H,0 (12.5 mg, 0.05 mmol) and solid NaOH (0.80 g, 20 mmol for 1d, 1e, 1f; 0.40 g,
10 mmol for 2g, 2h, 2i, 2j, 2k), and then the solution was heated to 80 °C. The molecular oxygen
was continuously supplied to the reaction through a top tube inlet for 9 h. Hydrochloric acid (10
mL, 10%) and methyl fert-butyl ether (MTBE, 15 mL) were successively added to the reaction
mixture at room temperature. The MTBE phase was separated, and the aqueous phase was further
extracted with MTBE (15 mL x 2). The combined organic layers were dried over anhydrous
Na,SO, and concentrated in vacuo to give a residue, which was purified via column
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the desired
products 2.

CHO

cl
OH2d 3_Chloro-4-hydroxybenzaldehyde (2d): yellow oil, 0.68 g (87%); "H NMR (400
MHz, CDCls, ppm): & 9.85 (br s, 1H), 7.54 (br d, J = 2.4 Hz, 1H), 7.47 (dd, J = 8.8, 2.4 Hz, 1H),
6.96 (br d, J = 8.8 Hz, 1H), 5.98 (br s, 1H); 3C NMR (100 MHz, CDCls, ppm): &195.6, 160.3,
137.1, 132.7, 124.8, 121.3, 119.6; HRMS (EI): m/z [M*] caled. for C;HsClO, 155.9978, found
155.9977.
CHO

OH2e€ 3_pyyoro-4-hydroxybenzaldehyde (2¢): yellow oil, 0.60 g (85%): 'H NMR (400
MHz, CDCL;, ppm): & 9.85 (br s, 1H), 7.67-7.61 (m, 2H), 7.15 (br d, J = 8.0 Hz, 1H), 5.98 (br s,
1H); 13C NMR (100 MHz, CDCls, ppm): 51902 (d, J = 2.2 Hz), 151.2 (d, J = 239.8 Hz), 149.6 (d,
J=14.7 Hz), 130.2 (d,J = 4.8 Hz), 128.6 (d, J = 2.8 Hz), 117.6 (d,J = 1.9 Hz), 115.8 (d, J = 18.3
Hz); HRMS (EI): m/z [M*] caled. for C;HsFO, 140.0274, found 140.0270.

CHO

NC

OH2f 5-Formyl-2-hydroxybenzonitrile (2f): yellow oil, 0.61 g (83%); '"H NMR (400
MHz, CDCl;, ppm): ¢ 12.35 (br s, 1H), 9.83 (br s, 1H), 8.24 (br d, /= 2.4 Hz, 1H), 8.02 (dd, J =
8.8, 2.0 Hz, 1H), 7.18 (br d, J = 8.8 Hz, 1H); 3C NMR (100 MHz, DMSO-dg, ppm): &190.5,

165.4, 137.4, 135.3, 128.9, 117.3, 116.4, 100.1; HRMS (ESI): m/z [M—H ] calcd. for CgH4sNO,
146.0242, found 146.0258.



CHO
Br/©\ Br

OH 29 3,5-Dibromo-4-hydroxybenzaldehyde (2g): white solid, 1.26 g (90%); the
spectra see 2.1 section.

CHO
Cl i Cl

OH 2h 3,5-Dichloro-4-hydroxybenzaldehyde (2h):° white solid, 0.87 g (91% yield),

m.p. 158-160 °C (lit? m.p. 157 °C); '"H NMR (400 MHz, CDCLs, ppm): & 9.81 (br s, 1H), 7.83 (br
s, 2H), 6.43 (br s, 1H); '*C NMR (100 MHz, CDCls, ppm): & 188.6, 153.1, 130.3 (2C), 129.9 (2C),
122.4; HRMS (ESI): m/z [M—H*] caled. for C;H;CL,O, 188.9510, found 188.9511.

&S

2j
OH 3-Bromo-5-fluoro-4-hydroxybenzaldehyde (2i): white solid, 0.96 g (88% yield),

m.p. 138-140 °C; 'H NMR (400 MHz, CDCls, ppm): & 9.74 (d, J = 2.0 Hz, 1H), 7.78 (t, J = 1.6
Hz, 1H), 7.54 (dd, J = 9.6, 1.6 Hz, 1H), 6.33 (br s, 1H); 3C NMR (100 MHz, CDCl;, ppm):
5188.8, 151.2 (d, J = 247.3 Hz), 147.3 (d, J = 15.0 Hz), 130.7 (d, J = 2.7 Hz), 130.1 (d, J = 5.4
Hz), 115.7 (d, J = 18.8 Hz), 111.6 (d, J = 1.4 Hz); HRMS (ESI): m/z [M-H"] calcd. for
C,H;3BrFO, 216.9300, found 216.9296.

CHO
F i OMe
OH 2 3-Fluoro-4-hydroxy-5-methoxybenzaldehyde (2j): white solid, 0.76 g (89%

yield), m.p. 116-118 °C; "H NMR (400 MHz, CDCls, ppm): & 9.81 (br s, 1H), 7.32-7.26 (m, 2H),
5.98 (br's, 1H), 4.00 (s, 3H); '3C NMR (100 MHz, CDCls, ppm): 6190.2 (d, J = 2.3 Hz), 150.6 (d,
J=1243.8 Hz), 148.8 (d, J = 5.3 Hz), 140.1 (d, J = 13.5 Hz), 128.2 (d, J= 6.3 Hz), 113.1 (d, J =
18.5 Hz), 106.1 (d, J = 1.7 Hz), 56.8; HRMS (ESI): m/z [M—H"] calcd. for CsHgFO; 169.0301,
found 169.0305.

CHO
NC i OMe

OH 2k 5-Formyl-2-hydroxy-3-methoxybenzonitrile (2k): white solid, 0.76 g (86%
yield), m.p. 196-198 °C; 'H NMR (400 MHz, CDCl;, ppm): & 9.83 (br s, 1H), 7.66 (br s, 1H),
7.58 (br s, 1H), 6.90 (br s, 1H), 4.03 (s, 3H); 3C NMR (100 MHz, DMSO-dg, ppm): §190.2,
155.6, 148.5, 129.2, 128.7, 115.8, 113.1, 99.3, 56.4; HRMS (ESI): m/z [M-H*] calcd. for
CoHgNO5 176.0348, found 176.0361.



2.7 Methoxylation of 2a for preparing vanillin (Scheme 7 in the text).

CHO CHO
MeONa (3.0 equiv)

MeOH, 115°C, 2 h

CuCl (4 mol%)
Br  HCOOMe (40 mol%)
OH

OH
2a vanillin (98%)

| quantitative yield
1 inexpensive CuCl
, potent HCOOMe
recovering pure MeOH

OMe

General procedure: the Teflon-lined autoclave (25 mL) was charged with 2a (0.80 g, 4.0 mmol),
MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 0.16 mmol) and HCOOMe (0.10 mL,
d = 0.97 g/mL, 1.6 mmol). The autoclave was heated to 115 °C and stirred for 2 h. After the
completion of reaction, the reactor was cooled to room temperature. The reaction mixture was
stirred for 0.5 h in open system, and then concentrated to recover pure MeOH. To the residue was
added MTBE (5 mL) and diluted hydrochloric acid (1.0 M, 8 mL) to adjust pH to 2.0-3.0.
Furthermore, the solution was partitioned into two layers, and the aqueous phase was extracted
with MTBE (5 mL X 3). The combined organic layers were dried over anhydrous Na,SO,, and
concentrated in vacuo to give a solid, which was purified via column chromatography on silica gel
(eluents: petroleum ether/ethyl acetate 15:1) to provide the desired vanillin. Besides, the purity of
the recovered MeOH was more than 99% measured by GC, and water content of the recovered
MeOH was less than 0.12% measured by Karl Fischer method.

CHO

OMe
OH vanillin yapjllin: white solid, 596.4 mg (98% vield); the spectral data see 2.5 section.

2.8 CuCI/HCOOMe-catalyzed methoxylation (Table 3 in the text).
Table 3. CuCIVHCOOMe-catalyzed methoxylation.?

Br MeONa (3.0 equiv) OMe
_— MeOH. 115 °C. 2 h P
o CuCl (4 mol%) |
R/\ HCOOMe (40 mol%) A
R 7
OMe OMe OMe OMe
/(j/OH
OMe O
OMe 0o
7a, gs%bc 7b, 98%P 7c, 98%° 7d, 98%"
(100/100) (100/100)° (100/100)° (100/100)¢
OMe OMe OMe OMe
OH OH
OEt MGOZC
OH
7e, 98%P 7f, 99%P 79, 98%° 7h, 98%P
(100/100)° (100/100)° (100/100)° (100/100)°

aReaction conditions: aryl bromides (4.0 mmol), MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl
(15.8 mg, 0.16 mmol) and HCOOMe (0.10 mL, d = 0.97 g/mL, 1.6 mmol). b Isolated yield via

12



column chromatography. ¢ Conv. (%)/Sele. (%) determined by GC-MS by area normalization
method in the total ionization chromatography.

General procedure: the Teflon-lined (25 mL) was charged with the aryl bromides (4.0 mmol),
MeOH (5 mL), freshly prepared MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 0.16 mmol) and
HCOOMe (0.10 mL, d = 0.97 g/mL, 1.6 mmol). The autoclave was heated to 110 °C and stirred
for 2 h. After the completion of reaction, the reactor was cooled to room temperature. The reaction
mixture was stirred for 0.5 h in open system, and then concentrated to recover pure MeOH. To the
residue was added MTBE (5 mL) and diluted hydrochloric acid (1.0 M, 8 mL) to adjust pH to 2.0—
3.0. Furthermore, the solution was partitioned into two layers, and the aqueous phase was
extracted with MTBE (5 mL x 3). The combined organic layers were dried over anhydrous
Na,SO,, and concentrated to give a crude product, which was purified vie column
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 15:1) to provide the desired
vanillin. Generally, the purity of the recovered MeOH was more than 99% measured by GC, and
water content of the recovered MeOH was less than 0.12% measured by Karl Fischer method. In
particular, the sample of the crude product was used to determine conversion and selectivity by
GC-MS by area normalization method in the total ionization chromatography.

OMe

OMe
7a 1,3-Dimethoxybenzene (7a): colorless oil, 541.6 mg (98% yield); 'H NMR (400

MHz, CDCl;, ppm): & 7.19 (t, J = 8.0 Hz, 1H),6.52 (dd, J = 8.0, 2.0 Hz, 2H), 6.48 (t, J = 2.0 Hz,
1H), 3.80 (s, 6H); 13C NMR (100 MHz, CDCl;, ppm): & 160.9, 129.9, 106.2 (2C), 100.5 (2C),
55.2 (2C); HRMS (EI): m/z [M*] calcd. for CgH;¢0, 138.0681, found 138.0680.

OMe

OMe7b 1,4-Dimethoxy-2-methylbenzene (7b): colorless oil, 596.6 mg (98% yield); '"H NMR

(400 MHz, CDCl3, ppm): 6 6.76 (br d, J = 8.8 Hz, 2H), 6.69 (dd, J = 8.8, 3.2 Hz, 1H), 3.79 (s,
3H), 3.76 (s, 3H), 2.22 (s, 3H); *C NMR (100 MHz, CDC]l;, ppm): 6 153.5, 152.2, 127.8, 117.1,
110.9, 110.8, 55.8, 55.6, 16.4; HRMS (ESI): m/z [M+H*] calcd. for CoH 30, 153.0916, found
153.0924.
OMe
OH
fe 4-Methyl-2-methoxyphenol (7¢): colorless oil, 541.6 mg (98% yield); 'H NMR
(400 MHz, CDCls, ppm): 66.82 (br d, J=8.0 Hz, 1H), 6.69 (br s, 1H), 6.68 (br d, /= 8.0 Hz, 1H),
5.50 (br s, 1H), 3.87 (s, 3H), 2.30 (s, 3H); '3C NMR (100 MHz, CDCl;, ppm): 6 146.3, 143.4,
129.7, 121.6, 111.8,55.9,21.1; HRMS (EI): m/z [M*] caled. for CgH;pO, 138.0681, found
138.0682.



OMe

O
—Q 7d ; . i % vield): !
5-Methoxybenzo[d]1,3-dioxole (7d): pale yellow oil, 596.4 mg (98% yield); 'H NMR

(400 MHz, CDCls, ppm): 66.71 (br d, J= 8.4 Hz, 1H), 6.49 (br s, 1H), 6.32 (br d, /= 8.4 Hz, 1H),
5.91 (s, 2H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCls, ppm): 6155.2, 148.3, 141.6, 107.9, 104.7,
101.1, 97.5, 56.0; HRMS (ESI): m/z [M+H*] caled. for CsHgO5 153.0552, found 153.0531.

OMe
OH

28

7e 2-Methoxy-4,6-dimethylphenol (7e):! pale yellow solid, 596.6 mg (98% yield),

m.p. 28-30 °C (1it'® m.p. 34-35 °C); '"H NMR (400 MHz, CDCls, ppm): & 6.57 (br s, 1H), 6.55 (br
s, 1H), 5.53 (brs, 1H), 3.86 (s, 3H), 2.27 (s, 3H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCls, ppm):
0146.1, 141.5, 128.6 (2C), 123.6, 109.2, 56.0, 21.1, 15.4; HRMS (ESI): m/z [M+H*] calcd. for
CyH 30, 153.0916, found 153.0893.

OMe
OH

o

OEt
f 2-Ethoxy-6-methoxy-4-methylphenol (7f): pale yellow oil, 721.6 mg (99%

yield); '"H NMR (400 MHz, CDCl;, ppm): §6.38 (br s, 2H), 5.36 (br s, 1H), 4.09 (q, J = 6.8 Hz,
2H), 3.87 (s, 3H), 2.28 (s, 3H), 1.43 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;, ppm):
0146.9, 146.1, 132.7, 128.7, 106.7, 105.7, 64.7, 56.2, 21.6, 15.0; HRMS (ESI): m/z [M+H"] calcd.
for C;oH;50; 183.1021, found 183.1023.

OMe

%

OH 79 4_Methoxy-2,3,6-trimethylphenol (7g):'! white solid, 651.6 mg (98% vyield), m.p.
104-106 °C (lit'"! m.p. 101-102 °C); 'H NMR (400 MHz, CDCls, ppm): 66.52 (s, 1H), 4.26 (br s,
1H), 3.76 (s, 3H), 2.24 (s, 3H), 2.18 (s, 3H), 2.14 (s, 3H); 3C NMR (100 MHz, CDCls, ppm):
5151.3,145.9, 123.9, 123.6, 120.0, 110.9, 56.3, 16.3, 12.2, 11.9; HRMS (ESI): m/z [M+H] calcd.
for C1oH;50, 167.1072, found 167.1071.

OMe

MeO,C 7h
Methyl 3-methoxybenzoate (7h): colorless oil, 651.4 mg (98% yield); 'H

NMR (400 MHz, CDCly, ppm): 67.64 (dt, J = 8.0, 1.2 Hz, 1H), 7.56 (dd, J = 2.8, 1.6 Hz, 1H),
7.34 (t, J = 8.0 Hz, 1H), 7.10 (ddd, J = 8.0, 2.8 Hz, 2.4 Hz, 1H), 3.92 (s, 3H), 3.85 (s, 3H); 1C
NMR (100 MHz, CDCLs, ppm): 5167.0, 159.5, 131.4, 129.4, 122.0, 119.5, 113.9, 55.4, 52.2;
HRMS (ESI): m/z [M+H*] caled. for CoH,;05 167.0708, found 167.0719.



2.9 CuCl-catalyzed methoxylation of 2a with different co-catalysts (Table 4 in the
text).
Table 4. CuCl-catalyzed methoxylation of 2a with different co-catalysts.?

CHO CHO
MeONa (3.0 equiv)

MeOH, 115°C, 2 h

0,
Br CuCl §4| m?I(A:) %) OMe
Cco-catalyst (n1 mo
OH YSH i Mot OH
2a vanillin
Entry Co-catalyst n; mol% Conv./Sele. (%)° Yield (%)°
1 HCOOMe 40 100/100 98
2 MeCOOMe 40 100/95 91
3 DMF 40 100/94 89

3 Reaction conditions: 2a (4.0 mmol), MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl (15.8 mg,
0.16 mmol) and co-catalyst (n; mol%). b Determined by GC-MS. ¢ Isolated yield via column
chromatography.

General procedure: the Teflon-lined autoclave (25 mL) was charged with 2a (0.80 g, 4.0 mmol),
MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 0.16 mmol) and co-catalyst (r; mol%).
The autoclave was heated to 115 °C and stirred for 2 h. After the completion of reaction, the
reactor was cooled to room temperature. The reaction mixture was stirred for 0.5 h in open system,
and then concentrated to recover pure MeOH. To the residue was added MTBE (5 mL) and
diluted hydrochloric acid (1.0 M, 8 mL) to adjust pH to 2.0-3.0. Furthermore, the solution was
partitioned into two layers, and the aqueous phase was extracted with MTBE (5 mL x 3). The
combined organic layers were dried over anhydrous Na,SO,, and concentrated in vacuo to give a
crude product, which was purified via column chromatography on silica gel (eluents: petroleum
ether/ethyl acetate 15:1) to provide the desired vanillin. In particular, the sample of the crude
product was used to determine conversion and selectivity with GC-MS by area normalization
method in the total ionization chromatography.

CHO

OMe
OH vanillin yanpjllin: white solid, 596.4 mg (98% yield with HCOOMe as co-catalyst); the
spectral data see 2.5 section.
CHO

OMe
OH vanillin yvanpjllin: white solid, 553.8 mg (91% yield with MeCOOMe as co-catalyst); the

spectral data see 2.5 section.



CHO

OMe
OH vanillin v anpjllin: white solid, 541.6 mg (89% yield with DMF as co-catalyst); the spectral

data see 2.5 section.
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4. Copies of Spectra

4.1 Copies of spectra for oxybromination of 4-cresol into 1a.
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Elemental Composition Report

Single Mass Analysis

Tolerance =5.0mDa  /  DBE: min =-1.5, max = 50.0 " Br
Elerment prediction: Off °
Monoisotopic Mass, Odd and Even Electron lons

72 formulale) evaluated with 11 results within limits (up to 50 closest results for each mass)

Elements Used:

C: 0-7 H: 0-7 0: 01 79Br: 0-1 218r: 0-1

[ F-fim-1 Warers SCT Pramier D2-Jul-2013F 16:24:08
ETVBOTOT-Z 120 (2000 S 12001404151 5 TF RS B
S0 1R7 DAt 1. 32ad
185 . PEEZ
=]
182 5501
AR GIGE
Tﬂﬂ-lﬂ-ﬂ
.05 105 oy [ 109 BEA 188, 3704
[+E -'UI'JHG?_l E‘.||I:i2;-|.‘-\l||=lr o r”‘Il:m‘r-I |[-|i|| |Iu.!|.||| ]I. ||1|‘-1|I:7“ “Q "m-r 1‘” 1332 1lg|€:2:-“l :__Tﬁ"ﬂﬁ'llﬂ‘ 1.r.1|'|2'.'u |-H'"-L e Fi
T 4D B u::- sn 100 o e e O o L P UMIRRT T Tt srr
Minimum: 3.00 -1.5
Maximum: 100.00 5.0 10.0 50.0
Mass RA Cale. Mass mDa PPM DBE i-FIT Formula
1859682 91.31 185 9680 0.2 11 4.0 1594.1 C? H? O 7J9Br
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Elermental Compasitian Repoart

Single Mass Analysis

Tolerance =5.0mDa /  DBE: min ==-15, max = 50.0 B H B
Manalsatopic Mass, Odd and Even Electren lans
18 farmulale) evaluated with 5 results within limits {up to 530 dasest results for each mass)
Elerments Lzed:
C 07 H: OB Br: 02 0 O=q
2a Watara GCT Pra—ar 02-Eap-2013 124803
i-ﬂ!—:!as 118 (L850} B (1184551230 I 'C::::E_ E;
1538182
wl 2858782
253 8TET
Lo s e v e 2 S [P gy fron |
88 To g5 an  1bm 110 1in 0 1da | 14s 0 aBn 0 188 0 tfg | 1An  1ma | zbe | 218 230 2%8 | 2an | 260 x4 2fn
Mirirmm: -1.5
Maxirmum: 100.00 5.0 14.0 50.0
Wass RA Cale. Mass mba PP DBE Score Farmula
2638787  25.00 263.8785 0.2 0.4 L3 1 &7 HE Br2 04
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4.2 Copies of spectra for oxybromination of 4-hydroxybenzaldehyde into 2a.
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Elemental Composition Report

CHO
Single Mass Analysis
Tolerance = 5.0 mDa ! DBE: min =-1.5, max = 50.0 A
r
Element prediction: Off H
Monoisotopic Mass, Odd and Even Electron lons
85 formulale) evaluated with 12 results within limits {up to 50 closest results for each mass)
Elerments Used:
C:0-7 H: 0-5 Q: 0-2 79Br: 0-1 21Br: 0-1
fi sl \iblers CTT P’ DG =3 T34
AT 91 55 O3B 1) TFNEE=
00+ R 1 e
prighe -4
s
i
20|
I ot TeET
F s S mm | e v\ TEEREY e | | eey BT m‘ ‘r’ sl ||| .-

W
I'EEE'EEE?E?EEJEEDEE#I‘!E"JEZE‘B:HEIIHE‘E EE‘EFERS‘IEE‘BEEEI'ZBZ‘EZ‘E-

Minimum: 3.00 -1.5

Maximum:  100.00 5.0 10.0 50.0

Mass RA Cale. Mass mDa PPM DBE i-FIT Formula

195.9474 64.45 189.9473 0.1 0.5 5.0 8332.2 C? HS5 02 79Br
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Elemental Composition Report

Page 1

CHO
Single Mass Analysis
Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0
L. Br Br
Element prediction: Off OH
Number of isotope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
28 formula(e) evaluated with 1 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-45 H:0-70 0O:0-2 Br.0-2
YF-JI ECUST institute of Fine Chem 16-Dec-2013
21:30:33
JYF-JA-1 14 (0.541) Cm {14) 2: TOF MS ES-
6.84e+003
100— 278.8343
1 280.8322
8l 276.8517
] 281.8286
o 1259870 208.7855 222.7636 222019 265.1446 311.1703 324.8550
lllll'll'llfl[lllllllll'l'|11ff[llllllllll'lIll[lllllllll]l'lI1|flllllllllll1I'|1lllllllllll11'|I[lllllllllll1|1l[I[lllllllll'll1Illlllllllllll11Illlllllllllll1 '|I[ll'llllllllll1lfl[lllllllll'|1llI[lllllllll]l'l m Z
130 140 150 160 170 18O 190 200 210 220 230 240 250 260 270 280 290 300 310 320
Minimum: =1.5
Maximum: 30.0 50.0 100.0
Mas= Calc. Mass mDa FEM DBE i=FIT i=FIT (Norm) Formula
276.8517 276.8500 1.7 6.1 5.5 46.5 0.0 Cc7 H3 2 Br2

28



4.3 Copies of spectra for the oxidation process of 1a in EG.
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BRE  Fo
FEAE : G 6CEERS Y 1\METHOD S 5 kS 4.
i B fEe : Z013-LL-8 F:29:4E
alrre s COVCHEMSEY 1V METHIMS L 5 i ko 0
i 15 el T 2013-L1-13 L4il4343
(AR 55 iEch)
T & (TS Ty
i E H 1
i A i 3
i
oo
L li]
S
L]
El
o »
1o L \j
) B i It 12 [ 16
HRE AL
i a2 : el
mREF: : L.0ooo0
HEEHT: : L.oo20
miEfERMATARERT
MBS L FIDL &,
v R e R o] o 0 %5 5 (B 4R
§ [min] [min]  [2aA=a] [pal %

1 6.3l6 BY 0.0274 3270.L0156 L823.35555 1287977

PO0.G00 oy 0.0506 L.2100ded 2700, 00024 &7 &7934

I 0,374 W 0.02E8 S4.448X3  42.8L0E535 =3qz0s

4 13.306 EE O.0355 4154.9.748 L35.42542 4712782
ne dadolZUed bl Ulbdb

T#a Ml T

{5 1 20L03-11-12 1405110 HLn
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fz #8 & %=z C:\CHEM3IZY1YVDATAL13-000518.

3

o H
i 58 HERE AT o RS LUl
Mg ; 05=Nov=L3, 14:06:02 b 2 S |
HEE 0 Fy
FEFE + Co\CHEM3Z\IZ\METHIDS\ & L &40
= ahEon : 20L3-11-5 12:43:22
o bk + Oy CHEMEZ, IZNMETHODS BB @S L. v
B EhEX : 20L3-11-5 15:23:01
(R A 2
FIOT A, (1300 5TE. 0y
nh
T
B0 =
Fo <
T
Sho =
T
o = ﬁ
-3 2]
00 - B =]
100 - 8 \ i ﬂ
L)
T A T T T
AEE s
it 4= : =
REET: ; L.ooon
#EET: : L.
EiFERROETHSREREF
f£% 1: FIDL A,
v TREelE E M g & g
#  [min] [win  [ph*s] [kd] ¥
Rl B |==—====—-~ Rt R I
1 B.720 BY 0 0R7L 2. 11282 1527919 1. 13594
2 g.822 BV 0.0D807 BEEZ. 54443 LS8E, 158458 85 10823
2 9.200 VD 0,0265 Llc0,09392 SC.A0725  2,50445
4 15.258 VB 0. 0394 452.71216 167.94901 7F.13125
aE 5348, E£5315 LB6x. 67350
"""""""""""""" o wEEk
{88 1 2013-11=% 15:23:04& i
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AT F: CoACIEMDE A1 ABATRY L3-000525, 0

PR Aok 4
e H
i BE r 1iBE L £® 0 ERE L
FE Qe : OF-Nov-13%, 10:13:02 g i L
BRE  Fo
RN : G 6CEERS Y 1\METHOD S 5 kS 4.
i B fEe : E013-Li-8 10:08:57
iR s C:\CHEMIZY 1Z\WNMETHIMS S il {E2dn H
i 15 el T 2013-L1-13 14113:11%
(AR 55 iEch)
T A (AR T
1%
E il $
i
o0
L li]
i

=
=
oy
:.
-

ruir|

il
HRE AL
i a2 : el
EREF- L.0ooo0
FEEF: L.o0zn
miFrkEEEMRATFAHNERT
MBS L FIDL &,
v R e R o] o 0 %5 5 (B 4R
§ [min] [min]  [2aA=a] [pal %

1 6.3L8 BY 0.0815  20.08580  13.40467 C.5838%
£ m.oan mny N.05%3 1.01005ed 229000299 97, 20000
I 9.374 VE 0.0248 SE.TEL30 E5.365388 C.edlac
4 Ll3.E37 VE 0.0319 595.808TE  ZHES.4GEZL0 I, 363D

ne L.08g50eq  2665,08903

T#a Ml T

f5 1 20L3-11-12 14003133

33

WLl




AT F: CoACIEMDE A1 ABATRY L3-000540, 0

FERAchr: 6
e H
i BE r 1iBE L £® 0 ERE L
FE Qe : LE-Nuw-13, 12:.4:0% g i L
BRE  Fo
RN : G 6CEERS Y 1\METHOD S 5 kS 4.
i B fEe T E013-Li-13 ML:2@:EL
il ek + CVCHEMIZY 1VNETHON S 55§08 (kadh 1
i 15 el T 2013-L1-13 l4:109:03
(AR 55 iEch)
T & (TIET
i ]
i 3
i
o0
L li]
i
L]
00
o
] i
130 - = w
= |"~._T =2
B i It 12 B+ 16
HrEAEEE
i a2 t el
HNEF: H L.ooZa
HEEHT: : L.oo20
miEfERMATARERT
MBS L FIDL &,
v R e R o] o 0 %5 5 (B 4R
f [min] [min]  [2A=3] [pa] %

1 6.362 BY 0.0827  15.T0951 4, 62468 C.4laéE

E o R.GLn Y n.0259 4708, n0a0d LA11, 73096 92, 44574

I 9,387 VE 0,030 Z4.87370 l2.83783 C.7301E

4 13.333 EE 0.1EZ8 152,65 1TE 1.83251 C.4114%
ne 4l ve.d4lBs LESU. SdaUE

T#a Ml T

{3 1 20L3-11-12 14:0%:08 HLn
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Agilent 5973N Mass

Abundance

110000
100000
B0000
BOO0O
TO000
60000
50000
40000
30000
20000

10000

mSE—>

Abundance

280000
260000
240000
220000
200000
180000
180000
140000
120000
1O0OD0O0

B0000

sO000D

40000

20000

Analysis & Research Center ECUST

Zcan 1647 (5.995 min): Gl120158. D\data ms (—1637) (=)
17

EE]
27
15 | |

T7

119 131

aH

186

141 159 169 207

T T T T
10 20 30 40

50 60

Scan 2216

39

I

|
Y

T t it T T T T T T T T T T T
70 HO 90 100 110 120 130 140 150 160 170 180 190 200 210

(8.012

T4
: ||| 183l I|-| 100,09

mind:

==

119
sz

Gl20158. hdata. ms

(—2182) (=)

CHO

Br

143 171

155

mSz—— >

10 20 30 40

wl
50 80

70 80 90

35

n
100 110 120 130 140 150 160 170 180 190 200



Abuncdmoses
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Elemental Composition Report Page 1

Single Mass Analysis O ~0H
Tolerance = 30.0 mDa [/ DBE: min=-1.5 max = 100.0

Element prediction: Off

Mumber of isotope peaks used for i-FIT =2 Br

Monoisotopic Mass, Even Electron lons

&2 formula(e) evaluated with 11 results within limits (up to 1 closest results for sach mass)
Elements Used:

C:0-35 H: 0100 O:0-10 Br: 01

YF-Jl ECUST instituta of Fine Cham 13-Nov-2013
0B8:21:36
JYF-DJL-1 168 (1.168) Cm {166:173) 1: TOF MS ES-
8. T1e+002

2470218

100

%.—
: 2470835
{ 2329520 2359325  236.9088 248 0355
0= miz
2340 236.0 235.0 240.0 24210 2440 246.0 2480
Minimum: -1.5
Maximum: 0.0 50.0 100.0
Masz Calcs. Mass mDa PPM DBE i-FIT i-FIT (Morm) Formula
244 5EZ3 244 SE13 1.0 4.1 4.5 45,8 0.0 -3 El10 23 Er
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Elemental Composition Report OH

Single Mass Analysis

Tolerance =5.0mDa  / DBE: min = -1.5, max = 50.0 Br
H

Element prediction: Off
Meonoisotopic Mass, Odd and Even Electran lons
226 farmulale) evaluated with 35 results within limits {up to 50 closest results for each mass)
Elerments Used:
C:0-7 H: 0-7 o 0-2 79Br: 0-1 81Br: 0-1
it o\ T Shrier B 13 1T
A 181,983 Omal 1 16 153437 TOFNER-=
100y ol B2 B

4 Sd e

TH0ME

%] Elex 1B5SE

| TrOosd

1 Tr20E8E

1 06035 P -

Eefimslatic= ?5|:|33? gom | (FOSHTROET | 2aes — TEE e | | E2E
i e e ' L3 1' J.’:.-.“.*--: *.Il.--.'.-.-.-. IV [} SRR 'EJEK'”' i vy \l s m\]'- F’Mﬁ

-’-IZI-!EIE:IEEEBE"J?E-B:IE‘IIEIE‘!III'IIIE'I1D‘I‘E'£L‘"IE~33]5‘4]45153‘%‘!'3]1'35'|'J1"51E:lﬁED'I\EIZDZIZEZI'L‘?E-
Mirimuem: 3.00 -1.5
Maximum: 100.00 5.0 10.0 50.0
Mass RA Cale. Mass mDa FEM DBE i-FIT Formula
201.9631 100.00 201.9629 0.2 1.0 4.0 1133.7 C7 H? 02 7SBr
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4.4 Copies of spectra for the oxidation process of 1a in methanol.

Agilent 5973N Mass Analysis & Research Center ECUST

Abunganca

TIC: GIZOLIG8. Dhdata. ms
Za0OO0O va. a7

Z2ooooo
zZoooooo IRWEY- ¥y
1BOO000
1600000
1400000
1 200000
Loooooo

BO0000

o000

=loss
400000

ZooDoo

o

8. 0o 1ol oo 12zfon  1aloo 1eloo  asloo  2oloo 22000 24000

Data Path : E:/msdata / test /

Data File :G120168 .D

Acg On 23 Apr 2012 14:21
Qperator

Sample 18

Misc :

ALS Vial :1 Sample Multiplier: 1

Integration Parameters : autointl.e
Integrator : ChemStation

Method : C:/msdchem/1/METHODS/30(3)-8-280. M
Title :

Signal : TIC: G120168 . D /data . ms

Peak R.T. first max last PK peak corr. COIT. % of
# min scan  scan scan TY height area % max total

1 11.154 1350 1358 1398 M 1976767 40192866 64.78% 31.054%
2 14956 19816 1927 1940 M 2445817 62047946 100.00%  47.939%
3 15.080 1841 1947 2028 M3 482810 21289685 34.31% 16.449%
4 16.212 2106 2115 2161 M6 92810 5900144 9.51% 4.559%
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Agilent 5973N Mass Analysis & Research Center ECUST

Abundance
2000000 TIC: L-lZU]E;i,- é\é:ia[a, ms
1800000
1600000
1400000
1200000
1000000

BODOOD
S00000 11. 160

400000 13

091
200000 18 f@
T
an

T T T T T T
11. 00 12, 00 13,00 14. 00 15 16. 00 17. 00
Time——>

T
18, 00

Area Percent Report

Data Path : E:/msdata / test /

Data File :G120158 .D

Acqg On 19 Apr 2012 17:14
Qperator  :

Sample 18

Misc :

ALS Vial  :1 Sample Multiplier: 1

Integration Parameters : autointl.e
Integrator : ChemStation

Method : C:/msdchem/1/METHODS/30(3)-8-280. M
Title

Signal : TIC: G120158 . D /data . ms

Peak R.T. first max last PK peak corr. COIT. % of
# min scan  scan scan TY height area % max total
1 11.158 1637 1647 1666 M 533830 12111190 22.67% 13.808%
2 14.961 2204 2216 2230 M 2025628 53433483 100.00% 60.921%
3 15.087 2232 2235 2283 M2 378561 14038890 26.27%  16.006%
4 16.223 2395 2405 2467 M4 114203 8126268 15.21% 9.265%
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Agilent 5973N Mass Analysis & Research Center ECUST

Abundence
TIC: Gl120169-2. Didata ms
14.p73
3500000
3000000
2500000
2000000
1500000
1000000

S00000

Sfloog
11183 N 16, 208
L ||L b
e S 1 L —
E. 00 9,00 10,00 11,0012, 00 13,00 14,00 15,00 16,00 17. 00 18, 0O 19, 0D 20. 00

Timg—2
Area Percent Report

Data Path : E:/msdata/ test/

Data File :G120169.D

Acg On :23 Apr 2012 16:16
Operator

Sample D 2#

Misc :

ALS Vial 1 Sample Multiplier: 1

Integration Parameters : autointl.e
Integrator : ChemStation

Method : C:/msdchem/1/METHODS /30(3)-8-280. M
Title

Signal :TIC: G120169 . D /data . ms

Peak R.T. first max last PK peak com. COIT. % of
# min scan scan scan TY height area % max total
1 11.161 1352 13589 1377 M 166598 4051834 3.768% 2.937%
2 14976 1917 1930 1943 M 4165701 107672228 100.00% 78.039%
3 15,090 1943 1947 2029 M5 273280 19040969 17.68% 13.801%
4 16.206 2104 2114 2158 M4 124498 7207699 6.69% 5.224%
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Agilent 5973N Mass

Abundance

Analysis & Research Center ECUST

TIC: G120233- 1. Dhdata. ms
3000000
15. 634

2800000

2600000

2400000

2200000

2000000

1BOOO0O

1600000

1400000

1200000

1000000

BOOOOO

600000

400000

200000

9. 988 13\8186 17, 531
I\ -
1.'00 6. 8. 00 ]L}.‘ oo I2.‘ [ale} ]'1.'00 IE.‘ o0 lH..OG '
Time——>
Area Percent Report

Data Path : E:/msdata / test /
Data File :G120233-1.D
Acqg On 11 May 2012 14:35
Qperator  :
Sample H k-
Misc :
ALS Vial :1 Sample Multiplier: 1

Integration Parameters : autointl.e

Integrator : ChemStation

Method

Title

Signal

Peak
#

1
2
3
4

first

scan
1461
2295
2590
2337

max

last

1 TIC: G120168 . D /data . ms

:C:/msdchem /1 /METHODS /30(3)-8-280. M

PK peak carr. COIT. % of
TY height area % max total
M 73048 2302379 1.85% 1.782%
M 2866806 124190818 100.00% 96.118%
M5 48006 1941923 1.56%  1.503%
M8 27555 771401 0.62% 0.597%
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el
R TIC: 1&%—0434. hdatn ma
F800000
3400000 13. 736
F200000
JO00000
2H00030
2800000
2400000
22000001
2000000
1800000
LB O0G0
L4000
1200030
LOOO0]
A00000
BO0000
A00000

2000060
L. Tas 18, 539
a4

T T T T T T T
Li. oo 12, 00 13, 00 14, o0 LB, o [E=yaTs) L7, on

==
Area Percent Report
Data Path :E:msdata/test/
Data File :12-0445.D
Acg On 12 May 2012 14:35
Operator  :
Sample  :1#
Misc :
ALS Vial 1 Sample Multiplier: 1

Integration Parameters : autointi.e
Integrator : ChemStation

Method @ C:/msdehem/ 1/ METHODS /30 (3)-8-280. M
Title

Signal  :TIC: G120168 . D /data . ms

Peak R.T. first max last PK peak corr. COIT. % of

# min scan  scan scan TY height area % max total

1 13.735 1964 1983 2154 BB 3292515 181419490 100.00% 98.963%
16.539 2154 2175 2189 BB2 65489 1525770  0.85% 0.832%
14.766 2485 2505 2514 BV 25086 375587  021%  0.205%
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Agilent 5973N Mass

Abundance

110000
100000
B0000
BOO0O
TO000
60000
50000
40000
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20000
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mSE—>
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Scan 1647 (11. 158 min): G120158. D\data ms (—1637) (=)
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Abuncdmoses
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Elemental Compaosition Report

OCHs
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 Br
Element prediction: Off H
Monoisotopic Mass, Odd and Even Electron lons
382 formulale) evaluated with 25 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-8 H: 0-9 0: 0-2 79Br: 0-1 81Br: 0-1
[l iy, C0T Frmeraar D221l 18818
2030M05 211 0N Om 2= 22120 TFLEE-
1004 184 5508 1 Dm0
b
Thod
13T D6
Lo
TR s LA
g
AT . TAEs o7
1MIB:'H nasm
B CEEY ]‘ P 108088 = TRl || BT P
- BTG U | ‘ | |m11m] [P m!.m:l an
B0 i

1 !:I:_.““.I-!::: !.!: ||IJ]| .l!!l..h Jl" ..-!."!!'!. _| IIIIII IIJ_L ...J. '.!.! !!.. ..'ﬂ !Jﬂ_h || AR | 1y “I III|.II ||“| ﬂllll ||I|nl aetd i Illlll] II. |I|.||.l||.||u| 1||.|“ |l ilpli e

-;:-i!ﬁjﬁé]é!} Sﬂl:-ii'.'ﬂu'.'ﬁ1m11!|ﬁlﬂ!|h|h1ﬂu!| | |h 11!@1&-2’.‘&2&2&21!25&2&-25}
Minimurm: -1.5
M aximum: 100.00 5.0 10.0 50.0
Mass RA Cale. Mass mDa FEM DBE i-FIT Farmula
215.5792 4188  215.5786 0.6 2.8 4.0 836.5 C8 HS 02 79 Br
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4.5 Copies of "TH NMR spectra for compounds 2a and 5, in CD30Na/CD30D and CD30D, respectively.

CHO

Br

H 2a
Solvent: CDz0D

4.877
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CHO
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[N

S

L

T

Lol L ———

CLL

EHrR1

= (HF

E L

10. 5 10.0

1.

5

fl (ppm}

55



t-Bu
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4.6 Copies of spectra for Co(OAc),4H,0-catalyzed oxidation of 1a, 1b and 1c.

CHO
OH
r
F
=S v Z2EE
oy o— [ =y =]
oD t oS
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I w
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T T T T T T T T T T T A T T T T T T T T T T T T T
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Elemeantal Composition Report
P ° CHO

Single Mass Analyzis

Tolerance=50mba [/  DBE: min=-15, max =500 OH
Monoisatopic Mass, Odd and Even Electron lons

19 foarmulale) avaluatad with 9 results within limits (up to 50 elosest results Far aach mass)

Elermants Usad:

07 H: 0-8 o 02

|-ja-2 Watars GCT Pramiar 0S-Jun-2013 18:52:25

123.0408
3% 0236
43FFIE 50.0184 . = 1434387 115.0574

4.0 45.0 50.0 55.0 B0.0 85D To.0 750 D E50 §00 50 1005 1050 100 1150 1200 1250 o
Minimum: 3.00 -1.5
Pla i m: 100.00 5.0 10.0 50.0
Mass RA Cale. Mass mDa FPM DBE i=FIT Farmula
1220367 84.79 1320368 -0.1 -0.8 5.0 a5 €7 HE 02
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Elermental Compasition Report
Zingle Mass Analysis

Toleransa = 5.0 mDa ! DBE: min = -1.5, max = 50.0

QH OH
Manaisotopic Mass, Odd and Even Electron lans
68 farmulale) evaluated with 20 ratults within limits {up ta 50 clatest results for aach mass)
Elamants Used:
C:0-14 H: 0-14 0 0-2
(=8 =y Micromass GCT
20130895-1 ToAHLYSm (F1O0-{3EeL2 TOF ME Ei*
10 G EREN-F 1 -
# -

ZT.02303%.023T31.023083022%

Tr.oigs
lis

ST T e
Mimimum: 3.00 -1.5
Mz i 100.04 E.0 5.0 50.0
Mass RA Cale. Mass mba PPM DBE Scare Farmula
214.08%2 10000 2 214.09%4 -0.2 0.8 A0 1 Cl4a Hi4 02
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Elemental Composition Report

Single Mass Analysis

Tolerance = 30.0 mDa [/ DBE: min = -1.5, max = 100.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

& formulaie) evaluated with 1 results within limits (up to 1 best isotopic matches for each mass)
Elements Used:

C:0-8 H0-30 0O:0-3
YF-Jl ECUST instituta of Fine Cham

JYF-JAS 28 (0.282) Cm (8:33)

100 151.0400

136.0205
%

149 9983 152 0474
140.0180
132.0410 148 0205

135.0 140.0 145.0 150.0 155.0 160.0
Minimuam: -1.5
Max imum: 0.0 50.0 100.0
Mass Calz., Maszs mDa PPM DBE i-FIT i-FIT (Morm)
151.0400 151.0385 0.5 3.3 5.5 33.3 0.0
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 100.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT =2

Monoisotopic Mass, Even Electron lons

33 formulaie) evaluated with 17 results within imits (up to 1 closest results for each mass)
Elements Used:

C:0-38 H:0-80 0O:0-8

YF-Jl ECUST instituta of Fina Cham 02-Jan-2013
21:59:41
JYF-JA-105 16 (0.568) Cm (1:186) 1: TOF MS ES+
3 8Te+003

100 2751283

2240139 2761330

255.1021
e 243 1004

2742737 | 2a2 27se 287.1083 393 g5y 318-3007

335.1300
miz

225 230 235 240 245 250 255 260 265 2v0 EY5 280 285 290 285 300 305 310 315 320 325 330 335

Mirimums: -1.8

Max imums: 100.0 50.0 100.0

Maze Cale., Mazs mDa PPM DEE i-FIT i-FIT (Morm) Formula
2T75.1283 2T5.12E3 0.0 0.0 7.5 1E.4 0.0 Cle EHEl1s o4
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4.7 Copies of spectra for Co(OAc),4H,0-catalyzed oxidation of 1.
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Elemental Compasition Report

CHO
Single Mass Analysis
Tolerance =5.0mDa [/  DBE: min=-15, max=50 ci |
Manoisotopic Mass, Odd and Even Electron lans
109 farmulale) evaluated with 15 results within limits (up ta 50 clasest results for each mass)
Elements Used: £ 0-7 H: 05 O: 02 35C1: 0-1 AT 0-1
it s (T Frerrier [Beod T3 1EETAT
27 3 7R B2 {1,367 om0 1214 TOFREE-
- wEEy AR
B
1558
1250055
moe == | - ' RS -
— B0 o TR oo (TS TS 1R GRS URGEE 1
r..:..:..:1’;'..!. a-n:?.“"l' bt .:!.'r ..... ad_m‘l; 'I':rI1 ...... ‘.Hr:., ............ | |'!' ....\' rr'm
L & © B & B =N 31593951EE1£E1D11E1E‘}513:I‘:3EH1 WOE
3 FTatla Ty 3.00 «1.5
A irrunm: 100,00 5.0 10.0 50.0
hzss RA Cale. Mass mOa PPM DBE iFIT Farmula
155.5577 100,00 155.9978 .1 0.6 5.0 2008.1 C7 HS 02 350
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Elemental Composition Report CHO

Single Mass Analysis

F
Tolerance = 5.0 mDa ! DBE: min =-1.5, max =50 H
Monoisotopic Mass, Odd and Even Electron lons
32 formulale) evaluated with 10 results within limits {up to 50 closest results for each mass)
JYF-DJL-2 Mlcromaaa GCT
20131220 148 (2.487) Cm {148-(42+2107) TOF MS El+
Lo 1380167 8.3ged
140.0270
1
CE_
111.0251
B3.O301
57.0142 1410320
1 §3.0238 . a1.0143 4108173 | 1120307 .
) r§,s|.uza»,5 s6.0107 | .t 740 5‘3.. . }4.n333 }z.nzza 10.01 s 125 pams 1380 5\1.' 420373
et e e e Emame . 2
40 45  so S5  Bs &5 70 75 &0 &5 @b ©5 100 105 118 115 428 125 130 135 140 145

Minimum: 3.00 -1.5
Maximum: 100.00 5.0 10.0 50.0
Mass RA Cale. Mass mDa PEM DBE i-FIT Formula
140.0270 79.65 140.0274 -0.4 -2.6 5.0 1 C7 HS 02 F
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Elemental Composition Report

Single Mass Analysis

Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

34 formula(e) evaluated with 4 results within limits (up to 1 closest results for each mass)
Elements Used:

C:0-45 H:0-70 MN:0-3 0O:0-3

YF-JI ECUST institute of Fine Chem

JYF-JA-6 27 (0.934) Cm (27:28)

NC

16-Dec-2013
21:44:39

2: TOF MS ES-
1.12e+003

146.0258

] 143.0230
4 73.7364 90.4187

165.0206
1684.0325

147.0286

L o o o o o B A B o o o o o o o o o o o L LI B B e o o o i o e o

80.0 90.0 100.0 110.0 120.0 130.0 140.0

-1.5
100.0

Minimum:
Maximum

Lad
-
-
L
(=]
(=]

Mas= Calc. i=FIT (Morm)

145.02E58 145.0242 l.6 11.0 7.5 22.0 0.0
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Elemental Composition Report Page 1

CHO
Single Mass Analysis
Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off Cl c
Number of isotope peaks used for i-FIT = 2 H
Monoisotopic Mass, Even Electron lons
23 formula(e) evaluated with 2 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-45 H:0-70 O:0-2 CI:0-2
Y¥F-JI ECUST institute of Fine Chem 16-Dec-2013
21:34:38
JYF-JA-2 5 (0.271) Cm (4:8) 2: TOF M3 ES-
6.89e+003
100 188.9511
] 190.9479
%e—
| 192.8449
11460231 ‘/
193.9482 232.901
D,,||||”,,|,m?z
150.0 160.0 170.0 180.0 190.0 200.0 210.0 220.0 230.0
Minimum: =-1.5
Maximum: 30.0 0.0 100.0
Mass Calc. Mass mDa FEM DBE i=FIT i=FIT (Norm) Formula
1858.59511 188.9510 0.1 0.5 5.5 14.8 0.0 C7 H3 02 Cl2
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Elemental Composition Report Page 1

CHO
Single Mass Analysis
Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off F Br
Number of isotope peaks used for i-FIT = 2 H
Monoisotopic Mass, Even Electron lons
68 formula(e) evaluated with 7 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-45 H:0-70 0O:0-2 Br02 F:0-3
YF-JI ECUST institute of Fine Chem 16-Dec-2013
21:36:55
JYF-JA-3 10 (0.419) Cm {9:11) 2: TOF MS ES-
4.75e+003
100 216.9296.218 9272
e
:‘188.9438 | SIS0 262.9337
Dllllflll1ll|llll|llll[1Il1|llllll[lI11Illlll|l[fl|11Il|llllllIlf'lllllllllmfz
190.0 200.0 210.0 2200 230.0 240.0 250.0 260.0
Mi mimum: -1.5
Maximum: 30.0 50.0 100.0
Ma=zs Calc. Mass mDa PEM DBE i=-FIT i=-FIT (Norm) Formula
218,825 21&.9300 -0.4 =1.8 5.5 13.8 0.0 C7 H3X 02 Br F
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Elemental Composition Report

Page 1

CHO
Single Mass Analysis
Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off F OMe
Number of isotope peaks used fori-FIT =2 H
Monoisotopic Mass, Even Electron lons
37 formula(e) evaluated with 10 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-45 H:0-70 0:0-3 F:0-3
YF-JI ECUST institute of Fine Chem 16-Dec-2013
21:39:51
JYF-JA-4 12 (0.4668) Cm {7:14) 2: TOF MS ES-
2.67e+003
100— 169.0305
%
4 188.9517
1880122 170.0347
4 176.0358 478.B174
AL B e N L e L
155.0 157.5 160.0 162.5 165.0 167.5 170.0 172.5 175.0 177.5 180.0 1825 185.0 187.5
Minimum: -1.5
Maximum: 30.0 0.0 100.0
Mass Calc. Mass mDa PPM DBE i=FIT i=FIT (Morm) Formula
1e9.0305 169.0301 0.4 2.4 5.5 5.4 0.0 C8 & 03 F
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Elemental Composition Report

Page 1

CHO
Single Mass Analysis
Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0 e ou
Element prediction: Off o ¢
Number of isotope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
40 formula(e) evaluated with 6 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-45 H:0-70 N:0-3 0O:0-3
YFE-JI ECUST institute of Fine Chem 16-Dec-2013
21:41:57
JYF-JA-5 17 (0.839) Cm (17:20) 2: TOF M3 ES-
2.74e+003
100m 176.0361
] 161.0129
B
i 162.0206
| 177.0413
J133.0181 158.0131 163.0230 173.0368 195.0324
I:I"''I""I"""I"""I""""I""' UL LR LN LN LN L LN L LN LR | ""I""‘'I'"'I''''|""'|""'I""|""IIm"‘Z
135.0 140.0 145.0 150.0 155.0 160.0 165.0 170.0 175.0 180.0 185.0 180.0 195.0
Minimum: -1.5
Maximum: 30.0 0.0 100.0
Mas= Calc. Mass mDa PEM DBE i=-FIT i=FIT (Norm) Formula
176.0381 176.0348 1.3 7.4 7.5 8.3 0.0 C8% He N 03
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4.8 Copies of spectra for CuCI/HCOOMe-catalyzed methoxylation.
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Elemeantal Composition Report

OMe

Single Wass Analysis
Toleraree =5.0mba J  DBE: min =-1.5, max = 50 OMe
Monoisatopic Mass, Odd and Even Electron lons
63 formulale) evaluated with 23 results within limite (up to 50 closest results far each mass)
Elements Used: C:0-8 H: 0-10 0: 02
A \ierars G Bramier 130803013 142243
138 S 1 0BT el 128 mme-l.fn.sy
. N

=

Frdior ]
mmaa 1
l arame | g2
41m e LT OR— ‘ ]’ J } et = Y eer " [
et 3‘-"“’2
Tybdy .I-I- n.n‘]llll[ﬁrt ||.J‘] ILh:“uIU 4ra{...t|“|| Tl ”1 I rn.'q,”'ﬁ r41.........,.1 ]
-‘-.‘.- 1 T -] -1 133 138 H

Minirrum: 3.00 -1.5
MM m: 1000 5.0 10.0 50.0
Mazs RA Cale. Mass mba PP DBE =FIT Farmula
13R.0880 104.00 138.0881 0.1 =0.7 4.0 49 CR H1D 02
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Elemental Composition Report Page 1
) ) OMe
Single Mass Analysis /@E
Tolerance = 30.0mDa / DBE: min =-1.5, max = 100.0 MeO
Element prediction: Off
Number of isotope peaks used for i-FIT =2
Monoisotopic Mass, Odd and Even Electron lons
19 formula(e) evaluated with 4 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-35 H:0-100 O 010
YF-Jl ECUST instituta of Fine Cham 13-Now-2013
16:19:07
JYF-JA-1 110 (0.775) Cm (109:122) 1 TOF MS ES+
5 82e+002
154 06BS
160 153.0924
RS
%o
- 1/54.11?2
138.1342 141.0573 =t 157.0338
| 1 I | R -
IlllllllIIIlllllllllllIIllllllllllIIIIllIlIllIIIII lllllllllllllllllllllllll
130.0 135.0 140.0 145.0 150.0 155.0 160.0 165.0
Minimum: -1.&
Maximum: 0.0 50.0 100.0
Maze Cale, Mazs mDa PEM DEE i-FIT i-FIT (Mozm) Formula
153.0824 153.081¢ 0.E 5.2 3.5 az2.0 0.0 8 EHE13z o2
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Elemental Compasitian Report

Single Mast Analyeis OMe
OH

Toleranez =50mba [/  DBE: min=-L5 max=50
Manoisatopic Mass, Odd and Even Electron lans
40 farmulafe) evaluated with 18 results within limits {up ta 50 clagest results for each mass)
Elements Used: C:0-8 H: 3-10 0: 02

2071 31188 841 BT Cim (B{B=12013 TFhES+
. 1soeRg, T 70e08

1230849
%
22078
EosE
o coc)
T o e 1oEg | 1R
=) colysoc) gl =2 TERT | - 131 (RES 1
Lrfiray TRIEER &10TE E e CBCETT svmvagt .
o, s SEEEEGEE ) EEE ?4-:1?9.‘_|;.;.... e T TN L T e | Lﬁ@ m?ﬂ L, ..
£ £ = = & & W ™ @ & @ % w0 s to 1% e w8 W 1

Mirnimum: 3.00 -1.5

Maximum: 103,00 5.0 10.0 50.0

Mass RA Cale. Mass mDa PPM DBE i-FIT Farmula

138.08382 100.00 138.0681 0.1 0.7 4.0 18 Ca Huo o2
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Elemental Composition Report Page 1

Single Mass Analysis <0 OMe
Tolerance = 30.0 mDa / DBE: min=-1.5 max = 100.0 o

Element prediction: Off
Mumber of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

10 formulaig) evaluated with 3 results within limits (up to 1 closest results for each mass)
Elements Uszed:

C:0-35 H:0-50 0O:0-3

YE-Jl ECUSET instituta of Fine Cham 15-Nov-2013
12:51:21
JY¥F-Ja-4 2 (0.160) Cm (1:5) 1: TOF MS ES+
8. 68a+001
100 1530631
154 0605
161.0201
% 151.0343 RSSECS
138 1200
miz
140.0 142.0 144.0 146.0 1480 150.0 15820 154.0 186.0 1880 160.0
Minimum: -1.8
Maximum: i0.0 50.0 100.0
Maze Cale., Mazs mCa PEM DBE i-FIT i-FIT (Morm) Formula
153.0531 153.0552 -2.1 -13.7 4.5 i1.8 0.0 -& E% 03
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Elemental Composition Report Page 1

Single Mass Analysis OMe
Tolerance = 30.0 mDa [/ DBE: min =-1.5, max = 100.0
Element prediction: Off OH

Number of isotope peaks used for i-FIT =2

Monoisotopic Mass, Even Electron lons

10 formula(g) evaluated with 2 results within limits (up to 1 closest results for each mass)
Elements Used:

C:0-35 H:0-50 0O:0-3

YF-Jl ECUST instituta of Fine Cham 15-Now-2013
13:06:17
JYF-JA-5 52 (1.581) Cm (49:52) 1: TOF MS ES+
2.3Te+002

100 183 0883

151.0741 | 1540882

126.4581 162.0858 164 o785
miz
115.0 120.0 1250 130.0 1350 140.0 1450 150.0 1585.0 160.0
Minimum: -1.&
Maximum: 0.0 50.0 100.0
Maze Cale, Mazs mDa PEM DEE i-FIT i-FIT (Mozm) Formula
155, 0883 155.081¢ -2.3 -15.0 3.8 27.2 0.0 [l T~
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Elemental Composition Report

Single Mass Analysis
Tolerance = 30.0 mDa |/
Element prediction: Off

DBE: min =-1.5, max = 100.0

MNumber of isotope peaks used for i-FIT =2 Et
Monoisotopic Mass, Even Electron lons
24 formulafe) evaluated with 5 results within imits (up to 1 closest results for each mass)
Elements Uzed:
C:0-37 H:060 0O:0-%8
YF-Jl ECUST instituta of Fine Cham
JYF-JA-5 24 (0.815) Cm (14:25)
100 1831023

ks

155.0720 154.1070
168.0884 181.0892

185.0 160.0 165.0 170.0 175.0 180.0 185.0 120.0
Minimum: -1.5
Maximum: 30.0 50.0 100.0
Mass Cals., Mazs mDa PPM DBE i-FIT i-FIT (Norm) Formula
183.1023 183.1021 0.2 1.1 3.5 21.1 0.0 cl0 E15 03
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Elemental Composition Report Page 1

Single Mass Analysis OMe
Tolerance = 30.0 mDa / DBE: min = -1.5, max = 100.0

Element prediction: Off HO

Number of isotope peaks used for i-FIT =2

Monoisotopic Mass, Even Electron lons

23 formula(g) evaluated with 4 results within limits (up to 1 closest results for each mass)
Elements Used:

C:0-37 H: 080 0O:0-8

YF-JI ECUST instituta of Fine Cham 15-Nov-2013
13:58:38
JYF-JA-E 27 (0.813) Cm (22:28) 1: TOF MS ES+
2.55a+002
1671074
100 165.0922
%
166.1004 —
1645,
it 157 5168 150 5345 178.0278
T T B T T S A S T T S S T T I T S e T A
180.0 1525 165.0 1575 160.0 1625 165.0 167 .5 170.0 1725 i75.0 1775
Minimum: -1.8
Maximum: i0.0 50.0 100.0
Maxe Cale, Mazs mDa PEM DBE i-FIT i-FIT (Morzm) Formula
187.1071 187.1072 -0.1 -0.8 3.5 i5.4 0.0 cid E1S 02
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Elemental Composition Report Page 1

Tolerance = 30.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off
Mumber of isotope peaks used for i-FIT =2

Single Mass Analysis MEG;':\@/OME

Monoisotopic Mass, Even Electron lons

23 formula(e) evaluated with 5 résults within imits {up to 1 closest results for each mass)
Elements Used:

C:0-37 H:0-80 0O:0-8

¥F-JlI ECUST instituta of Fina Cham 15-Nov-2013
1410021

JYF-JA-11 2 {0.162) Cm (1:22) 1: TOF M3 ES+
1.22a+003

100 167.0718

%% 168 0853
151 0an2 157.5135
' 158 2363 167.1156 176 008G
1480976 lisp 0aaqtsa08e8 0 Do : 165.5026 170.0056 171.1457
147.5 150.0 152 5 155.0 1575 160.0 162.5 165.0 167.5 170.0 172.5 175.0

Minimums: -1.5

Max imums: 30.0 50.0 100.0

Mazsz Calc. Mass mDa PPM DEE i-FIT i-FIT (Morm) Formula

187.071%8 187.0708 1.1 6.6 4.5 1E.2 0.0 C3 Ell O3
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4.9 Copies of GC-MS for CuCI/HCOOMe-catalyzed methoxylation of aryl bromides.

ile :D:\datal2013-06-5\BSB\2013-06-5-2.D

perator : [BSB2]

cquired : 5 Jun 2013 13:53 using AcgMethod METHOD-01.M
nstrument : GC-MSD

ample Name: 2013-06-5-8
isc Info :
‘ial Number: 18

Abundance TIC: [BSB2]2013-06-5-2.D\data.ms
36

OMe
4500000

OMe
4000000
3500000
3000000
2500000
2000000
1500000}

1000000

500000

Time--> 300 350 400 450 500 550 600 650 700 750 600 550 900 950 10.00 1050 1100 1150 1200
Abundance Scan 715 (5.534 min): 2013-06-5-2.0\data.ms

1500000 1381

1400000
1300000
1200000
1100000
1000000
900000
800000
700000
600000
R 109.0
400000 780

300000
65.0

95.1 l
I 4 |‘73-pl.| ”sa.nl 9. H : : ]’ | 1230 ] | 150.1

an) = TrrT E L B e B e R L R R RN R

' Ll
T
65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155

200000
521

100000 L_
g : | 500,
0

miz—> 45 50 55 6
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tle :D:\data\2013-06-5\BSB\2013-06-5-3.D

yerator : [BSB3]

>quired : 5 Jun 2013 14:09 using AcgMethod METHOD-01.M
astrument : GC-MSD

ample Name: 2013-06-5-9

isc Info

ial Number: 19

Abundance TIC: [BSB3]2013-06-5-3.D\data.ms

6.222
Me
800000
700000

600000

400000
300000
200000

100000

o

. ; e : B ,
Time-> 300 350 400 450 500 550 600 650 7.00 7.50 8.00 850 900 950 1000 10.50
Abundance Scan 882 (6.222 min): 2013-06-5-3.0\datams

13r.l]
300000
280000

1521
220000

200000
180000
160000
140000
120000
100000

80000

40000 770 108.0
| 94.0

66.0

20000 51.0 | l oo | L
[1lse1 610 ||, ||820 es0] . 1041, .|, ) z
8L SR 11 v b~ W 'L S P R—— |FE 2\ N | M

miz--> 45 50 55 60 SI!': 70 75 80 85 90 95 160 165 110 115 120 125 130 1&5 140 145 150 155 160
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File :D:\data\2013-07-3\BSB\2013-07-3-1.D

Operator : [BSB1]
Acquired : 3 Jul 2013 14:10 using AcgMethod METHOD-01.M
Instrument : GC-MSD

3ample Name: 2013-07-3-8
Misc Info
Vial Number: 15

Abundance TIC: [BSB1)2013-07-3-1.D\data.ms
8000000 5756 ou
= e

t OH
7000000

6000000
5000000,
4000000

3000000

2000000

1000000

L e B B s I e B L v —— — .
Time—> 300 350 400 45 500 550 600 650 700 750 800 850 sbo 9.50 10.00 1050
Abundance Scan 769 (5.757 min): 2013-07-3-1 D\data.ms
123.0 13p.1

1800000
1600000
1400000
1200000
1000000

800000
95.1

600000

400000 67.1 771

55.0
200000

!
‘|| oep |_‘ Ly 718,

107.0 ‘ ‘
133.0

&
=
@
o

o

21 830, 1y 1010 il " ‘
- N L. PR § 4 M LT SRR W
miz—> 45 50 55 60 6 70 75 8

.
. ' 1330,
86 90 95 100 105 110 115 120 125 130 135 140 145
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file :D:\data\2013-03-29\2013-03-29-2.D

Jperator :

icquired : 29 Mar 2013 13:46 using ARcgMethod METHOD-01.M
[nstrument : GC-MSD

sample Name: 2013-03-29-5

disc Info :

7ial Number: 15

Abundance TIC: 2013-03-29-2 D\data.ms
2800000 6.263

2600000
2400000
2200000
2000000
1800000
1600000
1400000
1200000
1000000

800000

600000

400000

200000

0
0

OMe

- —r e e R —— - T T —

Time—> 3,I00 4.l|.')0 5.00 6.00 7.00 8.00 9.00 10.00 1100 12,00

Abundance Scan 892 (6.264 min): 2013-03-29-2 D\data.ms
650000
600000
550000
500000
450000
400000

350000

250000 79.0 107.0
200000
150000

100000 i

5.0 900, 7 1l 2

69|.0 121.0

~
P
1=
{=]

13.00

T
14.00

137.0

1500  16.00

152.0

3
1
v
A
o
o
£=]
o
@
)
=)
o
o
3
~
w
=]
@
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le :D:\data\2013-07-3\BSB\2013-07-3-2.D

erator : [BSE1]

:quired : 3 Jul 2013 14:24 using AcgMethod METHOD-01.M
1istrument : GC-MSD

imple Name: 2013-07-3-9

isc Info :

tal Number: 16 3

Abundance TIC: [BSB1]2013-07-3-2.D\data.ms
1.6e+07 6.436 OMe

1.2e+07

IE*O?.
8000000
6000000
4000000::‘

2000000

: P o T A ———
irnces 300 350 400 450 500 550 600 650 7.00 7.50 8.00 B850 9.00 950 10.00 10.50 11.00 11.50 12.00
Scan 934 (6.437 min): 2013-07-3-2.D\data.ms
137.1 152.1

3500000;
3000000

2500000

2000000

1500000

|

I

109.1 '

10000001 ‘
| 79.1

|

|
500000 654 | '
§3.1 i

| |
I|‘l r ‘Mm.\'l : ‘ ; 1uz1.|]|\ o |‘ i

t t T H Trrrrr T T

0
miz--> 45 50 55 50 65 70 ?5 BIJ 85 90 95 10010511011512012513013514014515015516’01651?017518018 190195200205210

.B
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le :D:\data\2013-03-29\2013-03-29-3.D

erator 1

quired : 29 Mar 2013 14:06 using AcgMethod METHOD-01.M
istrument : GC-MSD

mple Name: 2013-03-29-6

.sc Info

al Number: 16

Abundance TIC: 2013-03-29-3.D\data.ms
7.978
OMe

3000000 ﬁm

Ot
2500000
2000000
1500000

1000000

500000

o e e ' ; . - , :
Time-> 300 400 500 600  7.00 800 900 1000 1100 1200 1300 1400 1500 16.00
Abundance Scan 1315 (8.007 min). 2013-03-29-3 D\data.ms

140000 182.1

130000

154.1

120000
139.0
110000
100000
30000
80000
70000
60000

50000

30000 M1 250
20000 530 651

10000

94.1
Lt e Ll 1649 A, 207.0 253.0
0 bl - s

4 T T T T f T T T T T T
miz-> 50 60 70 80 80 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
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ile
serator
cquired
nstrument
ample Name:
isc Info :
ial Number: 11

[BSB4]
4 Jul 2013
GC-MSD
2013-07-4-2

Abundance

20'2)00!2!E
180000
160000
140000
120000
100000
80000
60000
40000

20000

12:00

using AcgMethod METHOD-01.M

:D:\data\2013-07-4\BSB\2013-07-4-2.D

TIC: [BSB4])2013-07-4-2.D\data.ms
7.854

O+
3.00

Time—> 4.00
Abundance

65000

50000

|

450001

40000

30000

25000

15000
10000

5000 53.0

o

miz-—-> 45 50

5.00

6.00

770
67.0

Trpereny MﬁLrﬁTAfhllh—nﬁrr
55 60 65 70 75 &0 85

T
7.00

Sean 1278 (7.855 min): 2013-07-4-2.D\data.ms

NN A

T T T
9.00 10.00 11.00

91.0 107.0 123.0

B B e

I 1 I
12.00 13.00 14.00  15.00

151.1

166.1

1351 ‘

Ll
16.00

—

; fropreripireetin '
90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175

120



ile :D:\data\2013-07-4\BSB\2013-07-4-1.D

perator : [BSB2]

cquired : 4 Jul 2013 11:42 using AcgMethod METHOD-01.M
nstrument : GC-MSD

ample Name: 2013-07-4-1

lisc Info

'ial Number: 10

Abundance TIC: [BSB2)2013-07-4-1.0\data.ms
6.894

OMe
6500000,

6000000 MeO,C

4500000
4000000;
3500000

3000000

2000000
1500000

1000000

|
0 T T T T i T “""T"""k"""‘.‘""‘"‘l‘""'"ﬁ""’""n T T T T T T T T
Time--> 300 350 4.00 450 500 550 6.00 650 7.00 7.50 800 850 9.00 9.50 10.0010.50 11.00 11.50 12.00 12.50 13.00 13.50
Abundance Scan 1045 (6.894 min): 2013-07-4-1. D\data.ms 3
135.0

1800000
1600000
1400000
1200000

1000000

107.0
|

64.0
51.1 | 1200 151.0 |
olerrprerrle 288, ._t;,.--p-,-.ll't.l"sa-o TP L | H Frerpererprrerb b prrerpee

T THi] T i T i TEITEY ey T
miz-> 45 50 55 60 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175

121



4.10 Copies of GC-MS for CuCl-catalyzed methoxylation of 2a with different co-catalysts.

File :D:\data\2013-01-03\BSB\2013-01-03-4.D

Operator : [BSB2]

Acquired : 3 Jan 2013 12:25 using AcgMethod METHOD-01.M
Instrument : GC-MSD

Sample Name: 2013-01-03-2

Misc Info

Vial Number: 12

Abundance TIC: [BSB2]2013-01-03-4. D\data.ms
600000 7415

550000
HCOOMea as co-catalyst
500000;

450000 |
400000
350000
300000
250000
200000 \
150000
100000

50000

O e e T A

Time-=> 300 350 4.00 450 500 5.50 500 350 700' 750 8.00 850 9.00 9.50 10001050“001150 1200 1250
Abundance Scan 1171 (7.414 min): 2013-01-03-4.D\data.ms
1511

160000 GHO

OMe

140000

120000

100000

60000

60000/

40000 81.1

109.1 123.0

20000 53.1
= 137.0
T,1|.|., ol 3% . | | 207.2

- 50 ?0 BO 90 100 110 120 130 140 180 160 170 180 190 200 210
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HedE 3o fE: C:\CHEM32\1\DATA\13-000603.D
FEAhBHR: JYF-cc-2

e ——

MeCHOOMe as co-catalyst

A :
1% Ve AR - FEGE 101
HEREH M : 05-Dec-13, 14:51:52 HEREEH - 1
R . Fash
FAL A : C:\CHEM32\1\METHODS\JYF.M
I e st : 2013-12-5 14:48:00
sk i : C:\CHEM32\1\METHODS\*HH & .1
IRk : 2013-12-5 15:14:51
- (R IS R
[ FID1 A, (13-0006030)
| pA | ¥ cHo g cHO
i 250 % =
I ﬁm@ E. oOH oe H .
250 ié
o]
] |
150 |
100 ! f
Wf |
0 25 5 75 10 12.5 15
AT 5 Ho it 5 T
el : 55
TR E T : 1.0000
R : 1.0000
P i R R F R R T
{55 1: FID1 B,
g PRI A R b LR U WAL THI R
# [min] [min) [pA*s] [pA] &

1 2.941 BE 5 0.0286 4.14442e4 1.96233e4 95.15157
2 10.808 BB S 0.0449 2111.783%4 6£49.31158 4.84843

=5 4.35560ed4 2.02726ed

EEE——— ==

LR m%gﬁm o

{%2% 1 2013-12-5 15:14:59
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AR ICAF: C:\CHEM32\1\DATA\13-000592.D

FEAMERR: Jry-co-1

SfEH . o
fhE L {frF : #EAI 101
BEEEH A 1 02-Dec-13, 12:45:53 HEFEMCH - 1
BEEERT 0 TFah
SRR T ¥ 1 C:\CHEM32\1\METHODS\“{# 4. M
T Ao : 2013-11-20 17:09:12
STk i C:\CHEM32\1\METHODS\*AH &% .M
e sk : 2013-12-5 10:29:52
- VAR RERD
~ FID1A, (13-000882.0) I R
pA T CHOD o CHO
| 3 3
1200 : OMe | Br
I H | H DMF az co-catalyst
1000
800 |
600
400
200 -
..... S A e R T ooeme gy
BT S -
R LR
FFHEF: 1.0000
MEET: 1.0000
HWEREHERE T AHRERT
{85 1: FID1 A,
W PRRHG A e e WA [T UE: {5 e T
#  [min) [min] [pRA*s] [pA] L]
el B [ e | mmm—————— | —===m———ee [ =mmm———e I
1 3.301 VB S 0.0279 6.8219led 4.1001624 93.97011
2 10.906 BB 0.0512 4377.49268 1240.88257 6.02989
B o 7.25%66e4 4.23324ed

Ehk m%%ﬁ * %k

148% 1 2013-12-5 10:29:57
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