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General Information: Unless otherwise noted, all commercial materials were used without
further purification. Solvents were obtained from Acros or Sigma-Aldrich and used directly
without further purification. 'H and *C chemical shifts are referenced to tetramethylsilane at 0.0
ppm and residue CH3;COCH3; at 205.0 or CHCl; at 77.0 ppm respectively unless otherwise noted.
Multiplicities are reported using the following abbreviations: s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet, br = broad resonance. High resolution mass spectra for new
compounds were recorded at Mass Spectrometry Facilities, The Scripps Research Institute

(TSRI).

I. General procedure for screening of reaction conditions: A 50 mL Schlenk-type tube (with

a Teflon high pressure valve and side arm) equipped with a magnetic stir bar was charged with
Pd(OAc); (11.2 mg, 0.05 mmol), followed by m-toluic acid (68.1 mg, 0.5 mmol), benzoquinone
(the amount listed in the table), base (listed in the table) and solvent (1.5 mL). The reaction tube
was evacuated and back-filled with O, (3 times, balloon). After the reaction mixture was stirred
at 115 °C for 15 h, it was allowed to cool to ambient temperature. The reaction mixture was
diluted with ethyl acetate and water and then filtered through a small pad of Celite. The filtrate
was washed with aqueous HCI (1.0 N, 5 mL) and brine (5 mL, twice). The organic phase was
dried (Na,SO4) and concentrated in vacuo. The yield was determined by "H NMR analysis of

crude product using CH,Br; as the internal standard.

Il. General procedure for Pd(l1)-catalyzed ortho-hydroxylation with 1 atm O,: A 50 mL

Schlenk-type tube (with a Teflon high pressure valve and side arm) equipped with a magnetic
stir bar was charged with Pd(OAc), (11.2 mg, 0.05 mmol) followed by benzoic acid (0.5 mmol),
benzoquinone (54.0 mg, 0.5 mmol), KOAc (98.0 mg, 1 mmol) and N,N-dimethylacetamide (1.5

mL). The reaction tube was evacuated and back-filled with O, (3 times, balloon). After the
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reaction mixture was stirred at 115 °C for 15 h, it was allowed to cool to ambient temperature.
The reaction mixture was diluted with ethyl acetate and water and then filtered through a small
pad of Celite. The filtrate was washed with aqueous HCI (1.0 N, 5 mL) and brine (5 mL, twice).
The organic phase was dried (Na,SOy4) and concentrated in vacuo. The residue was purified by

silica gel flash column chromatography to give the corresponding product.

Table 1. Screening of Reaction Conditions

CO,H 10 mol% Pd(OAc), \@ECOzH
>
\©/ 1 atm O,, 115 °C, 15 h oH

Entry Solvent Base BQ (equiv) %Yield® % SM?2
1 t-BuOH KOACc (2 equiv) 0 0 100
2 THF KOAc (2 equiv) 0 0 100
3 DMF KOAc (2 equiv) 0 16 52
4 DMP KOAC (2 equiv) 0 12 60
5 DMA KOAC (2 equiv) 0 20 50
6 DMA KOAGc (2 equiv) 0 55b 0
7 DMA KoHPO,4 (3 equiv) 0 60P 0
8 DMA KOACc (2 equiv) 0.2 40 60
9 DMA KOACc (2 equiv) 1 82 12
10 DMA NaOAc (2 equiv) 1 25 70
11 DMA CsOAc (2 equiv) 1 80 16
12 DMA KsHPOy4 (3 equiv) 1 45 45
13 DMA K,COj3 (3 equiv) 1 33 65
14 DMA KOACc (2 equiv) 1 62¢ 30
15 DMA KOAC (2 equiv) 1 od 100

Note: ® The yields were determined by '"H NMR analysis of crude products using CH,Br; as the
internal standard; b5 atm. 0,; © Air instead of Oy d Argon instead of O,. DMF: N,N-

dimethylformamide; DMA: N,N-dimethylacetamide; DMP: N,N-dimethylpropionamide.
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Table 2. Pd-Catalyzed ortho-hydroxylation with O,%

CO,H 10 mol% Pd(OAc), N CO,H
R _:(j/ 2.0 equiv KOAc, 1.0 equvBQ R
4
Z 1 atm Oy, DMA, 115 °C, 15 h OH
COZH /@COZ @[COQH
OH
1 78% 282% 374%
6 65%
4 76% 5 62% from 1-naphthoic acid)
COQH COzH /@:COzH
L, J@E A,
H
773% 8 61% (10 mol% Pd(TFA),, 1 9 52%
equiv. KTFA and 1 equiv. CsOAc)
10 72% 11 52% 12 78%
95% (5 atm O,)
13 82% 14 48% 15 50%
93% (5 atm O5) 86% (5 atm O5)
CO,H COzH
)UC°2H Y@[ Y@E
16 35% 17 51% 18 69%

85% (5 atm O,)

19 50%

63% (5 atm O,)

20 54%
91% (5 atm Oy)

85% (5 atm O,)

Note: ? Isolated yield.



I11. General procedure for Pd(l1)-catalyzed ortho-hydroxylation with 5 atm O,: A 50 mL

high pressure reactor equipped with a magnetic stir bar was charged with Pd(OAc), (11.2 mg,
0.05 mmol), followed by the benzoic acid substrate (0.5 mmol), benzoquinone (54.0 mg, 0.5
mmol), KOAc (98.0 mg, 1 mmol) and N,N-dimethylacetamide (1.5 mL). The reactor was filled
with O, (20 atm), and then evacuated and backed-filled with O, (5 atm, 2 times). After the
reaction mixture was stirred at 115 °C for 15 h, it was allowed to cool to ambient temperature.
The reaction was worked up and the crude product was purified following the procedure

described above for hydroxylation with 1 atm O,

CO,H
COH _argon \©/C02H 180,(97%) \©i i (2)
R ti
[ :I eaction { yield: 72% 180H
97%
2 eqU|v H218O

CO,H CO,H
O
yield: 63% OH
102180, (97%) 180H 180H
_— +

97.0% 3.0%

CO2H 2 equi H202
argon React|on (3)

Figure 1. Preliminary mechanistic studies

1VV. Preliminary mechanistic studies: general procedure for the hydroxylation reaction in 1

atm Argon or *®0: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and side arm)

equipped with a magnetic stir bar was charged with Pd(OAc), (11.2 mg, 0.05 mmol) followed by
the benzoic acid substrate (0.5 mmol), benzoquinone (54.0 mg, 0.5 mmol), KOAc (98.0 mg, 1
mmol) and N,N-dimethylacetamide (1.5 mL). After the reaction mixture was cooled to —78 °C,

the reaction tube was evacuated and back-filled with 'O, or argon (3 times, balloon). The
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reaction mixture was stirred at 115 °C for 15 h, and then it was allowed to cool to ambient
temperature. The reaction was worked up and the crude product was purified following the

procedure described above for hydroxylation with 1 atm O,

Table 3. Influence of benzoquinone on hydroxylation

10 mol% Pd(OAc),

CO,H KOACc (2 equiv) CO,H
\©/ DMA (1.5 mL) \CE
1 atm O,, 115 °C, OH
Ent BQ . 2 hours 15 hours
niry ©UV) [ovield® % SM? | %vield® % SM?
0 3 90 20 50
2 1 45 50 82 12

Note: ® The yields were determined by '"H NMR analysis of crude products using CH,Br; as the

internal standard.
V. Characterization of the synthesized compounds

2-Hydroxy-5-methylbenzoic acid 1

O

OH
OH

"H NMR (400 MHz, CD3sCOCD3): 6 7.70 (s, 1 H), 7.35 (d, J = 8.4 Hz, 1 H), 6.85 (d, J = 8.4 Hz,
1 H), 2.29 (s, 3 H); BC NMR (100 MHz, CD3COCD3): 6 171.48, 159.73, 136.36, 129.66,
127.78, 116.66, 111.52, 19.06. HRMS (ESI-TOF) m/z: caled for CsHoO3" 153.0546 (M+H)",
found 153.0543.

2-Hydroxy-4-methylbenzoic acid 2

O
: OH
OH

S6



'H NMR (400 MHz, CD3COCDs): 6 7.77 (d, J = 8.0 Hz, 1 H), 6.78 (s, 1 H), 6.77 (d, J = 8.0 Hz,
1 H), 2.34 (s, 3 H); °C NMR (100 MHz, CD;COCDs): & 171.47, 161.90, 146.87, 129.85,
119.94, 117.00, 109.32, 20.56. HRMS (ESI-TOF) m/z: calcd for CsHoO3;" 153.0546 (M+H)",
found 153.0546.

2-Hydroxybenzoic acid 3
O
: OH
OH

'"H NMR (400 MHz, CD3;COCDs): § 7.91 (d, J = 8.0 Hz, 1 H), 7.54 (t, J = 8.0 Hz, 1 H), 6.97—
6.93 (m, 2 H); °C NMR (100 MHz, CD;COCDs): & 171.44, 161.78, 135.51, 129.99, 118.70,
116.81, 111.89. HRMS (ESI-TOF) m/z: caled for C-H,05" 139.0390 (M+H)", found 139.0389.

2-Hydroxy-4,5-dimethylbenzoic acid 4

0

OH
OH

"H NMR (400 MHz, CDsCOCDs): 6 7.62 (s, 1H), 7.76 (s, 1 H), 2.26 (s, 3 H), 2.20 (s, 3 H); °C
NMR (100 MHz, CDsCOCDs): & 171.41, 160.06, 145.58, 129.91, 126.91, 117.46, 109.23, 19.05,
17.46. HRMS (ESI-TOF) m/z: calcd for CoH;;03" 167.0703 (M+H)", found 167.0703.

3-Hydroxy-2-naphthoic acid 5
o]

OH

'"H NMR (400 MHz, CDsCOCDs;): § 8.63 (s, 1 H), 7.96 (d, J = 8.0 Hz, 1 H), 7.78 (d, J = 8.4 Hz,
1 H), 7.55 (dd, J=7.2 Hz, J= 8.4 Hz, 1 H), 7.37 (dd, J=7.2 Hz, J = 8.0 Hz, | H), 7.33 (s, 1 H),;
13C NMR (100 MHz, CD;COCD;): § 171.08, 156.43, 137.61, 132.41, 128.82, 128.71, 126.62,
125.64, 123.41, 113.78, 110.64. HRMS (ESI-TOF) m/z: caled for C;H,05~ 187.0401 (M-H),
found 187.0394.

Naphthalen-2-ol 6

180H
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'H NMR (400 MHz, CDCls): & 7.77-7.73 (m, 2 H), 7.67 (d, J = 8.4 Hz, 1 H), 7.42 (t, J = 7.6 Hz,
1 H), 7.32 (t, J = 7.6 Hz, 1 H), 7.15 (s, 1 H), 7.11 (d, J = 8.8 Hz, 1 H); *C NMR (100 MHz,
CDCL): & 153.37, 134.56, 129.79, 128.85, 127.73, 126.47, 126.32, 123.54, 117.74, 109.43.
HRMS (ESI-TOF) m/z: calcd for C1oHoO" 147.0699 (M+H)", found 147.0693.

2-Hydroxy-5-methoxybenzoic acid 7

(o)
OH
OH
'H NMR (400 MHz, CD;COCDs): & 7.37 (s, 1 H), 7.16 (d, J = 8.8 Hz, 1 H), 6.90 (d, J = 8.8
Hz, 1 H), 3.79 (s, 3 H); *C NMR (100 MHz, CD;COCD:): § 171.20, 156.08, 151.73, 123.44,

117.81, 111.99, 111.54, 54.80. HRMS (ESI-TOF) m/z: caled for CsHoO4" 169.0495 (M+H)",
found 169.0497.

2-Hydroxy-4-methoxybenzoic acid 8
(0]
O
/ OH
OH

'H NMR (400 MHz, CD;COCDs): & 11.33 (s, 1H), 7.80 (d, J = 8.8 Hz, 1 H), 6.51 (d, J = 8.8 Hz,
1 H), 6.47 (s, 1 H), 3.86 (s, 3 H); °C NMR (100 MHz, CD;COCDs): § 171.31, 165.65, 164.11,
131.37, 106.81, 104.75, 100.22, 54.78. HRMS (ESI-TOF) m/z: calcd for CsHoO,4 169.0495
(M+H)", found 169.0500.

4-Acetamido-2-hydroxybenzoic acid 9
O
4 o
HN
OH
OH

"H NMR (400 MHz, CD3COCD3): & 11.20 (s, 1H), 9.46 (s, 1 H), 7.80 (d, J = 8.8 Hz, 1 H), 7.49
(s, 1 H), 7.10 (d, J = 8.8 Hz, 1 H), 2.12 (s, 3 H); °C NMR (100 MHz, CD;COCD3): & 170.92,
168.33, 162.71, 145.61, 130.52, 109.49, 106.53, 105.52, 23.08. HRMS (ESI-TOF) m/z: calcd for
CoHoNO4" 196.0604 (M+H)", found 196.0599.

4-Fluoro-2-hydroxy-5-methylbenzoic acid 10
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(0)

OH
OH

'H NMR (400 MHz, CD;COCDs): § 7.78 (d, J=8.8 Hz, 1 H), 6.65 (d, J=11.2 Hz, 1 H), 2.20 (s,
3 H); *C NMR (100 MHz, CD;COCDs): & 170.62, 164.86 (d, Jc_r = 250.8 Hz), 161.63 (d, Jcr =
4.0 Hz), 132.46 (d, Jc.r = 8.2 Hz), 115.36 (d, Jcr = 18.5 Hz), 108.20 (d, Jc_r = 2.0 Hz), 102.77
(d, Jcr =25.3 Hz), 12.11. HRMS (ESI-TOF) m/z: calcd for CgHgFO5; 169.0306 (M—H) ", found
169.0307.

5-Chloro-2-hydroxybenzoic acid 11

Cl
O

OH
OH

"H NMR (400 MHz, CD;COCDs;): 3 7.84 (s, 1 H), 7.52 (d, J = 8.4 Hz, 1 H), 6.99 (d, J = 8.4 Hz,
1 H); *C NMR (100 MHz, CDsCOCDs): & 169.93, 159.95, 134.75, 128.58, 122.39, 118.36,
112.75. HRMS (ESI-TOF) m/z: caled for C;H,C105™ 170.9854 (M—H) , found 170.9859.

4-Chloro-2-hydroxybenzoic acid 12

0
Cl
OH
OH

"H NMR (400 MHz, CD;COCDs;): 3 7.90 (d, J = 8.4 Hz, 1 H), 7.02 (s, 1 H), 6.98 (d, J = 8.4 Hz,
1 H); *C NMR (100 MHz, CDsCOCDs): & 170.72, 162.21, 140.25, 131.31, 119.08, 116.59,
110.85. HRMS (ESI-TOF) m/z: caled for C;H,C10;™ 170.9854 (M—H) ", found 170.9847.

4-Fluoro-2-hydroxybenzoic acid 13
(0]

OH
OH

'H NMR (400 MHz, CD;COCDs): & 7.97 (t, J = 7.2 Hz, 1 H), 6.76-2.71 (m, 2 H); °C NMR
(100 MHz, CD;COCDs): & 170.60, 166.49 (d, Jer = 251.0 Hz), 163.58 (d, Jor = 14.2 Hz),
132.24 (d, Jc_r = 11.4 Hz), 108.71 (d, Jc_r = 1.3 Hz), 106.27 (d, Jc_r = 22.7 Hz), 103.08 (d, Jc_r
= 24.4 Hz). HRMS (ESI-TOF) m/z: calcd for C;H4FO5; ™ 155.0150 (M—H), found 155.0156.

2-Hydroxy-5-(trifluoromethyl)benzoic acid 14
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'"H NMR (400 MHz, CD;COCD): & 8.19 (s, 1 H), 7.84 (d, J = 8.8 Hz, 1 H), 7.16 (d, J = 8.8 Hz,
1 H); C NMR (100 MHz, CDsCOCD3): 8 169.94, 163.77, 131.35 (q, Je_r = 3.4 Hz), 126.91 (q,
Jer = 4.1 Hz), 123.28 (q, Jer = 269.1 Hz), 119.96 (q, Jer = 33.0 Hz), 117.56, 111.65. HRMS
(ESI-TOF) m/z: calcd for CsHaF305 205.0118 (M—H), found 205.0117.

2-Hydroxy-4-(trifluoromethyl)benzoic acid 15

O
FsC
OH

OH

'H NMR (400 MHz, CD;COCD3): & 8.12 (d, J = 8.8 Hz, 1 H), 7.29-7.27 (m, 3H); °C NMR
(100 MHz, CD;COCD;): § 171.06, 162.22, 136.40 (q, Jc_r = 32.2 Hz), 131.89, 123.66 (q, Jcr =
270.8 Hz), 115.78, 115.52 (q, Jc_r = 3.7 Hz), 114.46 (q, Jc_r = 4.0 Hz). HRMS (ESI-TOF) m/z:
caled for CgH4F303 205.0118 (M—H)", found 205.0126.

5-Acetyl-2-hydroxybenzoic acid 16
(0]
(0]

OH
OH

'H NMR (400 MHz, CD;COCD3): § 8.54 (s, 1 H), 7.16 (d, J = 8.8 Hz, 1 H), 7.06 (d, J = 8.8 Hz,
1 H), 2.58 (s, 3 H); °C NMR (100 MHz, CD;COCDs): & 194.48, 171.02, 165.06, 135.04,
131.02, 128.63, 117.03, 111.62, 25.01. HRMS (ESI-TOF) m/z: caled for CoHoO4" 181.0495
(M+H)", found 181.0498.

4-Acetyl-2-hydroxybenzoic acid 17
0} 0
" : OH
OH

'H NMR (400 MHz, CD;COCDs): & 8.01 (d, J = 8.0 Hz, 1 H), 7.50 (d, J = 8.0 Hz, 1 H), 7.49 (s,
1 H), 2.62 (s, 3 H); °C NMR (100 MHz, CD;COCDs): & 196.26, 170.78, 161.47, 142.48,
130.32, 117.66, 116.38, 115.21, 25.68. HRMS (ESI-TOF) m/z: calcd for CoHsO4Na' 203.0315
(M+Na)", found 203.0325.
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4-Benzoyl-2-hydroxybenzoic acid 18

0
PhOC
OH

OH

'"H NMR (400 MHz, CDsCOCDs;): 6 8.08 (d, J = 8.0 Hz, 1 H), 7.83 (d, J = 7.6 Hz, 2 H), 7.69 (t,
J=176Hz 1 H), 758 (t, J = 7.6 Hz, 1 H),7.28-7.25 (m, 2 H); *C NMR (100 MHz,
CD;COCDs): § 194.45, 171.05, 161.15, 143.58, 136.39, 132.53, 130.33, 129.36, 128.08, 119.12,
117.52, 115.14. HRMS (ESI-TOF) m/z: caled for C 4H;,04" 243.0652 (M+H)", found 243.0654.

4-Cyano-2-hydroxybenzoic acid 19

0]
NC
OH
OH

'H NMR (400 MHz, CD;SOCDs): & 7.86 (br, 1 H), 7.34 (s, 1H), 7.24 (br, 1 H); *C NMR (100
MHz, CDsSOCD;): § 161.63, 132.23, 122.63, 121.46, 118.78, 116.99. HRMS (ESI-TOF) m/z:
caled for CsH,NO;™ 162.0197 (M—H), found 162.0199.

2-Hydroxy-4-nitrobenzoic acid 20

o
O,N
OH
OH

'"H NMR (400 MHz, CDsCOCD3): & 8.15 (d, J = 8.4 Hz, 1 H), 7.76 (d, J = 8.4 Hz, 1 H), 7.72 (s,

1 H); BC NMR (100 MHz, CD3COCD3): 6 169.85, 161.62, 151.58, 131.39, 116.86, 112.76,
111.49. HRMS (ESI-TOF) m/z: calcd for C;H4NOs 182.0095 (M—H) ", found 182.0087.
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V1. NMR spectra

s s s s ° ° s s °
8 8 8 8 8 8 8 8 8 8 = S
2 3 2 8 2 8 2 8 2 s 8 2
T T hil T T T T Y n T T T !
000'0- — 9
S807— U sz
I
o o
I
o
9]
™
I
P89 ~_ _ §
598'9 " = o
EHEL~_ _ T o
YoEL -
692 — _ To .

75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm)

8.0

250
200
150
- 100
[~50
Fo

YT — —F

90'6T — —
€0'8T
(4414

Tv8C
1982
08'8Z
66'8
816

OH

ST — ——3
99917 — —

HyC

8L/ ~—
99621 — -

9E'9ET — -

EL°65T — —

8T — _

-10

30 20

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

220

f1 (ppm)

S12



s s s s s s s s s s s °
8 ] ] 8 8 g 8 2 5 ] ] ° ]
S 2 8 2 8 3 8 3 8 3 g 8 3
3 a a 2 2 a a 2 < ] S 2 ° 7
L L L L L L L L L L L L L L
0000-— L
WET— WSN
I
o
I
o
16}
e
T
L9~ — an;
€8L'9"
09L7L ~_ _ .
8Lt~ = Foot

0.0

0.5

1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
1 (ppm)

8.0

[-450

[~ 400

350

300
250
200
150

100

50

7we—

950 —
£0'82

¥9'8
+8'8C
€0°6C
[24 34

€601 —
007411 —
¥6'61T —

S8'62T —

L8'9FT —

68191 —

Ly T —

OH

OH

HyC

-10

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

220

f1 (ppm)

S13



5 2 2 = = I 2 3 g
3 3 5 8 5 S 8 3 g 5
8 I 2 a S 2 8 A 8
A < = @ & & = = 3 5}
I I I I I I I I I I I
000°0- — L
—
I
O, ¢}
I
[e)
€69

1569~
169/

ws'L
Ws'L V

tosz/

S68'L—
S16°L /

M\mm T

0.0

0.5

3.0 2.5 2.0

35

4.0

4.5
f1 (ppm)

5.0

6.0

7.5

8.0

230
220

210

[~ 200

190

180

170

160

150

[~ 140

130

120

110

[~ 100

aZ1-—

68°TIT —

18911 —
0L8TT "

66'6CT —
TS'SET —

8LT9T —

T —

OH

OH

-10

20

30

50

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80

220

f1 (ppm)

S14



3 3 ° ° s s s s ° ° o
8 8 8 8 8 8 8 8 8 8 s 2
I ] ? ? @a & Y 5 a E1 2 o o
L L L L L L L L L L L L L
000°0- — JA
2027~ L E6E
97T —  Fere
E:
I
O, (o]
I
(o]
o
o
T
[é)
)
T
6509 — —— Foso
919'¢ — = Foor

25 2.0 15 1.0 0.5 0.0

3.0

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5
f1 (ppm)

8.0

300
280
260
240
220

200

180

160

[~ 140

120

100

80

~-20

9T —

WLT ~
5061 —
108
1282

0¥'8C
658
88T
86'8C
L16T

O LIT —

HsC

06'9¢T —
16'6CT —

Ha

85°SbT —

90°09T —

Wi —

OH

OH

Aol

30 20 10

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

220

f1 (ppm)

S15



3 3 3 =) 3 g g 3 3 = s 3 g s °
3 8 2 8 2 8 2 8 2 8 2 8 2 8 8 2
R R 3 8 ! R ? ? a B & 8 a S 2 o w
1 1 1 1 1 1 1 h 1 I 1 1 1 1 1 1 |
0000- — -_—_
=
I
[©)
I
o
SeEL
€SEL
1eL 98'0
16€°L — 80
€66, — a0
YL L — T80
6L — 160
996°L / F
€98 — — Tt

0.0 -0.5

0.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 15
f1 (ppm)

8.0

9.0

750

700

650

[~ 600

550

500

450

[~ 400

350

300

250

200

150

100

~-50

SET-—

¥9°0TT —
8LETT —

Ov'ezT
£9'sZT
\

29°92T -

weei L

T9'LET —

£b'9ST —

LOTLT —

00'S07 —

OH

OH

40 30 20 10

50

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

220

S16



[~ 4000

1~ 3500

1~ 3000

2500

1~ 2000

1500

1000

[~ 500

000°0- —

560
JAs A
0ST'Z
L
667°L
8IEL
LEE'L
00v°L
(4 /
8EY'L —
099, —
089°L %
TEeLL
€SL°L
wuLe

"Son

6'0
L0
860
ot

oot
Tes1

0.0

0.5

1.0

2.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0
1 (ppm)

8.0

130

120

110

[~ 100

90

80

60

89'9L
oo.R V

ww a

Zr'60T —
PLOT —
PSECT —
ELLTT ~_

9SPET —

LEEST —

180H

-10

10

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

220

S17



s s s s s = s
8 2 8 2 8 2 8 8
2 3 2 2 8 ] 2 2 °
Il Il Il Il Il Il Il Il L
000°0-—
I
O, o
I
o
o
O
)
I
064°€ — J_ Fosz
6889~ 50
69— s
wrL— Tm 0
998 — Foot

0.0

0.5

35 3.0 2.5 2.0

f1 (ppm)

4.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

2 2 o o o o o
] ] < a ] = 8 =) o 2 o =l
2 a h <] S = = 3 5 A N = 5
I I I I I I I I L I I I I
STT-—
208
2414
134:14
6L°8C
86'8C
8T'6
08§ —
I
O, o
. I
PSTIT
66°TTT V © — =
8417 —
Pr'eeT — o
[6)
®
I
ELTST— —
80'95T — -

v

-10

30 20

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

220

f1 (ppm)

S18



8 8 8 8 8 8 8 8 8 3 3 3 3 8
g
3 g I 3 3 3 g ISt 3 8 8 g g S
2 I I ] 2 2 b4 o E 2 2 2 5 ° ;
L L L L L L L L L L L L L L L
000 #
£98°E — L e
=
[
I
(¢}
959~ -

5059
859/

T6LL~
c1gL

TEETT —

HaC

T

0.0

0.5

15

20

4.5 4.0 35 3.0

5.0

5.5
f1 (ppm)

6.0

8.0 7.5 7.0

8.5

9.0

110 10.5 10.0

115

[~ 550

[~ 500

450

[~ 400

350

300

250

200

150

100

50
-50

7wre-—

90'82
1474
'8

"W“'W‘mlm Dm0

£8'8C
06T
TT'6C

8L'vS —

00T —

SLYOT —
18°901

LETET —

TTH9T ~_
S9'59T —

TETLT —

OH

HsC

OH

i

-10

210 200 190 180 170 160 150 140 130 120 11f01( 11;0 % 8 70 60 50 40 30 2 10
ppm)

220

S19



° ° s s s s s s
8 8 8 8 8 8 g 8 5
2 e @a R { S a S 2 )
L L L L L L L L L L
1000-—
wrt— 61e
3
T =
O, [e)
I
o
I
o, z
2
I -
980°L~ W:g
s01'¢ "
89b'L — Frso
8Ll — .
0'T
sz Fe
£9b°6 — \k %umd

W —

0.0 -0.5

0.5

1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0
f1 (ppm)

8.0

11.0 105 10.0 9.5 9.0

11.5

=350

[~ 300

250

200

150

100

o' T-—

80€T —
88'LT
£0'8C
xa:14
9v'8C
59'8¢
¥8'8C
v0'6C

TS'S0T ~_
£5'90T —
64607

TS0ET —

T19'6PT —

TLT91 —

€€89T —
W60LT —

00502 —

ol

NH

OH

OH

-10

10

20

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

220

S20



[~ 5500

1~ 5000

[~ 4500

[~4000

3500

1~ 3000

[~ 2500

1~ 2000

1500

1000

[~ 500

= -500

0000- —

10—

8699 ~_
9999

YOL L~
98LL~"

HsC

OH

OH

b

Fese

0.0

0.5

2.0 1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0
1 (ppm)

8.0

200
[~ 190

[~ 180

170

160

150

140

130

120

110

100

50

F40
F30
20
F10

£5°T-—

wer
j4x4s

L TAA4
S6°LT W
2182

£€'8C
58T
wee
16'8C

9201
06°20T V.
T80T —

LTSI~
spsTT

Teer
6V'ZET

SS'T9T
69'T9T
09°€9T ~—
99T —
09'0LT —

-G6;

HzC

OH

OH

-10

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

220

S21



s g g 9 g 9 g 9 g g g g g g ° 6 6 0 6 6 o 6 6 6 o o o o
8 8 8 8 3 8 8 8 8 8 3 8 8 8 s 2 B B
naEgere e el 2.F8.%.% ¢
Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
0
<
99'T- — _
000'0- — \|i 3
w0
o
fyad
w8
o 1082
=1
6E'8C
65'8C
8,8
0
o
<
2 N
e
o
4
=
=
I
o, o -
S
- T
13
I g © ° E
o et
= T
~ SLTT — o \'um
_ 9E'8TT — B
© w 6£721 — —_—
<
9 85871 — S -
SLYET— 4
° 3
5
=
w0
0w
S6'6ST — -
2
b
76'69T — -
. 3
S
8L69~_ _ ) o
0002~ = 0T~ E3
=
905U~ _ Ti @
8esL " =
6€8°L — — Ti
=
@

-10

60 50 40 30 20

70

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

220

S22



[~ 7000

[~ 6500

[~ 6000

[~ 5500

[~ 5000

[~ 4500

[~ 4000

[~ 3500

[~ 3000

[~ 2500

[~ 2000

[~ 1500

[~ 1000
[~ 500

[~-500

000°0- —

tNm.m V
5669
vioe/

9887 ~_
06"

OH

OH

6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

6.5

75

200

190

180

170

[~ 160

150

140

130

120

110

100

90

80

BET-—

06°¢C
6082
87°8C

£L9'8C
98'8C
S0'6C

S801F —

65911 —
L0611 —

0ETET —

STObT —

12291 —

oL —

OH

OH

10 -10

210 200 190 180 170 160 150 140 130 120 110 100 9% 8 70 60 50 40 30
f1 (ppm)

220

S23



[~ 5500

[~ 5000

4500

[~4000

[~ 3500

~3000

~2500

[~2000

1500

1000

500

r~-500

0000- —

A
65097

S6°L
TL6°L AN
686'L /

OH

OH

WS.N

0.0 -0.5

0.5

1.0

35 3.0 25
f1 (ppm)

4.0

4.5

5.0

6.0

7.5 7.0 6.5

8.0

250
[~ 240

230

220

210

[~ 200

190

180

170

160

150

140

130

120

110

100

90

S§T-—

vLLZ
£6°LT
[4%:74

1582
0£78C
68'8C

$6°20T
0T°€0T
91°90T
6£°90T A

0£°80T \

BT'CET
0€7CET v

05°€9T ~_
$2'59T —
1191 —
850LF

OH

OH

-10

10

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

220

S24



s 8 8 8 8 g s 8 8 8 s 8 8 s 8 s o
8 8 8 &8 8 8 8 8 B8 8 &8 &8 g8 g8 g8 8 g 3
g 8 8 8 8 ¢ § 8 § 8 g g8 g s ] 3
5 § 8 B 8 § B 8 & 2 8 8 8 & 8 8 o §
L L L L L L L L L L L L L L L L L L L
000'0- — \'J
I
[
I
o
w
PP~ _ WR.G
991, —_—
98~ - W 1
8L = w
818 — 001

0.0

4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

5.0

7.5 7.0 6.5 6.0

8.0

85

=-100

s s A s s s s s s
g 8 8 8 2 g 8 8 8
T T T T T T T T n T
60T — I
1522
sz
062
60’87
828
e
(95
T
o <]
I
o

S9TIT —

98°L1T —
91°0CT —
§8'9¢T U

0ETET
PETET
LETET
Or'TET

LL€9T —

¥6'69T —

00502 —

-10

30 20 10

40

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

220

S25



3 IS 3 3 3 3 3
8 8 8 8 8 5] g g
5] 2 8 2 2 2 5]
g a B & 5 = S 2 o
Il Il Il Il Il Il Il Il Il
000°0-—
h
O, o
T
o
w
SLTL~_ \L
6L ﬁs 4
60T'8~_ — 0T
€8 " - T

0.0

0.5

2.0

25

3.5

4.0
f1 (ppm)

4.5

5.0

6.0

6.5

8.0 7.5 7.0

85

I~ 600

[~550

[~500

450

[~400

350

[~300

[~250

[~200

[~150

[~100

[~50
0

S§T-—

viLe
€6°L2
€1'82
ze'8e

1882
0,82
06'82

T9ETT
G9'ETT
YOvIT
L9VTT
LT
SLYTT
S6VTT
LL8TT —
LTeT—
Eiazata

LOTET —

60°GET —¢
Zr'seT
VLSET

90°9€T

6ETIT —

YZoLT —

00'50C —

OH

OH

-10

40 30 20

50

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

220

S26



s s s s s s ° o ° s ° s ° s °

8 8 8 8 8 8 8 8 8 8 8 8 8 8 ° S

I 8 3 8 I 8 3 H I 3 I g 3 8 8 S

Iy g 2 3 2 2 2 2 S 2 ] ] ] 2 ° 7

L L L L L L L L L L L L L L L L L

0000- — -

1UST— Frsz

T
O, o]
T
[e]
O,
2
ko

0L~ _ .

890~ —_— Feot

[N )
=: 60

vrg " T

bS8 — Foot

0.0

0.5

2.0 1.0

4.0 35 3.0
f1 (ppm)

6.5 6.0 4.5

7.5

8.0

[~ 240
230
220
210
[~ 200
190
180
170
160
150
[~ 140
130
120
110
[~ 100

0

SET-—

OH

91T —
€0°L1T —

£9°82T ~_
W0TET —
PO'SET —

HsC

90°59T —

20°1LT —

8vb6T —

-10

20

30

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

220

S27



[~ 6000

5500

1~ 5000

[~4500

~4000

3500

1~ 3000

[~ 2500

~2000

1500

[~ 1000
500

[~ -500

0000- —

029 —

T6V'L ~_
€18,

666 ~_
6108~

OH

HC

OH

o

0.0

2.0 15 L0

2.5

5.0 4.5 4.0 3.5
f1 (ppm)

55

6.0

7.5 7.0

8.0

[~ 550

500

450

400
350
300
250
200
150
100
0

=-50

TSt
seoTT
99211

CE'0ET —

8Y'THT —

LyT9T —

08041 —

97961 —

OH

HaC

-10

40 30 20 10

50

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

220

S28



g 8 8 8 8 8 o o o o o o o o o 8 8 8 8 8 8 8 8 8 8 8 8 8 8 2o o © 2o o 9 o 9o o g8 8
8 € & & & 8 8 8 8 8 8 8 8 g s g 2 8 8 8 8 R 8 8 § B & € 8 8 8 8 8 8 8 8 8 8 S 8
2 2 <2 & =2 € 8 8 R 8 B ¢ & R = - § R R € 8 F &g &2 ¥ 2 8 5 28 8§ 8 R 8 8 §8 B 8 8 o = o
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L Il
o
S
€T — - =
0
S
5] 6z E
yT'8Z E
bE8T
a w8t E
16'8¢
162
o
~N
T
- o o
~N 3
T
o)
o
o
n
o
I
O, o
O
o
T Ye
E
o 8
"
<+
PISTT ~_ —
LT — —
TU6TT -
o 3
& 80821
QceZl
o —
[&ya e
2 8E'9ET —
BSEVT — ——
o
s
n ST'T9T — ——
8
SOTLT — 2
o
N
1§22 ~_ Tﬁ
L
0
S9SL— Fer [~
2000 W&c Sbv6T — -
01°C
st/ o
590'8 — *®

580'8 /

oot

85

30 20 10

40

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

220

S29



— 7.945
—7.419
— 7317

2.540

1800
1700
[~ 1600
OH
[~ 1500
OH [~ 1400
1300
1200
‘ ‘ - 1100
N

[~ 1000
900
800
=700
[~ 600
[~ 500
[~ 400
=300
200

[~ 100

~-100

161.81

4.0
f1 (ppm)

6000

— 13241
40.65
40.45
40.25

<

1~ 5500

1~ 5000

OH

[~4500

OH

[~4000

3500

1~ 3000

[~ 2500

[~ 2000

[~ 1500

[~ 1000

[~ 500

1~ -500

T
140 130 120 110 100 9 80 70 60 S0 40 30 20 10 0o 10
f1 (ppm)

S30



s s s s s s s o o
8 8 8 8 8 8 8 8 8
8 8 8 8 8 8 8 8 8
S 3 R 3 2 g R ] E °
L L L L L L L L L L
0000 — —
<
I
o) (o)
I
o
z
o” No
WMMM \ 80
Vs 160
wuLe s/
Wi — F-00T

eorg/

0.0 -0.5

0.5

1.0

4.0 35 30 25 2.0
f1 (ppm)

4.5

50

6.0

6.5

8.0 7.5 7.0

8.5

s S S o S 3 S S o S s o
g 8 2 g ] g g 8 g ] 8 s 3 B S 8
8 8 ] S 8 & 4 4 S S S 8 8 2 & o \
L L L L L L L L L L L L L L L
0ST-— =
8LLC
167L2
L1182
9€'82
§5'82
v'8z
v6'82

I

O, ¢}
I
¢}

6YTIT ~

9,211 —

98'9TT — N

+
4

68TET — o Xo

85T6T — ——

T9'TT — -

S8'69T —

00'502 —

-10

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

220

S31



	SupportingInformation.pdf
	NMR spectra for oxidation project

