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General Information

Unless otherwise stated, all commercially available reagents and solvents were purchased from
commercial suppliers and used without further purification. DCE used for the hydroxylation
reactions was freshly distilled prior to the reaction over CaH,. All reactions were performed in
oven dried round bottom flask with Teflon coated magnetic stirring bar under oxygen
atmosphere. Reactions were monitored by thin layer chromatography (TLC) analysis on silica
gel 60 F,s4 and visualization was accomplished with short wave UV light at 254 nm or KMnOy4
staining solution followed by heating, crude mixture was purified by column chromatography on
Merck silica gel (100-200 mesh). 'H and >C NMR spectra were recorded on Bruker AVANCE
IIT 500, 400 and 300 MHz spectrometers in deuterated solvent. Proton chemical shifts are
reported in ppm (0) relative to either tetramethylsilane (TMS 6 = 0.0 ppm) or the residual peak of
the non-deuterated solvent was used as the internal standard (CDCl; 6 = 7.26 ppm). NMR data
are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet of
doublet, t = triplet, td = triplet of doublet, q = quartet, m = multiplet, br. s = broad singlet),
coupling constants (Hz) and integration. °C chemical shifts are reported in ppm (J) from
tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl; 6 = 77.0
ppm). High resolution mass spectra were measured on Q-Tof micro MS system by electron spray

ionization (ESI) technique.

Literature Preparations

2-(4-Ethylphenyl)pyridine,’  2-(p-Tolyl)pyridine,”  2-(4-Chlorophenyl)pyridine,>  2-(4-
Fluorophenyl)pyridine,® 2-(4-Methoxyphenyl)pyridine,”> 2-(4-Bromophenyl)pyridine,* 4-(tert-
Butyl)-2-phenylpyridine,*  4-(tert-Butyl)-2-(4-ethylphenyl)pyridine,”  4-(tert-Butyl)-2-(4-(tert-
butyl)phenyl)pyridine,”  2-Phenylisonicotinonitrile,”  1-(2-Phenylpyridin-4-yl)ethanone,”  5-
Methyl-2-phenylpyridine®  2-(4-Ethylphenyl)-5-methylpyridine,' 2-(m-Tolyl)pyridine,” 2-(4-
(Benzyloxy)phenyl)pyridine,® 2-(2-Fluorophenyl)pyridine,” 5-Methyl-2-(p-tolyl)pyridine,” 2-
([1,1'-Biphenyl]-4-yl)pyridine,'®  4-Methyl-2-(p-tolyl)pyridine,""  2-([1,1'-Biphenyl]-4-yl)-4-
methylpyridine,* 5-Methyl-2-(m-tolyl)pyridine,'* 2-(3-Chlorophenyl)pyridine,"> 4-(Pyridin-2-
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yl)benzonitrile,'"* 2-(3-(Trifluoromethyl)phenyl)pyridine,'® 4-Methyl-2-phenylpyridine,' Ethyl-6-
phenylnicotinate,'®  5-Nitro-2-phenylpyridine, N-(6-Phenylpyridin-2-yl)benzamide,'”  2-(m-
Methoxyphenyl)pyridine.'®

Reaction Optimization

Table S1: Solvents, concentration, aldehyde (equiv), temp., cat. (mol%) screening.

Pd(CH3CN),Cl, (5-10 mol%)
— "PrCHO (equiv), O, (balloon —
( ), O2( ) -

N ) \ "/
N solvent (conc.), temp., time N
H 1a OH 24
Entry  Ald. Solvent Conc. Temp. Cat. Time Yield”
(equiv) M) O (mol%) (h) (%)

1 10 DCE 0.15 60 10 24 80
2 10 CH;CN 0.15 60 10 24 68
3 10 Toluene 0.15 60 10 24 trace
4 10 Dioxane 0.15 60 10 24 34
5 10 DMSO 0.15 60 10 24 trace
6 8 DCE 0.15 60 10 24 67
7 6 DCE 0.15 60 10 24 56
8 4 DCE 0.15 80 5 19 76
9 5 DCE 0.15 100 5 8 79
10 5 DCE 0.30 100 5 8 81
11 5 DCE 0.50 100 5 8 77

“Yields are based on the isolated material after column chromatography.
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Table S2: Catalyst screening.

Pd-cat (mol%)

— "PrCHO (5.0 equiv) =
\ - \_/
N O, (balloon), DCE, 100 °C, time N
H 1a OH 2,
Entry Catalyst (mol %) Time (h) Yield (%)“
1 Pd(PPh,),CL (5.0) 18 75
2 Pd(OAc), (5.0) 18 trace
3 PdCl, (5.0) 18 77
4 Pd(CH;CN),ClL; (5.0) 8 81
5 Pd(CH3CN),Cl; (3.5) 18 66
6 Pd(CH;CN),ClL (2.5) 18 57
7 Pd(CH;CN),ClL; (1.0) 18 12
“Yields are based on the isolated material after column
chromatography.
Table S3: Aldehyde screening.
Pd(CH3CN),Cl, (5 mol%),
— aldehyde (5.0 equiv), O, (balloon) —
\ » \_7/
N DCE, 100 °C, 8 h N
H 1a OH 2a
Entry Aldehyde Conv.(%)“
1 Heptanaldehyde 19
2 n-Butyraldehyde 100
3 Propanaldehyde 66
4 Isobutyraldehyde 91
5 Benzaldehyde trace
6 p-Anisaldehyde trace

“Determined by 'H NMR analysis of the crude sample.

The long chain aliphatic aldehyde such as heptanaldehyde as well as aromatic aldehydes
(benzaldehyde and p-anisaldehyde) are found to be less effective for the reaction. This is may be

due to the slow aerobic oxidation of those aldehydes to the corresponding carboxylic acids. '*
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Table S4: Control experiments.

Pd(CH5CN),Cl, (5 mol%), —

\ "PrCHO (5.0 equiv), oxidant \N //
N DCE, 100 °C, 8 h OH
H 1a 2a
Entry Catalyst Aldehyde Oxidant Conv (%)*

1 - n-Butyraldehyde O; (balloon) -
3 Pd(CH;CN), CL - O, (balloon) -
4 Pd(CH3CN),Cl, n-Butyraldehyde Argon instead of O, -
5 Pd(CH;CN), CL n-Butyraldehyde Open air 40
6" PA(CH;CN),Cl,  n-Butyraldehyde m-CPBA -
7 Pd(CH;CN),C,  n-Butyraldehyde H,0, -

“Determined by "H NMR analysis of the crude sample. "The formation of N-oxide of 2a
was realized.

Screening of Other N-Directing Groups

Pd(CH3CN),Cl5 (5 mol%)
n .
DG PrCHO (5.0 equiv) _ DG
O, (balloon), DCE, 100 °C, 8 h
H OH
DG = directing group

N
7 \O/ | AN o) N /@\
s O
0% H OH 25%
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Experimental Section

General Procedure I:

To an oven dried 5.0 mL round bottom flask equipped with a magnetic stir bar, Pd(CH3CN),Cl,
(5 mol%) and DCE (0.13-0.3 M) were placed. The resulting solution was purged with O, for 7
minutes prior to the addition of substrate (1.0 equiv) and n-butyraldehyde (amount is specified in
the individual experiment) to the solution. The reaction flask was then fitted with a reflux
condenser having O, (balloon) on top of it and heated at 100 °C (preheated oil bath) for 8-36 h.
The progress of the reaction was monitored by TLC analysis. After running the reaction to an
appropriate time, the reaction mixture was allowed to cool to room temperature and concentrated
under reduced pressure. The crude material was purified by column chromatography on silica gel

to afford the desired hydroxylated product.

2-(Pyridin-2-yl)phenol (2a)
Prepared according to GP-I, combining 2-arylpyridine (31.0 mg, 0.2 mmol, 1.0

2
~ | equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(Il) catalyst (5

N
mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)

OH
22 atmosphere for 8 h. The crude mixture was purified by column chromatography

(S10,, 2.5% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product 2a (27.6 mg,
81%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) 8 =14.40 (br. s, 1H), 8.47 (d, J = 5.0 Hz, 1H), 7.88 (d, J = 8.5 Hz,
1H), 7.82-7.75 (m, 2H), 7.31 (t, J = 8.5 Hz, 1H), 7.23-7.18 (m, 1H), 7.05 (d, J = 8.5 Hz, 1H),
6.91 (t,J = 7.5 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3) & = 159.9, 157.7, 145.6, 137.6, 131.3, 126.0, 121.3, 118.9, 118.7,
118.6, 118.4 ppm.

HRMS (ESI+) m/z calculated for C;;H;oNO [M+H]+ 172.0757, found 172.0756.
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2-(4-Methylpyridin-2-yl)phenol (2b)
Prepared according to GP-I, combining 2-arylpyridine (33.8 mg, 0.2 mmol, 1.0
equiv) with n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5

=
N | mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
oH atmosphere for 8 h. The crude mixture was purified by column chromatography
2b (S10,, 2.5% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product

2b (26.6 mg, 72%) as light yellow liquid.

'H NMR (400 MHz, CDCl;) & = 14.51 (br. s, 1H), 8.35 (d, J = 5.2 Hz, 1H), 7.79 (d, J = 8.0 Hz,
1H), 7.72 (s, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.06-7.00 (m, 2H), 6.90 (t, J = 7.6 Hz, 1H), 2.44 (s,
3H) ppm.

3C NMR (125 MHz, CDCl3) & = 160.1, 157.5, 148.9, 145.3, 131.2, 125.9, 122.5, 119.5, 118.8,
118.6, 118.5, 21.5 ppm.

HRMS (ESI+) m/z calculated for C;,H;,NO [M+H]+ 186.0913, found 186.0911.

2-(4-(tert-Butyl)pyridin-2-yl)phenol (2c)
Prepared according to GP-1, combining 2-arylpyridine (42.3 mg, 0.2 mmol,

OH N7 1.0 equiv) with n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II)
=

catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,

2c (balloon) atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 3% EtOAc-Hexane, R¢ = 0.3) to afford the desired hydroxylated product
2¢ (34.5 mg, 76%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 14.43 (br. s, 1H), 8.32 (d, J = 5.5 Hz, 1H), 7.81 (s, 1H), 7.75
(dd, J = 8.5, 1.5 Hz, 1H), 7.22-7.19 (m, 1H), 7.16 (dd, J = 5.5, 1.5 Hz, 1H), 6.94 (d, J = 8.0 Hz,
1H), 6.84-6.81 (m, 1H), 1.29 (s, 9H) ppm.

3C NMR (125 MHz, CDCLy) & = 161.8, 160.0, 157.5, 145.5, 131.1, 125.9, 119.2, 118.9, 118.6,
118.5,115.7, 35.1, 30.4 ppm.

HRMS (ESI+) m/z calculated for C;sH;sNO [MJrH]+ 228.2111, found 228.2113.
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2-(5-Methylpyridin-2-yl)phenol (2d)
Prepared according to GP-I, combining 2-arylpyridine (33.8 mg, 0.2 mmol,
,\1 : 1.0 equiv) with n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II)
catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,

OH

2d (balloon) atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product
2d (26.2 mg, 71%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 8.33 (s, 1H), 7.81 (d, J = 8.5 Hz, 1H), 7.77 (dd, J = 7.5, 1.5 Hz,
1H), 7.64 (dd, J = 8.5, 1.5 Hz, 1H), 7.30-7.26 (m, 1H), 7.02 (dd, J = 8.0, 1.0 Hz, 1H), 6.91-6.87
(m, 1H), 2.38 (s, 3H) ppm.

3C NMR (125 MHz, CDCl3) & = 159.6, 155.1, 145.7, 138.5, 131.2, 131.0, 125.8, 118.9, 118.6,
118.4, 18.1 ppm.

HRMS (ESI+) m/z calculated for C;,H;,NO [M+H]+ 186.0913, found 186.0911.

N-(6-(2-Hydroxyphenyl)pyridin-2-yl)acetamide (2e)
N Prepared according to GP-I, combining 2-arylpyridine (42.4 mg, 0.2
@QN* o mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv),
OH . H Pd(II) catalyst (5 mol%, 2.6 mg) in 1.3 mL of DCE (0.15 M) at 100 °C
under O, (balloon) atmosphere for 8 h. The crude mixture was purified

by column chromatography (SiO,, 25% EtOAc-Hexane, Ry = 0.3) to afford the desired
hydroxylated product 2e (29.0 mg, 63%) as white solid.

'H NMR (400 MHz, CDCl3) & = 13.28 (br. s, 1H), 8.35 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.82 (t,
J = 8.0 Hz, 1H), 7.78 (dd, J = 8.0, 1.36 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 8.0 Hz,
1H), 7.00 (d, J = 7.6 Hz, 1H), 6.93 (t,J = 7.6 Hz, 1H), 2.21 (s, 3H) ppm.

3C NMR (100 MHz, CDCL3) & = 168.5, 158.7, 155.9, 148.4, 140.0, 131.5, 126.7, 119.4, 118.9,
118.3,115.1, 111.7, 24.7 ppm.

HRMS (ESI+) m/z calculated for C;3H3N,0; [MJrH]+ 229.1097, found 229.1095.
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N-(6-(2-Hydroxyphenyl)pyridin-2-yl)benzamide (2f)
Prepared according to GP-I, combining 2-arylpyridine (54.9 mg, 0.2
N mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv),
| Z Pd(II) catalyst (5 mol%, 2.6 mg) in 1.3 mL of DCE (0.15 M) at 100 °C

Iz

oH under O, (balloon) atmosphere for 8 h. The crude mixture was purified
2f
by column chromatography (SiO,, 12% EtOAc-Hexane, Ry = 0.3) to

afford the desired hydroxylated product 2f (37.8 mg, 65%) as white solid.

'H NMR (500 MHz, CDCl3) & = 13.15 (br. s, 1H), 8.61 (s, 1H), 8.26 (d, J = 8.0 Hz, 1H), 7.94-
7.84 (m, 3H), 7.78 (dd, J = 8.0, 1.5 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.57 (t, J = 7.5 Hz, 1H),
7.48 (t,J = 7.5 Hz, 2H), 7.32-7.26 (m, 1H), 7.01-6.89 (m, 2H) ppm.

3C NMR (100 MHz, CDCl3) & = 165.8, 158.7, 156.2, 148.6, 140.0, 133.8, 132.4, 131.5, 128.8,
127.2,126.6,119.2, 118.9, 118.3, 115.4, 112.0 ppm.

HRMS (ESI+) m/z calculated for C;sH4N,O,Na [MJrNa]+ 313.0953, found 313.0951.

N-(6-(2-Hydroxyphenyl)pyridin-2-yl)-N-methylacetamide (29)
N Prepared according to GP-I, combining 2-arylpyridine (45.3 mg, 0.2
@@N/& o mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv),
oH | Pd(II) catalyst (5 mol%, 2.6 mg) in 1.3 mL of DCE (0.15 M) at 100 °C
29 under O, (balloon) atmosphere for 8 h. The crude mixture was purified

by column chromatography (SiO,, 20% EtOAc-Hexane, Ry = 0.3) to afford the desired
hydroxylated product 29 (20.3 mg, 42%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) 8 = 7.90 (t, J = 8.0 Hz, 1H), 7.82-7.77 (m, 2H), 7.36-7.31 (m, 1H),
7.29 (d,J =7.5 Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 3.44 (s, 3H), 2.16 (s,
3H) ppm.

3C NMR (100 MHz, CDCls) & = 170.4, 159.3, 157.3, 153.2, 139.7, 131.9, 126.6, 119.2, 118.6,
118.5,118.1, 117.0, 35.6, 23.1 ppm.

HRMS (ESI+) m/z calculated for C4H;sN,O; [MJrH]+ 243.0427, found 243.0424.
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2-(4-Methoxypyridin-2-yl)phenol (2h)
Prepared according to GP-I, combining 2-arylpyridine (37.0 mg, 0.2 mmol,

OH N™™
| P 1.0 equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst
° (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
2h

atmosphere for 8 h. The crude mixture was purified by column
chromatography (SiO,, 15% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product
2h (34.2 mg, 85%) as light yellow solid.

'H NMR (500 MHz, CDCl;) & = 14.65 (br. s, 1H), 8.33 (d, J = 5.5 Hz, 1H), 7.74 (d, J = 7.5 Hz,
1H), 7.36 (s, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.89 (t, J = 7.5 Hz, 1H),
6.77 (dd, J = 5.5, 2.0 Hz, 1H), 3.92 (s, 3H) ppm.

3C NMR (125 MHz, CDCl3) & = 166.8, 160.2, 159.5, 147.2, 131.4, 125.9, 118.7, 118.6, 118.5,
108.3, 104.3, 55.3 ppm.

HRMS (ESI+) m/z calculated for C;,H;,NO, [M+H]+ 202.0863, found 202.0864.

2-(2-Hydroxyphenyl)isonicotinonitrile (2i)
Prepared according to GP-I, combining 2-arylpyridine (36 mg, 0.2 mmol,
N| : 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst
(5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)

OH

2 atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 5% EtOAc-Hexane, R¢ = 0.3) to afford the desired hydroxylated product
2i (25.9 mg, 66%) as yellow solid.

'H NMR (500 MHz, CDCl3) & = 13.31 (br. s, 1H), 8.68 (d, J = 5.0 Hz, 1H), 8.12 (s, 1H), 7.75
(d, J =7.5Hz, 1H), 7.45 (d, J = 5.0 Hz, 1H), 7.39-7.36 (m, 1H), 7.05 (d, J = 7.5 Hz, 1H), 6.96
(t,J =7.5Hz, 1H) ppm.

3C NMR (100 MHz, CDCLy) & = 159.9, 159.2, 147.2, 132.9, 126.3, 122.3, 122.2, 121.4, 119.4,
119.0, 117.3, 116.2 ppm.

HRMS (ESI+) m/z calculated for C;,HoN,O [MJrH]+ 197.0709, found 196.0707.
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1-(2-(2-Hydroxyphenyl)pyridin-4-yl)ethanone (2j)

N Prepared according to GP-I, combining 2-arylpyridine (39.4 mg, 0.2 mmol,
| % 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(I) catalyst
OH 0 (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
2 atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 10% EtOAc-Hexane, R¢= 0.3) to afford the desired hydroxylated product
2] (29.0 mg, 68%) as light yellow solid.

'H NMR (500 MHz, CDCl3) 6 = 8.66 (d, J = 5.5 Hz, 1H), 8.33 (s, 1H), 7.87 (d, J = 9.5 Hz, 1H),
7.64 (d, J = 5.5 Hz, 1H), 7.37-7.30 (m, 1H), 7.03 (d, J = 9.5 Hz, 1H), 6.94 (t, J = 9.5 Hz, 1H),
2.69 (s, 3H) ppm.

3C NMR (100 MHz, CDCl3) & = 196.8, 159.8, 159.1, 147.1, 144.2, 132.1, 126.3, 119.1, 118.9,
118.7,118.4,117.0, 26.7 ppm.

HRMS (ESI+) m/z calculated for C;3H;,NO, [M+H]+ 214.0863, found 202.0865.

Ethyl 6-(2-hydroxyphenyl)nicotinate (2k)

o Prepared according to GP-I, combining 2-arylpyridine (45.5 mg, 0.2

N o™\ mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv),

| = Pd(II) catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C

OH under O, (balloon) atmosphere for 8 h. The crude mixture was purified
2k

by column chromatography (SiO,, 6% EtOAc-Hexane, Ry = 0.3) to
afford the desired hydroxylated product 2k (38.9 mg, 80%) as white solid.

'H NMR (400 MHz, CDCls) & = 14.02 (br. s, 1H), 9.12 (s, 1H), 8.40 (dd, J = 8.8, 2.0 Hz, 1H),
7.97 (d, J = 8.8 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.38-7.32 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H),
6.93 (t,J =7.6 Hz, 1H), 4.44 (q,J = 7.2 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H) ppm.

3C NMR (100 MHz, CDCl;) 6 = 164.6, 161.1, 160.5, 147.6, 138.3, 132.6, 126.7, 23.9, 119.0,
118.9, 118.5, 118.1, 61.5, 14.2 ppm.

HRMS (ESI+) m/z calculated for C;4H4NO3 [MJrH]+ 244.0968, found 244.0967.
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2-(5-Nitropyridin-2-yl)phenol (2I)
o Prepared according to GP-I, combining 2-arylpyridine (40 mg, 0.2 mmol,
oH N : “ 10 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(I)
catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
2 (balloon) atmosphere for 8 h. The crude mixture was purified by column
chromatography (SiO,, 5% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product

2l (32.8 mg, 76%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 13.34 (s, 1H), 9.35 (d, J = 2.5 Hz, 1H), 8.59-8.56 (m, 1H),
8.07-8.03 (m, 1H), 7.83-7.80 (m, 1H), 7.42-7.38 (m, 1H), 7.07-7.04 (m, 1H), 6.98-6.94 (m, 1H)
ppm.

3C NMR (125 MHz, CDCl3) & = 162.9, 160.6, 142.5, 141.8, 133.9, 132.4, 127.2, 119.5, 119.3,
119.2, 117.4 ppm.

HRMS (ESI+) m/z calculated for C;;H9N,0O3 [M+H]+ 217.0608, found 217.0606.

5-Methyl-2-(pyridin-2-yl)phenol (2m)
Prepared according to GP-I, combining 2-arylpyridine (33.8 mg, 0.2 mmol,

=z
~ ] 1.0 equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5

N
mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)

OH

atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired

2m

hydroxylated product 2m (26.7 mg, 72%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 14.20 (br. s, 1H), 8.48 (d, J = 5.0 Hz, 1H), 7.87 (d, J = 8.0 Hz,
1H), 7.81-7.78 (m, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.21-7.18 (m, 1H), 6.85 (s, 1 H), 6.73 (d, J =
8.0 Hz, 1H), 2.34 (s, 3H) ppm.

3C NMR (100 MHz, CDCls) & = 159.9, 157.9, 145.7, 142.1, 137.6, 125.9, 121.0, 119.9, 118.8,
118.7, 116.2,21.3 ppm.

HRMS (ESI+) m/z calculated for C;,H,NO [MJrH]+ 186.0635, found 186.0632.
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4-Methyl-2-(pyridin-2-yl)phenol (2n)
Prepared according to GP-I, combining 2-arylpyridine (33.8 mg, 0.2 mmol,
N
| P 1.0 equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5

mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
OH

X atmosphere for 8 h. The crude mixture was purified by column
n

chromatography (SiO, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired
hydroxylated product 2n (26.6 mg, 72%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 14.12 (s, 1H), 8.48 (d, J = 5.0 Hz, 1H), 7.89 (d, J = 8.0 Hz,
1H), 7.80 (dt, J = 8.0, 1.5 Hz, 1H), 7.58 (s, 1H), 7.21-7.19 (m, 1H), 7.12 (dd, J = 8.0, 1.5 Hz,
1H), 6.94 (d, J = 8.0 Hz, 1H), 2.34 (s, 3H) ppm.

3C NMR (125 MHz, CDCl3) & = 157.8, 157.6, 145.8, 137.5, 132.2, 127.5, 126.2, 121.2, 118.9,
118.4, 118.2, 20.6 ppm.

HRMS (ESI+) m/z calculated for C;,H;,NO [M+H]+ 186.1808, found 186.1806.

5-Ethyl-2-(pyridin-2-yl)phenol (20)
Z Prepared according to GP-I, combining 2-arylpyridine (36.6 mg, 0.2
N | mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(I)
oH catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
20 (balloon) atmosphere for 8 h. The crude mixture was purified by column
chromatography (SiO,, 3% EtOAc-Hexane, R¢ = 0.3) to afford the desired hydroxylated product

20 (28.5 mg, 71%) as light yellow liquid.

'H NMR (400 MHz, CDCls) & = 14.35 (s, 1H), 8.47 (d, J = 4.8 Hz, 1H), 7.87 (d, J = 8.0 Hz,
1H), 7.81-7.77 (m, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.20-7.17 (m, 1H), 6.88 (s, 1 H), 6.76 (d, J =
8.0 Hz, 1H), 2.65 (q,J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H) ppm.

3C NMR (125 MHz, CDCls) & = 159.9, 157.9, 148.3, 145.7, 137.5, 125.9, 120.9, 118.6, 117.5,
116.4, 28.6, 15.0 ppm.

HRMS (ESI+) m/z calculated for C;3H4NO [MJrH]+ 200.1070, found 200.1072.
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5-(tert-Butyl)-2-(pyridin-2-yl)phenol (2p)

N~Xy, Prepared according to GP-I, combining 2-arylpyridine (42.3 mg, 0.2
| -~ mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(IT)
oH catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,

2p (balloon) atmosphere for 8 h. The crude mixture was purified by column
chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product

2p (29.0 mg, 64%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 14.27 (s, 1H), 8.49 (d, J = 5.0 Hz, 1H), 7.88 (d, J = 8.5 Hz,
1H), 7.81-7.79 (m, 1H), 7.73 (d, J = 8.5 Hz, 1H), 7.21-7.18 (m, 1H), 7.07 (d, J = 2.0 Hz, 1H),
6.96 (dd, J = 8.5, 2.0 Hz, 1H), 1.34 (s, 9H) ppm.

3C NMR (100 MHz, CDCl3) & = 159.6, 157.8, 155.3, 145.8, 137.5, 125.6, 121.0, 118.7, 116.2,
116.2,115.4,34.7, 31.0 ppm.

HRMS (ESI+) m/z calculated for C;sH;sNO [M+H]+ 228.1383, found 228.1382.

4-Methyl-2-(5-methylpyridin-2-yl)phenol (2q)

Z Prepared according to GP-I, combining 2-arylpyridine (36.6 mg, 0.2
SN | mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II)
oH catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
2q (balloon) atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 3% EtOAc-Hexane, R¢ = 0.3) to afford the desired hydroxylated product
2q (24.7 mg, 62%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 8.32 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H),
7.56 (d, J = 1.5 Hz, 1H), 7.09 (dd, J = 8.0, 2.0 Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 2.37 (s, 3H),
2.33 (s, 3H) ppm.

3C NMR (125 MHz, CDCLy) & = 157.3, 155.1, 145.8, 138.4, 131.8, 131.0, 127.5, 126.0, 118.6,
118.5, 118.2, 20.6, 18.1 ppm.

HRMS (ESI+) m/z calculated for C;3H4NO [MJrH]+ 200.1071, found 200.1073.
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5-Ethyl-2-(5-methylpyridin-2-yl)phenol (2r)
N Prepared according to GP-I, combining 2-arylpyridine (39.5 mg, 0.2
| Z mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II)
oH catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
or (balloon) atmosphere for 8 h. The crude mixture was purified by column
chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product

2r (28.2 mg, 66%) as light yellow liquid.

'H NMR (500 MHz, CDCLy) & = 8.30 (s, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.67 (d, J = 8.5 Hz, 1H),
7.62 (dd, J = 8.5, 1.5 Hz, 1H), 6.87 (d, J = 1.5 Hz, 1H), 6.74 (dd, J = 8.5, 1.5 Hz, 1H), 2.64 (q, J
= 7.5 Hz, 2H), 2.36 (s, 3H), 1.26 (t, J = 7.5 Hz, 3H) ppm.

13C NMR (125 MHz, CDCls) § =159.0, 155.2, 147.9, 145.6, 138.4, 130.7, 125.7, 118.6, 118.3,
117.5,116.5, 28.6, 18.1, 15.0 ppm.

HRMS (ESI+) m/z calculated for C14H;gNO [M+H]" 214.1223, found 214.1222.

5-Methyl-2-(4-methylpyridin-2-yl)phenol (2s)
Prepared according to GP-1, combining 2-arylpyridine (36.6 mg, 0.2 mmol, 1.0
\/ | equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(Il) catalyst (5
N” mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
OH atmosphere for 8 h. The crude mixture was purified by column
2s chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired

hydroxylated product 2s (29.5 mg, 74%) as light yellow liquid.

'H NMR (500 MHz, CDCl3) & = 14.47 (s, 1H), 8.32 (d, J = 5.0 Hz, 1H), 7.67 (d, J = 7.5 Hz,
2H), 7.02 (d, J = 5.0 Hz, 1H), 6.84 (s, 1H), 6.71 (d, J = 7.5 Hz, 1H), 2.43 (s, 3H), 2.34 (s, 3H)
ppm.

3C NMR (100 MHz, CDCL3) & = 160.0, 157.6, 148.8, 145.2, 141.8, 125.8, 122.1, 119.8, 119.3,
118.8,116.2, 21.6, 21.4 ppm.

HRMS (ESI+) m/z calculated for C;3H4NO [MJrH]+ 200.1070, found 200.1072.
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2-(4-(tert-Butyl)pyridin-2-yl)-5-ethylphenol (2t)

N Prepared according to GP-I, combining 2-arylpyridine (47.9 mg, 0.2

| ¥ mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv),
oH Pd(IT) catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C
ot under O, (balloon) atmosphere for 8 h. The crude mixture was purified

by column chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to
afford the desired hydroxylated product 2t (35.7 mg, 70%) as light yellow liquid.

'"H NMR (500 MHz, CDCl3) & = 14.48 (s, 1H), 8.38 (d, J = 5.5 Hz, 1H), 7.86 (s, 1H), 7.74 (d, J
= 8.0 Hz, 1H), 7.21 (dd, J = 5.5, 1.5 Hz, 1H), 6.87 (s, 1H), 6.76 (dd, J = 8.0, 1.5 Hz, 1H), 2.65
(q,J = 7.5 Hz, 2H), 1.38 (s, 9H), 1.26 (t, J = 7.5 Hz, 3H) ppm.

3C NMR (125 MHz, CDCl3) & = 161.6, 160.0, 157.7, 148.0, 145.4, 125.8, 118.5, 117.5, 116.8,
115.4,111.4,35.1, 30.4, 28.6, 15.1 ppm.

HRMS (ESI+) m/z calculated for C;7H2,NO [M+H]+ 256.2093, found 256.2099.

5-(tert-Butyl)-2-(4-(tert-butyl)pyridin-2-yl)phenol (2u)

NES Prepared according to GP-I, combining 2-arylpyridine (53.5 mg, 0.2

| Y mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv),
oH Pd(II) catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C
2u under O, (balloon) atmosphere for 8 h. The crude mixture was

purified by column chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired
hydroxylated product 2u (37.0 mg, 63%) as light yellow liquid.

'H NMR (400 MHz, CDCl3) & = 8.40 (d, J = 5.6 Hz, 1H), 7.87 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H,
7.22 (dd, J = 5.6, 1.6 Hz, 1H), 7.06 (s, 1H), 6.95 (dd, J = 8.4, 1.6 Hz, 1H), 1.37 (s, 9H), 1.33 (s,
9H) ppm.

3C NMR (125 MHz, CDCls) & = 161.8, 159.6, 157.5, 155.1, 145.4, 125.6, 118.5, 116.5, 116.0,
115.6,115.4,35.1, 34.7, 31.0, 30.5 ppm.

HRMS (ESI+) m/z calculated for C;9H2sNO [MJrH]+ 284.2009, found 284.2008.
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4-(Pyridin-2-yl)-[1,1'-biphenyl]-3-ol (2v)

Prepared according to GP-I, combining 2-arylpyridine (46.3 mg, 0.2
mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(II)
catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
(balloon) atmosphere for 8 h. The crude mixture was purified by column
chromatography (SiO;, 2.5% EtOAc-Hexane, Ry = 0.3) to afford the
desired hydroxylated product 2v (32.6 mg, 66%) as white solid.

'H NMR (500 MHz, CDCls) & = 14.30 (br. s, 1H), 8.49 (d, J = 4.0 Hz, 1H), 7.90 (d, J = 8.0 Hz,
1H), 7.82-7.78 (m, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.41 (t, J = 7.5 Hz, 2H), 7.32 (t, J = 7.5 Hz,
1H), 7.26 (d, J = 1.5 Hz, 1H), 7.21-7.19 (m, 1H), 7.13 (dd, J = 8.0, 1.5 Hz, 1H) ppm.

3C NMR (125 MHz, CDCl3) & = 160.2, 157.6, 145.8, 144.2, 140.2, 137.7, 128.7, 127.7, 127.0,
126.5,121.4,119.0, 117.8, 117.6, 116.8 ppm.

HRMS (ESI+) m/z calculated for C;7H4NO [M+H]+ 248.0218, found 248.0221.

4-(4-Methylpyridin-2-yl)-[1,1'-biphenyl]-3-ol (2w)

Prepared according to GP-I, combining 2-arylpyridine (49.0 mg, 0.2
mmol, 1.0 equiv), n-butyraldehyde (90.0 nL, 1.0 mmol, 5.0 equiv), Pd(II)
catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
(balloon) atmosphere for 8 h. The crude mixture was purified by column

chromatography (SiO,, 2.5% EtOAc-Hexane, Rf = 0.3) to afford the

desired hydroxylated product 2w (35.5 mg, 68%) as light yellow solid.

'H NMR (500 MHz, CDCl3), & = 8.37 (d, J = 5.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.75 (s,
1H), 7.67 (d, J = 7.5 Hz, 2H), 7.45 (t, J = 7.5 Hz, 2H), 7.37 (t,J = 7.5 Hz, 1H), 7.29 (d, J = 1.0
Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 5.0 Hz, 1H), 2.45 (s, 3H) ppm.

3C NMR (100 MHz, CDCls) & = 160.3, 157.2, 149.0, 145.3, 143.9, 140.2, 128.7, 127.6, 126.9,
126.4,122.5,119.5, 117.8, 117.4, 116.7, 21.5 ppm.

HRMS (ESI+) m/z calculated for C;gH;sNO [MJrH]+ 262.1227, found 262.1225.
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4-Methoxy-2-(pyridin-2-yl)phenol (2x)
Prepared according to GP-I, combining 2-arylpyridine (37.0 mg, 0.2 mmol,

OH
1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst
N
~o - | (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
ox atmosphere for 6 h. The crude mixture was purified by column

chromatography (SiO,, 8% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product
2X (20.0 mg, 49%) as light yellow liquid. While complete consumption of the starting material
was realized in 6 h, yield of the hydroxylated product 2X was moderate. This may be due to the

formation of several other unidentified side products for this particular substrate.

'H NMR (500 MHz, CDCl3) & = 13.73 (br. s, 1H), 8.44 (d, J = 4.5 Hz, 1H), 7.80-7.74 (m, 2H),
7.24-7.23 (m, 1H), 7.19-7.15 (m, 1H), 6.91-6.84 (m, 2H), 3.75 (s, 3H) ppm.

3C NMR (100 MHz, CDCls) & = 157.6, 154.0, 152.1, 146.0, 137.7, 121.5, 119.1, 118.8, 117.8,
111.0, 56.0 ppm.

HRMS (ESI+) m/z calculated for C1,H;,NO, [M+H]"202.0863, found 202.0865.

5-Methoxy-2-(pyridin-2-yl)phenol (2y)
Prepared according to GP-I, combining 2-arylpyridine (37 mg, 0.2 mmol,

z
~ | 1.0 equiv) with n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II)
N
catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
—0 OH

2y (balloon) atmosphere for 8 h. To improve yield of the final product, the

reaction was continued for another 8 h using an additional amount of n-
butyraldehyde (45.0 puL, 0.5 mmol, 2.5 equiv). The crude mixture was purified by column
chromatography (Si0O,, 10% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product

2y (26.5 mg, 65%) as light yellow liquid.
'"H NMR (500 MHz, CDCl;) & = 14.64 (br. s, 1H), 8.43 (d, J = 5.0 Hz, 1H), 7.77 (s, 2H), 7.69

(d, J = 8.5 Hz, 1H), 7.17-7.13 (m, 1H), 6.54 (d, J = 2.5 Hz, 1H), 6.49 (dd, J = 8.5, 2.5 Hz, 1H),
3.83 (s, 3H) ppm.
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3C NMR (100 MHz, CDCls) & = 162.3, 161.8, 157.7, 145.4, 137.5, 127.0, 120.4, 118.2, 112.0,
106.5, 102.1, 55.21 ppm.
HRMS (ESI+) m/z calculated for C1,H;,NO, [M+H]" 202.0863, found 202.0865.

5-(Benzyloxy)-2-(pyridin-2-yl)phenol (2z)
NTX Prepared according to GP-I, combining 2-arylpyridine (52.3 mg, 0.2
~ mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv),
o oH Pd(II) catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100
O/\ 27 °C under O, (balloon) atmosphere for 8 h. The crude mixture was
purified by column chromatography (SiO,, 6% EtOAc-Hexane, Rf = 0.3) to afford the desired
hydroxylated product 2z (41.0 mg, 74%) as white solid.

'H NMR (500 MHz, CDCl;), & = 8.45-8.44 (m, 1H), 7.79-7.78 (m, 2H), 7.71-7.70 (m, 1H),
7.46-7.31 (m, SH), 7.18-7.15 (m, 1H), 6.65-6.64 (m, 1H), 6.58-6.55 (m, 1H), 5.10 (s, 2H) ppm.
3C NMR (100 MHz, CDCls) & = 161.8, 161.5, 157.7, 145.4, 137.7, 136.7, 128.5, 127.9, 127.5,
127.1, 120.5, 118.3, 112.2, 107.2, 103.2, 69.9 ppm.

HRMS (ESI+) m/z calculated for C;gHsNO; [MJrH]+ 278.1176, found 278.1178.

4-Fluoro-2-(pyridin-2-yl)phenol (2aa)
Z Prepared according to GP-I, combining 2-arylpyridine (34.6 mg, 0.2 mmol,
F N | 1.0 equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5
oH mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
2aa atmosphere for 8 h. To improve yield of the final product, the reaction was
continued for another 8 h using an additional amount of n-butyraldehyde (45.0 uL, 0.5 mmol, 2.5
equiv). The crude mixture was purified by column chromatography (SiO,, 3% EtOAc-Hexane,

R¢=0.3) to afford the desired hydroxylated product 2aa (20.0 mg, 53%) as light yellow solid.

'H NMR (400 MHz, CDCl3) & = 8.55 (d, J = 4.4 Hz, 1H), 7.93-7.81 (m, 2H), 7.47 (dd, J = 10.0,
2.8 Hz, 1H), 7.34-7.28 (m, 1H), 7.07-6.96 (m, 2H) ppm.
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3C NMR (125 MHz, CDCl;) & = 155.9, 155.7 (d, Je.r = 233.8 Hz), 153.5.0, 145.9, 138.2, 22.1,
119.6 (d, Je.r = 7.5 Hz), 119.4, 118.8 (d, Jc.r=7.5 Hz), 118.4 (d, Je.r = 22.5 Hz), 111.9 (d, Je.r
=23.7 Hz) ppm.

HRMS (ESI+) m/z calculated for C;;HgFNONa [M+Na]" = 212.0482, found 212.0484.

5-Fluoro-2-(pyridin-2-yl)phenol (2ab)
y Prepared according to GP-I, combining 2-arylpyridine (34.6 mg, 0.2 mmol,
N | 1.0 equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5
c oH mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
2ab atmosphere for 8 h. To improve yield of the final product, the reaction was
continued for another 8 h using an additional amount of zn-butyraldehyde (45.0 uL, 0.5 mmol, 2.5
equiv). The crude mixture was purified by column chromatography (SiO,, 3% EtOAc-Hexane,

R¢ = 0.3) to afford the desired hydroxylated product 2ab (26.9 mg, 72%) as light yellow solid.

'H NMR (500 MHz, CDCls) & = 14.80 (s, 1H), 8.47 (d, J = 5.0 Hz, 1H), 7.84-7.78 (m, 2H), 7.74
(dd, J = 8.5, 6.5 Hz, 1H), 7.25-7.20 (m, 1H), 6.72 (dd, J = 10.5, 2.5 Hz, 1H), 6.64-6.58 (m, 1H)
ppm.

3C NMR (100 MHz, CDCl5) & = 164.8 (d, Je.r = 248.0 Hz), 162.2 (d, Jor= 13.0 Hz), 157.4,
145.8, 138.0, 127.6 (d, Je.r = 10.0 Hz), 121.5, 118.9, 115.5, 106.4 (d, Je.r = 23.0 Hz), 105.3 (d,
Jer=23 Hz) ppm.

HRMS (ESI+) m/z calculated for C;;HoFNO [M+H]" 190.0663, found 190.0665.

4-Chloro-2-(pyridin-2-yl)phenol (2ac)
T Prepared according to GP-I, combining 2-arylpyridine (37.9 mg, 0.2 mmol,

cl | 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(I) catalyst
oH (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)

2ac atmosphere for 8 h. To improve yield of the final product, the reaction was
continued for another 8 h using an additional amount of n-butyraldehyde (45.0 uL, 0.5 mmol, 2.5
equiv). The crude mixture was purified by column chromatography (SiO,, 3% EtOAc-Hexane,

R¢=0.3) to afford the desired hydroxylated product 2ac (25.5 mg, 62%) as light yellow solid.
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'H NMR (400 MHz, CDCl3) & = 8.54 (d, J = 4.8 Hz, 1H), 7.91-7.86 (m, 2H), 7.76 (d, J = 2.8
Hz, 1H), 7.31 (dd, J = 8.8, 4.8 Hz, 1H), 7.28-7.23 (m, 1H), 6.98 (d, J = 8.8 Hz, 1H) ppm.

3C NMR (125 MHz, CDCl3) & = 158.5, 156.5, 145.9, 138.1, 131.2, 125.7, 123.5, 122.1, 120.0,
119.7, 119.3 ppm.

HRMS (ESI+) m/z calculated for C;;HyCINO [M+H]" 206.0367, found 206.0365.

5-Chloro-2-(pyridin-2-yl)phenol (2ad)
Z Prepared according to GP-1I, combining 2-arylpyridine (37.9 mg, 0.2 mmol,
Xy | 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5
- oH mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
2ad atmosphere for 8 h. To improve yield of the final product, the reaction was
continued for another 8 h using an additional amount of n-butyraldehyde (45.0 uL, 0.5 mmol, 2.5
equiv). The crude mixture was purified by column chromatography (SiO,, 4% EtOAc-Hexane,

R¢=0.3) to afford the desired hydroxylated product 2ad (29.6 mg, 72%) as light yellow solid.

'H NMR (500 MHz, CDCl3) 8 = 14.57 (s, 1H), 8.41 (d, J = 5.5 Hz, 1H), 7.76-7.75 (m, 2H), 7.61
(d, J = 8.5 Hz, 1H), 7.19-7.16 (m, 1H), 6.95 (d, J = 2.0 Hz, 1H), 6.79 (dd, J = 8.5, 2.0 Hz, 1H)
ppm.

3C NMR (100 MHz, CDCls) & = 160.8, 157.0, 145.7, 137.9, 136.7, 126.9, 121.7, 119.0, 118.9,
118.5, 117.3 ppm.

HRMS (ESI+) m/z calculated for C;;HyCINO [M+H]" 206.0367, found 206.0365.

5-Bromo-2-(pyridin-2-yl)phenol (2ae)
% Prepared according to GP-I, combining 2-arylpyridine (46.8 mg, 0.2 mmol,
NN | 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(Il) catalyst
By oH (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
220 atmosphere for 8 h. To improve yield of the final product, the reaction was
continued for another 12 h using an additional amount of n-butyraldehyde (90.0 puL, 1.0 mmol,

5.0 equiv).The crude mixture was purified by column chromatography (SiO,, 3% EtOAc-
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Hexane, Ry = 0.3) to afford the desired hydroxylated product 2ae (32.0 mg, 64%) as light yellow
liquid.

'H NMR (500 MHz, CDCl;) & = 14.56 (br. s, 1H), 8.43 (d, J = 4.5 Hz, 1H), 7.81-7.76 (m, 2H),
7.57 (d, J = 8.5 Hz, 1H), 7.22-7.19 (m, 1H), 7.14 (d, J = 2.0 Hz, 1H), 6.96 (dd, J = 8.5, 2.0 Hz,
1H) ppm.

3C NMR (100 MHz, CDCls) & = 160.8, 157.1, 145.8, 137.9, 127.1, 124.9, 121.9, 121.8, 121.6,
118.9, 117.7 ppm.

HRMS (ESI+) m/z calculated for C;;HoBrNONa [M+Na]" 271.9681, found 271.9691.

2-(Pyridin-2-yl)-5-(cyano)phenol (2af)
N Prepared according to GP-I, combining 2-arylpyridine (36 mg, 0.2 mmol,
| 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst

\C on (5 mol%, 2.6 mg) in 1.5 mL DCE (0.13 M) at 100 °C under O, (balloon)

oaf atmosphere for 8 h. To improve yield of the final product, the reaction was

continued for another 8 h using an additional amount of n-butyraldehyde
(45.0 pL, 0.5 mmol, 2.5 equiv). The crude mixture was purified by column chromatography
(Si0,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product 2af (28.0 mg,
72%) as light yellow solid.

'H NMR (500 MHz, CDCl;) & = 15.27 (br. s, 1H), 8.55 (d, J = 4.0 Hz, 1H), 8.12 (s, 1H), 7.93 (s,
2H), 7.56 (d, J = 8.5 Hz, 1H), 7.37 (d, J = 4.0 Hz, 1H), 7.07 (d, J = 8.5 Hz, 1H) ppm.

3C NMR (125 MHz, CDCLy) & = 164.0, 155.9, 145.8, 138.5, 134.6, 130.9, 122.7, 119.9, 119.3,
119.2, 102.0, 84.7 ppm.

HRMS (ESI+) m/z calculated for C;,HoN,O [MJrH]+ 197.0707, found 197.0709.

2-(Pyridin-2-yl)-4-(trifluoromethyl)phenol (2ag)
Prepared according to GP-I, combining 2-arylpyridine (44.6 mg, 0.2 mmol,

2
F3C Sy | 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst
o (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
2ag
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atmosphere for 8 h. To improve yield of the final product, the reaction was continued for another
16 h adding additional amount of r-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv) in two
portions after every 8 h. The crude mixture was purified by column chromatography (Si0,, 3%
EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product 2ag (30.0 mg, 63%) as light

yellow solid.

'H NMR (500 MHz, CDCl3) & = 14.87 (br. s, 1H), 8.54 (d, J = 4.5 Hz, 1H), 8.05 (s, 1H), 7.97
(d, J = 8.0 Hz, 1H), 7.92-7.87 (m, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H), 7.09
(d, J = 8.0 Hz, 1H) ppm.

3C NMR (125 MHz, CDCl;) & = 162.8, 156.6, 145.8, 138.2, 128.1 (q, Jo.r = 3.6 Hz), 124.5 (q,
Jer =270.9 Hz), 123.6 (q, Je.r = 3.6 Hz), 122.4, 120.9 (q, Je.r = 32.7 Hz), 119.2, 119.1, 118.5

ppm.
HRMS (ESI+) m/z calculated for C,HoF3NO [MJrH]+ 240.0631, found 240.0627.

3-Fluoro-2-(pyridin-2-yl)phenol (2ah)
F = Prepared according to GP-I, combining 2-arylpyridine (34.6 mg, 0.2 mmol, 1.0
SN | equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5 mol%,
oH 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon) atmosphere for 8
2ah h. To improve yield of the final product, additional amount of n-butyraldehyde
(90.0 uL, 1.0 mmol, 5.0 equiv) was added in two portions after every 8 h and the reaction was
continued for another 28 h. The crude mixture was purified by column chromatography (SiO,,
3% EtOAc-Hexane, Ry = 0.3) to afford the desired hydroxylated product 2ah (25 mg, 67%) as

light yellow liquid.

'H NMR (400 MHz, CDCls) & = 8.55 (d, J = 4.8 Hz, 1H), 8.16 (d, J = 10.4 Hz, 1H), 7.87 (t, J =
10.4 Hz, 1H), 7.33-7.27 (m, 1H), 7.25-7.17 (m, 1H), 6.84 (d, J = 10.4 Hz, 1H), 6.69-6.61 (m,
1H) ppm.

BC NMR (100 MHz, CDCl3) & = 161.9 (d, Je.r = 249.0 Hz), 161.4 (d, Je.r = 6.0 Hz), 154.5 (d,
Jor = 2.8 Hz), 145.4, 138.1 (d, Jc.r = 1.2 Hz), 130.9 (d, Jo.r = 13.0 Hz), 124.7 (d, Je.r = 21.0
Hz), 122.0, 114.1 (d, Jc.r = 2.8 Hz), 108.7 (d, /= 11.0 Hz), 106.1 (d, Jc.r = 25.0 Hz) ppm.
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HRMS (ESI+) m/z calculated for C;;HoFNO [M+H]" 190.0663, found 190.0664.

3-Fluoro-2-(pyridin-2-yl)phenol (2ai)
Prepared according to GP-I, combining 2-arylpyridine (38.2 mg, 0.2 mmol,
F \/ | 1.0 equiv), n-butyraldehyde (90.0 puL, 1.0 mmol, 5.0 equiv), Pd(II) catalyst (5
N™ mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O, (balloon)
F OH atmosphere for 8 h. To improve yield of the final product, additional amount
2al of n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv) was added in two portions
after every 8 h and the reaction was continued for another 28 h. The crude mixture was purified
by column chromatography (SiO,, 3% EtOAc-Hexane, Ry = 0.3) to afford the desired

hydroxylated product 2ai (18.5 mg, 45%) as light yellow liquid.

'H NMR (400 MHz, CDCls) & = 15.47 (s, 1H), 8.51 (d, J = 4.0 Hz, 1H), 8.10 (d, J = 8.0 Hz
1H), 7.87 (dt, J = 8.0, 4.0 Hz, 1H), 7.31-7.28 (m, 1H), 6.57-6.53 (m, 1H), 6.44-6.38 (m, 1H)
ppm.

3C NMR (100 MHz, CDCls) & = 163.6 (dd, Je.r = 249.1, 18.2 Hz), 163.0 (dd, Je.r = 15.3, 8.1
Hz), 162.6 (dd, Jer = 251.3, 15.9 Hz), 154.1 (d, Je.r = 3.7 Hz), 145.2, 138.2, 123.9 (d, Jor =
21.4 Hz), 121.9, 105.2 (d, Je.r = 11.3 Hz), 101.3 (dd, Je.r = 23.3, 3.5 Hz), 95.2 (dd, Je.r = 29.4,
26.4 Hz) ppm.

HRMS (ESI+) m/z calculated for C;;HgF,NO [M+H]" 208.0568 found 208.0567.

3-(Pyridin-2-yl)naphthalen-2-ol (2aj)
Prepared according to GP-I, combining 2-arylpyridine (40.1 mg, 0.2
|| mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1.0 mmol, 5.0 equiv), Pd(II)

NS
OO N catalyst (5 mol%, 2.6 mg) in 0.7 mL of DCE (0.3 M) at 100 °C under O,
OH

=z

(balloon) atmosphere for 8 h. To improve yield of the final product, the
23] reaction was continued for another 4 h using an additional amount of »-
butyraldehyde (45.0 pL, 0.5 mmol, 2.5 equiv). The crude mixture was purified by column
chromatography (SiO,, 3% EtOAc-Hexane, R¢ = 0.3) to afford the desired hydroxylated product

23] (22.0 mg, 51%) as yellow solid.
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'H NMR (400 MHz, CDCls) 6 = 14.01 (br. s, 1H), 8.57 (d, J = 4.4 Hz, 1H), 8.33 (s, 1H), 8.14
(d, J = 8.2 Hz, 1H), 7.95-7.84 (m, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.46-
7.39 (m, 1H), 7.36 (s, 1H), 7.33-7.27 (m, 2H) ppm.

3C NMR (100 MHz, CDCl3) & = 157.7, 156.8, 146.1, 137.9, 135.8, 128.2, 127.4, 127.2, 126.8,
125.9, 123.1, 122.0, 121.5, 120.0, 112.1 ppm.

HRMS (ESI+) m/z calculated for C;sH;,NO [M+H]+ 222.0913, found 222.0912.

(E)-4-Methyl-2-(m-tolyldiazenyl)phenol (2ak)

Prepared according to GP-II, combining (E)-1,2-di-m-tolyldiazene (21.0
mg, 0.1 mmol, 1.0 equiv) with n-Butyraldehyde (45.0 puL, 0.5 mmol, 5

\C[N°N equiv), Pd(I) catalyst (5 mol%, 1.3 mg) under O, (1 atm.) atmosphere in

OH DCE (0.3 M, 0.4 mL) at 100 °C for 8 h. The crude product was purified
2ak by column chromatography (SiO,, 100% Hexane, Rf = 0.5 for the

product) to afford the desired ortho-hydroxylated product 2ak (5.5 mg, 25%) as a red solid.

'H NMR (400 MHz, CDCls) & = 12.74 (br. s, 1H), 7.75 (s, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.40 (t,
J=17.6 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.16 (dd, J = 8.4, 2.0Hz, 1H), 6.95-6.91 (m, 1H), 2.46
(s, 3H), 2.39 (s, 3H) ppm.

3C NMR (125 MHz, CDCls) & = 150.9, 150.7, 139.5, 137.2, 134.3, 133.1, 132.0, 129.3, 122.5,
119.9,117.9, 21.5, 20.4 ppm.

HRMS (ESI+) m/z calculated for C14H;4N,O [M+H]" 227.1179, found 227.1176.
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Gram Scale Experiment
Pd(CH3CN),Cl, (5 mol%)
— "PrCHO (2x5 equiv) —
'

N\ / N/
N O, (balloon), DCE N
H 100 °C, 16 h OH

1a,1.09g 2a,0.805¢g

An oven dried 50 mL round bottom flask equipped with a stirring bar, was charged with
Pd(CH3CN),Cl; (5 mol%, 84.0 mg), 2-phenylpyridine (930.0 pL, 6.5 mmol, 1.0 equiv) and 15.0
mL of DCE. The resulting solution was purged with O, for 7 minutes prior to the addition of n-
butyraldehyde (2.93 mL, 32.5 mmol, 5.0 equiv). The flask was then fitted with a reflux
condenser having O, (balloon) on top of it and heated at 100 °C (preheated oil bath) for 8 h. To
achieve full conversion of the substrate, a second batch of n-butyraldehyde (2.93 mL, 32.5
mmol, 5.0 equiv) was added and the reaction was continued for another 8 h. After achieving
complete consumption of the substrate, the reaction mixture was allowed to cool to room
temperature and solvent was evaporated under reduced pressure. The crude product was purified
by column chromatography (Si0,, 2.5% EtOAc-Hexane, R¢ = 0.3) to afford the desired product
2a (805.0 mg, 74%) as light yellow liquid.
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Mechanistic Investigation
Synthesis of Pd'-Complex C:

| X
2N CHCl,, 100 °C
+  Pd(CH3CN),Cl, o >
(1.0 equiv)
(1.1 equiv) Pd(ll) complex C

The complex C was prepared according to the literature'® by combining Pd(CH3;CN),Cl, (100.0
mg, 0.39 mmol, 1.0 equiv) and 2-phenylpyridine (65.8 mg, 0.43 mmol, 1.1 equiv) in CHCI; (0.35
M, 1.1 mL) at 100 °C for 24 h. The reaction mixture was cooled to room temperature, filtered,
and washed with CHClI; to give palladacycle C as a yellow solid (83 mg, 73%). Anal. Calcd for
CoHisCLhNoPdy: C, 44.63; H, 2.72; N, 4.73. Found: C, 47.02; H, 3.35; N, 4.62. NMR

spectrogram of the complex C could not be obtained due to very poor solubility.

a) The Aerobic C-H Hydroxylation with Pd"-Complex C:

The proposed Pd(IT) complex C was prepared according to the literature'® and employed in the
reaction as a catalyst in place of Pd(CH3CN),Cl,. The reaction was performed according to the
GP-I using 2-phenylpyridine (31.0 mg, 0.2 mmol, 1.0 equiv), n-butyraldehyde (90.0 pL, 1.0
mmol, 5.0 equiv), Pd(IT) complex C (2.5 mol%, 3.0 mg), O,-balloon, in 0.7 mL of DCE (0.3 M)
at 100°C (preheated oil bath) for 8 h. Purification of the crude material delivered the desired
product 2a in 91% yield (Eq. S1).

X X
| | C (2.5 mol%) | \
2 "PrCHO (5 equiv) 2
O, balloon, DCE, 100 °C, 8 h OH
1a 2a,91% Pd(Il) complex C

Interestingly, when the reaction was performed according to the GP-I using Pd(II) complex C

(23.7 mg, 0.04 mmol, 1.0 equiv) alone as catalyst and substrate, n-butyraldehyde (18.0 uL, 0.2
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mmol, 5.0 equiv), O,-balloon, and DCE (0.13 M, 0.3 mL) at 100°C (preheated oil bath) for 8 h,

no desired hydroxylated product was obtained.

| N
"PrCHO (5 equiv) N N
SNEY, O balloon, 100 °C DCE, 8 h OH Eq. S2
|
2a, 0%

In contrast, when the experiment was repeated according to the GP-I using 2-arylpyridine 1ab
(34.6 mg, 0.2 mmol, 1.0 equiv), n-butyraldehyde (90.0 uL, 1 mmol, 5.0 equiv), Pd(IT) complex
C (20 mol%, 23.7 mg), O,-balloon in DCE (0.3 M, 0.7 mL) at 100 °C (preheated oil bath) for 8
h, yielded the hydroxylated products 2a and 2ab in 26 and 62% yields, respectively. Based on
above observations, we speculated that the decomposition of the strong dimeric Pd(II) complex

C to form an active monomeric Pd(IT) intermediate might be necessary for this transformation.

® Y O
=N nprCHO (5 equiv) N N
> + Eq. S3
O, balloon, 100 °C, OH OH
DCE, 8 h
F F
C (20 mol%) 1ab (1 equiv) 2a, 26% 2ab, 62%

(Based on
2-phenylpyridine
in C)

b) Studies on Kinetic Isotopic Effect (KIE)

Intramolecular Isotope Effect Experiment

A X A
| Pd(CH5CN),Cl, (5 mol%) | |
_N _N _N
n-Butyraldehyde - +
D H 0O, balloon, 100 °C, H OH D OH
DCE, 8 h
2a

1a(d4) KH Lo 2a(d,)
kKb
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To an oven dried 5 mL round bottom flask equipped with a magnetic stir bar Pd(CH3CN),Cl,
(1.3 mg, 0.005 mmol) and 0.35 ml of DCE were placed. The resulting solution was cooled to
0°C and purged with O, for 7 min. To the solution, substrate 1a(d;) (15.0 mg, 0.1 mmol) and n-
butyraldehyde (45.0 pL, 0.5 mmol, 5.0 equiv) were added. Then the reaction flask was fitted
with a reflux condenser and heated at 100 °C (preheated oil bath) and continued for 8 h under O,
(balloon). After complete consumption of the starting 2-arylpyridine, the solution was
concentrated under reduced pressure. The crude mixture was purified by column
chromatography to afford a mixture of hydroxylated products 2a and 2a(d;) (13.0 mg, 80%
combined yield). The '"H NMR analysis of the mixture showed that the ratio of 2a to 2a(d,) is
0.34:0.66 (Compared with the standard "H NMR spectrum of 2a, the integration of the peak at
7.80 ppm was 1.34 instead of 2.00).

8.528
8.517
7.934
7.914
7.864
7.846
7.828
7.812
7.792
7.332
7.313
6.922
6.905

b WY W

N\ NS
N N
+
OH OH
2a

2a(d,)

8.50 8.00 7.50 7.00
ppm (t1)
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Intermolecular Isotope Effect Experiment

AN X
| N | N Pd(CH3CN),Cl, (5 mol%)
+ n-Butyraldehyde
D D 0, balloon, 100 °C
DCE, 8 h
D D
1a 1a(d5) = 225
Ko

| AN
_N N
+
OH D OH
D D
D
2a 2a(d4)

To an oven dried 5 mL round bottom flask equipped with a magnetic stir bar Pd(CH3;CN),Cl,

(2.6 mg, 0.01 mmol) and 0.7 mL of DCE were placed. The resulting solution was cooled to 0°C

and purged with O, for 7 minute followed by the addition of substrates 1a (15.0 mg, 0.1 mmol)
and la(ds) (16.0 mg, 0.1 mmol) and n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv). The

formed mixture was stirred at 100 °C under O, (balloon) for 2 h as monitored by TLC. The

solution was then concentrated under reduced pressure. The crude mixture was purified by

column chromatography to afford a mixture of hydroxylated products 2a(ds) and 2a (10.9 mg, 32
%). The '"H NMR analysis showed that ratio of 2a to 2a(ds) 0.74:0.26 (Compared with the
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standard "H NMR spectrum of 2a, the integration of the peak at 7.79 ppm was 1.69 instead of
2.00, the integration of the peak at 7.03 ppm was 0.69 instead of 1.00, the integration of the peak
at 6.90 ppm was 0.68 instead of 1.00).

c) Competition Experiment between an Electron-rich and Electron-deficient Substrate

X X A | X
- | N PA(CHsCN),Cl, (5 moi%) N N
n "PrCHO (5.0 equiv) -
O, balloon, DCE, 100 °C, 8 h OH + OH
F3C F3C
1n 1ag 2n, 73% 2ag, 0%

To an oven dried 5 mL round bottom flask equipped with a magnetic stir bar, Pd(CH3CN),Cl, (5
mol%, 2.6 mg, 0.01 mmol) and 0.7 mL of DCE were placed. The solution was purged with O,
for 7 minutes. To the solution, substrates 1n (34.0 mg, 0.2 mmol), 1lag (44.6 mg, 0.2 mmol) and
n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv) were added. The reaction flask was then fitted
with a reflux condenser having O, (balloon) on top of it and heated at 100 °C (preheated oil bath)
for 8 h. The solvent was evaporated under reduced pressure and the crude mixture was purified
by column chromatography to afford the hydroxylated product 2n (27 mg, 73.5 %) and substrate
lag (40.0 mg, 90% recovery). This study demonstrates that the electron-rich substrate 1n is
undergoing C-H hydroxylation in a much faster rate over an electron deficient substrate 1ag

under the standard reaction conditions.
d) C-H Hydroxylation in the Presence of a Radical Scavenger

N X
| Pd(CH3CN),Cl, (5 mol%) | N
—

=N 7PrCHO (5.0 equiv), TEMPO (2.5 equiv)

H OH
O, balloon, DCE, 100 °C, 8 h

1a 2a, 0%
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The reaction was performed according to GP-I, combining 2-phenylpyridine (31.0 mg, 0.2
mmol, 1.0 equiv), TEMPO (78.0 mg, 0.5 mmol , 2.5 equiv), n-butyraldehyde (90.0 pL, 1.0
mmol, 5.0 equiv), Pd(II) catalyst (5 mol%, 2.6 mg), O»-balloon in 0.7 mL of DCE (0.3 M) at 100
°C (preheated oil bath) for 8 h. TLC analysis of the crude mixture revealed no desired
hydroxylated product formation.

Labeling Experiment

Pd(CH3CN),Cl, (5 mol%)

— "PrCHO (5 equiv) - —
\ \
N / 80, (1 atm), DCE,100 °C, 8 h, N /
H 76% 80H (95%)
HRMS data
DAS. ;“Bﬁﬁ?wo}nsﬁ?\. Sm (Mn, 10x5.00):Cm (18) TORMS o2
| A
~ NEBH
180H
/
| X
~ NS*?_'
OH
\ 172 05

To an oven dried 5.0 mL Schlenk tube equipped with a magnetic stir bar, PA(CH3CN),Cl, (2.6
mg, 0.01 mmol) was placed. The tube was evacuated under vacuum and back refilled with argon
(3 times). To the tube, freshly distilled 0.7 mL of DCE (0.3 M), 2-phenylpyridine (31.0 mg, 0.2
mmol, 1.0 equiv) and n-butyraldehyde (90.0 pL, 1.0 mmol, 5.0 equiv) were placed. The mixture

S32



was degassed by the freeze-pump-thaw procedure for three times. Finally the tube was evacuated
while placing it in a liquid nitrogen bath and filled with '*O, (provided from a 98% '*O,
cylinder). The solution was heated at 100°C for 8 hours. The solution was allowed to cool to
room temperature and concentrated under vacuum. The crude mixture was purified by column
chromatography on silica gel (Si0,, 2.5% EtOAc-Hexane, Ry = 0.3) to afford the desired product
(26.0 mg, 76 %). The 95% incorporation of '*0 in the product was confirmed by HRMS of the

sample.

References

(1) lwasawa, T.; Ajami, D.; Rebek, J. Org. Lett. 2006, 8, 2925.

(2) Kitamura, Y.; Sako, S.; Udzu, T.; Tsutsui, A.; Maegawa, T.; Monguchi, Y.; Sajiki, H. Chem. Commun.
2007, 5069.

(3) Liu, C.; Ni, Q.; Hu, P.; Qiu, J. Org. Biomol. Chem. 2011, 9, 1054.

(4) Zhang, G.; Sun, S.; Yang, F.; Zhang, Q.; Kang, J.; Wu, Y.; Wu, Y. Adv. Synth. Catal. 2015, 357, 443.

(5) Seiple, I. B.; Su, S.; Rodriguez, R. A.; Gianatassio, R.; Fujiwara, Y.; Sobel, A. L.; Baran, P. S. J. Am. Chem.
Soc. 2010, 132, 13194.

(6) Deb, A.; Manna, S.; Maji, A.; Dutta, U.; Maiti, D. Eur. J. Org. Chem. 2013, 2013, 5251.

(7) Wang, J.; Wang, S.; Wang, G.; Zhang, J.; Yu, X.-Q. Chem. Commun. 2012, 48, 11769.

(8) Patel, P.; Chang, S. Org. Lett. 2014, 16, 3328.

(9) Beadle, J. R.; Korzeniowski, S. H.; Rosenberg, D. E.; Garcia-Slanga, B. J.; Gokel, G. W. J. Org. Chem.
1984, 49, 1594.

(10) Zhang, G.; Sun, S.; Yang, F.; Zhang, Q.; Kang, J.; Wu, Y.; Wu, Y. Adv. Synth. Catal. 2015, 357, 443.
(11) Fleckenstein, C. A.; Plenio, H. Chem. Eur. J. 2008, 14, 4267.

(12) Sasaki, I.; Vendier, L.; Sournia-Saquet, A.; Lacroix, P. G. Euro. J. Inorg. Chem. 2006, 2006, 3294.

(13) Baslé, O.; Bidange, J.; Shuai, Q.; Li, C.-J. Adv. Synth. Catal. 2010, 352, 1145.

(14) Luzung, M. R.; Patel, J. S.; Yin, J. J. Org. Chem. 2010, 75, 8330.

(15) Chen, X.; Goodhue, C. E.; Yu, J.-Q. J. Am. Chem. Soc. 2006, 128, 12634.

(16) Ali, M. A.; Yao, X.; Sun, H.; Lu, H. Org. Lett. 2015, 17, 1513.

(17) Heitman, L. H.; van Veldhoven, J. P. D.; Zweemer, A. M.; Ye, K.; Brussee, J.; ljizerman, A. P. J. Med.
Chem. 2008, 51, 4724.

(18) (a) Milas, N. A. Chem. Rev. 1932, 10, 295; (b) McNesby, J. R.; Heller, C. A. Chem. Rev. 1954, 54, 325;
(c) Hendriks, C. F.; van Beek, H. C. A.; Heertjes, P. M. Ind. Eng. Chem. Prod. Res. Dev. 1977, 16, 270; (d)
Shapiro, N.; Vigalok, A. Angew. Chem. Int. Ed. 2008, 47, 2849; (e) Chudasama, V.; Fitzmaurice, R. J.;
Ahern, J. M.; Caddick, S. Chem. Commun. 2010, 46, 133; (f) Chudasama, V.; Fitzmaurice, R. J.; Caddick, S.
Nature Chem. 2010, 2, 592; (g) Marteau, C.; Ruyffelaere, F.; Aubry, J. M.; Penverne, C.; Favier, D.;
Nardello-Rataj, V. Tetrahedron 2013, 69, 2268.

(19) Peng, X.; Zhu, Y.; Ramirez, T. A.; Zhao, B.; Shi, Y. Org. Lett. 2011, 13, 5244.

S33



'H and *C NMR spectra

g O O+ MO WL 40N A0 ©OIFTNHON IO LW
< NN O OO0~ MANHOOD dHO0CO0COWMY NOO
< NY 00 BONN OO0 ON NNNNHO00 96
- WO MMNNMNMNNMNNMNNMNNMNNMNNMNNSN MNMNNMNNMNNNDN O © ©
/|
NS
N
I
! OH
! 2a
I
I
|
|
J( U
i Y LR
o = o H=OR
© o HY oo
[¢3) o ~ U0~
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 40 3.0
ppm (t1)
N D (o2} < ~N M NN~
o~ o [} m omoN~OoS
o N v e
n < (32} M NN oA
- - - - L B B B B B |
I
I
I
I
I
|
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
ppm (t1)

S34



pa QO WY ATWO AP QI q
o DY QO NAON ©OFT RO oI~ b
< MO AN NMOAN OO Q ©®® <
- BB NN NNNNNNNN ©OCO© q
= |
NS
|
[ ) Juﬁ&
e LA L t
o [y O No N
0 =} @ © 9o ©
@ o ®> o o® ©
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
15.0 14.0 130 120 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20
ppm (t1)
< © o o~ M QM
-~ (S o 1 o © [Ted
=] [opyts} w0 o @ 0 0O 0
© S S NN < -
=1 - — o o~

T——— 15756
_—— 13124
11957

PR W0 B9 9 OPRTRAVPAPRY

R R R R R RN R RN R
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm (t1)

S35



)

Q N ST 88y AT IS 8RN RY QIRND <
NAdAdUOLITO ANTD D © QW)W 2} ¥ N o g

< MM ONKNEN NNNAddAdd—d 00 OO ®© o

— WO NNNNNNNNNNNNNN GG © 6 66 e

= N

7

OH
2c

v80 € ——
] z

b f
BoHs s =
Q B @& o
S R & N
o
L L B B A R B U N
16.0 15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (t1)
n o 0 o T Q00 d o
o8 ® [Ny S HASI T ® [ R
®S nH b d oNoWm ~ -
P R=I w5 o oW o = 3
© o 1 < M Ao -]
A = PR I R R IR » ®
|
‘ [
| |
|
[
|
|
" " 0 " " i
" " u g ¥ "
TP T T[T T[T T T[T T [T T [T T [T T T[T T T [ IO T[T T[T T T[T T [T T[T T T [ TT T[T T [TTT T TTIT]]
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm (t1)

S36



o
P
oN

6189
2889
9689
0T6'9
216'9
v10°L
910,
T1€0°L
€e0°L

99z'L
6922
€821
9622
00€'L p

€E9°L
LE9°L
0592
59,
98/,
6S.°L
cLL L
SLLL
908°L
8L
9€€'8

/

OH 2d

)

=-3.03

- 0.97
= 0.96

= 0.95

= 0.99

168

w

= 1.00

5.0

ppm (t1)

LyT'8T

69v'8TT
8/9'8TT ——— N\
826'8TT ——
8/8'G2T —

020'TET —~
¢SCTET ——
T9G'8ET

89/L'SYT

TYT'SST
619651

180

140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

150

170

ppm (t1)

S37



13.28
8.35

NOST NODWOMN~NONONO O -
HH0Q@QNNNNG©GOQOMOMONQ
WONNMNNNNNNNNNNSN

e

@gi
o
N~ 'N° ~O
H
OH

2e

6.99
6.95
6.93
6.91
221

\ PEORE Y f
e OO R b e I
~ ®© WO O @ ©
© 0 00 WO F W ~
L L L
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

168.85
158.75

T——— 155091
148.47
140.07
12669
119.38
: 118.91
115.12
111.78

24.73

13152

R TI———————

T T[T T [T T [ T[T [T [T [T [T [T [T [T [T [T [T [T [ TIT T[T [ T[T 177
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

S38



§9¢°L
69¢°L
98¢,
Y0E'L
80€°L
6SY°L
LIV,
96v°L
8vS'L
9957,
G8G°L
18971

1597 —— N\

€9L°L
JASYAVA
€8L°L
18L°L
958°L
9/8°L
868°L
206°L
026°L
€5¢'8
v.2'8
6098

8ST'ET

AHV mo
2T
HAM P )
4
I
N\ / z

14.0 13.0 12.0 11.C 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0

15.0

ppm (t1)

890°CTT

9SY'STT
0ce8TT
6T6'8TT
162611
069'92T
96¢° /2T
8'8eT
02S'TET

i

SryZeT ——— N
898°€€T

850°0vT

859°8YT

98T'9ST
L€L°8ST

G¢8'99T

50

70

160 150 140 130 120 110 100

170

ppm (t1)

S39



AW O MNY WQQWINT oW NO® q <
ONOOD $O A0 ™I 1M 3 R:
ORVHVON HMMAN OO 00O 3 H
NNNNNNNNNNNN © 06 ¢ o o
~ /g
{
[
py Wy ¥ ¥
ok o oo N INg
©0w© @ @ © )
ar o~ oW o ®©
T ‘ T T T ‘ T T ‘ T T ‘ T T ‘ T T T T ‘ T T ‘ T
8.0 7.0 6.0 5.0 4.0 3.0 2.0
™ Q @ 1o} L NQ O ®
< @ © o} SRR =]
=} [} [} =] o W@ N
~ 0 2] 1) G dd o o
] E B - A dd A A

T——157.34
T——— 15321

(LA L L L M L L L I I I O I I R B R L L N I R R
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S40



259Vt

& =2

=-3.01

0.91

2.0

3.0

4.0

14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0

15.0

ppm (t1)

1TSS

€120T —— -

05'90T —— _
00CTT

2T8TT —— _

eV'0eT —— -

60T — -

9GLET ——— -

or'SyT —— -

91'16T ———__

28 T9T —
>

€291

150 140 130 120 110 100 90 80 70 60 50 40

160

S41



€6C°ET

= 833
3 883
T 1.00

1 0.97

1 0.99

0.81

5.0

6.0

7.0

8.0

9.0

100

11.0

12.0

13.0

14.0

2T2'9TT
€9€°LTT

050'6TT /
Lvy'6TT [/
[VAra Q
veezeT

et ——

6E6°CET

1L vT

LSC'65T ——
=

G56'65T

S42



o NN o IDI\OI\IDQ'Ngv u
~Wn oM oS ID(")NHSN&O N s}
668 B BEHH S8 556 >
0 W 0 M~ NIM~MNMMNMDNMDNMN O OO q

1858

R R H
I o o r o oo w
o ©o © o © [{el{e} o
o © © = a wo =
L L L L L L L L
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0
ppm (t1)
[Te] o O O oSN~ O -
(=] M O < DD AN o ©
[} 0 — oo~ O o
© oo N 000 I~ ~
(<] n mn < o - ©
= o= Sad4d &

T~ 144.199
__——126.368

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40
ppm (1)

S43



n

N n 0OMm O o N~ 0 N~ © MM oA dMm MmN~ o Q| ™M
o N 900 N OAdANOLM WMLWMH O©F N o |0 o
< S SIY8® 53 M8 83 6565 SIST SIES
- D WO M~ MMM MM OOO < e

N

|
o
Y
N

Poowouyow o ¥ v
- PR P o N w
o o o o @ = N
(=} & ox© © 0= oo (5]
\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
16.0 15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (1)
o wn [52] ©o Q N O © ©
0 0 n < wn O N O N [=2] ~
© - 0 © ™ ~ oo W N ©o
<< g ~ o © o o8 o0 o o N
© © © < (3¢} N o o o ~ <
= - — — - o © -

132675
T 123891

Tm——— Mwmmwmmwmmmmmm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (t1)

S44



L¥6'9
€96°9
0.6'9
986'9
0°L
€50°L
T90°L
0L0°L
8.0°L
68€°L
Tov°L
90v°L
414
9ev'L
S08°L
vi8°L
Te8'L
0e8’L
GE0'8
v0'8
€50'8
2908
1,08
6958
v15°8
1858
2658
0S€'6
95€°6

IWEET

T 163
T 1.08

F 117
F 115

F o7

T 1.00

F1os

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

ppm (t1)

Sy LTT
8EC6TT N
pezerT S
L6S'6TT
Llelet

60V'CET ————
TT6°€ET

0E8'TYT ——
>

6.5°evT

679°09T —————
6¢6°¢9T

30

40

50

60

70

80

920

100

110

120

130

140

150

ppm (t1)

S45



§ LU ~MNdOWWONT O NOO I < n
o~ O~ NO AHO WO 0O HO00W0 WU M- S
< N Q00 QNN ©O NN O NN €T
— WO MNNMNNMNNMNNNN NNNNN O © © ls:
/
SN
2m
[
|
| !
JL ,L)A
‘ ooy oy Y
o i w
()] o O o ao =
w o aN N O (4}
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20
— © = 0 NN M OIS
o (] ~N 40 00 O O~ ~
@~ W N 1B 0 B8O ©
wn wn < 9§ MO NN A A A A —
— — R N B I B B I B N
[
|
|
|
HH‘HH‘HH‘\\H‘HH‘HH‘H\\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘\\H‘HH‘HH‘HH
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S46



& WO N TOM N O~ ~-dOY @
— XN OO AO0®X © 400 N DO 1)
< XY Q QN N NN A0 TP
— WO NNMNNNNNNNNNNGGS q
|
2n
| |
| |
Iy
|
|
L L
¥ t fryowy !
o = H B HRR w
© o o doo I
N S] MO W IS
L B L L O L B B B
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0
ppm (t1)
o © © L ¥ T Od ST O
© 10 =} X ¥ O N O o © —
© © o N § N AN o ©
N~ 0 N o~ © - 0 ® ©
0 10 < ™ M N NN Ao [=}
- — B R I «
Il
|
|
™ " A "
L L L L L O RO A B R B
170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10

ppm (t1)

S47



g QOO OO - T ©WdHd O I NN O~ 0o, < (10 ©
(3] VO A0~ 40 OO © LW ~N WM oA ©(©
< N Y0 QNMNMNONAHA © N~ © © O o NN N
- WOOMNMNMNMNMNMNNMNMNMNMNMNNMNNNDN ©O ©©O NN NN |
= |
S
|
OH ‘
20 |
[
|
y [ Y Y
o B e pooge N w
© o HED o @ N o
o o (<79 N oan N ()
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
16.0 15.0 14.0 13.0 12.0 11.C 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (t1)
| O n o o - O N~ O ©
@ N~ ~ ™ © ~N @O s N o (] ~
o O ™ N~ n o O © 1 < ~ o
o~ S 6w N 5 S 6~ © I 8
- - - - I B B B | N -
|
[
H |
!
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\
160 150 140 130 120 11C 100 9 80 70 60 50 40 30 20 10

ppm (t2)

S48



l‘g HH DO MO OWANDNO DO DO ONODLW q
N O’gw@ﬂﬁc’wl\mf\l OO W ©WOW OO I
< SR 0ORRFKNNN NG99 OO0 G000 T
~ BB NN NNNNNNNNNN NN ©6 O OC i
/l
NS
|
|
L
Y ¥ WY f
o [ HR PO =
K =] =T ) o
= IS} an o S
L L L L L L L L L L L L L B
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (t1)
~N o © I ~ o m N O~
© @ M @ ) ~ O~ Q% < 0
o~ oW 7] ~ W B © 1 ~N e
0w o < ] N N A A < o
o - - D R R o §
|
|
[
|
|
|
\ L
L L L L L L L L L L L L Y L B B B
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (t1)

S49



8.327
7.816
7.799

640
7.623

7
7.559

7.556
7.103
7.099
7.086
6.935
6.919
5
2.332

7

OH
2q

! vouy vy [k
[ o e s».w
o = ==] o O N
o o g o P uD
T ‘ T T T ‘ T T T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T T ‘ T
2.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0
ppm (1)
oo} ™ M @ O N M
(3] fee] 0 O — © 1 N D
N G oo o S B G S =
[} < ® ® N oo S
— — — - o N

13847
—— 12759
T— 18.14

RN R R R R R R R R R R R R RN RN RN R R R R R R R R R R AR
210 200 190 180 170 160 150 140 130 120 11C 100 90 80 70 60 50 40 30 20 10 0 -10

S50



[}

re} O N NO© OMOOWSH MO oS oS v ~ oo
3% o 0O 0O NNAONN OO MmN O ¥ N © 0 <
< M M~NN ©Q OO©OO®O MNMNMNMN © © oo O N
— O NN NMNNMNNMNNNNOO © OO © NN NN N —

1272

N\

ﬁ

7

OH
2r I

Mo A

€50 { —

oo gy
= O O
o dm go
o N o~
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
g 858 ¢ LRV IR 8 o9
28 Y EL8IINg % @ o
mE 3§88 8995952 g 949
|
|
|
|
|
\\‘\H\‘HH‘\H\‘HH‘\\H‘\H\‘HH‘\H\‘H\\‘HH‘\\H‘HH‘\\H‘\H\‘HH‘\H\‘HH‘HH‘HH‘HH‘\H
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S51



F\r DO N~M MMN oW N O
< AN MO NHd S NO Q) (]
3 Mmoo e NN i
— W W M~MNNMNMNMNNMNO © O Q N
/ |
SN
2s
|
|
‘ ooy p
o g I oo o
D o © [{o]me] @
o o oo NQwW N3O
‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (t1)
[so BN o O O - OO 0 © S N
o © o N O 0 «~ ™~ N O N ©
o~ [ ] W o oW © wn ™
© < < < N N o A - - —
- - L B | R B I I B | N N
!
|
|
|
|
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S52



3 DO QT OO DM omwmoY ® @Yo
< QK © HDO dO0 K ©LW SO N SO
< MO R NN NN N~ © oo mn NN
— VOB N NNNNOG GO NaaN A A
/l
NS
N
OH
2t |
|
|
[
|
= A S Y Y
o = [ P o N @
© o o 9 w N NDY
) S @ O B N ~
L L L L B B O B B
15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (t1)
S d Y Qo O N ® M N ©
O N O © © o - R o T B Yo} © 1 Q @
X N ®©® N © » © ~ O 1 o @ 0 Wm ©
o4 ON © W W oo~ N~ W N © N
© O un < < N = — n o w© wn
- - - - L B B | — ™M M N -
|
|
TT T T T T T[T T T [T T [T T[T T[T T [ T T [ T T [ T T [T T T [T T[T T[T T T[T T T[T TTTT T
170 160 150 140 130 120 110 100 90 80 70 60 30 20 10

ppm (t1)

S53



8 S O Nd DN NDON OO LW P
< DO W O AN—TOOHLL OWH MM M ™
< HH o NN NNNNSC 9690 ¢
&5 WO N NNMNNMNNNNNN OO OO T
\N|
2u
T L L ¥
o B oo o
& 8 & 8 B
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
160 150 140 130 120 110 100 2.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
- N~ O W O N OO O O
W © 0 A < © O m -+ o< O T O o
= R R R =~ oS
S298 3 §S3349493 Bd®8
|
[
|
I [
|
|
|
el ‘ . | — | —
\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

S54



919°L
1€9°L
98L°L
68L°L
S08°L
218l
028,
8¢8°L
€68°L
0T6'L
287’8
06v'8

20e YT

— )

OH

N

2v

Py Y
Q=P HBRO

@0 O GbbRAN

Y

=
o
s}

0.57

4.0

14.0 13.0 120 110 10.0 9.0 8.0 7.0 6.0 5.0

15.0

ppm (t1)

29'/ST
62°09T

S55



josei A

/

OH

2w

0

> 2.99

By g g
8 8RS

3-1.00

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)

89'T¢

SL9TT
8v'LTT
T8°LTT
09°6TT
S5°2eT
Tr92T
96'92T —

2=

e B

8912t ——

\

2cL'8eT

LTOvT ——
soert ——

6€°GrT
80'6VT

e’ LST
8€°09T

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

S56



7
189

£58'9
S98'9
1,89
8189
068'9
1689
806'9
ST6'9
6ST'L
ELT'L
9UT'L
L8T°L
€6T°L
vee'L
6€C’L
we'L
evLL
owLL
09L°L
€9L°L
VvLLL
LLLL
18L°L
v08°L
ovy'8
6vv'8

€ELET —

/

OH

2X

.

=322

T 212
> 173

3225

= 1.00

13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0

14.0

ppm (t1)

s

8809 —— -

"
bl ld s

i

b

650TIT ——— -
988°/TT

818'8TT N -
SET6TT —— N 3
G9STZT —— N 3

"
Al

e

0SL'LET ————— -

LEOVT ———— -

09T'26T ———__ _
8807ST ———— -

2€9°LST —— -

150 140 130 120 110 100 920 80 70 60 50 40

160
ppm (t1)

S57



WAL

OH
2y

= 3.10

= 1.68

Foo4

14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

15.0

12'sS

€1°20T
05°90T

00°CTT

[44c1a%
e€v'0cT

60°L2T

95°LET

ov'SPT

9/°/ST
28197
vE'9T

40

50

60

70

80

90

100

S58

11C

120

130

140

150

160

170




€959
9959
G159
1899
2699
9v9'9
1599
LST'L
L9T'L
viTL
LITL
v8T'L
€6T'L
YAYAVA
6TEL
veE'L
8ve'L
18€L
€8€L
96,
0T¥'L
ovv'L
09r'L
€69,
1A7AVA
S8L°L
88L'L
6L,
v6.L'L
Evv'8
€518
951’8

999'vT

.
:

— = = 988

3093
- == T 481

- — 9%

- — 1-0.98

2z

- 0.03

140 13.0 120 11.0 100 9.0 8.0 7.0 6.0 5.0 4.0 3.0

150

8CL9ET ——
=

TeL LeT

[44ac141

084°25T ——
6L5°T8T ——_

0T8'19T

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

ppm (1)

S59



16'9
86'9
66'9
00°L
102
0L
€0°L
v0'L
S0°L
90°L
0g’L
1eL

/

OH

2aa

ce’L
Sy'L
ov'L
8y’L
6v°L

98°L
18°L
68°L
T6°L
vS'8
95'8

W

J 1.02
7 1.00

T 2.00

F 1.00

0C'8ET

50

60

70

80

90

100

110

120

130

140

150

160

170

S60



2659
€099
809'9
029’9
G29'9
T69'9
969'9
[47A]
LTL°9

cre’L
8T¢’L
cee’L
8¢¢’L
vee'L
6€C’L
Sel'L
8€L°L
Ll
GGL°L
108°L
608°L
8L
L18°L
Te8'L
097’8
0.¥'8

08LvT

OH
2ab

I 486

- 0.94
=318

= 1.00

I 1.03

14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0

15.0

9E'STT ——
T8'8TT —
V12T

Sy'LcT
§G°/2T

18°LET

Y9'SrT

v2Z'1GT
16'T9T AN
0T'29T %

ov'E9T
88'g9T ——

50

60

70

80

90

100

11C

120

130

140

150

160

170

180

S61



169
00°L
ve'L
ve'L

2L
62°L
0g’L
€L
€L —

9L,

/

Cl

OH

2ac

L

\
5.0

€18l ——— -

r 06'GYT —— -

65967 ——— _
= £585T ——— -

Lo
©
Lo
2
[ 62°6TT
r GLBTT
r S0°02T N
Lo . _ - _
@ Zrel ——— —
F 25 eeT ———— —
r vLIGeT —— B
[ SZTEl ———— - W

90

100

11C

120

130

140

150

160

170

S62



SLSVT

/)

OH
2ad

Cl

= 0.98
= 0.83

=338

= 1.00

>+ 1.02

4.0

16.0

30

140 130 120 11.0 10.0 9.0 8.0 70 6.0 5.0

15.0

ppm (t1)

LLSYT

S0'LST

G8'09T

170
ppm (t1)

50

60

70

80

90

100

110

120

130

140

150

160

S63



g O~ OMODOWMO NMNMNO LY ON AN O
wn MOAN dTONNNMNOO NGO A0 MOMIN~OLWLW
< SY ANNNNN NN NAAS 99 0000
— WO MNNMNNMNNMNNMNNNMNNNNMNNNDNNS OO ©©O
\
Br OH
2ae
[
|
\
y t gy
o = NP eR
© o N WO
o o ww ok
\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\
16.0 15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0
n o @ o W O 4 NO O N~
o N oN Yo O oL O ©
Q < ] < - 0 ®O O N
Q. [Ts} ~ N S Hd d - 0~
© < (32} N NN NN A
- — — R B B B B B B |
[
I |
\‘ } |
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

ppm (t1)

S64



15.27
8.56
8.55
8.12
7.55
7.37
7.37
7.08
7.07

T—— 793
S— 757

2af

o

|
o
3
a

pooRy py Y
o ok oo o
© VO OO ©
& B Ro ©
L L L L B L A B L O B R A IR
16.0 15.0 14.0 13.0 12.0 11.C 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0
P o) mn o « O n N © O N
S @ © S &0 N omo ] N
< 5] ) © ¥ 9 d o oo o ~
O wn < « M oM N o oo o <
— — — — - L I I B | — o)
|
[ |
|
T T T [T T T T [T T T [ T T T [T T T [T T T [ T T T T[T T T [T T T T[T T T T[T T T T[T T T T [T T T [T T T T [T T T[T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

S65



6.8'7T

\

F3C

OH
2ag

_ —/ = 1.00
- - 0.97
—— - 0.92

= =8

- L =-1.00

=

0.96

15.0 14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0

16.0
ppm (t1)

wh

65'GCT
0T'8¢T

8T'8ET

v8'SvT

G9'99T

11291

—

Lt

ppm (t1)

S66



299
299
9’9
9'9
S99
999
199
899
€89
§8'9
6T'L
TeL
TcL
€L
€L
S¢'L
8¢c'L
8¢'L
6C°L
og'L
TeL
v8'L
18°L
68°L
ST'8
8T8
S8
SS'8

RS

\

OH
2ah

\
4.0

7.0

\
8.0

9.0

\
10.0

70901
62901

69'80T

08'80T

oT'YTT

STYTT

8TYTT

86'T2T

85'v2T \
6L72T ———
vL'0ET

2¢8'0€T
G6'0€T

V

S0'8ET

or'SyT

TSVST
YSvST

€2°09T
XN

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

190

S67



0LV'ST

N

OH

2ai

1 0.94

16.0

14.0 13.0 12.0 110 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0

15.0

96'76
22'S6
§2'56
2566 ———\
LT'T0T
02'10T p
0¥’ 10T Q
£V’ 10T
¥1'50T &
92'S0T

¢6'1CT

/

170 160 150 140 130 120 110 100 90 80 70 60

180
ppm (t1)

S68



8¢,
62,
€L
€L
ceL
€e'L
9€'L
(442
V'L
'L
89'L
0L'L

6LL
18—\
88L
68'L

06'L
06'L
6L
6L
€18
ST'8
€€'8
JASR:]
85’8

T0vT

23

1 0.76

6T2TT
L0°02T
vS12T
60221
gzeet
96'G2T
98'921
ze et
[A-pkAN
1€'82T
98'GET
S6°L6T ———

)22

STOVT

18°99T —
-~

YAVASY)

wmem MLWW Mt

60

70

80

90

100

110

120

130

140

150

160

170

S69



v ¢

aiv'e

/

6’9
6’9
ST'L
ST'L
LT,
LT,
9C'L
82,
0g'L
8¢,
ov'L
L
99'L
89,
SL'L
SL'L

L

N

vLet

-

= xR

2ak

Q. pee P
@ 000 9
_Ne S

PRy

o

\\J = 0.97

S70





