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1.General Information

Solvents, Palladium acetate (98%), K,S,0g, Cu(OAC),.H,0, pyridine and toluene derivatives
were purchased from Merck. Other reagents were purchased from commercial distributors and
used without further purification. Analytical thin layer chromatography (TLC) was performed on
precoated silica gel 60 F254 plates. The products were purified by preparative column
chromatography on silica gel (0.063-0.200 mm; Merck). *H and *C-NMR Spectra: were
recorded on Bruker DRX -600, 500, 400 and 300-Advance instrument in CDCls; & in ppm, J in
Hz. High resolution mass spectra were obtained with a Kratos Concept IIH mass spectrometer.
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2.0ptimization of the Reaction Conditions

2.1. Benzylation of pyridine N-oxides
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Catalyst (mol %)
Pd(OAc), (3)
Pd(OACc), (3)
Pd(OAc), (3)
Pd(OAc), (3)
Pd(OAc), (3)
Pd(OAc), (3)
Pd(OAc), (3)
Pd(OAc), (3)
Pd(OAC), (3)
Pd(OACc), (10)
Pd(OAc), (3)
Pd(OAc), (3)

Pd(Cl); (3)
CuCl, (3)
CuCl, (10)
CuBr, (10)
Cu,0 (10)
Cu(OAc), (10)
PdCI,(COD) (3)

FeCls (3)
NiBr; (3)

[Ru(p-cymene)Cl,], (3)

Pd(OAC); (3)

catalyst
oxidant

temp
time

Oxidant (equiv)
Na,S,0s (1)
(NH4)2S,0g (1)
TBHP (1)
K2S,0g (1)
Ag,CO; (0.75)
DDQ (0.75)
K3S,05 (0.75)
K,S,03 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,03 (0.75)
K,S,04 (0.75)
K,S,03 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,04 (0.75)
K,S,03 (0.75)
K,S,03 (0.75)
K,S,03 (0.75)

OZ§< /i

temp (°C)
120
120
120
120
120
120
120
100
80
120
140
120
120
120
120
120
120
120
120
120

120
120

120
120

4b

time (h)
18
18
18
18
18
18
18
18
18
18
18
18
8
18
18
18
18
18
18
18

18
18

18
18

yield (%)
63
52
trace
75

83
56
21
81
62

61
42
14
28
38
41
22
51
trace
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2.2. Arylation of pyridine N-oxides

Catalyst (mol %)

Pd(OAC); (3)
Pd(OAC); (3)
Pd(OAC), (3)
Pd(OAC); (3)
Pd(OAC), (3)
Pd(OAC); (3)
Pd(OAC); (3)
Pd(OAC), (10)
Pd(OAC); (3)
Pd(OAC); (3)
Pd(Cl)2 (3)
Pd(OAC); (3)
Pd(OAC); (3)
Pd(OAC); (3)
Pd(OAC); (3)
Pd(OAC); (3)
Pd(OAC); (3)
PACI,(COD)
FeCl, (3)
NiBr; (3)

[Ru(p-cymene)Cl,]»(3)

Oxidant (equiv)

K,S,05 (0.75)
Na,S,0g (1)
(NH,)2S,04 (1)
TBHP (1)
TBHP (2)
TBHP (2)
DTBP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)
TBHP (2)

catalyst
oxidant

temp
time

Co-oxidant (equiv)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC)2.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)

Cu(OAC),.H,0 (1)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)
Cu(OAC),.H,0 (0.5)

CuCl, (0.5)
CuBr, (0.5)
Cu(OAC)2.H,0 (0.5)
Cu(OAc),.H,0 (0.5)
Cu(OAc),.H,0 (0.5)
Cu(OAc),.H,0 (0.5)

1Q-Z+

5c

temp (°C)
120
120
120
120
120
120
120
120
120
120
120
120
120
120
80
140
120
120
120
120
120
120

time (h)
18
18
18
18
18
18
18
18
18
18
18
18
8
24
18
18
18
18
18
18
18
18

yield (%)
0
0
0
46
87
49
66
73
0
12°
85
72
53
86
23
71
64
61
76
trace

& A mixture of products was obtained.
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3.Experimental Procedure:

3.1 Benzylation of pyridine N-oxides

R Pd(OAc), (3 mol %)
s ] _KeS;0 (0.75 equiv) S
— + Py
R

H 120°C, 18 h

)

10-Z

A 10 mL microvawe vial was charged with pyridine N-oxides (1 equiv), K;S,0g (0.75 equiv), Pd(OAc),
(3 mol %) and toluene derivatives (20 equiv). The vial was then sealed and immersed in an oil bath, which
was preheated at 120 °C, for 18 h. After this time the reaction mixture was cooled to room temperature and
then diluted with DCM and filtered. The residue was purified by using column chromatography (n-

hexane/EtOAc, 1/4) yielded the desire products.

3.2. Arylation of pyridine N-oxides

Pd(OAc), (3 mol %)

R TBHP(2 equiv) DA
| 7S A Cu(OAc),.H,0 (0.5 equiv)
N” ~H . N 120°C, 18 h N | =
| H R o \z
o = R

A 10 mL microvawe vial was charged with pyridine N-oxides (1 equiv), TBHP (2 equiv), Pd(OAc); (3 mol
%) and Cu(OAc),.H,0 (0.5 equiv) and toluene derivatieves (20 equiv). The reaction was allowed to stir at
120 °C for 18 h. the reaction was then filtered over celite and purified by column chromatography (n-

hexane/EtOAc, 1/4).

x
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4. Characterization of the Products

2-Benzyl-3-methylpyridine N-oxide (4a)*

Ozé\* /i

The general procedure was followed using 3-methylpyridine N-oxide (1 mmol, 109 mg), K,S,0s
(202 mg, 0.75 mmol), Pd(OAc); (6 mg, 3 mol %) and toluene (2.1 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4a (133 mg,
67% yield) as a yellow oil; "HNMR (500 MHz, , CDCls) 6 9.07 (d, J = 6.0 Hz, 1H), 7.87 (d, J =
8.0 Hz, 1H), 7.57 (t, J = 7.0 Hz, 1H), 7.30 (t, J = 7.5 Hz, 2H), 7.26 (d, J = 6.5 Hz, 1H), 7.20 (d,
J = 7.5 Hz, 2H), 4.56 (s, 2H), 2.51 (s, 3H); *CNMR (125 MHz, CDCls) & 152.1, 140.9, 138.9,
138.5, 133.5, 129.2, 128.5, 127.7, 124.5, 33.5, 19.3; HRMS (EI) m/z calculated for C;3H;3NO
(M+): 199.0997. found: 199.0988.

2-Benzylpyridine N-oxide (4b)

°Z§\+ /i

The general procedure was followed using pyridine N-oxide (1 mmol, 95 mg), K»S,0g (202 mg,
0.75 mmol), Pd(OACc), (6 mg, 3 mol %) and toluene (2.1 mL, 20 mmol). Purification by column
chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4b (153 mg, 83% yield)
as a yellow oil; 'HNMR (400 MHz, , CDCls) & 9.06 (d, J = 4.8 Hz, 1H), 7.82 (t, J = 9.2 Hz,
2H), 7.58 (m, 1H), 7.46 (m, 1H), 7.38 (m, 2H), 7.32 (d, J = 7.2 Hz, 1H), 7.26 (d, J = 6.8 Hz,
1H), 4.49 (s, 2H); ®*CNMR (100 MHz, CDCls) & 140.5, 138.3, 129.7, 129.4, 128.9, 128.1, 127.7,
125.9, 124.9, 36.6; HRMS (EI) m/z calculated for C;,H;:NO (M+): 185.0841. found: 185.0834.

2-(4-Methylbenzyl)pyridine N-oxide (4c)

o-Z
N/

The general procedure was followed using pyridine N-oxide (1 mmol, 95 mg), K»S,0g (202 mg,
0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and p-Xylene (2.4 mL, 20 mmol). Purification by
column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4c (121 mg,
61% vyield) as a yellow oil; *HNMR (500 MHz, , CDCls) & 8.25 (m, 1H), 7.14-7.10 (m, 6H),
6.91 (m, 1H), 4.20 (s, 2H), 2.33 (s, 3H); ®*CNMR (125 MHz, CDCl;) & 139.3, 129.5,
125.7,125.4, 123.4, 36.1, 21.3; HRMS (El) m/z calculated for Ci3H13NO (M+): 199.0997.
found: 199.0993.
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2-(3-Methylbenzyl)pyridine N-oxide (4d)

OZ? /i

The general procedure was followed using pyridine N-oxide (1 mmol, 95 mg), K,S,0s (202 mg,
0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and m-Xylene (2.4 mL, 20 mmol). Purification by
column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4d (149 mg,
75% yield) as a pale yellow oil; '"HNMR (600 MHz, , CDCls) & 8.93 (m, 1H), 7.73-7.39 (m, 3H),
7.26 (t, J=7.2 Hz, 1H), 7.13 (d, J = 7.2 Hz, 1H), 7.08 (s, 1H), 7.05 (d, J = 7.2 Hz, 1H), 4.41 (s,
2H), 2.34 (s, 3H); ®*CNMR (150 MHz, CDCls) § 154.4, 140.5, 139.3, 138.4, 133.1, 130.5, 129.3,
128.9, 127.9, 124.9, 36.6, 29.7, 21.3; HRMS (EI) m/z calculated for C13H13NO (M+): 199.0997.
found: 199.1002.

2-(2-Methylbenzyl)pyridine N-oxide (4e)

| X

+
\
©

The general procedure was followed using pyridine N-oxide (1 mmol, 95 mg), K,S,0s (202 mg,
0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and o-Xylene (2.4 mL, 20 mmol). Purification by
column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4e (155 mg,
78% yield) as a brown oil; ‘HNMR (300 MHz, , CDCls) & 8.94 (m, 1H), 7.75-7.42 (m, 3H), 7.27
(m, 1H), 7.15 (t, J = 5.7 Hz, 2H), 7.04 (d, J = 9 Hz, 1H), 4.42 (s, 2H), 2.33 (s, 3H); *CNMR
(75 MHz, CDCl3) 6 140.4, 130.5, 130.1, 129.6, 129.2, 128.7, 128.2, 126.7, 124.6, 36.5, 21.3;
HRMS (EIl) m/z calculated for C13H13NO (M+): 199.0997. found: 199.0996.

4-Acetyl-2-(3-methylbenzyl)pyridine N-oxide (4f)

-Z
o=t

The general procedure was followed using 4-acetylpyridine N-oxide (1 mmol, 137 mg), K,S,0s
(202 mg, 0.75 mmol), Pd(OAc); (6 mg, 3 mol %) and m-Xylene (2.4 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4f (151 mg,
63% yield) as a pale brown oil; *HNMR (500 MHz, , CDCls) & 8.26 (d, J = 6.5 Hz, 1H), 7.62
(dd,J=7.0Hz & J =25Hz, 1H), 7.50 (d, J = 2.5 Hz, 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.09-7.05
(m, 3H), 4.18 (s, 2H), 2.46 (s, 3H), 2.32 (s, 3H); *CNMR (125 MHz, CDCls) § 194.1, 152.3,
139.6, 138.6, 135.5, 131.9, 130.2, 128.8, 128.1, 126.4, 124.7, 122.3, 36.4, 26.2, 21.4; HRMS
(El) m/z calculated for C15sH15sNO, (M+): 241.1103. found: 241.1090.
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4-Acetyl-2-benzylpyridine N-oxide (49)

0-Z
TR/

The general procedure was followed using 4-acetylpyridine N-oxide (1 mmol, 137 mg), K,S,0s
(202 mg, 0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and toluene (2.1 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4g (152 mg,
67% yield) as a brown oil; *HNMR (300 MHz, , CDCl3) & 8.29 (d, J = 6.6 Hz, 1H), 7.63 (d, J =
6.5 Hz, 1H), 7.50 (s, 1H), 7.37-7.24 (m, 5H), 4.23 (s, 2H), 2.46 (s, 3H); *CNMR (75 MHz,
CDCl3) 6 192.8, 129.5, 129.1, 127.5, 125.1, 122.6, 36.7, 26.4; HRMS (El) m/z calculated for
C14H13NO; (M+): 227.0946. found: 227.0945.

4-Acetyl-2-(2-methylbenzyl)pyridine N-oxide (4h) o

0-Z
TR/

The general procedure was followed using 4-acetylpyridine N-oxide (1 mmol, 137 mg), K,S,0s
(202 mg, 0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and o-Xylene (2.4 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4h (144 mg,
60% yield) as a yellow oil; "HNMR (400 MHz, , CDCl3) & 8.29 (d, J = 5.6 Hz, 1H), 7.90 (m,
1H), 7.64 (m, 1H), 7.51 (s, 1H), 7.15 (m, 2H), 7.07 (t, J = 10.2 Hz, 1H), 4.19 (s, 2H), 2.46 (s,
3H), 2.33 (s, 3H); ®*CNMR (100 MHz, CDCl3) § 194.7, 139.8, 134.2, 130.2, 130.1, 129.4, 129.1,
128.9, 128.2, 126.5, 124.9, 122.4, 36.4, 26.2, 21.3; HRMS (EI) m/z calculated for C15H15NO;
(M+): 241.1103. found: 241.1104.

5-Acetyl-2-(2-methylbenzyl)pyridine N-oxide (4i)

-Z
RN

The general procedure was followed using 3-acetylpyridine N-oxide (1 mmol, 137 mg), K5S,0s
(202 mg, 0.75 mmol), Pd(OACc), (6 mg, 3 mol %) and o-Xylene (2.4 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4i (187 mg,
78% vyield) as a yellow oil; *HNMR (600 MHz, , CDCls) & 9.44 (s, 1H), 8.17 (d, J = 7.5 Hz,
1H), 7.34 (d, J = 7.9 Hz, 1H), 7.28 (m, 1H), 7.18 (d, J = 7.7 Hz, 1H), 7.14 (t, J = 6.6 Hz, 1H),
7.05 (t, J = 7.9 Hz, 1H), 4.44 (s, 2H), 2.65 (s, 3H), 2.34 (d, J = 5.2 Hz, 3H) ; *CNMR (150
MHz, CDCl3) 6 184.1, 155.8, 140.4, 131.8, 125.4, 116.7, 113.0, 111.7, 102.7, 55.3, 46.3, 28.9,
28.1, 21.6, 13.7; HRMS (EI) m/z calculated for C15H15sNO, (M+): 241.1103. found: 241.1101.
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2-(4-Fluorobenzyl)-6-methylpyridine N-oxide (4j)

OZ§< /;

The general procedure was followed using 2-methylpyridine N-oxide (1 mmol, 109 mg), K5S,0s
(202 mg, 0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and p-Fluorotoluene (2.2 mL, 20 mmol).
Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product
4j (115 mg, 53% yield) as a pale brown oil; 'HNMR (500 MHz, , CDCls) § 7.26 (m, 2H) 7.19
(d, J=6.8Hz, 1H) 7.14 (t, J = 7.6 Hz, 1H), 7.02 (td, J = 8.6 Hz & J = 2.0 Hz, 2H), 6.87 (d, J =
7.7 Hz, 1H) 4.28 (s, 2H), 2.61 (s, 3H); ®*CNMR (125 MHz, CDCl3) 6 160.9 (d, J = 245.1 Hz),
151.9, 141.0, 132.8, 131.6 (d, J = 7.8 Hz), 124.6, 123.7, 116 (d, J = 21.1 Hz), 36.7, 18.7;
MS(EI) m/z (relative intensity) 217 (M*, 16), 200 (50), 182 (45), 155 (70), 105 (62), 77 (100).
Anal. Calcd. for C13H1,FNO: C, 71.86; H, 5.57; N, 6.45. Found: C, 71.93; H, 5.59; N, 6.44.

2-(4-Bromobenzyl)-6-methylpyridine N-oxide (4k)
Br

OZ%{ /;

The general procedure was followed using 2-methylpyridine N-oxide (1 mmol, 109 mg), K,S,0s
(202 mg, 0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and p-Bromotoluene (2.4 mL, 20 mmol).
Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product
4k (130 mg, 47% yield) as a brown oil; 'HNMR (500 MHz, , CDCls) & 7.45 (d, J = 8.3 Hz, 2H),
7.19 (m, 3H), 7.09 (t, J = 7.7 Hz, 1H) 6.88 (d, J = 7.6 Hz, 1H), 4.23 (s, 2H), 2.56 (s, 3H);
BCNMR (125 MHz, CDCls) 6 155.0, 149.8, 141.2, 133.9, 132.8, 131.2, 130.0, 116.1, 37.6, 18.9;
MS(EI) m/z (relative intensity) 277 (M, 8), 200 (12), 181 (37), 97 (62), 69 (100), 55 (95). Anal.
Calcd. for C13H12BrNO: C, 56.32; H, 4.37; N, 5.06. Found: C, 56.28; H, 4.35; N, 5.08.

2-Benzyl-6-methylpyridine N-oxide (41)

-Z
o=

The general procedure was followed using 2-methylpyridine N-oxide (1 mmol, 109 mg), K,S,0s
(202 mg, 0.75 mmol), Pd(OAc), (6 mg, 3 mol %) and toluene (2.1 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4l (123 mg,
62% yield) as a yellow oil; ‘"HNMR (500 MHz, , CDCls) 6 7.34 (t, J = 7.5 Hz, 2H), 7.26 (m,
3H), 7.15 (d, J = 6.6 Hz, 1H), 7.07 (t, J = 7.7 Hz, 1H) 6.82 (d, J = 7.3 Hz, 1H), 4.29 (s, 2H),
2.57 (s, 3H); ®*CNMR (125 MHz, CDCls) & 152.3, 149.4, 137.2, 130.2, 129.2, 127.3, 124.5,
123.8, 37.4, 18.8; MS(EI) m/z (relative intensity) 199 (M™, 8), 182 (16), 111 (33), 97 (41), 69
(62), 43 (100). Anal. Calcd. for C13H13NO: C, 78.35; H, 6.58; N, 7.03. Found: C, 78.44; H, 6.57,
N, 7.05.

S9



2-Ethyl-9H-indeno[2,1-b]pyridine N-oxide (4m)

Et

OZ%{ /i

The general procedure was followed using 2-ethylpyridine N-oxide (1 mmol, 123 mg), K5S,0s
(202 mg, 0.75 mmol), Pd(OACc), (6 mg, 3 mol %) and toluene (2.1 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4m (139 mg,
66% yield) as a brown oil; ‘"HNMR (400 MHz, , CDCls) & 7.34 (d, J = 7.2 Hz, 2H) 7.27 (m,
3H), 6.89 (d, J = 7.6 Hz, 1H), 4.38 (s, 2H), 3.09 (q, J = 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H);
BCNMR (100 MHz, CDCl3) § 129.9, 129.1, 127.5, 124.3, 123.1, 37.3, 24.7, 11.1; HRMS (EI)
m/z calculated for C14H13NO (M+): 211.9831. found: 211..9864.

2-Ethyl-6-methyl-9H-indeno[2,1-b]pyridine N-oxide (4n)

/

\

Et

1O-2Z2+

The general procedure was followed using 2-ethylpyridine N-oxide (1 mmol, 123 mg), K;S,0s
(202 mg, 0.75 mmol), Pd(OACc), (6 mg, 3 mol %) and p-Xylene (2.4 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 4n (164 mg,
73% yield) as a pale brown oil; *HNMR (500 MHz, , CDCl3) & 7.14 (m, 2H) 7.09 (dd, J = 7.5
Hz & J = 1.5 Hz, 1H) 7.05 (m, 1H), 6.78 (dd, J = 7.5 Hz & J = 1.0 Hz, 1H) 4.21 (s, 2H), 2.98
(q, J = 7.5 Hz, 2H), 2.32 (s, 3H), 1.30 (t, J = 7.5 Hz, 3H); *CNMR (125 MHz, CDCl3) & 153.5,
152.1, 136.4, 133.6, 129.6, 129.4, 124.6, 122.9, 121.6, 36.6, 24.0, 21.1, 10.7; HRMS (EI) m/z
calculated for C15sH1sNO (M+): 225.1154. found: 225.1150.

2-Ethyl-7-methyl-9H-indeno[2,1-b]pyridine N-oxide (40)

Et

OZ§< /i

The general procedure was followed using 2-ethylpyridine N-oxide (1 mmol, 123 mg), K;S,0s
(202 mg, 0.75 mmol), Pd(OACc), (6 mg, 3 mol %) and m-Xylene (2.4 mL, 20 mmol). Purification
by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final product 40 (146 mg,
65% yield) as a dark yellow oil; *"HNMR (600 MHz, , CDCls) & 7.22 (m, 1H) 7.13 (s, 1H) 7.06
(m, 2H), 6.81 (m, 1H) 4.25 (s, 2H), 3.01 (q, J = 7.2 Hz, 2H), 2.32 (s, 3H), 1.31 (t, J = 7.5 Hz,
3H); ®*CNMR (150 MHz, CDCls) & 138.8, 138.2, 134.8, 134.1, 130.6, 128.9, 128.3, 128.2,
126.8, 124.3, 123.1, 37.1, 24.6, 21.2, 11.0; HRMS (EI) m/z calculated for C;sHisNO (M+):
225.1152. found: 225.1154.
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2-(m-Tolyl)pyridine N-oxide (5a)

/
&

\

I
Q
Q-2+

The general procedure was followed using pyridine N-oxide (1 mmol, 95 mg), TBHP (180 mg, 2
mmol), Pd(OAc), (6 mg, 3 mol %), Cu(OAc),.H,0 (99 mg, 0.5 mmol) and toluene (2.1 mL, 20
mmol). Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the final
product 5a (151 mg, 82% vyield) as a brown oil; *"HNMR (500 MHz, , DMSO-dg) & 8.28 (m, 1H,
H,), 7.69 (d, J = 8.1 Hz, 1H), 7.58 (s, 1H, Hy), 7.54 (t, J = 7.4 Hz, 1H), 7.34 (m, 2H), 7.23 (m,
2H), 2.32 (s, 3H); *CNMR (75 MHz, CDCls) & 140.4, 138.1, 134.2, 130.8, 129.7, 129.2, 129.1,
128.3, 128.23, 126.5, 124.4, 21.47; HRMS (EI) m/z calculated for C12,H11N;O; (M+): 185.0841,
found: 185.0827.

2-(3,5-Dimethylphenyl)pyridine N-oxide (5b)?

The general procedure was followed using pyridine N-oxide (1 mmol, 95 mg), TBHP (180 mg, 2
mmol), Pd(OACc); (6 mg, 3 mol %), Cu(OACc),.H,0 (99 mg, 0.5 mmol) and m-Xylene (2.4 mL,
20 mmol). Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4) gave the
final product 5b (161 mg, 81% yield) as a pale yellow oil; *HNMR (500 MHz, , CDCls) & 8.32
(d, J = 6.4 Hz, 1H, Hy), 7.39 (s, 2H, Hyp), 7.73 (t, J = 7.3 Hz, 1H), 7.21 (m, 1H), 7.12 (m, 1H),
7.08 (s, 1H, Ho), 2.36 (s, 6H); *CNMR (125 MHz, CDCls) § 150.2, 140.9, 137.9, 132.9, 131.7,
127.8, 127.3, 126.3, 124.7, 21.7 ; HRMS (EI) m/z calculated for C;3H13N;O0; (M+): 199.0997,
found: 199.1012.

4-Methyl-2-(m-tolyl)pyridine N-oxide (5¢)

The general procedure was followed using 4-methylpyridine N-oxide (1 mmol, 109 mg), TBHP
(180 mg, 2 mmol), Pd(OAc), (6 mg, 3 mol %), Cu(OAc),.H,0 (99 mg, 0.5 mmol) and toluene
(2.1 mL, 20 mmol). Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4)
gave the final product 5¢ (173 mg, 87% yield) as a pale brown oil; *HNMR (500 MHz, , CDCls)
08.20(dd,J=6.6 Hz & J = 2.7 Hz, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.61 (s, 1H, Hy), 7.35 (t, J =
7.6 Hz, 1H), 7.26 (m, 1H), 7.20 (s, 1H, Hg), 7.01 (t, J = 7.2 Hz, 1H), 2.39 (s, 3H), 2.36 (s, 3H);
BCNMR (100 MHz, CDCls) 5 140.2, 131.2, 130.1, 129.6, 129.2, 128.6, 128.5, 128.4, 126.7,
125.6, 125.4, 21.5, 21.4; HRMS (El) m/z calculated for Ci3H13N;:0; (M+): 199.0997, found:
199.1000.
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4-Ethyl-2-(m-tolyl)pyridine N-oxide (5d)

o-z m
RN/

The general procedure was followed using 4-ethylpyridine N-oxide (1 mmol, 123 mg), TBHP
(180 mg, 2 mmol), Pd(OACc); (6 mg, 3 mol %), Cu(OACc)2.H,0 (99 mg, 0.5 mmol) and toluene
(2.1 mL, 20 mmol). Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4)
gave the final product 5d (181 mg, 85% yield) as a yellow oil; *HNMR (500 MHz, , CDCls) &
8.23 (dd, J =6.5 & J =2.5Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.61 (s, 1H, Hy), 7.36 (t, J = 7.5
Hz, 1H), 7.26 (m, 1H), 7.22 (t, J = 2.5 Hz, 1H), 7.02 (td, J = 6.5 Hz & J = 2.5 Hz, 1H), 2.64 (q,
J = 7.5 Hz, 2H), 2.40 (s, 3H), 1.26 (td, J = 7.0 Hz & J = 1.5 Hz, 3H); *CNMR (125 MHz,
CDCl3) 6 143.0, 139.9, 130.2, 129.8, 129.1, 128.9, 128.2, 126.7, 126.3, 123.9, 123.7, 27.46,
21.46, 14.27; HRMS (El) m/z calculated for C14H15sN;0; (M+): 213.1154, found: 213.1168.

5-Methyl-2-(m-tolyl)pyridine N-oxide (5e)
X H,

—

1QO-Z+

The general procedure was followed using 3-methylpyridine N-oxide (1 mmol, 109 mg), TBHP
(180 mg, 2 mmol), Pd(OACc); (6 mg, 3 mol %), Cu(OAc)2.H20 (99 mg, 0.5 mmol) and toluene
(2.1 mL, 20 mmol). Purification by column chromatography (silica gel, n-hexan/ EtOAc 1:4)
gave the final product 5e (137 mg, 69% vyield) brown oil; 'HNMR (500 MHz, , CDCl3) &
8.18 (s, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.61 (s, 1H, Hy), 7.34 (t, J = 7.6 Hz, 1H), 7.29 (dd, J = 8.0
& J =29 Hz, 1H),7.09 (d, J = 7.2 Hz, 1H), 2.40 (s, 3H), 2.32 (s, 3H); *CNMR (100 MHz,
CDCl3) 6 148.9, 140.6, 137.2, 132.3, 130.4, 130.1, 129.6, 128.5, 128.4, 128.2, 127.1, 21.4, 18.3;
HRMS (EI) m/z calculated for C13H13N;01 (M+): 199.0997, found: 199.1014.

5-Methyl-2-(3-methyl-5-nitrophenyl)pyridine N-oxide (5f)

NO,

-2
o=y

The general procedure was followed using 3-methylpyridine N-oxide (1 mmol, 109 mg), TBHP
(180 mg, 2 mmol), Pd(OAc), (6 mg, 3 mol %), Cu(OAc),.H,0O (99 mg, 0.5 mmol) and m-
Nitrotoluene (2.3 mL, 20 mmol). Purification by column chromatography (silica gel, n-hexan/
EtOAc 1:4) gave the final product 5f (151 mg, 62% yield) as a yellow oil; *HNMR (600 MHz, ,
CDCl3) 6 8.37 (s, 1H), 8.19 (s, 1H), 8.08 (s, 1H, Hy), 8.05 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.16
(d, J = 8.4 Hz, 1H), 2.50 (s, 1H), 2.35 (s, 1H); *CNMR (150 MHz, CDCl3) & 148.2, 144.3,
140.3, 136.3, 133.8, 130.8, 127.3, 126.5, 124.6, 121.6, 21.4, 18.1; HRMS (EI) m/z calculated for
Ci13H12N203 (M+): 244.0848, found: 244.0828.
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2-(3,4-Dimethylphenyl)-5-(ethoxycarbonyl)pyridine N-oxide (5g)

The general procedure was followed using 3-(ethoxycarbonyl)pyridine N-oxide (1 mmol, 167
mg), TBHP (180 mg, 2 mmol), Pd(OAc), (6 mg, 3 mol %), Cu(OAc)2.H,0 (99 mg, 0.5 mmol)
and o-Xylene (2.4 mL, 20 mmol). Purification by column chromatography (silica gel, n-hexan/
EtOAc 1:4) gave the final product 5g (165 mg, 61% yield) as a dark brwon oil; *HNMR (500
MHz, , CDCl3) & 8.91 (s, 1H), 7.85 (dd, J = 8.2 & J = 1.9 Hz, 1H), 7.65 (s, 1H, Hy), 7.55 (dd, J
=6.7 & J = 1.1 Hz, 1H), 7.47 (d, J = 8.2 Hz, 1H), 7.24 (d, J = 7.2 Hz, 1H), 443 (q,J = 7.1
Hz, 2H), 2.31 (s, 3H), 2.32 (s, 3H), 1.40 (t, J = 7.1 Hz, 3H); *CNMR (150 MHz, CDCls) &
163.8, 141.2, 139.2, 134.3, 130.5, 128.3, 127.2, 119.6, 111.7, 61.2, 29.6, 21.2, 14.2; HRMS (EI)
m/z calculated for C16H1sN;03 (M-2H)?": 269.1052, found: 269.1057.

2-Benzylpyridine (6) ** | N

\

Colorless oil; *HNMR (400 MHz, , CDCls) & 8.54 (s, 2H), 7.56 (td, J = 7.6 Hz & J=1.6 Hz,
1H), 7.31-7.19 (m, 5H), 7.11-7.08 (m, 2H), 4.16 (s, 2H); *CNMR (100 MHz, CDCl3) & 160.8,
149.1, 139.3, 136.6, 129.0, 128.5, 126.3, 123.1, 121.2, 44.5; HRMS (EI) m/z calculated for
C12H11N (M+): 169.0891. found: 169.0886.
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= T OO @O T N B . - Current Data Parameters
= M M N NN NN W0 o O Ot NAME mar-18-13
— A o A e e A e oo M NN BXPNO 2
‘\‘N/%/‘ \V | ‘ r BROCNO 1
F2 - Acguisition Parameters
Date 20140318
Time 16,32
INSTRUM spect
PROBHD 5 mm SEI 1H/D-
PULPROG zZgpg
TD 65536
SOLVENT copcll
NS 21134
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1.3631488 sec
RG 202.75
DW 20.800 usec
DE 6.50 usec
TE 300.7 K
Dl 1.50000000 sec
Dl1 ©.02000000 sec
DO 22
CHANNEL f1 =
100.6746353 MHz
13C
11.00 usec
150.000G0000 W
CHABNMNEL f2 =
SFO2 400.3316013 MHz
nuc2 1H
CPDPRG[2 waltzlE
PCcPD2 90.0C usec
PLWZ 20.00000000 W
PLWl2 0.11417000 W
PLWL3 0.05248000 W
F2 - Processing parameters
51
SF 100.6630600 MHz
WpW M
S5B o]
iB 1.00 Hz
T T T 1 T I T ¥ T T T T GB Q
220 200 180 160 140 120 100 80 60 40 20 ppm °° L.19
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SOV -RWRNOLT—HI RV VDO
SRR ERRSRERNER38888852888 § BES
TECrrmrNOANNNN NN N~ ™~ :! 4 E% E% 23 2; pod e
DB O WO N NN NI NN NNNNNN NS o o e
'\&SMW | \ \/ NAME aug06-14
EXPNO 2
PROCNO 1
Date_ 20140806
(@) Time 16.01
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
AN PULPROG 2430
D 32768
SOLVENT CDCl3
+ - NS 32
N DS 0
| SWH 12019.230 Hz
FIDRES 0.366798 Hz
() AQ 1.3632404 sec
- RG 16
DW 41.600 usec
4. DE 6.50 usec
i TE 298.0 K
D1 1.50000000 sec
TDO 1
== CHANNEL f£1
NUC1 h:3
Pl 7.20 usec
PL1 3.30 dB
PLIW 9.16420078 W
SFO1 600.2354021 MHz
51 16384
SF 600.2300246 MHz
WDW EM
SSB 0
Le 0.30 Hg
GB 0
PC 1.00
) JL«JL&&___*_
(= 0 o [ [D) =] - o
=2 ~|  [®g@iin < E- 1L
- s Q= Ol o~ ci o«
AR T T | e T e AR T
10 9 8 7
6 5 4 3 2 1 ppm
D~ Do
8  51288808RBIBRLReN oo 88 &
— COGEMN=-C0 0O GEMNNINO oL g P o © )
o TEOOMOOOOOHNNNNNNNN P~ 0 ¢ o
@ IIQIPT 2NN EE KRR o N
NAME aug06-14
Ny R ] 3
PROCNO 1
Date_ 20140806
Time 16.41
INSTROM spect
PROBED 5 mm CPTCI 1H-
PULPROG 2gpg
™ 32768
SOLVENT cocl3
NS 12288
ns 2
SWH 35971.223 Hz
FIDRES 1.097755 Hz
AQ 0.2555391 sec
RG 32748
oW 13.500 usec
DE 6.50 usec
TE 298.0 K
1 1.50000000 sec
D1l 0.03000000 sec
D0 12
CHANNEL £1 ========
13¢
15.40 usec
.00 dB
83.60149384 W
150.9453107 MHz
= EL £2 =
cpnpnsz waltzld
1H
Feroe 65.00 usec
PL2 3.30 dB
PL1Z 22,06 dB
FL13 27.00 G
PLZW $.16420078 W
1 PL1ZW 0.12192553 W
PLL3% 0.03908260 W
SFOZ 600.2336014 MHz
1 sI 384
I SF 150.5279578 MHz
WDW EM
S3B o
LB 1.00 Hz
I GB 0
‘ PC 1.00
FPRTPR Py S o |
oA P
T T T T T T T F T T
200 180 160 140 120 100 80 80 40 20 ppm
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Current Data Parameters
NAME Saeednia
EXPNO 4
PROCND 1

F2 - Acguisition Paramaters
Date_ 20141018
Time 11.06
INSTRUM spect
PROBHD 5 mm ONP 1H/13
PULPACG 2930

T0 32768
SOLVENT cbcia

NS i6

0s 0
SKH 10000.000 Hz
FIDRES 0.305176 Hz
AG 1.6385000 sec
RE& 6451

oW 50.000 usec
DE 6.50 usec
TE 298.0 K
Dt 5.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec

== == CHANNEL f{ =

NUC1 1H

P1 10.50 usec
PL1 -3.00 d8
SFO1 5001330885 MHz

F2 - Processing parameters

s8I 32768
SF 500. 1300231 MHz
WOW EM
558 [¢}
LB 0.30 Hz
6B 4
PC 1.00

10 NMA plot parameters

cx 20.00 cm
cY 12 66 cm
FiP 12.411 ppm
Fi 5206.95 Hz
Fa2pP 0,157 ppm
Fa 78.63 Hz
PPRMCM 0.B1267 ppm/cm
HZCM 306.41592 Hz/cm

Current Data Parameters

NAME Soeednia
EXPNO 20
PROCND 1

F2 - acouisition Parameters
Date_ 20141025

Time 16.01
INSTALM spect
PAOBHI 5 mm ONP 1H/13
PULPAOS 7gpgt

™ 22768
SOLVENF oocl3

NS 430

0s 4

SHH 30030.029 Hz
FIDAES 0.916444 Hz
Ad 0.5456539 sec
AG 36481

D 16:650 usec
DE 6.50 usec
TE 298.0 K

] 2.00000000 sec
11 0.03000000 sec
OELTA 1.69899898 seC
MCREST 0.00000000 sec
MCHAK 0.01500000 sec
=mmmmecs CHANNEL f1 =

NUEL 13C

Pl 16.00 usec
ALY -3.00 48
SFOL 125.7703643 MHz

=m==mm== CHANNEL f2 mer=wsmt

CPOPRBZ waltz1G
HJC2 H
PCRD2 70,00 usec
P2 0.00 cB
8 -4 16.50 oA
P13 15.50 ¢a
SFO2 5001320005 MHz
F2 - Processing parameters
51 32768

SF 125.7577380 MHz
WOW £
8858 a

LB 1.00 Hz
GB Q

FC 1.40

10 HMA plot paraneters
=3

20.00
cy 29.70
FIP 186.507
F1 23454.72
Fop 477
F2 600.01
PPMCH 9.08680
HEEM 1142, 73560

pam/cm
Hz/ea



Current Data Parameters

NAME Saeednia
SYIRLRSHEIBNYER 5 ] EXPNO 5
= OMOO~NUDNOT™TOMO @ ™ PROCND 1
a O WU IO~ EN— O @© O m w
a TITTNTTTN Ao - O S OO al ul
Lindl il il il e ~ T F2 - Acquisition Parameters
p = i Date_ 20141018
Time 11.14
INSTRUM spect
A Br PROBHD 5 mn GNP 1H/13
PULPROG 2930
| n 32768
+ - SOLVENT tocl3
N NS i6
| DS °
SWH 10000.000 Hz
(@] FIORES 0.305176 hz
~ AQ 1.6385000 sec
4k AG 574.7
s} 50.000 usec
DE 6.50 usec
TE 298.0 K
b3 5.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= CHANNEL f1
1H
10.50 usec
-3.00 0B
SFO1 500. 1330885 MHz
F2 - Processing parameters
51 32768
SF 500.1300231 MHz
WOW EM
S5B 0
Le 0.30 Hz
8 o
k PC 1.00
A )
10 NMR plot parameters
) Cx 20.00 ¢m
| I\ \ A oY 18.38 cn
\ F1P 12.057 ppm
3 Eé E E g,‘ 2 é ;1', 6029.96 Hz
g vlo|n|e] =] @ 2F 0.334 pom
E e |=|—] | P F2 167.13 Hz
PPMCM 0.58613 ppmfcm
HZCM 293. 14160 Hz/cm
T T T T T T T T T T T T T T T T T T T R AN REAREEESEsEsss sy n R T
ppm 10 B
current Data Parameters
NAME Fani
~ o ~o S - [ =Y ™ < EXPNO -
g8 d5383 ¢ 8% = 3 | FRICHD 1
a 0 g ITEES8 L] KRR & a F2 - Acquisition Parameters
o R AR = ) Date_ 20141101
i | | Time 16.46
| \ | | INSTAUM spect
l | l PAOBHD 5 mm GNP 1H/13
PULPRIG 29pg30
ol 32768
SOLVENT ene13
L] 454
05 4
St 30030.029 Hz
7 IDRES 0.916444 Hz
A0 0.5456539 sec
A6 5502
Dw 16,650 usec
0E 6.50 user
TE 298.0 K
0t 2.00000000 sec
a1t 0.03000000 sec
DELTA 1.80399938 sec
MEREST 0.00000000 sec
MEHRK 0.01500000 sec
HANNEL f{
130
16.00 usec
-3.00 dB
SFO1 125,7703643 Mz
=m=rmrm= CHANNEL 2 ==emm===
CPOPRGZ waltz16
] H
PLRD2 70,00 usec
PL2 0.00 0B
PLIZ 15.50 dB
PL13 15.50 48
sFa2 500. 1320005 WHz
F2 - Processing parameters
st 32768
SF 1257577390 MHz
WO
S8 0
LB 1.00 Hz
8 0
PC 1.40
' 10 NMR plot parameters
cx 20.00 cm
[ 18.71 em
F1e 202,092 pom
F1 25414 .64 Hz
Far 9.733 pen
s e e 0 A s e B Sy S S T T ;gncn éoz;sz”l/
m/cn
Rp® 180 160 140 120 100 80 60 40 2 HZCM 121581750 fﬁ:/cm
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Current Data Parameters

NAME Saeednia
EXPND
PROCND H

F? - Acouisition Parameters

Date_ 20141018
Time 10.45
INSTRUM spect
PROBHO 5 mm GNP 1H/13
PULPROG 2930

To 32766
SALVENT coc13

NS B

DS 0

ShH 10000.000 Hz
FIORES 0.305176 Hz
AQ 1.6385000 sec
A 362

oW 50.000 usec
s34 B.50 usec
TE 298.0 K

o1 5.0000000C sec
MCREST 0.00000000 sec
MCWAK 0.01500000 sec

= CHANNEL f{ =

H
P1 10,50 usec
PL1 -3.00 oB
SFD1 500. 1330883 MHz

F2 - Processing parameters

81
SF
WOW

32768
500.1300231 MHz
EM

1D MR plot parameters

X

20.00 cm
10.28 cm
1179
5697.22 Hz
0.533
266 .68 Hz
0.56281 ppm/cm
2B1.02855 Hz/cm

Current Data Parameters

NAME Saeednia
EXPND

PROCNO 1

F2 - Acguisition Parameters
Date_ 20141018
Time 10.43
INSTRUM spect
PROBHD & mm GNP 1H/13
PULPROG 2gpg30

L] 32768
SOLVENT COCl3

NS 320

Ds 4

SHH 30030.029 Hz
FIDRES 0.916444 Hz
AQ 0.5456539 sec
RG 6502

D 16.650 usec
i3 6.50 usec
TE 288.0 K
D1 2.00000000 sec
o1t 0.03000000 sec
DELTA 1.89999998 sec
MCREST ©0.00000000 see
MCHAK 0.01500000 sec

P1 16.00 usec
PLY -3.00 dB
SFO1 125.7703643 MHz

PCPO2 70.00 usec
pL2 0.00 a8
AL 15.50 oB
PLI3 15.50 db
SF02 500.1320005 MHz

F2 - Processing paraneters
s1

R766
SF 125.7577380 MHz
WOH Ex
558 0
L8 1.00 Hz
6B 0
PC i.40
1D NMA plot parameters
3 20.00 cn
oY 12.50 ca
FIp 212.130 pom
71 26676.97 Hz
Fep 2.130 ppm
F2 267,81 Hz
PPMCM 10.50001 ppm/cm
HZCM 32045764 Hz/cm
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NAME oct23-13
EXENO 1
PROCNO 1
Date_ 20131023
Time 9.14
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
AN SOLVENT CDC13
NS 32
| DS 0
+ - SWH 8012.820 Hz
FIDRES 0.244532 Hz
Et N AQ 2.0447731 sec
| RG 2048
O DH 62.400 usec
DE 6.50 usec
- TE 300.0 K
Dl 2.00000000 sec
4m DD 1
CHANNEL £1 =
1H
16.20 usec
¢.00 dB
400.1332010 MH=z
16384
400.1300172 MHz
M
o]
0.20 Hz
[
] 1.00
| h
‘k‘"‘“‘“—-"*m*—)ll
w___,,—»—'\.
| / | } I}
A {eal
311 e B
—lm l.—4" |~ tet
T T T T T T T RS T
10 9 8 7 g 5 4 3 ] 1 0 ppm
o Oy U~ GO
o H W A IS E=0"] w0 o~ [v=]
oo e e m oW ] o~ >
e~ ™ « i . . .
ﬁ f_‘\‘ : 2 (,: [‘r: :: Lrg ';, g : Current Data Parameters
NAME marid-14
\\/ // \l/ l | ‘ EXPNO 2
PROCNO 1
FZ - Acguisition Parameters
Date 20140314
Time 15.25
INSTRUM spect
FROBHD 5 mm FABBO BB/
PULPROG zgpg
D 32768
SOLVENT cDClld
NS 17408
s 4
SWIL 24038.461 Hz
FIDRES 0.733596 Hz
A 0.6816244 sec
RG 196.51
ow 20.800 usec
DE 6.50 usec
TE 301.1 K
Dl 1.50000000 sec
Dli 0.03000000 sec
TDO 1
== CHANNEL fl ==
13c
10.20 usec
70.00000000 W
SFOl 100.6454874 MHz
= = CHANFEL £2 ==
CPDPRGZ waltzlé
wucz 18
PCPD2 30.00 usec
PLWZ 17.00000000 W
PLW1Z 0.19746999 W
PLW13 0.15995000 W
SFOZ 400.2316009 MHz
1 1
i F2 - Processing parameters
I 31 32768
SF 100.6379152 MH=z
H Wow EM
" o 0
LB 1.00 Hz
GB 0
T T T T T T T T T " e 1.40
220 200 180 160 140 120 100 80 60 40 20 ppm
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4.218

3.001
2.986
2.971
2.956

1.322
1.307
1.292

NAME
EXFNG
PROCNO
Date
Time
INSTRUM
FROBHD
PULPROG
TD

—2.328
_~1.571

<
<

SOLVENT

A A

2.02 =

T T T T
85 80 75 1.0

ind

= e w ;oo
w0 oy o Ny
e U b i b |

T \
15 1.0

T
25 20

i B

0.5 ppm

(2
[=]

77.25
77.00

76.75
——36.84
—24.04
—21.09
—10.73

<

NAME
EXPNC
PRCCNO
Date_
Time
INSTRUM
PROBHD
PULFROG
D
SOLVENT

CPDPRG2
Nucz
PCPD2
PL2
PL12
PL13
SFO2
s8I
SF

| WD
55B
LB
GB
PC

T T \ T
220 200 180 160 140

\
100

T I I T f
80 60 40 20 ppm

S27

marld-14
1

1

20140314

15.58

spect

S mm BBI 1H/D-
zg30

32768

CDC13

128

0

10330.578
0.315264
1.5860696
456.1
48.400
6.50

300.0
2.00000000
1

CHANNEL f1

1H

-1.00
500.1335009
32768
500.1300232
EM

0
0.30
Q

1.00

marlé4-14

2

1

20140314

16.46

spect

5 mm BBI 1H/D-
zgpg

32768

CDC13
16384
4

2%498.525
0.900224
0.5554845
32768
16.950
6.50

300.0
2.00000000
0.03000000
16

CHANNEL £l =
13¢C

12.00

=-3.00
125,7723528

CHANNEL f2
waltzl6
1H

22.00
500.1325007
32768
125.7577908
EM

0

1.00

0

1.00

Hz
Hz
sec

usec
usec

sec

Hz
Hz
sec

usec
usec

sec
sec




7.3687
7.3563
7.3259
7.3131
7.2395
7.2332
7.2207
7.2083
7.1383
7.0844
7.0704
7.0577
1.3321
1.3196
1.3070
1.2313

NAME
EXPNO
PROCNC
Date_
Time
INSTRUM
| PROBHD

7.0449
6.8196
4.2579
3.0215
3.0005
-—2.3232

<

N

=

PULPROG

TD

SOLVENT
S

marlg-14
1

1

20140318

16.35

spect

5 mm CPTCI 1H-
2g30

32768

CDCl3

16

0
12019.230
0.366798
1.3632404
16

41.600
6.50

Hz
Hz
sec

usec
usec

sec

—

L

L

LMJ._/“\~JW. A

J

[

3

g 5

BEXIS

T I T

85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

138.85
138.21
134.82
134.16
130.66
130.60

J

Z—~128.96

§

128.31
128.25
127.22
126.88
124.35

123.02

1.5 10 ppm
- oW T OOT @
NQ N~ D
I~ I~ M=~ &+ ==
~ i~~~ OO NN -

180 160 140

120

100

80

60 40 20

ppm

S28

298.0
2.00000000
1

== CHANNEL f1l =
1H
7.20 usec
3.30 dB
9.16420078 W
600.2354021 MHz
16384
600.2300250 MHz
EM
0
0.30 Hz
4]
1.00
NAME marlg=-14
EXPNG 2
PROCHO 1
Date_ 20140318
Time 17.10
INSTRUM spect
PROBHD 5 mm CPTCT lH-
PULPROG Zgpg
TD 32768
SOLVENT cbcll
NS 12288
Ds 2
SWH 35871.223 Hz
FIDRES 1.087755 Hz
RO 0.4555391 sec
RG 3276
DW 13.900 usec
PE 6.50 usec
TE 258.0 K
248 1.50000000 sec
D1l 0.03000000 sec
TDO
CHANNEL f1
wUcL 13C
Bl 15.40 usec
PL1 - dB
EL1W 83.60145384 W
SFOl 150.9453107 MHz
CHANNEL £2
CPDPRG2 waltzlé
WuC2 18
PCPD2 65.00 usec
PLZ2 3.30 de
PL1Z 22.06 dB
PL13 27.00 4B
PLAW 5.16420078 W
PLL2W 0.12192553 W
PLLI3W 0.03909260 W
SFO2 600.2336014 MHz
s8I 16384
SF 150.9279579 MHz
wow EM
35B 0
LB 1.00 Hz
GB 0
PC 1.00



I
o

Current Data Parameters

L NAME Saeednia
SELERNEEEIIGIB8TE3E8 g 8& EXPNO k4
= DO S WW@O TN~ ~DMUGT oD T @D ~ o PROCNG 1
a Mo XV TOWNITIIOOMALN = fretay]
S AR ODOBEHOAOHANOAEM OO AN @ <o
[ e e T T T S o N N ™ uey F2 - Acquisition Parameters
[ [ ‘
L‘\\%\‘\%_‘W&%/ Thee™ -
] INSTRUM spect
PADBHD 5 mm GNP 1H/{3
PULPADG 7530
10 32788
SOLVENT coc13
NS 16
Ha 03 0
SkH 10000.000 Hz
G FIORES 0.305176 Hz
AQ 1.6385000 sec
\ H AE 256
b on 50.000 usec
OE 6.50 usec
+ TE 298.0 K
N D1 9.00000000 sec
MCREST 0.00000000 sec
(I) MCHRK 0.01500000 sec
et CHANNEL f1 =
NUC1 H
P1 10.50 usec
ha AL -3.00 08
H SFO1 509.1330885 MHz
ﬁ F2 - Processing parameters
<7 SI 32768
solvent SF 5001300231 MHz
WON EM
ﬁ ssg 1}
LB 0.30 Hz
i o2} 0
LJ | J PC 1.00
’
L - ——o— 1D NMR plot parameters
. cx 20.00 cm
JI | | C 18.38 cm
| Fip $1.548 ppm
7 3 BEsE =1 F1 5775.53 Hz
2 gi ‘g =5[] =3 Fap 0.533 ppm
E <l ic:r\l-—--—;\ -l ‘2. 266, 68 Hz
PPMCH 0.55074 ppm/cm
HZCM 27544250 Hz/cm
T T B o T e O B I e e o L S e
ppm 10 B 6 4 2
WOHOAmONOoO@MOE NMONTOoWN
GO ANCRAET NAROON DN ION . ~
Ve e e e e e s e ey e s oW <
CORITONAANRMOMEEM™ ™0 L *
TEOMOONNNNNNNNNNNNNN -0 —
L B B B T B B B B B B e B I B e B B o o &
NAME mar15-14
EXPNQ 2
PROCHO 1
Date_ 20140316
Time 12.33
INSTRUM spect
PROBED  § mm DUL 13C-1
PULPROG zgpg
TD .. 32768
SOLVENT CcpCl3
NS 14336
DS 2
E 18115.941 Hz
FIDRES 0.552855 Hz
AD ©.9044468 sec
RG 32768
DW 27.600 usec
DE 6.50 usec
TE 300.0 X
Dl 1.50000000 sec
D1l 0.03000000 sec
TDO 20
£1
NUC1 i3c
Pl 8.00 usec
PL1 ¢.0G d8
| SFO1 75.4764278 ¥Az
2
CPDPRGZ waltzlE
NuCc2 1B
PCPD2 10¢.00 usec
PL2 =-3.00 d8
- PL12 19.73 4B
PL13 23.00
SF02 300.1315007 MHz
sI 16384
SF 75.4677475 Mz
1 WDW B
SSB a
LB 1.00 &=
GB o
EC 1.00
T 4 I T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S29



Current Data Parameters

NAME Saeednia
EXPNO 29
PROCND 1

F2 - Acquisition Parameters

N O WM M 0o Mo =0Ty ~

=S M DOMOWn @ MO = S <0G @ e~ @
= S DV MO OAONSMNUO T ONS @
= Moo OO @ENDM— < Om@T NOD [Ta)
a [ae s R I co B so N oo BN O VAN G VIS VRN o VAN o VIR o VRN SV S0 o N Sl i o) m

L= I T S T o e N S S a

[ L \ i
L\\%\‘ ;;_)/)
Hp
ﬁ solvent
Hc
. J.JL

® /g\
e |
g @
E 0
I N B o R e T T T R RR BRI
ppm 12 10 4 2
B T I R a—— i
ppm 175 150 90

Date_ 20141206
Time 5.36
INSTRUM spect
PROBHD S mm QNP 1H/13
PULPRDG zg30

0 32768
SOLVENT coc13

NS B

03 ]

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 1.6385000 sec
RG 406.4

DW 50.000 usec
0E 6.50 usec
1E 298.0 K

[} 5.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

NUCY
P1
PL1
SF01

CHANNEL f1 ==
1H
10.50 usec
-3.00 dB
500 . 1330885 MHz

F2 - Processing parameters

SI

32768
5001300231 MHz
EM
0
0.30 Hz
4
1.00

NMR plot parameters

20.00 em
i8.38 cn
12.658 ppm
633044 Hz
0.204 pon
101.89 Hz

0 622568 ppon/cm

311.42242 Hz/cm

Current Data Parameters

NAME
EXPNO
PAOCND

Seeednia
33
1

F2 - Acguisitian Parameters

Uate_
Time
INSTRUM
PROBHD
PULPAOS
jl
SOLVENT

5 mm

20141214
16.35
spect

GNP 1H/13
2gpg30
32768
£oc13

174
4

30030029 Hz

0.916444 Hz

0.5456539 sec

8502
16.650 usec

6.50 usec
208.0 K

2.00000000 sec

0.03000000 sec

1.89999398 sec

0.00000000 sec

0.01500000 sec

CPOPRG2
nuc2
PrPo2
M2
pL12
PL3
SF02

. 16.00 usec
3.00 o8

1257703643 MHz

CHANNEL §2 ======x=

waltzi6
iH

70.00 usec
0.0¢ dB
15.50 o8
15 50 0B

500, 1320005 MHZ

F2 - Processing parameters

SF
WX
558
LB
GB
FC

10 NMA piat parameters
o}

o
F1p
F1
Fap
F2
PPMCH
H20M

125, 7577390 MHZ

o
1.00 Hz
0

1.40

20,00 cm
13.20 ¢n
211,337 ppn

2657731 W
6,356 ppm
799.32 He
10.24307 pon/en
126069941 Hz/em



ppm

7.54640
7.35468
7.33931
-7.00716
2.36591

_—2.39864

solvent

i

Hy |

ft
" Ml

(U

(S
" ——
=

Integral

S nU BTN B e B B

opm 10

v g L e S e S e

1.0490
1,.3415
2.9993
2.8434

LI e e e e

@
o)
~
o

140.201
131.242
130,096
129.724
129,593
129.254
129.040
128.644
128,515
128.428
126.712
125.581
125,452
77.301

76.982

76.667

21.462

21.416

Sl WV

NUC2
PCPD2
PL2
PL12
FL13
SFO2
sI
SF
WDW
SSB
LB
GB
BC

T T
220 200

T
180

T T T T
1690 140 120 100 80 60 40 20 ppm

S31

CPDPRG2

Current Data Parameters

NAME Saeednia
EXPND 38
PROCNO 1

F2 - Acquisition Parameters

Date_ 20141215
Time 14.30
INSTRUM spect
PROBHD 5 mm GNP 1H/13
PULPROG 2930

0 32768
SOLVENT coci3

NS B

Ds 0

SkH §0000 .00 Hz
FIDRES 0.305176 Hz
A 1.6385000 sec
RG 362

DK 50.000 usec
DE 6.50 usec
TE 288.0 K
D1 5.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec

3 10.50 usec
PLY -3.00 08
SFDY 500.1330883 MHz
F2 - Processing parameters
s 32788

SF 500.1300231 MHz
WOW EM

Ss8 0

LB ’ 0.30 Hz
G8 4

AC 1.00

iD N¥A plot parameters

Cx 20.00 cm
cy 12,16 cn
FiP 11.637 ppm
F1 9819.76 Hz
Fezp 0.6CC ppm
F2 249 87 Hz
PPMCM 0.55165 pon/c
HZCH 275.99557 Hz/cm

marl5-14

2

1

20140315

10.37

spect

5 mm DUL 13C-1

2gpg

32768

[sinled Kcl

20480

2

24154 .590 Hz
0.737140 Hz
0.6783476 Bec
32768
20.700

6.50

usec
usec

300.0 K
1.50000000
0.03000000

20

Bec
sec

CHANNEL f1

13C
8.10

7.00
100.6243395 MH=z

84
100.6127707
EM

o
1.50 Hz
[}

1.00



Current Data Parameters

NAME Saeednia
NESone23RENCRRTSAYE BEIRSRTERTEonAIR EXPND 3
= DM oOOUO— W00 ND 0o T M@ AN AUSNUNAUMDODOMO @B o PROCND 1
a T T MM ~O = IDM~WT MDA < < M o R = e = I o B = o B o B A L Te B To i Te |
mmmmvxrxnrxrxrxr—-r—-r\r\l\r\w-r\r\ m@mmmmmﬂﬂﬂﬁﬂﬂﬂﬂ-‘ F2 - Acguisition Parameters
LL.L / I Ll bl L Date_ 20141214
= Time 16.28
1 INSTRUM spect
Et solvent <o PROBHD 5 mm QNP 1H/13
H PULPROG 2330
0 32768
X d H Hd SOLVENT €oc13
b A NS 4
n L DS 0
— SHH 10000.000 Hz
N FIDRES 0.305176 Hz
| AQ 1.6385000 sec
0O RG 362
" M Ox 50.000 usec
- ‘ | b3 6.50 usec
| I q\ TE 298.0 K
5d I JL o //‘,_ 01 1.00000000 sec
— - R T MCREST 0.00000000 sec
MCKRIC 0.01500000 sec
10.50 usec
-3.00 0B
SFO1 500. 1330885 MHz
F2 - Processing parameters
sI 32768
SF 500.1300231 MHz
WOW
558 0
LB 0.30 Hz
68 0
PC 1.00
L J 10 NMA plot parameters
Cx 20.00 cm
CY 14.52 cm
FiP 13.052 ppn
‘Z‘ % E 5 Fi 6527.75 Hz
& oS =1 Fop 0.423 ppm
§ e o 72 211.37 Hz
= PPMCM 0.63147 ppm/cm
HZCM 315.81860 Hz/tm
L o B e R R N R R AR
ppm 12 10
COmenr T oo aTn g
RS eiep g 2w Cwa -
L T et “ar 4Ty
T ) £ R ot g 00 e A ol o o el B
U b b B g f g BN NRN A
S % I -
EXPNG 5
PROCHNO 1
Date_ 20140320
Time 13.34
INSTRIM spect
PROBHD 5 mm PABBIL 1H/
PULPROG Zgpg
TD 32768
SOLVENT cnCl3
NS 18432
DS 4
SWH 30303.031 Hz
FIDRES 0.924775 He
AQ 0.5407385 sec
RG 32768
bw 16.500 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
Dl 0.03000000 sec
TDO 18
= == CHANNEL f1 =
NUC1 13C
Pl 12.63 usec
FL1 -3.00 dB
SFO1 125.7975248 MHz
~ CEANMEL £2 =
waltz1§
1H
80.00 usec
4,79 dB
24.79 dB
26.00 dB
S00.2330014 MHz
32768
125.7829338 MHz
EN
Q
1.00 Hz
0
1.40
T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S32



pom

B.1B8715
7.70603
7.11563
7.11408
7.08952
7.09811

<
~
w©
3]
~

> solvent

—2.40340
2.32364

b
Es

- 0 @ Mo

= ™ S|o|@

5 =] @ =

z =] )= |y

£ - [

T L L I e e 1 T T T T T T T T T

pom 10 ] [ 4
VA TAYINNGD M E D
NAAN@IE @O SN0 © o m o
AVNOM PO VLGN N o oW
o o v
DO NOSO®Do® ™ -
HFHEOMM MO NNN NN ~ 0w
AT A A A A A A A A o

IS N4

21.533
21.410

<
™~18.370

T T T T T
220 200 180 160 140 120 100 80 60

S33

Current Data Paramegters

MAME
EXPND
PROCND

Saeednia
34
1

F2 - Acguisition Parameters

Date_
Time
INSTRUM
PAOBHD
PULPRDG
0
SOLVENT
NS

DS

SHH
FIDRES

MCREST
MCWRK

NJC1
Pt
PLY
SFO1

20141214
16.46
spect

5 mm QNP 1H/13
7930

2768
coc13

B

0

10000, 000
0.305178
1.6385000
362

50,000
6.50

298.0
1.00000000
00000000
001500000

CHANNEL £1

1H

10.50

-3.00
500.1330868

Hz

sec

usEC
uset
K
sec
sec
sec

usec
a8
MHz

F2 - Processirg parameters

SI 32768
SF 500.1300831 MHz
WOH EM
558 [
8] 0.30 rz
.68 o
FC 1.00
10 NM3 piot parameters
Cx 20.00 em
cy 11.24 em
Fip 11.703 ppm
Fi 5852 97 Hz
Fap 0.754 ppm
F2 377.30 Hy
PPHCM 0.£4742 ppm/cm
HZCM 273.78317 Hz/en
NAME mar21-14
EXPNO 12
PROCNO 1
Date 20140321
Time 11.49
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULFROG zgpy
D 32768
SOLVENT CDC13
NS 32768
DS 2
SWH 24154.590 Hz
FIDRES 0.737140 Hz
AQ 0.6783476 sec
RG 32768
DH 20.700 usec
DE 6.50 usec
TE 300.0 X
Dl 1.50000000 =sec
D11 ©.03000000 sec
TDO 32
CHANNEL f1 =
13¢
8.10 usec
7.00 dB

CPDPRG2
wNuC2

PCPD2
PL2
PL12
PL13
SFO2
ST
SF
WDW
558
LB
GB
BC

100.6243395 MHz

EL £2

waltz16

6384

100.6127707 MHz
EM

L
1.50 Hz

o
1.00



-Z
=5

8.371
8.089
8.054
7.353
7.339

~-8.199

NO,

—7.240
7.171
7.157

~
v
X

—2.509
——2.353

ot

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT
it

Ds
SWH

marle-1

2014031
14.4

spec

4
1
1
6
7

t

5 mm CPTCI 1H-
zg30

3276
CcDCl
1

9615.38
0.29343
1.7044038
52.00

6.
298,
1.5000000

8

3

6

o]

5 Hz
B Hz
0 sec
]

0 usec

50 usec
0K

0 sec
1

Pl 8.00 usec
PLL 3.31 dB
PL1W €.79873323 W
SFO1 £00.0345002 MHz
sI 768
SF 600.0300262 MHz
WDW EM
SSB [
LB 0.50 Hz
GB o
FC 1.40
= oo |=r | o
olo|o o (=} =] olm
ool — o]
T T I T T T
9 8 6 5 2 ppm
CTBAANNOO DM O
NEICIS MO W@E MW =N o~
~N o~ =g
@O0 MO0 ..
TLEFOON OO NN N ~ 0 —~ @
HA A A A A A A Ao ~~ ™~
NAME marl6-14
EXPNO 2
PROCNO 1
Date_ 20140316
Time 14.52
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG 2qpg
D 32768
SOLVENT cDCl3
NS 12288
DS 4
SWH 35971.223 Hz
FIDRES 1.097755 Hz
AQ 0.4555391 sec
RG 32768
oW 13.200 usec
DE 6.50 usec
TE 298.0 K
Dl 2.00000000 sec
D1l £.03000000 sec
DO
= CHANNEL £l
13cC
12.70 usec
-1.81 dB
81.92915344 W
150.8950149 MHz
CHANNEL £2
CPDPRG2 waltzle
noc2 1H
PCPD2 80.00 usec
PL2 3.31 dB
PL12 23.31 dB
PL13 22.50 dB
PL2W 6.79873323 W
PL12W 0.06798734 W
| PL13W 0.08192718 W
SFO2 600.0336002 MHz
SI 4
| SF 150.8776659 MHz
WDW EM
SSE [4}
LB 1.00 Hz
B [4)
PC 1.00
T T T T T T T T T ¥ T T
220 200 180 160 140 120 100 80 &0 40 20 ppm

S34



Current Data Parameters

NAME
=M YO O0O0Wo MO =000 o000 00T OUSMMYTODNST OO0 T O mS S SoEedn s
CUNO-ONAUMRONOORODONYOTIODAUNTNNDIAUDT O T D =~ DLW~ EXPND 38
S QO N - OODAUOCNDOUOTITIVIOOCD-WNDMUWONMIOO — WO W~ PAROCND 1
a COMNWVWDRIONMORDOICNIDIITIITOONAUCTDOIN—DMNAUN—OO T~
a OO DO DD DDDOOUOOTITMNAUNTTSITITTOHDIMNMMNOTT T T MOM
u:mr-ﬁr\r-r-r\r\hr-rxrxnrir\r\r\vvvvvvvmm:l\imm«--x—-ﬁw“—;—" F2 - Acguisition Parameters
X 7 "
Date_ 20141215
O Tine 14.44
INSTRUM spect
Etw PROBHD 5 mm GNP 1H/13
(6} X Hb PULPROG 2330
| T0 32768
+ - SOLVENT CDC13
N Hy = solvent NS 8
| DS 0
0o ﬁ SHH 10000.000 Hz
- FIDRES 0.305176 Hz
l | AQ 1.6385000 sec
59 |‘ AG 362
OW 50.000 usec
i DE 6.50 usec
i rﬂ i | TE 298.0 K
‘ I 1 01 5.00000000 sec
H\‘ | |H ‘ ‘:-‘ MCAEST 0.00000000 sec
i “ A "“ MCHAK 0.01500000 sec
PR NS N | e — .
CHANNEL f1 =
1H
10.50 usec
-3.00 0B
500. 1330885 MHz
F2 - Prpocessing parameters
SI 32768
SF 5001300231 MHz
WOW EM
558 0
LB 0.30 Hz
GB 0
L i JLL_J ~ "
JJL Q—— 1D NMR plot parameters
. Cx 20.00 cm
| | cy 18.38 cm
FiP 12.389 ppm
i’%‘! ‘g gr& 28 "%3 é‘ [ Fi 6195.69 Hz
- o
i e i I iy
—ojoie o [is} I
= ! - PPMCM 0.58834 ppm/cm
HZCM 294 24780 Hz/cm
TTTTTITTTT T T \I\\I\\I\IHIHI\F‘""'F!’\I_YI\\I'|\|\|\\l\.\ .\\l‘\l\\l\\l\llll\\.‘\IW"rﬁ‘l_V_r'Tl_‘F
ppm 10 8 6 4 2
«© OB OD ©
2 S3hbaRsR ]8R2 g 2 8§
] DT DD )™~ ! g 1 o -
© TOOONNT — NG o« o = i aug07-12
- e M~~~ © N N v o H
| NV NS |1 e
Time 12.42
INSTRUM spect
PROBHD 5 mm CPTCE 1H-
PULPROG zg9pg
TD 32768
SOLVENT cDel3
NS 6305
DS 2
SWH 35971.223 Hz
FIDRES 1.097755 Hz
aQ 0.4555391 sec
RG 32768
DW 13.900 usec
DE 6.50 usec
TE 298.0 K
D1 1.50000000 sec
D11 0.03000000 sec
D0
CHANNEL fI =
13¢
15.40 usec
1.00 dB
83.60149384 W
150.9453107 MHz
CHANNEL £2
CPDPRG2 waltzl6
NUC2 1B
PCPD2 65.00 usec
PL2 3.30 dB
BL12 22.06 dB
PL13 27.00 dB
I PL2W 9.16420078 W
PL12W 0.12192553 W
PL13W 0.03909260 W
SFO2 €00.2336014 MHz
SL 1638
SF 150.9273578 MHz
1 woW EM
S5B [
1 LB 1.00 Hz
GB 0
BC 1.00
T T I I T T T T T 1 I
180 160 140 120 100 80 60 40 20 ppm
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