
Supporting Information NMR Spectra 
A General Gold-Catalyzed Direct Oxidative Coupling of Non-activated Arenes 
 
Anirban Kar,a Naveenkumar Mangu,a Hanns Martin Kaiser,a,b Matthias Bellera,b and Man Kin Tsea,b* 
 
aLeibniz-Institut für Katalyse e.V. an der Universität Rostock, Albert-Einstein-Str. 29a, 18059 Rostock, Germany 
bUniversität Rostock, Center for Life Science Automation (CELISCA), Friedrich-Barnewitz-Str. 8, D-18119 Rostock-
Warnemünde, Germany 
E-mail: man-kin.tse@catalysis.de; fax: +49-381-1281-51193; tel.: +49-381-1281-193 

 
1H NMR spectrum of 2,2',5,5'-tetramethylbiphenyl (Table 1, entry 1) S2 
13C NMR spectrum of 2,2',5,5'-tetramethylbiphenyl (Table 1, entry 1) S3 
1H NMR spectrum of 2,2',4,4'-tetramethylbiphenyl (Table 1, entry 4) S4 
13C NMR spectrum of 2,2',4,4'-tetramethylbiphenyl (Table 1, entry 4) S5 
1H NMR spectrum of 5,5'-di-tert-butyl-2,2'-dimethylbiphenyl (Table 1, entry 5) S6 
13C NMR spectrum of 5,5'-di-tert-butyl-2,2'-dimethylbiphenyl (Table 1, entry 5) S7 
1H NMR spectrum of 5,5'-difluoro-2,2'-dimethoxybiphenyl (Table 1, entry 6) S8 
13C NMR spectrum of 5,5'-difluoro-2,2'-dimethoxybiphenyl (Table 1, entry 6) S9 
1H NMR spectrum of 3,3'-difluoro-2,4'-dimethoxybiphenyl (minor isomer) (Table 1, entry 7) S10 
13C NMR spectrum of 3,3'-difluoro-2,4'-dimethoxybiphenyl (minor isomer) (Table 1, entry 7) S11 
1H NMR spectrum of 3,3'-difluoro-4,4'-dimethoxybiphenyl (major isomer) (Table 1, entry 7) S12 
13C NMR spectrum of 3,3'-difluoro-4,4'-dimethoxybiphenyl (major isomer) (Table 1, entry 7) S13 
1H NMR spectrum of 5,5'-dichloro-2,2'-dimethoxybiphenyl (Table 1, entry 8) S14 
13C NMR spectrum of 5,5'-dichloro-2,2'-dimethoxybiphenyl (Table 1, entry 8) S15 
1H NMR spectrum of 5,5'-dibromo-2,2'-dimethoxybiphenyl (Table 1, entry 9) S16 
13C NMR spectrum of 5,5'-dibromo-2,2'-dimethoxybiphenyl (Table 1, entry 9) S17 
1H NMR spectrum of 3,3'-diiodo-4,4'-dimethoxybiphenyl (major isomer) (Table 1, entry 10) S18 
13C NMR spectrum of 3,3'-diiodo-4,4'-dimethoxybiphenyl (major isomer) (Table 1, entry 10) S19 
1H NMR spectrum of 3,3'-diiodo-2,4'-dimethoxybiphenyl (minor isomer) (Table 1, entry 10) S20 
13C NMR spectrum of 3,3'-diiodo-2,4'-dimethoxybiphenyl (minor isomer) (Table 1, entry 10) S21 
1H NMR spectrum of 2,2'-dimethoxy-5,5'-dinitrobiphenyl (Table 1, entry 11) S22 
13C NMR spectrum of 2,2'-dimethoxy-5,5'-dinitrobiphenyl (Table 1, entry 11) S23 
1H NMR spectrum of dimethyl 4,4'-dimethoxybiphenyl-3,3'-dicarboxylate (major isomer) (Table 1, entry 12) S24 
13C NMR spectrum of dimethyl 4,4'-dimethoxybiphenyl-3,3'-dicarboxylate (major isomer) (Table 1, entry 12) S25 
1H NMR spectrum of dimethyl 6,6'-dimethylbiphenyl-3,3'-dicarboxylate (Table 1, entry 13) S26 
13C NMR spectrum of dimethyl 6,6'-dimethylbiphenyl-3,3'-dicarboxylate (Table 1, entry 13) S27 
1H NMR spectrum of 5,5'-dimethyl-2,2'-bithiophene (Table 1, entry 14) S28 
13C NMR spectrum of 5,5'-dimethyl-2,2'-bithiophene (Table 1, entry 14) S29 
 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.2703
7.1717
7.1460
7.0936
7.0880
7.0677
7.0622
6.9393
6.9351

2.3491

2.0351

1.9871 2.0032
18890

6.1761

60000

K
a
r
,
 
A
K
3
0

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
6
 
3
5

0
7
0
6
0
8
.
3
3
5
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
6

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

141.5847

134.8163
132.5876
129.9376
129.5913
127.7020

77.4278
77.0045
76.5817

20.9291
19.3016

K
a
r
,
 
A
K
3
0

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
6
 
3
5

0
7
0
6
0
8
.
3
3
5
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
6

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.2703
7.1289
7.1012
7.0659
7.0402
7.0362
7.0163
6.9908

2.3863

2.0489
1.9719
1.9521

6.9965

6.6434

6.0000 08009 03952

K
A
R
,
 
A
K
 
-
8
3

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
4
0

0
7
0
7
1
8
.
3
4
0
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

138.6311
136.5143
135.7654
130.5186
129.4265
126.1850

77.4281
77.0048
76.5819

21.1126
19.7899

K
A
R
,
 
A
K
 
-
8
3

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
4
0

0
7
0
7
1
8
.
3
4
0
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.3281
7.3200
7.3016
7.2936
7.2706
7.2395
7.2120
7.2016
7.1924

2.0529

1.3404

1.9245 12204 24765

5.8602

18.0000

K
A
R
.
 
A
K
9
4

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
1
5

0
7
0
8
0
8
.
3
1
5
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

148.2970

141.5024

132.7754
129.4432
126.6445
123.8294

76.9947

34.4053
31.4450

19.3740

K
A
R
.
 
A
K
9
4

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
1
5

0
7
0
8
0
8
.
3
1
5
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



9
8

7
6

5
4

3
2

1
pp

m

6.00

1.97
3.87

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
0
7
0
7
2
0
.
3
2
6

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
7
2
1

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
.
4
0

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
 
s
p
e
c
t

P
R
O
B
H
D
 
 
 
5
 
m
m
 
P
A
B
B
O
 
B
B
-

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
 
 
 
 
z
g
3
0

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
C
D
C
l
3

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
 
6
1
7
2
.
8
3
9
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
0
.
1
8
8
3
8
0
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
2
.
6
5
4
2
5
8
0
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
2
.
5

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
1
.
0
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
6
.
2
 
K

D
1
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0
0
0
0
0
0
0
 
s
e
c

T
D
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
.
0
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
3
0
0
.
1
3
1
8
5
3
4
 
M
H
z

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
F
 
 
 
 
 
 
 
 
 
 
3
0
0
.
1
3
0
0
2
1
2
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
M

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
1
0
 
H
z

G
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0

T
s
e
,
 
M
K
T
 
1
3
8
7
.
B
3

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
2
6

7.
0

7.
1

7.
2

7.
3

pp
m

1.97

3.87

O

F
O

F

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



18
0

16
0

14
0

12
0

10
0

80
60

40
20

pp
m

56.29

76.57
77.00
77.42

112.03
112.14
114.66
114.96
117.96
118.27
127.71
127.73
127.82
127.84

153.01
153.04
155.07
158.23

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
0
7
0
7
2
0
.
3
2
6

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
7
2
1

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
.
2
9

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
 
s
p
e
c
t

P
R
O
B
H
D
 
 
 
5
 
m
m
 
P
A
B
B
O
 
B
B
-

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
 
 
z
g
p
g
3
0

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
C
D
C
l
3

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
2
1
0
9
7
.
0
4
7
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
0
.
6
4
3
8
3
1
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
0
.
7
7
6
6
5
1
6
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
3
.
7
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
6
.
6
 
K

D
1
 
 
 
 
 
 
 
 
 
 
 
2
.
0
0
0
0
0
0
0
0
 
s
e
c

d
1
1
 
 
 
 
 
 
 
 
 
 
0
.
0
3
0
0
0
0
0
0
 
s
e
c

D
E
L
T
A
 
 
 
 
 
 
 
 
1
.
8
9
9
9
9
9
9
8
 
s
e
c

T
D
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
3
C

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9
.
6
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
1
.
1
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
 
7
5
.
4
7
7
1
8
2
5
 
M
H
z

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
2
 
=
=
=
=
=
=
=
=

C
P
D
P
R
G
2
 
 
 
 
 
 
 
 
 
w
a
l
t
z
1
6

N
U
C
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
C
P
D
2
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
.
0
0
 
u
s
e
c

P
L
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
 
d
B

P
L
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
9
.
0
0
 
d
B

P
L
1
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
1
.
0
0
 
d
B

S
F
O
2
 
 
 
 
 
 
 
 
3
0
0
.
1
3
1
2
0
0
5
 
M
H
z

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
F
 
 
 
 
 
 
 
 
 
 
 
7
5
.
4
6
7
7
5
2
8
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
M

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0
 
H
z

G
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
0

T
s
e
,
 
M
K
T
 
1
3
8
7
.
B
3

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
2
6

O

F
O

F

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



9
8

7
6

5
4

3
2

1
pp

m

3.00
3.04

4.14
1.20
1.03

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
0
7
0
7
1
8
.
3
2
5

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
7
1
9

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
.
4
3

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
 
s
p
e
c
t

P
R
O
B
H
D
 
 
 
5
 
m
m
 
P
A
B
B
O
 
B
B
-

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
 
 
 
 
z
g
3
0

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
C
D
C
l
3

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
 
6
1
7
2
.
8
3
9
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
0
.
1
8
8
3
8
0
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
2
.
6
5
4
2
5
8
0
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
2
.
5

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
1
.
0
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
6
.
3
 
K

D
1
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0
0
0
0
0
0
0
 
s
e
c

T
D
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
.
0
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
3
0
0
.
1
3
1
8
5
3
4
 
M
H
z

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
F
 
 
 
 
 
 
 
 
 
 
3
0
0
.
1
3
0
0
2
1
2
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
M

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
1
0
 
H
z

G
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0

T
s
e
,
 
M
K
T
 
1
3
8
2
 
B
1

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
2
5

7.
0

7.
1

7.
2

7.
3

7.
4

7.
5

pp
m

4.14

1.20

1.03
O

F

O

F

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



18
0

16
0

14
0

12
0

10
0

80
60

40
20

pp
m

76.57
77.00
77.42
56.22
61.14
61.20

112.99
113.02
115.73
115.99
116.87
117.12
123.71
123.82
124.94
124.99
125.46
125.49
130.15
130.19
130.24
130.28
135.09
135.11
135.14
144.97
145.11
147.00
147.13
150.31
153.56
154.44
157.70

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
0
7
0
7
1
8
.
3
2
5

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
7
1
9

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
.
3
2

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
 
s
p
e
c
t

P
R
O
B
H
D
 
 
 
5
 
m
m
 
P
A
B
B
O
 
B
B
-

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
 
 
z
g
p
g
3
0

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
C
D
C
l
3

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
2
1
0
9
7
.
0
4
7
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
0
.
6
4
3
8
3
1
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
0
.
7
7
6
6
5
1
6
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
3
.
7
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
6
.
7
 
K

D
1
 
 
 
 
 
 
 
 
 
 
 
2
.
0
0
0
0
0
0
0
0
 
s
e
c

d
1
1
 
 
 
 
 
 
 
 
 
 
0
.
0
3
0
0
0
0
0
0
 
s
e
c

D
E
L
T
A
 
 
 
 
 
 
 
 
1
.
8
9
9
9
9
9
9
8
 
s
e
c

T
D
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
3
C

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9
.
6
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
1
.
1
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
 
7
5
.
4
7
7
1
8
2
5
 
M
H
z

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
2
 
=
=
=
=
=
=
=
=

C
P
D
P
R
G
2
 
 
 
 
 
 
 
 
 
w
a
l
t
z
1
6

N
U
C
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
C
P
D
2
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
.
0
0
 
u
s
e
c

P
L
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
 
d
B

P
L
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
9
.
0
0
 
d
B

P
L
1
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
1
.
0
0
 
d
B

S
F
O
2
 
 
 
 
 
 
 
 
3
0
0
.
1
3
1
2
0
0
5
 
M
H
z

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
F
 
 
 
 
 
 
 
 
 
 
 
7
5
.
4
6
7
7
5
3
4
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
M

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0
 
H
z

G
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
0

T
s
e
,
 
M
K
T
 
1
3
8
2
 
B
1

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
2
5

O
F

O

F

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



9
8

7
6

5
4

3
2

1
pp

m

6.00

2.10
4.29

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
0
7
0
7
1
8
.
3
2
7

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
7
1
9

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4
.
4
4

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
 
s
p
e
c
t

P
R
O
B
H
D
 
 
 
5
 
m
m
 
P
A
B
B
O
 
B
B
-

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
 
 
 
 
z
g
3
0

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
C
D
C
l
3

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
 
6
1
7
2
.
8
3
9
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
0
.
1
8
8
3
8
0
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
2
.
6
5
4
2
5
8
0
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
2
.
5

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
1
.
0
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
7
.
0
 
K

D
1
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0
0
0
0
0
0
0
 
s
e
c

T
D
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
.
0
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
3
0
0
.
1
3
1
8
5
3
4
 
M
H
z

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
F
 
 
 
 
 
 
 
 
 
 
3
0
0
.
1
3
0
0
3
8
5
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
M

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
1
0
 
H
z

G
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0

T
s
e
,
 
M
K
T
 
1
3
8
2
 
B
2

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
2
7

6.
9

7.
0

7.
1

7.
2

7.
3

pp
m

2.10

4.29

O

F

O

F

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



18
0

16
0

14
0

12
0

10
0

80
60

40
20

pp
m

56.33

113.65
114.24
114.49
122.15
122.19
132.89
132.91
132.97
133.00
146.87
147.01
150.91
154.18
113.68

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
0
7
0
7
1
8
.
3
2
7

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
7
1
9

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5
.
3
6

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
 
s
p
e
c
t

P
R
O
B
H
D
 
 
 
5
 
m
m
 
P
A
B
B
O
 
B
B
-

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
 
 
z
g
p
g
3
0

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
C
D
C
l
3

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
2
1
0
9
7
.
0
4
7
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
0
.
6
4
3
8
3
1
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
0
.
7
7
6
6
5
1
6
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
3
.
7
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
6
.
6
 
K

D
1
 
 
 
 
 
 
 
 
 
 
 
2
.
0
0
0
0
0
0
0
0
 
s
e
c

d
1
1
 
 
 
 
 
 
 
 
 
 
0
.
0
3
0
0
0
0
0
0
 
s
e
c

D
E
L
T
A
 
 
 
 
 
 
 
 
1
.
8
9
9
9
9
9
9
8
 
s
e
c

T
D
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
3
C

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9
.
6
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
1
.
1
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
 
7
5
.
4
7
7
1
8
2
5
 
M
H
z

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
2
 
=
=
=
=
=
=
=
=

C
P
D
P
R
G
2
 
 
 
 
 
 
 
 
 
w
a
l
t
z
1
6

N
U
C
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
C
P
D
2
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
.
0
0
 
u
s
e
c

P
L
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
 
d
B

P
L
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
9
.
0
0
 
d
B

P
L
1
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
1
.
0
0
 
d
B

S
F
O
2
 
 
 
 
 
 
 
 
3
0
0
.
1
3
1
2
0
0
5
 
M
H
z

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
7
6
8

S
F
 
 
 
 
 
 
 
 
 
 
 
7
5
.
4
6
7
7
5
3
4
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
M

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0
 
H
z

G
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
0

T
s
e
,
 
M
K
T
 
1
3
8
2
 
B
2

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
2
7

O

F

O

F

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.3185
7.3096
7.2894
7.2804
7.2156
7.2066
6.9146
6.8853

3.7731

09020 09877 18174

2.0151

60000

K
A
R
 
A
K
 
7
8

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
4
3

0
7
0
7
1
8
.
3
4
3
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

155.5603

131.0085
128.6179
127.9404
125.1779

112.2277

77.4270
77.0034
76.5794

55.9720

K
A
R
 
A
K
 
7
8

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
4
3

0
7
0
7
1
8
.
3
4
3
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.4573
7.4488
7.4281
7.4196
7.3436
7.3352
6.8636
6.8344

3.7678

2.0247 1.8167

2.0179

6.0000

K
A
R
,
 
A
K
 
-
8
5

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
3
8

0
7
0
7
1
8
.
3
3
8
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

156.0900

133.7712
131.6156
128.3528

112.7084
112.4776

77.4295
77.0059
76.5831

55.9103

K
A
R
,
 
A
K
 
-
8
5

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
3
8

0
7
0
7
1
8
.
3
3
8
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.9416
7.9340
7.4759
7.4682
7.4475
7.4399
7.2702

6.8816
6.8531

3.9218

19685

2.0459

2.0753

60000

K
a
r
,
 
A
K
 
8
7
P
2

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
4
0

0
7
0
7
2
4
.
3
4
0
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

157.4535

137.5721
133.8996

127.7312

110.9619

86.4138

77.4249
77.0019
76.5783

56.4709

K
a
r
,
 
A
K
 
8
7
P
2

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
4
0

0
7
0
7
2
4
.
3
4
0
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

8.0201
8.0129
7.7680
7.7627
7.7417
7.7364
7.5780
7.5707
7.5496
7.5424
7.2942
7.2889
7.2703
7.2692
7.2634
6.9301
6.9043
6.8973
6.8785
6.8688

3.9404

3.4359

0.9409

0.9932
1.0207

1.3447

2.1090

3.0368

3.0000

K
a
r
,
 
A
K
 
8
7
 
P
1

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
1
9

0
7
0
7
2
5
.
3
1
9
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

157.6204
156.7379

139.6057
138.4919
133.8289
132.0915
131.1050
130.0885
126.1874

110.5021

93.1541

85.6783

77.4308
77.0074
76.5843

60.2902
56.4002

K
a
r
,
 
A
K
 
8
7
 
P
1

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
7
 
1
9

0
7
0
7
2
5
.
3
1
9
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
7

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

8.3417
8.3322
8.3112
8.3017
8.1843
8.1749

7.2706
7.0805
7.0500

3.9026

1.9019
17814

1.9606

6.0000

A
N
I
R
B
A
N
,
 
A
K
-
1
0
2

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
2
6

0
7
0
8
0
9
.
3
2
6
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

161.8487

141.1466

127.1902
125.8916
125.8544

110.6279

77.4277
77.2079
77.0050
76.5814

56.3901

A
N
I
R
B
A
N
,
 
A
K
-
1
0
2

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
2
6

0
7
0
8
0
9
.
3
2
6
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

8.0054
7.9971
7.6830
7.6747
7.6541
7.6458
7.2705
7.0611
7.0321

3.9472
3.9287

1.8559

1.8755

1.8970

12.0000

A
n
i
r
b
a
n
,
 
A
k
-
1
0
1
B

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
1
4

0
7
0
8
0
9
.
3
1
4
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

166.6033

158.3725

131.8606
131.4831
129.7915

120.2916

112.4905

77.4296
77.0057
76.5820

56.1709
52.1283

A
n
i
r
b
a
n
,
 
A
k
-
1
0
1
B

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
1
4

0
7
0
8
0
9
.
3
1
4
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

7.9769
7.9723
7.9570
7.9524
7.7981
7.7936
7.3710
7.3510
7.2703

3.9036

2.1085

2.0062
18961

2.0709

60000

60420

A
n
i
r
b
a
n
/
 
A
K
-
 
1
1
7
 
P

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
3
2

0
7
0
8
1
7
.
4
3
2
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

mtse
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

167.0163

141.4870
140.6512

130.4226
130.1425
128.7809
127.8371

77.3221
77.0046
76.6872

52.0149

20.0374

A
n
i
r
b
a
n
/
 
A
K
-
 
1
1
7
 
P

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
3
2

0
7
0
8
1
7
.
4
3
2
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

mtse
Stempel



[p
pm

]
 8

 
 6

 
 4

 
 2

 

6.8963
6.8844
6.6594
6.6561
6.6521
6.6480
6.6441
6.6403
6.6368

2.4836
2.4801

1.8627

1.8840

6.0000

K
a
r
/
 
A
K
1
0
4
P

A
u
1
H
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
1
9

0
7
0
8
1
3
.
3
1
9
 
 
1
0
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel



[p
pm

]
 1

50
 

 1
00

 
 5

0 

138.4514
135.4895

125.7242
122.8385

77.4240
76.9989
76.5737

15.2967

K
a
r
/
 
A
K
1
0
4
P

A
u
1
3
C
 
C
D
C
l
3
 
/
o
p
t
/
t
o
p
s
p
i
n
 
0
7
0
8
 
1
9

0
7
0
8
1
3
.
3
1
9
 
 
1
1
 
 
1
 
 
D
:
 
 
0
7
0
8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

akar
Stempel




