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APPENDIX 4 

Spectra Relevant to Chapter 4: 

Access to 2a-Phenylpyrroloindolines  

by an Oxidative Cyclization Reaction 



L
M
R
V
I
-
1
9
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
-
1
9
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
-
1
9
1

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
2

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
2
4
 
2
0
1
2

S
a
m
p
l
e
 
#
2
7
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
2
2
5
1
9
9
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
7
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
 
m
i
n
 
4
0
 
s
e
c

  3.90

  1.97
  7.96
  2.17
  2.13

  1.00

  0.91

  0.92

  0.91

  0.92
  3.84
  4.08
  1.22

  2.80
  2.94

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N
Ph

21
9 

   
   

   
   

   
(1

:1
 m

ix
tu

re
 o

f 
di

as
te

re
om

er
s)

Br
CO

2M
e

NH
Ac

Appendix 4–Spectra Relevant to Chapter 4 450



L
M
R
V
I
-
1
9
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
-
1
9
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
-
1
9
1

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
u
g
 
1
1
 
2
0
1
1

S
a
m
p
l
e
 
#
2
3
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
1
5
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
5
3
3
1
0
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
2
5
0
0
1
9
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
5
1
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

 

N
Ph

21
9 

   
   

   
   

   
(1

:1
 m

ix
tu

re
 o

f 
di

as
te

re
om

er
s)

Br
CO

2M
e

NH
Ac

Appendix 4–Spectra Relevant to Chapter 4 451



L
M
R
V
I
I
-
3
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
3
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
3
1

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
1
9
 
2
0
1
2

S
a
m
p
l
e
 
#
2
7
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
2
2
5
1
3
4
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
0
 
m
i
n
 
3
6
 
s
e
c

  0.95
  2.04
  1.02
  1.96
  0.96
  0.99

  0.94

  0.96

  3.00
  2.95
  1.01
  0.98

  3.37

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

Ph

CO
2M
e

NH
Ac

22
4

Br

Appendix 4–Spectra Relevant to Chapter 4 452



L
M
R
V
I
I
-
3
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
3
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
3
1

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
1
9
 
2
0
1
2

S
a
m
p
l
e
 
#
2
7
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
3
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
5
3
2
7
7
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
2
5
0
0
1
9
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
5
7
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

Ph

CO
2M
e

NH
Ac

22
4

Br

Appendix 4–Spectra Relevant to Chapter 4 453



N M
e

Ph

C
O
2M
e

N
HA

c
22
4Br

Appendix 4–Spectra Relevant to Chapter 4 454



N M
e

Ph

C
O
2M
e

N
HA

c
22
4Br

Appendix 4–Spectra Relevant to Chapter 4 455



N M
e

Ph

C
O
2M
e

N
HA

c
22
4Br

Appendix 4–Spectra Relevant to Chapter 4 456



L
M
R
V
I
I
-
3
5
-
m
a
j
o
r
d
r

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
a
j
o
r
d
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
a
j
o
r
d
r

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
2
0
 
2
0
1
2

S
a
m
p
l
e
 
#
4
0
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
0
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
2
2
5
1
2
4
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
4
0
 
s
e
c

  2.98
  1.09
  2.10
  1.07
  1.03
  0.99

  0.94

  1.00

  3.00

  3.03

  1.02

  1.04

  3.13

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

Ph
NH

Ac

CO
2M

e

O

23
1 

   
   

   
   

   
m

aj
or

 d
ia

st
er

om
er

Appendix 4–Spectra Relevant to Chapter 4 457



L
M
R
V
I
I
-
3
5
-
m
a
j
o
r
d
r

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
a
j
o
r
d
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
a
j
o
r
d
r

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
2
0
 
2
0
1
2

S
a
m
p
l
e
 
#
4
0
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
9
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
5
3
2
9
3
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
2
5
0
0
1
9
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
5
5
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

Ph
NH

Ac

CO
2M

e

O

23
1 

   
   

   
   

   
m

aj
or

 d
ia

st
er

om
er

Appendix 4–Spectra Relevant to Chapter 4 458



L
M
R
V
I
I
-
3
5
-
m
i
n
o
r
d
r

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
i
n
o
r
d
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
i
n
o
r
d
r

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
2
1
 
2
0
1
2

S
a
m
p
l
e
 
#
2
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
2
2
5
1
2
7
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
7
 
m
i
n
 
2
0
 
s
e
c

  1.07
  5.18
  0.91
  1.01
  1.01

  0.95

  1.00

  3.00

  3.03

  1.00
  1.04

  2.99

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

Ph
NH

Ac

CO
2M

e

O

23
1 

   
   

   
   

   
m

in
or

 d
ia

st
er

om
er

Appendix 4–Spectra Relevant to Chapter 4 459



L
M
R
V
I
I
-
3
5
-
m
i
n
o
r
d
r

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
i
n
o
r
d
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
3
5
-
m
i
n
o
r
d
r

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
2
1
 
2
0
1
2

S
a
m
p
l
e
 
#
2
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
4
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
5
3
2
8
7
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
2
5
0
0
1
9
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
7
 
h
r
,
 
4
0
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

Ph
NH

Ac

CO
2M

e

O

23
1 

   
   

   
   

   
m

in
or

 d
ia

st
er

om
er

Appendix 4–Spectra Relevant to Chapter 4 460



L
M
R
V
I
I
-
1
1
7
-
e
n
d
o
d
i
a
s
t
e
r
e
o
m
e
r

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
n
d
o
d
i
a
s
t
e
r
e
o
m
e
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
n
d
o
d
i
a
s
t
e
r
e
o
m
e
r

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
2
5
 
2
0
1
2

S
a
m
p
l
e
 
#
2
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
2
5
1
6
7
9
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
 
m
i
n
 
4
0
 
s
e
c

  2.19
  3.08
  1.12
  1.13

  0.98
  1.00

  0.96

  2.90

  2.95
  0.99
  0.99
  0.97

  3.05

p
p
m

1
2

3
4

5
6

7
8

9
1
0

en
do

�–2
28

   
   

   
   

(1
5:

1 
m

ix
tu

re
 o

f 
ro

ta
m

er
s)

N Ac
N M

eO
H Ph

CO
2M

e

Appendix 4–Spectra Relevant to Chapter 4 461



L
M
R
V
I
I
-
1
1
7
-
e
n
d
o
d
i
a
s
t
e
r
e
o
m
e
r

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
n
d
o
d
i
a
s
t
e
r
e
o
m
e
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
n
d
o
d
i
a
s
t
e
r
e
o
m
e
r

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
2

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
2
5
 
2
0
1
2

S
a
m
p
l
e
 
#
2
0
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
1
9
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
5
8
7
5
6
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
2
7
6
4
5
4
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
6
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

en
do

�–2
28

   
   

   
   

(1
5:

1 
m

ix
tu

re
 o

f 
ro

ta
m

er
s)

N Ac
N M

eO
H Ph

CO
2M

e

Appendix 4–Spectra Relevant to Chapter 4 462



en
do
�–2
28

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 463



en
do
�–2
28

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 464



en
do
�–2
28

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 465



en
do
�–2
28

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 466



L
M
R
V
I
I
-
1
1
7
-
e
x
o
d
i
a
s
t
e
r
e
o
m
e
r

E
r
r
o
r
L
o
g
:

 
 
 
a
u
t
o
_
2
0
1
2
0
1
2
7
_
0
1
 
l
o
c
:
2
0
 
(
n
i
g
h
t
)

P
R
O
T
O
N
_
0
0
3
 
A
c
q
u
i
s
i
t
i
o
n
 
e
r
r
o
r
:
 

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
x
o
d
i
a
s
t
e
r
e
o
m
e
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
x
o
d
i
a
s
t
e
r
e
o
m
e
r

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
2

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
2
7
 
2
0
1
2

 
T
e
m
p
.
 
2
5
.
0
 
C
 
/
 
2
9
8
.
1
 
K

S
a
m
p
l
e
 
#
2
0
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
2
5
1
6
7
7
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
8
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
 
m
i
n
 
4
0
 
s
e
c

  0.35

  4.39

  9.10
  1.75

  0.98
  1.50
  1.00
  1.53

  1.45

  0.92

  4.42
  2.88

  0.94

  1.48
  7.33

  2.58

  1.49

  1.25

  4.67
  3.17

p
p
m

1
2

3
4

5
6

7
8

9
1
0

ex
o�–

22
8 

   
   

   
   

 
(1

.5
:1

 m
ix

tu
re

 o
f 

ro
ta

m
er

s)

N A
c

N M
eO

H Ph

CO
2M

e

Appendix 4–Spectra Relevant to Chapter 4 467



L
M
R
V
I
I
-
1
1
7
-
e
x
o
d
i
a
s
t
e
r
e
o
m
e
r

E
r
r
o
r
L
o
g
:

 
 
 
a
u
t
o
_
2
0
1
2
0
1
2
7
_
0
1
 
l
o
c
:
2
0
 
(
n
i
g
h
t
)

P
R
O
T
O
N
_
0
0
3
 
A
c
q
u
i
s
i
t
i
o
n
 
e
r
r
o
r
:
 

C
A
R
B
O
N
_
0
0
1
 
A
c
q
u
i
s
i
t
i
o
n
 
e
r
r
o
r
:
 

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
x
o
d
i
a
s
t
e
r
e
o
m
e
r

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
1
1
7
-
e
x
o
d
i
a
s
t
e
r
e
o
m
e
r

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
2
7
 
2
0
1
2

 
T
e
m
p
.
 
2
5
.
0
 
C
 
/
 
2
9
8
.
1
 
K

S
a
m
p
l
e
 
#
2
0
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
4
3
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
5
8
7
3
1
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
2
7
6
4
5
4
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
1
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
7
 
h
r
,
 
4
6
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

ex
o�–

22
8 

   
   

   
   

 
(1

.5
:1

 m
ix

tu
re

 o
f 

ro
ta

m
er

s)

N A
c

N M
eO

H Ph

CO
2M

e

Appendix 4–Spectra Relevant to Chapter 4 468



ex
o�–
22
8

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 469



ex
o�–
22
8

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 470



ex
o�–
22
8

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 471



ex
o�–
22
8

N Ac
N M
eO

H Ph

CO
2M
e

Appendix 4–Spectra Relevant to Chapter 4 472



L
M
R
V
I
I
-
2
0
5
-
f
2
5
-
3
3

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
0
5
-
f
2
5
-
3
3

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
h
g
3
.
c
a
l
t
e
c
h
.
e
d
u
-
m
e
r
c
u
r
y
3
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
0
5
-
f
2
5
-
3
3

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
2
2
 
2
0
1
2

S
a
m
p
l
e
 
#
4
0
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
4
7
9
8
.
5
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
3
0
0
.
0
8
6
2
5
8
8
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
6
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
2
2
 
s
e
c

  1.20
  1.08
 14.94

  3.95

  1.19

  1.00

  2.69
  3.40
  3.01
  3.41
  1.22
  1.30
  1.27
  0.99

  3.57

  2.99

  3.57

  3.03

p
p
m

1
2

3
4

5
6

7
8

9
1
0

23
8 

   
   

   
 

1.
2:

1 
m

ix
tu

re
 

of
 ro

ta
m

er
s

N M
e

Ph

CO
2M

e

N M
eA

c

Appendix 4–Spectra Relevant to Chapter 4 473



L
M
R
V
I
I
-
2
1
9
-
f
1
7
-
2
3

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
1
9
-
f
1
7
-
2
3

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
1
9
-
f
1
7
-
2
3

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
u
n
 
1
2
 
2
0
1
2

S
a
m
p
l
e
 
#
1
7
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
7
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
2
8
7
7
2
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
1
5
2
3
0
3
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
2
 
h
r
,
 
1
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

23
8 

   
   

   
 

1.
2:

1 
m

ix
tu

re
 

of
 ro

ta
m

er
s

N M
e

Ph

CO
2M

e

N M
eA

c

Appendix 4–Spectra Relevant to Chapter 4 474



L
M
R
V
I
I
-
2
1
5
-
p
d
t
-
1
f
5
6
-
2
f
3
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
1
5
-
p
d
t
-
1
f
5
6
-
2
f
3
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
h
g
3
.
c
a
l
t
e
c
h
.
e
d
u
-
m
e
r
c
u
r
y
3
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
1
5
-
p
d
t
-
1
f
5
6
-
2
f
3
1

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
 
2
 
2
0
1
2

S
a
m
p
l
e
 
#
4
1
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
4
7
9
8
.
5
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
3
0
0
.
0
8
6
2
5
8
7
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
8
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
2
2
 
s
e
c

  0.97

  5.14
  1.10
  0.54
  0.63
  1.04

  3.00
  2.77
  1.20

  0.98
  0.98

  2.77

p
p
m

1
2

3
4

5
6

7
8

9
1
0

23
9

N M
e

Ph

CO
2M
e

NH
M
e

Appendix 4–Spectra Relevant to Chapter 4 475



L
M
R
V
I
I
-
2
1
9
-
f
2
5
-
4
2

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
1
9
-
f
2
5
-
4
2

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
1
9
-
f
2
5
-
4
2

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
u
n
 
1
2
 
2
0
1
2

S
a
m
p
l
e
 
#
1
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
7
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
2
8
7
3
6
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
1
5
2
3
0
3
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
1
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
2
 
h
r
,
 
1
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

23
9

N M
e

Ph

CO
2M
e

NH
M
e

Appendix 4–Spectra Relevant to Chapter 4 476



L
M
R
V
I
I
-
2
2
5
-
p
h
p
l
c
-
f
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
2
5
-
p
h
p
l
c
-
f
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
2
5
-
p
h
p
l
c
-
f
1

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
1
1
 
2
0
1
2

S
a
m
p
l
e
 
#
3
7
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
1
5
3
9
8
1
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
1
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
1
2
 
s
e
c

  4.93

  2.02

  0.80

  0.86

  1.18

  2.99

  2.87

  3.00
  1.30
  1.31

p
p
m

1
2

3
4

5
6

7
8

9
1
0

en
do

-2
40

   
   

   
fir

st
 g

en
er

at
io

n 
ro

ut
eN M

e
N M

eO
H Ph

CO
2M

e
H

Appendix 4–Spectra Relevant to Chapter 4 477



L
M
R
V
I
I
-
2
2
5
-
p
h
p
l
c
-
f
2

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
2
5
-
p
h
p
l
c
-
f
2

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
2
5
-
p
h
p
l
c
-
f
2

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
1
1
 
2
0
1
2

S
a
m
p
l
e
 
#
3
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
1
5
3
9
7
6
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
9
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
1
2
 
s
e
c

  3.80
  1.37
  2.24

  0.89

  0.88

  3.00

  1.05

  3.07

  1.07
  2.88
  0.94

p
p
m

1
2

3
4

5
6

7
8

9
1
0

ex
o-

24
0 

   
   

   
  

fir
st

 g
en

er
at

io
n 

ro
ut

eN M
e

N M
eO

H Ph
CO

2M
e

H

Appendix 4–Spectra Relevant to Chapter 4 478



L
M
R
V
I
I
-
2
4
1
-
d
m
s
o

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
4
1
-
d
m
s
o

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
f
i
d
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
6
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
4
1
-
d
m
s
o
_
2
0
1
2
0
6
0
8
_
0
1

 
F
i
d
F
i
l
e
:
 
d
a
t
a
_
s
2
p
u
l
_
0
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
d
m
s
o

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
u
n
 
 
8
 
2
0
1
2

O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
7
0
8
 
s
e
c

 
W
i
d
t
h
 
9
5
9
4
.
6
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
5
9
9
.
6
4
2
4
6
7
6
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
0
 
m
i
n
 
2
2
 
s
e
c

  7.64

  1.00

  0.97

  1.19

  2.99

  1.08
  2.95
  1.16

p
p
m

1
2

3
4

5
6

7
8

9
1
0

ex
o-

23
7 

   
   

   
   

 
fir

st
 g

en
er

at
io

n 
ro

ut
eN M

e
N M

eO
H Ph

CO
2H

Appendix 4–Spectra Relevant to Chapter 4 479



L
M
R
V
I
I
-
2
4
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
-
2
4
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
-
2
4
1

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
3
c
n

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
u
n
 
 
5
 
2
0
1
2

S
a
m
p
l
e
 
#
2
7
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
3
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
5
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
3
4
1
7
2
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
1
7
8
7
3
8
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
5
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
1
 
h
r
,
 
5
2
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

ex
o-

23
7 

   
   

   
   

 
fir

st
 g

en
er

at
io

n 
ro

ut
eN M

e
N M

eO
H Ph

CO
2H

Appendix 4–Spectra Relevant to Chapter 4 480



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f2
 (p

pm
)

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f1 (ppm)

da
ta

_g
C

O
SY

_0
01

LM
RV

II-
24

1-
dm

so

ex
o-

23
7 

   
   

   
   

fir
st

 g
en

er
at

io
n 

ro
ut

e
N M

e
N M

eO
H Ph

CO
2H

Appendix 4–Spectra Relevant to Chapter 4 481



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f2
 (p

pm
)

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

f1 (ppm)

da
ta

_H
SQ

C
A

D
_0

01
LM

RV
II-

24
1-

dm
so

ex
o-

23
7 

   
   

   
   

fir
st

 g
en

er
at

io
n 

ro
ut

e
N M

e
N M

eO
H Ph

CO
2H

Appendix 4–Spectra Relevant to Chapter 4 482



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f2
 (p

pm
)

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f1 (ppm)

da
ta

_N
O

ES
Y_

00
1

LM
RV

II-
24

1-
dm

so

ex
o-

23
7 

   
   

   
   

fir
st

 g
en

er
at

io
n 

ro
ut

e
N M

e
N M

eO
H Ph

CO
2H

Appendix 4–Spectra Relevant to Chapter 4 483



L
M
R
V
I
I
I
-
4
5

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
4
5

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
4
5

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
S
e
p
 
 
3
 
2
0
1
2

S
a
m
p
l
e
 
#
4
2
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
1
2
7
4
3
4
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
 
m
i
n
 
4
0
 
s
e
c

  1.00

  1.40
 14.75
  2.60
  1.11
  1.45
  1.06
  1.36

  2.07
  2.79

  2.92
  4.39
  2.19
  2.78

  2.08
  2.61
  4.29
  3.13

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

24
3 

   
   

   
   

 
1.

4:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

s

N
C

bz
M

e

Appendix 4–Spectra Relevant to Chapter 4 484



L
M
R
V
I
I
I
-
4
5
-
c
a
r
b
o
n

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
4
5
-
c
a
r
b
o
n

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
4
5
-
c
a
r
b
o
n

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
S
e
p
 
 
3
 
2
0
1
2

S
a
m
p
l
e
 
#
4
3
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
1
5
5
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
2
8
7
4
9
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
1
5
2
3
0
3
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
5
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
5
2
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

24
3 

   
   

   
   

 
1.

4:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

s

N
C

bz
M

e

Appendix 4–Spectra Relevant to Chapter 4 485



A
M
A
O
-
1
-
7
5

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
7
5

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
7
5

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
r
 
1
2
 
2
0
1
3

S
a
m
p
l
e
 
#
1
0
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
2
7
3
 
s
e
c

 
W
i
d
t
h
 
5
0
0
6
.
3
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
5
5
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
2
5
 
s
e
c

  0.91

 33.10

  2.45
  1.09
  1.86

  2.00
  3.48

  2.99
  5.29
  2.07
  3.74

  1.99
  3.64
  5.00
  3.24

p
p
m

1
2

3
4

5
6

7
8

9

N M
e

24
4 

   
   

   
   

1.
7:

1 
m

ix
tu

re
 

of
 ro

ta
m

er
s

N
C

bz
M

e

Ph

Appendix 4–Spectra Relevant to Chapter 4 486



A
M
A
O
-
1
-
5
1

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
5
1

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
5
1

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
1
2
 
2
0
1
3

S
a
m
p
l
e
 
#
8
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
1
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
6
5
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
5
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

24
4 

   
   

   
   

1.
7:

1 
m

ix
tu

re
 

of
 ro

ta
m

er
s

N
C

bz
M

e

Ph

Appendix 4–Spectra Relevant to Chapter 4 487



A
M
A
O
-
1
-
8
2

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
8
2

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
8
2

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
r
 
1
5
 
2
0
1
3

S
a
m
p
l
e
 
#
1
5
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
2
7
3
 
s
e
c

 
W
i
d
t
h
 
5
0
0
6
.
3
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
5
7
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
2
5
 
s
e
c

  0.99

  5.08
  1.01
  0.81
  0.27
  1.00

  3.11

  2.09
  2.12

  3.07

  1.14

p
p
m

1
2

3
4

5
6

7
8

9

N M
e

24
5

NH
M
e

Ph

Appendix 4–Spectra Relevant to Chapter 4 488



A
M
A
O
-
1
-
1
5
-
F
6
9
-
7
5
B

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
1
5
-
F
6
9
-
7
5
B

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
1
5
-
F
6
9
-
7
5
B

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
2
3
 
2
0
1
3

S
a
m
p
l
e
 
#
2
2
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
3
 
s
e
c

 
W
i
d
t
h
 
3
1
4
0
9
.
5
 
H
z

 
1
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
5
8
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
3
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

24
5

NH
M
e

Ph

Appendix 4–Spectra Relevant to Chapter 4 489



 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
0
7
-
p
H
P
L
C

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
0
7
-
p
H
P
L
C

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
2

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
2
9
 
2
0
1
3

S
a
m
p
l
e
 
#
3
5
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
5
0
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
2
 
m
i
n
 
8
 
s
e
c

  3.85

  2.73

  1.00

  0.98

  0.99

  3.04

  1.09
  2.98

  1.94

  0.93

p
p
m

1
2

3
4

5
6

7
8

9
1
0

24
1

N M
e

N M
e
PhO
H

Appendix 4–Spectra Relevant to Chapter 4 490



 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
0
7
-
p
H
P
L
C

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
0
7
-
p
H
P
L
C

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
2
9
 
2
0
1
3

S
a
m
p
l
e
 
#
3
5
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
5
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
8
0
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
4
0
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
3
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
5
1
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

24
1

N M
e

N M
e
PhO
H

Appendix 4–Spectra Relevant to Chapter 4 491



L
M
R
V
I
I
I
-
1
0
9
-
p
r
o
t
o
n

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
0
9
-
p
r
o
t
o
n

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
0
9
-
p
r
o
t
o
n

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
2
6
 
2
0
1
3

S
a
m
p
l
e
 
#
1
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
6
6
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
2
 
m
i
n
 
8
 
s
e
c

  0.91

  3.20

  0.98
  1.04

  0.90
  0.99

  0.94

  1.01
  2.80

  1.05
  2.92

  0.96

  0.99

  2.23

p
p
m

1
2

3
4

5
6

7
8

9
1
0

24
6

N M
e

N M
e
PhNH

2

Appendix 4–Spectra Relevant to Chapter 4 492



L
M
R
V
I
I
I
-
1
0
9
-
c
a
r
b
o
n

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
0
9
-
c
a
r
b
o
n

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
0
9
-
c
a
r
b
o
n

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
2
6
 
2
0
1
3

S
a
m
p
l
e
 
#
8
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
5
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
7
0
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
4
0
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
2
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
5
1
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

24
6

N M
e

N M
e
PhNH

2

Appendix 4–Spectra Relevant to Chapter 4 493



A
M
A
O
-
1
-
6
2

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
6
2

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
6
2

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
3

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
2
6
 
2
0
1
3

S
a
m
p
l
e
 
#
2
8
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
6
0
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
4
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
0
 
m
i
n
 
3
2
 
s
e
c

  1.04
  0.25
  3.80
 10.57
  1.13
  0.21

  2.40

  1.00

  0.18

  3.75
  2.17
  0.34

  2.26
  0.26

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

24
9 

   
   

   
   

 
5.

6:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

s

N
H

C
bz

Ph

Appendix 4–Spectra Relevant to Chapter 4 494



A
M
A
O
-
1
-
6
2

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
6
2

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
6
2

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
2
6
 
2
0
1
3

S
a
m
p
l
e
 
#
2
8
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
1
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
7
3
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
3
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

24
9 

   
   

   
   

 
5.

6:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

s

N
H

C
bz

Ph

Appendix 4–Spectra Relevant to Chapter 4 495



L
M
R
V
I
I
I
-
1
1
1
-
p
H
P
L
C

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
1
1
-
p
H
P
L
C

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
1
1
-
p
H
P
L
C

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
3
0
 
2
0
1
3

S
a
m
p
l
e
 
#
3
4
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
5
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
5
2
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
2
 
m
i
n
 
8
 
s
e
c

 20.13

  3.72

  2.15
  1.88
  1.10
  1.00

  1.13
  2.15

  1.03

  0.99
  1.07

  1.01
  0.94
  3.07

  2.83

  1.92

  1.99

  3.56

p
p
m

1
2

3
4

5
6

7
8

9
1
0

25
0 

   
   

   
1.

1:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

sN Cb
z

N M
e

PhO
H

Appendix 4–Spectra Relevant to Chapter 4 496



L
M
R
V
I
I
I
-
1
1
1
-
p
H
P
L
C

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
1
1
-
p
H
P
L
C

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
1
1
-
p
H
P
L
C

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
3
0
 
2
0
1
3

S
a
m
p
l
e
 
#
3
4
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
5
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
5
7
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
4
0
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
5
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
8
 
m
i
n
 
4
5
 
s
e
c

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

25
0 

   
   

   
1.

1:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

sN Cb
z

N M
e

PhO
H

Appendix 4–Spectra Relevant to Chapter 4 497



0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

8.
5

f2
 (p

pm
)

20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

f1 (ppm)

H
SQ

CA
D

01
AM

AO
-1

-7
1

25
0 

   
   

   
1.

1:
1 

m
ix

tu
re

 
of

 ro
ta

m
er

sN Cb
z

N M
e

PhO
H

Appendix 4–Spectra Relevant to Chapter 4 498



A
M
A
O
-
1
-
9
8
-
F
1
2
-
F
1
4

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
9
8
-
F
1
2
-
F
1
4

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
h
g
3
.
c
a
l
t
e
c
h
.
e
d
u
-
m
e
r
c
u
r
y
3
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
9
8
-
F
1
2
-
F
1
4

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
 
2
 
2
0
1
3

 
T
e
m
p
.
 
2
5
.
0
 
C
 
/
 
2
9
8
.
1
 
K

S
a
m
p
l
e
 
#
1
4
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
7
2
8
 
s
e
c

 
W
i
d
t
h
 
3
0
0
3
.
0
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
3
0
0
.
0
9
0
1
6
7
4
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
1
6
3
8
4

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
1
7
 
s
e
c

  4.87
  0.43
  1.04

  1.00

  0.97

  0.99

  1.10

  2.77

  2.10

  1.50

  1.01

p
p
m

1
2

3
4

5
6

7
8

9

25
1

N H
N M
e
PhO
H

Appendix 4–Spectra Relevant to Chapter 4 499



L
M
R
V
I
I
I
-
1
1
3

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
L
M
R
V
I
I
I
-
1
1
3

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
l
r
e
p
k
a
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
L
M
R
V
I
I
I
-
1
1
3

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
 
1
 
2
0
1
3

S
a
m
p
l
e
 
#
3
4
,
 
O
p
e
r
a
t
o
r
:
 
l
r
e
p
k
a

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
2
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
3
6
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
3
4
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
4
0
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
3
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
1
 
h
r
,
 
1
5
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

25
1

N H
N M
e
PhO
H

Appendix 4–Spectra Relevant to Chapter 4 500



A
M
A
O
-
1
-
2
1
-
D

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
2
1
-
D

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
2
1
-
D

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
J
a
n
 
3
1
 
2
0
1
3

S
a
m
p
l
e
 
#
2
1
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
7
9
9
5
.
2
 
H
z

 
1
6
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
5
7
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
1
 
m
i
n
 
2
0
 
s
e
c

  0.38

  1.28
  1.06
 12.18
  2.54
  4.57

  1.28
  1.00

  2.62
  4.44

  3.80
  3.15
  1.03
  1.36
  1.33
  1.02

  3.17
  4.08

p
p
m

1
2

3
4

5
6

7
8

9
1
0

1
1

25
3 

   
   

   
   

   
   

 
1.

3:
1 

m
ix

tu
re

 o
f 

ro
ta

m
er

s

N M
e

CO
2H

N
M

e
Cb

z

Appendix 4–Spectra Relevant to Chapter 4 501



A
M
A
O
-
1
-
2
1
E

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
2
1
E

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
2
1
E

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
 
4
 
2
0
1
3

S
a
m
p
l
e
 
#
5
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
3
 
s
e
c

 
W
i
d
t
h
 
3
1
4
0
9
.
5
 
H
z

 
1
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
1
1
8
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
2
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

25
3 

   
   

   
   

   
   

 
1.

3:
1 

m
ix

tu
re

 o
f 

ro
ta

m
er

s

N M
e

CO
2H

N
M

e
Cb

z

Appendix 4–Spectra Relevant to Chapter 4 502



A
M
A
O
-
1
-
8
7
-
3
r
d

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
8
7
-
3
r
d

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
h
g
3
.
c
a
l
t
e
c
h
.
e
d
u
-
m
e
r
c
u
r
y
3
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
8
7
-
3
r
d

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
1
2
 
2
0
1
3

 
T
e
m
p
.
 
2
5
.
0
 
C
 
/
 
2
9
8
.
1
 
K

S
a
m
p
l
e
 
#
1
6
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
4
7
9
6
.
2
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
3
0
0
.
0
9
0
1
6
7
5
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
0
 
m
i
n
 
3
0
 
s
e
c

  1.03
  0.54
  0.99

 16.59

  0.70

  0.37
  1.00
  1.02
  0.40
  0.35

  0.95

  6.60

  0.43

  3.03
  1.08

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

25
4 

   
   

   
   

   
 

2.
6:

1 
m

ix
tu

re
 o

f 
ro

ta
m

er
sPh

CO
2H

N
Cb

z
M

e

Appendix 4–Spectra Relevant to Chapter 4 503



A
M
A
O
-
1
-
4
1
-
4
2
B

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
4
1
-
4
2
B

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
4
1
-
4
2
B

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
F
e
b
 
1
0
 
2
0
1
3

S
a
m
p
l
e
 
#
1
4
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
3
 
s
e
c

 
W
i
d
t
h
 
3
1
4
0
9
.
5
 
H
z

 
1
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
9
7
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

25
4 

   
   

   
   

   
 

2.
6:

1 
m

ix
tu

re
 o

f 
ro

ta
m

er
sPh

CO
2H

N
Cb

z
M

e

Appendix 4–Spectra Relevant to Chapter 4 504



A
M
A
O
-
1
-
7
4

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
7
4

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
7
4

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
r
 
 
7
 
2
0
1
3

S
a
m
p
l
e
 
#
3
0
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
3
5
5
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
2
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
0
 
m
i
n
 
3
2
 
s
e
c

  0.97
  1.50

 27.21

  2.70

  2.79

  1.13
  1.08
  4.00
  1.50

  3.27
  4.33
  7.49
  2.70
  1.11
  1.41

  3.00
  4.39

p
p
m

1
2

3
4

5
6

7
8

9
1
0

N M
e

25
5 

   
   

   
   

   
   

   
1.

5:
1 

m
ix

tu
re

 o
f 

ro
ta

m
er

sPh

CO
2M

e

N
Cb

z
M

e

Appendix 4–Spectra Relevant to Chapter 4 505



A
M
A
O
-
1
-
7
4

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
7
4

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
7
4

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
r
 
 
8
 
2
0
1
3

S
a
m
p
l
e
 
#
3
0
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
1
0
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
1
7
3
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
3
9
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
1
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
3
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

N M
e

25
5 

   
   

   
   

   
   

   
1.

5:
1 

m
ix

tu
re

 o
f 

ro
ta

m
er

sPh

CO
2M

e

N
Cb

z
M

e

Appendix 4–Spectra Relevant to Chapter 4 506



A
M
A
O
-
1
-
1
0
3

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
1
0
3

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
1
0
3

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
2

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
 
1
 
2
0
1
3

S
a
m
p
l
e
 
#
1
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
1
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
8
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
1
5
1
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
0
 
m
i
n
 
3
2
 
s
e
c

  9.50

  5.11

  1.34
  1.00
  1.29
  0.98

  1.05

  4.30

  1.40

  2.83

  3.12
  4.08
  3.13
  1.02
  1.49
  1.17
  4.13
  1.40

  1.58
  1.21

p
p
m

1
2

3
4

5
6

7
8

9
1
0

ex
o-

24
0 

   
   

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph
CO

2M
e

H

en
do

-2
40

   
   

   
   

 
se

co
nd

 
ge

ne
ra

tio
n 

ro
ut

e

N M
e

N M
eO

H Ph
CO

2M
e

H

1.
3 

   
   

   
   

   
  :

   
   

   
   

   
   

 1

Appendix 4–Spectra Relevant to Chapter 4 507



A
M
A
O
-
1
-
1
0
3

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
1
0
3

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
1
0
3

 
F
i
d
F
i
l
e
:
 
C
A
R
B
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
C
A
R
B
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
A
p
r
 
3
0
 
2
0
1
3

S
a
m
p
l
e
 
#
1
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
0
.
1
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
1
.
0
4
2
 
s
e
c

 
W
i
d
t
h
 
3
1
4
4
6
.
5
 
H
z

 
2
1
6
0
0
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
C
1
3
,
 
1
2
5
.
6
5
0
9
0
4
9
 
M
H
z

D
E
C
O
U
P
L
E
 
 
H
1
,
 
4
9
9
.
7
0
7
4
1
3
1
 
M
H
z

 
P
o
w
e
r
 
4
0
 
d
B

 
c
o
n
t
i
n
u
o
u
s
l
y
 
o
n

 
W
A
L
T
Z
-
1
6
 
m
o
d
u
l
a
t
e
d

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
0
.
5
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
6
 
h
r
,
 
5
4
 
m
i
n

p
p
m

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

ex
o-

24
0 

   
   

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph
CO

2M
e

H

en
do

-2
40

   
   

   
   

 
se

co
nd

 
ge

ne
ra

tio
n 

ro
ut

e

N M
e

N M
eO

H Ph
CO

2M
e

H

1.
3 

   
   

   
   

   
  :

   
   

   
   

   
   

 1

Appendix 4–Spectra Relevant to Chapter 4 508



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f2
 (p

pm
)

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f1 (ppm)

gC
O

SY
01

A
M

A
O

-1
-1

03

ex
o-

24
0 

   
   

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph
CO

2M
e

H

en
do

-2
40

   
   

   
   

 
se

co
nd

 
ge

ne
ra

tio
n 

ro
ut

e

N M
e

N M
eO

H Ph
CO

2M
e

H

1.
3 

   
   

   
   

   
  :

   
   

   
   

   
   

 1

Appendix 4–Spectra Relevant to Chapter 4 509



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

f2
 (p

pm
)

20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

f1 (ppm)

H
SQ

CA
D

01
AM

AO
-1

-1
03

ex
o-

24
0 

   
   

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph
CO

2M
e

H

en
do

-2
40

   
   

   
   

 
se

co
nd

 
ge

ne
ra

tio
n 

ro
ut

e

N M
e

N M
eO

H Ph
CO

2M
e

H

1.
3 

   
   

   
   

   
  :

   
   

   
   

   
   

 1

Appendix 4–Spectra Relevant to Chapter 4 510



1
.0

1
.5

2
.0

2
.5

3
.0

3
.5

4
.0

4
.5

5
.0

5
.5

6
.0

6
.5

7
.0

7
.5

8
.0

8
.5

f2
 (

p
p
m

)

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

1
5
0

1
6
0

1
7
0

1
8
0

f1 (ppm)

g
H

M
B
C

A
D

0
1

A
M

A
O

-
1
-
1
0
3

ex
o-

24
0 

   
   

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph
CO

2M
e

H

en
do

-2
40

   
   

   
   

 
se

co
nd

 
ge

ne
ra

tio
n 

ro
ut

e

N M
e

N M
eO

H Ph
CO

2M
e

H

1.
3 

   
   

   
   

   
  :

   
   

   
   

   
   

 1

Appendix 4–Spectra Relevant to Chapter 4 511



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f2
 (p

pm
)

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

f1 (ppm)

   
   

   
   

  d
at

a_
N

O
ES

Y_
00

1
   

   
   

   
  A

M
AO

-1
-1

03

ex
o-

24
0 

   
   

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph
CO

2M
e

H

en
do

-2
40

   
   

   
   

 
se

co
nd

 
ge

ne
ra

tio
n 

ro
ut

e

N M
e

N M
eO

H Ph
CO

2M
e

H

1.
3 

   
   

   
   

   
  :

   
   

   
   

   
   

 1

Appendix 4–Spectra Relevant to Chapter 4 512



A
M
A
O
-
1
-
1
2
8
-
p
r
o
d
u
c
t

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
1
2
8
-
p
r
o
d
u
c
t

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
i
n
d
y
.
c
a
l
t
e
c
h
.
e
d
u
-
i
n
o
v
a
5
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
1
2
8
-
p
r
o
d
u
c
t

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
 
7
 
2
0
1
3

S
a
m
p
l
e
 
#
1
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
3
.
0
0
0
 
s
e
c

 
W
i
d
t
h
 
8
0
0
0
.
0
 
H
z

 
3
2
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
4
9
9
.
7
0
4
9
2
2
8
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
3
.
0
 
H
z

F
T
 
s
i
z
e
 
6
5
5
3
6

T
o
t
a
l
 
t
i
m
e
 
2
 
m
i
n
 
4
0
 
s
e
c

  7.63

  1.00

  0.97

  1.16

  3.16
  1.27

  3.42
  1.31

  2.22

p
p
m

1
2

3
4

5
6

7
8

9
1
0

ex
o-

23
7 

   
   

se
co

nd
 

ge
ne

ra
tio

n 
ro

ut
e

N M
e

N M
eO

H Ph

CO
2H

Appendix 4–Spectra Relevant to Chapter 4 513



A
M
A
O
-
1
-
1
2
8
-
F
1
1
-
F
1
4

 
S
a
m
p
l
e
 
N
a
m
e
:

 
 
 
A
M
A
O
-
1
-
1
2
8
-
F
1
1
-
F
1
4

 
D
a
t
a
 
C
o
l
l
e
c
t
e
d
 
o
n
:

 
 
 
h
g
3
.
c
a
l
t
e
c
h
.
e
d
u
-
m
e
r
c
u
r
y
3
0
0

 
A
r
c
h
i
v
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
/
h
o
m
e
/
a
m
a
o
/
v
n
m
r
s
y
s
/
d
a
t
a

 
S
a
m
p
l
e
 
d
i
r
e
c
t
o
r
y
:

 
 
 
A
M
A
O
-
1
-
1
2
8
-
F
1
1
-
F
1
4

 
F
i
d
F
i
l
e
:
 
P
R
O
T
O
N
0
1

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
P
R
O
T
O
N
 
(
s
2
p
u
l
)

S
o
l
v
e
n
t
:
 
c
d
c
l
3

D
a
t
a
 
c
o
l
l
e
c
t
e
d
 
o
n
:
 
M
a
y
 
 
7
 
2
0
1
3

 
T
e
m
p
.
 
2
5
.
0
 
C
 
/
 
2
9
8
.
1
 
K

S
a
m
p
l
e
 
#
2
,
 
O
p
e
r
a
t
o
r
:
 
a
m
a
o

 
R
e
l
a
x
.
 
d
e
l
a
y
 
2
.
0
0
0
 
s
e
c

 
P
u
l
s
e
 
4
5
.
0
 
d
e
g
r
e
e
s

 
A
c
q
.
 
t
i
m
e
 
2
.
5
0
0
 
s
e
c

 
W
i
d
t
h
 
4
7
9
6
.
2
 
H
z

 
3
2
 
r
e
p
e
t
i
t
i
o
n
s

O
B
S
E
R
V
E
 
 
 
H
1
,
 
3
0
0
.
0
9
0
1
6
7
2
 
M
H
z

D
A
T
A
 
P
R
O
C
E
S
S
I
N
G

 
L
i
n
e
 
b
r
o
a
d
e
n
i
n
g
 
1
.
0
 
H
z

F
T
 
s
i
z
e
 
3
2
7
6
8

T
o
t
a
l
 
t
i
m
e
 
2
 
m
i
n
 
2
7
 
s
e
c

  5.37

  3.06

  0.91

  0.93

  1.00

  2.61

  2.80
  3.24
  1.05
  1.10

  1.21

p
p
m

1
2

3
4

5
6

7
8

9
1
0

ex
o-

24
0 

   
   

   
   

   
 

se
co

nd
 g

en
er

at
io

n-
po

st
 

ex
o-

24
0 

sa
po

nf
ic

at
io

n

N M
e

N M
eO

H Ph

CO
2M

e

Appendix 4–Spectra Relevant to Chapter 4 514


	Repka_Thesis_Appendix4_Cover
	Repka_Thesis_Appendix4_NMR_nt



