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Figure S1. Left: 1H methyl signals at different temperatures of compound 2 (1H-NMR 600 MHz in 
DMSO). Right: line shape simulation obtained with the rate constants reported (from the less stable 
to the more stable conformation). 
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Figure S2. Calculated ground state and transition states for aryl rotation in compound 2. 
Calculation at the B3LYP/6-31++G(d,p), energies in kcal/mol. 
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Figure S3. VT-NMR of compound 3. On the left the experimental spectra (1H NMR 600 MHz in 
DMSO-d6). On the right the lineshape simulations with the relative rate constants (from the less 
stable to the more stable conformation). 
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Figure S4. Kinetic study by 1D-EXSY of compound 3 at different temperatures. NMR spectra at 
top are relative to +100 °C. The signal is that of the stereogenic CH.  

 

Table S1. Free energy of interconversion ∆G≠ of compound 3 obtained at each temperature. 
 

Temperature (°C) k1 (s
-1) G≠ (kcal/mol) 

+90 1.91 21.0 

+100 4.05 21.1 

+105 5.42 21.2 
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Figure S5. Calculated ground state and transition states for aryl rotation in compound 3. 
Calculation at the B3LYP/6-31++G(d,p), energies in kcal/mol. 
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Figure S6. Van’t Hoff analysis of the free activation energy in function of temperature in 

compound 3. 

 

Table S2. Calculated Values of G≠ (kcal/mol) for diastereomerization process in compound 3. 

 

T (K) 1/T ΔG1-2 ΔG2-1 T (°C) 

263 0,0038 18,83 18,60 -10 
258 0,0039 18,70 18,58 -15 
253 0,0040 18,66 18,43 -20 

 

	  

S2-1 = - 0.0172 = -17 u.e. 
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Figure S7. Calculated ground state and transition states for aryl rotation in compound 4. 
Calculation at the B3LYP/6-31++G(d,p), energies in kcal/mol. 
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Figure S8. Van’t Hoff analysis of free activation energy in function of temperature in compound 4. 

 

 

Table S3: Calculated Values of G≠ (kcal/mol) for diastereomerization process in compound 4. 

 

T (K) 1/T ΔG1-2 ΔG2-1 T (°C) 

288 0,0035 21,503 21,575 + 15 

302 0,0033 21,516 21,579 + 29 

308 0,0032 21,529 21,599 + 35 

313 0,0032 21,670 21,739 + 40 

 

	  

S2-1 = - 0.017 = -17 u.e. 
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Figure S9. Top: CD and UV chromatograms of compound 5 recorded at +2 °C. Analytical 
condition: (R,R)-Whelk-O1 column, 250 x 4.6 mm I.D. 5 µm; eluent: hexane/dichloromethane, 
70:30 +2% MeOH ; flow rate: 1 mL/min; UV and CD @ 300 nm. Bottom: Stopped-flow On-line 
ECD spectra of the two conformational enantiomers. 
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Figure S10. Van’t Hoff analysis of free activation energy in function of temperature in compound 
5. 

 

 

Table S4: Calculated Values of G≠ (kcal/mol) for diastereomerization process in compound 5. 

 

T (K)  1/T  ΔG1-2  ΔG2-1  T (°C) 

288  0,0035  21,503  21,575  +15 

302  0,0033  21,516  21,579  +29 

308  0,0032  21,529  21,599  +35 

313  0,0032  21,670  21,739  +40 

 

	  

S = - 0.0049 = -5 u.e. 
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Figure S11. Calculated ground state and transition states for aryl rotation in compound 5. 
Calculation at the B3LYP/6-31++G(d,p), energies in kcal/mol. 
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T= 46˚C 

T= 25˚C 

 

 

Figure S12. Experimental chromatographic profiles of the compound 6, at different temperatures. 
Analytical conditions: Column: Chiralpak IB 250 x 4.6 mm I.D. 5 µm; Mobile phase hexane/IPA, 
80:20; Flow: 1 mL/min; Detector: UV@ 254 nm. 
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Figure S13. Calculated ground state and transition states for aryl rotation in compound 6. 
Calculation at the B3LYP/6-31++G(d,p), energies in kcal/mol. 

 



p
p
m

2
3

4
5

6
7

8

0
.
8
52
.
6
1

0
.
1
70
.
7
3

0
.
6
9

0
.
1
6

0
.
8
0

0
.
2
0

0
.
9
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

A
c
q
.
 
t
i
m
e
 
2
.
9
9
5
 
s
e
c

W
i
d
t
h
 
9
6
1
1
.
9
 
H
z

O
B
S
E
R
V
E
 
 
 
H
1
,
 
5
9
9
.
7
3
0
7
5
8
2
 
M
H
z

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

F
T
 
s
i
z
e
 
6
5
5
3
6

Compound 1

S15



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

3
0
1
6
5
.
6
 
 
2
0
0
.
0
3
4
 
 
 
 
 
1
7
.
1

 
 
2

2
0
6
9
5
.
9
 
 
1
3
7
.
2
3
9
 
 
 
 
 
1
4
.
6

 
 
3

2
0
1
5
3
.
8
 
 
1
3
3
.
6
4
4
 
 
 
 
 
7
9
.
0

 
 
4

2
0
0
4
3
.
9
 
 
1
3
2
.
9
1
5
 
 
 
 
 
1
9
.
9

 
 
5

1
9
8
3
0
.
2
 
 
1
3
1
.
4
9
8
 
 
 
 
 
7
2
.
0

 
 
6

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

 
 
7

1
9
7
9
3
.
8
 
 
1
3
1
.
2
5
7
 
 
 
 
 
1
2
.
4

 
 
8

1
9
7
6
2
.
9
 
 
1
3
1
.
0
5
2
 
 
 
 
 
7
1
.
4

 
 
9

1
9
6
5
4
.
7
 
 
1
3
0
.
3
3
4
 
 
 
 
 
1
2
.
6

 
1
0

1
9
4
9
7
.
9
 
 
1
2
9
.
2
9
4
 
 
 
 
 
1
3
.
0

 
1
1

1
9
4
1
7
.
8
 
 
1
2
8
.
7
6
3
 
 
 
 
 
7
7
.
4

 
1
2

1
7
8
3
9
.
9
 
 
1
1
8
.
3
0
0
 
 
 
 
9
4
1
.
5

 
1
3

1
4
2
2
6
.
4
 
 
 
9
4
.
3
3
8
 
 
 
 
 
1
1
.
1

 
1
4

1
3
7
8
3
.
6
 
 
 
9
1
.
4
0
2
 
 
 
 
 
6
7
.
7

 
1
5

5
7
7
9
.
2
 
 
 
3
8
.
3
2
3
 
 
 
 
 
7
3
.
8

 
1
6

5
6
7
4
.
8
 
 
 
3
7
.
6
3
1
 
 
 
 
 
1
2
.
3

Compound 1 

S16



p
p
m

0
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

2
2
0

130.883

131.253

133.680

128.573

106.013

91.475

38.257

37.495

Compound 1

S17



p
p
m

2
.
5

3
.
0

3
.
5

4
.
0

4
.
5

5
.
0

5
.
5

6
.
0

6
.
5

7
.
0

7
.
5

8
.
0

  2.73

  0.90

  0.37

  0.57

  0.54
  0.35

  0.62
  0.40

  1.00

  1.18

  1.75

Compound 2

S18



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

3
0
1
6
5
.
6
 
 
2
0
0
.
0
3
4
 
 
 
 
 
1
7
.
1

 
 
2

2
0
6
9
5
.
9
 
 
1
3
7
.
2
3
9
 
 
 
 
 
1
4
.
6

 
 
3

2
0
1
5
3
.
8
 
 
1
3
3
.
6
4
4
 
 
 
 
 
7
9
.
0

 
 
4

2
0
0
4
3
.
9
 
 
1
3
2
.
9
1
5
 
 
 
 
 
1
9
.
9

 
 
5

1
9
8
3
0
.
2
 
 
1
3
1
.
4
9
8
 
 
 
 
 
7
2
.
0

 
 
6

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

 
 
7

1
9
7
9
3
.
8
 
 
1
3
1
.
2
5
7
 
 
 
 
 
1
2
.
4

 
 
8

1
9
7
6
2
.
9
 
 
1
3
1
.
0
5
2
 
 
 
 
 
7
1
.
4

 
 
9

1
9
6
5
4
.
7
 
 
1
3
0
.
3
3
4
 
 
 
 
 
1
2
.
6

 
1
0

1
9
4
9
7
.
9
 
 
1
2
9
.
2
9
4
 
 
 
 
 
1
3
.
0

 
1
1

1
9
4
1
7
.
8
 
 
1
2
8
.
7
6
3
 
 
 
 
 
7
7
.
4

 
1
2

1
7
8
3
9
.
9
 
 
1
1
8
.
3
0
0
 
 
 
 
9
4
1
.
5

 
1
3

1
4
2
2
6
.
4
 
 
 
9
4
.
3
3
8
 
 
 
 
 
1
1
.
1

 
1
4

1
3
7
8
3
.
6
 
 
 
9
1
.
4
0
2
 
 
 
 
 
6
7
.
7

 
1
5

5
7
7
9
.
2
 
 
 
3
8
.
3
2
3
 
 
 
 
 
7
3
.
8

 
1
6

5
6
7
4
.
8
 
 
 
3
7
.
6
3
1
 
 
 
 
 
1
2
.
3

Compound 2

S19



p
p
m

0
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

2
2
0

130.883

131.253

133.680

128.573

106.013

91.475

38.257

37.495

compound 2

S20



p
p
m

1
2

3
4

5
6

7
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

A
c
q
.
 
t
i
m
e
 
2
.
9
9
5
 
s
e
c

W
i
d
t
h
 
9
6
1
1
.
9
 
H
z

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

2
.
4
80
.
6
1 4
.
1
8

0
.
3
1 0
.
6
1

0
.
5
7 0
.
3
0

0
.
7
0 0
.
4
4

1
.
0
0

S21

Compound 3



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
5
 
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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

3
0
1
1
5
.
1
 
 
1
9
9
.
6
9
9
 
 
 
 
 
2
3
.
2

 
 
2

2
9
8
5
1
.
2
 
 
1
9
7
.
9
4
9
 
 
 
 
 
1
0
.
4

 
 
3

2
0
6
5
2
.
6
 
 
1
3
6
.
9
5
1
 
 
 
 
 
1
0
.
3

 
 
4

2
0
4
1
1
.
9
 
 
1
3
5
.
3
5
5
 
 
 
 
 
2
2
.
2

 
 
5

2
0
2
9
0
.
9
 
 
1
3
4
.
5
5
3
 
 
 
 
 
3
0
.
5

 
 
6

2
0
2
6
6
.
7
 
 
1
3
4
.
3
9
2
 
 
 
 
 
1
9
.
2

 
 
7

1
9
8
0
0
.
7
 
 
1
3
1
.
3
0
2
 
 
 
 
 
1
6
.
4

 
 
8

1
9
5
2
9
.
6
 
 
1
2
9
.
5
0
5
 
 
 
 
 
2
7
.
4

 
 
9

1
9
5
0
2
.
5
 
 
1
2
9
.
3
2
5
 
 
 
 
 
4
6
.
0

 
1
0

1
9
4
8
9
.
3
 
 
1
2
9
.
2
3
7
 
 
 
 
 
8
2
.
8

 
1
1

1
9
4
0
8
.
1
 
 
1
2
8
.
6
9
9
 
 
 
 
 
8
0
.
2

 
1
2

1
9
4
0
4
.
8
 
 
1
2
8
.
6
7
7
 
 
 
 
 
8
6
.
7

 
1
3

1
9
3
1
2
.
6
 
 
1
2
8
.
0
6
6
 
 
 
 
 
3
9
.
9

 
1
4

1
9
2
0
5
.
0
 
 
1
2
7
.
3
5
2
 
 
 
 
 
8
4
.
1

 
1
5

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

 
1
6

1
9
0
9
2
.
3
 
 
1
2
6
.
6
0
5
 
 
 
 
 
4
6
.
9

 
1
7

1
9
0
5
9
.
2
 
 
1
2
6
.
3
8
5
 
 
 
 
 
4
5
.
2

 
1
8

1
8
9
9
9
.
6
 
 
1
2
5
.
9
9
0
 
 
 
 
 
4
0
.
1

 
1
9

1
8
9
5
7
.
1
 
 
1
2
5
.
7
0
8
 
 
 
 
 
8
3
.
5

 
2
0

1
8
9
0
7
.
4
 
 
1
2
5
.
3
7
8
 
 
 
 
 
4
9
.
0

 
2
1

1
8
8
4
5
.
0
 
 
1
2
4
.
9
6
5
 
 
 
 
 
4
4
.
7

 
2
2

1
8
4
4
2
.
5
 
 
1
2
2
.
2
9
6
 
 
 
 
 
8
4
.
0

 
2
3

1
7
7
0
3
.
8
 
 
1
1
7
.
3
9
7
 
 
 
8
4
0
2
.
0

 
2
4

1
4
1
9
8
.
5
 
 
 
9
4
.
1
5
3
 
 
 
 
 
3
3
.
2

 
2
5

1
3
7
4
3
.
5
 
 
 
9
1
.
1
3
6
 
 
 
 
 
7
1
.
2

 
2
6

5
6
3
4
.
2
 
 
 
3
7
.
3
6
2
 
 
 
 
 
8
2
.
9

 
2
7

5
5
6
9
.
1
 
 
 
3
6
.
9
3
0
 
 
 
 
 
4
5
.
2

S22

Compound 3



p
p
m

1
2
2

1
2
4

1
2
6

1
2
8

1
3
0

1
3
2

1
3
4

1
3
6

1
3
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
5
 
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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
0
6
5
2
.
6
 
 
1
3
6
.
9
5
1
 
 
 
 
 
1
0
.
3

 
 
2

2
0
4
1
1
.
9
 
 
1
3
5
.
3
5
5
 
 
 
 
 
2
2
.
2

 
 
3

2
0
2
9
0
.
9
 
 
1
3
4
.
5
5
3
 
 
 
 
 
3
0
.
5

 
 
4

2
0
2
6
6
.
7
 
 
1
3
4
.
3
9
2
 
 
 
 
 
1
9
.
2

 
 
5

1
9
8
0
0
.
7
 
 
1
3
1
.
3
0
2
 
 
 
 
 
1
6
.
4

 
 
6

1
9
5
2
9
.
6
 
 
1
2
9
.
5
0
5
 
 
 
 
 
2
7
.
4

 
 
7

1
9
5
0
2
.
5
 
 
1
2
9
.
3
2
5
 
 
 
 
 
4
6
.
0

 
 
8

1
9
4
8
9
.
3
 
 
1
2
9
.
2
3
7
 
 
 
 
 
8
2
.
8

 
 
9

1
9
4
0
8
.
1
 
 
1
2
8
.
6
9
9
 
 
 
 
 
8
0
.
2

 
1
0

1
9
4
0
4
.
8
 
 
1
2
8
.
6
7
7
 
 
 
 
 
8
6
.
7

 
1
1

1
9
3
1
2
.
6
 
 
1
2
8
.
0
6
6
 
 
 
 
 
3
9
.
9

 
1
2

1
9
2
0
5
.
0
 
 
1
2
7
.
3
5
2
 
 
 
 
 
8
4
.
1

 
1
3

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

 
1
4

1
9
0
9
2
.
3
 
 
1
2
6
.
6
0
5
 
 
 
 
 
4
6
.
9

 
1
5

1
9
0
5
9
.
2
 
 
1
2
6
.
3
8
5
 
 
 
 
 
4
5
.
2

 
1
6

1
8
9
9
9
.
6
 
 
1
2
5
.
9
9
0
 
 
 
 
 
4
0
.
1

 
1
7

1
8
9
5
7
.
1
 
 
1
2
5
.
7
0
8
 
 
 
 
 
8
3
.
5

 
1
8

1
8
9
0
7
.
4
 
 
1
2
5
.
3
7
8
 
 
 
 
 
4
9
.
0

 
1
9

1
8
8
4
5
.
0
 
 
1
2
4
.
9
6
5
 
 
 
 
 
4
4
.
7

 
2
0

1
8
4
4
2
.
5
 
 
1
2
2
.
2
9
6
 
 
 
 
 
8
4
.
0

S23

compound 3



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
D
E
P
T

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
5
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

1
9
5
0
3
.
1
 
 
1
2
9
.
3
2
9
 
 
 
 
 
2
7
.
4

 
 
2

1
9
4
8
9
.
8
 
 
1
2
9
.
2
4
1
 
 
 
 
 
6
3
.
1

 
 
3

1
9
4
0
8
.
1
 
 
1
2
8
.
6
9
9
 
 
 
 
 
5
2
.
7

 
 
4

1
9
4
0
5
.
4
 
 
1
2
8
.
6
8
1
 
 
 
 
 
6
7
.
8

 
 
5

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

 
 
6

1
9
2
0
5
.
5
 
 
1
2
7
.
3
5
5
 
 
 
 
 
6
0
.
3

 
 
7

1
9
1
0
8
.
3
 
 
1
2
6
.
7
1
1
 
 
 
 
 
6
3
.
4

 
 
8

1
9
0
9
2
.
9
 
 
1
2
6
.
6
0
9
 
 
 
 
 
3
4
.
4

 
 
9

1
9
0
5
9
.
7
 
 
1
2
6
.
3
8
9
 
 
 
 
 
4
0
.
3

 
1
0

1
9
0
0
0
.
1
 
 
1
2
5
.
9
9
3
 
 
 
 
 
3
9
.
2

 
1
1

1
8
9
5
7
.
6
 
 
1
2
5
.
7
1
2
 
 
 
 
 
6
5
.
2

 
1
2

1
8
9
0
7
.
9
 
 
1
2
5
.
3
8
2
 
 
 
 
 
3
5
.
6

 
1
3

1
8
8
4
5
.
5
 
 
1
2
4
.
9
6
8
 
 
 
 
 
3
5
.
5

 
1
4

1
8
4
4
3
.
0
 
 
1
2
2
.
2
9
9
 
 
 
 
 
5
8
.
5

 
1
5

1
4
1
9
8
.
5
 
 
 
9
4
.
1
5
3
 
 
 
 
 
2
6
.
8

 
1
6

1
3
7
4
3
.
5
 
 
 
9
1
.
1
3
6
 
 
 
 
 
5
5
.
3

 
1
7

5
6
3
4
.
8
 
 
 
3
7
.
3
6
5
 
 
 
 
-
6
3
.
2

 
1
8

5
5
6
9
.
6
 
 
 
3
6
.
9
3
3
 
 
 
 
-
3
5
.
8

S24

compound 3



p
p
m

1
2
2

1
2
4

1
2
6

1
2
8

1
3
0

1
3
2

1
3
4

1
3
6

1
3
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
D
E
P
T

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
5
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

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

 
 
2

1
9
4
8
9
.
8
 
 
1
2
9
.
2
4
1
 
 
 
 
 
6
3
.
7

 
 
3

1
9
4
0
8
.
7
 
 
1
2
8
.
7
0
3
 
 
 
 
 
6
5
.
3

 
 
4

1
9
4
0
5
.
4
 
 
1
2
8
.
6
8
1
 
 
 
 
 
6
7
.
2

 
 
5

1
9
3
1
3
.
7
 
 
1
2
8
.
0
7
3
 
 
 
 
 
4
0
.
1

 
 
6

1
9
2
0
5
.
5
 
 
1
2
7
.
3
5
5
 
 
 
 
 
6
0
.
6

 
 
7

1
9
1
0
8
.
3
 
 
1
2
6
.
7
1
1
 
 
 
 
 
6
9
.
4

 
 
8

1
9
0
9
2
.
9
 
 
1
2
6
.
6
0
9
 
 
 
 
 
3
6
.
1

 
 
9

1
9
0
5
9
.
7
 
 
1
2
6
.
3
8
9
 
 
 
 
 
3
9
.
0

 
1
0

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

 
1
1

1
8
9
5
7
.
6
 
 
1
2
5
.
7
1
2
 
 
 
 
 
6
4
.
5

 
1
2

1
8
9
0
7
.
9
 
 
1
2
5
.
3
8
2
 
 
 
 
 
3
5
.
1

 
1
3

1
8
8
4
5
.
5
 
 
1
2
4
.
9
6
8
 
 
 
 
 
3
5
.
9

 
1
4

1
8
4
4
3
.
0
 
 
1
2
2
.
2
9
9
 
 
 
 
 
6
0
.
9

S25

compound 3



p
p
m

1
2

3
4

5
6

7
8

9

k
u
m
a
r
-
V
5
 
 
I
n
o
v
a
6
0
0
-
A
T
B
 
H
1
-
s
2
p
u
l
-
c
d
3
c
n
 
S
e
p
 
 
1
 
2
0
1
6

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

A
c
q
.
 
t
i
m
e
 
2
.
9
9
5
 
s
e
c

W
i
d
t
h
 
9
6
1
1
.
9
 
H
z

O
B
S
E
R
V
E
 
 
 
H
1
,
 
5
9
9
.
7
3
0
7
5
8
2
 
M
H
z

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

F
T
 
s
i
z
e
 
6
5
5
3
6

1
.
1
1

3
.
3
0
1
.
1
0

1
.
1
3

4
.
5
0

1
.
1
6

0
.
7
9

1
.
0
5

0
.
7
3

1
.
2
0

0
.
8
5

0
.
8
1

1
.
1
8

3
.
4
8

2
.
3
6

S26

compound 4



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
9
9
4
4
.
5
 
 
1
9
8
.
5
6
8
 
 
 
 
 
3
6
.
4

 
 
2

2
9
8
9
5
.
3
 
 
1
9
8
.
2
4
2
 
 
 
 
 
5
0
.
6

 
 
3

2
0
8
5
5
.
7
 
 
1
3
8
.
2
9
8
 
 
 
 
 
6
7
.
8

 
 
4

2
0
3
1
9
.
6
 
 
1
3
4
.
7
4
4
 
 
 
 
 
5
2
.
8

 
 
5

2
0
3
0
1
.
4
 
 
1
3
4
.
6
2
3
 
 
 
 
 
3
1
.
5

 
 
6

2
0
2
0
5
.
3
 
 
1
3
3
.
9
8
6
 
 
 
 
 
8
1
.
4

 
 
7

2
0
1
8
7
.
1
 
 
1
3
3
.
8
6
5
 
 
 
 
 
5
5
.
3

 
 
8

2
0
0
9
3
.
8
 
 
1
3
3
.
2
4
6
 
 
 
 
 
4
2
.
5

 
 
9

1
9
9
8
7
.
3
 
 
1
3
2
.
5
4
0
 
 
 
 
 
5
0
.
8

 
1
0

1
9
6
6
8
.
1
 
 
1
3
0
.
4
2
3
 
 
 
 
 
6
7
.
3

 
1
1

1
9
6
0
8
.
0
 
 
1
3
0
.
0
2
4
 
 
 
 
1
0
5
.
0

 
1
2

1
9
5
9
6
.
9
 
 
1
2
9
.
9
5
1
 
 
 
 
 
7
0
.
0

 
1
3

1
9
5
7
1
.
0
 
 
1
2
9
.
7
7
9
 
 
 
 
 
9
6
.
2

 
1
4

1
9
5
6
7
.
1
 
 
1
2
9
.
7
5
3
 
 
 
 
 
6
9
.
4

 
1
5

1
9
5
2
1
.
3
 
 
1
2
9
.
4
5
0
 
 
 
 
 
9
8
.
0

 
1
6

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

 
1
7

1
9
3
6
2
.
8
 
 
1
2
8
.
3
9
9
 
 
 
 
1
0
4
.
3

 
1
8

1
9
1
9
6
.
6
 
 
1
2
7
.
2
9
7
 
 
 
 
 
7
0
.
4

 
1
9

1
9
1
0
0
.
0
 
 
1
2
6
.
6
5
6
 
 
 
 
 
9
8
.
2

 
2
0

1
9
0
8
6
.
8
 
 
1
2
6
.
5
6
8
 
 
 
 
 
7
5
.
0

 
2
1

1
8
9
4
8
.
2
 
 
1
2
5
.
6
4
9
 
 
 
 
 
7
0
.
4

 
2
2

1
8
4
8
9
.
4
 
 
1
2
2
.
6
0
7
 
 
 
 
1
0
4
.
7

 
2
3

1
7
8
3
5
.
2
 
 
1
1
8
.
2
6
8
 
 
 
1
7
4
1
.
0

 
2
4

1
4
0
2
4
.
0
 
 
 
9
2
.
9
9
6
 
 
 
 
 
7
2
.
9

 
2
5

1
3
9
8
9
.
2
 
 
 
9
2
.
7
6
5
 
 
 
 
 
5
0
.
6

 
2
6

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

 
2
7

5
7
0
1
.
6
 
 
 
3
7
.
8
0
8
 
 
 
 
 
8
5
.
2

 
2
8

2
9
3
8
.
3
 
 
 
1
9
.
4
8
4
 
 
 
 
1
0
1
.
2

 
2
9

2
7
3
0
.
7
 
 
 
1
8
.
1
0
8
 
 
 
 
 
6
2
.
4

S27

compound 4



p
p
m

1
2
2

1
2
4

1
2
6

1
2
8

1
3
0

1
3
2

1
3
4

1
3
6

1
3
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
0
8
5
5
.
7
 
 
1
3
8
.
2
9
8
 
 
 
 
 
6
7
.
8

 
 
2

2
0
3
1
9
.
6
 
 
1
3
4
.
7
4
4
 
 
 
 
 
5
2
.
8

 
 
3

2
0
3
0
1
.
4
 
 
1
3
4
.
6
2
3
 
 
 
 
 
3
1
.
5

 
 
4

2
0
2
0
5
.
3
 
 
1
3
3
.
9
8
6
 
 
 
 
 
8
1
.
4

 
 
5

2
0
1
8
7
.
1
 
 
1
3
3
.
8
6
5
 
 
 
 
 
5
5
.
3

 
 
6

2
0
0
9
3
.
8
 
 
1
3
3
.
2
4
6
 
 
 
 
 
4
2
.
5

 
 
7

1
9
9
8
7
.
3
 
 
1
3
2
.
5
4
0
 
 
 
 
 
5
0
.
8

 
 
8

1
9
6
6
8
.
1
 
 
1
3
0
.
4
2
3
 
 
 
 
 
6
7
.
3

 
 
9

1
9
6
0
8
.
0
 
 
1
3
0
.
0
2
4
 
 
 
 
1
0
5
.
0

 
1
0

1
9
5
9
6
.
9
 
 
1
2
9
.
9
5
1
 
 
 
 
 
7
0
.
0

 
1
1

1
9
5
7
1
.
0
 
 
1
2
9
.
7
7
9
 
 
 
 
 
9
6
.
2

 
1
2

1
9
5
6
7
.
1
 
 
1
2
9
.
7
5
3
 
 
 
 
 
6
9
.
4

 
1
3

1
9
5
2
1
.
3
 
 
1
2
9
.
4
5
0
 
 
 
 
 
9
8
.
0

 
1
4

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

 
1
5

1
9
3
6
2
.
8
 
 
1
2
8
.
3
9
9
 
 
 
 
1
0
4
.
3

 
1
6

1
9
1
9
6
.
6
 
 
1
2
7
.
2
9
7
 
 
 
 
 
7
0
.
4

 
1
7

1
9
1
0
0
.
0
 
 
1
2
6
.
6
5
6
 
 
 
 
 
9
8
.
2

 
1
8

1
9
0
8
6
.
8
 
 
1
2
6
.
5
6
8
 
 
 
 
 
7
5
.
0

 
1
9

1
8
9
4
8
.
2
 
 
1
2
5
.
6
4
9
 
 
 
 
 
7
0
.
4

 
2
0

1
8
4
8
9
.
4
 
 
1
2
2
.
6
0
7
 
 
 
 
1
0
4
.
7

S28

compound 4



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
D
E
P
T

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

1
9
6
0
8
.
6
 
 
1
3
0
.
0
2
8
 
 
 
 
 
4
0
.
1

 
 
2

1
9
5
9
7
.
5
 
 
1
2
9
.
9
5
5
 
 
 
 
 
2
6
.
9

 
 
3

1
9
5
7
1
.
6
 
 
1
2
9
.
7
8
3
 
 
 
 
 
3
8
.
0

 
 
4

1
9
5
6
8
.
3
 
 
1
2
9
.
7
6
1
 
 
 
 
 
2
6
.
9

 
 
5

1
9
5
2
1
.
9
 
 
1
2
9
.
4
5
4
 
 
 
 
 
3
7
.
6

 
 
6

1
9
3
9
8
.
8
 
 
1
2
8
.
6
3
7
 
 
 
 
 
2
7
.
4

 
 
7

1
9
3
6
3
.
4
 
 
1
2
8
.
4
0
3
 
 
 
 
 
3
3
.
4

 
 
8

1
9
1
9
7
.
3
 
 
1
2
7
.
3
0
1
 
 
 
 
 
2
4
.
8

 
 
9

1
9
1
0
1
.
2
 
 
1
2
6
.
6
6
4
 
 
 
 
 
3
7
.
2

 
1
0

1
9
0
8
7
.
4
 
 
1
2
6
.
5
7
2
 
 
 
 
 
2
7
.
4

 
1
1

1
8
9
4
8
.
8
 
 
1
2
5
.
6
5
3
 
 
 
 
 
2
5
.
7

 
1
2

1
8
4
9
0
.
0
 
 
1
2
2
.
6
1
1
 
 
 
 
 
3
7
.
5

 
1
3

1
4
0
2
4
.
6
 
 
 
9
3
.
0
0
0
 
 
 
 
 
3
3
.
7

 
1
4

1
3
9
8
9
.
8
 
 
 
9
2
.
7
6
9
 
 
 
 
 
2
1
.
3

 
1
5

5
7
3
3
.
6
 
 
 
3
8
.
0
2
1
 
 
 
 
-
3
3
.
1

 
1
6

5
7
0
2
.
2
 
 
 
3
7
.
8
1
2
 
 
 
 
-
4
9
.
6

 
1
7

2
9
3
8
.
9
 
 
 
1
9
.
4
8
8
 
 
 
 
 
3
6
.
1

 
1
8

2
7
3
1
.
3
 
 
 
1
8
.
1
1
2
 
 
 
 
 
2
6
.
3

S29

compound 4



p
p
m

1
2
2

1
2
4

1
2
6

1
2
8

1
3
0

1
3
2

1
3
4

1
3
6

1
3
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
D
E
P
T

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

1
9
6
0
8
.
6
 
 
1
3
0
.
0
2
8
 
 
 
 
 
3
9
.
2

 
 
2

1
9
5
9
7
.
5
 
 
1
2
9
.
9
5
5
 
 
 
 
 
2
7
.
6

 
 
3

1
9
5
7
1
.
6
 
 
1
2
9
.
7
8
3
 
 
 
 
 
3
9
.
0

 
 
4

1
9
5
6
8
.
3
 
 
1
2
9
.
7
6
1
 
 
 
 
 
2
7
.
9

 
 
5

1
9
5
2
1
.
9
 
 
1
2
9
.
4
5
4
 
 
 
 
 
3
7
.
9

 
 
6

1
9
3
9
8
.
8
 
 
1
2
8
.
6
3
7
 
 
 
 
 
2
7
.
7

 
 
7

1
9
3
6
3
.
4
 
 
1
2
8
.
4
0
3
 
 
 
 
 
3
5
.
0

 
 
8

1
9
1
9
7
.
3
 
 
1
2
7
.
3
0
1
 
 
 
 
 
2
5
.
8

 
 
9

1
9
1
0
0
.
6
 
 
1
2
6
.
6
6
0
 
 
 
 
 
3
8
.
5

 
1
0

1
9
0
8
7
.
4
 
 
1
2
6
.
5
7
2
 
 
 
 
 
2
8
.
0

 
1
1

1
8
9
4
8
.
8
 
 
1
2
5
.
6
5
3
 
 
 
 
 
2
5
.
7

 
1
2

1
8
4
9
0
.
0
 
 
1
2
2
.
6
1
1
 
 
 
 
 
3
8
.
6

S30

compound 4



p
p
m

1
2

3
4

5
6

7
8

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

A
c
q
.
 
t
i
m
e
 
2
.
9
9
5
 
s
e
c

W
i
d
t
h
 
9
6
1
1
.
9
 
H
z

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

S31

compound 5



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
8
7
7
1
.
0
 
 
1
9
0
.
7
8
7
 
 
 
 
 
3
0
.
1

 
 
2

2
0
6
1
0
.
9
 
 
1
3
6
.
6
7
5
 
 
 
 
 
2
7
.
0

 
 
3

2
0
4
0
6
.
7
 
 
1
3
5
.
3
2
1
 
 
 
 
 
5
4
.
1

 
 
4

2
0
3
3
3
.
8
 
 
1
3
4
.
8
3
7
 
 
 
 
 
7
1
.
9

 
 
5

1
9
7
4
9
.
1
 
 
1
3
0
.
9
6
0
 
 
 
 
 
9
4
.
7

 
 
6

1
9
6
0
5
.
6
 
 
1
3
0
.
0
0
8
 
 
 
 
 
4
9
.
1

 
 
7

1
9
5
2
9
.
4
 
 
1
2
9
.
5
0
3
 
 
 
 
 
9
7
.
1

 
 
8

1
9
3
8
5
.
3
 
 
1
2
8
.
5
4
8
 
 
 
 
 
9
7
.
7

 
 
9

1
9
2
9
0
.
3
 
 
1
2
7
.
9
1
8
 
 
 
 
 
8
8
.
3

 
1
0

1
9
1
6
0
.
0
 
 
1
2
7
.
0
5
4
 
 
 
 
 
9
9
.
1

 
1
1

1
9
0
9
7
.
6
 
 
1
2
6
.
6
4
0
 
 
 
 
 
9
4
.
4

 
1
2

1
8
6
0
1
.
3
 
 
1
2
3
.
3
4
9
 
 
 
 
 
9
0
.
3

 
1
3

1
7
8
3
7
.
7
 
 
1
1
8
.
2
8
6
 
 
 
1
8
8
8
.
1

 
1
4

1
7
0
2
5
.
6
 
 
1
1
2
.
9
0
0
 
 
 
 
1
0
5
.
7

S32

compound 5



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
D
E
P
T

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

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

 
S
q
.
 
s
i
n
e
 
b
e
l
l
 
1
.
0
0
0
 
s
e
c

 
S
h
i
f
t
e
d
 
b
y
 
-
1
.
0
0
0
 
s
e
c

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
0
3
3
3
.
8
 
 
1
3
4
.
8
3
7
 
 
 
 
 
4
5
.
6

 
 
2

1
9
7
4
9
.
1
 
 
1
3
0
.
9
6
0
 
 
 
 
 
8
3
.
0

 
 
3

1
9
5
2
9
.
4
 
 
1
2
9
.
5
0
3
 
 
 
 
 
8
3
.
0

 
 
4

1
9
3
8
5
.
3
 
 
1
2
8
.
5
4
8
 
 
 
 
 
6
5
.
4

 
 
5

1
9
2
9
0
.
3
 
 
1
2
7
.
9
1
8
 
 
 
 
 
7
8
.
3

 
 
6

1
9
1
6
0
.
0
 
 
1
2
7
.
0
5
4
 
 
 
 
 
7
6
.
4

 
 
7

1
9
0
9
7
.
6
 
 
1
2
6
.
6
4
0
 
 
 
 
 
7
9
.
1

 
 
8

1
8
6
0
1
.
3
 
 
1
2
3
.
3
4
9
 
 
 
 
 
6
6
.
5

 
 
9

1
7
0
2
5
.
6
 
 
1
1
2
.
9
0
0
 
 
 
 
 
4
8
.
1

S33

compound 5



p
p
m

1
2

3
4

5
6

7
8

9

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

A
c
q
.
 
t
i
m
e
 
2
.
9
9
5
 
s
e
c

W
i
d
t
h
 
9
6
1
1
.
9
 
H
z

O
B
S
E
R
V
E
 
 
 
H
1
,
 
5
9
9
.
7
3
0
7
5
8
2
 
M
H
z

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

F
T
 
s
i
z
e
 
6
5
5
3
6

2
.
1
4

3
.
2
5 1
.
0
3

1
.
0
4 1
.
0
0

3
.
5
2

S34

compound 6



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
s
2
p
u
l

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
8
6
2
8
.
5
 
 
1
8
9
.
8
4
2
 
 
 
 
 
4
3
.
1

 
 
2

2
0
3
9
1
.
1
 
 
1
3
5
.
2
1
8
 
 
 
 
 
6
8
.
4

 
 
3

2
0
2
1
1
.
7
 
 
1
3
4
.
0
2
8
 
 
 
 
 
3
1
.
9

 
 
4

2
0
1
9
3
.
5
 
 
1
3
3
.
9
0
7
 
 
 
 
 
7
0
.
4

 
 
5

2
0
1
7
3
.
1
 
 
1
3
3
.
7
7
2
 
 
 
 
 
6
8
.
1

 
 
6

1
9
6
8
8
.
3
 
 
1
3
0
.
5
5
7
 
 
 
 
 
9
5
.
9

 
 
7

1
9
6
6
8
.
4
 
 
1
3
0
.
4
2
5
 
 
 
 
 
6
4
.
9

 
 
8

1
9
5
4
8
.
1
 
 
1
2
9
.
6
2
7
 
 
 
 
1
0
1
.
5

 
 
9

1
9
4
8
6
.
8
 
 
1
2
9
.
2
2
1
 
 
 
 
 
9
8
.
0

 
1
0

1
9
3
9
9
.
0
 
 
1
2
8
.
6
3
9
 
 
 
 
1
0
2
.
6

 
1
1

1
9
1
4
8
.
9
 
 
1
2
6
.
9
8
0
 
 
 
 
 
8
9
.
1

 
1
2

1
8
4
9
7
.
4
 
 
1
2
2
.
6
6
0
 
 
 
 
1
0
5
.
7

 
1
3

1
7
8
3
6
.
0
 
 
1
1
8
.
2
7
4
 
 
 
1
4
5
7
.
0

 
1
4

1
7
1
1
6
.
1
 
 
1
1
3
.
5
0
0
 
 
 
 
 
9
7
.
0

 
1
5

2
7
1
7
.
7
 
 
 
1
8
.
0
2
2
 
 
 
 
 
8
8
.
9

S35

compound 6



p
p
m

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

A
C
Q
U
I
S
I
T
I
O
N
 
P
A
R
A
M
E
T
E
R
S

P
u
l
s
e
 
S
e
q
u
e
n
c
e
:
 
D
E
P
T

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

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

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

W
i
d
t
h
 
3
6
1
8
2
.
7
 
H
z

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

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

P
o
w
e
r
 
4
6
 
d
B

 
o
n
 
d
u
r
i
n
g
 
a
c
q
u
i
s
i
t
i
o
n

 
o
f
f
 
d
u
r
i
n
g
 
d
e
l
a
y

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

I
N
D
E
X
 
 
 
 
F
R
E
Q
U
E
N
C
Y
 
 
P
P
M

H
E
I
G
H
T

 
 
1

2
0
1
9
3
.
5
 
 
1
3
3
.
9
0
7
 
 
 
 
 
3
9
.
4

 
 
2

1
9
6
8
8
.
3
 
 
1
3
0
.
5
5
7
 
 
 
 
 
7
6
.
5

 
 
3

1
9
5
4
8
.
1
 
 
1
2
9
.
6
2
7
 
 
 
 
 
7
3
.
7

 
 
4

1
9
4
8
6
.
8
 
 
1
2
9
.
2
2
1
 
 
 
 
 
7
6
.
9

 
 
5

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

 
 
6

1
9
1
4
8
.
9
 
 
1
2
6
.
9
8
0
 
 
 
 
 
7
4
.
2

 
 
7

1
8
4
9
7
.
4
 
 
1
2
2
.
6
6
0
 
 
 
 
 
8
0
.
0

 
 
8

1
7
1
1
6
.
1
 
 
1
1
3
.
5
0
0
 
 
 
 
 
4
5
.
3

 
 
9

2
7
1
7
.
7
 
 
 
1
8
.
0
2
2
 
 
 
 
 
7
0
.
0

S36

compound 6




