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1. X-ray crystallography

For the determination of the X-ray structures of (R,R,S)-15a (WMS 53-09) and
(R,S,R)-18 (WMS 53-08), suitable single crystals had to be formed. For both
compounds the method of vapour diffusion was chosen. The setup consists of an
inner and an outer chamber. The compound was dissolved in the inner chamber in
ca. 0.5 mL solvent, whereas the outer chamber contained 2.5 mL of an antisolvent.

By closing the outer chamber the solvents start to equilibrate via vapour diffusion.

1.1. Molecular structure of (R,R,S)-15a
(R,R,S)-15a was crystallized using the following system: Inner chamber THF, outer

chamber n-hexane.

(1R,4R,7S)-2,5-Dibenzyl-7-(pyrrolidin-1-yl)-2,5-diazabicyclo[2.2.2]octane-3,6,-
dione ((R,R,S)-15a)

C32-C35



Table 1: Sample and crystal data for (R,R,S)-15a
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Identification code
Chemical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal habit
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

dan8114
Ca24H27N302
389.48 g/mol
100(2) K
1.54178 A

0.142 x 0.266 x 0.288 mm

colorless prism
Tetragonal

P43
a=13.7270(3) A
b =13.7270(3) A
c =10.9453(3) A
2062.43(11) A3
4

1.254 g/cm3
0.640 mm-!

832

a=90°
B=90°
y = 90°
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Table 2: Data collection and structure refinement for (R,R,S)-15a

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Coverage of independent reflections

Absorption correction

Max. and min. transmission
Refinement method
Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole
R.M.S. deviation from mean

3.22 t0 68.39°

-15<=h<=16, -16<=k<=16, -11<=I<=13
25621

3636 [R(int) = 0.0259]

99.4 %

multi-scan

0.9150 and 0.8370

Full-matrix least-squares on F2
SHELXL-2014/7 (Sheldrick, 2014)
2w(Fo2 - F2)?

3636 /1 /262

1.103

3579 data; I>26(l) R1 =0.0260, wR2 = 0.0636

all data R1 =0.0267, wR2 = 0.0643
w=1/[02(F,2)+(0.0340P)2+0.3333P] where P=(F2+2F 2)/3
0.0(1)

0.107 and -0.156 eA-3

0.034 eA3
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Table 3: Bond lengths (A) for (R,R,S)-15a

C1-N2
C1-C7
01-C3
N2-C9
C3-C4
C4-C8
N5-C6
C7-N31
C7-H7
C8-H8B
C9-H9A
C10-C21
C10-H10B
C11-C16
C12-H12
C13-H13
C14-H14
C15-H15
C21-C26
C22-C23
C23-C24
C24-C25
C25-C26
C26-H26
N31-C35
C32-H32A
C33-C34
C33-H33B
C34-H34A
C35-H35A

C1-C6
C1-H1
N2-C3
02-C6
C4-N5
C4-H4
N5-C10
C7-C8
C8-H8A
C9-C11
C9-H9B
C10-H10A
C11-C12
C12-C13
C13-C14
C14-C15
C15-C16
C16-H16
C21-C22
C22-H22
C23-H23
C24-H24
C25-H25
N31-C32
C32-C33
C32-H32B
C33-H33A
C34-C35
C34-H34B
C35-H358B

1.525(2)
1.0
1.354(2)
1.231(2)
1.476(2)
1.0
1.458(2)
1.550(2)
0.99
1.514(2)
0.99
0.99
1.388
1.391
1.383
1.386
1.387
0.95
1.393(3)
0.95
0.95
0.95
0.95
1.470(2)
1.531(2)
0.99
0.99
1.528(2)
0.99
0.99

3)
2)
3)
3)
3)

~ o~ A~ o~ o~




Table 4: Bond angles (°) for (R,R,S)-15a
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N2-C1-C6
C6-C1-C7
C6-C1-H1
C3-N2-C9
C9-N2-C1
01-C3-C4
N5-C4-C3
C3-C4-C8
C3-C4-H4
C6-N5-C10
C10-N5-C4
02-C6-C1
N31-C7-C1
C1-C7-C8
C1-C7-H7
C4-C8-C7
C7-C8-H8A
C7-C8-H8B
N2-C9-C11
C11-C9-H9A
C11-C9-H9B
N5-C10-C21

C21-C10-H10A

C21-C10-H10B
C12-C11-C16
C16-C11-C9
C11-C12-H12
C14-C13-C12
C12-C13-H13
C13-C14-H14
C14-C15-C16
C16-C15-H15
C15-C16-H16
C26-C21-C22

108.75(13)
108.32(13)
110.8
123.70(14)
120.30(13)
125.43(15)
108.03(13)
108.12(14)
110.9
124.18(15)
120.13(13)
124.71(15)
110.05(13)
106.49(13)
109.5
108.91(13)
109.9
109.9
113.03(15)
109.0
109.0
113.96(14)
108.8
108.8
119.16(16)
118.47(16)
119.9
120.47(19)
119.8
120.3
120.34(18)
119.8
119.8
118.80(17)

N2-C1-C7
N2-C1-H1
C7-C1-H1
C3-N2-C1
01-C3-N2
N2-C3-C4
N5-C4-C8
N5-C4-H4
C8-C4-H4
C6-N5-C4
02-C6-N5
N5-C6-C1
N31-C7-C8
N31-C7-H7
C8-C7-H7
C4-C8-H8A
C4-C8-H8B
HB8A-C8-H8B
N2-C9-H9A
N2-C9-H9B
HO9A-C9-H9B
N5-C10-H10A
N5-C10-H10B

H10A-C10-H10B

C12-C11-C9

C11-C12-C13
C13-C12-H12
C14-C13-H13
C13-C14-C15
C15-C14-H14
C14-C15-H15
C15-C16-C11
C11-C16-H16
C26-C21-C10

107.41(13)
110.8
110.8
115.70(13)
125.45(16)
109.09(13)
107.75(13)
110.9
110.9
115.07(15)
125.75(17)
109.53(14)
111.66(13)
109.5
109.5
109.9
109.9
108.3
109.0
109.0
107.8
108.8
108.8
107.7
122.36(15)
120.17(16)
119.9
119.8
119.35(18)
120.3
119.8
120.44(19)
119.8
121.93(16)



C22-C21-C10
C23-C22-H22
C24-C23-C22
C22-C23-H23
C23-C24-H24
C24-C25-C26
C26-C25-H25
C21-C26-H26
C7-N31-C32
C32-N31-C35
N31-C32-H32A
N31-C32-H32B
H32A-C32-H32B
C32-C33-H33A
C32-C33-H33B
H33A-C33-H33B
C35-C34-H34A
C35-C34-H34B
H34A-C34-H34B
N31-C35-H35A
N31-C35-H35B
H35A-C35-H35B

119.21(16)
119.7
120.19(18)
119.9
120.1
120.04(19)
120.0
119.7
113.22(13)
103.07(13)
111.0
111.0
109.0
110.9
110.9
109.0
110.8
110.8
108.9
111.1
111.1
109.0

SI7

C23-C22-C21
C21-C22-H22
C24-C23-H23
C23-C24-C25
C25-C24-H24
C24-C25-H25
C21-C26-C25
C25-C26-H26
C7-N31-C35
N31-C32-C33
C33-C32-H32A
C33-C32-H32B
C32-C33-C34
C34-C33-H33A
C34-C33-H33B
C35-C34-C33
C33-C34-H34A
C33-C34-H34B
N31-C35-C34
C34-C35-H35A
C34-C35-H35B

120.62(18)
119.7
119.9
119.81(18)
120.1
120.0
120.52(18)
119.7
113.77(13)
103.89(13)
111.0
111.0
104.12(13)
110.9
110.9
104.67(14)
110.8
110.8
103.54(13)
111.1
111.1
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Table 5: Torsion angles (°) for (R,R,S)-15a

C6-C1-N2-C3
C6-C1-N2-C9
C9-N2-C3-01
C9-N2-C3-C4
01-C3-C4-N5
01-C3-C4-C8
C3-C4-N5-C6
C3-C4-N5-C10
C10-N5-C6-02
C10-N5-C6-C1
N2-C1-C6-02
N2-C1-C6-N5
N2-C1-C7-N31
N2-C1-C7-C8
N5-C4-C8-C7
N31-C7-C8-C4
C3-N2-C9-C11
C6-N5-C10-C21
N2-C9-C11-C12
C16-C11-C12-C13
C11-C12-C13-C14
C13-C14-C15-C16
C12-C11-C16-C15
N5-C10-C21-C26
C26-C21-C22-C23
C21-C22-C23-C24
C23-C24-C25-C26
C10-C21-C26-C25
C1-C7-N31-C32
C1-C7-N31-C35
C7-N31-C32-C33
N31-C32-C33-C34
C7-N31-C35-C34
C33-C34-C35-N31

-55.54(18)
130.52(15)
-3.6(3)
174.58(15)
-126.90(17)
116.75(18)
-58.37(17)
130.24(15)
-5.7(3)
174.54(14)
-127.54(16)
52.18(16)
179.48(13)
-59.33(17)
-58.88(17)
122.14(15)
127.14(16)
117.52(17)
-30.4(2)
2.2(3)
0.5(3)
1.1(3)
-3.1(3)
-40.0(2)
-1.8(3)
1.0(3)
-1.5(3)
-175.94(17)
-177.92(14)
-60.67(18)
167.40(14)
-26.33(19)
-167.09(14)
26.73(19)

C7-C1-N2-C3
C7-C1-N2-C9
C1-N2-C3-O1
C1-N2-C3-C4
N2-C3-C4-N5
N2-C3-C4-C8
C8-C4-N5-C6
C8-C4-N5-C10
C4-N5-C6-02
C4-N5-C6-C1
C7-C1-C6-02
C7-C1-C6-N5
C6-C1-C7-N31
C6-C1-C7-C8
C3-C4-C8-C7
C1-C7-C8-C4
C1-N2-C9-C11
C4-N5-C10-C21
N2-C9-C11-C16
C9-C11-C12-C13
C12-C13-C14-C15
C14-C15-C16-C11
C9-C11-C16-C15
N5-C10-C21-C22
C10-C21-C22-C23
C22-C23-C24-C25
C22-C21-C26-C25
C24-C25-C26-C21
C8-C7-N31-C32
C8-C7-N31-C35
C35-N31-C32-C33
C32-C33-C34-C35
C32-N31-C35-C34

61.48(19)
-112.47(16)
-177.30(16)
0.87(19)
54.93(17)
-61.41(17)
58.21(17)
-113.18(15)
-176.74(15)
3.54(18)
116.02(17)
-64.26(16)
-63.22(17)
57.97(17)
57.65(17)
1.98(19)
-59.42(19)
-71.92(19)
150.37(16)
-177.03(15)
-2.1(3)
1.5(3)
176.09(17)
143.02(16)
175.25(17)
0.7(3)
1.0(3)
0.6(3)
64.03(18)
-178.71(14)
44.04(18)
-0.3(2)
-44.10(17)
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Table 6: Hydrogen bond distances (A) and angles (°) for (R,R,S)-15a

Donor-H Acceptor-H Donor-Acceptor Angle
C4-H4...01 1.00 2.39 3.121(2) 129.1
C9-H9B...02 0.99 2.38 3.232(2) 144.3

1.2. Molecular structure of (R,S,R)-18
(R,S,R)-18 (WMS 53-08) was crystallized using the following system; Inner chamber
iPr,O, outer chamber n-hexane. Due to partial racemization the formed crystals

contained a racemic mixture of (R,S,R)-18 and (S,R,S)-18.

1,1'-((1R,4S,7R)-7-(pyrrolidin-1-yl)-2,5-diazabicyclo[2.2.2]octane-2,5-diyl)bis(2-
(3,4-dichlorophenyl)ethanone) ((R,S,R)-18)

C12-C17
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Table 7: Sample and crystal data for 18

Identification code
Chemical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal habit
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

dan8093
C26H27CI4N302
555.30 g/mol
100(2) K

1.54178 A

0.015 x 0.051 x 0.228 mm
colorless needle
Monoclinic
P12/c1

a =24.6806(6) A
b = 6.2455(2) A
c=16.1174(4) A
2479.64(12) A3

4

1.487 glcm3
4.588 mm-

1152

a=90°
B = 93.5410(10)°
y = 90°
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Table 8: Data collection and structure refinement for 18

Theta range for data collection
Index ranges
Reflections collected

Independent reflections
Coverage  of
reflections

Absorption correction

Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F2
A/omax

Final R indices

Weighting scheme
Largest diff. peak and hole
R.M.S. deviation from mean

independent

3.59 to 68.36°

-29<=h<=29, -7<=k<=7, -19<=|<=19
31737

4563 [R(int) = 0.0860]

99.8%

multi-scan

0.9340 and 0.4210

direct methods

SHELXL-2014 (Sheldrick, 2014)
Full-matrix least-squares on F2

SHELXL-2014/7 (Sheldrick, 2014)
> w(Fo? - Fc2)2

4563 /0/316

1.055

0.001

3427 data; I>26(1) R1=0.0551, wR2 =0.1299
all data

w=1/[c2(Fo2)+(0.0644P)2+3.0587P]
where P=(Fo2+2F¢2)/3

0.618 and -0.443 eA-3

0.068 eA-3

R1=0.0793, wR2 = 0.1425



Table 9: Bond lengths (A) for 18

SI12

Cl1-C14
CI3-C24
N2-C9
N2-C3
N5-C6
N31-C7
N31-C32
02-C10
C1-C7
C3-C4
C3-H3B
C4-H4
C6-H6B
C7-H7
C8-H8B
C10-C21
C11-H11A
C12-C13
C13-C14
C14-C15
C16-C17
C17-H17
C21-H21A
C22-C23
C23-C24
C24-C25
C26-C27
C27-H27
C32-H32A
C33-C34
C33-H33B
C34-H34A
C35-H35A

Cl2-C15
Cl4-C25
N2-C1
N5-C10
N5-C4
N31-C35
01-C9
C1-C6
C1-H1
C3-H3A
C4-C8
C6-HBA
C7-C8
C8-H8A
C9-C11
C11-C12
C11-H11B
C12-C17
C13-H13
C15-C16
C16-H16
C21-C22
C21-H21B
C22-C27
C23-H23
C25-C26
C26-H26
C32-C33
C32-H32B
C33-H33A
C34-C35
C34-H34B
C35-H35B




Table 10: Bond angles (°) for 18
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C9-N2-C1
C1-N2-C3
C10-N5-C4
C7-N31-C35
C35-N31-C32
N2-C1-C7
N2-C1-H1
C7-C1-H1
N2-C3-H3A
N2-C3-H3B
H3A-C3-H3B
N5-C4-C8
N5-C4-H4
C8-C4-H4
N5-C6-H6A
N5-C6-H6B
H6A-C6-H6B
N31-C7-C8
N31-C7-H7
C8-C7-H7
C4-C8-HB8A
C4-C8-H8B
H8A-C8-H8B
01-C9-C11
02-C10-N5
N5-C10-C21
C12-C11-H11A
C12-C11-H11B
H11A-C11-H11B
C13-C12-C11
C14-C13-C12
C12-C13-H13
C13-C14-Cl1
C16-C15-C14

121.8(3)
113.5(3)
119.4(3)
114.0(3)
105.8(3)
106.2(3)
110.0
110.0
110.4
110.4
108.6
107.8(3)
109.9
109.9
110.2
110.2
108.5
110.4(3)
109.2
109.2
109.8
109.8
108.3
122.1(3)
122.6(3)
116.4(3)
108.9
108.9
107.7
120.4(3)
120.7(3)
119.6
119.4(3)
119.2(3)

C9-N2-C3
C10-N5-C6
C6-N5-C4
C7-N31-C32
N2-C1-C6
C6-C1-C7
C6-C1-H1
N2-C3-C4
C4-C3-H3A
C4-C3-H3B
N5-C4-C3
C3-C4-C8
C3-C4-H4
N5-C6-C1
C1-C6-H6A
C1-C6-H6B
N31-C7-C1
C1-C7-C8
C1-C7-H7
C4-C8-C7
C7-C8-H8A
C7-C8-H8B
01-C9-N2
N2-C9-C11
02-C10-C21
C12-C11-C9

C9-C11-H11A

C9-C11-H11B
C13-C12-C17
C17-C12-C11
C14-C13-H13
C13-C14-C15
C15-C14-CI1

C16-C15-ClI2

124.5(3
124.2(3
113.4(3
111.8(3
109.1(3
111.5(3
110.0
106.5(3)
110.4
110.4
109.5(3)
109.8(3)
109.9
107.7(3)
110.2
110.2
111.4(3)
107.5(3)
109.2
109.2(3)
109.8
109.8
122.9(3)
115.0(3)
121.0(3)
113.5(3)
108.9
108.9
118.5(3)
121.1(3)
119.6
120.4(3)
120.2(3)
119.5(3)

)
)
)
)
)
)



C14-C15-ClI2
C17-C16-H16
C16-C17-C12
C12-C17-H17
C10-C21-H21A
C10-C21-H21B
H21A-C21-H21B
C23-C22-C21
C24-C23-C22
C22-C23-H23
C23-C24-CI3
C26-C25-C24
C24-C25-Cl4
C25-C26-H26
C22-C27-C26
C26-C27-H27
N31-C32-H32A
N31-C32-H32B
H32A-C32-H32B
C34-C33-H33A
C34-C33-H33B
H33A-C33-H33B
C33-C34-H34A
C33-C34-H34B
H34A-C34-H34B
N31-C35-H35A
N31-C35-H35B
H35A-C35-H35B

121.4(3)
119.7
120.6(3)
119.7
109.2
109.2
107.9
120.2(3)
120.5(4)
119.7
119.6(3)
119.6(3)
121.2(3)
119.8
119.4(4)
120.3
110.6
110.6
108.8
110.1
110.1
108.5
110.8
110.8
108.8
110.9
110.9
108.9

Si4

C17-C16-C15
C15-C16-H16
C16-C17-H17
C10-C21-C22
C22-C21-H21A
C22-C21-H21B
C23-C22-C27
C27-C22-C21
C24-C23-H23
C23-C24-C25
C25-C24-CI3
C26-C25-Cl4
C25-C26-C27
C27-C26-H26
C22-C27-H27
N31-C32-C33
C33-C32-H32A
C33-C32-H32B
C34-C33-C32
C32-C33-H33A
C32-C33-H33B
C33-C34-C35
C35-C34-H34A
C35-C34-H34B
N31-C35-C34
C34-C35-H35A
C34-C35-H35B

120.6(3)
119.7
119.7
112.2(3)
109.2
109.2
119.7(3)
120.1(3)
119.7
120.3(4
120.1(3
119.2(3
120.5(4
119.8
120.3
105.5(4)
110.6
110.6
107.8(4)
110.1
110.1
105.0(4)
110.8
110.8
104.4(3)
110.9
110.9

)
)
)
)
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2. 'H and '3C NMR spectra

o
=1 o
o 2 g
~N a =
L i = g
, g g 2
L L f o w g g
2 8 2 S o o
. , , 7 § 7 7 g
LS L L qﬂ €
1
m " o
W | © 4
] o
]
s9T
997 — m
89°C i
69T B
oz :
we
- | o LEve,
: N 85°bE "
. 8v'TH 28
. o.
b0'E pistagi~ o 23 |AWN.M
9T'€ [ = 69 i i 2N
ze = I vo [ srze = — .
MMM T o 8°0 MM 5 L2 B& = P
E i ; T
85°€ ) = FT < 90°€S = = ﬁ = = 1N
mm.m/ T 210 [T ™ b5 A = mm.m
S9°E 4 ] | ,
A = l_Fo080 om.wm = \ i
106~ v0 || 0 stes | mm.o :
18" so [ ™ 509 ﬁ.w
90b 2 -
. )ww.m 607 - N
ory N ;
. wee [
i 080 %
wy H/ 3
- 210 | 1
it 10 [ ¥ i
b :
A ﬁ : :
St'b | Hik m
o H/Z.c Frund -
6501 £1°0 Pl LE'ETT gslel :
ol b P £33 EE m
: Tt - = "2
b9y ’ : : i
: 3 2/9v°0
$.v . , A =
2 90°£TT ~\_ g|es :
o 60671 \_.\—/ 0 /.mu\ N u
66+ ] 1) oz'6eT Eacy |
005 re o= Aﬂmw g
.\ m
MMAM‘ 3 ze0 [~
69 :
Teo— &5 N w
m@o\ Q 1
069 N i
e g : 0
N:\ T o Rl N > 2¢ :
i B = S -
. ] . 20°291 % i |
wNN &Mm 0 — - o = (d o
: vw.NSV PR ROk o 00 | @
b o1 sal=%en|el||-2 Zales <00
(@] I 06°691 el VI PN gl =t
| oul fol Z3 2 = =500 | o
£9°0£T - - T - - o
BCTZTT] v .
S L m STt =
(=]
mv—c O el
o
) n
o — - :
©
: O @) :
T -
[e] : 0
& N | O
o ) m Z
o (@) :
2 O . m
n L2 .
] b} ro <
y I : , :
: N
o <
o 2z
o
@
N




SI16

= 180U
1700

1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

~-100

€9C
59T
£L9°C
0Lz
T7LT
vLT
9Lt
86'C
66°C
e
v0'E

sTE
243
67°€
TEE~
95°€

09°€ "1
voEF T
mm.m\
b0y
mc.VV
80t 7
o1t -
:.ﬂ
£T
22y
97t
9T -|
Sb'p |
6t |
05t
15

2 TR

0.0

0.5

1.5 1.0

2.0

2.5

3.0

3.5

550

I 500
k450
400
350

300

250

200
150
r100
r50

+9°C
S9C
91
89°C
7we
e
vLT
SLt
66'C
00°'€
T0°€
e

9T’e
LT
6T°€
0E'e

95°€
09°€ ~&

N (dd)
3.00

B (dd)
273

A (dd)
3.28

F(s)
3.56

O

20
me.o
Fveo

- F08'0
9°0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

19°0

4.5 4.0

5.0
f1 (ppm)

14
£5p ]
99y 1
oLy
oLy
7Ly
Sy
L8'v

wit_4a08_PROTON_01

CO,CHj

CO,CH;
A
H
J

N

Cl
O

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

voE
89°€
S0t
o
ory uw
Ty
v
€y
e
St |
05t
5%
5|
9%
ost
7y
en.ﬂ
88y
16 ]
205
€054
s0'
1L
sT°L
e
€L
zL
62,
[
e
be'L
seL
oL
£t
8eL

L
B SR

wit_4D01_PROTON_01

J(s)

4.45

S
a

(d)
06

5.03

7.20

C(b)
4.51

L
4.89

q ()

9T C
T
=9/'0
8°0

H(N”o

0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

.0.0



750
700
650
600
550
500
450
400
350
300
250
200
150
r100
F50

F-50

EP'PE
65'VE v
TN
b6 Ty —
AN
v1°Zs
0€°CS

-10

40 30 20 10

50

92°TS

LO'ES \
0S°€S
£0°LS

8"

SI7

90| 80 70 60

100

of
—Qq
=<
i
o
157214 - 60 L &
£9°/2T // - m —~0 a0 WN.O
S aE\ —~ ]9 bt 290 [
£9'ge1 — S e~ — l#ﬁ.o a
11621 On w T |
PESET ~ oM =610
£0°LET— — 1 Teoo | Q
=
)
=
o
N S
T e e e
~ NG o N =N (o) » 0
(=} ~ w —~ wn .
cei O ] ] B = RCTHRS
— ERN = —
£9°0L1 \ 1 = quo
69°TLT 0’0

il

wit_4D01_CARBO!

22 210 |{|200 | 190 180

230




1500
1400
1300
1200
1100
1000

900
800
700
600
500
400
300
200
100
r-100
1600
1500
1400
1300
1200
1100
1000

900
800
700
600
500
400
300
200
100
~-100

== Tz |
Loy Tede TevT—
—_— == or'1z
0857
mm.mN/
e A gese T
9
Fe 190~
] ° 808
T e orse T
bs'sE

1.0

T 0T
I/Nﬁ.ﬁ

Z0°T
7 L 60

=] o

0°T

1.5

25.80
a(s)
26.39

B (s]
30.8
J

~
-
—
A

o
€] n 9E" LY ~\_
€T [ 8805~
s —
———
Koot wes

T

H\oo”ﬁ

47.36|

3 (dd)
2.77

-10

40 30 20 10

50

9T
[

ot

6295

3.0

—_— JuwT |

——

G (dd)
3.26

SI18

35

Froe

60

70

D (d)
3.92

— =0T
—| P07
—E==—=={ F01

©
~
N

B (d)
4.33

3
™
o

T

4.5

80

90

00

5.0
f1 (ppm)

°
5]
o

T

5.5

(s)

vee E1'8ZT

110
f1 (ppm)

120

(s)
129.04

(s)
1#8.15
148.13

9T’e S1'8Z1
06T 7

130

69°SET

A(s)
135.69

140

o
@
o

5

o
N
<
7.0

— ] . 0L'P9T ~_

Fros Tecor
£6°0LT ~
<47 el

.5

wit_BC01_PROTON_02
T T
9.5 9.0

wit_BC01_CARBON_01

220 210 200 190 180 170 160 150

230




SI19

2500

2000

1500

1000

500

8LC
64T
8T
[4:x4

L6'T~

e
e
S0'E
S0°E
09°€ —
mm.m/
96'€
vo.v/
Yo'y

mo.vw
1454
9T'v

1€y
vEY

TS~
s

we
€L
9T’L
8T,
6TL
1€L
%L
€L
€€°L

wit_BMO1_PROTON_01

IMW\WﬂOA
6'C

= — 0T

— 1 e
~ 16'C

Mo.ﬁ
60
——— .
20
ezt

1.5 1.0 0.5 0.0

2.0

5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

6.0

9.0 8.5 8.0 7.5 7.0 6.5

9.5

.0.0

o o o o (=3 (=3 o o
(<} o i<} (=} o o [=3 o [=3 o o o
o~ o @ 1] < o~ o o o o o ~N
o N — — — — — © o < ~N '
1 1 1 1 1 1 1 1 1 1 1 1
PLEE~ 190
16'v€ = 6670
T — —007T
0128 : 7 L0
2.NmV. I S0
bLSS— =880
=
28| Eq
12°871 ~ o -2} =/CET
90621 <" E= =T <t
bl Baall
15°SET — - o —6270
=
6291 — =870
£9'501 7 fpbeis
€501 — =770
-
S
4
o
[}
4
<
9
-
(=}
=
o
=)
2

-10

30 20 10

40

80 70 60 50

90

220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

230



S120

wit_5a10_PROTON_01

3400
3200
3000

2800

z
@]

P

pzd

CO,CHj 2%

P{ 2400
2200
2000

1800
1600
1400
1200
1000
800

600

‘ ‘ 400

| AR

F-200

T T T T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0 -1.5 -2.0
f1 (ppm)

wit_5a10_CARBON_01 1800

1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

r100

~-100

+-200

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 S50 40 30 R0 10 0 -10
f1 (ppm)




Si21

o o [=] o
g g 2 g 3 g g g g )
S S S 8 8 (=3 o [=] (=] [=3 o [=] m m % ﬁ 3 2 g qﬂ : ,
2 2 m m m m o o o W % mw m = 5 , : : , , _
YT .oT iR g8 Ro% R F R RS L .
1 1 1 1
a 3
=]
o
<
LS )
N
4
. o
L .
~
Zq !
1 13
< s <@ e
— I
n _/96°0
~® 2" ~ 0
o ’
2 iy e B xse0 L g
6T F 8r6h ~= og == o
e v/ ot
. E : 60 | o
foe ST'ZS
l O
o o g 81°95
S0°E o
wo.m/. Fsot .
ore=:
or'e )
bS'E |
vwﬁ? Fooe[ ™
58T
m:/ For| o 0
ST | o )
<+
9Ty -
%.v €0°T )
Ty~ :
cev" - :
= T < ~
6v'y 3 :
v Fsot ~ =%
69y~ - ‘ =%
M JE i
€&y =& §
I~ F o001 = -
90°s~- z —
605~
3 o ™ © 5
8 o o - L0
Lw 6181 CE PSR PSS 22 28] 58 o f
i 0z'8z1 ol I N O Slee : o
€2'821 — o - — = ol g
-8TE RN Ga oo = o
2 mm,wﬁx Taloy &cu .
[ © orez1Af ,ﬂmo g
g.mﬂ\ 1 ¢
65'SET .
s a2
[ o
3
& R —Elas ]
vl I~ = 5 AR —
i ob b1 — =813 JmN“o o
7L [sp] Tv.oﬂ bercor | e g
e L wn 0z 0LT—
e L :
€L (&) .
€L N
SE'L ®) . :
1 C [~ w
o
©) . :
[T
_:H _
2 o
- . g .
il z z L2 .
6 o
(s} g .
= z .
2 Y 8
iy [ o
| @) 2 :
= E .
3 |
i £
5_ y
g N
2




S122

o o o
o o o o o o o o o o o o w o o (=] o o o o
I =1 =] =] =] =] =] S =) =] S =] =1 =] n S n =] n =} o
— — — (=) @ ~ o wn <+ ~M o~ — <D ] <+ ~m (2] ] ~N — — wn (=]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
NE=}
> o o
=] —
0
n
ro
o
1
ﬁ o
- o~
n
re
o
(]
L e LTsE— =007
~N =)
T
62y a8 5T
. wn 16v T 11T
8LT — o e | oS —— Lge L R
WM.MV 33 bTCs — o =980
. MR (= -—= — oot Tw'ss -7 T 3890
€8¢ * ) o 6195/ = o 2
bo'E 12 = —' Tee0 [ ™
vc.m\‘ = -
80
o
60 Oh) L2 )
vee = = Eue [
08'c o @\W\ 22
T ™ i 1 o
g8 I S
~ 0T
—_= (=)
=< €1
i M 10T || 1n
) 60 [« 8
R I —— —F0'1 -
B - ~
£ £
og 28
—_—_— . [ wn -
= Fv60 ~ ~
z PIT— Tzt =
o
o
5 -
n a4 o2 ~5 .
ST8CT O — S —
; = - S
T — TR — T
o . et —— —@mn oz [ —
LS L0621 O o1
© 60°0€1 — hevo
65°SET T
n
F o o
a
~
o067 | o O 1=}
[~ £S°65T— an|znl[ -8  E— e T T S
Fo6'€ TSPIT ~— oo % =T )
— e 86'59T O] 9 as — o[ o
n . o g ~
J Lo 8T°04T ~ of £ oo | R
o
o 2
[~
P4 Z °
(=)
n
[~
@) :
3 3
2 | o 2 °
o o 3 2
2 3
z O i 3 9
) o - N
© ™ ©
o o
n T 1 =}
I o I 2
P L 2 2 2
s N s




0801(03) RARMINANIRAIZR

Wit092012, 6SF2, Wittig | NN NN NNNRNNNN S
STANDARD 1H OBSERVE -\

N.__O

X

O~ N

H
o @
Ex
H,CO

-Z

S123

==

=

= 140U

1300

1200

1100

1000

900

800

700

600

500

400

300

200

r100

094 |=
1,01
1.00-7—
134

1.1
2.7

&

3.9¢
1.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0

0803(03)
Wwit092012, 65F2, Wittjg
STANDARD 1H OBSERVE

159.42

23
Sg
1

"\ 164.88

P (s
164.8

Qe }
166.53

3]

(s)
9.42

(ool

146.00
135.34
I 129.46
128.89
128.54

\ 12801

r

4.5

5.0
f1 (ppm)

114.38

e
w 2.82\1

w
o

—61.26
56.07

< s55.47
49.80
49.65
~36.94
3292
3213

L

1127
~

136

1.33y

T T T T
230 220 | 210 [2p0 190 | 180 1

0 1p0 150

T
110 100 90
f1(ppm)

r-100

0.0

36000

34000

32000

30000

28000

26000

24000

22000

{20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

F-2000

r-4000




Sl24

o o (=] (=} o o
2 S 2 3 2 3 2 S 2 S 2 n < (] o~ — o o o o o o o o
o n o n o n o o n S I 3 ] < 1
5 08§ 5 8 8 & & 7 7 8 _ Tov 7 7 7 7 8 8 R 8 8 FF
1 1 1 1 1 1 1 1 1 1 1 1 0
o
1
o
<
-
n
-
3 .
e~
— —~m
n o~ ~ 0
E 7N — 23 2
| 8T Ly~ or) o< sjﬁvc‘w,f
o bS6h e -8 ~0| oS
¥6'C 08'6b N % o<
% w7 =5 |z
i = =) o T
oole INIZA —l Fweo [
00'e S= _ Toe a
60'€ Z o 6'0
ore
bTE ] n
STe = F e
6LE Rz A —s0E
- = —
987 — MR 601 | o
06" E F2 )
b F 60 3 L&
61~ 190
0z o1 | w .
8 HIN 2
oy Foo't = —
Nidid T-00'% \ml €
Bl ok - o §
5% hg B 28
9% = uy o
v | z 95 pTT — S
ow.l " - S
i [ (=3 —~
i s9'zer Pl EXCH RO
87'8CT Lilvw | SN 2
o 09°8eT =~ = o O ]
o £0°62T hE3
S5°621 -
66'bET L 5
\n
e i s
I W ]
]
P89~ Fsez ]
thd (@) 2 @ = — o
oz L [~ 29'651— am =~ LB =0g0 | O
AN 0T e ae — €0
9L — — =47 LEBIT a Nl RS HHWMN,Q
(| — g £9'59T — = || 99 i o
€L W (@) | FBeee | n — LR
404 T N = -
TEL
€€°L 4 <
sele pd pa o [=
€L 1 L2
Am =)
W L w
@) o —=
[ » ~ 1~ m y o
Y6 26T Y o C m
o = =
o L o 0_ = S
Z < 3 3 r
]
o o 3
5 o 3
o
& | w 3 E s
£ 2 o ! == o~
g6 — 5 =
(=] b =
=)
R ° N = | g
< Lo b4 e ~
z —
2 2




6500
6000
5500
5000

4500
4000
3500
3000
2500
2000
I 1500
1000
500
-500
ooy
I 550
500
450
400
350
300
I 250
200
I 150
I 100
I 50

F-50

0.0

0.5

1.0

PTUT E/06

-10

10

q n vTe—
-

=0Q'1

30

&

@

-
2.0
B

7re €89
ST6b W

0°T
I\Aﬂuo.ﬁ

96~ ~% TT

5

o

o
2.5

.42

50

or€ | PPSS N\ < /90’1
ws— L in €07
nN mu.mm m.o

G|(s)

5

S125

—== 0T
= 0T

60

3.5

whbE

70

80

10°T

90

EST'T

£

4.5

—— Foot

5.0

100

10

f1 (ppm)
1 (5)
11460

09'vIT — =ET

f1|(ppm)

T
5.5

120

66°9CT
LE78CT
45°821 V.

B1°621

.73

Nll(s)

(s]
26.99|
(s)
130

(s)
14914

(s)
8.3y

1j#8.5y

it
:

13

6.0
a (s)
134.9

1
€262T 5gT

Yo

66'VET

6.5

140

150

el EgTC

7.0

89651\
—— 60T N

—— £TH9T =
= T

L1°89T <

LOE0

— 96°0
M/wm.o

S (s)

165.17
Q(s)
163.74

160

170

=  E760

180

8.5

190|

200

_BREFON.
NN N
9.0

L
9.5

210

220

H5CO

T
10.0

wit_8SH2_CARBON_|01

wit_8SF2,

230




S126

o o o o o o o o o o o o
o (=] o o o o (=3 (=] o (=3 o o o (=] o (=] (=] o <] (=] o o [=3 o o o o (=] o o o (=3 o [=3 o o
n o n o n o n o n o n o n o o n o (=} @ ~ O wn < (2] o~ - o (=] o o o o o o o o —
~ ~ o o wn wn < <+ ™ ™ ] o~ — — wn <P i ~N — — — — — — — — — — a @ ~ O n < [0} o~ — q .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
NI
— 5] &
n
o
o
o =
50°F Fvoe | T R
=i
o
—d — o~
3 n [Sxad —10€
M-
. o
-~ mMm
o
Fa 88'9¢ — = =001 | o
o~ <
w o~
4 . O -9 — .
] R orer— °F 3 S —— St e ]
F e =] o — n
19657 oIS M A 80
0b'SS ~ N N s =801
o v0'25 " Oun |l M =pe0 g
L2 o= = — .
— MA Toor [ ™ 9b°09 o Foz'0
————| |
E60 o
-~ n ~
d Il
| _sore 3
= ETWT
= o
— 00T | &
T q = v o
g =B s
e 60
n
. o
3 <+ o
1
3 g g
F——— = 50 | o8 g cs
= [~ Ol -
E ¢
bl SSHTT — s =€1T bl
——=901 Q
n ~ —
F 18'921 AR 22| ~5 I 00
o n ~ ~
mw.mNﬁW Caldas | S8 Cs|@® S S —— L0
5821 =4 & ——= .
o SUBCT /dm_ T
o ¥86CT b1
S8bET 7 ./Nm.a 2
M
n o
ba 2
H
T ] o 59651\ =32 _ o | 2
SR F~ 08€9T " o e foeo [ 8
= ——t 6T TEH9T ~ ~“< |ob =670
7 .. 0 o = 1 =
=T H/mo.N 2691~ = €0 | o
e | i = S
~
[=]
@
2
< o
—— ! EG 0 [ =3
2
1
|- — o
” ]
—
b
o o
LS z 2
(=) [e) o~
= @
2 2
a O wn @ N
| L | N
o O — o o
] ]
4 P g o
M
o I o o ~
2 Fo 2




S127

AR B SEDIE 3 RN {8288y 4 INe8RGRD b [24000
o Seph © o B SIdmda NAaAEaa3
proto CI’“’ﬁpt/topspin avl 59 NELY I N VY
22000
@)
[A HN \ [ L 20000
S / ~OCH
\/]\/N 3 I 18000
@]
H3CO“' I 16000
OSi(CH3)3
I 14000
() E @ (s
7.31 4.73 3.96 | | 12000
U (m)|| K (d) A (d) E (fn) ds) H (dd) EIES)
7.18|| 6.85 4.8 3.48 405 {4
H I 10000
fi (s)
3.80
8000
I 6000
|
u m ‘ 4000
I
i Il
‘ M qn ¢ \f\o 2000
I~
ne JU;M i g LRV
\
T b ITT 7 7T 7
P S S dAod ~ P2 @ L 2000
T T T T T T T T T T T T T T T T i
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1|(ppm)




S128

o o o o o o
o (=] (<} o o [=] (=] [=] (=] [=] (=] (=] o o o o (=] [=] [=3 o o (=] o [=} o o [=] o
2 8 2 2 8 88 R 8 8 8 8 R’ = H - a 8 &8 &8 ¥ 8 R & 8 % &8 2 8 8 @ ]/ ¢ «
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
O ﬂLw ro S
= = Fe9s
S E— ) “g —
o z9t — <+ F9CC
ER
. <] R
| - Feve
| = T =~ D
13 = 1 845z O3 foks Ol et
\ =13 = b 8'st g Il = s T
by = = A = sbioz—" g |08 TR ~ =© o
o5t S|~ %w b0 . AT ¥ o S = =T F&
85°T i SN —== Toot . 68'0€ [EIAE FoOR /,Mf
€97 S 3 70 bR erie~— N a8l .
¥9T ﬂ e pe6E— B Speaint
59T ] 10°T
£9'T ~o B
01 n 628 ~_ O8S 20T | o
= Fa s — o =950 [ 1A
o] 3% cm.mm\ i “eg'0
NN.& Nmz e T£6'0 ¥ b
mw.ﬁ A [=} PBBE =90 T
8 - 1 )
98'T O 3
981 T Fe6sc 7979 — = 501 | o
90T " R
90T — F o i3
3 | oF — -
~_~ ~ s o ©
ez O} o — P60
4 © =160 | o
vz ] o = b3
[Vard Eite] S
oce ] o< ] 60
85°E (St P
09°€ . = . =
19°€ 4 ~ 9701 — wo e e e —— €0 =
! — -
290 1 E480 ° m os
18°€ rnl -
33 = =
[l z &
z8'e n S
96°E F s PN
f . [N BB .
=t ey 2R 2 o
= ~ =]
Nw.l o osger - il Bt} gt [
| L= ~ 9o .
il © 2091 — <™ F —oc0 [ o
- <
A
i n
L3 g
2
sTL o g
| r~
9T A - - Q@
MM.M =0 g1 O ok —5€0
™ z a 10" TLLOT~ S || ~® —_% o
€L —~ [ @ 26891~ “ejwe Seeo F N
1437 ™ ~N
€€ I
z__o0 © o 2
= [
n °
a
®) =
” n
ko) " 8
o~
. ooz 8 <
S, e ] o
2 ™ F o = =
) I bl N
o 4
o n < =]
& [ o - ~
2 g
o
) o o, =1
< Fo = ~
H = H




S129

o
o o o o [=3 [=3 o [=] (=} o o (=} =3 (=} (=} o o o (=3 o o o o o
o o o o o o o o o o < o o @ O < N o © o < o~ o ~
— a @ ~ o n < [l N — q [ [2] ™M o o~ o~ o~ o~ — — — — — D D
L L L L L L L L L L L L L L L L L L L L L L L L
o
180 S
. — o
80 b =
680 '
160 n
€60 S | o
560
T st [oot
M” W ==| Fovz | o 0€5C # [0l o
) - 9€°S7 e[
pI°T = Fve 98'S7 [vso
o't 5657 Pofoeo | o
81T n 4962 ol oglanl|=e =5 - F1s0 N
0z'T F —— FY0'E [ - 0862 F 5 < m () H < H L@ - 2670
24 =9 Tere £8°62 \ Do B |ol || <a||OR[TR | =sco
Nm.ﬂ% 61°0£ g 2 =3 ol o
SS'T ) o  fToe N =8 =aR1Ta% 710
bo'T N 9goc Ww a6l Te || e IMAS.O
001 4 S s be O IR B oo
69° % 80— =Y [ —aam g0 | ¥
0T n  sgop Do | L2 = 00
S.Jﬁ = =0 N Lssue N llenlas — L
174+ 65705 — aRo2 s el n
617 ] t60s 7 oy [2&] § 0v'0
61°C ] o TEELS~ % [ =00 o
NN.A 0 vL8s " V-n n ST0 - ©
B3 == Feo ——
15T - . T Ay
sz == €60 | i,  creo~ L2lfg = ol
bez ® 60TLT EES =060
sz
STE] Lo
ﬁ.mu o @
° < 3
ovedr — o
ve'e ] b 1 Peso LR
seedf ==t EFooT | 4 50 7
oee | ¥ g996— o 4 Feol o
8e°c | Lo
o1t -
A8 =—F kw0 | oF E €
IS n g 28
] = rog
(45 = =
M z z
WM.ML n wery r6eo| o
o n BYZTT 090
8ey . o[~ ol ™
st ] ;.Rﬁ%. 26 ) A ION =8 [3 %#.o
tev] 26°22T IS ~ N < _ ol o
o s m — — — < S [~m Y USO ™
o 7o OL] o 990
9T et o -
= = F
e 0% (SR Kor L 9
n <
©o
o
vTL [ —
sTL o
[232 o T ~ —5 =3
€es o e =61 o P RGN veo B
veL = p— oo oo\ ORI
seL z 8T | 1n  S6'99T~C Tollde =710
oc s N 80891 7 Y ¢ o000 | IS
. ££°89T oro [ =
R
e
=) 3 =]
@ ra
] ra
© —~O
wn ¥
e o
2p'66T — =& - —o10 - Q
— o - 2
0, o 9
z = =
g g =
2 2 %
a S} 2
] | rg
Kel e}
¥ e ¥ =)
o
< A ra
2 2




SI130

7500

7000

6500

6000

5500

5000

4500

4000

2500

2000

1500

1000

500

vT0—

68°T
06'T
16T
6T
e
e
€T'e

ja%4
90°€—

88'¢
88'€
88°¢
68°€

6€7”
oTp

EOT'T

=001
960

SR

0.0

0.5

2.5 2.0 1.5 1.0

3.0

3.5

4.0

r<ou
260

240

220

200

180

r160

r140
l»lZO

r100
80

60

40

r20

)
52

i

10

20

30

40|

18

58"

£0°6 —~
T0°0S s

1985 —

whm.c
I/@@.o

=460

50

60

£6'S9

=80T

70

80

90

Ty
mN.v\
e

w0y

ogy
88’ 7
asv /-

[\4ra
1L
€L
vT'L
62'L
0L
1€L
€L
(44
€L
€€°L
veE'L

wit_BBa4_PROTON_01

HyCOM

OSi(CHs)3

—_—]
——

—

FTIT

ESTT
Fzrt

16'€
79

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

100

19201 —

110

[A%:14}
0Z°'8Z1

£S°8CT 7
S6°8CT \
16°SET

53

(s)

1

18.12

H (d)
135.94

0
) 5
52\59
(8(&

=] 10

9°0
L0
2T
T'E

F=8€0

120

130

f1{(ppm)

140

150

19791 —

(s)
167.51]

E=7TT0

16|

170

180

190

200

210

wit_BBa4_CARBON_0

220



S131

o o o o o o o o o o o
o (=} o (=3 o o o o o (=] o o (=} [=] o o [=3 (=} o o o (=] (=} o (=} (=} [=} [=} o o o
)] @ ~ O n < ™ o~ — o o o o o o (=] o o o — o @ O < o o 0 O ~N o o o o o ~N
— — — — — — — — — — a © ~ ©O n < ~M N — q ] ™M N N o o N — — — — @ o <+ N Q '
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L Il L
N .
— (=}
3 —= e
6 = Fooe T — = =001
n
=]
3 S
° r
LS °
~N
4
n
88'T — - 2
68 ﬂW
61
L] .
€67 == Tw1 | o > =
01z 3 L | Ta ke o

X — Ez01 b6E o Q 150 - F
e
454 — ==

. n ! 0 Bo | [~= .

B s> Sepoeas oo
e~ [w 2]
T0'0S vED
=~ 9
L3 LS
96 R Tooe [ ™ 79785 — =50 [ g
n 6659 — - =850
L8°€ ™ =)
88°c 1 £ R
88°c =
O
68°€ e 00T | ©
6" uhes 4 Boor [+ o
Ty~ _ L —0 )

oy = ————— “m\ho.ﬂ
1y p—— R Y
mN.v\ 1n
(43 <
9L\ o
08y~ s 0°T \m/ \ml
i ——————3 Fo1 | o & &
6% R se

o o
Al 19°20T — { =Sc0 hed
n 3
s o
E =
=
<
F o o

. 21°821 4 N
61°L1 - = -
12 61821 o T 4o
€2 in 8T sulo latllas]|Ea Fovo
e g SEIT~L 2] o R =090 o
sz's S6'82T - =] = [ o )ém 3 [sa]
v 6821 Sa | § | 3
622 o m.ME =4 =7
174 N 86°GET =t e
[\ _ | 3 A
it — ;

[ [se) "
[ T FN .

oy v
€L $) 2
] o .Z ]
bEL ] /O <
ve's -~ [ © 3

. 9
seL] = =
i) ) o7 ‘

ol Fa 157491 ~ o9 0l o
S 889T [aay T
pd le) £A g
— £ - 3
il Q 2 g
z [ o o
o (5} e} ©
= T @ -
o] 4
14 = - 3
o L@ 5]

1 o | [=3
" 5
o o -
8 2 i

| = | i
& Fo =
H = H




S132

=3 (=3 =3 (=3 o (=3 =3 (=3 o (=3 =3 (=3 o
o wn o wn o wn o wn o n o n n
~N © © wn n < < ™ ~m o~ ~N — b ]
1 1 1 1 1 1 1 1 1 1 1 1 1
A =
ﬁ.mk 3
e Ia Fsrt
€27 T
87
mv.Nv. —T60'1
mm.N\
€57
E.vW. £
STt &
o'y <7 Mo;
Ty = j— 60
o
Lo T

8e'y \
Nvuv \

09 v\
[4n 4
mw.v\

ST°L
LT
LTL
0z'L
wL
wL V.
€€°L
€€°L
S€L
LE°L

wit_BKc5_PROTON_01

E-1ir4

H\:.ﬁ

Fov

G| (m)

Frzo

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0

o o o (=] (=] o o o o (=] (=] o o o o
O < o o @ O < o o @0 O < o~ o o o o o ~N
(2] ™M 2} ™M 2 [ o o N — — — — — @0 o < o~ h
L L L L L L L L L L L L L L L L L L L
o
2
;
o
o
2
o
o~
[=]
1867 — R
298 — °
<+
066 o
e 3
T T
o
2
SUTZ—
@
o
b
o
o
2
£
mp
e
=
z
o
o
~N m -
< —~ o
2N [ET RhIos
% Sglog o
aN [T = i — Slae 2
~ < s
£ 671 4f =9 =2
e 2
m:ﬁ\ 5
T6bET
o
2
=
o
~ 3
wn 2
bEBOT — =3
96997 = m
S
o
@
2
o
n w
G
. ~ O
Sb'961 — a3 o
— =}
4
=
=
o
N
(oY}
3 3
4 (oY}
@




SI33

1900

1800

1700

1600

1500

1400

1300

1200

1100
1000
900
800
700

600

500
400
300
200
100

~-100

Lre
wﬁm/
we
€Te
wv.Nv.

8r'C
[A N4

€SC

STL
(e
e
0z L~

1L

we
€L
veE'L

9€L

wit_BKD1_PROTON_01

Lo fo

—_— Te¢o1

O (s)
4.21

g (s)’
4.60

z

Ex|EZ ]
TR xNEY =
=77

_J

Feoz

| 00T

6°T
0'C

H/ao.w

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

o o o [=] (= o o o o o (=} o o o
< I o @ O < N o @0 O < o o o o o o ~
M o™ M o~ N o~ o~ o~ — — — — — 0 (%) < o~ h
L L L L L L L L L L L L L L L L L L
o
i
o
o
=)
o
o~
™M
289t — —=0 [ o
2
—a
06 <
106 ~ o 01 | o
S.mvv. o 0T [
bLLS— =007 | o
O
6014~ =01 FR
v8'oL
o1 4
; o
8v'LL 2
o
[+
o
o
E
"
-e
o
z
o
PaaTas ST [N
- n | AR ~2 =R ¥ ~
WVNM% ol legslellghlad uw
ot = = Re—a— £ R
P Tas i N =i = = — BTN 60 [ O
LT6Tt < g 5 ST
se'ezt (o] 29 LT
Ve 70 F T
v6°bET 20
o
=
o
o
p-g RO =
0£'b9T — e3ad 20
68'99T — g - o | o
o
@
E
o
[
2
8b°96T — =960 || o
(=]
~— o~
g
4 o
2
w o~
4
<
O o
| I
— o~
a
4
o R
o
kS ~
3




550
500
450
400
350
300
250
200
150
r100
50

F-50
200
190
180
170
160
150
140
130
F120
110
100
90

80

70

60

50

40
130
L20
L 10

0.5

1.0

-10

10

0w
9
o0

——

E /80

|

20

2.0

€9 —

30

#0

G (s)

5oL

L8y ~
90T 9,8

2.5

=10'T

50

E oot ros—
ol 9'95 —
Lwa prc] S 5565

=690
0,0

B(s)
59.46|| #8.76

0

3

w9 —

70

G (m)
3.68

=1 P Oorc

_ —— W wT

I T vO'T
560 -

@
8
o
N (d)
3.84
H (dt)
3.94

4.0
T (I

S134

4.5

90 80

100

5.0

11

f1 (ppm)
"

f1{(ppm)

5.5

e
ST 0S°£ZT
Lb'8TT

L0
L0
79'T

— 9T
T

ST

€0

€0

6.0
R
&

N

138.47

£6'8ET

6.5

7.0

150 140

60

171

180

8.0

19

8.5

"

9.0

200

210

T
9.5

220

wit_SIal_PROTON_01
wit_SIgi_CARBON_01

230




SI35

500
450
400
350
300
250
200
I 150
100
50
0
F-50

082 1

0.0

0.5

1.0

1.5

88°Z
osefl
1821
787
167
16
ij
00°€
e

G|(m)
1197

2.5 20

310

£€°€
?m.mv
wm.m\
LEE
LeE—
08'€
[4:4%
¥8'E
98'¢
68°€
T6°€
6'E
9T’y
LTy

£TL
sTL
&ZL
6T°L
€L
E€€°L
£€°L
ve'L
9€°L
V'L
Sv'L

wit_SIB1_PROTON_01

3.5

5.5 5.0 4.5 4.0
f1 (ppm)

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

(=} (=] (=] o =3 o [=3 o
N o @ o < o~ o o o o ~
o N — — — — — ©O <+ o~ g D
L L L L L L L L L L L
o
=
0
o
3
o
a
o
o~
R S S— =]
(]
08'se — — —6L0
o
= ¥
€04~ 59 b /00T
S8'6k ~\_ 2 9 3 60 | ©
8605 — O =907
SpS— =36'0
s¢'8s 260 || o
vm.mmV. T e
299 — ———————3 =560
R
[=]
@
o
(=}
o
o
=
of
- o
-
b
THLTT 001 | o
PT8CT = 60 |
SS'821 Ol ~3 107
A\l ) iy 3 B
wmm T~E N ) o = : 2
T8°8CT S R — 1T
rgerd ol ksl gy [
£8'SET — o, =ze0 [
8E'8ET — A =8£0 I
=
3
=
o
O
=
1 o
R
-
o
]
=
o
[}
=
o
o
—
|
z 2
~
o
o
<
C, o
— N
)
=]
S, o
m
o
s ~
2




1200
I 1100
1000
900
800
700
600
I 500
400
300
200
I 100
F-100

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

R(d)
3.94

4.0

4.5

SI136

5.0

f1 (ppm)

5.5

6.0

o (=] o [=3 o [=3 o o
n o n o n o n o o
<+ <+ ™ oM o~ ~N — — n
L L L L L L L L L
o
1
m
0E°bE
ThE |
69°8F
OT6ET
TE'6E
25°6£ o
€2°6€ i oA oG @
8£°6€ oxjen 0T
b <+
6'6€ S i ﬁw.o
66'6€ =
- P —= [~
H —o|Za|8s |83 20
oL Calnglogllny 0T
169 T 5
va.nv\ h m.o
06'8% o1
585
o (=3
:.wmv <0 - ©
66'€9 ~ /90T
92'99 7’0
97'99 0T | R
55997
peTLTT 8
ot szt
s
P4 o
o5t o
€5°22T
954TF S0
09°22T 80 [ =
59°22T S0 B
19°2TT lseo | o &
2s°421 o't = =2
8L°LTT 610 o
z
21827 Jos'T
o
Tl feoz | R
Te'ger | 2 2 3 © o 3 etz || 7
AP d I I SRR ok
95°82T Ok RO EETNE BEAG IE BORE H EORGE IS IN [09°0
~ 0 ~ ~ ~ ~ ~
19821 SN[l |[ON]od o o =t = AN
£9'82T - hal gz [ =

710

6.87

6.5

oo

7.0

7.5

8.0

8.5

9.0

9.5

10.0

wit_BAa5_PROTON_01

yAa 110
n
a
o
© 32
~9 ~ —~
9201 arlee|aN||aR 0
posyres S Il 2 U Jaro [
=
12891 T o9 f<a =1 lm g Rero | R
27591 510}
(=]
@
(=]
a
o
(=]
= &
I
z
=
&
m7 o
n H
]
ES
| o
s m
g 9

140




2400

2200
2000
1800
1600
1400
1200
1000

800

600

400

200
o

F-200

SI137

8T
[4: 09
[4:s
v8'T
v8'T
S8'T
€T
1544
€T
w®T
(444
£€°T
vE'T
vm.N\

66'C

L6'E
86'€ v
o€y
€y
[4%4
SE€Y
LEY
LA 4
€Ly
€LY
i a4
SLy
SLv
S8'v
L8'v

61°L
€TL
STL
1€L
€L
veE'L
vEL
S€'L
9€'L
LEL
8L
6€°L
6€L

wit_MsA2_PROTON_02

L

"

Ezot

6°0
0T

—E86'T

ES60

E=SL'E

J\H Feoo

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

o (=] (=3 [=] o o o o o [=3 o (=] o
wn o wn o n o n o n o n o o n
©o ©o wn wn <+ < [l ™ o o~ — — wn [
1 1 1 1 1 1 1 1 1 1 1 1 1 L 1
o
=
o
o
~N
~Q o
29 m
09°€€ — w @ htat
6T6e — =007
~N
L9
oy % .
19°8% -] -s6z | @
=
(=8
t f :
0EBE — (R 8 B =TT [ 9
KL 3
SLT9— [ o3 1T
—~ 90
O R
90°€L — <R —9'0
o
@
b4
(=]
o
B
of
—a
=&
o
z
o
]
-
£b'821 N~ ~% =] 18'T
0s°821 Ohell RORY RO ax 9T [ o
15821 EEl BE Sl g o8 o1 | R
08'871 — s 60 | ™
jrasivass: ST
. 1] g o
16t /Mm T[]
ob'SET o [ =
o
n
=
~2 3
— 2
9'597 — DI g L0
72'891 — -9 ] Eoi0

wit_MsA2_CARBON_01

220 210 |20 191 180 [170

230




SI138

1200
1100
1000
900
800
700
600

500

400

300

200
100
r-100

06'€
90t N

Fers
TFep1

iz 184
T
6T

H/aa.ﬂ

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

.0

360

340

320

300

280

260

240

220

200

180

r160

r140

120

r100

80

60

40

r20

--20

-10

10

20

30

€78y
18y -
ozes

50

BEBS
e
o>

6Q

70

80

90t
STH_
670 —
eev’
uy
P

S8'b w

68%

€L
sTL

sTL =

9z 39 T
0€'L — N 3

~960

H\mﬁ.N

FS60
01

€L
TEL

€€°L
SEL N O

OHN T

wit_PBb5_PROTON_01

e wm.N

L

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

20'821 1

100 90

110
f1 (ppm)

62°8CT
75°821
£5°821
14821

€0°6CT 7

L0'9ET v

E€T9ET

12p

130

140

0897

150

160

05°69T

17p

180

19

01

200

21

220

wit_PBb5_CARBOI

230



SI139

wit_PBc5_PROTON_01

0]
@\/ §
N
i @)
T

\v&
/
=
s

550

500

450

400

350

300

250

200

150

r100

r50

L ‘!\ i = LV A

wit_PBc4

CARBON_01

T T T T T T T T T T T T T T
5.5 4.0 3.5
f1 (ppm)

850

800

750

700

650

600

550

500

450

400

350

300

250

200

150

r100

50

210

T T T T T T T T T T T T T T T T T
0O 180 170 160 150 140| [130 ~|120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

F-50




2200

2000
1800
I 1600
I 1400
1200
I 1000
800
600
400
200
F-200

99'T
89'T
orT
(7%
[T
98'T
88'T W
06T
2T
e
ov'z—
mv.NNy

8¥'C

06’
06°€
06°€
16°€
90t
0%
mN.v/

8T —

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

F (dd)
3.90

4.0

b (d)
‘.27
d (d)
4.31

S140

= \
123
8L
08p~\-

mm.ww

68'%

€L
YL
STL
6TL

0gL
€L
€€°L
vEL
9€'L

wit_8D02_PROTON_01

|

4.5

5.0

f1 (ppm)

5.5

6.0

6.5

7.0

7.5

8.0

9.0 8.5

9.5

10.0

2 o o [=3 o o o [=3 o (=] o
n o n o n o n o wn o o n
n n < < [a] o™ o~ N — — n Il
L L L L L L L L L L L L
o
=
o
2
o
~N
teeT —00'7
]
95'1E— =80
o
<
[44:17 =5 70
o
nv.mvv I Amv.c )
61°CS Win ™60
8c6s 2 vo | g
e~y ] 0
) 3 0
R
3
o
(=}
o
o
=
£
oa
—a
e
[oyTal €0l o
1€°821 co | S
¢s8er - =N R — 90
b5'8zT ol IR IO O an od
. ~ g || ~ o0 |~ @ o0 o
< I -~ D ]
s0'621 ad - - - ol KoL} o0 [ -
90°9€T =g =g 10
crocr > ~ 9 °a 0| Q
&
o
n
a
o
o
2
5679T~ =TT [ ©
S e
(=]
@
2
o
2
o
o
o~
—
i
z o
o) N
o
g
o
g, 2
~ o
3
o
BA A
= o
2




Sl41

o o [=3 o [=] o (=] o [=3 o (=} o o o o o o o o o [=] o (=] o

o n o n o n o n o n o n o n o n o wn o wn o n o o n

wn <+ < ™ ™ o ~N — — q ~ ~ o o wn wn <+ < [l [} o~ ~N — — ) [

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S9'T7 <
L91 ° S
89’1 A=
wr
248 n
€1 = Lo
b1
26'1 1
€611 1 S) 3 =
v6'T =
6'1
961 i Lo
35 n L _ e
vez J = et >
bET = Tees & 54
2514 - — N

(81€ 15°0

(244 =] Bt LS
bz -

— o
bz = L2
59 _ __ Fapg 29
s9' = n Lo -
oz B8 Root |- o2 |[=8 o] o
99z a5 ————] =60 i .

g LTy =060
99z il oR]
192 o =it vo——o
797 - n L 050 o
197 L © j 1570

— o
6 = n FR
16°€ o
z6'E I — =
43¢ =] E FS

\ g8 J
ool \\ ) Za = VI
S Y/ gy Al
v = 0 L
ST Sm .
vEY T \/ T 660 -
5T \ / = l g
89'r~ Too -
01 ~ ~
w QL _LZ Z g E
E| aQ o Q
005~ I\ \ > . > & F=g
€05 N — = =
e 0’871 hat
T 4 £2'821 L[]
8T°8CT ) EREPNS) )
= MSNL’. 281z ok Tz. oK
wole CrA1ICR 1O
®) sgger — s e = He— £
S0'6CT o — T — -5 E! )
L0°9ET =9 O
eroct > ] o™ 2
=
2
a
1w o
L L3
2 =[x ] L =
e e oo 96'891 oM Er LR
19 > B L
€L ) 66691~ e ro S
337
beL . o
SEiL %Y
o
o
2
=
~N
- -
07 O_
z z LS
(<] Q o
= @
o 4
& <
& N L
o o
] S
[=3
b % e
P = ~
2 2




Sl42

4000

3500

3000

2500
2000
1500
1000
500

v10—

48T
88T
16T

6T

60T
()94
€17

€17

L0°€ —

'S —

s8'9
289
(49
v
2472
€L
%4
6714 ~\E
€L
€L
€€
v
SEY

wit_BPa2_PROTON_01

H,CO

FET6

Foe

G (s)
3.80

OSi(CH3)3

HsCO"™

23
2801
200t
£0°T
Fro1

0T
0T

E91C
F80C
EIre

Bove

2.5

3.0

.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.0

9.0

9.5

10.0

o o (=] [=3 =3 o (=} o
~N o @ O < N o o o o o ~
o~ ~N — — — — — @ o <+ N Q D
1 1 1 1 1 1 1 1 1 1 1 1 1
o
E L=
3 ;
L ©
ST — —00'T
o
F=
=)
- o
(=]
™
0 R
~ o o
88'6€ — o R =0t [ ¥
~9 ~a i
a28]e CXy]
0egh ae 0 10T
. oo F o L2
68y 7 w R o boq n
2005 B 20
TS e 560
5585 TR = S
L
£9'69 — T3 =407
3 o
L -~
o
E - ©
o
o
=
w 3 o
<A =
£9°20T — - o =950 ~
- £
m aQ
3 r=e
LEBTT— 61 pud
]
88221 = =
M:.wNﬁW aa 2h [ 3 b0
15°821 5 —o o . 01 | o
56821 <7 = = o — 81 [ 9
ZR 6T — 05T
66'SET — a ; - %mq
- : 2
5 70 |,
o
= |
E =
~ 0N
0
o
66T — 2 =cco [ ©
[} -
IO w R E
65°£9T ~_ o I 6 SRS £51) o
8£°89T - 103G e Seo (N
t——
= o
L @
3 =
2 =
L O
=
3 o
Lo
- - o~
S
z 3 L2
@ o~
o
O, ]
o~ o~
I
S 3
@ 3 o
o L&
k3 ~
3




S143

o o o o o o o o o o o o o o
=] i<} o (=} (=3 o (<} o (=} (=3 o o o o [=3 [=3 (=} o
< o o @ o < o~ o @ O < o~ o o o o o ~
o™ M M 2 o~ N (Y] N — — — - — @ o < N D "
L L L L L L L L L L L L L L L L L L
e
Z.N/.
0T { 0T
ez
9T )
e F = E00°T
6v°C
05T
s2°€ Fsoe
€T
€T )
€T = 660
Q.v\ Za Aos0
1Ty o< = eoT
£ — == Lo
ov't
05 00T
b
€5
95
8%
€8
89
98'9
80°L
et A
. 8T
et z_0O L
1L L e
€L ¥
bEL
s
9eL /O
-
S
z
o
=
o
g
5.9
g O
4
2

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

o =) o ) o o =) o o =1
o o o o o o o o o —
& @ R 3 I ¥ @ N 2 ;
L L L L L L L L L J
=)
LS
L o
o
ES
o
FR
o
™
08'9¢ — e [
-
b8y~ =051 | o
> L
€06 Yot [
8€°55 — =680
oLLs— =11 | o
Fo
ER
68°0L— =0T
1=}
o
o
F &
o
L ©
S
£
= oa
5 © Fee
19411 =t —eT
o

76'9CT
84°8CT /

26.92

b (s)

=,

x 9
9274 Lo
£E°62T \ -
2s6et
8L bET 7 L 2

I
o
L wn
a
o
O
98°65T — O Feoo 9
9E"H9T ~ o hif o600
6,997~ - =0 | o
H8
(=}
|- ©
2
&
~9 [ =
ORI
~ O
o996t <5 = SVl .
[«
-
S
z L2
Q ~
o
4
< o
A=) Fa
1 o
<
2
(=}
P_ ™
= o
2



Sl44

VY]
2800

2600
2400
2200
2000
1800
I 1600
I 1400
1200
1000
800
600
400

200

F-200

280

260
I 240
I 220
200
180
I 160
I 140
L 120
100
80
60
k40
F20

F-20

0.5

1.0

€Lt
vLT
98T~
88T~
16T \
:Iar4

)

Fees
Fus0

6E°TE—

=601

1.5

2.0

S8lb~
678y~

TET
zeT

A4 \
(2 rd
0sT

ST

08'€
68°c
68°€
68°c
06°€
20
80 %.
8T~
TTh—

.80

q(s)
:
3.89

F

4.20

(@
33

D (d)

-
3%
1S°T

E00€
H/AD.H
280
EFeot

2.5

JAN4]
wss —
‘65

T
7T
—3TC

SO
—00'T

8979

19

= o
T

3.0

3.5

4.0

€Y
bEY 7
7Ly
SLY V
€8y w

98t

wit_PPa6_PROTON_01

o]

ﬁ
TS60

Eoo'T
Foor

Eoe

F£6'T

o

O
)

I

9’y

4.5

g (s)

5.0

HPIT —

114.42

f1 (ppm)

5.5

+0°82T
90°82T
15°821

el

(s)
8.06
(s)
.89

(s)

$ (s)
H (s)
18.73
148.51

17

6.0

61961 —

L)
1361

6.5

7.0

T9'65T —

H (s)

7.5

87691 ~
9TTLT —

ladiy

171.26{ 159.61

O (s)

=€E0
—000

8.0

8.5

9.0

9.5

10.0

wit_PPg6_CARBON/|01

a0 50 40 30 20 10

70

110 00 90

f1 {ppm)

12Q

220 | 21 200 190 (180 170 | 160 150| 140

230




S145

=} =} o =} o =] =} =} o =} =} =]

n S n S n =] n S n S n =] o

© © n [} < < Il 5} ~ N — — n
I I I I I I I I L I I I

F-50

99T
L9°T
89T
PLTANE
v6'T
9T
66T
oo.m%n
i x4
we

™
8y’
ST
€57
we
vL'T

SLT

626

A

26°€
L00~_

F
3.9

al(d)
434

S9b~
69~
S6'Y ~
86'v =

BT\,
9E'p \
—
Z

5.0

f1 (ppm)

5.5

8
5
U (d)
§.86

(m)
20

Y
~
~

M (d)

7.15

wit_PPb6_PROTON_01

ofm
i
s LMLAM

(=} (=] o (=3 o (=} o o
o~ o @ O < o~ o o o o ~
(Y] N — — — — — o < N o v
L L L L L L L L L L L L
1061 — 8 i
05'€7 — <% =007
FTTE = =550
3 2
€8 0°1
—
con o R
6925 — = =gg7
755 — =780
9T°65 ~ — <60 | ©
oy C E 60 [ ©
1929 80
289 — — o
R
(=]
w0
o
&
=
o
S
£
2 o
. oS
€ YT =781 =
(=1
&
66'221 ~ vo | ™
~ —~ ] 2
7€°82T W- O @0 Oh mw.o
£€°82T B =g ; % 51| @
coser “=3 o zZ N = w/M: a
2L6et L3 9T
00°9€T — o® — =se0 [
=
%
o
2
2
E o
6b°65T — — 870 - 9
—~ 0
w <
€L89T~ ~a 3 710 || ©
90°69T S o N
o
@
3
o
&
o 2
=)
T
o] 8
@
o ~N
E 3
3] o
© —
g N
a 4
< 3
2




Sl46

o o o o o o o o o o o o o o o o o o
[=3 o I=3 o = o I=3 (=} o (=} o o o (<} o o o (=} o (=} o (=} o o o o o (=} o o o (=3
n <+ M o~ o a @ ~N O wn < ™ ] — o o o o o o o o o o — ~N o n o n o o
o~ o o~ o N — — — — — — — - — — [} @ ~ O n <+ ™ o~ — [ D [ n/,h 7,. .,l .,l E,J W
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 o L
T =]
n
=]
<
-
—_—— 3
Lw ok
- Feved——— <] F00T
o0d't~ \AMA\M\.\ W 00's (=]
8T~ |
061 T Wm:\m I~
9z 1E — om — =60
ve'T
AN ) 881
872\ 5 n
SST~ €9 [ o
85T =
B 7 J
o
67— \A W vo'e -
i
ey “m 190
EOHAN o =ml a8 % 0t
E n LTSN\ Le|@n||=n ) 61
3 [ ™ 1065 —F [ O 9wn 80
ee /" i e
ede~ M wn £5°€S P~ w 60
e 1 2]
L€ e o 8765~ m\ o 60
— r< 2565~ thy B 60
ov'19 " 26°0
n
L2 o
£ £
Z ocg Q
Leg &
= =
o
z 3
n
~ rw
Z
o
L e &
o
e o
La g
STL
o1 Ny
SHZ Y L
i <
2 EX | 5
€L =™ —— WQ.: £ 2
YL Y [ wn
2 ~
1L
€L o
2 8
fo} [T o
L 16°92T S~ 90
3 mm.wﬁ% -l M IO I A P 60
© n UE BT N o [¥ N[ ~ 0 | — o E. T
£ E vE'8eT o N - = i 3 st | Q
& Q4821 81T [ =
5] 871 Yot
8
T 5 ° Z
b =% L= o ~0
S o o @ O]
Q> 4 ~q . 2
M xm BL'6ET — a® — =60 - ¥,
wag & b
228 n N
SEY Fa k3
25 il
2p? < 8
8aa 2 B




750
700
650
600
550
500
450
400
350
300
250
200
150
100
F50
F-50
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
r100
r-100
+-200

1.0

1.5

op'€c — =00C

0t

-10

20 10

30

0o
2T
NN
T
B (m)
1.78
m)
182

= T8g°0
Beot

b
N
A (m)
1.95
C
1
|
2.0

2.40

1€6v

i
8
~

5

D (m)

\‘Nn.ﬁ

40

E (m)
2.55

n
—_— 7T~ T
B ————ll -G 10°€S
[ ot sses
o 6765
—_— Wmo.w o E.mmw
160

6€°T9

2.70

G (m)

(2

T N

H (m)
3.05

S147

___5 et

0T

T
4.5

5.0
f1 (ppm)

£8'92T
S6°92T / ©

T
5.5

110 100 90 8 70 60
f1 (ppm)

120

128.33
J|(s)
126.87
Ii(s)
126.95
s)
2
s)
28169

K
128.
1

82°8ZF
€€°82T
69'82T
r o S8'821
LL6ET —

6.0

P (s)
139.77

.5

2302
sz
[
e
0£°L =
1£7/ 1S

B2
Ll[(m
2

TEL —

e
. 5
T =3RS

160 150 140 130

170

Bage [

ve'L ]
v

veEL
9€°L %

7.5

Ne_L
}{
|
i
A
0

ov'L
WL

N

85 8

9.0

9.5

wit_9Dc1_PROTON_01
wit_9Dc1_CARBON_01

220 210 200 190 180

230




S148

Fyuu
-850

800
750
700
650
600
550
I 500
450
400
350
300
250
200
I 150
I 100
I 50
"
F-50

1L

we
€TL
STL
8T°L e

0€'L —¢

-2.0

0.5

1.0

1.5

2.0

2.5

3.0

o o [=3 (=] (=] =3 (=} [=] o
< N o @ o < o~ o o o o o ~
N o~ o~ — — — — — @ o <+ N (=] D
1 1 1 1 1 1 1 1 1 1 1 1 1
—= )
Gy . ~
TTee— 9 et
e —© 2
5867 2 @
9z°Ee — [= 2] =80
5 =]
<
S0 = i
SETT U BRI S
65°TS ~% W\ N wg | - 2 W&.a
or'es W h ok
ST'ES a5 28 80
88'85 il P =
r'65 " @O i 60 [ ©
oy — =980

3.5

4.0

4.5

5.0
f1 (ppm)

5.5

€L
€L
S€'L
LEL
6€L

wit_Px02_PROTON_01

66921 = -
aeas /. a8 25 ~gllen
17:821 Lales e3
Le°8eT ANz o aa =4
: T - Sl=a — —
os621 4 — ~
wn T N
8I'6ET —a | &g ‘0 o
— = S
TL6ET - =9 TT0 [~
32 o
n
H
- o
-
N
=
o~
0, o
z i
(o]
o
I 4
<
o) o
| a
o B
< 3
%
B
S (=3
B 1<}

100 90 80 70
f1 (ppm)

110

120




S149

550
500
450
400
350
300

250
200

150
r100

+-50

700

650
550
500
450
k400
350

300
250

200

150
100
r50

F-50

0.0

0.5

1.0

1.5

oIS

2.0

G (m)[ | I (m)
2.66 19

F (dt)
2.90

e
2.39 170

L0°E
20'E
060
L6'T
00°T
=’ 660

2.5

.14

D| (dd)

d\‘Noﬁ

3.0

3l5

89°€
[ 783
98'E
1L
NN.L
€T
vTLA
824
622

B (d
B.67

s)
72

[

A(ﬂ
3.8%

i

e/

TEL
Nm.ﬁ
SE'L

ez ]

mm.hH*

wit_9d02_PROTON_01

MSA

88’1
001

5.0 4.5 4.0

f1 (ppm)

5.5

<
©

o
-
o
o
o
- ©
S
o
ymAﬂ
e
o
16921 = ALo | N
01421 o w SETY Zro
61821 | o |[|en]we vt °
se'8eT Sssss = ST L@
99'821 = — b o
s 621 o €1
VT6ET ) 0 ©
5 LS
orer of <o
o
L3
a
o
L ©
2
o
LN
5
o
|yl
B
o
F oy
2
(=]
o
~
o
S
z L2
[}
g
() o
| N
o
bS]
o
o L g
r o~
3




S150

o
[=] (=3 o o (=]
g 2 & % 8 8% 8 8 8 8 &8 8 8 ¢ 2
3 g 8 2 3 3 @ 2 <+ el M o~ N . '
8 8 8 (=] (=} (=} [=} [=3 [=3 S =3 =3 S 2 S 2 ] 2 , , , , ,
S
m m m g 3 R w m m T i ,_ L L L L L L L
in i i T @ —,/ L L L L L L o i w
L L L L L N 0 _
i |-
L1 Lo
84T °
ov1] i .
i "
E.L Lo 0
267 3
v6'T
¥6'T . .
Fo tree—
e = . 3
8e'z
& \A/’J TeTE—
€529 o .
i) N szey
19271 o
29 o N
i L2 o9os
PR S A
00 e
S.L W 65°€S |
e L2 s
z0e 3 e :
e ﬂ.wi o
e 8265
e 1 mm.ml
o [ =
80'€ ——
ue @3] ER
we = .
1753 T Lo
o8¢
(=]
¢ rs
L2 )
~ . m
m N [ ==
L2s i £
0 - LTt — H -
& eent g
n
" 2|22 |38
[ S8t -8z MR -
8z'871 R Ssa £ -
98'821 — 2 &l z
o e B -
Fo screr gg Le
2
S8'6ET — 7
o
L n
_.J —
i &
> o o
= = -
=3 o - & 3
559 ¥ L2 cosst
98'9 hd == ;
L z == |[E8 :
L // _
L / - :
) ]
YL VV\\
veL N "
2 o
[ o B
@
8T'L zZ :
62,
€L i \
e P
[
2L = =
€L , _
=9 =
g 2 m
o g \
= Z .
m ‘n |
o L _.M w
! O 3 .
..M o
£ ®] g
[ ™ o
=
s I




S151

600

550

500

450

400

350

300

250

200

150

r100
0

F-50

wit_10D1_PROTON_01

B,

HN

NH

N H

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5



Jan23-2015.110.fid NN AN AN TN s eRN 830 N5T29885388]RAR |- 6000
pha wittig nnr1 BEMME MMM EMEmMANNNNNNNNNNNN A A e
R A SN Lo°
proton CDCI3 /opt/topspin avl 5 === Y N
5500
5000
/1 /
4000
3500
E(m)| | C(m) D (n)
3.09| | 2,55 1.9 L 3000
A (m)
2500
2000
| |
1500
1000
i ! M
A
) U w I 500
|
ﬁ‘«
M J \ 1IN
T3age I I
QRO To S o S -500
SSdas N N s
T T T T T T T T T T T T T T T T T T T T T’
0.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Jan23-2015.11].fid o 33ahR |9 g |- 40000
pha wittig nnri] 5 DT eFQ |H ]
carbon_|5120 CPCI3 /opt/topspjn avl 50 NV
35000
R
25000
F (s)
47.61
C (s)
BERE 20000
i (s) E|(s) || B|(s) | A ()
63.95 44.91| 35.02| 2B.25
P (s) I 15000
14.17]
q (s)
5p.62)
10000
|
]
5000
T p Y A ]| Vrenalft /Pty Ay Vi v 0
Looedids o d
IR NN S
E | ©3sBs |4 <
T T T T T T T T T T T T T T T T
240| 230 (220 210 P00 |190 180 (170 160 150 140\1¥ 120 110 100 90 89 | 7p | 60 50| 40 | 30 2o 1 0 -10 -20
f1 (ppm)




S153

(=} (=} o o (=} (=} (=} o o (=] (=} (=} o o o o (=] o o o o [=3 (=] (=} o o o o o o o o
O < N o @ O < ~N o @ O < o~ o (=3 o o o ~ < m o~ - o a 0 ~ O wn < ™ o~ — o o o o o o o o o o — ~
~M Ll o™ ™M Y N N o~ o~ — — — — — @ ©O <+ o~ D N 3] o (o' o~ — — — — — — — — — — (=) @ ~ o n < ~M N — [= ] "
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
4 o
=
3 ;
3 i
E - °
o = S
-
o
" ~
- bEET — =
. : o
ooy 201 — - = @
TorT | o . =
50 > 6T'6€
b bE6E °
60°St 2
o' STsy i
61 | W0 65 Lb i
251 [ N £6°¢v ]
9'8p 7 — [
€68 E
Q 18°6% 2
9v'e I3 bS04 —&
6b°c i croc]
15 = vT'TS u 1
'€ = Emn — uy SE'TS
b€ W £33 Fuv e -
95°€ ™ —— Feor =
05t s3 2 8
9'€ g — Tm.ﬁ o
w oM d
90¢ lﬁ <
69°¢ \m - =]
16°€ E 3
16'€ 1 3
o
- == =]
=
s A : £ ] €
— e1 3 £1°821 1 £
88y~ — T Sa 8781 3 o
—_— —_— na 1 2 —a
O O j = £5°821 4 =
z 59871 3 pd
. E o
in 2081 1 Q
- 86°62F =
S 0ET E
99°0€F —— m
69°0ET =
e =
3 scocr —
¥80€T o
68'0€T | ¥
" 16°0€T - -
<° ¥670€T |
O T'IET u - 2
w0l 5] =
602 = ° 0£IET E
or'z I To ~ 60291
X < —— 0z E
€L R — 96291 "
SEL ) P
ocd Tsoe | (5891 E 3 °
8€'L bl =3 ~ 65789T =3 N
mw,m = 06891 § ;-
££769T 7 2
] =
@
) o
a
" =
©
o
3 o
- — 2
o
| 2 S
2 S g
= oo
o) M =
& 1 &) I
| — o | - N}
() ) ~N
20 L 2 1
= = E3
n o o ) 3 2
£ S b Q
2 - 2




S154

o o o
o (=] S
2 8 & 8§ ®& § 8 & g
g g ¥ b Wﬁ T i L L L L o
o o o 3 S 2 8 , , | ]
P e ; | | et
=3 o =3 2 1Sy n =] n S 2 & T : : . 4
o (=3 o Q <3 n = 5 v IS4 , , , ; =
2 o n o n Q kg ? 0 ; , , |
i - | | | . lego
et | | 1822
L L L L L . 5 2
S |
scie i
2 8.8 ¢m N
. o
59°T ] Mwmm . m
] 2 |
E.H ] T28e 2
MO.A i +9°8€ 1 év.o ]
R; ‘ o  8ysc 1; 5
mm.N F— o0z B
S.N | 9e°2h
[ e is
€y ] 1
fisa g g5
4 00°St ksl
) bior] == fe€0 <
R.M | O vrov W =5 goeo
:\J [N 1620 ER D )
€57 | N
bb8b
: . : T Tt
] 16'8% \E
i N 8s1s
MHMH W [N o1s __4 50l 3
750
€
mw,m # o | pF09~ :
v9°E . Nou.w :
. 56
i 86'821
99°¢ | :
] \n 0061 )
=] = ea— T0°62T
o762
g €621 ]
=) o sett
w7 < 656t
2 8621 -
8c/ = =
z0 -~
i 1 900ET 4\‘
o e ol o &
2 ~ TT0ET § [E€0/L =8
i £ /10€T o s
s < 8 8170€T
i [ = 1e0eT ]
= Z 9p°0cT o :
= 8b°0ET
& Q O 2 oseoeT .
[ wn
] POTET -
Mm.v L 7 i £5°0€T
i3 2L08T -
o LS o] -
o © g 7
o ob-1ET o i
4 6b°TET _
£ W e d 4
897 . |
=k os'TET
i 089€T | _
it o EwoEr :
; m~ 89ET
: © 60'2ET -
e ! | = 7
et ———— 1 o s -
=t N n 69Z9T
€L =1 Tooe [~ L1 :
vTL | | :
6vL zZ et
=t o s :
| ;i o bbsor ]
0s°L 5 | :
=t * £5°89T
o = 12891 :
bSL B 0
ssL e . 2
ss°L
9L | :
5L s 2
85, :
B - o
&t N u
3 Fo o
) : m
& y 2
Du_ ’ D,
3 \ B m
o —
5 O O
o
2




