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1. Full Optimization
Table S1. Optimization of the reaction conditions

Br

Cl Br
(;l base, x equiv.
| >
OHS 4 DMSO (conc) o/\ﬁ/
1a 2 temperature 0
1 equiv. X equiv. 3a
Entry Todoarene DMSO  Base Temp t(h) conversion of sm %
(equiv) conc. (M) (equiv) °O) yield
1 2 (1.1) 0.1 K.COs; 135 16 92 67
(2.2) (58")
2 2(1.1) 0.1 K.COs; 160 16 100 54
(2.2)
3 2(1.1) 0.1 K.COs; 110 16 100 37
(2.2)
4 2 (1.1) 0.1 K.COs; 70 16 38 <5
(2.2)
5 2(1.1) 0.1 K.COs; 135 66 100 57
(2.2)
6 2(1.1) 0.1 K.COs; r.t. 32 100 0
(2.2)
7 2 (1.1) 0.1 none 135 16 degradation 0
8 2 (1.1) 0.1 Na,COs 135 16 100 trace
(2.2)
9 2 (1.1) 0.1 Cs2COs 135 16 100 54
(2.2)
10 2 (1.1) 0.1 Cs2COs 70 16 70 32
(2.2)
11 2 (1.1) 0.1 K.COs; 135 16 100 79
(1.1)
12 2(1.1) 0.1 K.COs; 135 16 >95% 31
3.3)
13 2(1.1) 0.1 K2CO;s 135 16 Recovered 80% 0
(0.5) phenol
14 2 (1.5) 0.1 K.COs; 135 16 100 96
(2.2) (70°)
15 2 (0.5) 0.1 K.COs; 135 16 >95 32
(2.2)
16 none 0.1 K,COs 135 16 94 0
(2.2)
17 1-chloro-2- 0.1 K>COs3 135 16 Degradation of 0
iodobenzene (2.2) phenol, recovered
(1.5) arene
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18 Iodobenzene 0.1 K>COs 135 16 Degradation of 0
(1.5) (2.2) phenol, recovered
haloarene
19 Trichlorobenzene 0.1 K>COs3 135 16 Degradation of 0
(1.5) 2.2) phenol, recovered
haloarene
20 2 (1.5) 0.5 K.COs; 135 16 100 26
(2.2)
21 2 (1.5) 0.2 K.COs; 135 16 100 0
(2.2)
22 2 (1.5) 0.05 K.COs; 135 16 100 84
(2.2)
23 2 (1.5) 0.025 K.COs; 135 16 100 62
(2.2)
24 2 (1.1) 0.1 K.COs; 135 6 84 30
(2.2)
25 2 (1.5) 0.1 KOrBu 135 16 decomposition 6
3)
26 2 (1.5) 0.1 KO7Bu 135 16 100 35
(0.75)
27° 2 (1.5) 0.1 K,CO; 135 16 degradation 0
(2.2)
28° 2 (1.5) 0.1 K.COs; 135 16 100 64
(2.2)
29¢ 2 (1.5) 0.1 K.COs; 135 16 100 44
(2.2)
30¢ 2 (1.5) 0.1 K.COs; 135 16 100 79
(2.2)
31° 2 (1.5) 0.1 K.COs; 135 16 100 60
(2.2)
32f 2 (1.5) 0.1 K,CO; r.t. 16 Recovered 22% 0
(2.2) phenol, 88%
haloarene
338 2(1.5) 0.1 K>COs r.t. 16 Recovered 25% 0
2.2) phenol
340 2 (1.5) 0.1 K,CO; 135 16 Recovered 11% BHT  trace
(1.1)

All yields are by comparison to an NMR standard (phenyltrimethylsilane) unless otherwise noted.

' = isolated yield. ® reaction run with 2 equivalents of TEMPO.  solvent 50:50 toluene:DMSO. ° reaction
degassed and run under Ar atmosphere. ¢ reaction run on 0.5g of phenol. © reaction run on 1g of phenol.
reaction run at r.t. irradiated under blue LED for 16h WITHOUT degassing solvent. £ reaction run at r.t.
irradiated under blue LED for 16h with DEGASSED solvent under Ar. " reaction run with 2 equivalents of

BHT.
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2. 2,2',6,6'-tetrachloro-1,1'-biphenyl Byproduct

/Abundance Average of 9.484 to 9.627 min.: SR-04-754c-cru.D\data.ms
291.9
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Figure S1. A) Fragmentation pattern for byproduct observed in most of the scope reactions. B) NIST Mass
Spectral Database Webbook EI mass spectrum for 2,2°,6,6’-tetrachloro-1,1’-biphenyl. Online record can
be found at https://webbook.nist.gov/cgi/inchi/InChI%3D1S/C12H6CI4/c13-7-3-1-4-8(14)11(7)12-
9(15)5-2-6-10(12)16/h1-6H.

3. Solvent Screen for Sulfoxide Scope

Table S2.
Cosolvent (vol, mL) Sulfoxide (vol, mL) Yield (%)*
None Phenyl methyl sulfoxide (3) <15°
Benzene (1.5) Dimethyl sulfoxide (1.5) 65
Benzene (1.5) Phenyl methyl sulfoxide (1.5) <15
Toluene (1.5) Phenyl methyl sulfoxide (1.5) Trace
o-xylene (1.5) Phenyl methyl sulfoxide (1.5) Trace
Mesitylene (1.5) Phenyl methyl sulfoxide (1.5) Trace
None Diethyl sulfoxide (3) Complex

mixture

Benzene (1.5) Diethyl sulfoxide (1.5) Trace

*NMR Yield with phenyltrimethylsilane.

® Product inseparable from phenyl methyl sulfoxide starting material
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4. Unsuccessful Substrates
Other Nucleophiles:
NHR

SH OH
" O, OO Do e
OH

=Cbz

Phenols:

HO OH
cr ot ALe o5
P
A N AcHN
OH
OH or OH
Cr ow AL, X \
OH 2 HO,C NO, N
0 Ts
OH /©/OH /©/OH
HOM©/ HS TfO

Figure S2. Substrates attempted under standard reaction conditions that resulted in <15% of product or
recovery/degradation of starting material.
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Figure S3. 'H NMR spectrum of starting material 1q.

The insert regions within the above spectrum detail the peaks used to calculate ratio of £:Z olefins in the
parent phenol substrate. These peaks represent the same proton in the £ and Z configurations (left and right
respectively). Raw integration of each region was expressed as a percentage of the total giving a ratio of
72:28 E:Z.
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10.0 9.5 9.0 8.5 8.0

Figure S4. "H NMR spectrum of product 3q.

The insert regions within the above spectrum detail the peaks used to calculate ratio of £:Z olefins in the
alkylated phenol product 3q. These peaks represent the same proton in the £ and Z configurations (left and
right respectively). Raw integration of each region was expressed as a percentage of the total giving a ratio
of 78:22 E:Z.
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6. Kinetic Isotope Effect (KIE) Competition Experiments

Deuterium-labeling experiments were performed as per GP1 with either pure DMSO-d6 or a 1:1 mixture
of DMSO:DMSO-d6 as solvent. KIE data was obtained by analyzing the ratio between deuterated and
proteated products following isolation of product (see 'H NMR spectrum below). Most notably, it was
observed that the deuterium incorporation in the reaction with 1:1 DMSO:DMSO-d6 was asymmetrical
with respect to the a-sulfoxide positions (10% and 24% deuterium incorporation at the etheric position, and
32% deuterium incorporation at the terminal position). This data suggests that any KIE’s obtained with this
method will be unreliable due to facile deuterium-protium exchange at the a-sulfoxide positions.
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Figure S5. "H NMR spectrum of product d-3a

The insert region within the above spectrum details two peaks used to calculate ratio of etheric a-sulfoxide
deuterium incorporation in product d-3a. The singlet at 2.66 was also used to calculate terminal a-sulfoxide
deuterium incorporation. Solvent used for this experiment was 100% DMSO-d6.

S8



7.11
7.10
7.08
7.08

03
02
02
01
00
00

4.99
4.97
4.88
4.85

69
68
67
67
20
19

,f
§

'l |' |
ﬂ 'I ;‘ I
I\_)l L___,__M_J' I\_J' \_._

—_—

L

[
_
—
%

'S 'S PO
o o N © o o
- oo N ™
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 2.0 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)

Figure S6. 'H NMR spectrum of mixed deuterated product 3a and d-3a

The insert region within the above spectrum details two peaks used to calculate ratio of etheric a-sulfoxide
deuterium incorporation in product d-3a. The large singlet at 2.66 was also used to calculate terminal o-
sulfoxide deuterium incorporation. Solvent used for this experiment was 1:1 DMSO:DMSO-d6.
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7. NMR Spectra

61z

oze”

£L9°C
£9C
89'C

69°C

S8'v

ww.vV
L6V T
mm.v\

00
00°Z
102
0L
0L

€0°L

o=w

Br

D

D

D

d-3a (*H 400 MHz, CDCls)

B0Z
80°L
oT'L

L

To.m
Fsoz

¥88°0
Bsz00

200'T
61

0.0

0.5

4.0 3.5 3.0 25 2.0 1.5 1.0

4.5

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

S10



06'ST —

S8'bE —

°6'e8 —

SE9TT —
8S°6TT —

LL°STT~
1921

€ECET —

8T1°9ST —

Br

d-3a (*3C 101 MHz, CDCl5)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
00

6T°C [
mﬁ.NV

69'C —

mw.v/
(8%~ —
L6 T

66t

00°Z
002
002
L
0L

0L —_
80°L —

80°L
0T'L
o1’
0T°L
L

Br

3a (*H 400 MHz, CDCls)

]

Feoe
Fesz

6°0
0T

=760
A8t

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

f1 (ppm)

S11



2 838 A8 o
v INECRY @ O A
2 o238 52 3
N (.
e
]
0] S
/
3a (13C 101 MHz, CDCls)
| | '
| L
1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 éo t;o

f1 (ppm)

S12

35.75
15.87




8L°C

ww.vg
06"+ 1
mo.mg
80°S
6£'9
08'9 1
189 1
18'9
7891
78'91
€8'9 1
+89
S0°Z A
90°Z
L0°LA
80°L
TELY
T€LA
LA
€E°LN

[X A\

ges
ve'L %
s€'L
EAAN

LLL
wh.h\

6L°L

~N

o=w

3b (*H 400 MHz, CDCls)

U

Wmm.w

Foor

o001

Hfmm.o
0T

m\wm.o

160

0.0

1.0

1.5

2.0

9.5

T
10.0

6C°9€ —

o' vIT —

€6'vCT —
£8°6CT —

98'6ET —

TE9ST —

~N

o=w

3b (*C 101 MHz, CDCls)

20

70 50 30

T T
100 90

f1 (ppm)

110

210

S13



69't
NN.VV

mm.vﬁ

LLY

569
96'9
£6'9
869
00°Z
T0°L
10
104
0L
[4dya
[dra
0L
€0°L
€0°L

3¢ (*H 400 MHz, CDCls)

e

0'T
0'T

6°0
6'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0
f1 (ppm)

5.5

S9'9T —

T6'SE —

ce'88 —

o1'seT ~
TE6TT N\
TT°0sT —

PT°SST —

~N

o=w

S

3¢ (*3C 101 MHz, CDCls)

T T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
200

S14



TLT

10°S
mo.mW
$0'S \

90°s

€T°L
vT'L
ST'L
ST'L
9T'L
LT°L
LT°L
61'8
0’8
0’8
T8
w8
€08

~N

o=wm

O,N

3d (*H 400 MHz, CDCls)

—

=

Feoe

ooz

Fet

0.0

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

10.0

9’ —

YLE8 —

0L'STT —

20°9¢T —

60°EPT —

91291 —

~N

o=wn

O,N

3d (**C 101 MHz, CDCls)

30

40

60

70

T T
100 90

f1 (ppm)

110

T
190

T
200

S15



§9°¢ v.

99°C

SL'E

|

9L'E
9L€

>

6L'v
6L'v
8t
[4:24
v6'v
S6'v
L6'Y
L6'v

[

189
89
89
289
€89
+8'9
569
569
96'9
96’9
£6'9
469
869
869
869

7‘““ T

MeO

3e (*H 400 MHz, CDCls)

L

Fooe

0T
90T

6'T
8'T

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

10.0

¥9'5€ —

0£'SS —

¢8'68 —

wLPTT
S8'PTT

68°9TT
20LTT W

9T'LTT

T9°1ST —
8b'GST —

~N

o=wm

MeO

3e (3C 101 MHz, CDCls)

20

50 30

T
100 90 80 70

f1 (ppm)

T
110

T
190

T
200

S16



89'C—

96t
wm.vW
T0'S

0T,
L
1T°L
€TL
€T,
vTL
LS°L
85,
85,
09°L
09°L
19,

_Ju

~N

o=w

3f (*H 400 MHz, CDCls)

NC

Foe

Fse'1

Fee1

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

b’ —

79°€8 —

L¥'90T —

TE9TT —
¢S8TT —

CTPET

29°09T —

~N

o=w

NC

3f (*3C 101 MHz, CDCls)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
200

S17



0L'c—

88'€

|

88°¢

[4a4
vm.vV

°0's T
mo.m\

v0'L
S0°L
S0,
907,
L0°L
L0°L
80°L
66°L
00'8
00'8
T0'8
20’8
0’8
€08

y

Jf

3g (*H 400 MHz, CDCls)

Wﬁw.w

Fee

10°T
0T

pLSE— —
80'2s —
?9'e8 — -——
$O'STT — \\O
0
=
€6'4CT — - -—
(94
(a]
€8'TET — o
~
N
I
b
o
-
o
o0
68'09T — o J—
$E'99T — ..w...o -—

60 50 40 30

70

T T
100 90
f1 (ppm)

110

S18



S9'C—

€8y
mw.vV
mm.vN

105
66'9 1
669 |
007
0021
00°Z 9
00°Z
10727
1072
20,
20°L
202
€072
£0°L ]
€027
40
502
50'L

0z
Vaally
e
8z
8724
62¢ ]
67'L
0]
0 ]
0]
1€
1€
1€

(42

/I

3h (*H 400 MHz, CDCls)

<0'T
0T -

Esoe [
F66'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

7.5 7.0 6.5 6.0 5.5

8.0

9.5 9.0 8.5

10.0

f1 (ppm)

8'SE —

9€'¥8 —

9S'STT —

c0°eeT —

£8'6¢T

by LST —

3h (*3C 101 MHz, CDCl;)

T
100
f1 (ppm)

110

S19



S9'C

8’y
98t~

mm.vN

S6'v

68'9 7
06'9 1
16'9
16'9
26'97
£6'9
¥6'9

69

96'9
697
8L

8¢,

ob ]
ov'z 4
'L
'L
[
€

~N

wm.hw E—
J

O\/

3i (*H 400 MHz, CDCls)

Br

£66'0
Boo't

Fos't

Fee'1

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5.5

9.5

10.0

98°6€ —

LEY8 —

6V°GTT ~

6V°LTT

69°CET —

99°9ST —

~N

o=w

180 170 160 150 140 130 120 110 100
f1 (ppm)

3i (3C 101 MHz, CDCls)

190

Br

200



9T, -

99'C R

€8y
mm.v%r
6%
Nm.vw

S6'v

I

¥6'9
¥6'9
56'9
96'9
£L6'9

169
669
00°Z
002 —
102 o=w
104

~N

3j (*H 400 MHz, CDCls)

L

60
0'T |

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

L0.0

f1 (ppm)

St'SE—

ST'S8 —

ST'9TT
8E'9TT

9TLTT
vTLTIT

CLEST —
8CLST ~
89°65T —

~N

o=w

3j (**C 101 MHz, CDCls)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
200

S21



=0

‘SN

3j (*°F 377 MHz, CDCls)

-120.54

T
-100
f1 (ppm)

S22

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

-180

-190

T
-200



[7A%
Ut
€L'T
vLT
vLT
vLT
SLT
SL'T
9T
LLT
8L'T

8¢'C
e —

98t
mw.vV
00°s W

10°S

68'97
1691
16'9 1
16'9 1
£6'9 7
£6°9
86'9
86'9
86'9 1
66'9
z0°2 ]
20,
202
v0°Z
$0°2 1
b0

+0°C

S0°¢

90°C —
mo.m\

[/

7

o=w

\

/

3k (*H 600 MHz, CDCls)

Feo9

Ee9'6
F79'¢C

960
F00'T -

+00'T
T +
60

1.5 1.0 0.5 0.0

2.0

9.5

10.0

88°0C —

96'87 —
[CERN
06'9€

seoc /.

¥6'0t

ST'G8 —

0TPIT —

€€ LT~
sezr”
60'2ET —

69°8ET —

TLPST —

o=w

3k (*3C 151 MHz, CDCls)

20

70 50

T T
100 90

f1 (ppm)

T
110

T
190

T
200

S23



89z

89C

0L
20,
20,
0L
€02
€02
soz”
9€7L
LEL \ﬁ
8€'L

8c'L |
gL
8€'L
6€L]
6]
6621
65 |
oz ]
obL
0bL
[
€bs

Il

o=w

31 (*H 400 MHz, CDCls)

WZ.M

Wmoq
0T

Feoe

69'5€ — \J
YO'b8 — —
\ —
==
6 — o=wn (9} 3
676 a
(®]
-
N
o I
it - ]
66511 S
-
(&)
6621 — T ]
ZUTET~ — ]
szzer o0 ]
88'£5T — -

20

30

50

80

T T
100 90

f1 (ppm)

T
110

S24



wwe—

S6'v
L6'v V
80'S ~

E.m\

LTS
ozL
0z'L
L
L
vT'L
€€ 1
vE'L
L€
L€°L7
8e'L
8€°L
6L
6L
ob'L
ov'L
T2
St ]
St'L
9L ]
v
b ]
8t/ |
6v'L
v
vee ]
oLL
oLL

S

I

3m (*H 400 MHz, CDCls)

LLL
6L°L

Fere

Foeo |
Toot

#16'0
60
160
0'T
B0¢

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

10.0

06'S€ —

€T'v8 —

€0°60T —

ZrsTT —
vt
88971\
et
i’y
S.mﬁ\
80°0€T \
LO0bET

YC'SST —

~N

100
f1 (ppm)
S25

S
3m (3C 101 MHz, €DCl;)
170 160 150 140 130 120 110

180

190

200



9L'C

687
Nm.vV
S0's 7
sos/
£6'91
vm.m:
¥6'9 1
56'9 1
56'9 1
56'9 1
96°9
1694
£6'9
Q.Eﬁ
PT°LA
ST'L
LY
L
87'L ;ﬁ
672
62 ]
62,
o'z
e
1€ 4
€52
vS'L
552 ]
95°L

NP

i

Br

3n (*H 400 MHz, CDCls)

6°0
0T

5660
=201
5660
7/96'0

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

f1 (ppm)

¥0'9€ — —
69'v8 — -—
98eTT — i
T6'STT — —
sver
98821 — —
LLEET~
TTPST — s -—
(8]
\ [a)
(8]
o=w ~
I
o 5 o
m
(|
o
o0
-
-
=
[42]

40 30

50

T T
100 90

f1 (ppm)

110

210

S26



§9°C

L0€—

€8y
ww.vV
mm.vw

86’

1027
102
10°2 1
20°2+
202 1
€0°£1
€0°L
€0°2
0L
(49 #
Zrs

L gw
Q.ﬁ

STz

st
ST°Z
AVE
112
(1]
e
vZL]
ozL

o=w

4

30 (*H 400 MHz, CDCls)

0T
0T

20°T
Mmm.o
60

6°0

1.5 1.0 0.5 0.0

2.0

9.5

10.0

§9'GE —

$SOTT
€6'811 7
19'€TT ~
(8'921

+8'6CT ~

6T°LST —

o=w

4

30 (*C 101 MHz, CDCls)

20

30

T
100 920 80 70 60
f1 (ppm)

110

T
190

T
200

S27



€T
S9'T
99T
18'C
€8'C
€8T —
+8°C f
98'C
88'C
06T
16'C

0z'T

0T

wn

[44 A
€T

08t
8
43
€8

oo.m\
£0's

08'91
1891
18'9 1
18°9 1
289
£8'9
£8°9 4
£8'9
$8'9
189 “—
189 =
889
889
06'9 4
06'9
06'9
06'9
169 1
26'9
2691
26'9 ]
2691
£6'9 ]
61°L ]
0z
177
[aaR
seL?

I/

/

e

4

-_

3p (*H 400 MHz, CDCls)

Foe
Fzor

Fot

Foor

6°0
20'T
60

5560

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.5

6.0

9.0 8.5 8.0 7.5 7.0 6.5

9.5

0.0

f1 (ppm)

LB'ET

88°€C

TTPE~

£€8°6€

08 —

[A A5

€6'ETT

€TTLT —

19°6CT —

/

-_—0

vCIST —

0§°/ST —

3p (**C 101 MHz, CDCls)

T
100
f1 (ppm)

110

S28



mN.ﬁg
87T
64T 1
08'T |
£8'T 1
88T
68T 7§
06'T
992

v8'v
98y
10°S
[

89°C1
8 —_
£€8'v

€0°S
S0'S
S8'S
919
8T'9
0’9
0’9
179
w9
vT9
ST9
Sb'9
9’9 1
2991
799 1
€9'9
€9°9 7
99°9
99°9 4
1994
£9°9
wm.o/
66'9

66'9
002
1027
102
202 ]
€0°2
€0°2
v0°2 ]
502 ]
202
ST

o1z ]
Ay
Ay
61,
6T,
0z'L
7L
L
cTL
vTL
szyL
9T'L
L
8T,
6L
oL
'L
12

WL

o=w

3q (*H 400 MHz, CDCls)

V4

122 E:

78

J

»¥8°0
AR

0T
T'E

Fevt
FSS'T

H/mm.o
0T

H\mN.o
L0'T
1€°0
Wmhm
60
Hﬁ\mvo
=10°T

T
0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0

4.5

T
5.5

6.5

T T T
11.0 105 100 95

T
11.5

T
12.0

f1 (ppm)

9vT —
T6'8T —

¥6'SE
£6'SE 7
v Ty ~
69'¢h

”

S6'v8
80°S8 V.

TTPTT
ororr >
(A aas
Prxa: %
9bbTT
L9'veT W
8921
0821
86'L2T
90°'82T
80°82T
T2'8er
0L°0ET

TOPST —

o=w

3q (**C 101 MHz, CDCls)

V4

122 E:

78

|

|

H

A

70

T T
100 90

f1 (ppm)

T
110

T
180

T
190

T
200

S29



€Le

16'v
mm..uv
86"
00'S \
S99
599
£9°9
£9'9
£9'9
£9'9
899
699
699
169
169

€69 N.

¥6'9

vr'L
Sv'L
9L

8b'L

[ 1]

Br

3r (*H 400 MHz, CDCls)

—

e—

Fesz

0T
0'T |

Foot
Fe60

Feo |

1.0 0.5 0.0

1.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0

vLSE—

'8 —

00T
T€¥0T
00°£0T
+0°L0T V

ST'TTT
11T \

00°vET
60'bET V.

¥8'¥ST

v6'vST V.
6T°T9T —
L9°€9T —

~N

o=w

Br

3r (*3C 101 MHz, CDCls)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
200

S30



110.32

Br

=0

NN

F

3r (*°F 377 MHz, CDCls)

T T T T T T T T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100  -110  -120  -130  -140  -150 -160  -170  -180  -190  -20(
f1 (ppm)

S31



€'
£b'C Wv

'

49T

434
mw.vW

S8t —
96’y —
R.vN

66'7

96'9
96'9
169
169
86'9
66'9 —
€7'L
€L — 0=’
€7'L
vT'L
vo'L
szL
szL

‘S

3s (*H 400 MHz, CDCls)

2.0

Fore

Free

3.0

4.5

Hot
Foor L2

T
5.5

6.0

6.5

Fss1 |
Feet

7.0

7.5

8.0

8.5

T
9.5

T
L0.0

f1 (ppm)

STLT —

69°SE —

0S8 —

YEOTT —

0b'6CT —
0Czer —

vL'SST —

~N

o=w

o~

3s (13C 101 MHz, CDCls)

T T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
200

S32



88°0
T
La%
SH'T
Has

T

9Ty
as
as
81T

8T k/
6t

05T
B.ﬁw
151
ST
pST ]
557
55T 4
511
£5°T
85T |
09T |
26'T
€6'T |
¥6°T
56T ]
86'T
00'Z 1
102
1071
20
20
502
90°Z
80°C 1
o1z
e
P12
sez
sez
Stz
iad
iad
6v°C 1
[ ya
99°Z 1
98°Z ﬁ
18°C1
887 1
6871 ﬁ
6.7 1
6L 1
8% |
78"
66 1
10° |
9£°91
9291
9291
1291
6,791
0891
18'9 1
2891
0z
0z'L A
2L
we”

Ir

(%)

3t (*H 400 MHz, CDCl5)

49T

Tm.m
LT
TC

8°0
0°'T
Hoe

m\éo.m

Fe60
Foot

0'T
T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

f1 (ppm)

01°8T-—

S8'ET —

65T —
18'ST~
6€°92 W
19'62

sete
s8'sE

ozge
66'€h —
6L~
0b"05 —

TEY8 —

SO'ETT —
T9°GTT —

vL9CT —

09'bET —
0b'8ET —

br'GST —

(2]

3t (*3C 101 MHz, CDCls)

-10

T
100

110

00

f1 (ppm)

S33



180
280

£8'0

+8'0

580

20T
£0'T
$0°T
+0°'T 7]
S0°T
50'T 4
90°T
£0'T
80°T
601 1
01'T
o't

1]
[A8 S
[A8E
€1 ]
PTTA
8T'T |
81T |
8T'T |
61T 1
07T
127
€T
7T
Y21
Y21
ST
92T 1
et
87T
67T 1
67T 1
0T |
0T |
€T
€T
£eT
PET A
SET
9€°T
LE°T 1
65T 1
65T 1
0T |
8b°T 1
05T 1
15T
15T
75T
€57
SLT
10T
8T
90°Z 1
€1
9T°Z1
$S°Z
ITRS
1521
0472
09% |
29 |

Ir ///

/r

3u (*H 400 MHz, CDCls)

99t -

66°0
00°'T

0.0

0.5

1.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

0.0

€811
ozt
LTET
0961
£9'61
99°61
69°6T
9/°61
99°02 7
€01z
$9'22
[
s8°€7 ]
br'HT ]
18'%T
282 |
66°£2
[ARTE
111€ |
89°2€
127E |
wZL
082€ |
06'SE
67°LE
ger/e
L€°L€
oL
L
ob'LE
8tLE
sg'LE
15°L€
8¢°6€
£6°6€
200 |
60'SL
9z'68°

=y

—

S6°LTT —
8b'ECT

0z'set M
107421 —

89'LbT ~
L8bT

3u (**C 101 MHz, CDCls)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S34



