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1. 'H, BC and F NMR spectra of all products

8TT—
€T —

cc.NN
0LT
6€°¢—

98°¢

68'¢
06'¢€
l6'¢

61'S—

HoOT

o'l

H00'1
Fo6'1
0’1
L0'C
60T

60T

Fooc

0.0 -0.5

0.5

1.0

L5

2.0

2.5

55 50 45 40 35 30
£l (ppm)

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

602 >
61T
gec/

Sovr —

6'L9—

€971 —

9LTT~
90T1 6'LT1 —
€971 £8T1 —
egz1 48217
v'6Cl ‘cgz1 —

vp1 00€l —

0CSI—
81l — \J

TrEl— -—

v9e1 — -—

136 135 134 133 132 131 130 129 128 127 126 125 124
f1 (ppm)

137

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210 200



87T
0€C A
€T —
€9c/

e
mﬁm\
1z¢
L8'E
L8'E
06'¢
16°¢

8IS —

Me

Ts

3ab

F109
Ho€

WMS
0l

Feot

Feo1

Foo't

0.0

0.5

1.0

2.0

2.5

4.0 35 3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

T6l
661 V
60T
6°1¢C 7

oy —

6'L9—

90Tl —
L'STl—
€6Cl -7
o.oﬂ /

Prl —

sl —

LSt —
191 —

VLTI —

m.mﬁ
m.oﬁ W
g6cl

00€l —

6'1¢l —

I'vel —
6veEl —
L'SEl—

Ts

Zz-2Z

3ab

136 135 134 133 132 131 130 129 128 127 126 125 124 123

137

f1 (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



96'1 —
6TT—
vST—
€9cT
99°C
€€
3 V
8¢€T
6€°€

[4:33
mw.mw
98¢

80'¢ —

LS —

979~
8797
169

8.@/
00°L A
9TL—
£v'L—
St'L 7
LO8~_
608"

Me

86T

Kot

Fo1

Foo'1

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
fl (ppm)

9.0

9.5

90T
w.om\
61T
_.mm\

Me

S'6v —

8'L9—

LTl —

8T ~
$'8TI—
88Tl —
90Tl Grry
LT —
8871 o\&ﬂ -
001

LTyl —

gzs &€l — -

0eel — -

I'vel — \J

L'sel — -

136 135 134 133 132 131 130 129 128 127 126

137

fl (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



€l —

Irs —

=

TQ,N

so€

oty
o1

Feot

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
fl (ppm)

9.0

9.5

8L
R 07~
612~
vve/

1’0 —

099 —

1071 —
€971 —
LSTLT
86C1 7
9THI —

81S1 —

€91 —
8921 —

0821 —
L3z —
€671 —
6l w
61

1zel— -—

Legt — -—

8°9¢l — -

9'LEl — -

137 136 135 134 133 132 131 130 129 128 127 126 125
£l (ppm)

138

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210



ILe
e
SL'E
SL'e

Me

-

Ts

3ae

V16T
™60
Roo'¢

Foor
Fes'1

0°1
0T
WM_ 1
6°0
HJo.m

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

8.5

9.0

6v1 —
60T —
6Tc’
TeE—
675~
1'LS—
SL9~
L3897
LTl —
ety oo
971 —
oozt €%
€91

vLTl

ogzr 4 vLTl —

TR g7 —

m.wm_ 8Tl

E6C1 Cg7

voTl T e6z1 \

oopr — PoTT
6671 —
ssp1/

TSI —
LTET~
61E1
TrEl —

Me

Ts

Zz-2Z

<]
3]
™

123

124

134 133 132 131 130 129 128 127 126 125
f1 (ppm)

135

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



89°0
0L0
0L0
1.0
Lo
€L0—
¥6'0 —

€el —
651
oc‘_N
191

8TT—
€T —

9T s —

Ts

Z2-Z

3af

1660
o'l
o1
ot

Ho¢
o€

£0'1
o

0.0

0.5

4.0 35 3.0 2.5 2.0 1.5 1.0

45
fl (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

()
[t

d
Zz-Z
65—

N\ z 5
$91 ™
$'61 M
60T+
o1z
'8¢ — ¢oz1 — —
989 —

07Tl — —
0zl
0Tl
$sTl
78Tl
8Tl SSCI— \k
€621
v6T1
6621
6IEI~E
IpEl —
86E1— 7971
871 —
rsp1/ .
971 — oo
6671 —
611 —
IpEl —

121 120

122

126 125 124 123

127

f1 (ppm)

133 132 131 130 129 128

134

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210



66'0—

9T ¢ —

tBu

Foot
Ese'1

0
60
o

Hoz

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
fl (ppm)

6.5 6.0 5.5 5.0

7.0

7.5

8.0

8.5

9.0

9.5

80¢
Q.MN%
TeT—

6'0€—
I've—

96y —

789 —

$0C1 —
0TI —
8971 /¢
€671 xm
00€1

9T~
pspl —
€6v1 —
pTs1 -

tBu

0°STI~
s

8971 —

8Tl —

[ATARN
96Tl —
00¢l —

6l1el —

£eel —

Tyel —

134 133 132 131 130 129 128 127 126 125 124
fl (ppm)

135

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



9Ts —

79 \
€69~
pe9/
69
60°L
QEM
9TL~
6T'L
MSN
€L
808~
018"

Ph

———= Hoot

0.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
fl (ppm)

9.0

807
61—~
cer/

Sovr —

8'L9—

c0T1 —
v9T1 —
ULzl w
9621

T6ET —
LThl —

STSl—

¥'9Cl —
L9t —
€LTl —
L'LTl—
L'8TI ~
6'8C1 —
v'6cl —
9'6C1
00€T

8Iel —

£vel —

eer —

Ph

124

25

135 134 133 132 131 130 129 128 127 126
fl (ppm)

136

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

10



1£7—
ssT—
1rT7
MB.NMN
e

e

€0V~
LOY

yes —

19

€9 V
9T9 -7
879 \
$6'9

L6'9 A
9TL—

LY'L~
LS'L—

80'8 =

oﬁwx
48]

o€
Fso¢
o1

ot

Feot

35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5.5 5.0

6.0

8.5 8.0 7.5 7.0 6.5

9.0

L81~
60T~
61t/

ey —

189 —

90Tl —

el —

Lvel—
g5t —
€971 —
vomﬁ“m
99¢1

$8Tl —
v'6Tl —
1'0€1 —
1€l —
81l —
LTEI~
Leer

TheEl—

Ts

Z-Z

3ai

120

134 133 132 131 130 129 128 127 126 125 124 123 122 121
f1 (ppm)

135

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

11



8TT—
05T —
16T
6T
v6'T
$6C
$6°E
s8¢
88'€~
86°€ ~
10t/
€St
bsy
95y
LSY

976 —
L¥'s

src/
009

S@W
209

159 —
869 —
9TL—
65°L-F
e 7

P08~
908"

Feoe
86t

120°1
o1

Feot
oot
Foo't
Fro1

6'1

01
kot

Fe6'1

1.0 0.5 0.0

1.5

2.0

25

4.0 35 3.0

4.5
fl (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

60T~
81"
9'6€ —

§'0s —

1's9—

1801 —
cw:/
Sl —

€6C1 —+
0°0¢l s

Syl —

60ST—

4
W/NIN

Ts

\ / 7

3aj

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

12



0€'C—
(4
96'C
L6C

66'C
66'C
€0°¢

66'¢
(44 V
6Ty —

€Y —

oo.wx
89'%

8¥'S —

18°¢ —

879~
059"
869

wSM
L=
YTL w
LEL

WL \

LO'8~,
608"

- Foo¢
- Feoe

= o1
= 01

{0

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

7.0

7.5

8.0

8.5

9.0

60T~
61c

§9¢—

0SS —

169 —

101 —
6’801 —

(414
SQW
85T~
LT~
v'6Tl /-
ES\
1Pl —
LSyl —

0TI —
01cE—

el —

86Tl
86Tl V
€L —
£'6Cl
'6cl V

00l —

Pl —

130 128 126 124 122 120 118
fl (ppm)

132

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

13



9IS —

Y S

FLO€E

= Tooc

= FoT

N
3al

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
fl (ppm)

9.0

9.5

6'0C~
9¢C—

Sov —

6'L9—

§0T1 tozy —
6LTT~
€rer—
§LT—
€Tl =
6LT1 —
0TST Tg71 —
$'821 7
Lser
Y6TT —

00€l —

3al

130.5 129.5 128.5 127.5 126.5 125.5 1245

1315

f1 (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

14



vl

0TS —

90'9
0797
79 /
¥8'9
89
189

769 \
25
9L

118~
crg

HIO'E

ot

Feot

kot

F00'
Fe61

60
0T
o0'c

F0C

0.0

0.5

4.0 35 3.0 2.5 2.0 1.5 1.0

45
fl (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

60T~
9'€T—

Tle—
PseE—

Sov —

L'L9—

S0l —
ﬁmmﬁuv
8'LT1

Womﬁk\

STl —

sl —
€8S —

3am Bu

L'ST1—
€971 —
SLTT~
8171 —
€871 —
s871
€621 —
8671 —

L'1el — -

Trel— -

€9¢1 — \IIM

136 135 134 133 132 131 130 129 128 127 126 125

137

£l (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

15



0T's —

4%

149 V
LT9F
679 \

689
m@M
1697
yrLf
or'L
LrL
9T'L

LE
6€'8 V

LY'8-T
6v'8 \

Hoe

Froc

Fo1

60
6’1

Fooe

ot

Hog
0°C

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

9.0

9.5

607~
S€C—

Sovr —

€89 —

0Tl —

8¢l —

€rel —

3an o,N

132 131 130 129 128 127 126 125 124 123 122 121 120 119
f1 (ppm)

133

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

16



8TCT—

S9C
99'C
L9C
69T

8€'€
e\
9y e
8'€
s8¢

88'¢
68'¢
S6'¢

61's —

L09
609 A
09—+
2o/
89
98°9 A
1897
69
969
or'L
TI8~
v18"

3a0 pMeO

Hoo¢

Hoz

501
~oo¢

FL60

Fo6'1
ot

Koy

Fse't

60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

6.5

7.0

7.5

8.0

8.5

9.0

9.5

6'0C~
L'€T—

sov —
865 —

6'L9—

6€IT—
901 —
€971 —
€871~
v/
vTrl —

sl —

€Yol —

€971 —
9Lz~
$LTl—
€871 —
¢ge1/
6Tl —

el —

Tyel —

¥9¢l —

3a0 MeO

T T T T T T T T T T T T T
136 135 134 133 132 131 130 129 128 127 126 125 124

T
137

fl (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

17



TS —

19
M.o/
€97
m.o\
69
69
0L-T
o.n\

3ap ¢

Ho¢
oot

oot

001

Foo't
Fe61

<0'1
<0'C
=0T

Fo6'1

Fost

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
fl (ppm)

9.0

9.5

N
(@)
/2]
’
z-z _
] | o
\Y
60T~ /N
9€— W -
™
S6t —
1'89 — —
wy
-4
el
-8
971 —
-
LS
pLTr—
o0
0821 — L a
$0z1 —
rozl — Gl / L3 J—
. e ———————————
v'871 f st — —
QN_\ L T
Tl — . ]
1z )
pIer — £
L1ST— = ——
o
0€El — —3 |
-
o
SPel— ——
2
o
L=
€9¢1 — —
. ;
o0
L

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

18



ws—

'S0,

Z2-2Z

3aq gy

Feot

F66'0
Foe'1
0’1

0C
ININ

o

ket

0.0

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
fl (ppm)

9.5

N
o
(/2]
4
Zz2-Z
60~ /N
9€7—
S6h—
189 —
Y971 —
YT —
0871 —
oy V8TI—
ST — oot/
Pzl —
$'8T1 7 6Tl —
ozel / 8621 —
0Thl —
List—vlel—
0TET —
9€eT — -
ShEl— -
€9¢T — —

3aq gy

125

128

129

136 135 134 133 132 131 130
f1 (ppm)
|
A

137

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

19



STT—
L9T
89T
0L'C
i
w1/
€6'¢

96'¢

ors—

= Hot

F66°0
Fet

nmn Fooe

D 10T
z2-2

01

N 01

Z Fooe

3ar

860

k6o

0.0

0.5

2.0 1.5 1.0

25

4.0 3.5 3.0

45
£l (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

9.0 8.5 8.0

9.5

60T~
Lec—

96 —

089 —

§0TI—
LyCl —
€81 —
81elr

€Tl —

0CS1 —

LyCl —

€971 —
szl

LAY
61T
rser
v6el —
wmmﬁ“m
U621

815l

PR

61¢l /

Thel —

L'SEl—
yoel —

3ar

124

126

128

130

132

134

136

138

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210 200

20



186 —

(4%

¥€9 V
8¥'9 -7
09 /
¥6'9 —
LUL~
YyL

Sv'L N.

oc&\
19°L

Feoe

0.0

0.5

20 L5 1.0

4.0 3.5 3.0 25

£l (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

9.0

607~
Y€

gov —
SYs —

069 —

6'0C1 —
9Tl N
$'8CI

£6C1 \
0Trl —

L'1IST —

v9T1 —
LTl —
SLTI—
0871 —
S8 —
18Tl

621 /F
0621
NQN_\

£'6C1

Plrer—

Pyelr—

y9¢1 —

3as

136 135 134 133 132 131 130 129 128 127 126 125
f1 (ppm)

137

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210 200

21



€T
@.NM
9T
69T
8e'€
NEV
sLE—
$8°¢
98°¢
88°€
68°€

61'S—

ye9—

MeO

1€0°€
ksoz

Feot

0'€
0’1

F660
et

ot
001
F€o0c
ot

Fsen

60 55 50 45 40 35 30 25 20 15 10 05 00
fl (ppm)

6.5

7.0

7.5

8.0

8.5

9.0

9.5

(7]
=
4
Z2-2Z
/N
61T~ _
Letr 3 i
)
o — (@) _
S6 rd
§'6s— s _
189 — ——
vy
Fa
e
- o
€971 — -
IvI1— - _
L e
81l — - —
€971 — . -
ety 9LTl— - ===
6LT1 — - S —
v'9e1 — ) = S
€871 — - =
byl — S'8CI— 9@ _
L e
121 — —& S
69¢1 — €671 — - _
0°0€1 — - L2
Lz
61€1 — \L | o
o
Fo

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

22



€l —

€1 —

0sT
»oa\/
»o.muk
1T+
vbaw\
vL'T
e
StE~L
e’
6¢
26°€

96'¢
16y —

0LS~.
s
799
mwo/‘
08°9
789
€I'L
vI'L
9T'L

wL

S1'8
n_w\\

3ca

Froe
foe

Foo¢
Foc

kot

oot

0'1
i
Fot
Feoc

Froz

0.0

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0
fl (ppm)

9.5

0Ll
TR
817—
g/
S6h—
7’69 —
6'€C1 —
6°€Cl
sstl
$9TIssTl —
9971
LLTI 9T~
6'LT1P9Tl
1821 LT1
1'8T1 .BN_M
L'6T1 F8T1 -F
8671 ~4w~_\\
STHI 6T~
8621
v0s1 —
8TEl —
T9€l —

127 126 125 124 123

28

136 135 134 133 132 131 130 129
f1 (ppm)
|

137

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

23



I6¢
¥$'T
om‘NJK

EL'E~
9L

60°S —

Fsos

-

Fe60

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

9.0

61T~
'€

L6y —

€89 —

123

0Tl —

$9TI~
9921~
6921
LLer—
6LT1~
881 —

¥'6C1 —

yoer —

€Tel — —

6€€l — J

127 126 125 124

128

133 132 131

134

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

24



ST
E.NM
L9t
!
8€€
6€€

Iv'e
L33
L8'¢

06'¢
06'¢

yI's—

Br

$00°€
ko

Feot

Ho0'1

660
st

Fo1
F90'Z
H91°¢
ot

55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

61T~
9€7—
S6h—
6L9—
$9T1 —

L —

$TT —€'LT1 —

1871~
1821

gt Lowa
9'8z1 —

01—

Lzsr ot —
6671 —
8TEN
61El

Br

128

T
129
f1 (ppm)

T
130

T
131

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

25



pST
@.NM
L9TF
!
8€'€

6£'€

e
98'€~,
06°€

SI's—

Cl

Flo'€
keo0C

Feot

3V

60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

6.5

7.0

7.5

8.0

8.5

9.0

9.5

61T~
9€T

S'6v —

6'L9—

1zel —
§9T1 —
6'8C1
§9¢1 —

9erl —

8°TST—

Cl

§9Cl —

€LT —

1'8¢1
8¢l V

98¢l —
¥'6cl —

6671 —
oocr/

8Iel — -

132 131 130 129 128 127 126 125
f1 (ppm)

133

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

26



T
E.N/
7
89T F
:a\
107
65€—
ere/
it
88°¢
06'
l6

SI'S—

09>
o/
89—
€L —
Sv'L—
oL'L—

90’8 —~
808 /

Ac

209
Motz

k60
Feet
1860
HOT
10T
o
He1

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

9.0

9.5

61T~
9'€T—
9t

sov —

8'L9—

6Tl go71
8P ~

yorl —

ST s1e1 —

9eel —

0L6l —
S9¢l —

Ac

136 135 134 133 132 131 130 129 128 127 126 125
fl (ppm)

137

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

27



0.0

-10

9IS —

Ts

Z2-2Z

EtO0,C

3ha

=o€

66T
ot

Fes0
Fost
Foot
Fo6°1
86T
HoT

Fooz

0.5

1.0

1.5

65 60 55 50 45 40 35 30 25 20
fl (ppm)

7.0

8.5 8.0 7.5

9.0

€Yl —

61—
9e/

sov —

609 —
8'L9 —

9021 —
9971 —
9871/
g1 —
L'Sh1 ~
T6h1 —
$TST—

991 —

991
L9t V
LTl —

1’81 —
9'8C1 —
y'6Tl —
9°0¢l —

L1el —

y9¢el —

EtO0,C

T
130

fl (ppm)

T
132

T
134

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

28



LL0A
0801
¥6°0
860 1
00°T A
€0°T 4
LO'T
60°T 4
AR R\
oIl
81l

RaL G

€Tl
8T'1
8¥'C
[4x4
¥9'C
89°C
LT

]
PABAEARARN RN

80°¢ —
ere
L1
8¢¢
we
9¢'¢
L9¢

e

€TL A
06°L
E6E

L6'L-T
66'L \

Fso¢

.

o
borz
Fos
[0t
ke

=010
6’0

o1
Fove
roT

Fos't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
fl (ppm)

9.0

9.5

€1 — —_
07— Nz
g1/

STeE— E—

6'8% ~_
86y~

689 — —

L9TI1
0°8C1
78Tl
¥'8C1 L9TlI —
6°8C1
76t
66CI~E  gel \
6'1¢l — T8TI
SLET— '8¢ —

T
128
|

T
129
fl (ppm)

0SHT — 6'8C1 —
POST — cocl

6'6C1 —

T
130

6'1¢l —

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

29



WTNQ
LT
€T |
€57
95T
86T 1
65T
79°CH
~B,N4
€T
€L'TH
SLT )W
SL'T L
nn.N“
LL'T

LTE—
e

mm.m\
Iv'e
oL’e
8L'¢
8¢

06’y —

PS9~
€99 —
€89 —
0L~
rL—
mﬁw
9L

8L

PAN

'L

MeN_~

3ka

T00°€
Fs6'1
et

Fe0
Hisr
FLoe
ot

oot

45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

9.0 8.5 8.0

9.5

8'1¢
w.mmM
¥9T—

9CE—

L6y
8'6¥

689 —

€601~
0TIl —

L811—
8971 —
8871/
6'9€1 —
01—
6051 —

8°9T1 ~
8971

L'LTl~
6'LTI —
8Tl —
8'8C1 —
T6Cl —
96Tl —
6’61 —

61l —

MeN_~

3ka

132 131 130 129 128 127 126
f1 (ppm)

133

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

30



¥’

8Y'C

19°C

(44

$9°T

mc.Ng
©©4Ng
L9°T
89°C 1
69T
1L°T
9L'TH
LL'TH
6L7TH
08T+
184
£8°C A
¥8T -

yre—

8b'€—
0L's—
pLe
(41

ser

ocp/
8y

687\
v6r—
17—

66'9
10°L
SO°L
YI'L
61°L
1TL
YTL-E
9TLY

wmﬁ\

¥8'L—=

68°L

3la

Jove
£8¢°0
90T
~oz0
10
o1
910
o1

k0T

HEN,O

=810
=00l

0.0

0.5

4.0 35 3.0 2.5 2.0 1.5 1.0

45
fl (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

81T~
8'€C

8'6v ~
9cs—

069 —

6'9C1
0°LT1
8'LTI
1'8C1
414!
£8C1
€8¢l

zet
SLET —
6yl —
SIS —

6'9T1 ~
oLzl

$'LTl —
1'821 —
st
€321

1621~
6T~

8'6C1 —

L1el —

8
®

|

125

126

127

128

130

131

132

133

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

31



Ir'l
2;%
6Ll
1Tl
€Tl
STl

Iw'T
wm.m/
omd%

61~
€EE~

v9'E —
08°¢ —
86'¢ —
80% /-
91y

197 —

86V —
LIS —

00°L
L
SI'L
91'L
LT'L
81'L
0T L~%
L
€6'L
(43
66'L
10°8

Fo0'¢

01
80¢
Fore

0.0

0.5

35 3.0 2.5 2.0 1.5 1.0

4.0

45
fl (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

©
£
®

132.5 1315 130.5 129.5 1285 127.5 126.5 1255
fl (ppm)

1335

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

32



60°S —

01
Fern
Fere
Ry

H0'l

F90°€
Fot
o1
Fo1
o1

01
60
90T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fl (ppm)

9.0

9.5

8'1¢C
8'¢C
(344
9vT
TsT—=

L9z
Ll
0’821
6821
6821
0'62T
0'0€1 k
91€El —
€LET—

oSyl —
Sovl —

L

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

33



LY'T
LST
LS'T
09°C
19'C
N@.N\
99°C
yee—
FiA%d
8L'¢
8L'E
6L'¢

[4:33

806 —

€0'L

Ts

30a

Fo¢

'€
Fre

0l
Ho

Frot

001
e
60T

Fot

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
fl (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

81z
Q.MN%
8€T
6°€t

867~
TS

989 —

692
6Ll
0’821
L8zl
682
16zl
00€1~E
L1EN—
€LET—

0S¥l —
corl —

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

34



LTT—

697/
it

LLE

68°C —

I
Z2-Z

3aa-T1

Froe
- = Feoz
= Lot

= Foo't

.

Hoz

Fozo

0.0

0.5

4.0 35 3.0 2.5 2.0 1.5 1.0

45
fl (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

L0T—
£€Ye—

'8y —

00L—

€LIT—
691

T8zl V
9671 —

981 —
ore1/

9651 —

3aa-T1

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

35



3aa-T2

0.0

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0
fl (ppm)

9.5

097 ~
ey —

1S9 —

etl —

rozTl
€Lzl /
S
et/
LSl /
Thrl—
6sv1/

V9Tl ~
L9Tl —

€LT —
6'LC] —
8Tl —
c6cl —

L'6Tl —
8'6C1 /

SEEl~
9eer

L'SET—

N
iy
©
©
™

128 127 126 125 124

129

136 135 134 133 132 131 130
f1 (ppm)

137

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

36



67T~
Syad

08'C
€8T A

yIe—¢
hﬁm\
8I'¢

€Sy —

96’8 —

Ts
.NH

=

3aa-T3

6'C
0¢

Feoe
Feot

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
fl (ppm)

5.5 5.0

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

6'0C
c;NV
897 —

605 —

LO0L—

8611 —
$9T1 —
8Tl w
66c1 7
8Eel

Syl —

€891 —

'I's
.NH

§9Cl —

LTI~
6LTl—
p8Tl —

€6t —

6’61 —
coer

6'Cel —

8'eel —

Ieelr —

8'Gel —

Iz

3aa-T3

137 136 135 134 133 132 131 130 129 128 127 126

138

f1 (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

37



2. Crystal data and structure refinement

Compound 3ka: (The crystal structure of compound 3ka has been deposited at the
Cambridge Crystallographic Data Centre (CCDC 2034479). The data is available free of

charge at www.ccdc.cam.ac.uk/conts/retrieving.html.)
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Crystal data and structure refinement for 3ka.

Empirical formula C,ogHysN4O,S

Formula weight 484.60

Temperature/K 296

Wavelength 0.71073 A

Crystal system monoclinic

Space group P21 P21

Unit cell dimensions a=10.6532(6) A a=90°
b=11.4210(7) A B=199.632°
c=20.3231(13) A y=90°

Volume/A3 2437.9 (3)

V4 4

Density (calculated) g/cm? 1.320

Absorption coefficient/mm-! 0.167

F(000) 1024

Crystal size/mm3 0.20 x 0.15 x 0.10

Theta range for data collection/° 2.335t0 27.551

Index ranges -13<h<13,-14<k<14,-26<1<26

Reflections collected 10854

Independent reflections 6928 [R(int) = 0.0564]

Completeness to theta = 25.242 °© 99.2%

Absorption correction Multi-scan

Data / restranits / parameters 10854/1/635

38


http://www.ccdc.cam.ac.uk/conts/retrieving.html

Goodness-of-fit on F?
Final R indices [[>2sigma(I)]
Final R indices [all data]

Compound 3aa-T2: (The crystal structure of compound 3aa-T2 has been deposited at the
Cambridge Crystallographic Data Centre (CCDC 2054283). The data is available free of

1.016
R; =0.0564, wR, = 0.0876
R;=0.1224, wR, =0.1018

charge at www.ccdc.cam.ac.uk/conts/retrieving.html.)
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Crystal data and structure refinement for 3aa-T2.

Empirical formula
Formula weight
Temperature/K
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume/A3

Z

Density (calculated) g/cm?
Absorption coefficient/mm-!
F(000)

Crystal size/mm3

Theta range for data collection/°
Index ranges

Reflections collected

39

Cr4Hy7N;0,8
421.55

296

0.71073 A
triclinic

P-1P-1
a=10.6667(5) A
b=13.4081(7) A
¢ =16.0716(8) A
2237.32(19)

4

1.251

0.170

896.0

0.60 x 0.40 x 0.36
2.46 t0 27.30
-13<h<13,-17<k<17,-20<1<20
10257

0 =87.4762 °
B =79.9020 ©
y=281.4307


http://www.ccdc.cam.ac.uk/conts/retrieving.html

Independent reflections
Completeness to theta = 25.242 °©
Absorption correction

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

Final R indices [[>2sigma(])]
Final R indices [all data]

40

50241 [R(int) = 0.0348]
99.7%

Multi-scan

10257/0/557

1.080

R; =0.0435, wR, = 0.0930
R;=0.0700, wR, = 0.1022



