Supporting Information

C-H Bonds as Ubiquitous Functionality: A General Approach to
Complex Arylated Pyrazoles via Sequential Regioselective
C-arylation and N-alkylation Enabled by SEM-group

Transposition

'H and *C NMR Spectra

Roman Goikhman, Teresa L. Jacques, Dalibor Sames*
Department of Chemistry, Columbia University, 3000 Broadway, New York, New York 10027

sames@chem.columbia.edu

S1


mailto:sames@chem.columbia.edu

vZe 0
S¥e'0 =
S96°0

)

00L°T

ZTL €
Ew,'gj%
£9L°¢€

PEV"S

€op”
LO¥”

oo

09¢"
8TIF"
CEF”
TS¥”
AL

N Za

N Sl

E#
=
]

)z S
/%
=z

S2

L

(o =fg0'¢

T




LYF

5¥6

6aL”

89
666
LTIC
LG8

BTL"C

8v4-
£L9”
188°
ZLe’

g0’

867"

0=

LT

9L
'9.«.%
i

“LL /

FPET TRy PR T JPui Hr

i A 20 bl 2L

S3

ppm

40 30 20 10

50

T T T T
130 120 110 100 90 80 70

T
140




086" ¢
T09°¢
[44° AR

LSY S

8G¢”
9LE”

967"
AN
LTS
S18°
8C8°L

[ e B Tl e

NV

O

=

SEM

S4

T 3
_— = ==
—_ = =
— _
— . %
— —_
- .

ppm

Fo =< SL9°6

Lo —0Fce

—I91°¢

= LG0°¢

—0S¥7°T
cIt ¢

\860°¢
000°¢
—000°Z

10

12

13




09€" T-——

TT6 LT ——

L0699 ——

£99°9L
0607 1L _

. _
€1S°LL
rzs 08—

zse et
vEL'SZIg\\L
L0Z 92T\
L2L° 92T

€L6'8ZI:;;:
STy 2eT~ -
L€ LET

O

SEM

-
z o

(4330
veL:
L0C"
LeL:

€L6”

LES”

TCET ——

LET —

S5

ppm

130

135

I
ppm

20

40

T T T T T T T T T
240 220 200 180 160 140 120 100 80

T
260




g
o
o
910 0- —— ﬁ Lo €506
66870
9Z6'0> — = L 0L0°T
75670
&
A0
7T
-4 =
L6€°T— —_— - — 6£0° €
= ™M
265 €~
029" € —>= — == T€0°C
Lvo e~
=<t
=
TLY G —— — -— —8z0°¢
— O
88T L
S6T L
v02° L
91T L e
0ce L \ — %0 ¢
8cC L—— __650°€
zszm% i T 9L0°T
vTEL <o T
cve L % 000°T
€G€° L —
LS9 L L
8L9" L
= O\
[ o
—

S6



987 " T-——

TLL
VLT

LTL®

LLY"
§66°
66T"
€Te”
vees

08T~
LLG"
626"
960"
880"
9€9-°
G88°
68¢C"
TLS®

LT ——
1 ——

==

'SEM

S7

ppm

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

200



68G°
919~
€v9-°

LY

09¢-

809"
868"
9L8"

G ——o

.

SEM

S8

ppm

13 12 11 10

14

6€T"6

6T0°¢

€10°¢

600°¢

ocSN~———
€I0° ¥
S —
710°C

[oe}



QLY T-—
8€0°0——

008" LT ——

L66°99 ——
855 9L
T86'9L:i>:
507" LL
0Ts 08—

ce6° 2T
oz9'931\\\
IE8'9ZIE§§g
8187521
2697921~
7

c06°G¢ET
60G°LET

CF

"SEM

S9

I
ppm

I I I I I I I I
240 220 200 180 160 140 120 100 80 60 40 20

T
260




ppm

LTO" 0=~ _ _ _ L —7Zoo 6
n
o
688°0
9T6'0> — o Li0c
¥96°0 -
T€E°T
SSE‘I> — - o 880°€
6LE"T L —
—
o
o~
n
N
o
C o
056" € [o
8L9.€> % = m  860°¢C
509°€ —
o
VLTV ~
L67 7\ % - —= - @moe
'[ZE’T77 n
SvEY o
o
[ o
VEVG—— % *—% ,“’.\m
Lﬁﬁ
o
C o
7\.0
O
7O
K
992" L—— _
n
[~
ev6 L —— N 7: o 80T
2908 —— ﬁ - [ee) 000°T
N
[
T 2
ot »

0,
g
N=N
LY
I
9.0

S10



OEt
'SEM

0,
g
-N

==

667 T-——

SEE VT ——
8VL LT —

18C°09 ——
¢1C L9 —

LSS° 9L
086 9L _

ppm

-20

w

,I

20

40

60

. _
Y0¥ LL
105708

€T 9TT ——

Q8L CET ——

Ve 1vt——

698°C9T ——

S11

240 220 200 180 160 140 120 100 80

260




ppm

— - ) Lo =T

S RAN

VEG'O? - == Fo —S59et
£56°0 i

— N

— ™M
899°¢€ .
gggé% — == X4
0TL € Lo

—
LEE G —— — - —sz0°¢

— O
98T L
06T L
Z6T L
€02° L Eoe
LOZ L I
LI L—F R —L0e's
IR AN _— - —roe’s
vET L = 500"
O9Z'L/ e
zTv L
€8L" L

— O

11

12

13

S12



ovy " 1T-—— -

ppm

-20

GG6° LT —

C8L°99 ——
VLS 9L
L66° 9L~

40 20

o

60

ke el
WA

\ _
ozv‘u7

198" LL

0T8"TCT
SLT9TCT
¢S99 LCT

100 80

120

968°6CT
CLY 0ET
CLB8'CET
G0L"8ET
697071

§
7

S13

180 160 140

200

R gl

Akl

240 220

260




. BiE:
€00°0- —_  _ _ L T

9100
810°0
52070 “
(=]
97670 -
?EG'O-\ = ro
9£6°0 i — === < __£60°¢C
2c6-0 /7 "
—Z o
[Tg)
-
(=]
(3]
uy
—N
(=]
e
919°¢€ .
EEQ'E\ e
LEQ'E — —_— —_— —_TLO'Z
6£9°€ —
LS9°€ o
=
_lﬂ
o
__D
[T4]
oLy S - . — el T
n [Ty}
o
o

7E9° 9 9
0?9'9A — —— Y 000 T
09Z°¢L

Z'EE‘L\ o

TE€E" L -
ggg:gx — — 70T
90?1% — [ —~800°2
PP L - e e~ =SL0°T
SBG‘L/ e
e -_ L00° 2

S14



SSp T

=

w

R

=

E’:}L'LT — . /J,|Z m
659'99 ——
789°9L
666" 9L —_
LIS LL —

12208 —

SSO0 70T ——

§GL°STT ~

TPL LTT ——Q
1656827 —
6GL 0ET —

TSE LT —

866" 15T

S15

=1
o]
o}
- o
o
—
S —
=)
I
Fo
F o
Fo
Pt
=
Fw
3
e
0
- 1
r o
:l.""
.
=]
— v
P o
<))
i
o
- O
[
N —
1fo
A
P
it o
F o
—
_ F o
_4‘—1_{“
[
o
-
P
t
o
— U
B ~



o -
600° 0 —— — e — o SEE 6
[Ta)
=)
0960 I
e —_— ==[° —650¢
_—— o
T00°T <
w
w
z L
/,.é «© ra
f=)
™
uw
o™~
r o
-
_Li‘l
™
z08"¢€ -
EZS‘E> — === —6%0°¢
£V8 € — L <
=
w
M <
o
Cn
9Ly G —— —_— | Y —T00°¢2
u
o
C o
_Lﬂ
9TL 9~ s
L P —
092 L~ = - =p000"T
LEE L [ e
1% L\ -
0E% L
aw'ax — vzt
€97 L —= —_— B 00Z°G
28y L — — T —g80z
ELY L —F e
—_— e .
689° L —_— L o Lv0° ¢
€69 .r_/ [
698" L

S16



T T ———

SLBTLT

£89°99 —

589°9L

€00 LL —
TZE LL —

6v8 LL

1'%

790" %07l ———

88L7SCT
0E8°LZT
T65°8CT
099821
BTL 8TT
0887871
S8Z 0ET
BOE ELT

W

088" SFT —

P90 TST ——

ik e

Wit

S17

kel an by

ppm

30 20

40

70

T T T i T T
140 130 120 110 100 S0

"|'
150




600"
cT0°
€10

/N

oo O

ove6”
196°
1867

TSL €
TLL§ —>

Z6L € —

SZk° S

780°

@
-~
B
-~~~

282"
LBE”

-~~~

™ osp
o
= =
- -
L

/3
-z

SEM

S18

JIII|

L




POv 1~

116° L] —— O

£28°99

T89°9L -

000" LL —_
Gl —

T#6°LL

/

\

$50° 02T
587921
0L LTT
Z11°82T
£9€°82T
687821
1€9° 621 — 7
€Zv 0T
125" 0€T
681 €€T
OFE £€T
LOL THFT —

SLeevl

N4

)

S19

LN

A
ppm

¥ T T ™ ™ U
140 130 120 110 100 90

T
150




ppm

50070 - o = &1z 0T
€26°0 ==
77670 = \ — = A
e 0= = = - 621°¢
i ,
;7
=Z
— N
— ™M
769" €
gu'ex IS
9cL g —" — == —_¥s0°C
€vE"S
96T L "
65T L
€9T" L
0LT L
9LT" L Y
08T L L o
70z 1 — - [ —9c0'c
9Tz L ||
0zZ" LA\
vze LAl E
8€Z" LA\
sz LA\
652 L\l
7L L\
06€° £ -\ R T
ek — _ 196G
e ggg é - —870°T
V9E L F 000 T
roc L oL N - 7 000°T
TLE"L vee: | Po e
18€° L gee” i
¥8E" L esce
08L L 652" - — 856 T
96L" L vie: F
Z08° L 0se” e
508 L 75€" L —>= =
918 L Z9€‘L7 = <
Trec L voE L -
581 69¢° L = o
0c9°8 TLE L E
159°8 I8eL 0
5eo- g ¥8E"L =
799°8 -
999°8 o
—
O
o~
[
~ —
~
08L"
96L"
z08" @ Lo
908" = -
918"

S20



8V v

LT6

LZ6"

166"
vive
0TT"

STT”
907"
LLO"
vvL”
0€8”
699"
68T"
€167
018"
G98°
6L8"°
166°

YA e

L

¥
. B
T-— - 5
3
LT—— _ E
E
99 — -

il

9L 3
9L> _ — —_~
LL :
s

€21 3
€CT 3
921

9ZT\ - %
LT = = —
82T — [
ZEI/ _ _ _2
9£17 3
L‘EI/ é
8€T -3

== 3

7

o

'SEM

vz oc
—Z

S21

T
180

T
200

T
220

T
240

T
260

I
ppm

I I I
140 120 100 80 60 40 20

T
160




EVLT

Y
"0
"0
‘0
"0
“E
B
“E
‘g
g
‘g
‘L
"L
"L
‘L
‘L
‘L
‘L
‘L
‘L
"L
*L
il
nL
b
L
"L
L
"L
‘L
‘L
L
"L
* A
L
‘L
il
"L
Yk
‘L
“h
A
"L
'8
'8
‘8
'8
'8
‘8
'8
'8
‘8
‘8
'8
'8
'8
8

N\

S

NNOONOOFTNDFONOOOMNOMNRMIN NGO WN
OV OOWMANNAAA1OORMOOM™WLN LW < <
O NNNNNAA AT OO0 00000

STL®
TeL”
SZL”
SgL”
rL”
SyL”

[ e e il el ol ol el o e e o e e S N A A N A e A

NN N

167"
967"
oS’
80§”

gL
LLST
686"
686"
56G°
L6S”

W oo

SEL'8
LEL'S&
TPL" 8 —

S22

o Ll A




077 1- 7— =
Te¢v 1

ppm

098" LT — -

Ul
N

'SEM

7N

oXc
N=N
8b

LTIT° L9 —— ' -

£89°9L
000" LL —2 .

/

8TE LL —
AZART)

\

BG5S TCT
LOO0"ECT
LLT ECT
$09°62T

w

/

£9€7LET

L69°82T -
506 87T — == —
LOE 0ET — —

798 TET
6T SET
6LS"LET
TPSTeLET
TESTOVT

AN

969° 89T - =
LLT 6VT — ~

150

CTL 6FT
8LL70ST

N

S23

130 120 110 100 90

140



9¢0°0-

?OO'O—A\\\
00070
€T0°0
T16°0
6€6°0 ~2L
L96°0—
EVE T —_

L9 T—7
TGE'T/

N

979"
VL9
coL”
oege”
€5¢€°
LLE"
107"
8ce”
€ST”
091"
GoT”
TLT®
€8T
061"
66T"
90¢"
€ece”
(%
65T
LSV
87"
87"
906"
806"
GG6G6”
096"
G96°
08s”
986"
68L"°
680"
760"
660"
STT”
0ct”
GCT”
€91
LST®
6GT"
€9T°

0 OOoOWOOOOOoOoOooS~SIIINnNS <t ™M

68L"

680"
760"
660"
STT”
0ct”
Sct”
€GT"
LST"

00 00 00O 00 0O O O O

NN

S24

B e =
—_ = —

—_— Eg)ﬁ

— = ===

F o

F o
L00"¢C

E <t
__¥v10°¢

F

—ZT0°'¢

G20°S
—"860° 1
—.866°0
— 160°T

[® —6T0"T
\000"T

10

11

14




LY T ——

9V VT ——
SC6° LT ——

LT " T9 —
€VL 99 ——

€L5°9L
L66'9L&
0y LL—7
LOO'SL/

TT€7CCT
L8V 9CT
T69°LCT
906°8¢T
G18°8¢CT
CL6 6CT
86T 0¢€T

§
EZ;%EE%
99V'Z€I//f

608 V€T
80L 8€ET
88¢€°6¢€T

0L6°G9T ——

909‘851§
618 82T —-

TL6 6TT —_
86T 0ET—

867 T€ET
EEARANY
608" VET ——

80L 8ET —
88€°6ET—

X

m

Wi

iy

A A

Al

S25

125 ppm

135 130

140

L

A e

MR

(il

N "
Ittty

I
ppm

20

I I I I I I I I
240 220 200 180 160 140 120 100 80 60

I
260




7000 —

L26°0
8T76'O>
696°0

LTL" €
-

8GL" ¢

GEE"S

— ==
L _
_ S

'SEM

S26

=
o
o
re 700°¢CT
Lo 9ve"¢
= o
)
LLT T
<t
w0
STC'¢
o
Fe
885°9
LTI T
— S§90°¢
\000"T
- oo
= o
[ ©
—
[
—
[ o
—
[ ™
—



€EV T-——

896 LT ——
920" L9
LLS9L
000" LL
€TV LL
160°8L
689°¢CT
2e9°6¢tT
9L9°6CT
TTL 9CT
8L8°LCT
0€9°8¢CT
GZ870€ET
crercetl
c16 et
6L8°8€ET

YW

AL

L s

i

"

O CF;

'SEM

=z
7 9
=Z

S27

|

|

|

" TR TNV 7 M

w

m

™

Ik i

L Ll

Lk e ot a1 oL L ieimd St J‘. ol ok Dl b ol g b l““hu TR

Nt YA

Ll

(Ll L

Mk Ak

AR AN Y

I
ppm

I I I I I I I I
240 220 200 180 160 140 120 100 80 60 40 20

T
260




=]
o
o
200" 0-
G00°0 ] r s
EWO} — o <o
T20°0
976°0
996'0> — = == F o = 70T°C
L86°0
o
= ™M
LYVL" €
P9l e _ —_— — 8602
89L'E/ B
88L" € <t
86¢€° g o
07T L\ . - —g80°¢
[ 7AA T
8YT L
6GT L
79T L [
oge L
cve L
ovec L
TGC" L ~
€SC L SN —€90°¢
LST L I —_LSE" ¢
gg;.g% . T
Tiet o 1001
€v9° L ——
879" L — —59%6°T
099" L
G99 L
€9L L L o
£€vz 8
8¥cC 8
T9¢C"8
G9¢C°8
[ ©
—
o
(@]
=z [
—
D -
w
R
O« =
=z
™
]

S28



6C7

096

SOT”

cLS”
G66°
8TV "
e’

8ve”
188"
110"
LTO"
vvL
0se”
9%6°
Gce’
€00°
SL6"
8¢8”°

SI-

LT ——

'

'SEM

=
/I
==

11

I

S29

%JMWWMMMWMMWWMM

|

T

m

LA L b UL L A i

ppm

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



TLJ-1-247 1H 400MHz CDC

o~
N
o

affter HPLC purificatio:

@ ™~
O <t
o O

686"

60L"
oeL”

v8L”

ppm

OMe

—
9
'SEM

NS\

N N R )

5 971°6

120°¢
oo c

-
000°T
-



78V’

(44

971"

ocL”

766"
8TV "
618"

veL:
129"
SoL”
€TL”
19¢"

€a¢e”
989
€e6”
SvL”
vZo-
e’

656"

LT ——

GG —

99 —
‘9L
9L~
LL
LL

N

71T
STT
Tt
cet
9¢t

-

TLTT -0

82ZT
‘6ZI/

0¢eT
ceT
8¢eT
0vT

Y

65T —

veL:
T¢9-°

SOL”
€TL”

19¢°
109~

989"
€€6°
SvL”

vco-
cve”

PIT—
STT——

12T —
zeT——

9CT —_
LT —

8CT —

6CT —
0ET —
el —

8T ——
07T ——

S31

I
ppm

20

I I I I I I I I I
240 220 200 180 160 140 120 100 80 60

I
260




9L9"
L69°
8TL"
0s8°

Tce”

6C6°
156°
L1C"
(444
8eC”
09¢”
8ee”
(472

T9L”

— = =
~— =
N —
— -
—
R —
—
[

13

S32

o

ppm

— O

10

12

13

=T10°6

890°¢C

[— A

080°¢

—T€0°¢€

— > A5
—Z2L0’¢

—I%0°¢

¥00°§
=
—060"2
—000°'T



vvL
LST

L66
0cy
S9L

091"
667"

G8T°
784"
€TV
L
Sv0°
679"
8ce”

LT ——

95—

99 —

9L
'9L& _

T e,

T
L7

S33

n

I

L

Wi

T
ppm

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20

T
260




c06”

L8g"
889"
g0L"

T9€”

9LL®
0€Z"
[
£8e”
0s8¢-
oLe”

QLL

/

oMM

-~ S W

- AR )
)
— =
— E%-J
— —_—
@
=
z
of
fw —_ [
O & < S e
== —
\____: _{HJ_ [
wey I S

S34

0.0 ppm

— can - £
= £90°6

—_ ©

—. 5002

L0 €
—L¥0°T

—J6L"°S

=000



Lvy

9L6

99¢

869-°

c89”

000

8Te”
€6L’

S¥9”’
SEr”
gee’
L9Z"
580"
Fos”
S6cC’
vee”
oLT”
PEO”
CLo"
ESE°

(o]
¥y
=

-

LT

0%

99

.
LL
LL el

pPpm

S35

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150



| B
S Y _ - I & —rs
wn
=
LZE0
ws'o> — = S T 690°¢
896°0 Aa
rw
[ o
:O
N
JJ-“?
629°C - Y 190 ¢
o
o
[Ty
0TL € b oo
TQL‘E> T = LBO" ¢
TSL'€ L o
A“qﬂ
wn
C <
L o
TS
EvE"S e - — ,, _f00°¢
1T w
(]
e
T9T°L 0
LT L %
18T°L
E6T L -
902" L i
0TZ"L AT
Gns) e SRR 692°G
6€Z° L w
EVZ L —_— o AT E
°9ZZL/ — —{ZE0"E
vYSTL o~( .
S95°L —_— -~ —Zooo°¢
99L" L =)
6L6" L W
000°8 \ i

S36



TEp T- ——— . ?j

eH6 LT ——= -7

PRy

8¢9°9¢ — -

3l

$56°99 —— -
689° 9L «
LOD " LL § e _
BZE"LL

980" 8L o

£T19° 22T
8¢9°'9¢1
€8 LTT
L95 8C1

BP9 0ET ———— —
20y TET —_—

4

6€5 " 7ET :::j::: _
9T0" LET
688 8ET ]
202" 6€T
O K
\ 4 s
5
O
=Z — E
]
8LV L6T — VTR

S37

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

190

200



TLJ-2-051p 1H 400MHz CDC13

0T0"0-——

926"
976"
L96"

ceon”

VoV

9¢0”
LSO
690"
8L0"
060"

LET®
6€T"
€91
€ce”
SecC”
cve”
SGqe”
09c-
768"

669"
€o0L”
VIL®
6TL"
€cL”

9€G"

[Te}

==

W

&

"SEM

Jr /U

J

S38

IR

ppm

—

— N

10

G90°6

280°¢

—

—T10°¢€

L00"C

000°¢

— €90°¢

—900°'¢

N900°T

ceco°T
700°T

7€0°C



16 T-——

9€8 LT ——
08T 0C—

LG8799 ——

T89°9L
OOO’LLEE%
8TE"LL

vreel

VeV 2T

69T €2T

VIL'SZI\\\
OL6'SZIA\\L
ZB?'LZT:EE:

9€8°0ET—~
08G"TET

8SV 9ET—
ZZS'9ETj7f
6SL°LET
988°6¢€T

S0£ 67T ——
812 05T~

_—z
\

7 T

'SEM

16

S39

AV PPN | W T

ppm

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

200



rE
Q
(o}
%00 0- —— - /—’J < — 0106
OL
n
[ o
0T6°0
gee o — = S ¥60°¢
596°0—" H
n
-
D -
w o
o S0 [
SOLE :
n
[~
70
™
n
TL9" € [ o
IOL'€> — z% 966 1
8zL € o
[ <
7LD
<t
o
IS
8€€°G—— — f—% 890 ¢
n
[0
7O
©
092" L L
€LT L ©
00€°L
86€°L o
907" L =
TV L - — ’
ozv'Lx \\ m%
92V L RS
VEVL
V7L — 000 T
857" L o
79V L ©
98%° L =
vI8 L n Z
s P
24
o 2
-2 §
—
—
[ 9
o K
7
o]
|
= E

S40



ppm

-20

88C°6¢CT
8v¥v 1-
CE6 LT

97699
8LS 9L
c00"LL _

20

40

60

GCV ' LL
€L8LL

L6¥°0CT
09€°6¢2T

L9G"LTT

100 80

120

€26°8¢CT =

TCZ 6CT
€9€°0¢T

9L9'9€I/
619'8€I/

9¢T " 1IVT

88C 6CT
09€°49¢CT
90¥%°GCT

€26°8¢CT -
T¢C 6CT

€9¢€° 0T —— —

S41

240 220 200 180 160 140

260

TLJ-1-221 13C NMR 75MHz




¢00°0-
000°0
0L8"
L8
168"
€68°
16’
€16°
G9T~
L9T"
€8T
G8T"

A A A A OO OO0 OO |

€0C”

8¢9

0s9°
4N
0L9"
cL9”
€V
SvT”
09T~
(4
8LT"
08T"
961"
86T"
€LT”
vLT®

NTERY == T S

[TolToIRS RS RS RS IS U 2 s I e W e Moo M eg]

LST®
6GC"
=
LSV
G97-°
LY
417
L8V
687"

L0S”
0€0-
(43

~
[}
<t
cooor~>~oc~~SSS>

OEt

(E—

— - o

11

13

S42

=

£€90° €

—=tJY ¢

190°¢

—_—r7Y ¢

=

€90°¢

—=JY ¢

=800"¢

620" ¢

-

000°T

—2Y v



997

SLO

106"

196°

99T~
996"
066"
[
G68”

VLY

veo”
14743
oLy
STV
LS9
L96"

1448

e ——

PT—
LT—

66—
L9 —

9L
N
LL

LL/

€ETT ——

8CT
'SZT&

62T —
0€T

Wl ——
VT ——

29T ——

g

S43

I
ppm

I I I I I I I I I
240 220 200 180 160 140 120 100 80 60 40 20

T
260




€00°

e’
296"
£€86°

9L9"

LTL"

e

vec”
66C"
soe”
cre”
LTE"
(4
067"
S6v”
70G-°
AN
8L9°

ppm

=\

NS DS DS DS DS S

amount

small

vec”

66¢C

s0€e”
c1e”
LTE"

0cy”
067"
S67°
70G°
716

S44

ppm

12 11 10

13

—zeo'e

T TA o

Lo =10t

=L90°e

—¥6z°0Q
—Fio‘e

_/€€0° L
=200°1T
\£e00°¢
S \8I0°'T



100°0- J: g
L00" 0 — — =BT €98"6
ST0"0 ~
7Lﬁ
[
05670 i
01670 — == g — ==[% “ss0e
16670 e
7Lﬂ
—
&
6LZ" L L & -
zszm\ g
953'.&} -
IOE‘L/ 4
60€" L g [t
ZZE' L o
LEE L
EVE L o | <
8VE L e ™
0694 —0
6LL"L "
989°€ ~_ ggL'L> © P :
90L:€7 88L" L M= — == __£v0'¢
LZL € 86L"L 2
£08° L <t
808° L L=
o uw
L
o~
" i
LEV S o
OIZ‘L\ -
A NS - - —— JLY =<0z
_ [\
622" L . @ o —S00°2
9258
VT L ossw;sk= -
AZAND BES" 8 = © L=
0SZ° L zr—,g-87= - ©
5T L
092" L T9L°8 .
692" L E9L‘8> — . o
VLT L LSL°8 " o
6LE L o
Z6T L A
967" L P || R
TOE L T = SN
. =
60€° L i =2
ZZE.L (/Z o e = i' 3@!
LEE L _z A = TN o OE0°T
£PEL L
8VE"L — ©
069" L 2
6LLL L
88L" L S — =p000°1T
B6L L [ S
€08 L o

S45



kA

S6L

9L0”

8L9”

966

AT
87"

LET"
T90°
960"
285"
0oL’
98e’
S969°
ev”
0Ew”

so0g”
ZSL’
9ge”

I

LT

LY —

9L
'9,/,;

LL

960"

£8%"
00L”

e8¢’
569°

SEM

LET

8CT ———
8T —

62T
62T

128 ppm

1
129

S46

ppm

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150



110"

cs6°
cL6”
€66°

989"
80L"
LeL:

L6V

09c-
08¢
G8¢C”
72%%
€ce”
ve”
vvs-
796~
GZ9-
979"
089°

0——

n

=\

| S e S o o i Y e

09¢*
08¢
G8¢C”
258
€ce”
e’

14458
794~
GC9”
9v9-°
089"

S47

J

— 6€£0°6

0 ppm

— — 0€0°¢

—/980°¢

[

€c6°T

—tcb L

10

11

12

13



Sy T ——

V6L LT ——

L90"

066"
viv”

c0s

6vY"

60¢"
L80°
44
L9

708"
SLS”
c06°
LT8"

'8¢l
'8¢T

LY ——
‘9L

9L —o

W

LL
.08/

cctT
Gt
ST
LTT
8¢T

6CT
ceT
9¢T
LYVT

NS\

)

ppm

T
125

T
130

T
135

T
140

T
145

S48

il

l

WO

Ay

WA

TP Y

L

Ay

ol

TR

I I I
240 220 200

I
260

I
ppm

I
-20

I I I I I I
160 140 120 100 80 60 40

I
180




L00"0-
LOO'O—>

T€6°0
zge'ox
TLET0—
062°T—_
80€E"T
STE'T

699°¢€
069'€¥
0TL €~
082" ¥

967 7 —\

B
/A% N
ZEE'ﬁ/

SLY G ——

Lezc:
LST"
oLe:

€0¢e”
cre”
cee”
T6¢e”
0¢9-
€29
6€9°
199°
166°
TLE6"
Leec:

Lo e e e T e R S i

=

: /
OEU
[s)

“SEM

\/ e

QOEt

Ot
3 2 g

SEM

S49

ppm

Fo =<(sz0°6

Feo —680°¢C

= 9¢€0°¢

10

11




900"

286"
Z86°
€00°

8ezo”

108"
128"
(420

kA

o%0”
8¥%0 "
£50°
LSO~
¥90°
781"
06T”
z02”
SzT”
gee”’
v’
05"
CES”
06S°
112"
ogL-
SZLT
6eL”
S¥L°
66¥"
L0S”
9vL”

0

Mmoo oo

un

oo o B e e e S R i el ol o

RN

‘l “—E \3»
\

\

v

M —:i
\\\‘ e
L__‘_ﬂ_ —_—
o)
\ — —
\Lﬂ — ‘*‘;:
N E
7 o
=z N

Vi
N

S50

0.5

50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5

8.0 7.5 7.0 6.5 6.0

2.0 8.5

B

CLT 6

€90 €

£10° €

€102

z00' e
7S0°¥
870 ¥
£T0°T

—_t Y b

G660
000°T



LLY T-

£L8° LT

98T L8 —

LB9T9L
S00°LL
ECELL
TZZ 8L

STT TCT
866°¢CT
F8E"4CT
B6E LZT
0997821
896°8C1
STE"0ET
8E9 0T
070 2eT
€687 CET
eve el
BSE TP
667 97T
6697 87T
06T 6%T

/

—_— .

/__

\

i

_—“_““—n

W

/

\|

S51

dndend o P
T

ppm

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150



6000~

666"
6L6°
000~
SEE”
£GE"
TLe”

rL”

Z8L”
9TE”
Fee”
TSE”
69€E"

LTT”
970"

oo~~~ N

VA

NN

ppm

J JtJU@IJL
|

S52

|

ppm

0

—5€C"6

[ ST
r;ﬁEBOOZ

[fe]

25 250 L.

3.0

3.5

4.0

5.5 5.0+ 4

6.5 6.0

7.0

8.0

9.0

.5

= GEOE

—_ 870°¢

—_.5Zo"¢

— 0002



TS¥

BEC
£88

0TT"
TN

z89”
000"
BIE"
£9T”

846"
700"
8CT”
0€s”
CET’
£585°
L8L”
09t
£L8’
9cv’
8TC’
B9G”
8¥vc”
cTLe”
vy’
0e9”
L¥C’

§68°

e

A
"LT

T =
99 =———

9L

LL—"'--_..___
L, =g

8L

W

02T
ezt
LZT
82T
62T
62T
6CT
0ET
0ET
TET
ZET
FET
SET
171
971
8¥%T
A

NI

991 ===

Lil.d

F
3
' 3
_ 3
8 >
o] K
B _
L 3
3\

A
_ :
]
g 3
= 2 3
BT LeT — o 5
0ES 8CT —__ i- ]
£9S5°6CT I 3
LSL'GZI; e _g 3

09€°0ET — == 2y
€LB80ET — . 1
9Zy " TET —__ _ - 3
8TZ ' CtT = :
[
¥
.
- i
3
E

- i

S53

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160



TLJ-1-206 1H 300MHz CDC1

76"

966"
€ee”

18¢"

[N

N N N NS

€0 00 00 [~ [~ [~ [~ S [~

~

="

26

S54

0.0 ppm

0.5

—

6L0°6

—2eY Y

< 8s0¢
—

8.0

—Lzote

_Lso'e

_Soo'e

~sL0°T



26

STy T-——
€97 7T — - : 3
826 LT—— - =
E3
; 3
=
E3
160719 —— -—%
6T8°99 — - —s
SLS 9L £
866‘9LE§§; _ 7
127" LL =
9€T'8L4//ﬁ
2097 02T
6TL° 92T
€L5°L2T
G9T° 82T
¥52° 82T
6L7° 82T B
887" 82T
9€9° 62T & _ ~
£96° 67T —F -
ZTS'OEIj7f
008°0€T
667" TET
098°Z€T
L9T"€€T
£89°FET - &
G89°TPT 2
T07" 67T
1107991 |
6TL° 92T S
€157 L7 -
COT 82T\ _ .
792 82T\ _ -
. = —
6L2°82T—~ =
887" 82T
9€9° 62T —— - — o
£€96°62T— B 3
TIS 0ET— ~ —
008 06T _
667 TET— LS
—
098°2€T —_ _
L9T €€T— -
<t
3
189" FET —— -

S55

T T T T T T
240 220 200 180 160 140

T
260

I
ppm

I
100 80 60 40 20

T
120




J :
(o}
o
£00°0- —— — Lo
)
W . -
aSss
Xl
_ ~
. |
N Fe
o
O
2
— ™M
T99°€
206" € _ S —Tzo'¢
06L79 1\ . ) —cvoe
G6L°9 B P 2
86L°9
LT8°9
72879
Gz8° 9
066°9 Fw
G66°9
€00°L
Y0 L
150" L
790" L '
LLOL
0ST" L
W
98T L
€6I'L§ F 9.0 ¢
8OZ-L7 120°T
gcz s €001
897 L ) £ o
S8z L 06L" o
S62° L S6L © .
TTC L 86L° Co2 = *iﬁ w
STS°L L18” © - v00° T
125" L ces” .
IVS‘Lj 066" <
8T79’LJ G66°
¥SS L €00° -
€G66°8 770" E FS
65578 150" &
986" 8 590
165°8- LLO" “
809'8j 0ST" S .
L09°8 LLT" O
98T"
€6T" o
€0z &
807" ~
gse - I
89z" F c
s8¢’ €55°8 &
. o)
g6 . 699:8& _
ST o9ssTB~ © Lo
T65°8—— 4
S ZO9‘87 ®
lee w L0978
8zs " ~ -
T9S" ~
8vs"

S56



Lee:”
€esq
986
LLS
000
€cy

€69
050
€0V
0T€
76¢C
878"
SLE”
€ve”
887"
8LL"
S6C”
vev”

Fr4°h
809"
619"
69¢”"

0cT
TLE
‘vS
‘9L
“LL
“LL
TCTT
‘YIT
‘0CT
TeCT
'98'[\

@{
=
OE
-z N~
~N
-
o)
O
=
i E
. —
_ 7& — — —
—
LTE0TT L@ - %
€69°CTT H - —
050" 7TT
o — —
€07 02T —~ - R
0Te €21 —— B
n
— N
v67 92T — _ -
8¥8° 92T —
SLE 8TT ——
€VC 62T — — —= |
887 0€T —— E q
8LL ZET — -
S6C TET —— - 0
— ™M
—
VEVTLET ——  —
LEG 8ET —— - 5
=<t
—

S57

ppm

-10

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

210



¢00°0——

G06°€——

8¢0”
LEO”
474
970"
670"
750"
650"
18T
981"
161"
coc”
§GC”
coc”
vLT®
8LC”
LvY”
=
S97°
9LY"
6LV
I24°D
0sG”
vLS®
S09°

S

00 00 [~ [~ [N D~ DS D DS DS DS DS DS DS DS DS S DS S S S S S

820" L

S58

7.0 ppm

7.1

0 ppm

<

600°¢

— OBVU ¢



G0G°

9LS"
666"
€y

981"
0g¢e”
€6¢”
oLL”
45
T00°
vice
vae”
€8¢
90L"
T€0°
877V
908"
6TL"
€LG”
T19°

LE ——

0cCT
€CT
9¢1T
9¢T
LeT
8CT
8CT
8¢CT
0€T
(4
€eT
LET
8E€T
871
67T
0ST

SN\

981"

0se”

€9¢€”°
oLL”
(4
100°8

vee”
€8¢

90L"
T€0°

a7
T8ET ——

908

0T —

LET —

S59

ppm

125

130

135

o

I
ppm

I I I I I I I I I
240 220 200 180 160 140 120 100 80 60 40 20

T
260




TLJ-1-218 1H 300MHz CDC13

68C°T
E'EE"[\
Lee T

e \

oMo MmO MM
<t HOSLIH A O O
MM NNNNNN A

00 €0 00 00 0 [~ [~ [~ [~ D~ [~ [~ [~ D~ D D DS DS DS DS DS DS DS S DS DS DS DS DS DS DS DS D D 0 <t st st st <t o

29

S60

ppm

- <

10

—8L0"¢

620" ¢

—2cY €

.

TL0°C

—reY ¢



6vC"

018"

40

900

6C7 "

S67°

7€0”
ave:
[4u°n
009~

68¢"
7S9
06T"
ovy”

6EV "
£€86°
SLL”
Z289”
765"
A

TeeT

VT ——
LE —
09 —
9L
'LL>—
LL

0ctT

TeeT

LT
8CT
8CT
8¢CT

"8¢CT

0€T

0ET —F

CET
CcET

LET
8€T
LVT
67T

NS

991

S61

o

il

LN
DAY AR P A e

"

e

i

L

o TV IR RAMIY e e

Wity

Y

I
ppm

I I I I I I I I I
240 220 200 180 160 140 120 100 80 60 40 20

T
260




ppm

£00°0- — (

€68°
[44°n
vee6”

250" ¢
j O 7T\800°€

Mm oMM

6T0°
120"
¥co-
620"
LEO”
€V0°
961"
66T"
s0c”
Loc"
atTC”
1ce”
€9¢C”
S6¢C”
Loe-"
vie”
Lee”
9¢s”
0€s”
LvS”
430
9¢6”
676"
£€56°
966"
c19°
19"

Ir

T\ ——
a

©0 00 GO [~ D~ [~ D DS D[S DS [0S DS DS DS DS DS DS DS DS DS DS DS S S S

12 11 10

13

8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1

S62



689°

986"
070"
€EV”

LEB”
LLE"
TLO®
ceT”
QGL”
[
166"
966"
19¢€”
(4513
96V "

6GT"
T09°
LOL”
109"

il A

/
m

o
WA

@)
A
e

LE — —

b

)
WAty ol N A

G —— _

i

O
~
[ m—

0ctT
€CT
9CT
LTT
LCT
8¢CT
8CT

62T —7-
OQI%
zer/ . —2
LET & ]
LET . - 1
e LLE €TT — -
Lﬂ/ ILO'9ZI\ L9 i 1
s ZETLET\- = 3
0ot SGL LTI~ 3
655" 82T —
. TS6°82T — o ]
L9T — L3 B
969'6z1f 9 E
T9E"0€T :
zserzeT 3
n
= ™M
— g
96 LET ~_
€99 LET—
65T 6T — = ;
— -
o 3
[ 3
— 4
109" LYT —
K2
L9L 67T — Lo 3
T09° 06T — = 4
3

S63

I
150

160

170

130 120 110 100 90

140

220 210 200 190 180

230



v6°

v10°
120°
G20
€e0”
8€0”
LET”
cve”
0sc”
qgc¢”
65¢C"
907"
8¢y
0TS”

796°
G8G°
oce:
cve”

00 0 [~ [~ [~ [~ [~ [~ 0~ 0~ 0~ 0~ 0~ 0~ 0~ 0~ >~

=S\

NO,

/ e
AL
N-N

FiC

J

=

Me

31

ppm

G20
€e0”
8¢0"
LET"
cve”
0sc-
§s¢C”
6GC"
90% "
8¢¥v "
0TG"
0€sg”
¥9G6°
G8G°

0228 —_
Ve 8 —

S64

10

13

—000"¢



9¥8”°

12N
LLE"
007"

686"
089"
9¢8”
08T"

€LE”
€66°
60L"
oLe:

790"
oee”
Lee-
8€T”

G89°

S /\@,NOQ

e

:H]
=
z —
=z ™
N
(_‘)ﬂ -
e 3
LE—— -
9L
9L>— e
LL ]
GTT
0ZT
€zT
GzT
Sz1T —
LZT R
LZ'[\ - —
SZT>1 = = %
0€T g = j
OEI/ 089°0ZT —— a o 3
zET
9¢€T L Q 3
9¢T —
OH/
LVT
LBl 978" €T —— — |
—
08T STT ~_
LZT° 62T — ©
— O
—
€LE LTT —
[e6]
€667 LCT —— — RS
—
60L° 82T ——
o
0LZ 0ET —— 3
TS6°0€T —— -
o~
790" ZET —— -0
-3
—
O
0€T 9€T —_ Fo

S65

I
ppm

I I I I I I I I I
240 220 200 180 160 140 120 100 80 60 40 20

T
260




T6e”
€Le”
£€6¢€°

a78°

G9¢”

LOL”
c10°
0€0-
01"
LYT"
yaT”
69T
SLT®
i1
6GC”
v9c-
TLe”
LLT®
a8¢”
06c”
ovy-
097"
087"
896"

N
E/

p——

NTEe—

[ e e e e A R A el e e 4

.

S66

L

N

ppm

o

10

11

12

—960°6

— B

8¢0°¢

—2>02%Y &

¥10°¢

— Y &

—Tn0- ¢

=100"€
<t

=—960°¢



10070 ——

vves
41
vac”
voc-
€0¢e”
6T¢E"

V=

gee’
Qe
897"
€97
897"
€LY
6L7"
T€9”

[ e e e e e

8TG TT ——

S67

ppm

12 11 10

13

TLJ-1-177 1H 400MHz CDC13

000°T



TLJ-1-177 1H 400MHz DMSC

8672
205 7 —
SzT L
vHT L
L3T L
897" L —\
88Z° L—
90€" L
LZe" L
66€°L
TTe°8
pTE g
TS0 €T —
£6T €T ——

TG0 €T —— -

€6T €T ——

7

ppm

10

11

12

2S6°9
197°¢

— L ¢

809°0

66€°0
_



™

—

Q

[a]

@]

N

jas}

S|

[Te}

[

O

™

—

<

[ee]

i

R

]

i |

B

695" 9L
566'9LE;>
9TV LL
655°9¢T
126 LTT
TBG'LZT§\¥
8LT 8CT
90?'8ZIA\\¥
Z8?'8ZI£;7F
OO9'82T4//F
9TE TET
€0T"€€T
TS0°GET

6557921

LTI\ _
'LZI:§¥
87T

TC6
186
8LT
907
[4:374
009

€0T "

2s0-”

82T —7/
'821;7f
82T

9T¢”"

—_—

TET—

€eT—

GET ——

ppm

T
125

T
130

T
135

S69

170

180

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

160

190



000°0-——

Loc”
€eC”
8vc”
8G¢C"
TLT”
08¢”
vec”
T1€”"
6€€”
9L9"

89L"
GGqg”
96L"

VN TSSINET

oo~~~

€6€°CT ——

-

S70

A

0 ppm

— O

11

13

096§
—666°0
—II0°T
-

c10°'T

000°T

168°0



vLe
606"
Lve”
666"
LTG”
€cL”
197"
76S°

710°

T€8"
€16°

"

sl b

e

oy

Y

!

FARTRY

Al

i

L

S71

I I I I
160 150 140 130

T
170

ppm

20 10

30

40

60

70

T T T
110 100 90

T
120




it
98¢
8T¢"
cve”
€€G”
c96”
LS
09
989°

O CF,
T

N=NH
S3

it
98¢

8T¢E”
cve”

€eq”
296"
CLS”
c09°

989"

S

S72

ppm

7.5

LYC S

600" ¥
000°T



TLJ-1-150 1H 400MHz DMSO-d

cre € ——

9¢C”
SLT”
68¢C"°
Tee”
8v¢e”
Go¢”
89¢”
129°
99°
€89°
€oL”
csL”
T8L"

€T0°
0tTe”
STE”

0 00 00 [~ [~ [~ D~ 0N [N DS DS DS DS S S

=l

6GC €T ——
0EV €T ——

O CF,
O

o
?
: oo
2 e
=
o
N
£
Q
o
o
g
652 €T —— 8TL'0
q44<:
A — 2 €620

S73

W N

ppm

10

13

8TL 0
€62°0

—thcCe U



O CF,
T

N=NH
S3

T89°9L
666'9L>

6T6°
G69°
LSV
167"
€80°
8TE"
819"
"8¢CT
€08”
LCT”
e
895"

0cT
cet
GctT
GCT
Lect
8CT
8CT——

[

6CT
0€T
(4
SET

S

S74

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

160



TLJ-2-095 1H NMR 300MHz CDC13
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TLJ-2-095 1H 500MHz DMSO-d6
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TLJ-2-095 13C 300wb CDC13 10/13/08
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TLJ-2-037 1H 400MHz DMSO-d6
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TLJ-2-037 13C 75MHz CDC13
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TLJ-1-258 13C 75Mhz CDC13
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TLJ-1-167 13C 75MHz CDC13
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TLJ-1-217 1H NMR 400MHz CDC13
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