Carbohydrate-Small Molecule Hybrids as Lead Compounds
Targeting IL-6 Signaling

Daniel C. Schultz 7, Li Pan 2, Tiffany Wang 2, Conner Booker !, Iram Hyder !, Laura Hanold !, Garret Rubin 7, Yousong
Ding !, Jiayuh Lin 2, and Chenglong Li **

Supplementary Information:

'H, 3C, and 2D NMR Spectra

S1



1.97=

120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)
"H NMR Spectrum for Compound 4 (CDCls, 600 MHz).

2.98=



S9'T¢

66°€C ./.

LT°ST~"
€Lst-r
05°9¢2 7

6C°'T9 —

91°69
98°69 W

£6°69
65°0L |\|

£9°00T —

T0°60T
L1°60T v.

P1°8CT ~
£(8°6CT —
6bCET —

¢0'SPT —

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

210

13C NMR Spectrum for Compound 4 (CDCls, 151 MHz).

S3



(=]

23

Om

o 8

vy, "y
\

o ¥

1.5

2.0

2.5

-3.0

~3.5

4.0

4.5

~5.0

5.5

6.0

-6.5

7.0

7.5

-8.0

7.5

COSY Spectrum for Compound 4 (CDCls).

@
0 o®
0
T T T T T T T T T
6.0 5.5 5.0 4.5 4.0
f2 (ppm)

1.5

f1 (ppm)



20

Il

OTs

"1y
\

- 40

.
W

X

50

A/O
Om
H

- 60

0o @ - 70

N

f1 (ppm)

- 80
-90
- 100
] -110
- 120

(] 0 - 130

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
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
f2 (ppm)

HSQC Spectrum for Compound 4 (CDCls).

S5



A/O
Om
H

L3

(AU A |

20

- 30

- 40

50

60

70

80

90

~100

110

120

130

140

150

8.0 7.5 7.0 6.5 6.0 5.5

HMBC Spectrum for Compound 4 (CDCls).

4.0

f1 (ppm)



5

LJLJ A JAL UL
d & J4d 4 S8
e e Qo9 < Qe aa
— o - — — mMm Mmoo~

T T T T T L T T T 1 T T L e LI B T T T
10.5 10.0 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 0.0 -0.5
f1 (ppm)

12.0

11.5

11.0

"H NMR Spectrum for Compound 5 (CDCls, 600 MHz).

S7



g 8 \le NN [30] ™M onoan
o =)} o @Q @ © © N o
o o o [=NeNe] — n O N < <
— - — NN (o) wn NN NN
Yoo NS N\~
N
- IN3
o <o
oo"(_Io
(o)
5
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 T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR Spectrum for Compound 5 (CDCls, 151 MHz).

S8



2.4

©
[
1

®
[
I

(wdd) 14

e N ¥ ©
I TR o T B
1 1 1 1

3.8

4.0

4.2

- 4.4

4.6

4.8

b

3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2

f2 (ppm)

3.2

4.4 4.2 4.0 3.8 3.6 3.4

4.6

4.8

COSY Spectrum for Compound 5 (CDCls).

S9



b

20
- 25

< X

3 - 35
o A

5
- 40

- 45

Y —
.sR~
o=y

f1 (ppm)

50

il

- 65

@ @@ -70

| o

4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2

3.0
f2 (ppm)
HSQC Spectrum for Compound 5 (CDCls).

S10



b

i b L

30

- 40

50

- 60

70

- 80

90

~100

110

4.8 4.6 4.4 4.2 4.0 3.8 3.6

HMBC Spectrum for Compound 5 (CDCls).

3.4 3.2 2.8 2.6 2.4 2.2

3.0
f2 (ppm)

f1 (ppm)

S11



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 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 T
12.0 11.5 11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -05
f1 (ppm)

"H NMR Spectrum for Compound 7 (CDCls, 600 MHz).

S12



@ 0
— © n o MmN O ) NN E=]
) - a @ “an - N®©no
© — O o) 0 S o o [
— — o NN O© © NANNN

I Y Y

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 T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

13C NMR Spectrum for Compound 7 (CDCls, 151 MHz).

S13



(o) 0.5

o I .
o I

ﬁ' 7 -2.0

L 2.5

3.0

~3.5

f1 (ppm)

|

4.5

|

5.0

5.5

6.0

6.5

7.0

~7.5

I 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 T T T T T T T
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
f2 (ppm)

COSY Spectrum for Compound 7 (CDCls).

S14



10

-15
oL s,0 ;zo
z \\*’E_IOK @(,)@(@ J ;25

-35
- 40

- 45

f1 (ppm)

50

55

- 60

- 65

75

- 80

-85

90

.2 1.0 08 0.6 04 0.2 0.0 -0.2

—T -~ T 1T -1 T T 1 T T T T T T T T T T
54 52 50 48 46 44 42 40 38 3.6 3.4 3.2 3.0 28 26 24 22 20 1
f2 (ppm)

T T T
8 16 14 1

HSQC Spectrum for Compound 7 (CDCls).

S15



10

o L
OH 20
§\/ Q@m ® !

—_— 5 o F
(<
SN o - 40

- 60

_ " 00

-80

90

f1 (ppm)

— L) i -_100
wnd ® -—110
-120
B 130
~ 140
150
160

-170

180

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 T T T T T T T T T T T T T T T T T
48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 0.8
f2 (ppm)

HMBC Spectrum for Compound 7 (CDCls).

S16



NH

11

— 1 T T 1 T T T T T T T T T T T T — 7T T~ T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 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 0.0 -05
f1 (ppm)

H NMR Spectrum for Compound 11 (CDCls, 600 MHz).

S17



LT~
S6'SC —

01'SS —
9L7(S —

0€99 —

856/ —

85'+8 —

scorr
0LPTT —
0T'6TT ~_
61°€21

£6'921 /
€6'821

6€°0€T /
ARAARNG

c0'0bT —

96'T9T —
8L'V9T —

@

(0)

NH

11

L -

1

o

20

40

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

210

13C NMR Spectrum for Compound 11 (CDCls, 151 MHz).

S18



NH

12

%
=

gy d ) 717 17
S®o omo o o o 9 © o
N = - — N N o o (o] [a2] T N
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 T T T T T T T T T T T T T T T T T T T T T T
120 115 11.0 10.5 10.0 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 0.0 0.5

f1 (ppm)
"H NMR Spectrum for Compound 12 (CDCls, 600 MHz).

S19



9T'vC ~
¥6'ST

¢TSS —
LLLS —

0€99 —

LVIL

9T°'€8 —

POPIT —
+9°0¢T

68°CCT

o' eECT V
6£°9CT ~\
T0'8¢T ~

98°8¢T
60°6¢CT H\.

P1'8ET —

¢6'T9T —
ST'S9T —

@

(o)

NH

12

MMMMMWWMM mwwmmmm

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

210

13C NMR Spectrum for Compound 12 (CDCls, 151 MHz).

S20



NH

13

AN

LULL_U N L L o
LT iy o i
S xS S e CRSX: = o
N O N o o onN M O N
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 T T T T T T T
12.0 11,5 11.0 10.5 10.0 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 0.0 -0.5

H NMR Spectrum for Compound 13 (CDCls, 600 MHz).

S21



o n N m — - -
N O ~N - O O N 0 O ™ o~ n o
n o ] ™M o O o N < n < o Qn
g8 B e R 3 3 Ty SN
[ AN /] I \
(0]
\/\N
(o)
NH
13
/
/
|
|
| |
- ! | !
|
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 T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
13C NMR Spectrum for Compound 13 (CDCls, 151 MHz).

S22



o ~ N O © O ~ N

[SE <)) — © N AN~ M © o n ~ 0 N
o o INEa R LR L K *® N n o
o © 2] MmN N — n o n N < n ™
- — — — = 0 N ©o n n NN

(0]
\/\N
(0]
NH
13
/
/
| |
|
|
|
|
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 T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
13C NMR Spectrum for Compound 13 (DMSO-d6, 151 MHz).

S23



InJ

L

0\/\0

NH

LS-TX-2P

Fro0
E86'9

0’ |

¢0'€
T0°€

o0z |

Feot |

oz |

o0t

oot |

0T
6°0

00T |

Beoz

B0t |

H\mo.H

FT0°T

Feoe

001 |

Foor |

-0.5

11,5 11.0 10.5 10.0 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 0.0

12.0

f1 (ppm)

"H NMR Spectrum for LS-TX-2P (CDCls, 600 MHz).

S24



T2°0¢C
09°0¢ W
¥9°0¢

6T'v¢C
96°S¢ s/

90°SS —
64(S —

T/4°S9
0299 |./.l
£€'89 vn
SE'0L
06'TL a

8998 —

0S'PTT
60°ZTT
0T'6TT ”
89'1¢T AN

9E"ETT "
se/et
8b° /2T

LE6CT T
99°6¢T .\.

90°LET —

LY 8T —

SO TIT ~_
6€°99T
00691 ”
T2°69T

98691 v

Q

LS-TX-2P

(o)

NH

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

210

13C NMR Spectrum for LS-TX-2P (CDCls, 151 MHz).

S25



| uy L U“ " “

0\/\N R @ L1
°Y©/ O . &W s

,‘%:o

e 0
d)
NH é@’ L2
@ 4
®
N‘\N @ v 0
| J LS-TX-2P ) 0 ,
é\OAc
2 @ ® L
° OAc °) 0 0
. -4

OAc 0 0 o @

f1 (ppm)

HAMILJM_AJI

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 T T T T T T T T T T T T
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
f2 (ppm)

COSY Spectrum for LS-TX-2P (CDCls).
S26



-—10
-—20
-—30
-—40
50
-—60

70

50

-—90

-—100
-—110
-—120
-—130
-—140
150

- 160

’
0\/\
N
°Y©/ O -
LA
NH 40
EI :N
A\Y
| N LS-TX-2P

N é\OAc

\ °®
obwom 0

A L

OAc ! é @

]
! L]
R AR
¢ by
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 T T T T T T T T T T T T T T T T T .I T
105 100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 00 -0.5
f2 (ppm)

HSQC Spectrum for LS-TX-2P (CDCls).

f1 (ppm)

S27



O ' I
o 10

20

NH '
N 30
W L
| N LS-TX-2P
N - 40

50

vd e ‘ ' 70

j ) '_80
4 " ] '_90

;100

;110

: " . :’ 0 120
¢ ot 0 -—130

LU -—140

1 0 ;150

[ ] -—160

- (¥ ) 170

-—180

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 T T T T T T T T T T T T T T T T
10.5 10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f2 (ppm)

f1 (ppm)

e

HMBC Spectrum for LS-TX-2P (CDCls).

S28



0

NH

7 °N LS-TX-3P

e

7

f

o

4 1.97=
0.98-=
1.97-
0.99-T

120 11.5 11.0 10.5 10.0 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 0.0 -0.5

"H NMR Spectrum for LS-TX-3P (CDCls, 600 MHz).

S29



1244
€9°0¢ .W..
99°0¢

SEEC
8¢ .\.

€498 —

65 HTT ~_
PELTT N
07’811 —

02021 —
to1z1
T L2T ~_
v0'67T ~

vL6CT
TL'0ET .\.

T8'8ET —

86'LYbT — { )
wN
o

0T’ T9T ~
ST'S91

€0°69T ”.
94°69T v

€6°69T

LS-TX-3P

NH

S30

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

210

13C NMR Spectrum for LS-TX-3P (CDCls, 151 MHz).



S0

AcO BAc LS-TX-4P

_J L A A__JL J JM JJ W/ Wl
i J BN e T g4 T L &
Q® 9= S o @ QQ & e e N “NMmQoH
— O NN~ o o O~ - o ~— o ™M MmmMmmMm T N
T " T " T T T " T " T T T " T T 1T —— 1 ‘T ‘T ‘T "~ T *~ T *~ T *~ T "~ T * T * T "~ T "~ T " T " 1
12.0 11,5 11.0 10.5 10.0 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 0.0 -0.5

'"H NMR Spectrum for LS-TX-4P (CDCls, 600 MHz).

S31



S¢°0¢
€9°0¢ .W..
99°0¢
ST'€C *.
0S'vC

TLPS —
1148 —

859 ~_
29'59 —
[b89 —
68°0L —
v

98 —

LSPTT—
ob LT —
L£702T —
96'52T

z9'9¢1 A
95°/21 “
60°62T

SH'8ET —

€0'8pT —

C0'T9T ~
£0°S9T AN

60°69T
LL769T W

16'69T

AcOm.

LS-TX-4P

AcO

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

210

13C NMR Spectrum for LS-TX-4P (CDCls, 151 MHz).

S32



°\/\,O

NH

MM L JLM |

LS-TF-2P

Il

e |

6'C |

<0'¢
ik
18'¢C

i

Free

90T |

801
JI6T

EC0'T |

S0

T0'T

0T |

501

B61

o1 |

=80°T
FOT'T

90T

Booz |

/60

11,5 11.0 10.5 10.0 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 0.0 -0.5

12.0

f1 (ppm)

"H NMR Spectrum for LS-TF-2P (CDCls, 600 MHz).

S33



S6'€C
wﬂ.VNW.
SEPT

€6°S¢
+0°9¢
8€'9¢

S0°SS ~_
8c's5 -
60257
b6'T9 —
$1'99

mo.onﬂ
05°0L ~\

8,0~

0£°00T —

9€°601
59601 \
bSHTT
79°L11
ToTeT A\
zreet /
89°€eT /
80°L2T
AN
61°621
€b'6eT

€0°LET —

LLYT —

6S°T9T —
0S8°S9T —

NH

LS-TF-2P

WWWWWWWMWMJLWWWWMWW

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

210

13C NMR Spectrum for LS-TF-2P (CDCls, 151 MHz).

S34



o
\/\N
o
NH
N
WO
| N LS-TF-2P
] N
e
————

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

COSY Spectrum for LS-TF-2P (CDCls).

T T T T T T T T T T T
45 40 35 30 25 20
f2 (ppm)

T
1.5 1.0

f1 (ppm)

S35



| e i

0\/\0 '_10
o L

20
NH @@ ®

W I
| N LS-TF-2P - 40

N S0

%—5 e o L 70

- 80

f1 (ppm)

-—90
-—100
-—110
o -—120
@I (- -—130
;140

~ 150

~ 160

ol ﬁmh L

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 T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
2 (ppm)
HSQC Spectrum for LS-TF-2P (CDCls).

S36



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

- 160

O\/\N
—_— o L "‘ I i
NH ,
N
\\ '
| N LS-TF-2P :
N " (]
\ ' !
I o g‘so | L] .
— (I << R LT
S " Y ©
e
(] Q‘ ] (]} . a -
I . ' ': i
— 0 (] .
— 0 ! ! ' . [ ] g
= ' AL
— - e
— ] "
| (] | '
— i
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 T T T T T T T T T T
90 85 80 75 70 65 60 55 50 40 35 3.0 25 20 1.5 1.0 05 0.0

4.5
f2 (ppm)
HMBC Spectrum for LS-TF-2P (CDCls).

170

f1 (ppm)

S37



N—N LS-TF-3P

U
TETEEERE. TCECEF T T
, .

LN BN B A B I B EELE E . T T T T T T T T T T T
120 11,5 11.0 10.5 10.0 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 0.0 -0.5
f1 (ppm)

"H NMR Spectrum for LS-TF-3P (CDCls, 600 MHz).

S38



S0z
10T /
bEbT —
50°97 \
0’9z

99'vS —
61°SS 7
€0°LS

16'T9 —
LYY —

:.ON./.

95°0L
84'0L N.

il

88°00T —

1€°60T
SS'60T >
LSPTT

12411 W
68'61T \
€9'T2T U
18'721 —
19°/21

01627 V
£9'621 ~
erer

9/L'8ET —

6T LbT —

¥6°09T —
0C°'S9T —

NH

o
N
I
=
()
a

L

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

210

13C NMR Spectrum for LS-TF-3P (CDCls, 151 MHz).

S39



(0]
>L \/\'O
(o]
o 3 °
NH
o (o]
% LS-TF-4P
+o a_N ~
\ o~
N—N
AR ) B S Y 78 d
%S ®S o w9 ~goa oo R SR S
o= MmN o~ — === — o ™ T NN ™
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 T T T T T T T T T T T T
12.0 11,5 11.0 10.5 10.0 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 0.0 -0.5
f1 (ppm)

"H NMR Spectrum for LS-TF-4P (CDCls, 600 MHz).

S40



99°€C
86°€C /
[438 24a]

STST-F
2092 \
8£'9¢7

88bs
LT°SS

vors -
88'T9 —
0559 ~_
80°0L

zs°0s W

84'0L

68°00T —

97'60T
61°60T N.
6EPIT —

+9°0¢1
sceaa M
0€'9¢T
€v°9¢T
T “
61°6CT

9€'8ET —
ETLYT —

SETIT —
9’91 —

(o

NH

LS-TF-4P

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

210

13C NMR Spectrum for LS-TF-4P (CDCls, 151 MHz).

S41



Il

>L Y©/0\/\O
o o
o . 0
3 N . -1
o¥ \ -0 o) go
’ AN LS-TF-4P 0 0
N‘N:N

J

e B
o
f1 (ppm)

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 T T T T T T T T
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
f2 (ppm)

]
0 8 ,
0® 0 y
0 A
L9
s '

COSY Spectrum for LS-TF-4P (CDCls).

S42



10

20

~30

- 40

50

- 60

~70

80

90

~100

110

120

130

= i@
N O
o 3 °
—— / NH ) @ . n@o
; OVQ %
% LS-TF-4P
+O S
W=N
] Q 0
— @
— 60
N [
ES 0@ @ o @
2
_— ’@@
— , “g P,
—_—— oo @
EE— <t
T T T T T T T T T T T T T T T T T T T T T T
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
f2 (ppm)

HSQC Spectrum for LS-TF-4P (CDCls).

f1 (ppm)

S43



Il

[ EETEY

10
20
;30
40
;50
;60
;70

;80

;90

;100
;110
120
;130
;140
;150
;160

170

—Q l’.|1.
0\/\
S @ .
of ¢ P
—_— NH Ve,
9 (o) (0]
3 LS-TF-4P
+o ’f_N N
‘N=N
——— [] ]
—— ’ (] (]
] "0
— ) U
—— bbby 00
i
X 1 e !
\ i [
' 9 !
= [ ] o [
— W 0
PE— 1 "
— b
S (] (] '
— ' 4
T T T T T T T T T T T T T T T T T T T T T T T
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
f2 (ppm)

HMBC Spectrum for LS-TF-4P (CDCls).

f1 (ppm)

S44



°\/\,O

NH

LS-TG-2P

OAc

7ot
0

6'C |

I\@w.m
8¢
pU:

T

Fese

=86'T |

E00'T

Bg6c |

F00'1T

860 [

660
001

660

m(mmq

Roor |

10T
=00'T

6T

0'T |

=860 |

960 [

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

11.5 11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

12.0

f1 (ppm)

"H NMR Spectrum for LS-TG-2P (CDCls, 600 MHz).

S45



£1°0C
¢5°0¢C ./.
¥S°0C W-
69°0C

el

90's5 -~
8LLS
1619 —
81'99

99'/9 V
9Z7°0L ~_
65°7L ~
LE7SL~C

9098 —

ISHTT
90°LTT S
67611
89°1Z1 W
LEETT S
L2t
SyiLeT

9€'6¢T 7
£9°6CT .\.

€0°LET —
6b'8bT —

97191
LE°S9T N
76'89T
¢E69T /
06°'69T —~=
SP0LT /

o
o
(]
i
)
-

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

210

13C NMR Spectrum for LS-TG-2P (CDCls, 151 MHz).

S46



[=]
Q0

LS-TG-2P @

OAc L4

f1 (ppm)

r———— 1 - T *~ T ~ T *~ T *~ T +~ T ~ T *~ T * T * T *~ T T~ T T~ T T~ T T T T T T 1
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
f2 (ppm)

COSY Spectrum for LS-TG-2P (CDCls).

S47



I

| Jllmllll

|

TN

o Dl

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

160

®
o
\/\N
o
NH oy 6>
Oé} @
N
\\N
| N, LS-TG-2P

$0Ac

o
OAc 9

{ @

OAc ce
OAc 0 @

Q i
‘e
o
o @
0
¢ )
@ %
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 T
9.0 8.5 8.0 7.5 7.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.0

HSQC Spectrum for LS-TG-2P (CDCls).

f2 (ppm)

f1 (ppm)

S48



| Hlnll‘ ‘H l

TR

i

HMBC Spectrum for LS-TG-2P (CDCls).

I"
o
\V//\\N ‘
NH .
N
QN
| J LS-TG-2P
gDAc .
~ 4
o ()
OAc !
[}
’; U
OAc ﬂ“ n
OAc
L]
]
‘ 9
]
P .4 - @
L)
] [
(1] [} []
[ |
ﬂm 0 ') ’ '
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 T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 .5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f2 (ppm)

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

170

180

f1 (ppm)

$49



o\/\O

I
z
o VU Z.

LS-TG-3P

=z

=z

"MOAc

AcO

MLLJ

8.0

1S°€
6'T

Fot
201

Fue |

F00'T
6°0
6°0

F0'¢C

Hk.ﬂo.ﬁ

6°0

HK.OOHH

H\.vow i

060

Neeo |

0.0 -0.5

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

6.5 6.0 5.5 5.0 4.5

7.0

7.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5

12.0

f1 (ppm)

'"H NMR Spectrum for LS-TG-3P (CDCls, 600 MHz).

S50



T¢'0C
§5'0¢
95°0¢
vL0¢C
6€°€C
98'vC

N

085~
ves
85'19 —
81°59 ~_
€LL9~
TE0L~_
LT~
€T°SL ~_

98'68 —

19T~
9ELTT~_
ST'8TT —
81°02T —
wier””
SELTT~_
20°62T ~
6zt \
69°0€T

84'8ET —

80°8vT —

STTIT ~\
ST'S9T
S6°89T
SE'69T /
96'69T —
95°0LT 7

NH

LS-TG-3P

AcO

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

210

13C NMR Spectrum for LS-TG-3P (CDCls, 151 MHz).

S51



|

T

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

- 160

AN
—§ 9
—ék o @ @
—— -
— o0
. " (]
3 [}
0
o @ -
@
n@ (o]
8.4+ 0
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 T
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

HSQC Spectrum for LS-TG-3P (CDCls).

f2 (ppm)

f1 (ppm)

S52



O
(o]

AcO NH

LS-TG-4P

£4%s Iy Ay IT e

— T T T T 1 T T T T T T T
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 -0.5
f1 (ppm)

12.0 11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

N 1 2.00=

'"H NMR Spectrum for LS-TG-4P (CDCls, 600 MHz).

S53



o
¥S°0C
95°0¢
T£°0C
9L°€T
0b'ST

SO

160G
6LS
8519 ~

YL L9 —
1C°0L —
99U —
02°'SL —

¥8°68 —

YO'PIT —
6E°LTT —
ST°0CT —
16°S¢CT ./.

89°9¢T ~
e

L17/2T
€6°8¢T .\.
EV'8ET —

TT'8bT —

/LS°T9T
S0'S9T N
¢0'69T
9€'691 /
€6'69T —
157047 s

NH

AcO

o
(3]
<

LS-TG-4P

AcO

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

210

13C NMR Spectrum for LS-TG-4P (CDCls, 151 MHz).

S54



Iy

LA

|
|

o\/\,O

AcO NH it A
°
AcOmn N NS
/=N LS-TG-4P
AcO %AC
o
0 @
° ®
@
(o]
o
<]
‘@
0
‘o
& |
.
L

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 T T T

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
2 (ppm)

HSQC Spectrum for LS-TG-4P (CDCls).

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

~160

~L170

f1 (ppm)

S55



| s o

0\./\ -50

°Y©/ O i
AcO /Y©/NH O o5

AcOmn. ~ L

{ N\N=N LS-TG-4P @

AcO DAc - 60

© © _
‘ @ 65
@ - 70

@ L
- 75

e

f1 (ppm)

- 80
-85

0

90

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 T T T T T T T T T T T
0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4
f2 (ppm)

HSQC Spectrum for LS-TG-4P (CDCls) - zoomed-in view of correlation to missing 65.8 ppm 3C signal. Carbon in question indicated by red dot on
structure.
S56



LS-T-2

&
ﬁ
-
-

1 0.76—{
1.00-
1.00~
2.019
2.0

1 2.00=
3.389

= | 4.033
1.92%

T LA B B B T T T — T T T T T T T T T T T T T T 1 T T
120 11.5 11.0 10.5 10.0 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
f1 (ppm)

.5 1.0 0.5 0.0 -0.5

'"H NMR Spectrum for LS-T-2 (DMSO-d6, 600 MHz).

S57



N & & SIRIRNIERE o © N N ¥
< < N AONGG Mo T © o N
O O < M N ANANANANNN A A n O < n m
— — oA o O n n N N
I | N I \
(o}
~NN
(o)
NH
N\
| N
NH LS-T-2
|
II | I

|

|

| l

| .
\
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 T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
13C NMR Spectrum for LS-T-2 (DMSO-d6, 151 MHz).

S58



T

I

10
-—20
-—30
40
5o
-—60
70
-—80
-—90
-—100
-—110
-—120
-—130
-—140
-—150

160

(o]
\/\N
O,
NH b@
N\
| S T
NH LS-T-2 T
®
(-]
-]
0
P )
00 0
®
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 T
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

HSQC Spectrum for LS-T-2 (DMSO-d6).

f2 (ppm)

f1 (ppm)

S59



10
20
30
4
50
60
70
80
0

100
110
120
130
140
150
160
170

~ 180

tl
NH |
: .
N \Y
N\
P \ /N L]
NH LS-T-2
—_— ]
— ]
e 4 + )
_ ' '
R [}
a ]
T T T T T T T T T T T T T T T T T T T T T T T
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
2 (ppm)

HMBC Spectrum for LS-T-2 (DMSO-d6).

f1 (ppm)

S60



NH

* HOAc

7 N

HN—N
LS-T-3

108y ———————
L

we L

z
T
—

[y Zas

03

2131

1 2.20=
2221
4.00-T
3.81=

~ | 416«
2.07-1

12.0 115 11.0 10.5 10.0 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 .5 1.0 0.5 0.0 -0.5

'"H NMR Spectrum for LS-T-3 (DMSO-d6, 600 MHz).

Se1



LY TC~
8'€C ~
Ly'ST—

0€vS —
914G —

LL°S9 —

T0HTT ~
TELTT ~C
16'6TT ~_
0402t —
09°92T

00221 ~\
10621 —=
05°62T *

S9'0€T
64'6ET —

YOSPT —

T I9T —
64'¥9T —

9TUT —

o\/\,O

* HOAc

NH

7 N

HN—N

LS-T-3

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

210

13C NMR Spectrum for LS-T-3 (DMSO-d6, 151 MHz).

S62



*HOAc -3

HN—N L4

LS-T-3 o e

f1 (ppm)

10

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 T T T T T T T T T T T T T 1
100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05
f2 (ppm)

COSY Spectrum for LS-T-3 (DMSO-d6).

S63



Ll

10

20

- 30

- 40

- 50

- 60

70

- 80

90

100

110

120

-130

] O\/\N (‘)
— o
(o)
NH
| ———————— ey 0
* HOAc
7 "N
—_— ] I} .
[ HN—N @ <0
LS-T-3
R @
. O@)
—_— ]
—_— @
P o G
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 T T T T
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

2 (ppm)
HSQC Spectrum for LS-T-3 (DMSO-d6).

f1 (ppm)

S64



- 10

- 20

O b _
o - 30

- 50

-

* HOAc

- 60

HN—N
LS-T-3 L
- 80

- 90

f1 (ppm)

100
110
! ] :c. ' 120
130

' AL ) - 140

i 1“ ul|

- 150

g ) () 160
b -170

i

- 180

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 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
f2 (ppm)

HMBC Spectrum for LS-T-3 (DMSO-d6).

S65



0S'T¢ —
8'€C ~
'S —

€S

ST'LS—

LL'S9 —

20PTT —
TELTT ~C
T6'6TT ~_
12021 —

65'92T ~_
06T~
6b62T —
so0er

LL6ET —

€TSPT —

¢ 19T —
18'¥9T —

0€'C¢LT —

°\/\,O

* HOAc

NH

LS-T-3

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

180

JMOD Spectrum for LS-T-3 (DMSO-db6).

S66



NH
* HOAc
N
=N
LS-T-4

Bl JDM ) | AN

L
P’ g S L J T N Y
o S ©oo o S - o © =o
~— — NN o o o [aa} [a2] T N
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 T T T T T T T T T T T T T T T T T T T T T T
12.0 11,5 11.0 10.5 10.0 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 0.0 0.5

"H NMR Spectrum for LS-T-4 (DMSO-d6, 600 MHz).

S67



[2e] O N n < o
o N o~ ~N - o [e0] O 0 N O
I <+ - < o VW o < N - M || N, @ 10
~N O < [22] ANANANANAN — wn N < nom —
~— - ~— ~— o - ~— O mn wn NN AN
I | [ NN || N
o
\/\N
o
NH
* HOAc
N
=N
LS-T-4

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

13C NMR Spectrum for LS-T-4 (DMSO-d6, 151 MHz).

S68



(o}
SN ]
o -10
- 20

*HOAc 30

LS-T-4 I 50

- 60
70

- 80

f1 (ppm)

-—90
-—100
-—110
o -—120
—_— L -—130
I -—140
-—150

- 160

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 T T T T T T T T T T T T T T T T T T T T
10.5 10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f2 (ppm)

HSQC Spectrum for LS-T-4 (DMSO-d6).

S69



- 10
(0] L
\/\N [0
o " :
-30

NH

* HOAc
DN 50

LS-T-4 — 60

70
- 80

90

f1 (ppm)

100

110

120

130

W - 140

150

WJJWMWMM WM

1 ) ] - 160
. L
- 170

- 180

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 T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f2 (ppm)

HMBC Spectrum for LS-T-4 (DMSO-d6).

S70



NH
N\
N
N
\ N/ * HOAc
,s\OH
OH
LS-TX-2
J M l JLJ Ud LL_JL
I N A A oF 4 Ll I F3 4 I3
< < < e e e=e - ee - oo e © Qe
— — — N~ — = N — N o= — = o < ™M <+ N
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 T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 105 10.0 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 0.0
f1 (ppm)

"H NMR Spectrum for LS-TX-2 (DMSO-d6, 600 MHz).

S71



20T~
¥6'€C —
8557~

£9°88 —

E9PT —

LY 19T —
8EPIT —

e

NH

* HOAc

LS-TX-2

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

210

13C NMR Spectrum for LS-TX-2 (DMSO-d6, 151 MHz).

S72



T Y LJUJ«JUL

" 0 88

=)
a
tw]

LS-TX-2 0 0

f1 (ppm)

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f2 (ppm)
COSY Spectrum for LS-TX-2 (DMSO-d6).

S73



T LJUJ

10
NH I
20
o? -
\ _30
/ .
N HOAc

K OH ] - 50
/ , © I
- )
o . . I
LS-TX-2 o ~70
. I
- 80
9 - 90
- 100
110
) I
) \ L 120
. I
0 0 - 130
- 140
L 150
- 160

1 T T T "~ T " T " T " T ‘* T * T "~ T "~ T "~ T " T "~ T " T "~ T "~ T "~ T "~ T " T * 1
45 40 35 30 25 20 15 1.0 05 0.0 -05

f1 (ppm)

105 10.0 95 9.0 85 80 75 70 65 60 55 5.0
f2 (ppm)

HSQC Spectrum for LS-TX-2 (DMSO-d6).

S74



o I
\/\,O 10

o I
- 20

40 :

% NH
- 30
\ I
> ' - 40
\ \'N HOA 0 |
. (o3
N oH : - 50
& 0 [} [ X -
o ' - 60
OH . I
= : b "i 70
OH i oot '_80
LS-TX-2 i
“w -90
- 100
- 110
) K ] -
] »
| ‘ ' H ' (] - 120
ey o - 130
| (: L
LI - 140
L ' - 150
I ' /
) . 170
® I
- 180

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 T T T T T T T T T T T T T T T T T T T T
10.5 10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5
f2 (ppm)

HMBC Spectrum for LS-TX-2 (DMSO-d6). Note correlation of acetate CHs to the missing 172.0 ppm *C signal of the acetate carbonyl carbon.

f1 (ppm)

S75



*HOAc

NH

1
N
mOH

LS-TX-3

e

E86'T
Evee

E€8'C

Foe

Froz T

80 [

T

“ﬂ.mﬁ.ﬁ

T [

0'T

ET6'T |

7oy

H\mho

1L°0
Mmo.ﬁ

E20C

e

=860 [

H\.NO.N

F66'0

Fror |

0.0

0.5

115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

12.0

"H NMR Spectrum for LS-TX-3 (DMSO-d6, 600 MHz).

S76



60°TC ~
85'€C ~
81'SC—

0T'vs —
69§ —

TR
LE'89 —F
ST'69 “
0T1'¢L

004 ~

GE'88 —

9T'HIT AN

YTLTT ./.

€6'6TT

S0zt

ecoer
€8'92T ~\_
9T'62T ~\_
v9'62T =~
z60e1

68'6ET —

PEOPT —

0T"'19T —
8891 —

0Lt —

S77

10

20

30

40

50

60

70

80

i

O
90

100

f1 (ppm)

110

120

1O 1 A

130

140

150

160

*HOAc

170

NH
LS-TX-3
180

LUl
190

s

200

210

AV

13C NMR Spectrum for LS-TX-3 (DMSO-d6, 151 MHz).



LS-TX-4

T

:

U i J J W
g 23 Py 3 deady 24 4 L3
— o« ~ N A O N ™ ™ <+ -
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 T T T T T T T T T T T T T T T T T
12.0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

"H NMR Spectrum for LS-TX-4 (DMSO-d6, 600 MHz).

S78



YLTT ~
¥6'€C —
6S'ST

£P'PS —
8C'LS —

06'G9 —
9€'89 —~
81'69 “
oceL

86'9L —~

€€'88 —

PIVIT —

€L°6TT ~_
05021 —
9b'seT
1521 W
61921
19621~

ET'6ET —

YTorT —

€TT9T —
06'+9T —

SSUT —

NH

*HOAc

HOm».

LS-TX-4

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

210

13C NMR Spectrum for LS-TX-4 (DMSO-d6, 151 MHz).
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"H NMR Spectrum for Compound 19 (CDCls, 600 MHz).
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"H NMR Spectrum for Compound 21 (CDCls, 600 MHz).
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"H NMR Spectrum for Compound 22 (CDCls, 600 MHz). Crude compound taken directly to next step without further purification.
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