Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2021

Diversity-Oriented Routes to Thiopeptide Antibiotics: Total Synthesis and Biological Evaluation of Micrococcin P2.
Hee-Jong Hwang, *' Young-Jin Son, ¢ Dahyun Kim,?* Jusuk Lee,? Yun-Jeong Shin,® Yonghoon Kwon,* Marco A. Ciufolini*®

A &J Science Co., Ltd., 80 Chumbok Ro, Dong Gu, Daegu, 41061, Republic of Korea.
®Department of Chemistry, University of British Columbia, 2036 Main Mall, Vancouver, BC V6K 171, Canada.

‘Department of Agricultural Biotechnology, Seoul National University, | Gwanak-ro, Gwanak-gu, Seoul, 08826, Republic of Korea

Supporting Information

'H and >C NMR Spectra



Hwang, H. J., et al. SI - Spectra 2

Table of Contents

"H NMR Spectrum of compound 8 p.5

3C NMR Spectrum of compound 8 p. 6

"H NMR Spectrum of compound 9 p.7

3C NMR Spectrum of compound 9 p. 8

"H NMR Spectrum of compound 10 p.9

3C NMR Spectrum of compound 10 p. 10
"H NMR Spectrum of compound 12 p. 11
3C NMR Spectrum of compound 12 p. 12
"H NMR Spectrum of compound 15 p. 13
3C NMR Spectrum of compound 15 p. 14
"H NMR Spectrum of compound 16 p. 15
3C NMR Spectrum of compound 16 p. 16
HSQC Spectrum of compound 16 p. 17
HMBC Spectrum of compound 16 p. 18
"H NMR Spectrum of compound 17 p. 19
3C NMR Spectrum of compound 17 p. 20
"H NMR Spectrum of compound 18 p. 21
3C NMR Spectrum of compound 18 p. 22
"H NMR Spectrum of compound 6 p. 23
3C NMR Spectrum of compound 6 p. 24
"H NMR Spectrum of compound 20 p. 25
3C NMR Spectrum of compound 20 p. 26
"H NMR Spectrum of compound 3 p. 27
3C NMR Spectrum of compound 3 p. 28
"H NMR Spectrum of compound 22a p. 29



Hwang, H. J., et al.

3C NMR Spectrum of compound 22a
"H NMR Spectrum of compound 22b
3C NMR Spectrum of compound 22b
"H NMR Spectrum of compound 22¢
3C NMR Spectrum of compound 22¢
"H NMR Spectrum of compound 22d
3C NMR Spectrum of compound 22d
"H NMR Spectrum of compound 22e
3C NMR Spectrum of compound 22e
HSQC Spectrum of compound 22e
HMBC Spectrum of compound 22e
"H NMR Spectrum of compound 22f
3C NMR Spectrum of compound 22f
HSQC Spectrum of compound 22f
HMBC Spectrum of compound 22f
"H NMR Spectrum of compound 22g
3C NMR Spectrum of compound 22g
"H NMR Spectrum of compound 22h
3C NMR Spectrum of compound 22h
"H NMR Spectrum of compound 27
3C NMR Spectrum of compound 27
"H NMR Spectrum of compound 28
3C NMR Spectrum of compound 28
HSQC Spectrum of compound 28

"H NMR Spectrum of compound 29
3C NMR Spectrum of compound 29
HSQC Spectrum of compound 29

S| - Spectra

T T T T T T T T T T D T T T T T T T T D T D T T T T T

.30

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

3



Hwang, H. J., et al.

"H NMR Spectrum of compound 24

3C NMR Spectrum of compound 24

HSQC Spectrum of compound 24

"H NMR Spectrum of compound 25

3C NMR Spectrum of compound 25

"H NMR Spectrum of synthetic micrococcin P2

3C NMR Spectrum of synthetic micrococcin P2

"H NMR Spectrum of synthetic micrococcin P1

"H NMR Spectrum of authentic micrococcin P1

"H NMR Spectral comparison of reduced MP2 vs. MP1

"H NMR Spectrum of reduced MP2 in DMSO-ds: epimers not resolved
"H NMR Spectrum of reduced MP2 in CDCl3: epimers resolved
"H NMR Spectrum of compound 30

3C NMR Spectrum of compound 30

"H NMR Spectra of synthetic vs. fermented MP2

3C NMR Spectra of synthetic vs. fermented MP2

S| - Spectra

T T T T T T T T T T D T T T T T

. 57

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

4



Hwang, H. J., et al.

S| - Spectra
SYJ070220.1.fid
SYJ-02-029-001
1H NMR
CDCI3
o
OH
iz v
NBoc
y .
T T
© [0} OS
< o= S o
T T T T T T T T T T T T T T T T T T T T T T T T LI R T T T T T T T O T T T T T T T T
10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05

1 (ppm)

TH-NMR Spectrum of Compound 8 (600 MHz, CDCl3)

5



Hwang, H. J., et al. SI - Spectra

SYJ070220.50.fid
SYJ-02-029-001
13C NMR

g: EB NN ™ © M= N OO MUVOT®
cDcl3 6 < o < ) Nofow S 0T Ow 0O
N~ N~ 0w 0 < - O tTMm OW —TONOWOTO
- - - o O © NN ©O©© MONNNNN T~
\/ \/ N/ NC Y Y SN
(0]
OH
/,/'
NBoc

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

13C NMR Spectrum of Compound 8 (151 MHz, CDCl3)

6



Hwang, H. J., et al. SI - Spectra 7

SYJO070220.10.fid
SYJ-02-029-002
1H NMR

CcDCI3

NH,

NBoc

A L

s\
T T T — K
© © < - o
~ ~ ] 0 =
T T T T T T T T T T T T T T T RN T T T T T T
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 -1.

10.5 10.0 9.5 90 85 80 7.5 7.0 6.5 6.0
1 (ppm)

TH-NMR Spectrum of Compound 9 (600 MHz, CDCls)



Hwang, H. J., et al.

S| - Spectra

SYJ070220.51.fid
SYJ-02-029-002
toem 2 ) 5 38 22X 88838 Y
CDCIs R 8 © <o S =N Yo @8 oo
N - -~ (¢} 0 O o, MM ONHONN -
| \ 2NN NNl N
(0]
NH»
//,
NBoc
I
I
I
1 n
I I I
| 1 | ; Lo AN
290 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

13C-NMR Spectrum of Compound 9 (151 MHz, CDCl3)

8



Hwang, H. J., et al. SI-Spectra 9

SYJ070220.20.fid
SYJ-02-029-003
1H NMR

CcDCI3

]
-

T i B
N~ o M - O
(o>} [{] o Mmoo
o <) © oo™
T T T T T T T T T T T T T T T T T
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

. . 85 80 75 7.0 6.5
f1 (ppm)

TH-NMR Spectrum of Compound 10 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 10

SYJ070220.53 fid
SYJ-02-029-003
i g 8 88  5heck’y ° 333333 9
cDhcCiI3 3 = © 1 NN = o “OoNOCBE ©
= - > o O~~~ NN O ONNNNN ~
Y4 S & S Yo
CN
//,
NBoc
I
, | 1!
| ! |
I | I
] I\ Ii \ Jd | M
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

I3C-NMR Spectrum of Compound 10 (151 MHz, CDCl;3)



Hwang, H. J., et al. SI-Spectra 11
SYJ080620.30.fid
SYJ-02-029-004
1H NMR
cbci3
J / S
COOMe
/§(
S
=N
///
NBoc
(0]
T T T 7 =
S < & & 588
- - - o © o ©
10.5 100 95 90 85 80 75 70 6.5 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)

TH-NMR Spectrum of Compound 12 (600 MHz, CDCl3, 50 °C)



Hwang, H. J., et al. SI - Spectra 12

SYJ080620.31.fid
SYJ-02-029-004

13C NMR S 88 R R N g 55 = 2 888§
cDcCI3 2 oo 5 % R o =N < o GO0 ©
- - - - - - - 5 o N © 0 NN N -
Y [ N NN NA |
COOMe
/§(
S
—=N
//I
NBoc
I I !
| | |
' . ) 1 I\ M k
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 =20 10 O

1 (ppm)

I3C-NMR Spectrum of Compound 12 (151 MHz, CDCls, 50 °C)



Hwang, H. J., et al. SI - Spectra 13
SYJ070220.60.fid
SYJ-02-029-006
1H NMR
cDcCI3
/)y S
N%
Br
M L
T T
o [2]
o (2]
= S
T T T T T T T T T T T T T T T T T
. 75 70 65 60 55 50 45 40 35 30 25 20 0.5 0.0 -0.5 -1.

f1 (ppm)

TH-NMR Spectrum of Compound 15 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra
SYJ070220.61 fid
SYJ-02-029-006
13C NMR °3 °3 o <
CDCI3 88 g8 I @
- - - - S
Il [ [\
O
/ S
N%
Br
i ‘
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

1 (ppm)

I3C-NMR Spectrum of Compound 15 (151 MHz, CDCl;3)

14



Hwang, H. J., et al. SI - Spectra 15

SYJ091620.10.fid
SYJ-02-029-005
1H NMR

CDCI3

_
C
ﬁ

A I )\
i s
S 3

10.5 100 95 90 85 80 75 70 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1
1 (ppm)

28 {
*
Y 2.23{

10 05 00 -05 -1.0 -1.5

TH-NMR Spectrum of Compound 16 (600 MHz, CDCls, 50 °C)



Hwang, H. J., et al. SI - Spectra 16
FPKBMGAMSt6XwmMCMzTrFiw.12.fid
SYJ-02-029-005
by o 5o 2 3 p 2 o 8% NS 3
CcDCI3 g S 2 o & e o Ak % S © O ©
N ~— ~— ~— ~— ~ [¢)] [ce] © © o N N ~
| [ N
CN
= (@)
—N
//’,
NBoc
|
I
I
I
I I
! . 1 L A i I JJ\ | L
210 200 190 180 170 160 150 140 130 120 110 80 70 30 20 10 0
f1 (ppm)

I3C-NMR Spectrum of Compound 16 (151 MHz, CDCls, 50 °C)



Hwang, H. J., et al. SI - Spectra 17

SYJ091620.11.ser [
SYJ-02-029-005 L 10
HSQcC I
— cbcI3 0 L 20
CN I

S O 40

S | 50
/7, - 60

NBoc -70
? . 80

- 90

1 (ppm)

-100
-110
-120
-130
-140
-150
-160

-170

L1so

1I3 ' 1I2 ' 1I1 ' 1I0 ' I9 ' I8 ' I7 ' IG ' 5 ' 4 ' 3 ' 2 ' 1 ' (0] ' -1
2 (ppm)

HSQC Spectrum of Compound 16 (600 MHz, CDCl3)



Hwang, H. J., et al. SI - Spectra 18

SYJ091620.13.ser (o
SYJ-02-029-005 o
HMBC B
cDCI3 L 20
L a0
~I O L 50
S 60
=N b I
' L 70
, [
., 9 L 80
NBoc 90
Cﬁ;;;\ ¢ 100
i £
110 &
- , i 2
L4120 ¢
L 130
L 140
. L 150
L 160
, L 170
L 180
s -
' L 190
L 200
L 210
[ 220
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |-
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
f2 (ppm)

HMBC Spectrum of Compound 16 (600 MHz, CDCls)



Hwang, H. J., et al.

SYJ080620.62.fid
SYJ-02-032-002
1H NMR

CcDCI3

Sl -Spectra 19

s Vo
CN
=SS NH»
S
=N
///
NBoc
B J J_JUU \_
T T T T e 7
S 3 945 S 388X
2 = -3 < PRSI
0.5 10.0 9.5 90 85 80 7. 60 55 50 45 40 35 30 25 20 1.5 05 0.0 -05 -1.
f1 (ppm)

TH-NMR Spectrum of Compound 17 (600 MHz, CDCls, 50 °C)



Hwang, H. J., et al. SI - Spectra 20

SYJ080620.61.fid
SYJ-02-032-002
13C NMR

~ © 0 < ~
cDcCI3 2 o o o @ e
[eo] © © N N ~

[ (!

~ 153.46

- 149.12
714711
_119.29
—117.29

95.43

CN
=SS NH,
S
=N
NBoc

o

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

I3C-NMR Spectrum of Compound 17 (151 MHz, CDCls, 50 °C)



Hwang, H. J., et al.

SYJ080620.52.fid
SYJ-02-029-007

Sl -Spectra 21

1H NMR
cpbcis
/{ [ 4
NC | XN
~
B N S
S | /
=N N
//,
g Br
o)ABOC
W L ‘ | . JMUL
Y f T T SR
o m [ee) D n O o o
S& 3 ) < SRR
~ S} ~ — © »
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 =20 15 10 05 0.0 -05 -1.0
f1 (ppm)

TH-NMR Spectrum of Compound 18 (600 MHz, CDCls, 50 °C)



Hwang, H. J., et al. SI - Spectra 22

SYJ080620.53. fid _
SYJ-02-029-007 4
4
13C NMR 2 583 3 3 288 3 0 R I cr n
CDCI3 o D55 § I~ =k S 0 o © © © ©
- -e e = - == - o ) © NN -
NV | | VNI (!
NC | N
~
N S
S | /
=N N
//
Br
O)ABOC
I
I
! |
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

I3C-NMR Spectrum of Compound 18 (151 MHz, CDCls, 50 °C)



Sl -Spectra 23

Hwang, H. J., et al.
JUBZ3 SaT B B I 398 BREREE
SOTON CDCIS {C:wdatawl] Sk nmrsine’ | I Aare Vidd N
/_/
I
[
[
~ |II III
. j - 0 s Vs , ; !
I
I ‘
|
. |‘
| |'|II | ||
|
| U
,U|I I'l'.k ! 'i 'JJ
- DA i} AN AV I S thL,_.-' .
T T T T = T = T — T T T T T T T T T T 'I_- T ‘_-l T T T T i T T T T :I T : T T T
85 80 F5 F0 B5 B0 &5 &0 45 40 35 30 25 20 15 1.0 05
f1 {ppml

TH-NMR Spectrum of Compound 6 (400 MHz, CDCls)



Hwang, H. J., et al. Sl - Spectra 24

compound il BE B 28238 7 Hrd 8RS 8 2 2 2 8 nPRRERR 3
: aa n SU L - T ToroTe o oo oo =t o Loy | LN BN BN I
Rl ata I i NS NVERYY; I IRCN P
|
1 | I
| |
| |
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 T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 {opm2

I3C-NMR Spectrum of Compound 6 (100 MHz, CDCls)



Hwang, H. J., et al.

TH-NMR Spectrum of Compound 20 (600 MHz, CDCls)

Sl -Spectra 25
SYJ080620.10.fid
SYJ-02-045-002
1H NMR
cDcCI3
Br
JUUW\ ol MLJLAA W \ UL
IR A f i i A& T L N
O N OO O ®© n N [ee] 0 OO, o < < OFI\E\—CD
Re2d383 8 S 8 ©R3 8 5 R R35533
'10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)



26

S| - Spectra

Hwang, H. J., et al.

Ll
1L
BE 9L
B9l
It _2\
B35~
ac'9z—"
vz

0k pe -

Be0E

Spa5—
E0'95 -~
El'85—

£9'59—
of e

ZLng—

gh'sE=—

Z2EeL
18521
i 2o
TV 7
65821
2682k

Sr 2Lk
23 _Dmra/

5B | —
£l
T
b L
2208 —
55051 %
15751
el
B0
2219
[
20
$7'99
15
00'Eg
0L

Sl

C13CPD CDCIS {Ci¥data

2007706

-

S

_
]
L

W

W

atns

T T T
100 20

110

—
120

—
120

—
210

f1 opm)

I3C-NMR Spectrum of Compound 20 (100 MHz, CDCl3)



27

S| - Spectra

Hwang, H. J., et al.

Q22 225

fr=1
[y

B3

Bi—

-,
&4
Y
iy
%Y
B,
125
&%

bE
9
B
BEY

e
b=
i

=
oo
PROTON COCIS {0 wdarawwl Ll ST e eaes=— |

]
]
151
B3
e
28

BLg

—
ook

210312

-

wnd

w'b‘

.

__.__ALJiI_.JIILII . ___,_,JiL !‘II’I. A

L

Y

s

J.JLJ

et
3%
Ei

e
HEez

Fun

Fag0

Funt
ko2

I

gt

F0'l

Tmm,m
02t
L2

=

Fan'l

.0

-1

T
4.5

f1 (opm2

T
5.0

TH-NMR Spectrum of Compound 3 (400 MHz, CDCl3)



28

S| - Spectra

Hwang, H. J., et al.

€9l

88’8l N
zz6l %
06'6L 7

,0°0¢C

v6'ee —

G PG~
18'66 7
8%'85

6119~
1069~

O IV

SYJ080620.2.fid

SYJ-02-045-003
13c NMR
CDCI3

0e'8LlL
16°021 /
s9zel /
98'€zZl /
Lozl

90'6ZL —
18921 7
98°/2L i
'8zl

Lo'6¢l

IR

LO'6YL
¥S 6Pl

91051

€%°051 W.
65051
voest”
25091
20191\
geLoL
ve'991

#5991 >

f1 (ppm)

13C-NMR Spectrum of Compound 3 (151 MHz, CDCl3)



Sl -Spectra 29

Hwang, H. J., et al.

SYJ122920.1.fid
E1

1H NMR

CcDCI3

A
U I’ T T < ¥ | T T T P
O N OO OMD LW < © ™ AN N < o n N~ 0 — O O
O NOOOMOMOMm o N AN O N ~ ~ [ce] [ce] AN O M~
SSI2I2332 2 ~ 22z P z N ead
8.5 o 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

TH-NMR Spectrum of Compound 22a (600 MHz, CDCls)



30

S| - Spectra

Hwang, H. J., et al.

L9Vl
66'81 N
€261
68°61
mo.oww
€8'¢c

€8°6C —
16°€€ —

GE'ZG ~
887G ~
€8'56
1785~

10719~
1069~
G6'9L
9L /)

€000 @_.R\

SYJ122920.2.fid

E1

JASWNA

9v'8LL
L8LL
z5zz)
L67€TH
da |
62°GZ)
G€'9Z1
967221
85821 "\
66821~
88621 |
9€°0€} \
8€°0€h

ge'gelL —
Z6°0vL —

€6'871
vi6yl /
12°051 N\t

€L71GL ™
90'951 ./.

29091
NF.EF/

Ly L9l —=

e

13C NMR
CDCI3

)
I
O
O

1 (ppm)

I3C-NMR Spectrum of Compound 22a (151 MHz, CDCls)



Sl -Spectra 31

Hwang, H. J., et al.

SYJOo21721.1.fid
E2

1H NMR

DMSO

[ T — R S R g T iy kg T ks i§ A
N O [eo] St - T OO0 O OO (o] ~ o o (Yol N~ ™ o N~ N~
~ M~ D~ O N «— < O < M~ [se) ~ ~ N ~ n [se] 0 o,
-3 S 3423533 pud P A N N G
1.0 10.5 100 95 90 85 80 7.5 7.0 65 60 655 50 45 40 35 30 25 =20 15 10 0.5 0.0 -05 -1.0

TH-NMR Spectrum of Compound 22b (600 MHz, DMSO-ds)



32

S| - Spectra

Hwang, H. J., et al.

¢5'6¢e

9P-OSINd ¢S'6¢€

SYJ021821.10.fid

99'6¢€
08'6¢
€6°6¢

8€°GS 7
G0'9S
0499
09°LS
68°LS

G.'6S
6129
1029

0529

f1 (ppm)

I3C-NMR Spectrum of Compound 22b (151 MHz, DMSO-ds)



Hwang, H. J., et al. SI - Spectra 33

SYJ122920.20.fid
E3

1H NMR

cDCI3

i B R R T T oo S B T iy T TN
N O AN MO LWOo v« AN™m ~ w0 <t oo N o ~ o N < N 0
O O OO0 O WO oo [e>] D o O O <+ ~ D ~ <t O M~
S3333238332¢<S 3 2 233 N i X N s
11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 60 55 50 45 40 3.5 30 =2.5 =20 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm)

TH-NMR Spectrum of Compound 22¢ (600 MHz, CDCl3)



34

S| - Spectra

Hwang, H. J., et al.

L8PS~
6265~
S¥'8G "
28'€9 —

9229 \L
¢0'69 —

G6'9L
aL-//

£1000 @ﬁk\

SYJ122920.21 .fid

E3

VAN

zesLL
vo'8LL
Lgzzl
Lg'ezl
20'vzL
€9'vZL
€0'sZ1 \t
LLGTL—

rizLf
16°12L
ze'8zL

L0°6¢ClL
9L'8€lL —
L6'0vL —

€0'6vl
vm.mer
9/.'6vl

€€°0SL 7,
€9°LG1L \.
L1°1SL A\y
60°€SL
§G'09L 7F
€0'19L \
Ge'19L
€991
v.°991
65291
¢8'891

96691
GL'0LL

13C NMR
CDCI3

f1 (ppm)

I3C-NMR Spectrum of Compound 22¢ (151 MHz, CDCl3)



Hwang, H. J., et al. SI - Spectra 35

SYJ122920.30.fid
E4

1H NMR

CcDClI3

gy T T oA f T T T s
AN ™ 00 © v~ «— O © N «— [ce) [ce] o O O ~— o N~ [s0) 0 F M
O WO OVWONOOTFT OoN < ~— O AN AN [ee] [{e] D [e>) [splNe>NNe>)
22332232382 N & PR Q 2 I J 43l
100 95 90 85 80 7.5 7.0 6 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0 -1.

f1 (ppm)

TH-NMR Spectrum of Compound 22d (600 MHz, CDCl5)



36

S| - Spectra

Hwang, H. J., et al.

YoVl
1881
8061
8161
8861
¢ 0c

e

96'¢€ —

RN
€555
R.mmW
589

€829~
8069~
669

Sl al /)

SYJ122920.32.fid

E.R\

LELL

€0'6vL
Sg'6vl k

[
=
(@]

f1 (ppm)

I3C-NMR Spectrum of Compound 22d (151 MHz, CDCl3)



Hwang, H. J., et al. SI - Spectra 37
SYJ012621.20.fid
E5
1H NMR
cbci3
HO.,,
H o
$Hy
N s
S ™ o H //
\=$: N | A NO,
\\‘.\\</NJ)LNH N s
s OH
) ) LA
R e g g oy T T A
S EECEEEEEEEE g g2 o5 3 o8 388
T8C2C3c8C38s2e P = T2:C 2 N N4 esae
10.0 9.5 o 85 80 75 70 65 60 55 50 45 40 35 30 2.5 o 1. 170 05 0.0 -0.5 -1. =y
1 (ppm)

TH-NMR Spectrum of Compound 22e (600 MHz, CDCl3)



38

S| - Spectra

Hwang, H. J., et al.

65Vl
061 /
92’6l /
861
0661 W‘

16'61

06'€€ —

1675~
08'65 "
6€85
€8'€9 —
€19\
66'89 —

SYJ012621.23.fid

ES5

TOOJ Iv

£5'8L1
8811
zrie)
622l |
L0°€2)
veezl |
SLvel
TATAN
S8 LT
19821
¥0'62)
S6'621

00°0€L

azer”
g6'gel —
AN

£6'8v1
90'6v1
oYL
0£°051 ¢

6 LGL ~
19251 M
85'bS 1
G091\
$6'091
8119} N
9e' 19}
L9901 Y
62891
2889}
00°0L}
an

T —

13C NMR
CcDCI3

o~
@)
P4

He)

1 (ppm)

I3C-NMR Spectrum of Compound 22e (151 MHz, CDCl3)



Hwang, H. J., et al.

L)

S| - Spectra

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

170

L1so

SYJ012621.21.ser
ES5
] HSQC
j CDCI3
8 H
. Y
0 1]
T T T T T T T T T T T T T
13 12 11 10 9 8 7

HSQC Spectrum of Compound 22e¢ (600 MHz, CDCl3)

6 5
2 (ppm)

f1 (ppm)

39



Hwang, H. J., et al. SI - Spectra 40

SYJ012621.22.ser j , Lo
ES HO, ’ I

HMBC A H [ © ! ' -10
cbpci3 NW/K;J(\(\S : e | 20
/S ' | 30

\\gz N ! L 40

| 50
’ L 60

y L 70
| 80
L 90
100
110

f1 (ppm)

: L 120
. - 4 - 130

MMUJM

L 140

. e e { - L 150
' ‘ L 160
R . : 170
180
190
| 200
210

| 220

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
f2 (ppm)

HMBC Spectrum of Compound 22e (600 MHz, CDCl3)



Hwang, H. J., et al.

SYJ0o22421.1.fid
E6

1TH NMR

CcDCI3

[

-

S| - Spectra

41

—— e e W T T U U MR
~— <t 00 © © © O O O [se] wn N o ~— 00 0O
O O M~ O M~ O v«— 0 O o o ~ ™ o O o
e e i s i B 2 2 N N N
10.5 10.0 95 90 85 80 7. 7.0 30 25 o 1. 1.0 0.0 -0.5 -1.

TH-NMR Spectrum of Compound 22f (600 MHz, CDCl3)



42

S| - Spectra

Hwang, H. J., et al.

LZvl
A"
€9yl

1981
€8'8l
ye6l
L1661 7 F
mr.om\“

15027
v89z”
G862~
£6'€C

694G~
08'55 ™
o'8s

T899~
0169~
669,

Sl ol ) )

SYJ022421.2.fid

S.R\

VAN

€811
L€8LL
00611

80°64L
R 4A)
€8'€zl
€6zl
z6vzi
96'92) \
8G°/Z) 7
87’8zl \
L0621

18°TEL

ge'gel —
8L Lyl —
v0'6¥L

65671 /
€€°051

05°05} W
LSLSL \
8z'esl

LL'GSL
5091
Z0'191
Ge'Lol
0£°991
127991

/f

SN

1 (ppm)

I3C-NMR Spectrum of Compound 22f (151 MHz, CDCl3)



Hwang, H. J., et al. SI - Spectra 43

B74ABYB5SaWmfoflweUPzw.11.ser
E6 10

cDCI3 ' M L 20
L 30
L 40

- 50

j a0
L 90
- 100
L 110
o L 120
E... '
“ p L 130
, L 140
L 150
L 160
L 170
' ' ' ' ' ' ' L1so

13 12 11 10 9 8 7 6 5 4 3 2 1 o] -1
f2 (ppm)

f1 (ppm)

HSQC Spectrum of Compound 22f (600 MHz, CDCl3)



Hwang, H. J., et al.

B74ABYB5SaVWmfoflweUPzw.12.ser

S| - Spectra

\ A ar | I ..J \Mjﬂw"

Lo

L 10

[ 20

L 30

| a0

| 50

| 60
L 70
| 80
L 90
L 100
L 110
L 120
L 130
140
L 150
L 160
L 170
180
190
[ 200
L 210

E6
@ o B9
@ NX
%o
0w
Iy L4
°
6.
A B . 4
e
»
o g
o L]
* 0 B @
..u"" N @ ° !
T T T T T T T T T T T T T T 1
14 13 12 11 10 9 8 7 6 5 4 3 2 1 -1

f2 (ppm)

HMBC Spectrum of Compound 22f (600 MHz, CDCls)

[ 220

44

1 (ppm)



45

S| - Spectra

Hwang, H. J., et al.

|
N
—

137
191
eyl
06L
6L
50
%08

0z
728
28
iy
a5

r—
— =
[=r0=r3

210312
E7
FROTON C

Sl Tkl Sririre,

(0]
J\(/\S
NZ
NH/,
1]
N

| BN S

Ul

A

M

FE67

B8Z

l'E

Foug

FIEE

bz .

Fao

gy

Iy

FELy

a0 |

T
4.5

f1 dopml

5.0

T
55

TH-NMR Spectrum of Compound 22g (400 MHz, CDCls)



46

S| - Spectra

Hwang, H. J., et al.

G9'PG ~
18'66 7
09'86

18729~
G169
G6'9/

elnanaL /) -
=

SYJ122920.61.fid

9L L.
nm.hm\

1 (ppm)

13C-NMR Spectrum of Compound 22g (151 MHz, CDCls)



Sl -Spectra 47

Hwang, H. J., et al.

28
¥
23
90
i
5
81
467
445
443
441
4
L
AN

97
3
3l
28
2
14
12
o
L
—T1.28
§,
,
&
\E.
£,
5
5
5
éll
e

210305
ES
FROTOMN CDCIS {C:¥idatavshhi F nmrsu

—913
5,

5
=3

[
i
250
247
248
=
1
&
1
¥
: L
1
N 1
1
1

._.__,E_JJJ _A_____L___.Ju_jdu#kﬁ_;; I_JII_,I JLIUJ
g T

1
P | ]
P v A L U e p) i
T T T T T T T :_1_I‘_ I.'_.'I_ - T T T T T T T T T - T '1_ I1_ T T T T T T T ‘I_ T :_ T T T T T T T T
== =,.0 3.5 .0 7.5 .0 =5 5.0 (5.5) 5.0 1.5 4.0 3.5 3.0 z5 Z.0 1.% 1.0 0.5 o0 —-05
1 tppm

"H-NMR Spectrum of Compound 22h (400 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 48

210308 R

= =t (0= L7 00 O OO e O LD D 00

R R =T e e [ = e = T e [Tol g e R e I e} T} =t LD -
RN ol S =] [ e
g oy = R Ty ATy YTyl ] —_———

T T T T T T T T T T T T T T T T T T T B T T T T T T T . T T T T T
200 180 180 170 160 180 140 130 120 110 ¢ 100) Q0 a0 T0 G0 B0 40 30 Z0 10 0
1 ippm

I3C-NMR Spectrum of Compound 22h (100 MHz, CDCl5)



Hwang, H. J., et al. SI - Spectra 49

OH O

N
NHBO@ OTBDPS

I L._l M | LM,

ol ey ¥
; = { { g g = -
T ET ~— [ ~— o —— - EEH
140 o5 @2 B8E BO T.6 T.0 &6 £.0 E5 EBOCO 4.5 42 a5 3.0 2.6 2.0 1.6 1.0 05 0.0 —0

#1 [ooml

TH-NMR Spectrum of Compound 27 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 50

I I e e | AT I WS

OH O

N
NHBo'E:| OTBDPS

-
—_
f—— -
= =
- =

o 180 150 143 132 123 114 180 g0 B0 o &0 g0 4o do da 0 ote & 1

1 looml

I3C-NMR Spectrum of Compound 27 (151 MHz, CDCl;3)



Hwang, H. J., et al. SI-Spectra 51

I H a | |

Iy 8

Br— N

Sy
HO

OTBDPS

i u____l LL| I

A

35 0.0 D5 w0 BS =20 T.5

"BE5 &0 BS5 S50 45 40 35 30 BS 20 1.5 1.0 05 o0 —05-1.0
1 loom}

TH-NMR Spectrum of Compound 28 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 52

o ! = Y3EERFEEA3 0 g o, b 4 B8%
— =] O = =0 T ¥l F ¥ - b = B e B
= = § A22388%unus 2E £ g G m2s
[ | | b f et S I | I %5
S 0
N N
H
OHO OTBDPS
1
200 Tmo 182 1rg 160 150 140 130 120 11Q 100 @o B T2 €o EBO 0 So 0 do 0 2a T o

1 l=oml

I3C-NMR Spectrum of Compound 28 (151 MHz, CDCl3)



Hwang, H. J., et al.

- 40

- 80
100
120

g S ) ;140
G A |
N N/Y L 160

H
o) OTBDPS
HO

- 180

200

220

'100 95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f2 (ppm)

HSQC Spectrum of Compound 28 (600 MHz, CDCl3)

f1 (ppm)

S| - Spectra

53



Sl -Spectra 54

Hwang, H. J., et al.

||
|| | I
I / /1 / if |
S o}
Br/glwn
N
o) J)J\H/\(‘):BDPS
| b N | | B
gd 447 44 d SN §
- ST == = == i nE
. @6 .0 BE6 8O0 T.B rO S5 &0 655 6O 4.5 40 3.6 2.0 B65 2.0 1.5 1.0 O.B 0@ =05
1 {oom)

TH-NMR Spectrum of Compound 29 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 55

g 2 NHEFRERRES2IEY m % 2 5 o
" 1 = } & E,_
@ % FRARAGRREARNN 7 g 5 5 nod
| | [ | [ I det Y
S 0
Br"<\ \ H
N | N
(@) H OTBDPS
gha 180 1Bz 1o 152 150 1o 150 1B 110 1ha @@ 280 To a0 Ef 10 zo 2o 10 2]

1 fooml

I3C-NMR Spectrum of Compound 29 (151 MHz, CDCl3)



Hwang, H. J., et al. SI - Spectra 56

W A Al | N

s

gy

OTBDPS

L4 3
Br N\ N
Sty

- 20

40

- 60

- 80

- 100

- 120

- 140

- 160

- 180

200

'10.0 95 90 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0
f2 (ppm)

HSQC Spectrum of Compound 29 (600 MHz, CDCl3)

-220

f1 (ppm)



SI - Spectra 57

Hwang, H. J., et al.

S
Br N\ N
ey

l I A ll . L A

g 4 3 g d
= - —— ! =1
&8 E49 4B 4,0 3E o EE 2o 1.8

#1 femmem

a8

1.8 0B 9.8 =08 =10

15,8 1.8 &6 S99 S8 £0 TE T.o &6 &0

TH-NMR Spectrum of Compound 24 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 58

L) - Lo I L
=y Pl = = onlo -
i B z 5 HESE
| I 1 I P

<% 8
Br—\ N

b3 12 188 1Te 188 150 140 120 120 110 1400 @0 S0 T a0 =0 Ao 42 o 1o b

1 {oom)

I3C-NMR Spectrum of Compound 24 (151 MHz, CDCl3)



Hwang, H. J., et al. SI - Spectra 59

-40

_ e
- 60

- 80

- 100

1 (ppm)

-120

Z<) | L
¢ - 140
_“ L

S 0 160
Br“‘§;j“\\”/ﬂ //\\r//
N I
O | H o Ay L 180
200
L 220

'10.0 95 90 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 30 25 20 15 1.0 05 0.0
£2 (ppm)

HSQC Spectrum of Compound 24 (600 MHz, CDCls)



Hwang, H. J., et al. SI - Spectra 60

& sl & l ‘L_.. ., Li
R
g J d g g
- - - " a
45100 @5 @0 S5 BO TS5 TO 65 B0 BS5 50 45 40 35 a0 25 24 1.5 1.0 05 0.0 -6.5-1.0
11 (mem)

TH-NMR Spectrum of Compound 25 (600 MHz, CDCls)



Hwang, H. J., et al.

— 25 53
— &7 G

SI - Spectra

# B FENIZZEER 9 2 -
[=] 0 LEnnaaDt I ]
2 5 MRARuRRAY ¥ 5 2
[ I N I I

2o 2be 18a tka 1ha

THEO O 1EE Td4n 130 TES O1ta tha @4 gds Yo e fp do 0 Fo 24 =] ]
f1 (pamb

I3C-NMR Spectrum of Compound 25 (151 MHz, CDCl3)

61



Hwang, H. J., et al.

200814 3 1 D:W20200320W0esktop

TYK-01-001
TH NMR

2 #8012
1} 3429

| 0.8897

SI - Spectra 62

® 1 v.9762

1
i
MP 2
| J J i i
1_,’\ ﬂ___.) LI_J. v\_)h i lagiek A " || G | YW AN || P
(=4 N ~N n < [F=] o w = = ~ -
S - ~N - = n ~ (=23 N = ' = o B
S . = n | =y n =] ] (=] = e | £ = ~
C>' > 3 = =1 (=] ~ [ —] - P2l b - -
- o ~N - - - - - - o ~ o v i
r e = 1
6 4 2 [ppm]

'TH-NMR Spectrum of Synthetic Micrococcin P2, 1 (600 MHz, CD3OD)

[rel]

1.5

1.0

0.5

-0.0



63

S| - Spectra

Hwang, H. J., et al.

¥ 'S5
t0'95 W
831§

CI R
9199 >

P32t
EpzL
52 0EL

16 'EEL
B2 'YL
E0'SE FW
LLSzL

18zt
SLEEL
SE'BEL
99'621

9L LEL
5}
E0ERL
2361
LLBRL
126l
EB'ESl—

mm_oE
EL4L .\...w\..
1141 .\.
19791
2l
82'sa1
3'991
59'841
15591
Z2 0Ll
L

1519
_O@
RS

MP 2

T T T T T T T T T T T T T T T T
190 150 170 10 150 140 130 120 110 100 =]
f1 (ppmo

T T
Z200

o

P2, 1 (151 MHz, CD:0D)

1Crococcin

13C-NMR Spectrum of Synthetic M



Hwang, H. J., et al.

200814 1 1 d:W20200320#Desktop

1.045%%

KWY-KA-01-013
1H N
DMSO
I
: . Ju'
N 339
=2 F-F 102
-] D R’
| T
10

1

e

|_1.6058

SI - Spectra

N™ 3 -
H H "OH
f
MP 1 B
A L
[
l RN ,. w :
| \ { .
hs; | I | e . T VA 'Q'J'L«/ Wi |
|
=3 % x = 2 N ~ -~ 9 - [
=3 o N - N 2 ~ 7~ N ~£ 2 -
=4 N - ~ . X =3 I > ~N3
o = N ° % B ™ - - e -
o~ L ~ 2 N -~ ™~ ™ " MY
T T T T T e s — r‘k
6 4 2 [ppm]

'TH NMR spectrum of synthetic MP1 (600 MHz, DMSO-ds)

64

[rel]



Hwang, H. J., et al. SI - Spectra 65

1JL ) JL J:J\JJ..AJ..J J UU

————T 1 — T T T { T 7 SEAELES St e o i n d g mu e o

10 9 8 7 6 5 4 3 2 1 ppm
'"H NMR spectrum of authentic MP1 in DMSO-d6* for comparison

! This spectrum was reproduced from David Lefranc’s dissertation (footnote 11).
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small differences exist only at the level of exchangeable protons (OH and NH)
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