Development of manufacturing process for Antibiotics
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SUMMARY

I. Title

o Development of manufacturing process for antibiotics core

[l. Purpose and Necessity of R&D

o After the development of antibiotics, it has been possible to cure numerous
infectious diseases, but in just 60 years, the emergence of antibiotic resistance
has resulted in treatment failure and fatal outcomes.

o The Polar Research Institute operated the Polar and Alpine Microbial
Collection, a microbial strain bank, to secure various useful polar microbial
resources.

o The Polar Research Institute has secured genetic resources for 40 polar
organisms (50,000 genes) through its unique project for many years.

o The development of new antibiotics using polar microbial resources could
contribute to pharmaceutical and chemical development by increasing the
utilization of polar microorganisms and developing the parent cell for the
development of new antibiotics.

o The development of new antibiotics using polar microbial resources is
expected to give academic significance to the activation of academic research

using Enzyme and to research new drugs and new materials.

IIl. Contents and Extent of R&D

o Research on synthesis method of 9 cores of quinolone antibiotics and
sample
o Study on synthesis method of 7 cores of Bile acid antibiotics and provide

sample



IV. R&D Results

o Establish method of synthesis of 9 cores of quinolone antibiotics and make
20 ~ 50g of compound showing physiological activity
o Establish method for synthesis of 7 cores of Bile acid antibiotics and make

20 ~ 30g of compounds showing physiological activity

V. Application Plans of R&D Results

o The research team will receive production technology support for the
commercialization process in order to improve yield and synthesis method
suitable for commercial production as a factor of scale-up in research.

o We are seeking to increase yield and shorten process time by modifying
and supplementing the reduction of production cost through introduction of
new intermediates or shortening of process and separation and purification

using column.
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2 AT5Y AR WE W AT

7F A¥E3% 1 0 Quinolone 97 FZof 35tEo tigh A A5 2 Sample Al¥

(1) Al¥-E3% 1-1 : Quinolone o9 AW 7t 2 223}

(2) AFEEF 1-2 @ 9% Scale up
d 7+ U &  F 2
1-ethyl-7-methyl-4-oxo0-1,4-dihydro-1 o
1L ®¥E§ 20g Scale up &5 2 H A3}
8-naphthyridine-3-carboxylic acid
7-chloro-6-fluoro-4-oxo-1,4-dihydroq o
1L ¥k 20g Scale up &5 ¥ H A3}
uinoline-3-carboxylic acid
o-fluoro-4-oxo-1,4-dihydroquinoline- o
o bosulic acid 1L ¥k& 20g Scale up €& ¥ A3}
-carboxylic aci
o-fluoro-4-oxo-7-(pyrrolidin-1-yl)-1,4- N
1L ®E§ 20g Scale up &5 2 H A3}
dihydroquinoline-3-carboxylic acid
7-methyl-4-oxo-1,4-dihydro-1,8-naph N
1L ¥k& 20g Scale up &5 ¥ A3}
thyridine-3-carboxylic acid
6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyr o o m s
idine-3-carboxylic acid IL %5 20g Scale up 5 & At
6-fluoro-4-oxo-7-(pyrrolidin-1-yl)-1,4-dih
ydro-1,8-naphthyridine-3-carboxylic| 1L ¥F-§ 20g Scale up ¢t5 % A3}
acid
6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-dih
ydro-1,8-naphthyridine-3-carboxylic| 1L ¥h-& 20g Scale up &5 % HZ 3}
acid hydrochloride
6-fluoro-7-(3-methylpiperazine-1-yl)-4-o
x0-1,4-dihydro-1,8-naphthyridine-3-carb| 1L ¥-& 20g Scale up $t5 ¥ *Z 3}
oxylic acid hydrochloride
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(7h 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8—naphthyridine-3-carboxylic acid &“3

D =A5E

CO,H

1-ethyl-7-methyl-4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxyliacid
Chemical Formula: C;,H;,N,03
Molecular Weight: 232.24

®@ 'H-NMR &4 3}

Saaple Name: T @ rem ORI R "i"';’!'h Agilent Technalogies
i

Halidixic-asid
Data collected on:
Agllent=NMR. com=vanr 5400
Archive directory:
[hamefvencl/vnnrays/data/1811-R2202-gnpd be:
Sample directory:
Nalidixio-neid 01
Fidrila: Walidixic-acid PROTON_01

W

=

—7.576
\—7.555

Puloe Sequence: PROTCN (s2pul)
Solvent: dmaso
Data collected on: Now 8 2018

e

7

I l SERREI W |
T Lo LI L | T T T | LBENE e B | ! { EE T e I T =T ¥4 & T % T ‘ L [ A s § I T o ‘ T T T I LI B B B l' aa
12 11 10 9 8 7 6 5 4 3 2 1 ppm
R b e Lt tpd B
0.94 0.97 2.33 5.40
0.50 2.00 2.87 2.92
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1-ethyl-7-methyl-4
)l y

1 d-dihydro-1,8
Chemical Formula: Cy,H,N,05
Molecular Weight: 232.24

6-fluoro-4

1.4-di inoline-3-

boxylic acid  7-chl
Chemical Formula: C4oHsFNO3
Molecular Weight: 207.16

1,44 inoline-3
Chemical Formula: C4oHsCIFNO3
Molecular Weight: 241.60

positive: kanamycin 0.1 mg/ml, 10 ul
negative: 100% DMSO, 10 ul

S. aureus 108 cell, E. coli (DH5a) 108 cell
37°C, 24 hrs incubation

compound: 0.1 mg/ml, 10 ul

_’]7_



(1}) 7-chloro—-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid &4

@© ®H&
F . o}
1) Diphenyl ether
F Diethyl ethoxymetylenemalonate 1 h, reflux F
o CO,Et
100-110°C,2h
o] NH, Co,et 2 NaOH cl N
(0] o
F
OH
Cl N
H
7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic ~ acid
Chemical Formula: C1gH5CIFNO3
Molecular Weight: 241.60
@ 'H-NMR 214 7

KRICT p2umaysumman

Ha
Sl =S — e | g
=i IQ*E‘}ET_.!I-;.g ] ; .
= ol R -1 I i
o %" = & 4l r :
G =D — ot R o
.
| L H
SR ¥ S e T VAT e T BE L KA
16 16 14 13 12 11 10 % & T & & 4 3 2 1 ppm
LA i ] AL
% g (B &%
=i (-2 el @l
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A
e}
1
cl N
o inoli bokylicacid, 7-chioro-6-ioro-4-axo-14:dH ifoline:3:caiboxgicac
1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid Chemical Formula: C1gHsFNO3 Chemical Formula: C1oHsCIFNO;
Chemical Formula: C1oH1:N,05 Molecular Weight: 207.16 Molecular Weight: 241.60

Molecular Weight: 232.24

positive: kanamycin 0.1 mg/ml, 10 ul S. aureus 108 cell, E. coli (DH5a) 108 cell
negative: 100% DMSO, 10 ul 37°C, 24 hrs incubation
compound: 0.1 mg/ml, 10 ul
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(t}) 6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid &4

@© ¥h&
F 1) Dipheny! ether ©
F Diethyl ethoxymetylenemalonate 1 ,? refI{lx F CO.H
CO,Et '
100-110°C,2h
NH; CO,Et 2) NaOH H
(0] 0]
F
OH
N
H

6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic  acid
Chemical Formula: C41gHgFNO3
Molecular Weight: 207.16

©® 'H-NMR el 4z}

KRICT zanmps s
KRICT
e
H&| 50 1 | |
e
Ve = |
= o0h —ny - L1
‘.
. . |
16 15 14 13 12 M 10 L] B T B 5 i . | z 1 PEm
E - a2 s
5| 3 53
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A
e}
1
cl N
o inoli boxylicacid, 7-chioro-6-fioro-4-axo-14:dH ifoline:3:caioxgic s
1-ethyl-7-methyl-4-0x0-1 4-dihydro-1,8-naphthyridine-3-carborylic acid Chemical Formula: C1gHsFNO3 Chemical Formula: C1oHsCIFNO;
Chemical Formula: C1oH12N,05 Molecular Weight: 207.16 Molecular Weight: 241.60

Molecular Weight: 232.24

positive: kanamycin 0.1 mg/ml, 10 ul S. aureus 108 cell, E. coli (DH5a) 108 cell
negative: 100% DMSO, 10 ul 37°C, 24 hrs incubation
compound: 0.1 mg/ml, 10 ul
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(&) 6-fluoro—4-oxo-7-(pyrrolidin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid 3“3

@© ¥h&
F 1) Diphenyl ether ©
F Diethyl ethoxymetylenemalonate 1h refl{;x CO,H
cl N COyEt ’
100-110°C,2h
Cl NH, H CO,Et 2) NaOH Cl ”
TEA
Pyrrolidine
Acetonitrile
Reflux 1h
O
F CO.H
N N
H
0] (0]
F
OH
N

N
H
6-fluoro-4-oxo-7-(pyrrolidin-1-yl)-1,4-dihydroquinoline-3-carboxylic  acid
Chemical Formula: C14H13FN203

Molecular Weight: 276.27

FEICETOERF
L EL]

ZL
2 i Aglbem Techuslegies
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E. coli

7-methyl-4
Yy

B-fi 4

1,4-dihydro-1,8 idine-3 lic acid
Chemical Formula: C1gHgN,O3
Molecular Weight: 204.19

oy 1-y1)-1,4-di inoline-3-
Chemical Formula: C14H43FN;03
Molecular Weight: 276.27

positive: kanamycin 0.1 mg/ml, 10 ul
negative: 100% DMSO, 10 ul
compound: 0.1 mg/ml, 10 ul

_23_

S. aureus 108 cell, E. coli (DH5a) 108 cell
37°C, 24 hrs incubation

lic acid




(v}) 7-methyl-4-oxo0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid 4

D g
. o}
1) Diphenyl ether
Diethyl ethoxymetylenemalonate 1 h, reflux COzH
N N CO,Et
100-110°C,2h
N  NH, H CO,Et 2) NaOH N H
@) @]
OH
N N
H
acid

7-methyl-4-ox0-1,4-dihydro-1,8-naphthyridine-3-carboxylic
Chemical Formula: CgHgN>;O3
Molecular Weight: 204.19

1 51O 7
@ 'H-NMR 2214 7
1] g FEIEGRREEET 53 iEHERE
wa‘"—i: a T - t - II--I:--I. - - I:-j - .I_ ]
[ e LLL ¥ il d 1
Al Lsaad e e = e .
m--;ﬂ_-n--n.-:--hnn = F | —r e ﬁ
arhive dirsmery | -
v w— e PR E 1
Sampls dirasary: |! |
LB Rl
FLAFLES | EEEeE LR B [ I ‘
Fuilan Baipamete| PRGN {s2pui) |
Bilivrn i
s imbieited v Bup 3 TEEE
- ‘ [ [ il . ."\._ —n — -
e S e e T e T 4 B —_r
14 11 12 1 10 s ] £ [ 5 I 3 2 1 e
W W agay - a
b e 1
- L " B
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S. aureus

E. coli

1,4-dihydro-1,8 idine-3 lic acid

7-methyl-4
y

Bl 4

Chemical Formula: C1gHgN,03
Molecular Weight: 204.19

2 o o

1-y1)-1 4-di inoli ic acid
Chemical Formula: C44H43FN,O3
Molecular Weight: 276.27

positive: kanamycin 0.1 mg/ml, 10 ul
negative: 100% DMSO, 10 ul
compound: 0.1 mg/ml, 10 ul

_25_

S. aureus 108 cell, E. coli (DH5a) 108 cell
37°C, 24 hrs incubation




(¥}) 6-fluoro-4-oxo-1,4-dihydro-1,8—naphthyridine-3-carboxylic acid &4

@O W

Shome fuumzl fenficsys /daka/ 1811-n2260-gapibio
Sawple diractoryk
K55-02-18-20 01
Fideile: KSS-02-18-20_PROTGH_01

(0]
F Dipheny! ether
F Diethyl ethoxymetylenemalonate 1h, rgflux F CO,Et
CO,Et
N NH 100-110°C,2h N H N N
2 CO,Et H se
5a 5b
TMSI
O
6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylicacid F COH
Chemical Formula: CyHsFN,05
Exact Mass: 208.03 N H
5
@ 'H-NMR 22143
KS5-02-18-20 p » | el
Data Collectad n_L; 1\5‘-\& \\E\E%A}J-}’I/J L\ ‘-_\-:;-\ « L e
e e R =R Z l\\‘?\\ l | (

Pulse Ssguance: PROTON (s2pul)
Solvent: cmso
Date collected on: Hov 15 2018

A T T N

’—;—\—v—v—r-r“-T—v—vr—.r T ‘l“--_( N SN DT 5 e i I il T LA R A T | LA T T ]‘r*r T | T "3_'_|_V_“T"1ﬁ'r' i‘*w'Ti'
14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
ey PR O G e G D e
2.1l 1.86 z.00 015 9.44 0.17 0.25
1.93 2.086 0.20 1.41 ey 0.25
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@

oot

bty
<Antimicrobial assay>

20190304

@ Btrotcont d-Sitdo-1 B naphinmdes. J-cararyic acd

(= T - |
e T

a o
Pty
Proh e
J i

WM.

@ G inr-Smn T piperarin. 1yl L4 drpdirn-t S-ruiphibyriding- Y-carbonylic acid

<Antibacterial assay>- 5. aureus

<Antibacterial assay=- £ coff

Positve: Kanamycin 0.1 mgiml 10 ul
Megative: 100% DMSC, 10 ul

Compound: @1 mg/mil 10 ul

£ aursus E col 10° cell

37°C, 24 hrs incubation

Bactera 5 sureus O] CHEY
compound 30| T4E 5%

Postives Mystatin ©.1 mg/mi 10 ul
Megatve: 50% DMSC, 10 u!

Compound: 3.1 mg/mi 10 ul

& albicans 107 cell

372C, 24 hrsincubation
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(AP 6-fluoro—4-oxo-7-(pyrrolidin-1-yl)-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid ¥4

@O W&

- °© © (Ac),0 F
Triethylorthoformate
OEt Yy HoN cl N

Reflux Cl N Cl O
cl N cI DCM

o O

(0]
Cl NH
6¢c

CN

tBuoK Dioxane, 50 °C

ZT

0 0O F F
OH LiOH

N N N TEA Cl N N

N N N
H 6 6e

6-fluoro-4-oxo-7-(pyrrolidin- CN CN
1-yl)-1,4-dihydro-1,8-
naphthyridine-3-carboxylic
acid

© 'H-NMR ¢l 4z}

1.908

Sample Name: {
KB85-02-19-60
Data Collected on:
Agilent-NMR. com-vrms 5400
Azehive directory:
/home funmel fvamraya fdata/L801-R00TB-gapibio
Sample dizectory:
KES-02-~19-60_01
Fidfile: KS8S-02-19-60_PROTON 01

392

—7.823

-7.78L
3.565
467

.

Pulse Gequence: PROTON (sZpul)
Solvent: dmao
Data collscted on: Jun 14 2013

o
< (i

Fa A Lo
(L)

H

.
I i [
“ - A AT e
f 1 T T T T T T T I T L T ‘ B T T —'_Y_—\l‘ T T =17 T T L T T A o SN Juk T T
12 i 10 8 a8 7 ; 5 ' -:. ; ; 1

= "= . [ 4
1.06
4.13 4.03
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@

oot

bty
<Antimicrobial assay>

20190304

@ Btrotcont d-Sitdo-1 B naphinmdes. J-cararyic acd

(= T - |
e T

a o
Pty
Proh e
J i

WM.

@ G inr-Smn T piperarin. 1yl L4 drpdirn-t S-ruiphibyriding- Y-carbonylic acid

<Antibacterial assay>- 5. aureus

<Antibacterial assay=- £ coff

Positve: Kanamycin 0.1 mgiml 10 ul
Megative: 100% DMSC, 10 ul

Compound: @1 mg/mil 10 ul

£ aursus E col 10° cell

37°C, 24 hrs incubation

Bactera 5 sureus O] CHEY
compound 30| T4E 5%

Postives Mystatin ©.1 mg/mi 10 ul
Megatve: 50% DMSC, 10 u!

Compound: 3.1 mg/mi 10 ul

& albicans 107 cell

372C, 24 hrsincubation
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(b 6-fluoro-4-oxo-7-(piperazin-1-yl1)-1,4-dihydro-1,8 naphthyridine-3-carboxylic

hydrochloride &4

[}
O ¥k&-
©c 0 (Ac),0
F ot Triethylorthoformate
Reflux
Cl N Cl
0O O
F
OH
N N N LiOH
O N le)
0 7b
4N HClin
Dioxane
0O O
F
OH
N N N
H
HN .HCI 7

6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-dihydro-1,8-naphthyridine-3-carboxylic

F

Cl

(e}

N Cl

o

N N
CN 7a

(0]

OEt

OEt

HoN
DCM

ZT

BoC
DMSO

OEt

CN

Cl N ClI NH

CN

tBuOK Dioxane, 50 °C

OEt

Chemical Formula: C43H4CIFN4O3
Exact Mass: 328.07

_30_

acid

acid hydrochloride



<Antimicrobial assay> <Antibacterial assay>- S aureus

20190304

- Postive: Ksnamycin 0.1 mg/ml, 10 ul
Megatve: 100% DMSS, 10 ul
Compound: G.1 mg/ml 10 ul

<Antibacterial assay>- £ colf

£ aursus E coil 105 cell

373C, 24 hrsincubation

@ Bbucies. . (i baen arine ol =1 4 -yedro-1 B mapidingricne 3

carbeybe: ackd
a o
Fuoriy .ﬁ.w_n.m = m : "
Il i Positives Mystatin @1 mg/mi 10 ul
/"H'A‘u#‘::"
{ ) 1

Megative: 50% DMSC, 10 ul

@ Eeliano-2-gun- 7| pyTe tlen- 1yt 1 4-Shairs- LA-naphchytidine ooarbooybe stid

o6 Compound: &1 mg/ml 10 ul

& albicans 107 cell

Bactera 5 swreus 0| CH3Y

M
compound 30| TEE 2% 37%C, 24 hrs incubation

@ B fisoror-doamn T piperarin- 1yl}1, 4 dibyden-t B-raphthyriSing-J-carbanic acd

_31_



(Zh  6-fluoro-7-(3-methylpiperazine-1-y1)-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid hydrochloride &4

[e)
O w&
o O
o o O O F
F ] (Ac),0 F OEt ON OEt
ogt [Triethylorthoformate . " . HoN cl N ¢l NH
Reflux
Cl N Cl DCM
CN
tBuOK Dioxane, 50 °C
H
N
o O 0 0 (8a)
O O
F OH F OEt N F
BoC OEt
N N H LiOH N N N
o N o N DMSO cl N N
8c 8b 6d
o o] CN
CN
4N HClin
Dioxane
o (e}
F
OH 6-fluoro-7-(3-methylpiperazin- 1-yl)-4-oxo- 1,4-dihydro- 1,8-naphthyridine-3-carboxyliacid hydrochloride
Chemical Formula: C14H1gCIFN4O3
N N ” 8 Exact Mass: 342.09
HN .HCI

ol . : oifafin 3 s B T 3 3 I e Techmologivs
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@

oot

bty
<Antimicrobial assay>

20190304

@ Btrotcont d-Sitdo-1 B naphinmdes. J-cararyic acd

(= T - |
e T

a o
Pty
Proh e
J i

WM.

@ G inr-Smn T piperarin. 1yl L4 drpdirn-t S-ruiphibyriding- Y-carbonylic acid

<Antibacterial assay>- 5. aureus

<Antibacterial assay=- £ coff

Positve: Kanamycin 0.1 mgiml 10 ul
Megative: 100% DMSC, 10 ul

Compound: @1 mg/mil 10 ul

£ aursus E col 10° cell

37°C, 24 hrs incubation

Bactera 5 sureus O] CHEY
compound 30| T4E 5%

Postives Mystatin ©.1 mg/mi 10 ul
Megatve: 50% DMSC, 10 u!

Compound: 3.1 mg/mi 10 ul

& albicans 107 cell

372C, 24 hrsincubation

_33_




A 2 A 2AdE

1. o] &4

A

L
L

- Bile acid 7% °]49 &8 A
3 = Bile acide 919 #

287 B

s o

il 717 o]

g wgstel FEAT FYFu

R

o

TEE

ol

oAt

e

ol wet ofulsl e W

Hydroxy or ketone or H

Hydroxy or ketone

Hydroxy or ketone
<Z19> Bile acid =4 ¥4

_34_

% 9 A7z}
THOE sto] HAdoR A

i} o 2 Bile acid

Carboxy[rc acid
or
Amide



2. A8 3 A
Zh AIEE 1 AlaE A Zoje] ey i B dFAE e A
(1) A3 1-1 : Bile acid A o] AW 712

a7+ uH & a + 2
ch‘olic acid, chemoc'leox‘ycholic 7 10150] SPEL WSt FAA FREA
acid, ursodeoxy cholicacid®ll o |_ N 3
~ g LB AT FZoEHE 1~2gs AYHOE
stel Amide Ste 35S ¥4 o] Snarle
e e opriTl e
cholic acid, chemodeoxycholic 2 10~15g o] BerES P A THEA
acid, ursodeoxy cholicacid®ll o | _ _
_ = s A FHoAEHE 1~2gs AYPHOo=E
3l methyl ester 3}gE 3% o] &rsgo
& W8 9 B sAg | AT
cholic acid®} chemodeoxycholic
acidg&  ol&st  7HA A 10~15g9] FdES FAHst FAA FREZ
hydroxy7]E Ketone® 2 X|3FHES < FAAEHE 1-2g& APHo=
ste] 29 sgES @4 Z[Kopridl FF3FA =
29 A sl
chemodeoxycholic acid& ©]&
3t methyl esteroll Al A o]|15g9] 3¢t=<o At FAA FHREH FAE S
3t ethyl ester 3tg= 11913 o EZE 1~2g& APHO=E Kopriol &+
T 4 2 BY AA AT As
o
o .
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(7h (4R)-4-((3R5S,7R,10S,13R 17R)-3,7-dihydroxy—10,13-dimethylhexadecahydro-1H-
cyclopentalalphenanthren-17-yl)pentanamide(GA-BA-001) 2] &4

@ R"kE

OH NH,
o o
HO H OH HO " OH
(4R)-4-(3 R,5S,7R,10S,13R,17R)-3,7-dihydroxy-10,13- (4R)-4-((3 R,5S,7R,10S,13R,17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[a]phenanthren-17-yl)pentanoic acid dimethylhexadecahydro-1 H-cyclopenta[ aJphenanthren-17-yl)pentanamide
Chemical Formula: Cp4H4004 Chemical Formula: Cp4H44NO3
Molecular Weight: 392.58 Molecular Weight: 391.60

@ H-NMR 2143}

G883
o Mama: niilogies
K55-04-15-29
Bata Collected oni
Agtlent=3R, com-yrarad 00
Axchive directory:
e i 1 908-R1: il

Sample directosy:
KEE-04-19-29 01
Fidrilo: Ka8-D4-19-29_FAOTON 01

Pulas Soquence: PROYON (s2pal)
Solvent: daso
Pats collectad ont Mg 8 2019

E
l

L UL' LMMM‘}W WL

T T T T T T T T T T T T T Tt e

12 11 i0 9 8 i 6 5 4 3 2 1 PE®
o et L Lk e s e e
0.50 v20.87 020136 z.52 1M85 Lr casem
0.0 00778 038 .00 0.90,00,57  paiam

_36_



(1h (4R)-4-((3R5S,7S,10S,13R, 17R)-3,7-dihydroxy—-10,13-dimethylhexadecahydro-1H-
cyclopentalalphenanthren-17-yl)pentanamide(GA-BA-002) 2] &4

@ R"bE

OH NH,
0 o
HO H OH HO H OH
(4R)-4-((3 R,5S,7S,10S,13R,17 R)-3,7-dihydroxy-10,13- (4R)-4-((3 R,5S,7S,10S,13R,17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ alphenanthren-17-yl)pentanoic acid dimethylhexadecahydro-1 H-cyclopenta[ alphenanthren-17-yl)pentanamide
Chemical Formula: Cy4H4004 Chemical Formula: Cy4H44NO3
Molecular Weight: 392.58 Molecular Weight: 391.60

@ 'H-NMR &<l4 7

523

Sanple Nams: nijlogies

K55-04-15-29
Bata Collected oni

[ T e——T T
Axchive directory:

/1 s 1 908-R1: il

Sample directery:

K35-04-19-28 01
Fidrile: X43-04-1%-29_FROTON_01

Pulas Soquence: PROYON (s2pal)
Solvent: daso
Pats collectad ont Mg 8 2019

!
l

L jﬂ_fa_JJMW&Wu

e e e e et e

12 11 10 3 8 7 6 5 4 3 2 1 prm
o et Lk L ety et
0.50 000,87 090136 252 1MEs Ly casem
[ 0.1 038 1.0 0.99.008.57  sadanr
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(th

(4R)-4-((3R,5S,75,10S,12S,13R, 17R)-3,7,12-trihydroxy—10,13-dimethylhexa-decahydro-

1H-cyclopentalalphenanthren—17-yl)pentanamide(GA-BA-003) 2] &4

@ R"kE

OH OH

HO H OH

(4R)-4-((3 R,5S,7S,10S,12S,13R,17R)-3,7,12-trihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoic acid
Chemical Formula: Cy4H4005
Molecular Weight: 408.58

©® 'H-NMR ¢l 4z}

_38_

OH NH,

HO H OH

(4R)4~((3 R,5S,75,10S8,12S5,13R,17R)-3,7,12-trihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanamide
Chemical Formula: Cy4H44NOy4
Molecular Weight: 407.60



» Candids albicans

s 25°C, 24 hr incubation

* Nystatin and compound resolved in 50% DMSO
+ +: Nystatin 1 ug, -: 50% DMSO

= Antifungal activity7} 37! %X|0} dose dependent &7 LIEFS.
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(2h) (4R)-4-((3R,5S,7R,10S,13R,17R)-3,7-dihydroxy-10,13-dimethylhexa—-decahydro—

1H-cyclopentalalphenanthren—17-yl)pentanamide(GA-BA-004) 2] &4

@ R"kE

OH

HO H OH

(4R)-4-((3 R,5S8,7R,10S,13R,17 R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoic  acid
Chemical Formula: Cy4H4q04
Molecular Weight: 392.58

@ 'H-NMR &4z

Sampla Hume:

=85-04-19-27
Data Collmeted an:
Agilent-HMR. nos—viesad00
Azchive directary:
f anka 1

Sample dizectory:
XEE=04-19-%7_01
Tidrile; ¥S5-04-19-27_FROTON DL

Pulss Sequence: PROTON (sZpul}
Bolvent: dmas

(4R)-4-((3 R,5S,7R,10S,13R,17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ alphenanthren-17-yl)pentanamide
Chemical Formula: Cy4H44NO3
Molecular Weight: 391.60

HO

H OH

NH,

Data collected on: hug 8 2013
T T T i o T T T e T
10 9 8 7 6 -} 4 3 2 : ppan
S had Lt e by e L
096035 335 1060 .95 048402 17M3028.5¢
6.5 U R A TR T

12 11

_40_
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Candida albicans

37°C, 24 hr incubation

Nystatin and compound resolved in 50% DMSO
+: Nystatin 1 ug, -: 50% DMSO

GA-BA-004= 1 ugO| MEE| 40| 2 ¥SLICH
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(") methyl (4R)-4-((3R,5S,7S,10S,13R,17R)-3,7-dihydroxy—-10,13-dimethyl—-
hexadecahydro—1H-cyclopentalalphenanthren—17-yl)pentanoate(GA-BA-005) 2] 4

@ R"bE

OH

HO H OH

(4R)-4-((3 R,58,7S,108S,13R,17 R)-3,7-dihydroxy-10,13-

dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoic acid

Chemical Formula: Cp4H4004
Molecular Weight: 392.58

@ 'H-NMR <2143}

Archive dizectory:
Shome /vame) fimmreys fdata/1308-R1258~gapi blo
sarple directory:
E58-04-19-26_01
TLFLle: RIS-04-15-26 PROTON_0)

Pulse Gequence; BRGTOK (2pul}
Solvent: dmac
Data collected on: Aug B 2019

HO H OH

methyl (4R)-4-((3 R,5S,7S,10S,13R,17 R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoate
Chemical Formula: CpsH4504
Molecular Weight: 406.61

‘. L all

Lty byt bt by

143 1,00 6,53 .86 5 02 1m0
3.093,00.0.99 3.475.55.02 .53
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Candidz albicans

37°C, 24 hr incubation

Nystatin and compound resolved in 50% DMSO
+: Nystatin 1 ug, -: 50% DM50

BL S EEE LIEILA]
t
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(1P methyl (4R)-4-((3R,5S,7R,10S,13R,17R)-3,7,12-trihydroxy—-10,13-dimethyl—-
hexadecahydro-1H-cyclopentalalphenanthren-17-yl)pentanoate(GA-BA-006) 2]

4
o
O w-&
OH OH OH o
o o
HO H OH HO H OH
(4R)4-((3 R,5S8,7R,108,125,13R,17R)-3,7,12-trihydroxy-10,13- methy! (4R)}4-((3 R,5S,7R,10S,12S,13R,17R)-3,7,12-trihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[a]phenanthren-17-yl)pentanoic acid dimethylhexadecahydro-1 H-cyclopenta[ alphenanthren-17-yl)pentanoate
Chemical Formula: Cp4H4005 Chemical Formula: C35H4205
Molecular Weight: 408.58 Molecular Weight: 422.61

@ 'H-NMR &4z

Samplo Mame:
KS6-04=19~38
bata Collected on:
Rgilent-4HR. con-vamrsA00
Archive dizeezory:
[hcse fvracl fymarays/dats/ 1908 - 256 - gapibic
sample directory:
E8§-04-18-24_01
Fideile: KR3-04-19-24_PROTON_03

Tulse Sequenca: FROTON (aZpull
Solvest: dmso
Dets collected on: Aug 8 2018

Uhm_ MMM :

——e e

1z 11 10 ] 8 7 6 5 4 3 2 1 ppm
b L et e b
49909 1.001.34 250a,0e 126 183 2380
093 1,003 1,00 Las 11293 0.eRs2
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g S

TS

n
b

Candida albicans
37°C, 24 hr incubation
Nystatin and compound resolved in 50% DMSO

A-BA-006H EE 9| ZL, 10 ug0j| M
Ct
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(Ah) (4R)-4-((3R,5S,10S,13R,17R)-3-hydroxy-10,13-dimethyl-7-oxo-hexadecahydro

-1H-cyclopentalalphenanthren-17-yl)pentanoic acid (GA-BA-007, 008)2] 4]

@ R"bE

OH

HO H OH

(4R)-4-((3 R,5S,7R,10S,13R,17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoic  acid
Chemical Formula: Cp4H4004
Molecular Weight: 392.58

OH

HO H OH

(4R)14-(3 R 5S,75,10S,13R,17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoic  acid
Chemical Formula: Cp4H4004
Molecular Weight: 392.58

® 'H-NMR <2147}
GA-BA-007

Sanple Mamo
KEE-04-15-28 |
Data Collected ont
Agilent -}, con-vrarsd00
Archive dizectory:
lvome fynar funmrays/data/ 1908128 E-gapibia
sanple dizectory:
KES-04-19-38_01
Fidrile: XS5-04-19-28_FRovon_01

Pulse Sequonce: PROTON (82pel)
Solvent: daso
Pata collected on: Asg 8 R01%

OH

HO H o

(4R)4-((3 R,5S,10S,13R,17R)-3-hydroxy-10,13-
dimethyl-7-oxohexadecahydro-1 H-cyclopenta[ a]phenanthren-17-yl)pentanoic acid
Chemical Formula: Cp4H3504
Molecular Weight: 390.56

4.a51
FRLT)

O B e B B e e R S
14 13 iz 11 10 L

087

l JJ_J)MNLAM U

T T B o e e o L B b e T
7 6 5 a z 1 pEm

W e L e e S

1,87 JoAR, 15,33, 903, BLIA 112 T3

2.00 0.983.10.002.93 3087 6.26
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GA-BA-008

Sample Name:
XE5-03-19-65

Data Collected on:
AgLLent RO\, ctm-vamesd 00

Archive directocy:

Saxple directory:
H85-D3-19-45_01
TiaTile; KSS-03-19-63_PROTON 01

False Sequence: PROYON [adpul)
Solvent: dmge
Bata collected on: May 17 2019

A J LA{JN\)\M .

I R : e B A me - T - Ty 1T e
14 13 12 11 10 9 8 7 3 H 4 3 2 1 PP
R ot - P i
om 231 3 romen wasi.en 29
.97 1.00 LAY 08,90 2.9K.33

Molecular weight : 390,56
IUPAC namie : (4R)-4-((3R,55,105,13R,17R)-3-hydroxy-10,13-dimethyl-7-
oxohexadecahydro-1H-cyclepentalajphenanthren-17-yl)pentancic acid.

* Candida albicans

+ 25°C, 24 hr incubation

* Nystatin and compound resolved in 100% DMSO
* +: Nystatin 10 ug, -: 100% DMSO

* 50% DMSOof| 22 0| & goli<|A| 20f R
100% DMSO-E AHBGIY disk diffusion test o2 oIR8,

= Antifungal activityZ} 100ug S=0{|= 20|X] ¥S.
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1 5 10 ug/disk
+: Nystatin 0.1 mg/ml Nystatin
| -: DMSO 50%

Compound

01 1 10 mg/ml

20190614 20190619

OH

HO'

Molecular weight : 39056
IUPAC name : (4R)-4-{(3R,5S,105,13R,17R)-3-hydroxy-10,13-dimethyl-7-
t dro-1H-cyclop hiren-1T-yl)g ic acid.

_48_



(o}) ethyl (4R)-4-((3R,5S,7R,10S,13R,17R)-3,7-dihydroxy—-10,13-dimethyl-
hexadecahydro-1H-cyclopentalalphenanthren-17-yl)pentanoate(GA-BA-009) 2]

3

D g

OH

HO H OH

(4R)-4-(3 R,5S,7R,10S,13R, 17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[a]phenanthren-17-yl)pentanoic acid
Chemical Formula: Cp4H4004
Molecular Weight: 392.58

@ 'H-NMR &4z

simgleibs:  Famnaaan
KES-04-19-27
Data Collected oa:
AGEAent-NR. con-vnaradll
Reehive directory
Jhoma fvnmcl fermrays/data/1908-R1258-gapiblo
sample directory:
KEE=04=13~27_01
Figrile: KBg-04-19-27_PROTON_OL

Pulss Sequence: ERCTON (s2pul)
Solvent: dmso
Data collected oai hug B 2013

HO OH
H

ethyl (4R)4-((3 R,5S,7R,10S,13R,17R)-3,7-dihydroxy-10,13-
dimethylhexadecahydro-1 H-cyclopenta[a]phenanthren-17-yl)pentanoate
Chemical Formula: CoH4404
Molecular Weight: 420.63
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A1 A 1A A7 FEeh A7 Jedd Jdx

1APd o &= H3EQl 219f QuinoloneAld FAAE 7Est7] 918 Fo] F4 2 1
shebEol gk G Wy sl YAl Quinolone %*@Xﬂ A, 1A 1%, 24

4302 F 9%0 RS AT ARG BE GBI} BE £
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7-methyl-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-car oxyhc 20~50g
acid

6-fluoro-4-oxo-1,4-dihydroqui =
noline-3-carboxylic acid 20~50g

6-fluoro-4-oxo-1,4-dihydro-1,8-nap _
hihyridine-3carboxylic acid 20~50g

6-fluoro-4-oxo-7-(piperazin-1-
ﬁl)—l/l—dihydroquinoline—3—car 20~50¢g
0

xylic acid HLNMR +=5 A8 2 European
’ pharmacopoeia, US

13
6-fluoro-4-oxo-7-(piperazin-1- CT-NMR,
yl)-1,4-dihydro-1,8-naphthyri 20~50g IR,

dine-3-carboxylic acid

pharmacopeia, Japan
pharmacopeia & A= FAF

Mass, . N

e 43E == 234 g
6-fluoro-7-(3-methylpiperazin-1-yl)- 4
4-oxo-14-dihydroquinoline-3-carbo 20~50g
xylic acid

6-fluoro4-oxo-7-( 1pyrrohdm-l yl)-1,
4-dihydroquino. me—3—carboxyhc 20~50¢g
acid

6-fluoro4-oxo-7-(pyrrolidin-1-y1)-1,
4-dihydro-1,8-naphthyridine-3-carb 20~50g
oxylic acid

6-fluoro-7-(3-hydroxyazetidin-1-yl)-
4-ox0-14-dihydroquinoline-3-carbo 20~50g
xylic acid
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A7t bile acid A A A

2 g Ud Ay fTes B g 2133 oA Bile acid &
1

=
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dFge] Jedd Vo=

Aretr] $1% s

A, 1E 017 A oo, 51 ey 5% vFS ted 2u
EREE Bk B 12| 52
HNMR, =AY Eu.ropean
] ) - CBNMR pharmacopoeia, US
Bile acid 3¢ 7% ’ pharmacopeia, Japan
2t 20~30g IR, =
o] A Mass pharmacopeia % €%
’ &) a5 =3
HPLC A R gl whet
=4
2. 22d = A ptERE e 94
AAER A 553 24 Faus 2A=(%)
- A AE Enzymes ©| &3 Al
Bile acid Tt bile acid A oo 4HY
A A 2 A4 Scale up
Lag |2 - % o%el AuEL WARAO|
A w2 SREA @ 5w
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Scale up 5L Size(100g size)7}A| Scale
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