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Natural Product Drug Discovery at

ioMedical Research

Since 1917, Novatrtis is continuously active in this research area and successfully

developed numerous natural product based therapies

Ergot alkaloids Neoral ® Cyclosporine A Lescol ®
Exelon® (Cyclosporine A) Elide| ® (Fluvastatin)
(Rivastigmine) Certican ® (Ascomycine) Pursenid ®

Serpasil ® (Rapamycin) (Senna

(Reserpine) Myfortic ® alkaloids)

[Delysid ®  (Mycophenolic acid) Desferal ®
(LSD)] (Desferrioxamine B)

FTY720 Coramin ®
(Myriocin) (leetamlde)
Serpasil ®

(Reserpine)
Diginalid/ Digoxin ®

Clinical candidates since 1999
(Digitalis glycosides)

Launches since 1999
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Penicillins PKC412
Cephalosporines EPO906
Erythromycine RADO01
(bulk antibiotics) ABJ879
Tobi/Tobrabact ® | AQ824
(Tobramycin) LBH589
Cubicin ® (Trichostatin
(Daptomycin)  based synthetics)
Rimactan ® Gimatecan
(Rifamycin) (Camptothecin)
Riamet®/Coartem ® Paclitaxel
(Artemisinin) (Baccatin)
NIM811
LBM415
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@ Microbial strains @ Plant samples

S¥or BloMedical Research

Obtained according to Convention on Biological Dive
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Chem. Diversity: Hyphenation and D

/ZIGCted peaks: ;
Automation possible.
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select HPLC fractions
collect in well plates
dry (SpeedVac)
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Automated measurement in transmission
~40 sec./spot
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Preparative Isolation of Natural (BRIOPIB oMedical Research

normal phase (NP) prep. RP-LC-MS
flash chromat. MS, UV or purity
TLC analysis time based fract. ] <90 % : D
extract P | pre-fraction p| RP > final purification
fraction NP or RP

purity
>90 %

Pure compound

« Two step process: combination of normal phase rever sed phase separation
« > 60 % pure compounds after first preparative rever  sed-phase step

Flashmaster Il system used for pre-fractionations LC-MS system for preparative separations
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Natural products of Novartis
collection (red)

170’000 natural products &
derivatives from ‘dictionary of
natural products’ (grey)
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6’000 drugs (blue)

Natural products of Novartis
collection (green)

250’000 organic molecules (grey)
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@ Natural Product Extracts © 0 o Pure Natural Products
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Purification Recovery Rates

Compound UV-Based Time-Based
Threshold Broader window

Sclerotiorin 65% 78%

Strobilurin B 73% 86%

©Q © 0 0 0 0 @ ©Q ©Q @ @ @ © @ @ @ 9@ @ © © ©
2.8 8.,.8,.8.,8.,.8.,8.%.,8.,8.8,8.8,8.8.8,8.8.,8.8

Separation Capacity Tests

Injection CGP039329 PKF212-539
0.26mg RT 3.52 RT 3.00
0.85mg RT 3.51 RT 2.99

2.6mg RT 3.52 RT 2.98
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Separation of Acetyl Rasfon S 67 s it FEOPE oMedical Research

HPLC separation on reversed phases SFC separation in column screening

DAD1 A Si9=220,8 Ref=off (1120061110.002101_77000.0) 5004
a0 OH

[
E |
4607 |
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i yridin
| X OH H‘/P

Pyridin-\gmid |

UV 220 nm i
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mmmmm I Ms @) EIC (477) Rasfonin

mmmmm SR0757
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HPLC separation on normal phase ;

UV 220 nm UVv 270 nm

777777

)
I S

Separation comparison

RP: no separation on RP-18
NP: partial separation on CN

UV 254 nm SFC: baseline separation on Diol
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Separation of Acetyl Rasfoni

Preparative separation

* Fungal metabolites

*  MiniGram™ (Mettler Berger)
¢ 15.9 mg sample

* Diol column (250 x 8.8mm)

* Runtime 4.5 min

*  Flow rate 10ml/min
- Modifier isopropanol (17% isocratic) T,
- UV 270nm

200

98 : UV 270 nm
5 JANE .
-50:
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Separation of Phenols
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HPLC separatio

oooooo
uuuuuu
uuuuuu
oooooo
uuuuuu
oooooo
oooooo

SR0911

D1 TIC, MS File (J:120061107.004101_58003.0) APIES, Pos,

. Scan,

n on reversed phases

MS (+) TIC

o 7 N MS (+) EIC (361)
§ 5 2
o 7 f\ MS (+) EIC (347)
- B UV 220 nm
HPLC separation on normal phase
UV 220 nm
UV 254 nm
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SFC separation in column screening

Cyano N . Diol i’yrid:n-Amid
i ‘

x Pyridin

\  Asterric acid

\Mft

Silica —_

- uv220nm

Separation comparison

RP, no separation
NP, baseline separation (tailing)

SFC, baseline separation on
Diol and Cyano
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Stacked Separation of Phenol:

Methyl asterrate Asterric acid Preparative separation
_ \ /

| 5003 NI »  Fungal metabolites
s f e | - MiniGram™ (Mettler Berger)
;22 3so§- «  Sample 71.8mg
ggg 1T «  Diol column (250 x 7.8 mm)
s | o0l - Stacked injections (20 times)
oy |15 g 3_‘ »  Flow rate 10 ml/min
1:30 10 o E . .
iz 512 |5 | ¢ 15% MeOH, isocratic
1o i / ﬂ L‘ - Total run time 33 min
sl | -50F i i '
st | go0b * Time saving > 60 min
8 0 2 4
: or
70! /
Zs H /’/’ é (0] (@) 0 |

T ~ O__0  Os__OH
0 —/

1 ig[o oH o OH
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Methyl asterrate Asterric acid

6 8 10 12 14 16 18 20 22 24 26 28 30 32
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Separation of Novel Fungal Diaste
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DADI A, 5ig=220,8 Ref=off (3120060111.001\01_37000.5)

1004 g
g

F852798 P3 M385

UV 220 nm

ioMedical Research
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20000 g
Al § 8 88 3 38 8 vssaate 88 B%
s A MS (-) EIC (432)
aoo00d L MS (-) EIC (386)
3 Memnobotrin skeleton
. NISD1 385, EIC=384 90:385.90 (7\20060111.001\01 37000 D) _API-ES. Pos, Sean, Frag: 70, "Sean. pos” MS (_) EIC (385)
RP-HPLC Analytic i
soocos  Sunkire C18 (4.6x100mm i :
{ ) ‘ | | ‘ Diastereoisomers
- 2,100:-- / \
660 . 2,006f 1 )
= SFC Analytic & g SFC Semiprep Il
600; o 1,800 idi 210,
=% Ethylpyridin 4.6x250mm K | Ethylpyridin 8.8x250mm, 25-31% MeOH
Egu 30%MeOH oo 10m/min., 9.0mg/Injection
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Column Screening in SFC

Column type analyt  semiprep
- Diol X X
Cyano X X
*  Pyridin X X ’ - =
° Pynd'n amld X X Vaive ) S So) s
. Amide X X 000000 000000
(o) erentioy
©
Parameters analyt semiprep
* Length [mm] 250 250
« Diameter [mm] 4.6 7.8
« Particle size 6mMm 6mMm
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Aurovertin Skeleton o}

HPLC-UV-MS analysis with
6 columns

Ascentis Phenyl
Ascentis RP-Amid
Discovery HS F5
Synergie HYDRO
Synergie MAX-RP
Synergie POLAR

o a0 h w D PE
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Column Screening in SFC

Sample P2 M419
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SFC Separation with Thar Investl

« 153 mg aurovertin mixture
< 3 aurovertins separated by Thar SFC
* No separation by HPLC with 6 columns
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SFC Separation of Novel Ascosall
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HPLC separation on reversed phases
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HPLC separation on normal phase
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Preparative SFC separation
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Scale Up in Preparative SFC

« Staplabin sample (192 mg, isomers of
SMTP1) from a fungus strain

» Gradient elution 0-1 min 15% MeOH,
1-10 min 15-50% MeOH on Pyridin
column

« Scale up in preparative SFC with Thar
Prep SFC-200, Pyridin column (21 x
250 mm), flow rate 100 g/min,
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* Antibiotic X 14881A sample (449 mg) from an actinomycete strain
« Separation on Amino column

\ [ Anulug Channel
K Analytic: gradient 5-50% MeOH : Preparative: isocratic 10% EtOH
stacked injections, one cycle

OH

o)
g

o oH " L
- P [N R
Antibiotic X 14881A e oy e
I srlwm B hvarerre] 1
- isocratic 10% EtOH
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Analysis of 84 Isolated Metabolites by SFC
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Isolated Microbial Metabolites by SFC

Fungi Actinomycetes Novel

Known

Isolated Microbial Metabolites by SFC

mFungi @Actinomycetes

Novelty of Microbial Metabolites from SFC

@ Known m Nowel
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Summary and Prospect

SFC — A New Dimension in Natural Product Purificatio n
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Flashmaster on Normal Phases
®
Flashmaster on Normal Phases

Miniaturization? e o)
Dereplication?
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Cost effective?

@ Natural Product Extracts © © o Pure Natural Products
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