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ARTEMISININ i it l t id d i l k ( i h ) (1)ARTEMISININ is a sesquiterpene lactone peroxide and is also known as (qinghaosu), (1).
Derivatives such as artemether and artesunate are now routinely used clinically for the
treatment of multidrug resistant Plasmodium falciparum malaria.

Artemisia annua

Posner, G.H;. O’Neill,P.M. Accounts of Chemical Res. 2004, 37, 397-404



Endoperoxide Antimalarials ‐ Proposal for the Mechanism of ActionMechanism of Action
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O’Neill, P.M.; Posner, G.H., A Medicinal Chemistry Perspective on Artemisinin
Related Endoperoxides, J. Med. Chem., 2004, 47, 2945-2964



1,2,4‐TRIOXALANES v’s 1,2,4,5‐TETRAOXANES ‐
2 CHEMICALLY DISTINCT GROUPSC C S C G OU S

1,2,4-TRIOXALANES:

The starting point - A  2°
Ozonide (1,2,4-Trioxolane)

Inactive
Unstable

and reactive Highly potent antimalarialHighly potent antimalarial

1,2,4,5-TETRAOXANES:
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POSSIBLE MECHANISM OF ACTION POSSIBLE MECHANISM OF ACTION -- HEME HEME 
ALKYLATIONALKYLATIONALKYLATIONALKYLATION

F. Bousejra ElGarah; J. Med. Chem., 2011, 54, 6443



NH2

Confocal Imaging Studies Confocal Imaging Studies -- Effects of Iron ChelatorsEffects of Iron Chelators
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D i dd d t C ll h d ith Fl t dDrug is added to
chamber containing

Infected RBCs
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is retained.
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Activity Based Protein Probes for MOA   

1 Clickable activity based protein probe/ copper catalysed click reaction1. Clickable activity based protein probe/ copper catalysed click reaction 
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Labelling profile of P1, P2 and control probesg p p

Laser Imaged Coomassie Stained Gel

1 sec exposure 



Proteins captured and identified by treatment of 3D7 with 
b ( d )Probe  1 (Human and PF‐3D7 Proteins) 

Significant  score threshold  49 



In Vitro Activity of RKA182 versus South East 
Asian Isolates –Thai/Cambodia

Angewandte Chemie International Edition
Vol me 49 Iss e 33 pages 5693 5697 A g st 2 2010Volume 49, Issue 33, pages 5693–5697, August 2, 2010



The impact of infection on PK for OZ277The impact of infection on PK for OZ277
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• Significant reduction in drug plasma concentrations in malaria patients…

0 4 8 12 16 20 24
Time (h)

• Reduced exposure meant that it was unlikely to meet 3-day treatment 
regimen

• Ph II A 70% ffi (28 APR) ith 7 d t t t• Phase II: Approx 70% efficacy (28 APR) with 7 days treatment 



Pharmacokinetics: RBC stability; Infected & 
Non-Infected

100

Stability of RKA182 in non-infected and infected red blood cells Vs OZ277.
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RKA182 non infected RBC
RKA182 2% infected RBC
OZ277 non infected RBC
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OZ277 non infected RBC
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Target product profile For Synthetic Peroxide
SUMMARY FOR RKA 182SUMMARY FOR RKA 182

• Simple synthesis / achiral – 4 steps scalable

• Water solubility 4.5 < ClogP < 3. Clog P 2.5Water solubility 4.5  ClogP  3. Clog P 2.5

• Activity IC50 < 10 nM in vitro 2-5nM

• In vivo activity ED90 < 10mg/kg 4mg/kg

A t bl t i it• Acceptable toxicity
Ames –Ve
HERG –Ve (>10μM)
MTD 400mg/kg rat
MTD 80mg/kg dog

•ADME profiles (F= >25%)
F = 38% (possibly 70%)

FULL PRECLINICAL COMPLETED MEETS ORIGINAL TPP 



MMV’s TPP – Aims for Molecules with PK Properties 
Capable of Delivering Single Dose Cure (TPP1)Capable of Delivering Single Dose Cure (TPP1)

PK of RKA182 – whilst improved over semi-synthetics half-life is too 
short;  MMV require longer half-life endoperoxide analogues for 

combination chemotherapy.



JC3-39 – An improved Variant of RKA 182

JC3‐39 Truncation of Side-chain

Maintained Antimalarial Activity

Key Features

IC50(3D7) = 1.4 nM Increased metabolic stability/simpl

y

ED50 = 0.5 mg kg-1

ED90 = 3.5 mg kg-1

profile

Enhanced Drug Exposure/ F(%) (7
Mouse survival

3  10 mg kg-1 p.o. dosing 
=17 days (Free base) (Artes = 8 days)

Enhanced Drug Exposure/ F(%) (7

Less toxic than RKA 182 in repeat 

PK in Rat (2 mg kg‐1 i.v./20 mg kg‐1 p.o.)
T½ (p.o.) = 7 h, T½ (i.v.) =2h

dose toxicity studies in preclinical
animal studies

F = 76 %

Solubility >50 mg ml‐1 in H2O (22 C)
PK profile and Single dose

y g 2 ( )



PNAS February 7, 2011
Cures malaria with a single oral dose in
P b h i d l (30 /k i l

OZ439 Raises the Bar
P. berghei model (30 mg/kg single
dose)

Is more effective (against P. berghei)
than mefloquine as prophylactic agentthan mefloquine as prophylactic agent
(and faster acting)

Exhibits 5-fold lower clearance, and 9-
fold longer half life than OZ277 (in mice,

t d )rats, dogs)

Has high and reproducible oral
bioavailability

Has minimal toxicity in rats, negative
AMES and MNT low hERG potentialAMES and MNT, low hERG potential,
and low toxicity in rat whole embryo
cultures



Strategies Adopted for Third Generation Series

G lGoals:

• Investigate blood-mediated degradation (and subsequent in vivo

clearance)

• Extend half-life to enhance exposure/Increase Metabolic stabilityp y

Strategy:  

• Modify structure of JC-3-39 to include OZ439 Tetraoxane Hybrids.

• Modifications intended to alter logD, pKa and Fe(II) stability



Late Leads Identified
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In vitro IC50 3D7; 5.1 nM
F ( t) 60 100 % i T 21h

In vitro IC50 3D7; 1.3  nM
F ( t) 60 100 % i T / 5 7h *F (rat) = 60-100 %, iv T1/2 = 21h

Single dose ED90 Pfscid = 11 mg/kg
P. berghei MSD = 25 days (2/3 cures)*

F (rat) = 60-100 %, iv T1/2 = 5.7h
Single Dose ED90 Pfscid = 8.6 mg/kg
P. berghei MSD = 25 days (2/3 cures)

*

Shanghai Chem Partners data; may
Underestimate T1/2 based on

Timepoints used
*

Timepoints used.

19



Key Results - In vitro activity Confidential

Code Structure IC50(nM) vrs 3D7
OZ439 8.0 ± 0.3

TDD-N205 1.3 ± 0.1

TDD-E209 5.1 ± 0.81

In vitro IC50 values for TDD-E209 against several sensitive and resistant strains of the malarial parasite. 

Parasite strain IC50 (nM) ART Chloroquine
*NF54 5.2 ± 1.0 4.7 ± 1.0 5.9 ± 1.0
#K1 4.2 ± 0.8 2.8 ± 0.6 173.0 ± 29.5
*HB3 4.2 ± 0.8 2.8 ± 0.6 9.0 ± 1.5HB3 4.2 ± 0.8 2.8 ± 0.6 9.0 ± 1.5
#7G8 2.9 ± 0.6 1.8 ± 0.4 55.0 ± 9.4
#TM90C2B 7.3 ± 1.4 3.8 ± 0.8 121.0 ± 20.6
*D6 8.5 ±1.6 5.8 ± 1.2 8.6 ± 1.5
#V1/S 4.2 ± 0.8 2.7 ± 0.6 193.5 ± 33.0
#Dd2 7.7 ± 1.5 5.4 ± 1.1 150.5 ± 25.7
#FCB 14.0 ± 2.7 5.8 ± 1.2 66.0 ± 11.3

* Chloroquine sensitive strains, # Chloroquine resistant strains.  ART = artesunate



In vivo activity and Average mouse survival
Confidential

In vivo activity and Average mouse survival
of N205, E209 and OZ439Code % Activity Average mouse survival

Following 30mg/kg doseg g g

OZ439 99.4 30 (30, 30, 30)
#TDD-N205 99.42 26.3 (16, 30, 30)
#TDD-E209 99.65 25.0 (15, 30, 30)
1TDD-N205 Mesylate 99.30 25.0 (13, 30, 30)
2TDD-E209 Mesylate 99.42 13.7 (13,14, 14)y ( , , )
Control - 4.0 (4, 4, 4)

# Citric acid formulation 1 Liquid

• Mean survival times were vehicle dependent

# Citric acid formulation 1 Liquid 
suspension 2 Liquid solution

• Mean survival times were vehicle dependent.
• The citric acid formulation of E209 gave 2/3 cures whilst 

the mesylate salt gave no curesthe mesylate salt gave no cures.
• Both the citric acid formulation the mesylate salts of N205 

gave 2/3 curesgave 2/3 cures.
• OZ439 consistently gave 3/3 cures.



Therapeutic Efficacy of TDD-E209, TDD-N205 
and OZ439 in the SCID Mouse Modeland OZ439 in the SCID Mouse Model
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M th d f G d I t l f fid f U it fMethod of 
estimation

Goodness 
of fit Parameter Mean Interval of confidence of 

the mean at 95% (IC95)
Unit of 
parameter

TDD-E209
log fit 0.99 ED90 11.6 10.5-13 mg·kg-1g 90 g g
log fit 0.99 AUCED90 1.2 1-1.4 µg·h·ml-1

log fit 0.99 AUCPCC 3 2.3-4.4 µg·h·ml-1

TDD-N205
1log fit 0.99 ED90 8.6 7.7-9.6 mg·kg-1

log fit - AUCED90 < 0.75 - µg·h·ml-1

*OZ439
log fit 0.99 ED90 6.0 5.65-6.9 mg·kg-1

• No cures were observed at the dose levels administered for N205, 

log fit 0.99 ED90 6.0 5.65 6.9 mg kg
log fit 0.99 AUCED90 0.68 0.6-0.9 µg·h·ml-1

o cu es e e obse ed a e dose e e s ad s e ed o 05,
E209 and OZ439.

• All compounds were fast acting.22



Current status
Confidential

TDD-E209 and TDD-N205 have been identified as potential late 
leads

• in vitro potency 

• DMPK single dose cureg

• Iron stabilityIron stability

• X resistance studies (ongoing)X resistance studies (ongoing)

• Superior to OZ469• Superior to OZ469

• GLP li i l t di l t d Q1 2014• non-GLP pre-clinical studies completed Q1 2014
• CANDIDATE DECLARATION Q1 201423



SummarySummary
Third Generation Tetraoxanes
Show promise for full

Solubilityy

Fe(II)
Stability

COG 
p

development

S l A l di d
RBC

Stability 

Stability 

Single Dose
Cure 

Several Analogues discovered
with superior properties to
OZ277, RKA 182 and all

PK

y

Toxicity

,
semi-synthetics artemisinins.
OZ439 still remains the gold
t d d i PD d l

IC50

PK standard in mouse PD model
Single dose PoC?

Resistance

Clearly extending T1/2 for this
class of drug has implications
i t f t ti l t i itResistance in terms of potential toxicity
(neurotoxicity, embryotoxicity)
and this aspect will be addressedp
Should TPP1 features be achieved.
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