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Target-based drug discovery approach
Target: molecular mechanism or gene

Target identification 3-6 months
Target validation 3-6 months
Assay development 6-18 months
Lead identification 6-12 months
Lead optimization 24-48 months
Development 15-24 months

4.75-9.5 years
productivity ?

Drug Discov. Today , 10, 139-147 (2005)



Physiology-based drug discovery
approach

Traditional /n vivo approach

In vivo

_ ——l
screening ADME-Tox

Quantitative Structure Activity Relationship

Integrated /n vivo response



HTS

RO5
Hit
<Role of 5>

H-bond donors < 5
H-bond acceptors <10
MW < 500

MlogP <5

Role of 5 water solubility



Designed Library;
Drug-like library in house & LeadQust etc.

Focused Library;
Kinase, GPCR-targeted libraries etc.




IpOs INnc.)

Cluster SAR Map by SARNAvigator (Tr



100 pg/m

150/381

(ng/ml) 381
>10 39 89.5%
5 10 3 2.4%
1 5 6 4.4%
0O 1 3 2.2%
0 2 1.5%

PHARM. TECH. JAPAN, 16, 19-27(2000)
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Solubility High

Low

BCS Classification

3.0x 10> 6.0 Xx 10> cm/sec Rat

Class 3

»~ 05x106 ~1.0x10% cm/sec Caco-2

Class 1

Class 4

______________________________

\ Class 2

“— 50 pg/ml

«—10 ug/ml

Low Permeability High



Minimum Acceptable Solubility in ng/mL bar show
the minimum solubility for low, medium and high
permiability(Ka) at a clinical dose. - Lipinski -

2100

1000

1

| 1 I
ODlbw Olmwg O1hkgh 10w 10:mg 10kgh 10dw 10mg 10 kgh
Ka Ka Ka Ka Ka Ka Ka Ka Ka

Projected Dose in mgfkg

Solubility in ug/mL
=
B




Role of 5

Molecular-weight threshold for biliary excretion:
MW > 500

P. C. Hirom et al. (1972)

Poor oral absorption : logP>= 2
Water solubility < 10pug/mil
Water solubility of crystalline :
logS=-1logP-0.01 mp+ 0.5

S. H. Yalkowsky et al. (1980)



logP ?

< log P ; Octanol - , T >
ToH — IOgPphenol - IOngenzene
G =1.46 - 2.13
P = - logP =-0.67
W Teoony — - 0.32
Tococrs — - 0.64
Tena = 0.56
<log D>
logD ogP - pH - log(K,+[H*])

|
logP - pH - pK, (pH>> pK,)
logP (pH<<pK,)




.

MV Es STERIMOL MR
logP logD =
c 6, or pKa 'H- 3C-NMR



QSAR

Hansch-Fujita

(MLN)

BR=an+bo+CEs + Kk

BR
o Hammett Es Taft



In silico screening  de novo
Lead Generation Optimization

/In sitlico

de novo
Query



The binding free energy

Protein Complex O
Drug
® O
Q" _
O
® O
e =80 g O

= - RT In Ky
= -1.363 log K; (T= 298K, AG= kcal/mol)

+ ASyat)

ress

AANG = AGA' AGB
= - 1.363(log K,- log Ky)
= - 1.363 log (K,/ Ky)




In silico screening

Unity/FlexX Thymdine Phosphorylase
Lead Generation

In brain : Hit chemist

R 1 D46 _THR118

L. RAwd6 THRdI1S

False positive:



Drug Protein

: ‘a.
O + O
e o o °

AGJ AG = AG, + AG,- AG,

AG,
O + MM or Q

|




Fragment Molecular Orbital Method

20
10 F 4-Hydroxyclomif

® 4-Hydroxytamoxifen
0 | 4.4-Hydroxytamoxifen

17p—Estradiol
@ Diethylstilbestrol

[s)
§ —10 |- 8,17a~Estradiol @
S Bisphenol
< 20 | -
g @ Genistein
< =30 |

—40 Clomifen /g _

@® Tamoxifen
—50 |
L/ Bisphenol A
—60

5 4 -3 -2 -1 0 1 2
log(RBA/100)

K. Fukuzawa et al. ab /nitio Mechanical study of the binding energies of human estrogen receptor a
with its ligands: an application of fragment molecular orbital method., J. Compt. Chem., 26, 1-10 (2005)



Molecular Mechanics
Poisson-Boltzmann/Surface Area

AGbind — Gcomplex N (Greceptor + éIigand)
G=G - G, ,+ TS
E :Ebond + Eangle + TEdihedral + TEVDW + I_Eelec

AGRanpolar = w(SASA) + b

solv

(y = 0.00542 kcal/mol.A2, b = 0.92 kcal/mol )

K.Matsukawa et a/. Investigation of neuraminidase-substrate recognition using molecular
Dynamics and free energy calculation, J. Med. Chem., 46, 5628-5637 (2003)



In silico approach to drug discovery

In silico approaches

Ligand-based statistical method: QSAR
Protein structure based method: docking &

de novo design
ADME property prediction

Toxicity prediction
Biomarker: preclinical phase of drug development

Proof-of-principle in preclinical study
Clinical proof-of-concept in clinical study



< Physiology-based Drug discovery >

Physicochemical Property Based Drug Design

In vitro
In vivo HPFC , PCA
ADME-Tox Cmax , AUC, LD.,, BWC




IPD-1151T; Suplatast Tosilate

CHs . _ CHs . _
_/S—CH,CH,0C0CH; X _/STCH,CH0H X
CH3 CH3

X =Cl



1 IgM 19G

2 IgE
3 Invivo 1710 LD,
4

Chemical Abstract



N Sulfonium Tosylate N

(CH3)28+—R N
Ts0 S gt
CH3 Rl —

/R — CH2CH20H, \

n-Pr, TsO TsO
cyclohexyl, R1 = Me, Ry = H, OMe, COMe, COOH
CH,CH,;0Me, R, = CH,CH,OH, CH,CH,COOH, R, = H

\ CH2CH2COOH/

log(1/LD,,) = 0.145 logk — 0.645 1 + 0.495
(n=13,r=0.956,s =0.130)

Y. Tada et al., Chem-Bio Inf. J. 1, 84-93 (2001)



CH3\+
R= CH
S—CH,CH,0-R  TsO' , —<:| <O =) _CQ _CQ

CH3

CHaCHa_ o
/S+—CHZCHZO‘© EAN
CHS @ ) s CHCHZO
H3
\ / CHs._ c:H3 :

s —CH,CHO

CH3CHa_
S+—CH2CH20—© CHj
/ N
Chsch /S+—CH2CH20—© cHy”

CH3 CH3\
/ l \ /S+—CH2CH2CH2-©
CH3
CHa o _@ CHs
/S+—(CH2)nO‘© /\:§ s CHZCHZS—Q
CH3_S

CHs n=345 CH3

Y. Tada et al., Chem-Bio Inf. J. 2, 86-94 (2002)



Phenylether choline
K. Fukui, C. Nagata, A. Imamura, Science, 132, 87 (1960)

CH3 CH3
+ CH
H3C_N—CH2CH2_O—< | s 3 l _/R
| O H3C—N—CH2CH2—O—@
CHj

|
CH, /

- I i R = ClI, Br, CH,,
Acetyl choline Sr (Superdelocalizability) r 3

Phenylether choline

1IPD Sr




(CH3)23+CH2CH20—©—R R A3 Ris

TsO" H 1829  +++

Cl 196.8 ++

4 CHs 1995  ++
OH 191.5 +
oH OCHj 2076  +
(CH3)ZS+CH2CI—'I3{O>'—©—OCHZCHCHZOH OCH,CH; 2256 -
Molecular volume: C(CH3)3 249.2 -

~

259.6 A3

Molecular volume: Ach: 157.1 A3  nicotine: 168.1 A3
Phenyethercholine; 192.2 A3

R.,: The intrinsic activity ratio with Ach (1x10-°g/ml) in atrial strip of

guinea pigs (comp; 1x10-°g/ml) +++; R,,>1.0, ++; 0.5< R, <1.0
+; 0< R, <0.5, -; no activity

Y. Tada et al.,, Chem-Bio Inf. J. 3, 163-174 (2003)

\

_/



Lead Evolution

PCA inhibition (ip)
dose: 20mg/kg

(CH3)28+CH2CH20—©
TsO" 12.71%
(CH3)28+CH2CH28-©
TsO -29.2%
(CH3)28+CH2CH2CH2—©
T<O 26.1%
CH-)>S"CH,CH CONH—@
(CH3), 2 TsZO' 27 104

Y. Tada., et al., J Med. Chem., 41, 3330-3336(1998)



(CH3)28+CH2CH2CONH—©—R

TsO"
R = Cl, Me, CF3, COMe, OMe, OH
F, CH2COOH,

PCA inhibition (ip)  LDgp(mg/kQ)

dose: 20mg/kg in mice

~OCHCHCH, 13.8% 97
OH

-OCH,CHCH,0H 38.7% 1040

-OCH,CHCH,0H ) 324

OH - 495

|
-OCH,CHCHs




PCA) (CH3)ZS+CH2CH2CONH—©—R TsO"

30— ° ,OH
_OCH2CHCH20Et
20— (I)H
= OCH>,CHCH,OPr OH
OH !
@ ® - OCH,CHCH,0Ph
-OCH>;CHCH,OMe o
10— OH o ®
|
-OCH,CHCH,OBt OH
]
OH —OCH,CHCH,OcHex
|
® ~OCH,CHCH,OH

T
I I I ca
-1.0 0 1.0 Icd



IPD-1151T

Th2
IL-4 ILS
LDg, HPFC, PCA Cma? AUC
T T Transport Rate in Liquid Membrane

H-D Exchange Reaction Lipophylicity; n y Association Constants of lon Pairs

_/S—CH,CH,CON OCH,CHCH,OCH,CH3  H3C SO3
CH{

Methyl Transfer Reaction Volume of Substituent

| !

LD, Cholinergic Effects



TAS-102 ;
Thymidine Phosphrylase(TP)
< Target-based Drug discovery >
Structure Based Drug Design

TPI
O N .

o HN CFs Incorporation into DNA
N | CF; OJ\Nl
N < HO— o ] — F3dTMP—> F3dTDP—=>F3dTTP —=>DNA

H
F3Thy TP OH +

I F2dThd
TS inhibition
PD - ECGF

Angiogenesis
Metastasis



TP

E. coli TP (1TPT)
+ Hydrophobic
Pocket

Arg-202| 3 g'aseS't '
Building of Backbone Inding oite

@)
+ Val-208 H3('\fLNH W Oer-217
: I
Homology Modeling N’g

7} 1,

( Human PD-ECGF) Lys-221
+ it logP: -1.94
r_
3D-Structure of Human TP HO Leu-148

by CHARMm/QUANTA 2'-Deoxyribose

Binding Site His-116

TP Backbone , N
b Ser-117 Ser-144
Phosphate
Binding Site Ser-126

Thr-154




Phosphate binding site of TP
Ac |lue¥ofTP N 0O

Val208

Argzjz 3 CHj

(C|:H2)n
R

[R=NH2, COOH, n=2~8]

R = (CHy)g-PO5”
Inhibition 46% (100uM)

Esteban-Gamboa et al. J. Med Chem.,
43, 971-983A. (2000)




Hydrophobic Pocket

@

O
R
LA
N O
H
R AV(A®)  ICs(uM)
H 76
54 26
ClI 13.9 0.1
CH; 169 1.8
Br 17.8 3.8
NO, 243 4.8
| 25.6 6.0




Cl Cl
NH

I=
I

mp>3 0 mp = 210
1C5p = 9.5 uM 1C;p = 23 uM

Val208

7~
2 |

2'Deoxyribose
Binding Site

Thri18

logS = -logP-0.01 mp + 0.5

NH,

Ser217

F

’-l"'

l Lys221
. '-.-Il\‘

' ;

2'Deoxyribose
Binding Site




6-Aminomethyl-5-chlorouracil

o R CLOGP Charge  1C5(uM)
Cl NH, - 1.391 -0.033 23
| NH
R CH3NH -0.975 -0.044 12
Nige!
H C,H5NH - 0.446 - 0.055 20
log(1/1Cg,) = - 0.936 CLOGP (CH3),CHNH -0.083 - 0.055 32
- 29.38 Charge (1
oo charge (D CHyCHY,NH  -0528  -0.054 210
Physicochemical Properties  (C2Hs):NH 0.369 -0.076 340
H-bond ( N 0.904 -0.083 120
CN 0.345 - 0.096 2.2
pKa
i <>N -0.214 -0.104 2.6
Charge N
) N\_/N -0.795 -0.104 1.0

(Quantum Mechanics)




6- Imlnomethyl -5- ChlorouraCH

Cl NH
I N/go ,
HN H

H HCI
NH,

+

log(1/1C..)= - 0.308 CLOGP — 14.98 Charge — 0.966 | + 3.98 (2)
(n=23, r=0.816, s= 0.818)

1C50(M)
R CLOGP Charge
Calcd. ; eq.(1) Obs.
SC(=NH)NH, -0.641 -0.161 39 x 1078 3.5x 107
SC(=NH)NHCHj - 1.390 -0.177 15x 107 15x 107’
SC(=NHCH3)NHCH; - 0.434 -0.131 34 %107 2.0x10°
S-2-imidazolinyl -1.118 -0.184 19 x 10712 25x107
NHC(=NH)NH, -1.953 - 0.204 13x 108 2.7 %107
N(CH3)C(=NH)NH, - 1.197 - 0.240 6.5 x 108 6.7x 107
NHC(=NH)NHCH;3; - 0.416 -0.220 6.5 x 1078 6.5x 107

NHC(=NCH3)NHCH; - 0.441 -0.182 34 x 107 2.6x107




Cmax = 5.10 CLOGP + 66.7 Charge + 22.07 (4)
(n=5,r=0.719, s=9.26)

H H
N=\ HaNSr S~ HaCHNS NS HaNS NS

R
CLOGP -0.345 -0.795 -0.641 -1.197 - 1.953
Charge -0.096 -0.104 -0.161 - 0.240 - 0.203

IC50(M) 2.2 x 10

Cmax(ng/ml) 23 g

-6

10x10° 35x107 65x10%  27x107

4.38 2.00 1.43 0.80




Z Z

Cl

HON |/§i>|_|
2 NH N X0 2

NH,

+

H

~
e
~
g
-~
N
~
-

A

s,
-

-
-
-

-
-
-

+

NH>

H

Cl

Iz

NH




ClI
| NH
R /k
N~ O
H - HCI
R N HN_. _N-  CH3N_ N- C,HsN_ _N-
NH NH NH NH
Cmax(ng/ml) Calcd. 9.73 5.15 11.68 14.77
Obs. 2.93 2.98 - -
ICso(M) Calcd. 9.1 x 107 26 x 107 1.3x10° 9.6 x 107
Obs. 35 x 1078 1.3 x 108 4.6 x10°° 3.6 x 107
CLOGP - 0.366 -0.925 -0.049 0.48
Charge - 0.157 - 0.183 - 0.152 -0.171




(AZ521) F,dThd

O
Cl NH dose* (mg/kg) Cmax (ug/ml) AUC (ug " hr/ml)
|
qN N/go : 8.16 7.20
H
NH,-HCI 47 1 2179 29 47
O
Cl - 9.43 5.90
NH
[\ |
ANG AN N’go 43.2 17.90 14,58
NH,-HCl 1
*F,dThd(50mg/kg)

M. Fukushima et al. BioChem. Pharmacol, 59, 1227-1236 (2000)



(CO-3;

dose* (ng/kg) IR(%0)
F,dThd 21.2
@)
cl NH
WA A, 471 40.9
NH,-Hcl 1
O
Cl
26.1

A K 43.2
H

NH; " HCI

*F,dThd(50mg/kg)

M. Fukushima et al. BioChem. Pharmacol, 59, 1227-1236 (2000)



Active conformation
Open or closed conformation?

BSPYNP; M.J.Pugmire, Structure 6, 1467-1479 (1998)



4 _THR







LERRRT e RELL

o
-

R. A. Pauptit, Structure, 12, 75-84 (2002-4)



TP TPI

Cl

+
N
HzNﬁ HPOgZ_

N1:ACDpKa = 7.78

i

His-116 Lys-222
TPI1 cation TPI1 zwitterion



CH
H)I\I\)j/ 3 HN)j/CHg
5 0N o™

N & —
HO .
e s
OH C|3 OH 0
oH* O'—FI>=0 2H" O'—FI’:'-O
OH OH
Transition Intermediate
Sstate State

O

OJ\N
H

HO o

OH 7
Ht o'—|i>::0
. OH
Thymine
2-deoxyribose-
1-phosphate



Rig
Rig
Rig
Rig

Nt Target
Nt Screening System
Nt Lead Compound: Drug likeness

Nt Optimized Compound: proof-of-principle
ADME-Tox

Right Pre-clinical Study: Biomarker
Right Clinical Study: proof-of-concept
Registration

Post Launch

Chem-Bio Informatics







