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SUMMARY

Molecular designing or molecular modeling is an integrated methodology or
technology for the evaluation of chemical, physical and biological properties of a
set of molecules theoretically and for the establishment of qualitative and
guantitative relationships between the structures and activities of related
molecules, thus serves as a very useful tool for designing molecules for various
properties.

The recent development of computer hardwares and softwares make
theoretical calculations in high accuracy and speed to get numerous molecular
properties such as 3D-structure of molecule, the relative stability of molecular
conformation, the reactivity with various substituents, the electronic structure,
dipole moments, the distribution of charge/electron density, the prediction of
ultraviolet (UV), infrared (IR), nuclear magnetic resonance (NMR) spectrum,
molecular polarizability, and provide the information about molecular recognition
and selectivity through protein—drug complex.

Therefore, the purpose of this thesis work is to explore various molecular
modeling techniques aiming at designing biological active molecules more
logically and efficiently.

The specific subjects selected for the study are nonpeptidic angiotensin 1I
receptor antagonist as the treatment of high blood pressure, cardioselective K’
channel activators, multi-drug resistance reversal agents as a combined
chemotherapy with anti-cancer drugs, etc.

First, the theoretical conformation of oligo-peptide was studied using
molecular mechanics (MM) and molecular orbital (MO) method. As an example,
the conformation of angiotensin II, a key hormone in the renin-angiotensin

system (RAS), was obtained theoretically. The stable structures of a series of
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congeners, designed based on the conformation of angiotensin II, were generated
and used subsequently for the 3D-QSAR (Quantitative Structure Activity
Relationship) studies using CoMFA (Comparative Molecular Field Analysis)
methods. The 3D-QSAR results provide wvarious informations wuseful for
optimizing the lead compounds.

To determine the structural features (pharmacophore) of the angiotensin II
receptor antagonists, the DISCO (DIStance COrrelation) analysis was performed
using the conformations of a series of congeners with various biological
activities.

These series of procedures used for establishing pharmacophores make it
possible not only to understand the ligand-receptor interactions but also to
provide a way of finding new structurally diverse lead structures from the
database containing 2D or 3D structures of organic molecules.

By using the sequence homology modeling technique, it is possible to study
theoretically the structural features of proteins of which experimental structures
are not available. The study with regulated secretory pathway proteins was
done to find that these proteins have a sorting signal motif which consists of
two acidic and two hydrophobic residues exposed on the surface and, in
contrast, constitutively secreted proteins does not have sorting signal motifs.

In summary, it was demonstrated that by employing various molecular
modeling techniques, it is possible to understand the conformational and
electrostatic  features of Dbiologically active molecules and thus their
pharmacophore. More importantly it is possible to figure out the relationship
between the properties and structures of molecules which makes it possible to
design compounds with better biological activity.

This rapidly emerging technique will overcome the limitation of conventional
drug designing method such as a classical QSAR analysis and will play a major

role in designing molecules in the future.

- viii -



Chapter 1.

Chapter 2.

Chapter 3.

Chapter 4.

Chapter 5.

Chapter 6.

Subproject

CONTENTS

TATOAUCHION +++vvvevsresresrrsressessemsesseessens s s ses e eeeeean 1
States of Technical Developments - wwererrrrreen. 8
Contents and Results of the Studies - 15
TREOLY ++verreverseeerenssereseessseeses s es s 15
Contents of the StUAIES «erereererrmereireeeeeereeiereeereens 34
ReSUIS and DISCUSSION «rvrereroremrireaeermersseseeeeeeseeeeseeeenns 54
CONCIUSION ++vverererrerereemarieesetesesteees s e et ae s e ee 130
Achievement and ContribUtion - e e oeoeoererreaneaeaen. 134
Plan for the Utilization of the Results -, 137
REFEIEIICES «vevverevereeremranineatieesiet ettt 138
............................................................................................... 148

_ix_



A1 A

12

14

15

15

O] B

el

A1

34

AT TAAF B U oo

A2 A

54

130

134

—

A

137

A 5

138

o
nk

148

g3} A



Ho1E M E

EdE d7=71 dske E4
.

= o
= =
= 3p3Ve o 2dY HE BFEE o 88 Bxt 47 (Computer

do
I
F“F
ko

Aided Molecular Design, CAMD):= mlE dlo]y| A g] & 14t

AxteH el HZolete WA WA oule] FAp A

o

44
o
o
i

caMDS] Bob Bjsl, 83je}, o8, Eelsjolq dolxl Bxjo] Y A4 vl
oz AREE ol8ste kelHd BHIHE Botel Bxle Taoh 4ANe B
A OB olgsle] EAle TEENE el 4P AFY F At =

23} Zolth. wlelA caDe xpdzbstzl AFE Fute]

l

=l 2 =
Eyittn T 4 9o, g W R H Eopd Fasith 53, Ly

P Sa

s

o} M To dYS Zwsta glrt (Figure 1), EF wiuigd
=

T Eo]e] si, 3D-graphics?]

Material Drug and Biology Environment Database Software

T

puter Aided Molecular Dq

L

the development and _
T desi ¢ : the prediction Database the development of
esign of new ‘
of property construction software
compound

Figure 1. The field and role of computer aided molecular design.

AL oju] 19700ch e 2AHoE RS ofg Rool HgHon)



A

Az} A2 7]

2)

22 27 2olA

=
L

S
F20]4 CADE o] &sle] dTo] T 43}

d

bl 712

B

N

dule) ¥

ol A
=

A 2P S

=y

itt.

o]

55l

4

o QO
=1

| CAMDS] & dzte} A-83to ol

Aoz B13}5L CAMD

Qs

)

=
RLN

olg oz 7]

7]golt,

Mo g HHEo|L} random screening® E-5F-E

o

w
©3}3LE (lead compound)o] WAE QLS o, & eks}alz}

7

d

A

vt 22 el o

Zolt},
A $ue FEAVL T4 JHsel, AAE 0%

_‘:_
T

2

ko)

+

71 A"IE =4

2 E7bssich BAFL=R 3

o]

N
JJ

hiZ 2 FofellA

3t (combinatorial chemical synthesis)?7]&¢l A%

o

)
T
A
J)J

= =2
= =°

|

=}

%

Zul7t 22T wekd Al

ol
b

oF
i

o

ste}

g

(high through-put

, olet dEel 3

screening)®7]<0] 1990ty o

| dsiA =

SIER

J1

AA 7]

aletr] 7]E2

g

random screeningol 2]

s

|

483

= ZlolH,

=& 7Idst

ok
=

=
R

tol 71€9] bRt o] o

3

-

IHE ¥

=
T

olJ



Hof that KR o] oFo] oJ&3lirt uwlgja ZtzZe] HKHof ulzl =A ligand-based

approachl} receptor-based approach® FE2HtC} (Figure 2).

from homology
modeling and
experimental
structure
(x-ray and NMR)

- Unknown - Known

Recegtor—based Drug

Design
o receptor—-ligand interaction,
~ Unknown - Known dynamics, docking, de novo

lead design, receptor-based

3D database search

chemical similarity Ligand—-based Drug:
and diversity, Design
combinatorial 2D and 3D QSAR,
chemistry pharmacophore

hypothesis, database
search, similarity

search

Figure 2. The strategy for rational drug design.
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Table 1. Database for molecular modeling

DB Contents
GenBank (NCBI) DNA and RNA sequence
Nucleic EMBL (EBI) Nucleotide sequence
acids NDB (Rutgers University) Nucleic acid sequence
GSDB (NCGR) Nucleotide sequence
PDB 3D macromolecular structure by X-ray,
(RCSB) NMR and modeling
Proteins SwissProt (SIB) Protein sequence
PIR (NBRF) Protein sequence
CSDS X-ray crystal structure of organic,
(CCDOC) organometallic and metal compounds
Structure of organic, inorganic,
Chapman and Hall organometallic compounds, natural
products, pharmacological agents
Organic NCI Structures tested by carcinogenic activity
molecules
Derwent World Drug Index| Structures and biomedical infor- mation
(WDD for drug design
Aldrich Organics and morganllcs for chemical
synthesis
ACD 3D/2D structure of organics

7}. Homology modeling

Homology modeling-2 3x} FER7} «4#A
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SEQUENCE ANALYSIS

« search for homologous sequences in databases {2]

- if homologies, then generate multiple alignments {2}
« identify any known functional motils (3]

¥

SECONDARY STRUCTURE PREDICTION

- predict secondary structure using a variety of methods
and use multiply-aligned sequences if available [4,9}

« identity it any transmembrane segements [5)

)

TERTIARY STRUCTURE PREDICTION
« it there is an experimental structure for a homolague,
then predict by comparative modelling [6,7]
+ if no obvious homologue, use fold recognition to
search for distant homologue or an analogous fold [B]
+ it no homologue or analogue, for a small protein
try to dock secondary structures [9] or attempt
de novo folding using simplified representation
or lattice simulations [10]
- it transmembrane segments, assign topology {5)

¥

MODELLING OF PROTEIN STRUCTURES

» energy calculations can be used to refine accurately
predicted structures @nd to model local conformational
changes in experimental structures [10]

« protein-protein and protein-ligand docking can be
tackled using experimental and even accurately
predicted structures [11)

VERIFICATION

< lest predictions against experimental slructures

and against other experimental data [12]

+ use human expertise to intervene and modify all or parts
of these procedure if required [1}

Figure 6. The flow chart of protein structure prediction,
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#H8E& AAA o U2 HUES AAYCL

Columns
Rows /[
K Compound Bio| P1 | P2 | P3| P4
SK&F92222A | 46 .26 | .33 | -20

SK&F 94221 3916110 -2

SK&F 5883 47) 48| .4 10

-

Question: Which Pn "explain® BIO ?

1
1
SK&F 56605 6.1 11 6 |100] O
1

Functiona! Property

Figure 7. A QSAR table.

CoMFALE 3xHd F 7ol AT ZHLE ol AR Uxtete] dAA= HA
V1o E FTHEEEE CoMFA A Ixt2] 8- Cartesian FZH] Eolels A=A W=}

(probe atom)®} ofEZHe] AR HAHI7|AE] Z7[E UiEbdr} Figure 82
CoMFA QSAR Ulole] & IFA3} FEAL XojFEr}, Standard CoMFA fieldse=
Lennard Jones force{l A&} Coulombic forcegl AAZIASE FAED ZH=x}

o —
Azt drF o g sp® Ed whA 2} (1.53 A W7, +1.0 FshHE AET
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EQUATION \L

Bio=y + ax 8001 +bx8002+ ... +mx 8998 + nx E001
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381} standard CoMFA fields: £7A3] Qetu|gt 288t ZolBmZE o=
2L &5d BEE FURA AMESe Be= gdth olE
En 444 A HEL 283 Hydropathic Interaction Technique®™ ¢l HINT
filed® =0 2N BE=x}e] 2=x|RZF (lipophilic potential fields)¢l &%
(hydrophobic field)S AM&3lo] BA3ledt}t. E3F Norinder® 'o} Altomare®™ = ¢
2} 4] EehEE =St AAEY HRE HUIStE Molecular
Lipophilicity Potential (MLP) fields®= rjutslgleny, Kin®'e & (1.7 A ¥l
7)& AR EAZ AMESte] 22l= ZQIE (grid points) Wielld A 7HeAl
o2 XF|AL 4 ZA¥el izt FRE L 5 = 4 ZYA (H-bonding
field)S 7§35}l o, Delphi program™ of A= =
Lujjgle] 7]ofst= HAAIA 7] EE Poisson-Boltzmann A&
L3} oYz # (desolvation energy field)& 7gslgict. E3F o] 2oL} AT}
o]F HIZoME 2|7t} 82 AT 28o] Thed| Coulombic type fieldZ®

BA71A B4 Uehle Zol A ¢goE=®, HMO LMOE EWEE 274
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QUIEEY (molecular orbital fields)™-& A&l FHo| whgAdg dHsity 3

E 2 A7 H4E4 A
2} 914+ Atel A (electrotopological state fields)™& AF&3lgitt, whela] =)
2] QSARZ data set®] RE EAP7L T2 #MAE BisheE ZoE Ao A
FE AHEROEHN YolE IiehuEHE 2= EJEAML toT A ofH dxix

Edof] =it T 4 9Tt
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g dwIxtrt "t Kellogg §& 14 BEel

CoMFAY] A& thgzt Zt}

@ ®A conformation search& F3to] AAtH W2 o= Fel& 713 &=}

DBE W=t Zojt}l. X3 Ex} DBo & BRE Exle= AARE Aabs)

@ CoMFA fieldE Alalglth ¢lolx BA|slgdRo] Zelo] whetr FHAE field
£ gEdxE A=,
71-72) 'E-)i;]'.-% %.5_],0:] 1:11:4,] o:“ = % OJO]“E-

C}. Cross-validation testi: signal®} noise® THY 4 gom oW 3}
3

® PLS (Partial Least Square)
FEol outlier® 2M&shEx]o] tfgt FEE et} uleld outlierE A
AsA thA] g AAS5 cross-validated r’ o2 ZAzte] AWAdL

oZ3ich. Cross-validated r’ Zt2 03} 1ajololm 12] Zhe St o &

_l“"
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& UEhi 02 EWol ¢l Z nixrir|elc)

Zrol 84 ds de ExHE AFZE AlF|AL PLS
w4 oA BE53 FxU EAVE He F2E AW 7Y 24
Aatch, whelA]  cross-validation test® outlier® AMAJtD XA
component & FA3c}

® delel7l o= A= FFsivia AUUEHE, HEF RAS HFH i

compenent =2 A3} no validation testE £3dto] Hrgelxie} T2
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(simple linear regression analysis)
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ate] 90% olate] el nPUYLT BEYFH FAo] i A S8 =7A R

she Z-97t oifReln] Held 1¥Y BAEL BAEY gL oo &
AtetEel2g FIbHola kgt el A& Ato] HaHolrt A GER

TN BEE wolega drh Y A oE EF
sk v AEs AYPFos AEI AYste &AL FERE EUe A

Zo} " 7re] BAE EAsta, el Ao 982 n|x|= pharmacophoreE &4
Sto] AE&A 0T oEE JNdsts B B A2HE

homology modeling 7]&& ©o|&3le] 2FE EH] ZAEE Axl= prohormoned] FZ
puomye BR 4F e 7Y B4g dolugth 2z a7 oy

E e ASEH eI Zrh

ZRtstaizt jbch ERY

1. ALl 8A12] 23

Apeke] dels RAEdI= ZQ8%F A)A® Z£9] SIuU}Y} RAS (Renin Angiotensin
System)olT} (Figure 9)™. oxt azeld 12702 olmxito® o] Fojxl
Angiotensinogeno] AAIE|H whaial BHa] §F491 rening] 2hgo] 2]3)] 10712 ofn|
Lato g FAE Angiotensin 1 (Al)o] AAIE]S, Angiotensin A¥ & A (ACE :
Angiotensin Converting Enzyme)o] 2]3}o] Phez} His xlo]e] Aglo] AetxlwH 87
o] ojmx=4te® FAH Angiotensin II (AID)7} 3AdFHch Alles AufollA AIL <
242} Ao TEHN HUgEE $55M, angiotensinaseo] 23l Angiotensin
IIT (AII])E Z3ixo] oLt 232 lofA A&43] IEE Zo2 deA ol
th All €A% F 71x] #Hef7t 9Jom, losartan (DuP-753)o] 23] A==
AT, S22} PD-123,17732} CGP-42112A8} Z+E spinacine -FEHol] &]3] A3iE =

AT, 4837} gk,
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B Aol ustaaishe All A¥A = AT 582100 2-&3ts FEEH AT

—

L3e] TRE Figure 1004 BE&Eo] 770 a-helixy} A& 2hE EIshy &F

+

o] ulg& o2 3712 loop FAgsta vk’ Aat Ayol oshd All #EH

~

o) N-drh HEo] Tle 14, His 24, Tyr 26, Ile 27 oju|x=atz} 3 Mz loopel Tyr

o

32, Al W& loopQl Asp 278, Asp 281¢]A o] (mutation)E dLoy|H AllL] %3}

3 (affinity)o] 93 Fu}, W= £FEBAL AL WA el ol
Gl= 702 Mo} agonists} antagoniste] Aol HE EPHA RS AARTH?).
rE AITe] C-wwbe ThA Hz]l helix@! Leu 1999} Adslm, AllS] Arg side

chaing A W&} extracellular loopq! Asp 2813 AL sl gd&s= FoeE Xl

vl Zel3 78] helixol] Qe Asn 2752] Wololla AAA ST A= 48 &

252] Aol o8k F9lom Leu 1998} His 256& A8 Ex}2] tetrazoleZ} 3
AH YL BT AT o9 e AW Az Az oFEY 2 7]
zhah 3xF 2o AFAG Frtel v oy FRE AFUh
Angiotensinogen ]
Renin \1, - Renin inhibitor -
Angiotensin | |
ACE \l’ < ACE irhibitor
Angiotensin Il |
5 S PD123177,
' LV CGP42112A
Vasocontriction Renal function
Aldosterone release Restenosis
Renal sodium reabsorption Growth

Vasopressin secretion Wound healing

Figure 9. The renin-angictensin system (RAS).
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o= A 7IAE 2 5 orh. 3 HAlE RASY 3 TAle] Hofste &
F4¢Ql rening ZEE AAsH= renin A AE sgst= Zolth Rening
aspartic protease®# angiotensinogeno] -Rdgt 7|AE o 7|3 HolAdo] nf
2 TAEH renin MAE AUste Zo] Bop azzoes g Yo U
4 gl Wgolth. T8y B renin AsiA] EAEL 4F] A U ol &
<! B34 o] A7 T GEE NUsUITE ol
dFolch. T owal P& ACEe] &3] AllVF ¥AEE AL Asiste Welrh
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Figure 10, The first and secondary structure of AIl receptor.
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AlT 2830 ZAsrx] 7w 19719 ALLR} JAREE 870 olmjiat Z2XRZE o] F
o]zl Zg] HME|=Ql Saralasino] ZIE o}, 27l HEI=E FILFoRE F3}
7} 93 ubzol o) gop k&Y x&do] Hom FEHOZ agonist AZ-E LIERY

7] iR X8 HHow FAYsch oy HEel=g All £-84 AP
AEg Ay #1ste] 1982 %ol Takeda  EAfollAl iR HIEIE

(1-benzylimidazole-5-acetic acid =X 108 AlT

(A

FAE A= EFEE SHo
DuPont® o1} Glaxo®™ o} & ofel Aea]alel A vIHEI= AIl ZatA|e] Fgo] 2
Az} ®gon, €x) 4 AYE Fof dE FEE Theolth mekd 3 s A

benzofuran -5-%X| (Table 3 & 4)¢l All
RS Huslel T2 BAE AT, BUUe BAE Awmch

()

1.
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Table 2. The pyridylimidazole derivatives for Angiotensin 11 antagonists and
their ICsp values from human recombinant AT; receptor

N o X
\/\_</ I ~
NT>NTTR

KR# R X ICso (nM)
31064 CH,OH 1-oxo~pyridine—-2-yl 0.82
31022 CH,OH pyridine—-2-yl 0.82
31080 CHs 1-oxo—pyridine=-2~vl 1.40
31081 CH(OCHs)2 pyridine-2-yl 1.56
31103 COOCHs 1-oxo—pyridine-2-yl 1.78
31099 COOCH;3 pyridine=2-yl 1.87
31122 CH(OCHs3), 1-oxo—-pyridine—4-yl 1.46
31121 CH(OCH3)» pyridine—4-yl 1.36
31124 CH,OH 1-oxo-pyridine—4-y! 0.86
31160 CH,OH pyridine—4-yl 1.06
31145 CHs T-oxo—pyridine=4-~vyl 0.92
31144 CHs pyridine—4-yl 2.48
31147 CHs T-oxo—pyridine—3-vl 1.04
31149 CHs pyridine=-3-yl 2.58
31151 CHs 1-oxo-5—methylpyridine—2-vi 1.47
31150 CHs 5-methylpyridine-2-yl 2.13
31153 CHs 1-oxo~4-methylpyridine=2-vyl 1.61
31152 CHs 4-methylpyridine-2-vl 0.37
31155 H 1-oxo-pyridine—2-vyl 1.32
31154 H pyridine~-2-yl 1.36
31157 CHs 1-oxo-6-methylpyridine—2-vl 2.09
31148 CHs 6-methylpyridine-2-yl 2.53
31166 CH,SO2CH; 1-oxo~pyridine-2-yl 1.91
31165 CHSO2CH3 pyridine-2-yl 0.90
31170 CH=CH, pyridine=2-vl 12.74
31171 CHyCH3 T-oxo-pyridine-2-vi 5.06
31172 CH,CH3 pyridine-2-vyl 2.16
31173 CH,OCH;3 1-oxo-pyridine-2-yl 1.42
31178 COCH;3 1-oxo~pyridine~-2-yl 7.89
31176 COCH3 pyridine-2-vl 1.78
31183 CH(CH3)2 1-oxo—pyridine-2-vyl 4.47
31182 CH(CHs)2 pyridine-2-vi 12.69

-39 -



Table 3. The regioisomers of benzofuran derivatives and their 1Cs values

KR# | Substituent” | X ICs0 (nM)
31271 oP H 42854
31279 oP Br 570.04
/\/\(/N Cl 31272 MM H 28.3
N ~/Z: 31273 MM Br 32.34
I/_<f\/x OH 31274 MP H | 151203
0{3 31277 MP Br | 16126.96
./ NN 31275 OM H 1224.99
' N'N 31278 OM Br 299.17
H 31276 00 H | 17719.84
31280 00 Br | 4067.11

The two letters indicate the positions of the substitution at the
benzofuran ring. The first and second letters indicate the position at the
furanyl part and the phenyl part of the benzofuran ring, respectively.

Table 4. The angiotensin Il antagonistic activities of benzofuran series
with various R groups

KR# R ICs0 (M)
31272 CH20H 28.3
3137 CH2CH0H 17.7
31364 CH=CHCOz£t 50.6
31367 CH=CHCOOH 217.5
31368 CH=CHCH,OH 21.7
31365 CHCH,CO:Me 32.7
31366 CHCH,COOH 62.9
31369 CH2CH,CHOH 49.7
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2. ZE = BEHA

Ischemic preconditioning A& jHo A& BRI zgomn AL FE
(myocardial ischemia) “FefollA] olufi=4lz} ZH2 M Lfe] FEHE| =0 23
Protein Kinase C (PKC)7} A 3}E]o] ATP =
7t @] s Lot} LE Bt deid A
ANRH R AETEE T AX U ZE FUS ZAEAZISZH FHE ol
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A2l E)3H= Kap channels& ¥ 70¢] transmembrane domains (TM1, TM2)=}
loopel] &J3) A& (pore)& ¥AIste] o] AelAdE UEhNE Kir channelz}, tThe
2] transmembrane domaini} FZHLEIE H¥le) thgl BHE 7] M 9E (consensus

d3l= sulphonyl urea =& (SUR)7}

S

sequence)< EsH T Jje] & loopS &
4:4% Z3tslo] ek B8 B3| (octameric channel complex)E 82313 Qltt
(Figure 11)86). AIE s © &F 50007 AEE 7Rl 9l Kup channel SUR
o] zAo] mel o] E Uehl® Al Ao Exsh= subtype> SURZA|TL.

Ksrp channel& glibenclamidel} tolbutamideZt& sulfonylurea ¢EEof 2]3) X}
W=, diazoxide®l cromakalimo] 2]3] dzIch IEZE vjF-e] ATPo]l &3l Asid
th 22712 d8A  Kip channel?] EA3AELE  cromakalim, pinacidil,
aprikalim, diazoxide o] ¢l.om®) Figure 12¢] 21 3T X E vlepfQdct o]&S
g3 FAA (vasodilator) 24 3184 A A ABAZ AUsty] slsiMe &
T HAAZA L BHE SolwAM Aol 2= Kap channelofrt MdEix oz 21835}

MR ARl ZFE BE A siwe] &F3HT) Bristol-Myers Squibb

-

fr
>
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¢l Z4E BE EEHAE JNush sich webM Kae channel #2g=te] gzt 2
g7re] BAE dotRT] g5t & 1157 HYE F A dolE 7t AHE JeRE 59

el LB A=SIgTt (Table 5 - 13)7°0, A3 F3o] ¥4 FEE 343
7] $1814 & methoxamineo] 23 $&¥ | izl oo thdt ICxo 3, 3
38 YL 7] 2N S8 AEld LHE Y AR 5 Az S

2 93 .
of that ECxs Zhe BLLm™, ECxE ICn FOoE UE 342 B A% 494

—_

SURI Kir6.2

NH,
Outside

Inside

COOH

SUR
O Kir

NBDI1 NBD2

Figure 11. Kairr channels are formed from two different types of subunits. The
Karr channel is an octameric complex of 4 pore-forming Kir6.2 subunits and 4
regulatory sulphonylurea receptor subunits, SUR1 contains multiple
transmembrane domains and two cytosolic nucleotide binding domains (NBDs),
each of which contains a Walker (WA) and a Walker (WB) motif. These motifs
are involved in the activation of the Kip channel by MgADP.
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cl s?
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Figure 12. ATP-sensitive potassium channel (Karr) openers.

Table 5. Vasorelaxant and anti-ischemic potencies of potassium channel
openers

# R1 R2 X Antiischemic potency Vasorelaxant potency Ratio Note
EC,s 1M ICg,, WM (95% C.1.) EC,5/ ICq,
Cromakalim 89 0.032 278.1
Ph CN  NCN 11.0 14 7.9
% Ph CCH  NCN >30 54
3 Ph H NCN - 727
@ Ph NO2 NCN 7.2 2.0 3.6
() (CH3CH2)(CH3)2C €N NCN 20.1 29.8 0.7
®) Ph ¢N O 5.1 0.8 64
@ Ph CN s 7.7 17 45
8 Ph CN  NCN 6.1 13 47 3S, 4R
9 Ph CN NCN >30 4.2 3R, 45
@)  4-oHcoH4 CN  NCN 334 2.2 15.2
@ 4-CIC6H4 CN NCN 25 1.8 1.4 BMS180448
% 4-FC6H4 CN NCN 35 14 25
4-CF3C6H4 CN NCN 13.4 8.1 17
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Table 6. Vascrelaxant and anti-ischemic potencies of potassium channel

openers
H
O
=X
HN
R1 R2
R3
Y© R3
# R1 R2 R3 X Y Antiischemic potency Vasorelaxant potency Ratio Note
EC,5 pM ICo M (95% C. 1)  EC,/ IC,
14 CN trans-OH Me O e} 51 0.8 6.4 =6
9 CF3 trans-OH Me NCN O 10.0 19.2 05
CF3 trans-OH Me O o 2.7 11 2.5
A7) cocH3 trans-OH Me NCN O 8.5 40 2.1
(18 cocHs trans-OH Me O o 45 12 3.8
19 NH2 trans-OH Me NCN O 0% 59.6
20 6,7-oxadiazole trans-OH Me NCN O 6% 8.8
@ 6,7-oxadiazole trans-OH Me O o] 13.0 14 9.3
22 CN cis-OH Me NCN O 9% 17.0
@ CN cis-OH Me O (o] 102.6 6.2 16.5
24 CN 34-olefin Me NCN O 0% 6.9
25 CN 34-olefin Me O e} 7% 17
N frans-OAc Me NCN O 6.0 26 23
27 CN trans-OAc Me O 0 3% 44
28 CN H Me NCN O 0% 140
CN H Me O O 53 1.8 29
30 CN trans-OH H NCN O 0% 194
31 CN trans-OH H O o 6% 98.1
32 CN trans-OH Me NCN NH 0% 92.8
NoOz trans-OH Me NCN C 10.7 0.57 18.8
NO2 trans-OH Me O 9 6.5 1.08 36.1
CN H Me NCN C 22.0 2.6 85
@ N H Me O ¢ 9.4 13 7.2
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Table 7. Vasorelaxant and anti-ischemic potencies of potassium channel

openers

# R X Y  Antiischemic potency  Vasorelaxant potency Ratio Note
EC,5, kM IC,, pM (95% C. 1.) EC,./ ICs,

37 Ph O NH 5.1 08 6.4 =6

38 Ph NCN O 68.8 >100

39 Ph NCN S >30 49

(40 Ph 0 CH2 222 18 123

@y PhCH2 NCN  NH 530 24

42 PhCH2 o] NH >30 5.6

43 PhNH2 NCN  NH 4% 35

Ph o) 1.8 0.03 393

43 Me NCN  NH 13.3 0.2 66.5

46 1,1-Me2Pr NCN  NH 20.1 298 07 =5

@  3-pyridinyl 0 NH 42 05 8.4

@8  2-pyridinyl O NH 2.6 0.44 5.9

49 4-pyridinyl o NH 1% 8.5

Table 8. Vasorelaxant and anti-ischemic potencies of potassium channel

openers
# R Antiischemic potency Vasorelaxant potency Ratio Note
EC 55, WM ICg0 nM (95% C.1.)  EC,/ ICs,
H
) C[”‘):o 17 410 0.28
N
@D N(\(N 100 237 042
Q
®2 mCQOMB 8.1 331 024
N
COOMe
&3 ® 32 05 6.4
N
CN
G9 m 255 22 15
N
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Table 9. Vasorelaxant and anti-ischemic potencies of potassium channel

openers
# R Antiischemic potency Vasorelaxant potency Ratio Note
EC .5, uM ICs0, MM (95% C. 1)  EC,5/ IC,,
4-Cl 2.5 18 14 BMS180448
H 6.1 13 47 = 8 (35,4R)
3-Cl 1.4 0.6 23
3-NO2 50 0.67 75
4-NO2 6.2 0.30 20.6
3-CF3 53 1.6 33
4-CF3 134 8.1 14
3-COCH3 17% 8.4
4-COCH3 52.0 21.0 2.5
3-COOCH3 13% 4.1
4-COOCH3 8% 184
3-COOH 13% >100
4-COOH 8% >100
4-OMe 5.3 325 0.16
3-Me 27 1.0 2.7
4-Me 16 2.7 0.6
3-SMe 8.2 14 5.6
4-SMe 6% 6.3
3.4-Cl2 129 4.6 2.8
3-F, 4-Cl 11% 1.66
3,4-Me2 25 5.1 0.49
3,4-CH2CH2CH2 35 41.3 0.08
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Table 10. Vasorelaxant and anti-ischemic potencies of potassium channel

openers

K= H

\ /N _
>
HN
R

X Y  Antiischemic potency Vasorelaxant potency Ratio Note
EC,5. M ICs. M (95% C. 1)) EC,./ ICy,

R
1 Ncm% CH NCN 11.0 1.4 7.9
Me
Q

NC
@® m ctH o 9.4 13 7.2
Me Me
NC N
@ m CH o 26.0 67 39
Me” Me
NC N
@® \©;2 N O 283 15 18.8
Me Me
@ " hH CH o 338 17 19.9
e . . :
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Table 11. Vasorelaxant and anti-ischemic potencies of potassium channel
openers

H
R2—N
NC N
H
R4
# R1 R2 Y Antiischemic potency Vasorelaxant poten Ratio Note
potency poteny
EG. 1M IG,, tM (95% C. 1)  EG./ ICq,
Me
80 e Q_ o 33.8 17 19.9 =79
Me
e AR 0 29.7 257 12
Me —
82 &, <N:\>_ NCN 16% 12
Me ==
83 P @_ o] 25% 257
Me —
84 & Va\ o] 14% 7.8
Me =
85 éMe /N L [¢] 2% 12.4
Me
" <”;>— o) 11.9 153 077
8 Qe <N__\>_ : . :
Me =N
Me N 0 19.2 16 12.0
QM’V;& ol /_
88 by o} 12% 22.8
o O
89 o 0% >100

Table 12. Vasorelaxant and anti-ischemic potencies of potassium channel
openers

N/—COOEt

# R1 R2 X Antiischemic potency  Vasorelaxant poteny Ratio Note
EC,q. UM IC,,. uM (95% C. 1)) EC,/ IC,,

Cromakalim 8.9 0.032 278.1 racemic
11 (BMS180448) 25 1.8 14 35,4R
52 8.1 33 0.25 racemic
@D 47 »30 017  racemic
91 22 >30 <0.07 3R45
91 5% >30 35,4R




Table 13. Vasorelaxant and anti-ischemic potencies of potassium channel

openers
Ri _R2
N
NC : OH
Me
O Me
# R1 R2 Antiischemic potency  Vasorelaxant potency Ratio Note
EC,s, uM IC, uM (95% C.1)  EC,/ ICs,
Ph H 39 12 39  racemic
93 Ph CH2COOH 0% >100 racemic
94 Ph CH2CH2COO0Et 26% 54
Ph CH2(CH2)2CO0E+ 57 »30
9% Ph CH2C00-nBu 8% 27
@ 4F-Ph  CH2COOEt 3.8 530 0017
©8) 4C1-Ph CH2COOEt 6.5 >30 0.22
©9 N CH2COOEt 78 84 .09
ME\X_\7
100 ©§N\> CH2COO0Et 0% »30
101 Ph°  CH2CONHEt 21% »30
102 Ph CH2CH20Me 15% 530
103 Ph CH2CN 8% 59
4F-Ph CH2PO(OET)2 49 47 0.104
105 Ph CH2CH2502Me 0% 27
106 Ph CH2CHZNHAC 5% >30
107 4F-Ph COCOOET 0% 43
Ph NHCOOEt 43 2.2 195
Ph 3.2 12 0.27
@3 ot )
N _Me
Ph o z_<,\|": 10 >30 <0.33
O
N
an) Ph ot 5.3 >30 <0.18
o
N
@) Ph —_— 43 >30 0.14
N
113 P S Me 1%
h oot T 1% >30
o
. N
4F-Ph o ’_</N] 33 >30 0.11
@@  40-ph i 14 »30 <005 BMS191095
CHZ—(N]
115 4C)-Ph 5 14% »30 35,4R
CHZ_</N]
H
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3. Multi Drug Resistance (MDR) reversal agent

=
Holx= tiekd #A8A (multidrug resistance)o] @it} o™l rlekd] sl okE
o] A o FUxIH ¥EA ol Q& p-glycoproteing] Zr} W3 E] 2}
off £2J5t= p-glycoproteind ATPE AME3St] FUAE AHE vloeg HE sh= 4
g BTP. Udel gl MELE ofo] MEERE whH Ut AE o & =71
StolA] Al Hol A g E 4 ¢Urh p-glycoprotein T Z2|HE|= A}

=2 F4E 1,280708] o4t 2 FAgE glon, AR 120 - 140 kDa

:'1
ok
2
c}

o|t}. Hydropathy profileoll 28] 7}AE p-glycoproteing] 22} FRE 12719
transmembrane domainsz} A upZZEo] 67012 loopa}t AIE ufFof 12702] ATP A
g Fel8 Tste ZloT oJFHULh (Figure 13). A=A e c-Uede] £ A
o wEdlElE Z¥ Folo] ATPZ} A¥ste] 7k Esi”cet whebd 23 gle ¥
U E FoIsty] $l8iM = p-glycoproteinol] ZAdtsle] ofo] M vlo g wilA1}r}
= Z& "= MDR reversal agent®] Zfgto] "@shy, ZTols VYAt o2 &
=& SAlol AH&3she thofA] 53 2% (combined chemotherapy) 22 A|3t7d Ud
& A= g

¥ 2] MDR reversal agent® 82 GEZE ZLH EFE XuhH (calcium
channel  blocker), ZRE= &4  (calmodulin inhibitors),  3FAEA|
(antibiotics), ghutbzglglo} <A (antimalarial  drugs), Mol oA
(immunosupressants), AR A (cardiocactive drugs), ZEEFA] (hormonal
compounds) 5&] T}ordt org] AL 71z &Eo] 5217 ©F MDR reversal agent
o] H4HE RBolF9 o, phenlyalkylamines, dihydropyridines, phenothiazines,
cyclosporins, quinolines, cephalosporines, triparanol compound, steroids 52
F2HoE Tyt APEL FEAR oA A} olepd ZE B AUAE
A 2 43z verapamil FEAS] FRZHA HMF (Figure 14)& FSte] MR

reversing B2 F7IAIIA, e FE ATARALY AGE BHL e d

Y & 8t pharmacophore?] -2} phenylalkylamine #A|%2] MDR reversal agenet?]
FZF BEAAL 7Estaxt A3 A E verapamil -FEHE A s AAT)
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MRP

Lumen

Cytoplasm

Figure 13. The proposed structure for the multidrug-associated protein, MRP.
Solid bars represent transmembrane domains, while solid circles represent
nucleotide-binding domains (NBD), ATP-binding regions.

I
R N B
n n
S5o0r6
A

Figure 14, Verapamil derivatives varying the chain length, the substituent
position, and the ring size (A, B = -OCHa, R = CN or ester).

4. 7% 4% =<
Prohormone?] AMX 7t AW ZHAZEE glH$ (ribosome)ox] o & A
(pre(pro)hormone)® ¥IAElo]  alX prohormoneo] N-Hghe] A$A 2135 HEl=

EE Esto] £ 4AXEH (rough endoplasmic reticulum, ER)E o]|EEFo] 23

3
rr

HE|E 7t R4 (signal peptidase)o] 2]3f A% HE|= Mgo] HutdH F
Z XA E o]=Hr}. Trans Golgi network (TGN)ellA] prohormone©] lysosomal A

ot g uf vl e ThE gkl g Re EulEch (Figure 15)°). o] 2igh £n|
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Ne F AAZ R 3 HAlE 55 29 /1R prohornoned] Y& 2

. onstitutive
. Secratory
}f alhway

Ui Secretagogus
* independernt
Release

£Regulated
Secretory

$ecremg0gu) ’ D i
Dependent Pathway

Relense

Figure 15. Schematic diagram illustrating the presence of the regulated and
constitutive secretory pathway in endocrine cells. ISG is immature secretory
granule, TGN is trans golgi network, and MSG is mature secretory granule,.

T 7z s RE o A@moz ¢Esty] olfgonl, 1993dxe] o g
prohormoneo| Al 7 A% muele] wA® oz A wix] side)] gt AwAe] &
Z¥staL k. A wHx] Zpde] oigt AlE Al Z4 %= proopiomelanoccortin (POMC)2
NI Tl A 1HEE 26W71x|2) ou]izabe Athslo] Neuro-2a A|3o] A9 7+l
(transfection) A|Z-E 7% POMCI} 23 Ey] AZE Ax|z] otz 344 REu|g gl
O, N-POMCi-p2} 2lefg]o} wbw¥zle chromphenicol acetyl transferase (CAT)2}
o] 2 AE Uold 2d 2yl AEE AAPY. =3 2@ 1] g (POMC,
proinsulin, proenkephalin, chromogranin A, chromogranin B)ojjx] & Znj¢lo]
#elE|gl o, carboxypeptidase E (CPE)= POMCY $&x|E POMCS] N-Hgtz}t Z
it POMCY] BF A& Nowwte] lxs] glowA 8 AlAw|Qlz 208 A&

Azte} o3 HFHFL=R loops HAYITH POMCY olFE AL IHAYE
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site-directed mutagenesis AP FHE E@Wolx POMCE X #u| ZEE A
A okm Ak Bul¥ch EF A% =l 3

g F 7§18 &ol& U] (Asp 10, Glu 14)2t F 748} 44 7] (Leu 11,
Leu 18)7} %ZE o] 9ltt (Figure 16)'. =3 muls] e} Edwlo] AYo]
o5t 27t &H A B A% =mdS U A ofnlate] 4 ARlE #A
s Ede] k=&Fo]l gla, F 7l ol ZUI7F CPEY ol 7] (Lys
260, Arg 255)91 FA71E Aol Jsiy 4T Aslz At (Figure 17)".
et B JdRME 2d By AEE AAE

growth factor (IGF) I, 1I, Insulin-like growth factor binding protein (IGFBP)

ch 2l (insulin, insulin-like

5, relaxin, growth hormone, neurophysin I1I, brain derived neurcotropic factor
(BDNF), prodynorphin, chromogranin A)%] &5 A% T=mQle] L& EMog X

Z o]

dol EAL Jusiy, Al BEu|EE thi¥d (nerve growth factor (NGF), serum

Jm

albumin)®] F22}2] xjo]|HE =38}3x} 3ic}

1 N-POMC 148

- ACTH B-LPH

v,-MSH IJPJ o-MSH | CLIP l }B-MSH ’B-End L8l

Figure 16. Schematic diagram illustrating the sorting signal of human
pro-opiomalanocortin,
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{A) Pre Pro Mature Protein MBD

ee e R255PPCK OG0 0s
B Sorting Signai Binding Site

Figure 17. Diagrammatic representation of (A) the CPE gene and (B) docking
study of N-POMC and CPEgsg-27s.

o A 7re] BAS FEEIY) YIA grid searchE $3sle] yhe oux] 2]
Tz BaAe tfEAQ o E KR31080L XEdslo] grid searcho}
random searchE 43319l or, F A4t W BF F 712 Feje W oz

ZE ¥9om, type 10| type 11of u]3] ofy=]oflA] that 0.5004] 0.7 kcals/mol
A=
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Table 14. The comparison of torsion angle involving the biphenyltetrazole
moiety between the calculated structure and x-ray structure of KR30988 and

KR31080

Energy
P 1 ¢ 2 ¢ 3 p 4 ?5
(kcals/mol)
Grid search () | 1150 | -55.6 | -124.0 31.5 -117.4 37.6
any | 988 | -70.0 1075 -27.2 -75.3 38.1
Random search (D} 11571 | -561 | -1248 | 318 -116.8 374
(n| -985 | 70.1 -107.7 273 75.2 38.1
X-ray  KR30988 | 8g.2 -67.2 1335 -57.8 | -1329 -
KR31080 | -93.8 6.6 1332 130.3 -66.8 -

* @1 = C8-N1-C10-C11, @2 = N1-C10-C11-C12, ¢3 = C13-C14-C17-CZ2,
C6-C5-C32-N37

o4 = C17-C22-C23-N27, @5

o|@zt 12} 2 (Figure 24)+= KR31080&] AA|FQl FXof 71 wWol 4FE& F

= 2123 tetrazole?} imidazole ring?] Altfz el wlsrg R A E’_HZ} Figure 2
Zo] type 13} type 118] 7} &2 T2 A <9l x}o]i= biphenyl tetrazole &

of 4] Xt} Type 1S tetrazole group®| imidazole ring3} 72 WsrE 3Fsle=

syn B3FE 7}, type 1l tetrazole group®| imidazole ring3} ®itf #
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5} anti BjEFS 7}RTh o] A= losartan #3HE2] conformational search
Aol 4x3ln, o] A-LE tetrazole?} imidazole ring?] At el Waro] mie}
anti®h syne] £ wiEFo] 1A U oN FadE Axsta T,
3 KR309882} KR310802 x-ray® F2'™E& FH3on, x-ray FRoME
KR309882] A-9= anti vf3FE 71A|= type 118} --AF3hH, KR310802] 7%+ syn
S 7}A]L type 13} §-A}sict (Figure 26). ©]& benzofuran -5-%3|Q! GR117289
o] AA FRo|A tetrazole?} benzofuran ring?] AtA H=}} 4 AYE TOE
» pseudo-cis®] BIZEE x| AL (type 11)2} Br $2}2} pseudo-cis ujE}
(type 1) Felel 23 F2E 4L Ao} AP, mebd A
Azt A
Sl FEH JoR ot

o
o
X
fr

Figure 25. Low energy conformer of KR31080 from grid search and random
search, Type I (left) and type II (right) from Table 14.
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Figure 26. X-ray structure of KR30988 (right) and KR31080 (left).

NMRS] NOE A& eg Lo 1foflA]e] KR310802] anti®} syn®] wisksS ZAsta
slel oL}, NOE Azt (Figure 27)oAX: 5 el 2F 3, 4z 61, 8H protong]

NOES WEAIZOEE NE APVLRE ofF T2 Y Uold felE AE 2

AR717 ofggdcth. ey 7H 1798 Z4gE NOE@F 5t 17He] okst NOE:=
pyridine N-oxide ring} imidazole ring®] Ati& gl 2]x]E HA|st, ojHz 57}

x-ray F£x& dXTL BofFort. 512 173 proton?] NOEE 15 T2} 25 CTollA]
Holtir} 45 TollA UehtA] lgkrh

Table 15%= KR310802] Ztzte] 2% ojlA{ 8] chemical shifte} M2 ChE 220
2]2] chemical shift x}o]& yLlelulon, Figure 28-& Z+Z+e] proton?] A= TS
Lz o8] chemical shift 2}o]& w2 WAyt Chemical shifte] ¥HEl=
w7t Z718te] ulgl up-field shiftE BolF, 2, 3, 9H proton?t down-field
shiftE sttt 15 TSt 45 ColA] 71 & chemical shifte] #o| (0.025 o]A})
E RHolx protond 14 - 16¥H protono]r] 2% pyridine N-oxide ringo]l Q&=
protono|t}. THEL 0.015 - 0.025 A}o]2] chemical shift 2}o]E X.o]&= proton
7, 10 - 13¥H protono]m, 10 - 13¥ protond tetrazolez} 1ZAF dwhe] wiAl
ringo]] 3= protono|t}, 7 protond imidazole ringe] %)+ protonlE
imdazole ring ZpH|e] FZ WM3le}lr)|Rrl= pyridine N-oxide ring® FEAHL=

013t chemical shift?] xjo]ZE ALZHT}.
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Figure 27. The atomic number and NOEs of KR31080. Dot line shows weak NOEs
from 2D-NOESY experiment. (A) 15 C, (B) 25 C, (C) 45 C.
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Table 15. The chemical shift (ppm), multiplicity and difference of chemical shift according to three

temperatures

Temp. 15 °C 25 °C 45 °C Difference of Chemical shift

Proton Chemical - e | Chemical s | Chemical P g . ° ° ¥ ¥ ° °

number shift Multiplicity shift Multiplicity chift Multiplicity [15°C - 25°C|15°C - 45°C|25°C - 45°C|25°C - 15°C
1 0.91 3 0.91 3 0.91 3 0.0016 0.0049 0.0033 -0.0016
2 1.39 6 1.39 6 1.39 6 -0.0005 -0.0017 -0.0012 0.0005
3 1.70 5 1.70 5 1.7 5 -0.003 -0.0095 -0.0065 0.003
4 2.87 3 2.87 3 2.86 3 0.0036 0.0108 0.0072 -0.0036
5 248 1 248 1 247 1 0.0025 0.0079 0.0054 -0.0025
6 5.62 1 5.62 1 5.61 1 0.0023 0.0137 0.0114 -0.0023
7 7.90 1 7.89 1 7.88 1 0.0071 0.0206 0.0135 -0.0071
8 7.16 2 7.16 2 7.15 2 0.0022 0.0063 0.0041 -0.0022
9 7.0 2 710 2 7.10 2 -0.0014 -0.0041 ~0.0027 0.0014
10 7.54 2 7.53 2 7.52 2 0.0056 0.017 0.0114 -0.0056
11 7.67 Overlap 7.66 Overlap 7.64 Overlap 0.0055 0.0243 0.0188 -0.0055
12 7.56 3 757 3 7.55 3 -0.0048 0.0156 0.0204 0.0048
13 7.67 Overlap 7.66 Overlap 7.64 Overlap 0.0055 0.0243 0.0188 -0.0055
4 8.48 2 847 2 8.46 2 0.0087 0.026 00173 -0.0087
15 7.64 Overlap 7.63 Overlap 7.61 3 0.0107 0.0329 0.0222 -0.0107
16 7.72 3 7.71 3 7.69 3 00119 0.0364 0.0245 -0.0119
17 7.67 Overlap 7.66 Overlap 7.64 Overlap 0.0126 0.0314 0.0188 -0.0126
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Difference of chemical shift
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Figure 28. The difference of chemical shift according to three different
temperatures,
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HE F2e f54Y A3t viE 2d )] 3z w¥e] sp Zleom, Wt
9] WAl ringz} pyridine N-oxide ring?] FRE 7| TR} I A W3Ix] 9&girt,
uetx 22} 58I APz 2= FUlo]l ulE chemical shifte] o] AR

KR310802] FRojlA pyridine N-oxide ring?] §5Ado] 7}& & 7o E BRIt}

_60_



Figure 29. The result of Molecular Dynamics for KR31080 x-ray structure with
methanol as solvent (MD option : 298 K, 100 fs, 500 iteration). The total
energy was -51.94 kcals/mol,

(2) Benzofuran -5

DuP-7530] AIl type I 48X ZA¥Alo] BEES Zte= ¥ IHPEEA AL
o] FMY crekst gzl Al AeA BHE siAlE 3EC] ol Halold AuE
AT Glaxo ZAJollA et benzofuran GEAHZF 2 F slhpolti?. =3

Glaxo?] benzofuran -FEA|2t= 2] KR 3}3+E2] benzofuran § == imidazole
ring?} benzofuran?] furan ringel] Q1ZAEle] ¢l3, tetrazole ring®] benzofuran?]
WA ringoll AZF o] gle]A pharmacophore?] riEel fIXE el & 4 it
(Figure 30). whe}A| DuP-7532} Glaxo 2gtEo] uls] x|3H 2|x]o] uwiet & ¢
Tttt F2E YT 5 ULEBE XA X E HEsln, BEE A8 ZyE ¢
o2 7] #Isl 10 7H#] regioisomerE ¥/dstel Azl BAHL S7stoct (Table
MY 3 Az}l imidazole ring®] benzofuran®] furan ring®] meta $|x]¢],
tetrazole ringo| WA ring?] meta ¢]x|of] =T KR312727} 1A & A
(ICso = 28.3 M) By oem, & t} ortho §]x]o x]TH KR31276°0] KR312720f H]
s thef 600ul o] w2 A (ICs = 17719.84 nM)E& ETh
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Figure 30. Various nonpeptidic All antagonists

A&t 27

—_

filo

whelq KR312728] T2 FRE @] S1s) 2 % wy
=

3sladtt, NMR Agog R 1.2 NOE

44

=
Bole 6% proton®] & U)o} oFe] Y x7]ete] NOEE Ho FH, @

% =2
che] WAl 18]} benzofuran 2] WAl 1122}l NOEE Bo]il glt} (Table

16, Figure 31, 32). wlelx Axt £8 2 z7hE Fol7] ¢35 NOEAA €2 Azl &
BE AM25te] A7) AgHE A5l systematic searchE & A&} Ag] AHES

AbE SR 9 olWzhe BAMste] We ojUx] TFEE e grid searchs} random
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Table 16. The resonance assignment of KR31272 from 2D-COSY and 2D-NOESY (600
MHz, 25 C, CDCls)

If::g; Chemical shift (ppm) | Multiplicity The;g:;lzzr of
1 0.84 3 3
2 1.30 6 2
3 1.56 5 2
4 2.69 3 2
5 4.56 1 2
6 542 1 2
7 7.52 1 1
8 7.34 2 1
9 6.98 2 1
10 7.59 2 1
11 7.67 3 1
12 7.57 3 1
13 7.68 2 1
14 7.34 1 1
15 7.77 1 1
Cl al

- .
—E
NS
o
=

Figure 31. The NOEs from 2D-NOESY (mixing time : 250 and 400 ms). (A) strong
NOEs at 250 ms mixing time (B) weak NOEs at 250 ms mixing time (C) very weak
NOEs at 400 ms mixing time.

_63_



Figure 32. The atomic number of KR31272 and 2D-COSY cross peaks.

z+7he] conformational search ZAI}= Table 170 FA|EQlen, random
searcho A h& A7} 713 2 o dA] (E @ 54,47 keals/mol)E 7tHew, A

i AZEE A b FollA 71 gigtth, MR AP ez RE A A 2L X

>

}od A48} systematic searchollA: pyridylimidazole -FEXoA KHol= F Tt

olr

2] Heje] TRE d9om, tetrazoleo] imidazole ringzt Z2 ¥iEFE A=
type 13} tetrazoleo] imidazole ringz} ®icl ¥jErE 7lx]&= type 11o]t} (Figure
33). &% Grid search®} random searchollX &2 7} W2 o iz]e] TR+ type
I1ojt}. Pyridylimidazole §-=A|¢}= @] benzofuran®] 729 type 117} type Lo
vla] ouUx]7} tiEr 0.4 kcals/mol AHE Uglth Figure 34ojxE 279
conformational searchofA] L}-& 7} ube o E 7} 322 A2t NMR A
oA & Azl vlay Rolrh & I Al NOE BRY dX3shA] o2

g mAgon, 478 Taeld A NE HRE DEAFE FRE don,

z

OF BRTFES E benzofuran -S23&] A oAl LRI type 1Q1A] type 11¢]

=,

X

ARE 5 ok webd Aate] a&4E 1#5te] random searchE AR5

10718] regioisomer?| FZE A4bslairt.
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Table 17. The torsion angle and energy of KR31272 calculated by Grid,
random, and systematic search

Energy
91 92 | ¢3 | ¢4 1 o5 | ¢6
(kcals/mol)

Crid search (I -117.9| 527 |-117.7]|-150.3| 620 | 624 55.5
Random search () | 1229 | 133.9 |-113.6|-152.1} 58.3 | 59.37 54.5
Systematic search (1) [-116.7|-139.4|-122.4| 35.1 | -61.4 | -59.8 55.0
(1) 1-115.4]1-145.9} 60.7 |-151.4] -62.2 | -55.9 54.6

o1 = C15-N11-C10-C1, @2 = N11-C10-C1-C2, ¢3 = C6-C7-C18-C24,
¢4 = C18-C24-C29-N36, @5 = N11-C15-C17-019, @6 = C15-C17-019-H

(Atomic numbers show in Figure 32.)

Figure 33. Low energy conformer of KR31272 from grid search (top left) ,

random search (top right), systematic search type I (bottom left) and type II
(bottom right) in Table 17.
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cl

an

ﬂ : strong NOEs at 250 ms of mixing time = o : weak NOEs at 250 ms of mixing time

Figure 34. NOEs from 2D-NOESY experiments and distances from calculated
structure, The lowest energy conformer of KR31272 from (A) grid search, (B)
random search, (C) systematic search type I and (D) type 1I. The dot lines
are weak NOEs at 250 or 400 ms mixing time. The distances underlined are too
long or short comparing to their NOEs.

oozl AIT ZAdrxje] Bx} oA Azl o] 283 24 imidazole ring
o] A AL, & 77], ol& FUlolm, regioisomerd] Fx BATe] WAE
gdotR 7] ¢35l random searcholA]  AAFE  JFRF W2 oY R]2] X ojA
imidazole ringZ} 58 2t7]2] Wz} Az, F¥ 718 o€l 2} tetrazole ring
7}2] Azl, tetrazole ring®} imidazole ring=}e] #]E], tetrazole ringZ} A ¢
Z}2}2] AT, tetrazole ringd} S|E=EZE A7) AglE z+2z D1, D2. D3, D4, D5=E

7 A15to] phamacophore 7te] %8 A& ZAstyct. Figure 3504 2tz A



glo} Bzte] D=8 S3lod D3, D4, D52 Aelst AFe|E/d 3} parabolickt HA|
B zte T Zg & 4 glglen), ol D3, D4, D5y AejEAdE viehledl
Aol Azgl7b othe A& BolFa ol F7olth webd All $EA9} =T}
281 uj, tetrazole ringZ} imidazole ring, 3|=EA|718] ArhE el 27 27
g uf FastA &stes Zeg Btk

B3 74 Bado] 2 YEQ KR312728} JHY o] W& KR31276E IS
off eld All A% B BRIEQ DuP-7533 Glaxo BBl 74 B U
FzolA imidazole ring?] A 4=}t tetrazole ring?] 41, J|=FA7¢t I
e A% Aol &2 KR312722] FR+= DuP-7533} Glaxo BrE3} FAHLE «

18t RLZRE Jix)E ubd, ¥Ado] e KR312768] A= & X5k kgt

o
of

(Figure 36).

23 Glaxo 3&HEZ} KR 331E2] benzofuran -FEA2] FR3F X}
e BE X8ale Zado|th Glaxo?] ZA-$= BEEo| X¥H 7
ARt "€ o] FUHYleH, I olf

=
otk ZEluh KR BES] Z9E BEo] ARHOEH oW B (KR31275 vs

ol

rlo

31278, KR31276 vs 31280):= EAdo] 2718t wvitd, 7tASHE ZA97F o weltt
(KR31271 vs 31279, KR31272 vs 31273, KR31274 vs 31277). Z3F BEo] XHE S
A=A Q] EALS dolRy] ¢ls) %

224 F2 1YL /N ex] Ygtomg HEQ
HEE Aisledct (Figure 37). I 23} BEo] XX A= A&

2] ok FfETE HIA BHES] F37]71 FH3len

ax =

it
s
32
fr
o
o
[4
ok
%

o] benzofuran ringollA] HE 7] &0 7 35151 gt}
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were from polynomial regression (PICsp = A + By¥X + By#X?).
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Figure 36. The conformations of the biologically most active and least
active compounds of benzofuran series. (Top left) The superimposition of the
most active compound, KR31271 and the DuP-753 compound (purple, rms value:
1.378 A), (Top right) The Glaxo compound (magenta, rms value : 1.164 A),
(Bottom left) The superimposition of the most least compound, KR31276 and the
DuP-753 compound (purple, rms value : 1.829 A), (Bottom right) the Glaxo
compound (magenta, rms value : 2.644 A). The ICs for DuP-753 is 11.25 mM in
our experiments.
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Figure 37. The direction and size of dipole moments for isomers. (a) KR31271
(DP : 2.91 debye), (b) KR31279 (DP : 4.22), (c) KR31272 (DP : 2.94), (d)
KR31273 (DP : 3.62), (e) KR31276 (DP : 2.25), (f) KR31280 (DP : 2.35), (g)
KR31274 (DP : 3.28), (h) KR31277 (DP : 2.47), (i) KR31275 (DP : 3.38), (J)
KR31278 (DP : 4.04). The unit of dipole moment is debye.

Pharmacophore 24 £ imidazole ringa} S|T=E X718 AelE FAI A7]7]
915 KR31272 SHHEOIM carbon A1&e] Wol§ alstm, ATE thAl esteri}
acid® A|#3sto] A2 A benzofuran FE=HE S
Tt} (Table 4). Carbon Ak&e] 370 o] F719& Z-¢, &= Whe] #5748 S7t
3t tatrazole ring?] AA Ux}e} 44 AIEL o]F L= FHo| 71A A

_:Il
2]slA] KR312728} AAH oz G}

gt UFL] 4 Aol gl TRE B Algstadrt. o722 -9 carbon A}
o] & M HF (1Cs = 17.7 )7} & 7el A9 (1Cs = 28.3 rM) Er} &g o]
Z7tgon, A Jfed A (ICs = 49.7 M)E= Z4AFCE 2 o]f3= carbon A&
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z712 2z} o 8542 7ot oAl ZolE A4y 4 3l Figure 380iA
BEZo] ofux] oA T FxI AL ITFo] BAY FeER TR ¥
el7} o] ehAShe, KR31369 (R : CHCH,CH:0H, ICso = 49.7 nM)ol B]3] o]F AYES
A7 ste] GEAS 7hAA]Z] KR31368 (R : CH=CHCH.OH, ICs = 27.7 mnM)2] 3]

| 1& tetrazole ring®]l} imidazole ringztd] $4 AYL 3= 27t
desiH oz festel Ae Bl Fay T2 48 P2ALLA AL £%
Ao} AYAZHY BHE P FAULT ATl EY GRL] B

J.8
o= T
1A 3 ester, Ate] £OoF HAlo] ZrA sy,

3.557 Ang.

4,380 Ang.

Figure 38. The distances between the nitrogen atom of the imidazole ring and
the oxygen of the hydroxyl group. (KR31272 : R = CH;OH, ICs : 28.3 mM,
KR31371 : R = CHoCH,OH, ICso : 17.7 nM, KR31369 : R = CHoCH:CH,OH, ICso : 49.7
).

(3) Agonist HF&

oo A8 ExZH All agonist BAL wle HYE (Figure 39)0] UHAE
i 1-162,313 Y EL AlIS} FUY =2 PokS HSAIIH AT, g0l
T =2 x3HFL Rlc} (AT, ICs = 1.1 M, AT, 1Cs = 2.0 mM). L-162,3132] +

ZE Al ZAsrA} SAF5L}, tetrazole H-E-o] ZTx=AeQl WP O T AIl agonist?]
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»

g st Zo® Brh EF AT, $E&A] & ©f A= All agonist,
L-163, 491 ool AT QT (AT, 10 = 1.4 mM, AT 1Cs = 101 i)™, Point
mutation A3 ZAIjolA = AIl Z3r=Ql L-158,8097} L-162,3132 F2FH o2 nj-¢
S A}EFR| R AL type 1 4=-232] Ala 111, Ala 294, Asp 295 T}IE oln|kxAlo =
X2 wl, L-162,3130] +EA AYsted VS YA dervie AH 2=
agonist?] ZATE antagonist®} TIEW, N@wte] Ile 14, His 24, Tyr 26, Ile 27
2} 3 Hz] loopel Tyr 322} A H#] loopdl Asp 278, Asp 2812 ®WolojM = All
o] H3joll= Qg3o] 9oL} agoniste] Yol Fo] ¢l ZeR Hop AllS)

1-152,3132] AT 4T Exdel HoT BTl

Figure 39. AIl AT; agonist, L162,313 (AT; 1Cs = 1.1 nM, AT, ICso = 2.0 mM).

[e}
Es

utetA All agonist®] F-ZFH¢l EXE UotR7] 9IsiAl L-162,3132) F+23
HYPY O T pyridylimidazole -FEX2] Wxlto] phenyltetrazole® L-162,3138] F=x
o} ZA WF A KR31314E TAIste] MR AP o2 Ael FRE Gl Table
18-S 2D-COSY2} NOESY A3 tjo|el 2HE] 2+7+2] proton?] chemical shift& |3

staich,
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Table 18. The resonance assignment of KR31314 from 2D-COSY and 2D-NOESY (600
MHz, 25 C, CDCls)

Proton Chemical shift o The number of
Multiplicity
number (ppm) protons
1,3 7.13 2 2
2, 4 7.43 2 2
5 6.69 1 1
6 2.68 2 2
7 1.91 multiplet 1
8 0.97 2 6
9 > 14 1 1
10 2.76 3 2
11 1.73 multiplet 2
12 1.37 multiplet 2
13 0.88 3 3
14 5.49 1 2
15 7.84 1 1
16 3.96 3 2
17 1.48 multiplet 2
18 1.19 multiplet 2
19 0.82 3 3
20 2.50 1 3
21 8.36 2 1
22 7.33 4 1
23, 24 7.39 overlap 2

Figure 400]M= 5 A o[oxe g HFEE EolFm, NE 24 Zz}
pyridine N-oxide2} imidazole ring?] R KR310802] NOEL} H-el3t AZ}E Ro]
™ (KR313142] 15¥2} 241 2] NOE vs KR31080&] 7*Hz} 17H2] NOE), 103} 14
proton®] NOEZ} T2 AASH=t] 223 ZA 2gdeg T#E g}, Random search
¢t Grid search®H-¥ AltH 71 W ouzle] FTxE ouA|olA random
searchol| Xl AlAtH TR} 0.08 kcals/mol AE oi} 4718 S=4 AL o|F 1
A= TR Zd3h, sulfonamide®] NHEF NO-pyridine ring?] AtA f=}e} 44

E0 24 pyridylimidazoleo]i} benzofuran §-Ex|¢]

i
sl
-
(o))
iy
?>o
—
[y]
L
[\%]

o

(e
0,

A A R W oux|] R} xfo]E KT} (Figure 41). NOES} AAtd
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5
¥

7z ALE wasRee e 2R A AL 2 Ho|F HolA

T} (Figure 42).

» " :NOEs from NOESY of 240 ms mixing time
¥ X . gdditional NOEs from NOESY of 400 ms mixing time

Figure 40. The atomic number of KR31314 and NOEs from 2D-NOESY experiments
(mixing time : 240 and 400 ms).

Figure 41. The calculated structure of KR31314 from random search (E
-99. 88 kcals/mol).
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v 2493 4.304
i B 23
\2@24\/24 !)
2.521

3.539
) /4-‘7~372.358
3

Figure 42. NOEs from 2D-NOESY experiments and distances from calculated
structure from (A) grid search (E : -99.79 kcals/mol) and (B) random search
(E : -99.88 kcals/mol). The distances with bold type show differences from
the result of NOEs,

281} L-162,3132] EXoj|A = pyridine N-oxide ringo] ¢oBnR, 4 AZ
o FodstR] ¢t2 pyridine ringQ & X FE KR31312 U ES FX Aol A
olth. KR31312 FFEL T2 EHE ¢sle 283

W.© huild-up approach,
random search, grid searcho]t}. KR313128] F-RojA] AL zalsfold o]wzte]
3]

)
32

T FH A71E AYsta 1670t AA] o|HZE
e

<
Uzl F2E Lrh (Figure 22). Figure 432 Zz}e] F& FxolA A4

7H3 yre ofufz] TR E Bo|w, Northerni} Middle partollA Z}2z}
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Table 19. The comparison of torsion angle between the calculated structures
from build-up approach, random search and grid search

Torsion angle Northern Middle | Southern |Random search | Grid search
8-9-14-15 -70.8 -132.6 - 83.8 78.0
9-14-15-16 131.0 86.2 - -107.2 -123.0
17-18-21-22 - -117.2 123.8 69.9 61.0
21-22-30-31 - 51.5 -44.0 55.5 349
25-24-26-37 - 114.3 113.7 94.9 114.3
24-26-27-28 - 177.9 179.7 -61.6 -59.6
2-1-44-49 58.3 - - -58.6 55.7
7-8-10-11 -55.6 - - 79.0 33.9
8-10-11-12 -63.5 - - -179.8 176.4
10-11-12-41 -179.2 - - -179.0 =-1774
22-30-31-32 - -60.6 -177.8 58.1
30-31-32-33 - - 177.9 -178.5 =-173.7
31-32-33-34 - - ~-173.8 -175.9 176.9
32-33-34-35 - - 72.3 -179.9 -176.2
33-34-35-36 - - 179.5 -66.5 178.5
34-35-36-37 - - -179.9 60.7 -176.1

(o
bt

henyl ring AtolofAe] ol zto] F 7Ix] widt& 7}A]|

p
HEHow e F2E ¥ A¥Y T2E AUtk Figure 4= Yol Auw

E—7

7 e oux|e] R E w)adt Zlolo, random searchollA] AAMH Fz2] o
A7F 7P stem (E ¢ -75.25 keals/mol), A oJHZE& FAlo] 2#gt grid
searchol| Al AAtH 27} th2eE dr}l (E : -66.47 kcals/mol). Random search
R31080 -=22] type 118} H-A}5}d,

2} grid searchollA] A4FE KR3131298] F2=
F AR U2 oyz]e] FRE FAIS)

build-up approachollA] A4tH F 3F &
T

-~

L} ofdx]oflA] thBF 46 kcals/mol AE W& FXo|t}, XEZF build-up approacho]

A AxrE 7P @ o dx]2] &&= random search®} grid searchollA AAHH F

Z8} AF tiE FZFoln, oluA|oHE 41 keals/mol %= T}l whelr build-up

approach Y2 A4t AlE Fole W Fo stz A &4 27171 & &

7122t Aol H&sta gloy, FE FEe W2 oY E Fopr A Fxe
=

2]
2 olHzte] 23 o3l AV vmzA| FTRE 1Y
o]

=

2}
= LFE HSIRE S[dT WHelel ¥ 4 Azt BT A olWZE T4
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283t grid searchi oW Zto] 47) oAt Hi&= T2 oUXIE AAY uwf AjZto]
U§ o] A0FERg, B2 FAAFH Q& random search Wilo] W2 o 4%
Z

2 2 PHoE s Tl L&A WPl st

Figure 43. Northern, middle, southern part of build-up approach.

Random search®H-E] AlAFH KR313122] %2} KR31080%] -tz A FX
(Figure 45)= AAHoF H{A}shy KR310802] tetrazole H-&Fo] KR313122]
sul fonamide group3}t ZAX]m, z}o]&-& KR313128] -9 WAl ringol isobutyl 27|
7V B2 AZAEo] Qi sulfonamided] 71 F-9 7|7t dAZE o] olct ule}

A o] B-E Fx Apel7} agonistEA L] AL Uehle g &I
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Figure 44, The calculated structure of KR31312 from random search (top left,
E : -75.25 kcals), grid search (top right, E : -66.47 kcals), build-up
approach 1 (bottom left, E : -34.27 kcals) and 2 (bottom right, E : -28.79
kcals).

Figure 45, The superimposition of KR31312 (E : -75.25 kcals/mol) and KR31080
(E : 38.10 kcals/mol) as AIl antagonist,
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(4) ATl Z8HA] B 2 A 2e] B2y 72

o

B Qe ATl 22l Bx 72 BAS §540 2 AUNUEY 72 B4
oA o7 1A ARE ATV PR melo i) AVHe] o=, s
2 gl 33} 227} B QTh Merk HAllA AT} AT, FEAe] we A
()

M; AT, 1Cso = 24 mM)3he At g7t /dE e

I

4
(Figure 46), 1 F2% acylsulfonamide groupo| 67§2] carbon Al&ol 2]3f
AZE o Qlrh

T2 B A183 wHE random searchelm, AAH Jp w2 ouxE

quinazolinone ringell

~62.64 kcals/molo]m, 1 FHRLE &o]& 89| quinazolinone ring?] Wit aF
o] &) type Ilo] siwtE = FXoltl, Iy o] 1F<°] quinazolinone ring
o] e wskel ¥ type I3t RARRE FRE UAEW, biphenyl IFelA
(R310802] type 18] PZoh Mol7h glowl, 7 e ofuxle] Fxsh Ul
237} 0.12 kcals/mol HEo|t}, Figure 472 ZAx] ze] £x18 713 2 o]
2] -z} KR310802] type 119] Fx2}e] ZAX FXolm, KR310802] imidazole
ringZ} At) 38|82} quinazolinone ring3} biphenyl H-&, tetrazole ring3t

acyl sulfonamide groupe] -FA}8} TR E o|F i 9lt}

2T

N

|
n-Pr)\ N [¢]

0]

NH
X

n-Pr

Figure 46, Macrocyclic AIl antagonist from Merck company.
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Figure 47, The superimposition of KR31080 (white) and macrocyclic AlI
antagonist (rms value : 0.531 A).

(5) AII peptide =

All peptidet= Asp-Arg-Val-Tyr-Ile-His-Pro-Phe®] A@d® FIAH 87]2] = E]
=oln], RASOlA ZYE YPSs TERoR oA A" meld o a7
2pol| o]slA] NVRZOIZY QIS pIT-E) o= pa @I may aapd) oo
S Sal4 Allel FZE WY)W o] AMEolH Yr} Alle] PERE «
-helix, B-turn, y-turn o] T}¥ FRE FAMEA oLl F2E AAS)
Lol glold 1 2 ofelge ALl Wel=e] f84cl 2 W Yok 1 & 4T
x-ray F-ZE= Garcia 5o ols)A All-Fab E3txe] 2T HE ot} AllL]
TFZoll& Ile 5, His 6, Pro 72} N'dgte] Asp 13} Arg 20] &JsiA A7]= F 719
turn 22} Asp 1 X718} His 68 728 d3t 54 A FHo= Ndotz} o
tho] FH o Jihzto] glrt. 53] All HE|=2] Aol mi= Citlo] 489}
o] ZHol Aot}

wh2baA] AIl antagonist?] SE|= 2A|E X KR310808] x-ray R} v]3s]E
™, KR310802] H-&l 27|, imidazole ring, tetrazole ringo] AIl HE|E=2] Ile 5,
His 62] 7|2} Cc-wetz} FTRAH o7 FAsltt (Figure 48).

EZE AL HE|E=Y o]EA F2 AXtE glste MD 3} PElE HUS =

2 2

==

il

93t A 713t o|WzkE 788 random searchE 4813}l on,
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build-up 2}¥3} x-ray AP T2 vl@3tTt (Figure 49). ofyz|delA:=
random search (E : 56.67 kcals/mol), MD (E : 61,22 kcals/mol), build-up 3}
(E : 75.45 kcals/mol), x-ray & (E : 77.33 kcals/mol) £2% &Tl E&
FZE Prog 408 turnd st 9lglen, C-dthe] Phed] WA E]oA
713 2 xpol& Rgith. EEF random search®} build-up ZpFoA U2 FRI} H
=35ttt Al HEelze] Ad PREHE C-Uwhe] ol 7|= His® imidazole

=
ringz} 22 wWeko] ojolomg All AR A FEIL type 11U TFeEE

Figure 48, The superimposition of AIl peptide and KR31080 x-ray structure.
The butyl chain, imidazole ring and tetrazole ring of KR31080 aligned with
Ile 5 side chain, His 6 and c-terminus of AII, respectively.
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Figure 49. The structures of All tetrapeptide (1le’-His®-Pro’-Phe®). A) x-ray
of All-Fab complex (E : 77.33 kcals/mol), B) Build-up procedure (E : 75,45
kcals/mol), C) Random search (E : 56.67 kals/mol), D) MD (E : 61.22
kcals/mol ).

Lh Al 4=8-A) Zakae] QSAR

(1} Pyridylimidazole =3

—_

& AFolAM = Losartan (DuP-753)E.T} ©f & do] el& Al 23] /UL ¢
5lo] imidazole ring?] 6% $]Xx|o] pyridine N-oxidel} pyridine ringE = 3I4
3 5¥ x|l thargt VB UIE =Ystel A WY B 3 32709 3%

gagdstalct. om AME Foto] d2 10 g2 Al #el4e] =AY dofe] ¥
2

=
£ HEgon, w¥E 79 3-D FAAAMY HIHE £ 4 oot
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=2,
e
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e

RA02 o o= AR WAt FAV A2} AAHTEe] CoMFA fieldE A4tgt
F, PLS BA A& F3}o] outlierE A Al r Zho] 7MY £ 2 43}
glch 0SAR #4of AM2E A 2w 167]¢] pyridine N-oxide series (A 2d),
16702 pyridine series (B BW), & 32718 24 (¢ 2d)8 FE3}o z+z} PLS

Al 243telth. Pyridine N-oxide HEXERE 7489 A 2 A F 7 3t
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FHE (KR1178, 1064)& A ABIAE uj cross-validated r® Zkol 0.699% A= 9l
omn, optimum componentd] St 3714t HE EA B Fo= r? valueZ}
0.9180]21.21, region focusing2 & brown noiseZ A A3t AF 0.931= F7}
stelth. Pyridine =X 2Rt LAY B 2ele] A= 5712 outlierE A A SHaLA
oF cross-validated r* Zto] 0.603¢] Hgou r? Z+2 region focusing % 0.987
2 dorh. F 2L g3 ¢ 2l B, B BN 671, A BHA 27, F 8
N2} 3HE-L AJAFE cross-validated r? Zro] 0.702, optimum component®] <=

570e] RHEE #HE BA B st o gho] 0991 S dglch ¢ 2EA A
& region focusingell &J3f r® Ftol VAEA dgtedw, A BE F Y =
cross-validated r? Zr3} 7} & optimum componentE 7}?&1:} ol Ik

o g AV A2 63.1 1 36.9%E U] Qo] Lriyde® B o

Mo o 1ir

W e

A Z-&35lTt (Table 20),

Figure 50. Database alignment.
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Table 20. The summary of CoMFA-PLS results

Model A Model B | Model C | Model D
Total b f d
otal number of compounds 16 16 ” 33
used
Th b f itti
e number of omitting 5 . g 4
compounds
Cross-validated r* 0.69 0.60 0.70 0.79
Number of components 3 3 5 4
Conventional r* 0.93 0.99 0.99 0.96
Relative Contribution (96)
Steric 54.50 41.90 63.10 50.80
Electrostatic 4550 58.10 36.90 49.10

Figure 51 & £7 £ ¥ Hol: CoMFA mapo|Ttl, B Relel #H-$
T BRI AEs] o FEld mepE& Holil 92 A BRI ¢ BHEY Hf= At
shy, F&H ZZb= N-oxideZl pyridine ringoll orthol} para $]X]of X|¥=H
Aol Z7}5te, imidazole ring?] 5 ¢x]of X|F}H R I2Eo] Lol AsE W
B5et 2717 & 38l BEYUE AR B0l SUEE Kol B
ofl A 2] CoMFA map2 imidazole ring?] 6% #]X]of ofo]
pyridinee] ¥ Z-Fo] 7|7t 22 ABA7 Bl S/ ALo= Erh
upeta] C 28] %5 CoMFA map?] ZA3E HIE} O E para $1*]of] N-oxider} X]

¥ pyridine ringe]l X ZFL=E g2 7]571E WA F o] E 8] 1Ceo 2k

o R

< o|&3lgn). Table 212 Thofdt B3 728 7ixE 221 A9 A3A] 35S

B3 F ¢ BUS A&t o5 Zz) 28709 ABA 2Fo] 7]&2] KR31080%

Tt #dol F71t Ao F2 Sol& Mg 7zl 277 &2 ABA s
T 7P B/do] &2 KR31064 (-loglCs : 9.09) BHYERTE o] o &HA ols
He  EHyEel 24707 gk wetM 24718 ABAE I HIES
conformational search& Eslo] TR A% F tlA] d&31& uf 27|71 2
et A A d5F ZTle] FZ2 AR kA Ua ASE He KA’ IS
ZWFA, 277 & ABA 45 Ex} FRol uhel o Fhol TS uekth &
5] B, A4, A& EZsH= ATAA FpolEs LA Hsty A WHE A5 3
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rlo
2,
A
ol
)
Mo
FN)
rr

2d2 o& S8 APsr] glste] @adol &l
(Y& extrapolation 3f) CN &L elstoe] imidazole ring?] 6H ¢]x[o]
N-oxide &, Z4A7} orthou}l para $|x|o] %¥H pyridine ring, 53 $]X]of CN
OFel =dY HUEI A7 regioisomerE ¥/dste (Figure 52, ©o]EX o=

A AFgE CoMFA R4 28] -1loglls 32 vl 3}eiT} (Table 22, Figure 53).

Figure 51, CoMFA map of pyridylimidazole derivatives for angiotensin II
antagonist [Model A : Pyridine N-oxide series (upper left), Model B
Pyridine series (upper right), Model C : A and B mixed series (lower left),
Model D : all series (lower right)]. The red and blue polyhedra indicate
electrostatic contour plot. The regions where increased positive charge is
favorable for activity are shown in blue, while regions where increased
negative charge is favorable for activity are shown in red, The green and
yellow polyhedra indicate steric contour plot. The regions where increased
steric bulk is associated with enhanced activity are indicated in green,
while regions where increased steric bulk is associated with diminished
activity are indicated in yellow. '
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Table 21. The predicted 1Csp’s of various substituents calculated by
"Optimizing QSAR” option of Sybyl program. Because of high activity of
para-substituted N-oxide series, only para- substituted N-oxides were used
for the calculations. Only R groups that have high predicted activities are
displayed.

Energy
R Predicted(~logiCso) Extrapolation
(kcal/mol)
POsH; 9.41 0.18 45.89
O 9.39 0.47 27.45
CH.COMe 9.35 0.02 18.55
POH 9.35 0.29 9.59
SCONH: 9.32 0.05 21.92
CHO 9.23 0.08 2417
NO2 9.22 0.15 14.05
NO 9.22 0.09 22.71
CHCCH 9.22 0.39 53.21
CFoH 9.19 0.10 23.37
Br 9.18 0.05 25.00
Cl 9.18 0.06 25.44
CHF 9.18 0.08 25.20
CHMeOH 9.18 0.31 56.16
SCONHMe 9.17 012 26.57
SCN 9.16 0.05 23.13
| 9.14 0.07 24.74
CN 913 0.08 27.06
SOCFH 9.13 0.31 24.88
CF3 9.12 0.09 21.51
F 9.11 0.08 27.99
c—Propy! 9.11 0.26 52.79
Methy! 9.10 0.06 25.73
CH2CN 9.08 0.10 24.87
POPh; 9.08 0.12 33.46
H 9.07 0.07 26.76
OH 9.06 0.05 26.18
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Figure 52, The structure of new additional six compounds used in the test
set. BPT is biphenyltetrazole,

Table 22. The predicted and experimentally determined -log(ICso)’s of six new
compounds in the test set.

. Predicted Predicted Predicted Predicted
KR# Eszgzgga' ~10g(Cs0) in | ~log(Ca) in | ~log(iCse) in | ~log(iCs0) in

Model A Model B Model C Model D
KR31358 6.25 8.75 8.70 8.54 5.62
KR31359 6.42 8.68 8.83 8.52 6.16
KR31360 8.60 8.98 8.85 9.02 8.81
KR31361 8.96 8.92 8.82 9.00 9.17
KR31362 8.28 9.02 8.80 9.26 8.67
KR31363 8.96 9.10 8.78 9.30 9.26
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Figure 53. The predicting ability of three models (X axis : the experimental
-log ICs vs Y axis : the predicted -log ICs).
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Brles WAt 6le HUES Tl 38708 HUE CoFr B4 A3 2

8t X cross-validated r? Zto] 0.788% Aoj A EHoj uls|
. & 2AE region focusingg & F 2719 outlierE A|AE
B2 47]¢] componentE Alg3tel EAEA & Az} rf glo] 0.964, F 3hol
201.66, X ®WA7E 0.127, HehHd AA2 FA71Ee] 7lei=7} 50.8th 49.1
2 AA7|R] 7z} Z71sleitt (Table 22 & D). %% CoMFA map2 C 2
2} FAFSILY regioisomer?] E7IE imidazole ring?] 5¥ X|¥A| ¢lxlof Z7|7F 3
< IF°] ABHELE FAo] FIl¥Ith= A& Kol &FTrl (Figure 51 bottom
right),

A A2 DuP-7532] 7% imidazole ring?] 4, 5 $]x] (KR #IE2L] 5, 64 ¢
ol BiE)E E&Ae  Ael HeFAd  RBle oflm, 5 #He
hydroxymethyl, carboxaldehyde, carboxamide 15 Z-& 44 ZA3 A XAt
carboxylic ZEo] Bgol FRsitis A¥ ANES Ak =k All FEA2
DuP-7532] docking R@ oA imidazole ring?] 5 $|X|7} Al &x]2] 3Hz|
@-helix®] Ser 107¢] 2lx9} ZH3IL glolA subtyped] Mg Rlrp )
8t Az} cross-validated r’ Z}o] 0.454

o

& A S AMESte] CoMFA £4
(r? Zko] 0.924)% e o S8
Ay WA 180] glow Aol Zylgithe map A= DuP-7532) SARZF docking
male] Fzpe} AT,

wpelA pyridylimidazole S-S 2] CoMFA 242 AIl =82 ZAsha o]

bz

9o}, imidazole ring?] 5% $]X|of 4

imidazole ring?] 5, 6% 2]x]2] X]& Ao izt F
248 BAE olsisted A or E4% 4 st

(2) Benzofuran series

Benzofuran FeX= benzofuran ringg Ao 7 imidazolez}
phenyltetrazole ring?] olg] ZF2] XA o] AHA| &do] JtsdtEE, Thokgt
32 F2E WAY 4 drh weka] PR B EAo] /&3 RE AZY
Aoz ofgHrh 0SARY] AHEH FRE ATA oAU H¢ (Table 3)

s
random searchoflA] €-& 7}% W& ofux] TXE &8, imidazole ring?] 4
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M ogxol P2 APE AW FEAQ FS (Table 4) XA 277} M4
373 Feirt doe oz RefFenz HF
e ouz]e] TRE AMESEA] oAl bR BA & KR313713 4 X TAE A9
gt FEH F=E Ao AESITh
0SAR #42 307 o14te] EE JdAtet Bz thE 33 24 W& AHES
of ofd AW A7} Bl FoUAE E4T 2D-05ARZ} 3Ab] FZhollM A=A o
Zreke] BRI AH GAF 7€ AE AR ARSI CoMFA U<l 3D
A e E ARgstgich
HA 2D-05ARe] AHEH T Axle BAVH AW JdA] 42 EF484 ¥

| =1
(sum of atomic polarizabilities, Apol), 2¥=2} R E (dipole moment, DP), &

Jm
o
3
S
o
i
1o
4 o
B o
i,
mFS
oo
o
_0,1'4
[ lr

o
n
o1
=]
o
He

7t A ox}E M3 ¥tA (radius of gyration. Rad., of Gyration), #2} ¥H3H
(molecular surface area, Area), WX (density), ¥4 EHE (principle moment
of inertia, PMI), E=x}2] 23] (molecular volume), FZ AW JARE EXIF
(molecular weight, MW), ¥ ZZte] 4 (number of rotatable bonds, Rotl. bond),
2 A3 1AL 4= (number of H-bond acceptor, H-bond acceptor), $4 ZA¥
FA|2] 4 (number of H-bond donor, H-bond donor), d¢I&}AQl A QXIE logP
(AlogP), E=}2] ZAXE (molecular refractivity, MolRef)E& A4ts}eit} (Table
23).

Hz2p 2o Auelxt2 ] E=x}e] ofuA] (energy), conformational searchol]A]
AH 7HR G2 ofux] (the lowest energy conformer), ofUx] SdE]
(conformational energy penalty), =AF7te] AMZE t}E K| (difference volume,
DIFFV), 223 Z#Z lx 23] (common overlap steric volume, COSV), ZEFH
R (FEH A A F3E A2 £2Y FuE e 3 F), ¥EEE
A oA H3¥ (non-common overlap steric volume, NCOSV), H|ZLE& ¢l GR117289
2}e] el rms *}o] (rms to shape reference of GR117289, ShapeRMS), B]|ZEZ Q]
GR1172892] 3] (shape reference volume), tetrazole?} imidazole ring?] A4
Hxete] Ag] (Tet_N), tetrazolez} imidazole ring?] 4 X|FAjolA] 2rA2}e]
Agl (Tet_0)E AAVstT} (Table 24).

Table 252 2D-QSAR®] X|F ZIE Heldlen, e AF 3 SHL=E 30

e BEAAE e o Bastel WY GPol T ABAANE wMTIR B
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slgith Benzofuran SEX] AIl ZAZH o] JHL nlx: 47 Az
23 E=x} moko] t)gt A= QIR}E COSV, ShapeRMS, Fo, NCOSVE] r° Zho] 0.72,
0.72, 0.71, 0.68% 283 4w x2 BEMFT}, I8} logP (r® : 0.00045)%}
2218 (r® 1 0.0006) B2 W A FAE Ml dAH o F A 2
ol &= COSVE} ShapeRMS7} 223t AwWelxl® EAEH, r? Zko] 0.86°]t). E3]
ShapeRMSE= &4 9l Glaxo #3MEQ] GR1172892}2] 3x} FRoA2] rms®] Xlo]&
UEhd Ao F A7} -0.7046630.2 rms xjo]7} S48 Fajo] AT AR}
s 2EUL S Wa T Aol Ao} wol HEH o WY B 2

Hert Adolbe=nl, Figure 542 Z7]of 3070 AW AxIE A|2}slo] o] A
oAl Aol ool 2 WL Zy}E RHo{FEm, COSV, Fo, Rad0fGyration,

fr

ShapeRMS, Tet No| -9d¢l HHAAE A& RI=7l F7igcth |A=} 7% F89
o de HF AY I EMAY rf g2 0.860H, A

A0l U2 Az fapsich "ol 4%E nXE= d¥ dxls cosvet
ShapeRMSE ShapeRMS2] A= -0.7046632.2 rms X}o| 2

73 9l GR1172892t9] 3%} FZo Aol S 4Aftke A& ¢ 4 dUrh
mteta 2D-0SARY] FA 02 AIl ZFAL] ol &2 33 7271 2% JYE

gtie g BFT YT

o
t
o,
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Table 23. The calculated descriptors of benzofuran derivatives for classical QSAR

KR # Activity Apol DP mag.{ DP-X DP-Y DP-Z Rad. .Of Area Mw Vm
-log(1Cso) Gyration
31271 6.37 18701.06 | 9.06 1.80 -2.08 8.64 4.49 504.79 462.94 399.51
31272 | 755 | 18701.06 | 932 2.46 0.68 8.97 428 499.30 462.94 399.24
31273 | 749 | 18678.84 | 10.36 -2.62 -4.02 9.18 4.28 520.42 541.84 417.34
31274 | 582 18701.06 | 8.68 8.51 0.25 -1.68 3.83 499.92 462.94 399.49
31275 | 591 18701.06 | 10.03 -3.09 2.62 9.18 4.60 492.12 462.94 398.67
31276 4.75 18701.07 11.46 ~7.22 8.05 3.79 3.83 508.01 462.94 399.40
31277 | 479 18678.84 | 10.42 813 -6.49 -0.59 3.87 522.19 541.84 417.43
31278 6.52 18678.84 | 1252 -3.72 -5.45 10.63 4.64 523.75 541.84 418.11
31279 6.24 18678.84 | 1210 1.66 -1.80 11.84 4.64 519.31 541.84 417.41
31280 5.39 18678.84 | 10.80 -9.95 3.82 1.7 3.81 526.39 541.84 417.41
31364 | 730 | 2152288 | 8.16 2.97 1.64 742 4.26 588.40 531.01 462.46
31365 | 749 | 2069498 | 9.78 314 394 8.39 4.67 568.90 519.00 452.59
31366 | 7.20 | 2018172 | 886 3.56 1.57 7.96 4.39 543.45 504.97 43542
31367 [ 666 | 2049636 | 8.79 3.01 3.81 7.33 435 541.57 502.96 429.30
31368 | 756 | 2004222 | 753 2.13 1.62 7.04 447 543.39 488.97 427.49
31369 | 7.30 1972758 | 884 0.19 513 7.19 4.60 553.07 490.99 433.16
313711 7.75 1921432 | 9.39 1.82 4.85 7.83 4.30 521.12 476.96 415.90
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KR # | Density | PMI-Mag. | PMI-X PMI-Y PMI-Z | Rotl. bond Hoond Hbond donor AlogP MolRef
acceptor

312N 1.16 1859.97 | 439.20 | 122451 | 1329.35 9 3 2 6.11 126.80
31272 | 1.6 1539.09 | 47845 | 1008.91 | 1059.23 9 3 2 5.98 127.32
31273 | 1.30 189348 | 70213 | 1105.28 | 1367.72 9 4 2 7.16 135.79
31274 | 116 113045 | 607.90 | 64096 705.38 9 3 2 598 127.32
31275 1 1.16 2150.84 | 318.02 | 142951 | 1575.27 9 3 2 6.13 126.82
31276 | 1.16 113859 | 487.95 | 67419 777.01 9 3 2 6.13 126.80
31277 130 1661.57 | 635.18 | 1066.08 | 1104.91 9 4 2 7.16 135.79
31278 | 129 2365.89 | 397.91 | 1549.08 | 1743.40 9 4 2 6.92 134.42
31279 | 130 2136.19 | 42555 | 142957 | 1529.26 9 4 2 6.92 134.42
31280 | 1.30 147090 | 666.85 | 854.95 993.95 9 4 2 6.92 134.42
31364 | 115 1720.67 | 633.05 | 1056.01 | 1202.01 11 4 1 7.36 147.25
31365 | 115 1985.78 | 695.81 | 123575 | 1389.99 1 4 1 6.35 141.28
31366 | 1.16 184297 | 557.65 | 113559 | 1340.14 11 4 2 6.32 136.51
31367 | 117 1786.58 | 58539 | 107650 | 1300.13 10 4 2 6.99 137.74
31368 | 1.14 1700.80 | 593.78 | 1093.72 | 1159.28 10 3 2 6.76 137.79
31369 | 113 1832.37 | 485.84 | 1229.83 | 1268.49 1 3 2 6.41 136.78
31371 1.15 1564.35 | 519.69 | 1033.72 | 1052.87 10 3 2 6.16 132.02

ol (sum of atomic polarizabilities), DP (dipole moment), Rad. of Gyration (radius of gyration), Area (Molecular surface area), MW (molecular
r volume), PMI (principal moment of inertia), Rotl. bond (number of rotatable bonds), H-bond acceptor (number of H-bond acceptor), H-bond
ond donor), AlogP (log of partition coefficients), MolRef (molecular refractivity).
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Table 24. The molecular shape descriptors for benzofuran derivatives

KR # _/I\chtl(lv(ljt:)) Energy LowE | EPenalty | DIFFV COosv Fo NCOSV | ShapeRMS| SRVol | Tet_N [Tet__O
312n 6.37 161.79 161.79 | 1.53E-06 10.78 210.07 0.53 189.05 1.56 388.34 8.01 9.94
31272 | 7155 160.40 160.40 | -6.07E-06 | 10.74 350.29 0.88 48.78 0.1 388.34 6.31 9.08
31273 | 749 158.63 158.63 | -4.86E-07 | 28.61 29174 | 070 125.21 0.65 388.34 6.30 9.06
31274 | 582 160.66 160.66 | 4.88:-06 | 10.84 239.95 0.60 159.24 1.26 388.34 459 412
31275 591 160.67 160.67 | -5.31E-06 | 10.61 205.92 0.52 193.03 1.43 388.34 9.45 8.98
31276 | 475 164.79 16479 | -1.43E-06 | 10.69 137.71 0.34 261.31 1.40 388.34 454 3.84
31277 479 158.26 158.26 | 5.84E-06 | 29.44 218.02 0.52 199.76 1.48 388.34 4.65 4.13
31278 | 6.52 164.55 16455 | -3.82E-06| 29.41 23823 | 057 179.52 1.68 388.34 886 | 10.54
31279 | 6.24 164.83 164.83 | 8.69E-07 | 2857 188.43 0.45 228.48 1.60 388.34 805 | 10.36
31280 | 539 168.59 168.59 | 561E-06 | 29.26 136.51 0.33 281.09 1.40 388.34 4.54 3.82
31364 | 7.30 159.07 199.07 | 4.58E-07 | 7457 34794 | 0.75 114.96 0.15 388.34 6.45 7.22
31365 | 749 151.83 151.83 | 5.18E-07 | 64.14 37953 | 0.84 7294 0.02 388.34 6.28 9.15
31366 | 7.20 143.48 14348 | 272E-06 | 4745 26647 | 0.61 169.32 1.19 388.34 6.83 6.99
31367 | 6.66 154.25 15425 | 748E-06 | 41.38 272.25 0.63 157.47 1.01 388.34 7.15 540
31368 | 7.56 161.62 161.62 | -2.74E-06 | 38.43 349.78 0.82 76.99 0.13 388.34 6.28 9.60
31369 | 7.30 157.67 157.67 | -2.74E-06 | 45.00 350.26 0.81 83.08 0.41 388.34 6.30 9.56
31371 7.5 156.34 156.34 | 3.59E-06 | 26.80 38834 | 094 26.80 0.00 388.34 6.32 6.77

* Abbreviations : LowE (lowest energy conformer), EPenalty (conformational energy penalty), DIFFV (difference volume), COSV (common overlap steric volume),
Fo (common overlap volume), NCOSV (non-common overlap steric volume), ShapeRMS (rms to shape reference, GR117289), SRVol (shape reference volume).

_94_



Table 25. The results of 2D-0SAR

Simple linear regression

[T Y

14.

2

Eguation r F-test
. 3.8141 + 0.010387 = COSV 0.72 39.54
. 7.42564 - 0.865716 * ShapeRMS 0.72 33.86
. 3.67939 + 45946 * Fo 0.71 36.07
. 8.30982 - 0.011275 = NCOSV 0.68 32.23
-2.23584 + 2.0381 * RadOfGyration 0.38 9.36
. 5.94964 + 0.45609 * Dipole-Z 0.37 8.93
. 476075 + 0242425 = Tet_O 0.37 8.68
. 0.081287 + 0.67505 * Rotlbonds 0.35 8.05
. —4,08169 + 0.00055197 * Apol 0.27 5.43
. 6.29416 - 0.26356 * Dipole-X 0.24 4.67
. 5.79084 + 0.024909 * DIFFV 0.23 451
. —3.8638 + 0.024909 * Vm 0.23 451
. 450045 + 0.624581 * Dipole-mag 0.22 418
-2.12195 + 0.016469 * Area 0.18 3.25
. —2.89964 + 0.070805 * MolRef 0.17 3.07
. 134626 - 573927 * Density 0.16 2.81
. 5.08447 + 0.0013501 * PMI-Y 0.12 2,00
. 479974 + 0.001008 * PMI-mag 0.11 1.89
. 5.1079 + 0.0011763 * PMI-Z 0.09 1.56
., 8.30333 -~ 0.908333 * Hbond donor 0.09 1.55
. 530914 + 0.196869 = Tet_N 0.09 1.42
. 6.49361 + 0.122114 = Dipole-Y 0.05 0.78
. 5.97335 + 0.0011513 * PMI-X 0.02 0.26
., 6.81167 - 0.061806 * Hbond acceptor 0.001 0.02
. 6.9498 - 0.0007093 * MW 0.0006 0.01
. 6.88951 - 0.045018 * AlogP 0.00045 0.01

Stepwise multiple linear regression

. Activity = 461592 + 0.0099212 * COSV - 0.704663 * ShapeRMS

"2t Ftest’ "XV 12 “BS 12’ "BS 2 Error” "Outliers”

0.86 4273 0.77 0.86 0.004

2

Genetic Function Approximation

—_

O WO NDU A WN =

Equation LOF

. 461592 + 0.009921 % COSV - 0.704663 * ShapeRMS 0.22
. 2.14014 + 0010729 = COSV + 0.242552 * Tet_N 0.23
. —1.60105 + 1.3168 * RadOfGyration + 3.92588 * Fo 0.23
-1.1037 + 0.00884 * COSV + 1.23073 * RadOfGyration 0.23
44931 - 0.712719 * ShapeRMS + 4.39175 * Fo 0.24
. 311243 + 0.008916 * COSV + 0.144871 = Tet_O 0.25
215819 + 1.3621 * RadOfGyration - 0.009627 * NCOSV  0.25
. 1.99896 + 4.74962 * Fo + 0.242505 * Tet_N 0.25
. 1.92779 + 0.001339 * PMI-Z + 4.68928 = Fo 0.27

. 893639 - 0.727129 * ShapeRMS - 0.0108 * NCOSV 0.27

2

0.86
0.85
0.85
0.85
0.84
0.84
0.84
0.84
0.83
0.83

F~test
42.73
41.32
40.20
39.35
37.81
37.1
36.59
35.78
33.70
33.17
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Figure 54, The plot of variables usage versus number of crossovers, The
order of variables in top right shows the frequency of descriptor when
evolving random initial models using a genetic algorithms,

Al 2tg] ZA dgloly] WH4E Rol:= 177 FRIE (Table 3, 4)2] 3D-QSARE
St7] 9l3te] WRp-x} 27 (atom-by-atom fitting) WHOE A2 FA 3
=4 AA F=2E FE AZch 7B B4 s HEA KR313NIE H|A EAE
183t imidazole ring®] A4 Hxtel F7+ WA 212]2] F4, tetrazole ringd]
TS i S8t fitting AZTh. A2} #4AHE carbon atom (C3') 2E 4173}
HAHL ZF7tel 4 LR ol Qe AR dAltY] BA A} A
CoMFA fieldE A4HEF ¥, PLS A £4& E319 outlierE A AT r® gho] 7}

Table 260 177} 33E2 CoMFA &4 AZE Aejgloen, #E
cross-validated r® Zto] 0.869, A&l component <=7} 2, r? Zto] 0.974% L}E}
o (2w A), region focusingdt ¥ (2@ B) cross-validated r® ZFo] 0.881
= A Bl ot JAIRH AL JoxE 51.2 : 48.8F U}
E}yft}. CoMFA map& benzofuran ringg $A 0% tlokslt x| o|dAH T2
AAH o Hoj7t Hi doo] napo @ Uehton, By 7] Falols x|
3

=
3A& 2t F27F "ol @7dch AAI el v mapolME tetrazole F-E

Pﬂl

o,
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of Lol AstE RFSHe nap3} Wk WA Telo] ol HIHE 278 mapS
Bl (Figure 55). o] CoMFA ZAzt= 71&o] 8% All antagonist?]
pharmacophore®] Z el AxsHH'Y, $gA2t AYste Felo] Y FET AR

€ A g3l £t

Table 26. Summary of CoMFA-PLS results

Model A Model B

Cross-validated r* 0.87 0.88

The number of component 2 2
Conventional r 0.97 0.97
Standard error of estimate 0.16 0.16
F values 22191 214.60

Region focusing O X

Relative contributions

Steric 49.7 51.2
Electrostatic 50.3 48.8

Figure 55, The CoMFA contour maps of benzofuran series, (Left) steric
contour : For steric contours increased binding results from placing bulkier
group near green and less bulkier group near yellow., (Right) electrostatic
contour: For electrostatic contours increased binding results from placing
more positive (+) charge near blue and negative (-) charge near red. The most
active compounds KR31371 in benzofuran series is shown,
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. ALl 8A418] 4d3tA 8] 3D-search

ALl ZA3}A] 7ol DuP-753 (Losartan)o] 7}3 ¢t 3131E0]7l shuvt <& 7}
T4 "Holx& At vhrbEel &3 d&7E dolxle AR E 7ML girh DuP-753
o] 7ol uwhet o]Z& lead compound® Ste] MA ofg FHaleld U FE

E4E wEsigden 1 F i3I ZHEC] A 2HiE 88 4 3= L-158,809
(Merk), CV-11194 (Takeda) Tolm oJyfol= Exp 3174 (DuPont), GR117289
(Glaxo), SKF108566 (Beecharm) So] HIEo] ¢lom, olR7x= Losarian e
olmtiE REAHEHN ALl AekA] A2 27 Aloln st A7t JAPHAL
T}, KR31080 3}3IE-2] imidazole H-H-& angiotensin 11&] His?] imidazole part,
HEZIE SolL HEL angiotensin 112 7284 gl 27]Ql Phed] JIEHA
7], AAAY Y 7= Tle ZAl&e] 72 A1 AE S 7IAER AL 8
Aol 7 AYL BTk

ALl =83 Z¥ A 2] pharmacophore £24& ¢J3] 7|&o] &3 AYE FolA
o] ol HPES MYsidon, FFH F2E B4l &L SV

A A ¥ HFEL FRE EHSI oHA|7} 3 keal
Uolld FBH F2E A3ttt (Figure 56). DISCO 4202 U} ZBH 72
= xR B A3l oA ZE tetrazoleo] imidazole ring2} -2 uj3Fel type
Izb wbef] W3kl type 118 F 7HA] 2FL® EAMEHW, BAHd d¥E F=
pharmacophorex= imidazole ring®] A4 W=}, wgte] WA ring, tetrazole ring
o] 74zt &g AFE EFY £4 FY FAYU A, &4 7], S0l VIR
0.5 A 58 Hel ol Al AtS =
gut 7)€ &3] pharmacophore F HA|A gl Fd 3

L= 3= Rt

2ok}t (Figure 57). 1
I Y zlel £54

N
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KR1064 n-Pr)\N o)

O so N

n-Pr

Macrocyclic All antagonist
{(Merck)

O

DuP753 KR1371 GR117289

Figure 56, The structures of biologically active nonpeptidic AIl antagonists
used for DISCO analysis. Tet is tetrazole group.

H-bond donor or acceptor

3.99 +-0.5

Figure 57. Pharmacophoric features of All antagonist through DISCO analysis,
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&8 pharmacophore?] A AZHE search ZALT M A}
BE 774X NCI&} Maybridge DBE Al&3}o] 3D- searchE
B3t A3}, 7128 biphenyltetrazole?}t benzofuranz} THE FZ7F Z}zb 12571,
174708 M2& BHYES ATt (Figure 58). uwhetr] 3D-searchi= AL Z 3|2

ME2L A= EFE dAse F88 =72 AH8E ZIo= odrt

=

Figure 58, The result of 3D-flexible search of nonpeptidic AIl antagonists
with distance constraints from DISCO analysis, The number of compounds from
NCI DB (top) and Maybridge DB (bottom) is 125 and 141, respectively.
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AETE WY
7l 24E B2 BAHAY 72

BMS ZxlollH =t 7H ZFE BE A SAR A= Figure 590
2| 5tgth. Benzopyran ringZ ¥-3¥ B2} AX Ao 4Hd F2E of
U™, benzopyran =48] TR0l benzopyran ring®] 6¥zx] X|FAe] HAE F
ole7le 2ol Qlow ol F7Stm, benzopyran ringe] iha Ak} 391 X

Sxlo] SEEA7IE BHol B WRY AL ofrh EE benzopyran ring®] 2%

_4

2 FA o] HAAY AL ZtE 7577 2 #Ado] F7HHr). Cyanoguanidine
J5< ureal} thioureaZr-2 A BAE Zie= +
Z|E]lH, benzene ringS A& AEiz el IJFPELS vt=s=v T3 A¥S = A

o2 Hch EF @ FPAoME A Ad=jgdo] o] glont, F-sd B

ofl& 38, 4R] HT} o|ZAAI "ol ¢ Atk
Aryl ring important
for cardioselectivity
Cynoguanidine
NH can be replaced

Electron withdrawing
group required

NCN
Can be removed
“‘OH ﬁ in some series

Me Lipophilic residue
required

NC

Hetero atom not
required

Figure 59, The structure-activity relationships for anti-ischemic potency of
the lead benzopyranyl cyanoguanudine,

dE T2 ZEHAY 72 E4ol A8E WS HA JHeRt oldZo] 1070
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ololBE 120 ° 7ALE 3 AAZ grid search®} F29|® 31MAZ] randon

~

1e-3tedtt. A grid search: % 26,2447]2] FRE dolA
constraint® AABKL Th HAY shd HEFHOE AL AR % ouAE
-3.71 kcals/mol& git}. Random search: 10,000 T2 JLZRE WHIEAHA
661712 T2E 129 o g dolon, 71 W our|e F2E 27| F2E A
Sto] ThA] 10,0000 2] W A]A -2 703708 FRojA B2 7 Y2 oY
2| grid search Zz}e] B3] 1 kcal/mol Y& -4.72 kcals/mole|T}. Figure 60
o 2zte) ARERE WE ofuxe FRolu, cyano 718 MM ol S
5t random search® A|4t8l= o] grid searchof v|3] A4t A7t

T o ¥ ouRY FRE dYoBE dHL FAY H
B 5= BYAY P& EAolE random searchE AESt] F2E Al £

-

WA TE|7F -7 stacking 2 QHAIEH, 3H A

(=]
search HWHH &

™

e
2
fd
¥,
Auk
A

Ol

Figure 60. The superimposition of calculated structure of KR31343 from grid
and random search. Grid search (white, 10 torsion angles, 3Px2? = 26,244
conformations, the lowest E : -3,71 kcals/mol), Random search (11 torsion
angles, 661 conformations, the lowest E : -4,72 kcals/mol),

TRt 25 7= ATP 2ol 2&Ests ZE T2 AL 723U 5

g dolBEryl %A, benzopyran ringE %3t phenylcyanoguanidine
(KR31373), H]2138  phenylcyanoguanidine (KR31438), 4-fluorophenylester
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(KR31496), phenylimidazole (KR315106) -SG=X& 3Hdslel, NMR E4og A
ARE dor}, Table 27 - 30 2D-COSY2} NOESY?] cross peak 2402 zZhzhe]

protong ATt

Table 27. The resonance assignment of KR31373 from 2D-COSY and 2D-NOESY (600
MHz, mixing time:400ms, solvent:CDCls, 25 C)

Proton Chemical shift C The number of
number {(ppm) Multiplicity protons
1 1.33 1 3
2 3.50 1 3
3 3.5 1 3
4 413 2 2
5 4.38 4 1
5 437 1 1
6 4,49 4 1
7 4.80 1 1
8 6.20 1 1
9 6.69 1 1
10 6.79 2 1
11 7.27 3 1
12 7.31 peak overlap 2
13 7.33 peak overlap 2
14 8.06 2 1
15 8.25 1 1
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Table 28, The resonance assignment of KR31438 from 2D-COSY and 2D-NOESY (600
MHz, mixing time:400ms, solvent:CDCls, 25 C)

Proton Chemical shift Multiplicity The number of
number {ppm) protons
1 1.24 3 3
2 1.55 2 2
3 3.81 1 3
4 414 multiplet 3
5 452, 460 4, 4 2
6 4,86 4 1
7 5.52 1 1
8 6.74 2 1
9 6.93 2 2
10 711 1 1
11 7.19 2 2
12 8.14 peak overlap 1
13 8.17 1 1

Table 29. The resonance assignment of KR31496 from 2D-COSY and 2D-NOESY (600
MHz, mixing time:400ms, solvent:CDCl;, 256 TC)

Proton Chemical shift Multiplicity The number of
number (ppm) protons
1 1.29 3 3
2 1.43 1 3
3 3.60 1 3
4 3.64 1 3
5 4.07 1 1
6 4.08 2 1
7 4.25 4 2
8 457 1 1
9 4.64 1 1
10 4.96 1 1
11 6.80 1 2
12 6.97 3 2
13 7.05 2 1
14 8.02 1 1
15 8.07 2 1
16 3.75 4 1
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Table 30, The resonance assignment of KR31506 from 2D-COSY and 2D—NOESY (600
MHz, mixing time:400ms, solvent:CDCls, 25 C)

Proton Chemical shift Multiplicity The number of
number (ppm) protons
1 1.63 1 3
2 3.51 1 3
3 3.55 1 3
4 3.98 1 1
5 4.31 1 3
5 4.31 1 1
6 4,76 1 1
7 4.88 2 1
8 5.51 1 1
9 5.67 1 1
10 6.79 3 1
1 6.90 1 2
12 6.94 2 1
13 7.21 3 2
14 8.02 1 1
15 8.04 2 1

Figure 61 2D-COSY%£} NOESYS] A¥H o BEHE L} cross-peakso|T} KR31373
8] 13} 4¥H proton?] NOE, KR314962] 2wz} 1002 NCOE, 5%zt 8¥2] NOE,
KR315062] 13} 4¥2] NOE, 6H=f 9, 3¥HZ} 9HE] NOEE benzopyran ring?] 7]
Wde Fsigch. weld KR313732  2S3S4R, KR31496 2R3R4S, KR31506
2S3R4soitt, £A} HgyogRE AAH IFZEE benzopyrano] HZAH Az}
cyanoguanidine 7]of @ZH WA Iz Ate]e] Ag[rt 5 Ao|ujo]EE NOEZ} #i
o] Elojo}sti}, NOE &AM ol Holx] ¢erz Zofofxe] Fxet ALY Fx224
= TIE Z1oE Al&EFHrt}. KR314963F KR315062] ester?} imidazole ringol] <12 H
methylene proton®} benzopyran ring?] proton3} 23t NOES Ro|2Z KR314962]
ester?} KR3315062] imidazoleo] benzopyran ring®] nitrod} ZE ufjdk& 3} ¢l
& 7bsd & AlARITh =3 KR314963’—} KR31506> 2 El&o] F|@tido] rtl2m=E
oMY T1Fo] 7Hx&= NOEE A #stils 5YE NOE patternd Ho|REZ 3% F=

ol FAIE Ao FE Holtl Figure 62-& KR314962] ZAA 722} MOPACLZE AAk
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f Fzo} MREFES] NEE Hlaq Zolth Al T2: 77 ti2d, A% 72
M ester?] abA Azpe} 3W 2 FA|L] I =EAV|Y T4 AL o]FL 9l

Al
ester®} nitroz} with ubsro|i}, AabE FRojA & benzopyran ring®] ofAlE

=

£3} S=SAAA & AP olFL QI esters} nitrort T Lot}
(Figure 63). 12y} 24 728§ Z7] 722 WOPAC AE 39S o, 44l

3 kcal A% & F2Yth

4 ., NOE Y
KR31496 KR31506 3

Figure 61. The atomic numbers and cross peaks from 2D-COSY and 2D-NOESY
experiments., “w” means weak NOEs and “vw” means very weak NOEs,
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Figure 62, The comparison of distances between NMR pseudo atoms with their
NOEs from 2D-NOESY experiments, (Left) X-ray structure, (Right) optimized
structure by MOPAC calculation of KR31496, The distances underlined show the
difference from the result of NOEs,

Figure 63. X-ray structure (Left, HF : -242. 37 kcal, H-bonding between OH
and 0 : 2.17 A, 157.76 °) and MO optimized structure (Right, HF : -245.53
kcal, H-bonding between OH and O : 1.85 A, 144,12 °) of KR31496.

U, 4E B2 "4 el QSAR

ZE TE YA AR 24 sl AFSHE HES BMS FHES ¥ 1156
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7 BHE 2 e B4 dolEll AMg shse 56702 HIUE (Table 5 - 13)&
A% ste] ARESAT 3-58 F9 dolBid ECxst B AL #FAES e
W ICso 3h& 242 QSARo AREZlom, ICxo Fh& ECxE Uhe #e A% Ad=/del
tht FE2 QSARS] AMESHAT &-518 #dz €3 FAA4e] A IAE
dHEZZ 278 S uf (Figure 64), ME A% WAV A% gom=z (v’ 0.0495)
Ztzhel o] mxl= FRo AP #AL tE Z2E ofAHTL

Random search® AAH 567] #eEL ZAF FR (Figure 65)= ZTEH
benzopyran ring& £A41 0% cyanoguanidineo] ¢1ZA¥ WA ring?] HHQOI' Z A
3t benzopyran ringS E#s}z] 9k H|413 phenylcyanoguanideine =38 -
ZAME FEH FelE Zterh 4Py A HAESY F A2 benzopyran ring?]
6 B0} 4 glx|o] dZAH H4A HAL, cyanoguanidineo] GZAH WA ring?

F4E fitting AlZHcl

8 8
Q o0
Z2 7}
5
© 6
g
& ° .'oo.
® 4! ® @y =0.4188x + 3.4466
a R? = 0.0495
(L] L i L
> 3
3 4 5 6 7

Antiischemic activity, pECo5

Figure 64, Vasorelaxant activity vs anti-ischemic activity.
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Figure 65. The superimposition of all K channel activator (56 BMS
compounds ).

Az} RS wa QA (G2 AAgsle] At 2] YA BF2T o
A= A=p dxiete] FA7IA AH 2] CoMFA fieldE A4Mg F, PLS BA &
& Bste] outlierd At r? Zho] 71 &2 2 4Fslgr). Table 31
of QSAR ZAE Aelstqlcth. -38 Az g3 3 P Zo| vlastaxt
5671 &S B Ael BY BE uhvlo] 2zt ECxuet ICs Fholl thyt QSAR £4&
sttt B Al 3-3E o] tidt 0SAR AR 23709 we HPELS A AT
3 LA oF cross-validated r? Zfo] 0.706¢] REL dgich 2d B ¥ kA
ZAdoll that QSAR A }E 187] 3}FEL M ASNA cross-validated r’Zto] 0.714%
FEE et B2Y c= AR Aol tigt 0SAR AR 14702 IHYES AAsIR
LAl cross-validated r? Zto] 0.6280]n, 2w Boj 571¢] 3}3MES Z7lsle] thA
3 A 2] 0SARS Rt uf cross-validated r® Zrel 0.660& Aglth AIl 2
A2 QSAR EMETH vl g 4o HYES AAsNC o’ Flol F7rE,
outliero] #@3dt= FTEE benzopyran ringd 7|8 ZZFLE st LXE= 2
TEoH, o] FfE AE ThE ZFelu thE Ay = s AAHE e
Ztoll Fz=A el 2l o] TIE 2ol 2s] FAol

3
=2
BE & AOT Rol & U HAW Y By AoT olyHch
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g-51d W3 4B B B Ui CoFA mape o HTIE M2 Th2n, 8
2 benzopyran ring?] ¥WAl g2} 2H X FAo] LA
3F, 3 AJA Sl ASE 71X IF, 4H XA ol HE 7HF
A4 YA}, cyanoguanidined] @A ofol& H3IE 7IX WA az|rt B F&
sty, @3 #Eol $2% map 2 X[EAo] Apd IF, 3H XF|AH] ol
AstE 71X 2Fo] 3-318 FHY mapzt UX|StH, cyanoguanidine $|X|of Jo]
< AsLE 712 25l "ol Faslc} (Figure 66).
A ARt @3 ol thEh CoMFA map2 H4 F7to] ME ”‘3’%‘0] ZtE]
mapS EQIt} (Figure 67). %A benzopyran ring?] 6 &Aoo 3jdsl=
map2 A A dolls ol HIE 71 2Feol EH B HHole 2ol

[

(eI

AstE 71X IFol ¥4 3718 7MHen, 29 mapd A dulgz @ ¥4 &
dofl WAl ring®] widro] Zzt chEE AlAFSIETE 3H map2 A X FA R
2ol izt FRE ol M Ao A4A IFo] ATBHS,F A A
dol F718ths A& Eth Benzopyran ring®] 2 X|EAo] siwsls 4 map
= ¥ /3 ZAol 254 25l 84E& FUMIIE v A dudoe A
& 7HH-&th

s}

ol2} L2 CoMFA map ¥-5|¥ B2} ¥@ 3 A Fvlo 385" &2
TRE 729 maps 7HHLE RojFozH, A% MYz Z4F B2 4HA
TZo| 2% FEE AFNF EEHLE JES dASEY =& Fuh

=

g]
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Table 31. The summary of COMFA-PLS results

Model A Model B | Model C | Model D
Total number of compounds 56 56 53 61
used
The number of omitting 93 18 14 99
compounds
Cross-validated r* 0.71 0.71 0.63 0.66
Number of components 5 4 5 5
Bootstrap r* 0.95 0.95 0.95 0.96
standard error of estimate 0.09 0.15 0.15 0.18
Conventional r* 0.94 0.95 0.93 0.95
standard error of estimate 0.10 0.16 0.20 0.19
F values 81.11 148.80 93.35 125.08
Relative Contribution (%)
Steric 54.10 57.50 54.40 53.00
Electrostatic 45.90 4250 45.60 47.00

% FEach model is the result of Q0SAR for anti-ischemic activity
(Model A), vasorelaxant activity (Medel B), cardioselectivity
(Model C) and vasorelaxant activity {(Model D),
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Figure 66, CoMFA map of anti-ischemic activity (top) vs vasorelaxant
activity (bottom). The red and blue polyhedra indicate electrostatic contour
plot. The regions where increased positive charge is favorable for activity
are shown in blue, while regions where increased negative charge is favorable
for activity are shown in red, The green and yellow polyhedra indicate steric
contour plot., The regions where increased steric bulk is associated with
enhanced activity are indicated in green, while regions where increased
steric bulk is associated with diminished activity are indicated in yellow.
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Figure 67. CoMFA map of cardio-selectivity (top) vs vasorelaxant activity
(bottom)., The red and blue polyhedra indicate electrostatic contour plot. The
regions where increased positive charge is favorable for activity are shown
in blue, while regions where increased negative charge is favorable for
activity are shown in red. The green and yellow polyhedra indicate steric
contour plot, The regions where increased steric bulk is associated with
enhanced activity are indicated in green, while regions where increased
steric bulk is associated with diminished activity are indicated in yellow.
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th ZE =2 /434 3D-search

clokst xR AFE EE AL 7]&o] ¢8 2 pharmacophore (Figure
68)+= benzopyran ring®] 6¥1xl $1X]of] AXE Floledr|E= TF3} 2H 2] X|o] Y
&g OF, 41 XA £ AY WA 2Fo] ol Fo3 AR

alztd Z2E BFE FAIAE d#R cromakalim, pinacidil, diazoxide,
aprikalin (Figure 12)& d=sle] 32 A4t F 4& 7% we ouxle] 7z

B DISCO ¥4& 3 A3, 4 AY WA} benzopyran ring?] WA ringoe] 3j

ot A4 283 benzopyran ring?] 454 150 0.5 A F-E HY Lol
ZEFH Azl AFLE 7IR| 3 oIt} (Figure 69). 121} benzopyran ring?] 6 X
2R FAE FoldrlE IFL FF/H AR FEPE A RIyerm=
pharmacophore® 2tx] 3T}

Electron

deficient & H-bond
aromatic ring
N 9 acceptor
(e

Me \ Hydrophobic
O "Me group

WwOH

Figure 68. The structure-activity relationships for K’ channel activator,.
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H-bond acceptor

Figure 69. The pharmacophore of K’ channel activator through DISCO analysis.

Ju 7Ee &3 ZE BE FAMAE 4% AU 4F BE ¥4y
A7t o222 4% M ZE TE ¥/d3A9] pharmacophoreZ& 23]
fokth. ¥ BMS AlolME A7 78 E3) phenyleyanoguanidine -FEA] F
71 Bge] & BMS-1804482 3-3¥ Aol &2 whd, ¥ AR A
= R glojA] HEAE BRI XEAE EAEE JAA Qgeng JE =
o] W3 o T HE| BMS-180448K. T} 20w o Az iAol BMS-1910958 i3t
th (Figure 70). ulehd A3 Ad=zel 4§ T2 AR 7d¥ BMS-191095

O

DBEHE] =ZMgItl. Figure 7104l benzopyran ring th4l naphthaleneo]L}
dihydro-xanthene, quinazoline® 2 ¥ 3 o] 7153l cyanoguanidine thxlo] 24
AY LAE nitro TFo|U anide ZFLE X 4 & ML Bch u}
A ol ARE HPES e EFLE FxEH #H¥S FA IR
benzopyran ringg 7| ZAL2 = ZE BT FEIAECE o] 2 HJE

o] o] 7t Aoz AlwHT
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H-bond
acceptor

Hydrophobic

Hydrophobic

Figure 70. The structure of BMS191095 and distance constraints used for
3D-search,

H
O.N NO. NO N
? ? 2 = | \HACI
H ~ o}
~N NH N O
NO,
N~ ™~
I L
(0] N

6341-42-0 6630-79-1 RH 00256
NCI NCT Maybridge

Figure 71. New lead compounds of K' channel activator from 3D-search.

3. MDR Reversal Agent
7}. MDR reversal agent?] J-Z&

71&o ¢e]Z MDR reversal agent:= FTRXAS
HAFESIH, AS7HA ded FRIEY] T8

o MAAEE FHAAL 9lal, F43 pHOlAM ool H3lE wla e Aa HAE 7}
22 golof P Phenylalkylamine 729] KR-300262 u|mEzel

(R)-verapamil E.T} MDR ZAdo] 60u] Zr}stelem™ KR-30035% 15w & A
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-

Bt gl KR300262F KR30031S verapamil BTl A& @ EAo] ZtAF
T}, VerapamilQl 7-%- S8} Ro|] MDR oA & X}ol7b ATt SKr} Ro] < 200
o) ZE SERQ o] HASIEOLE, KR300262F KR30035+& &gl lA] 41y

d& Holx] girh

¥ o

Conformational search ®FHE 2t7] 2|3] random search, grid search
constrained systematic search WHH& 433 A}, 71 Y2 oUux|= ZZ
17.78, 18.57, 21.95 kcals/mololgict. uwlepa] Axr A7t &S 3125)o] MDR
reversal agent®] FZ Aatel random searchd ANE3}eITl Random sear‘cﬁ%— =31
o 467] FHUEL] W oA FRE ARt 23, ¥HLE T2 HY (¢ 4

& 3%, &F A& Zold ¥, 57t B 67 ilg], methoxy?] $]4] F)& A2

(R)-Verapamil®} KR30026, KR30035%] do&xoz QrAZE 32 IJRE
superimposition A]FE uw (Figure 73), Ztz}e] A4 (=}, o x&, HA 21
2], ON group?] Arxpgd 7V Ql 9)x|7F 4 x]8}, verapamil?] isopropyl groupz}
KR300262] 6-membered ringe] QX|gtct. whH KR300262] 2% phenyl group?] $]3]
7} verapamil2} & TIE Xjo]H& Hlcth o ApAE FR-FEPY] EM2 AMF

4RA datazt he@ BHY oW WY ZOE Halth

Figure 72, The superimposition of MDR reversal agents.
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Figure 73. The superposition between (R)-verapamil (grey) vs KR30026 (left)
and KR30035 (right).

3 467) MDR reversal agent: ZA UAE WEIAZ=d, wE3} Aoz

# 3xF FRAM F5EE T4 A2l Figure 742 H”3} A]F]A]

w3 Al7l o] A MO8 & o|Hzte] &3] JHE £ e PR
T

of tigt ouixl& 1)

it

o] Ha|gt, W A FFe w2 olux] FYol
F7Fstal olvt. whetd wE A1 e 24 MIR reversal agent®] Fx8 R54E
ZaA 7

18Q°

Dihedral angle 2
Dihedral angle 2 =
o

L e i i
1805 RS 800 -180° 180°
Dihedral angle 1 Dihedral angle 1

Figure 74. Potential energy map of demethylation (left, E : 40,47 to 263.20
kcal/mol) and methylation (right, E : 46.08 to 410.44 kcals/mol) of nitrogen.

MDR reversal agent®] F2ZZFQl EA& A HE7] 9|3] 2D-NMR COSY, NOESY A
HE Este ZZt2] proton?] chemical shiftE 2|A3tP e (Table 32),
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Figure 750 NOESY cross peak Q. ZHE] EA1% NOEE REA5}ITh. NOE ujo]Elo]A]

v A4 HAE FHLE FFe] I A&7 NOE pattern® A4t TRAYE 7
AN FZIL olado] Hu, AR T2 W2 oux] FReME F A ek

|

NOE7} o AFEIL}, NOE Al® uolElolAs 5 Wi

T

J

=
L2z BB 2§ Rolx @
oith, whebd oldl AW A} AN A4 AoJHLE AAE e

A ojst wpge 2 Eale] A FEE d&silel WA dcke e RelEy
HAE 22T WOPAC WP LE ANY TEE MR A3bel G BT,

12
e
(o
11 o]
‘%N\ :Ig‘; }i(* 13
N2 e 10
N

0]

_) : strong or medium NOE

J :weak NOE

Figure 75. The atomic numbers and NCOEs of KR30035,
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Table 32. The resonance assignment of KR30035 from 2D-COSY and 9D-NOESY (600
MHz, solvent:CDCls, 25 C, mixing time:4

Proton Chemical shift Multiplicity The number of
number (ppm) protons
1 6.82 2 1
2 717 2 1
3 3.85 1 3
4 3.80 1 3
5 1.86, 1.98 multiplet 1,1
6 1.65, 1.73 multiplet 1, 1
7 243 3 2
8 2.29 1 3
9 2.60 3 2
10 2.70 multiplet 2
" 6.42 1 2
12 3.84 1 6
13 3.82 1 3
14 277 multiplet 2
15 1.86 muitiplet 2
16 1.98, 2.16 multiplet 1, 1

4. Photochromism J8-& Zt= X171%573 A EL] EAEA @ 544+

Az w| gtA] HFHE- Wol ofsia] Mo WM3E Lehle photochromism FH&
2 oalA gtk &0 variable optical transmissiong UER

P
£ B8 Tixiele] H85H & 4 dold BAE wa Yok

hv Ry
X ——
Rs—@\/\/[,RZ A, AQ/\ARZ
| R;
0" 'R, A, o
- .
uncolored colored

closed form open form

Figure 76.

- 120 -



olelgt BH o2 photochromisn 44& ZHe LB ulAT 5L 1) high
efficiency for coloring in the near-ultraviolet region, 2) low quantum yield
for bleaching with visible 1light, 3) fast thermal fading at ambient
temperatures Folth. o3 HAE TFHH + JEF Wzt HPEY o8 7}
2 F23 W\t A4 gleh

= AFellM= photochromism FHE Zi= HHIEL] EXAEA o ExY 542
st EHrh uigtA Rt JAE Zte HUES JUsteal Tl PhotochromismE
Vel 2 9]2] Figure 763} Zo] #ix3|zl 3}3HEo] electrocyclizatidnd] 213
A g LERE open form@eZ HEE| QTIZ} ThA] cyclization E|A HHT) o]uj
Az ] ofg] ABAZ} WFGHE FFE A A Hrt

Az ot A F/A| 53] 2 ghdol VAT thE o2l 71| chiral Wz3|gt 3}
Z} Al Zb]

racemization AEE HPLC A& B3l &A3tgc}. uwizla 2,2-disubstituted

ﬂr

3tE.2 31438} 3 thermal racemization %5 A5ttt ¥ESE®

benzopyran -SE=x2] X|FAo] uwE racemization HI}E UolBJ] 935},
benzopyran ®}grE2] 2¥H ElA 9]Xx|of] alkyl, vinyl, ester, alcohol, ethyl
propenoate, methoxy methyl, a, 8-unsaturated ester, ketoneZo| X|H H&t
A 33EE A3t e, benzopyran ring?] 6 £]X]ol H, nitro, methoxyZ}
A8 HAES Pstoich
Z}zke] A BA e Wk

Sto] REEEI F7HAl, Hol Aeje] FTxRe olUAE Aidste dYEEed A=
S dotHglitt. A7 WHezs HIUEL FHA 7 ZUZLE random searchE

Eoteo &Y duA| 3hE M FRE €L F, semi-empirical PM3 RPPL®

&zo] 33ke |zl electronic effectdE dolx 7] ¢

[

optimization A]Z T} Optimization ¥ FFRE= tT}A] 6-31G(d,p) basis setE& o|&
5}o] Hartree Fock BIH O Z optimization A|FH A dgsz o g 71&F obAH¥E X
2t oURE ot Aol Alefe] FRZE half-chair conformation®® 713 3}o]
molecular mechanics® minimization AlZ1 ¥, WEEEZ} FZEAL ALt AW

3% W O 2 gsingle calculation AT},
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L a2

Benzopyran =32 electrocyclization® E3} racemizationof|A] ¥h&-Eo] A
4 oh A1ZHY ke BRE APolA 0.9501442] &S riZio s A FH}PL B
oz om, &5l C-6 ATARC} C-28] X|TA] Wate] o WY, vinyl
2} ethyl propencate:= ®Bh& Z7FA|8] rx-conjugation EZE T 2R ZoEH
TUAE B A 7= LR Hrt (Figure 77 & Table 33). Table 34= W&

= o] Arefe] del H2} HOMO-LUMO energy gap?] ab ihitio Al
A ATE RolFglch MBI WS FUAY del HY HPLERE A B

FAUA = esters} ketone XTAHE A3t rZlo] 086302 FAHoE Z
< A BAE BArt (Figure 78), 1Lt A4t Ao A= C-6 X FA|7} nitro
22 electron-withdrawing groupE.Th= methoxyZt2 electron-donating groupo©]
RhE F A2 r-conjugation AHE FIIAI= ZLoE Koy, AY AjoME=
C-2 X371 vinylo]i} alcoholQl 79 C-6 X371 methoxyQl Z-$ET} nitrogl
Bt kg £E2E F7RIZTE meEtA g 2= WS SUAY] 9 ¢
o TIE 2o o3 2dY Hog FAs Ho] Hel FZE half-chair
conformation (Figure 79)2.F 1A A] 3
E ¥lay A, C-6 AB/AV FLT A -2 ABAY E S5 BEH oY
Zlof Rhalgste] whg o dFE AL ZoF KAtk -6 AFAI} nitrodd

N
k1

7%, ethylpropencate®} ketone A &5t A3} ARolLi=] 8t del HE r* Zfo)
0.899¢] AB/UAE 7IxH, C-6 X F|A 7} methoxydl -9+ r’ Zhol 0.9098) e
7Rt} (Figure 80). E3F dula o= C-6 X|FH|7} methoxyQl ZA-7} nitroX.t}
Aol AJefe] dUYAE o Hg3AZItt, wlelA half-chair conformation3}= THE:
Aol Aelel FEE AU Zne HBA] tebd HE TIE ZAZE A4 3

E FAHCL go g2 AF AFELE Hartree Fock ¥H-& electron correlation®
I8 whHo| olLJ2 ¥, electron correlationg& &8t DFT (Density Functional
Theory) W& AHESte] whgE3 F7hA], o] Aele] =& oUAE A4tg
A 8] FREFE Ho] e} TRE oS3l= saddle point

S ER

FZE Aard

o,
et
£
&
rz
olo
i
&
L ofx

half chair conformat1ona+‘— ClE A ]
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vinylH
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acetal(H)

= acetal(nitro)

Figure 77. The plot of the logarithm of the % ee as a function of time

Table 33. The reaction constants and their activation free energy from the

racemization of 2,2-disubstituted benzopyran derivatives
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Table 34. The heat of formation (A. U,) of starting, transition state and
reaction intermediate with 6-31G(d, p) basis set

Stagting (HF) HOMO: LUMO - - [Egap TS (HF} HOMO' ' ILUNG - |Egap delH(Ts'-s ZE (M) HOMO ™~ [LUMG - {Egap 1d=lH¢E"S)
Vinyl (nitro) -7397240708] -03157] 006821| 038492) -73962655] -030111 028344 9] : —73050750] *-03057| 0.00172{ 0.30745
ethylpropenoate -1005421863] ~03227| ~00658] 025683| ~10053133] -0314| -00031 --10053905) ~03153| ~00083] 0.30596
Vinymethoxy) -650.1323972| -02784] 0.10923| 038761] -65004954| -02683] 004427 ~650.10526].. ~0.2748|  0.00331| 0.27807
Vinyl (H) —536.2519025| -02876] 011028] 039792 -536.17316| -02779{ 00443 -53622557] ~02784| - 0g323]  0.3117
Propyl -779960089] -03139| 007121} 038508] -77985418] -03113} 001057 =7799247]: —3,0002] 001257| 311177
Ester{methoxy) ~799.8944653| -02796] 010555| 038512] -79980397| -02868| 003408 ~79986366] ~02947| 0npass| 0.31858
Methoxyethyl ~8157615579] -03178] 006741| 038525| -81565034| -0315] 000647 - -81572604] 03176 000718 -0.82475
Ester (H) ~686.0142276] 029271 010638) 039911| -68592424 -03033; 003296 | -668598363:~03002| 002276 0,323
Ester (nitro) -8894867452| -03218| 006609] 038785| -88937834| -0.3315| -00041 122577, "_88945204| —0a2eol 00074 0:32149
Alcohol (nitro) ~776.7397993] —03200| 006513| o3ssop| —776s2a79| -03211| 000502 S77670027] ~03165] 000624( 0.92489
Alcohol (H) -5732677216] —02933| 010788| 04011sf -573.17918] -02928| 004358 <02873] ‘504103| 0328351724
Alcohol(methoxy| -687.1470208] -0291| 0.10431| 039527| -68705326] -~02784| 004339 +p87.10803] ~02824] “0p4141] -0.32381
Ketone -814.6110368| -0.3212| 006883| 033008] -814.50626] ~03319| -00046 Bl -8145808]" 03500 *-00108]| 03203
Acetal(methoxy) -B400624065| —02766| 0.11817| 039479| -839.95821| -02747| 0.04481 4] -Ba002137]  “02e0t] o0o406s| 0322771
Acetal (H) -726.1818121| -02844| 012000] 040442| -7260849] 02889 004539 72614165) ~poweg) ‘004019 0.32700
Acetal -9296550234| -03114] 00721] 03835] -92953261] ~0318] 000621 - 9p981532] -03141] 001018| 032420

starting - ZE

150
&)
(jé 140 Lop e
g 130 ® e
120 : :
0 10 20 30
del Hf (keal)
starting - ZE except ester and ketone
150 ¥ =2.0242x+92.249
t 140
©
S 130
]20 L 1 j
0 10 20 30
del H(ZE- S)

Figure 78. The plot of activation free energy from experiment vs del H
between startings & reaction intermediates from ab initio calculation
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Figure 79. The possible mechanism of the ring opening and its transition
state,

del G++

del G++ vs del H except ethylpropenoate
and ketone w hen y= nitro

100

150 . ¥=12234x+53.969
140 I R*=08994
130
120 : :
0 50
del H (TS - St.)

del G++ vs delH when y=methoxy

150  y=12292x+66.259
I 140 R® =0.9096
(L]
T 130
120 ; :
0 50 100
del H (TS - St)

Figure 80. The plot of activation free energy from experiment vs activation
energy between starting and transition state from ab initio calculation

Table 35. Benzpyran -§%3]|

C

R C
S

o7

Delta H
(kcal/mole)
O N O 13.82
N
o
ON O N O 14.81
.
MeO_~ 2" O
O « 12.67
o™ NO,
=
O P ‘ 13.89
o ™ OMe
N |
(L A~ 13,55
o

Lambda max Lambda max
(closed form) (open form)
Activation Ef pyegicted Detected Predicted
(kcal/mole)
41.62 257nm 423nm
X 279nm 452nm
X 258nm 432nm
X 326nm 417nm
X 281nm 429nm
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Table 36. Naphtopyran =]

Delta H

Lambda max
(closed form)

Activation E

Lambda max
(open form)

Predicted Detected Predicted
(keal/mole) | (kcal/mole)
5.44 35.93 416nm
419nm
X
X

Lambda max Lambda max

(closed form) (open form)
Delta H | Activation E [ppegicted Detected Predicted

(kcal/mole) | (kcal/mole)

1.97 35.34 259nm 258.7nm 421nm
1.90 31.28 257nm 2538.7am 423nm
1.99 31.34 295nm 425nm
1.91 30.63 301nm 437nm
2.27 32.35 258nm 259.0nm 394nm
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Table 38. Phenanthrene -§-%3|

Lambda max Lambda max
(closed form) (open form)
Delta H | Activation E| pregicted | Detected |  Predicted
(kcal/mole)| (kcal/mole)
0.96 Not found 250nm 366nm
1.25 Not found 249nm 378nm

Closed form Open form
Table 39. Pyridine X%
Lambda max Lambda max
(closed form) (open form)
DeltaH | Activation E [pyogicted Detected
(kcal/mole) [ (keal/mole)
5.44 35.93 X 416nm
6.93 39.95 X X
6.11 37.93 X X
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Table 40.

Lambda max Lambda max
(closed form) (open form)

Delta H | Activation E

Predicted Detected Predicted
(kcal/mole)| (kcal/mole)

7
AN 13.82 41.62 257nm X 423nm

5.44 35.93 X X 416nm

% N O 1.97 3534 | 259nm 258.7nm 421nm

Figure 81. Transition state molecular structure of Benzopyran, naphtopyran,
phenanthrene derivatives
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Table 41.

absorbed wavelength
absorbed color visible color
(nm)
400 ~ 424 violet yellow
424 ~ 491 blue orange
491 ~ 575 green red
575 ~ 585 yellow violet
585 ~ 647 orange blue
647 ~ 700 red green

Figure 82, superimposition of closed form
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Figure 83. superimposition of opened form
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F7H4Q T2 A7t AL o4 Ajtel REI3t Fo] All ZRAEM ]
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cross-validated r Ztoll Hlglsid 2™ & HEo| &yt Frldow ¥
ByEe  Avistel HE  CoFA BN, A 2dEr o

cross-validated r? T} (0.788, r’ = 0.964)L A9l om, model?] FTRoJA &

Aol AR o FHo| AP Rk mely ddy FrFow )

gl HYBe Tzl RV BAZ 3-

CoMFA E42] FHAo]lE B CoMfAs FZEoR Tl X3

pharmacophore& £4Jst=u] &2}3 ¢l vhyolt},

8

o

D QSAR (CoMFA)E EA{3}9io

fet

T2 22 benzofuran -FE=AHe TR HEL benzofuran ringS '%—'}32
imidazole3} phenyltetrazole ring?] X3 £x]o] wE oy J1x] o|AAAE
e Z2t E o} meta $X|of XT|H XF|AIZ} S Aol w3tk 30749
4 QIx}Z 2D-QSARS 33519)S vl A 9l= Glaxo 8= (GR117289)2}
3z} FR2 A7t E45F BAHEES FLAIES o = Uk 17 FHYEY
CoMFA 222 cross-validated r® Zto] 0.883} r? Zro] 0.97¢1 2Wg |4l
Tt} IE3F}F CoMFA mapS 7|0 «a|Z All ZA3A2] pharmacophore ZA3} (HF-¥
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o

DISCO A2 B3] g2 All ZA¥ A2l A FTREHE pharmacophoreE A&
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=S Eoer, 3D-search YHS AMEL A=E2Y HA #8&F =72
AHgd ez ZefHct

ZE BE ALY X FMol AEH WHE grid search, random
search, constrained systematic searchol|x] Axt2] A&zl T EAHE B 23]
Al random search& ARE3}oic).

ZE T BEEAY AR £4& 28l AMH 33ES BMS RE £ 5670
2 APES sl F-sE B Y FH Y, A% Aol iyt
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J12e ZE B2 AT O AY HuF 2F 52 s 42
A 283 ARE AFsECh

AR AR ZE B2 YA BMS-1910959] FHR w2 ofuix| o] A
E| pharmacophorezt?] A 2|& 3D-search®] ZRALE AMElsie] 7]&2]
benzopyran FEX[¢t= THE HFES 4o MEL AF M-z 4§ 5

E YA Z)cfHc

MDR reversal agent?] AL Ro|= phenylalkylamine -&
SalA AxE Tz MR AY Tz ZTEH EHLS A4
gzoz 7 HE|E Roln, IA HAE YA ZDogx Bxl2 SEAHLS

2+ A A AT}

Z3d Bv] ARE AAL: wlAF insulin, insulin-like growth factor
(IGF) I, 1I, Insulin-like growth factor binding protein (IGFBP) b5,
relaxin, growth hormone, neurophysin II, brain derived neurotropic factor
(BDNF)E PDB DBEHYE Ztzte] Al IRE d9goen, prodynorphin,
chromogranin A2] homology modeling Nes XR3S1] 32 ERE dorch &2
g AFE Fotol EF AZe F2AA AL amphipatic loop ERO] F
o] Fol& 718t 7 e 44 V|7t AF ArE HAISHEA =&F o
tl= AE & 4 godon, A} HujxEles oA (nerve growth factor
(NGF), serum albumin)ojjAl= o]&} Z-& S

whetd 2" Y] FEE X prohormone AL Uof &7/

ZYA|GL glol A Bt FHIER] AL CPE -&Xof &fsf &ul7t =

uhetA $lot 22 AT AAE FIAM AFEE o] &% THHA A E E
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M4 & Ade 51 A 2 e 7|k
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PROGRESS REPORT
A. Subproject 1: Structural determinants of nonpeptide ligand recognition

The renin-angiotensin system (RAS) plays a critical role in the control of blood pressure and
water-electrolyte homeostasis. Elevated blood levels of the peptide hormone, Ang I, is implicated
in the pathophysiology of hypertension, congestive heart failure, coronary ischemia and renal
insufficiency. Consequently, a major target site for drug intervention in treating many of these
pathological conditions has focused on blockade of the RAS'2. Endothelins are another class of
potent endogenous vasoconstrictor and pressor agents which play a key role in regulation of
vascular function and have also been implicated in the pathophysiology of cardiovascular
disease®*. Ang Il and endothelin mediate their physiological effects by binding to receptors in the
plasma membrane which belong to the peptide ligand subfamily of G protein-coupled receptors.
Thus, the discovery of a dual Ang Il and endothelin receptor antagonist, L-746,072, provides the
intriguing possibility of developing a novel therapeutic agent for pathophysiological conditions
involving Ang Il and endothelin action’.

The development of nonpeptide ligands for peptide binding receptors has led to the
interesting observation that structural determinants of peptide and nonpeptide ligand recognition
are distinct®®. We have investigated the structural determinants of nonpeptide ligand recognition
on the Ang Il receptor (AT receptor) by taking advantage of the pharmacological differences
between mammalian and amphibian AT receptors. While receptors from both species recognize
Ang |l peptides with equivalent high affinities, amphibian AT receptors generally bind nonpeptide
ligands with significantly lower affinity than mammalian AT receptors. Thus, site-directed
mutagenesis in which amino acids are exchanged between mammalian and amphibian receptors,
permits analysis of the role nonconserved amino acids play in nonpeptide ligand recognition in the
AT receptor.

Interspecies amino acid exchange previously revealed thirteen nonconserved residues in
the transmembrane (TM) domains that were crucial to the formation of the biphenylimidazole,
Losartan, binding site on the rat type 1b AT (rAT+,) receptor as evidenced by construction of a
combinatorial amphibian mutant receptor, xCM486, which gained > 25,000-fold affinity for
Losartan'®. This variant frog receptor also gained significant affinity towards other
biphenylimidazoles as well as members of the imidazoleacrylic acid class of AT;-selective
nonpeptides'’. These studies suggested that a common binding site for ATi-selective
nonpeptides is conserved within the TM domains of the AT receptor.

In this study, we further explored this hypothesis by examining the binding determinants of
a novel dual antagonist of the Ang Il and endothelin receptor and compare these determinants
with KR-31,016, a member of the biphenylimidazole class of AT;-selective nonpeptides. Site-
directed interspecies amino acid exchange was used to compare the binding determinants of a
novel dual endothelial-angiotensin receptor ligand, L-746,072, with type-1 angiotensin receptor
(AT,) selective antagonists on AT receptors expressed in COS cells. These studies suggest that
residues on AT receptors which are nonconserved between amphibian and mammalian species
play a greater role in subtype selective ligand recognition than for dual receptor ligands. These
data also support the hypothesis that a common nonpeptide binding site exists within
transmembrane domains on peptidergic receptors.
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Papers resulting from this project period (see Appendix #1)

Dascal, D., Nirula, V., Yoo, S.-e., Walsh, T.F. and K. Sandberg, "Shared determinants of
receptor binding for subtype selective, and dual endothelin-angiotensin antagonists on the AT
angiotensin Il receptor," FEBS Lett., 423: 15-18, 1998.
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B. Subproject 2: Role of angiotensin AT, receptors in left ventricular remodeling

The octapeptide hormone angiotensin Il (Ang Il) plays a major role in the pathogenesis of
hypertension'®'® and in the structural alterations of the heart and kidney such as left ventricular
(LV) hypertrophy, remodeling after myocardial infarction (Ml) and nephrosclerosis''®. Two main
AT receptor subtypes (AT, and AT,) have been characterized, which can be dlstlngwshed on the
basis of their different affinities for synthetic nonpeptide ligands.

The expression of these AT receptor subtypes is tissue-specific; some tissues express only
one subtype while others express both'’. However, the AT; receptor is the predominant receptor
subtype found in the mammalian adult Furthermore, most of the classic Ang Il-mediated
vasoconstrictive actions are mediated by AT, receptors, whereas less information is avallable
regarding the physiological role of the AT, receptor and its signal-transduction pathway" 819 In
addition to tissue specificity, there is species varlablllty as well. While AT receptor binding sites
have been identified in the heart of many species®, the ratio of the two receptor populations
(AT4/AT;) varies enormously between spemes In the rat ventricle membrane preparation, the AT
receptor is the major subtype expressed®'. In contrast, the expression pattern of AT receptors in
the human heart is quite drfferent from that in the rat, and human adult hearts express substantial
amounts of the AT, receptor The densities of AT, and AT, expression in normal human atrla
were 5 - 10 fmol/mg protein and in the LV were 3.8 - 17.3 fmol/mg protein, representing AT> as?
the dominant receptor subtype, amounting to about 70%%>%.

Accumulating ev1dence suggests that AT, receptors play a role in tissue injury in the
cardiovascular system®. In the hypertrophied rat heart the ratio of AT, to AT, receptor densities is
increased compared to nonlnfarcted normal controls?®. Furthermore, the density of myocardial AT,
receptors is increased in infarcted regions one day after MI. AT, receptor expressmn is further
increased seven days after infarction in both the infarcted and noninfarcted regions?’. In humans,
AT, rec Etor expression is increased in the right atrial biopsies from patients with coronary artery
disease® and in the right and left ventricles from patients with end-stage heart failure®?°. In failing
human heart, the relative ratio of AT, receptor expression to AT, receptors is also reported to be
higher than in ventricular myocardium from normal heart®**°. These results suggest that the AT
receptor plays a role in cardiovascular remodeling and the pathogenesis of myocardial
hypertrophy and fibrosis.

We have previously used an ovine model of reproducible transmural anteroaplcal M3 to
study post-Ml LV remodellng and have demonstrated regional differences in function®
sympathetic innervation®, and cellular hypertrophy® within noninfarcted myocardium. We have
shown that the combination of ACE inhibition and AT, receptor blockade is more effective at
limiting LV remodeling than either therapy alone®¢, although the mechanisms of the combined
effect remain poorly understood. We hypothesized that alterations in AT, and AT, receptor
numbers may relate to the beneficial effects of combined therapy.

In this study, we describe a method for measuring AT receptor expression in sheep heart as
well as characterize the AT receptor subtype population in the heart after Ml in tissue at the site of
infarct and in areas adjacent and remote to the site of infarct using a LV membrane fraction. We
also examine the regulation of AT receptor expression in this model during ACE inhibition and AT
receptor blockade alone and in combination. Two days after transmural anteroapical M| by
coronary ligation, 16 sheep were randomized to losartan (50 mg/day), ramipril (10 mg/day),
ramipril + losartan (combined therapy), or no therapy. At 8 weeks after Ml, radioligand receptor
assay were deployed with homogenates from regional LV tissues. We found that AT receptors in
normal sheep myocardium are predominantly of the AT, receptor subtype. Binding studies of
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remodeled myocardium 8 weeks later showed that the apparent maximum binding (Bmax) was
increased from 23 to 48 fmol/mg protein only in animals with combined therapy. The AT2/AT:
proportion was increased significantly in animals with combined therapy compared to infarcted
controls (18.0 vs. 5.17). These results indicate that AT, receptor expression increased
significantly during LV remodeling with combined therapy but not with either therapy alone. In
combination with prior work demonstrating the effectiveness of combined therapy in limiting LV
remodeling, this study is consistent with the hypothesis that AT, receptors play a cardioprotective
role in LV remodeling after MI.

Papers resulting from this project period (see Appendix #2)

Lee, S., Kramer, C.M., Mankad, S., Yoo, S-e. and K. Sandberg, "Combined angiotensin
converting enzyme inhibition and angiotensin AT, receptor blockade up-regulates myocardial AT,
receptors in remodeled myocardium post-infarction,” Cardiovascular Res., in press.
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C. Proposal 1: Investigate the effect of a nonpeptide AT receptor balanced affinity ligand
in left ventricular remodeling

Rationale: Our previous work in an ovine model of nonreperfused myocardial infarction (MI) using
magnetic resonance imaging (MRI) and myocardial tagging demonstrates that adjacent
noninfarcted region dysfunctlon due to increased wall stress, local myocyte hypertrophy and
myocyte dysfunction®’, contributes 5|gn|f|cantly to LV remodeling. Therapies that limit adjacent
region dysfunction also limit remodellng the most potent of which we have studied to date is the
combination of anglotensm converting enzyme inhibition (ACE!) and angiotensin |l type 1 receptor
(AT+-R) blockade®. This therapy is more potent at limiting remodeling than either ACEl or AT4-R
blockade alone. We have demonstrated that combination therapy is associated with an increase in
angiotensin I type 2 receptor (AT,-R) relative to AT4-R, a phenomenon not seen with either
therapy given alone®. It is thought that the role of the AT»-R is to negate the effects of angiotensin
ll-mediated growth S|gnaling that occurs through the AT4-R, thereby inhibiting remodeling.

Hypothesis: A balanced affinity ligand for the AT4-R and AT,-R would be more potent at limiting
remodeling post-infarction than either ACE inhibition or AT+-R blockade alone.

Proposal: To further elucidate the relative role of the AT»-R relative to AT+-R in attenuating LV
remodeling, we propose to study a balanced affinity ligand for the ATs-R and AT>-R, such as a
compound similar to L-163017. We would propose to study 4 groups of animals:

ACE inhibition alone (Ramipril 10 mg qd)

Balanced affinity ligand alone (dose to be determined)

Balanced affinity ligand plus ACE inhibition (doses as per 1 and 2 above)
ACE inhibition plus AT, blockade (Losartan 25 mg bid + Ramipril 10 mg qd)

N

Typically, in this model, statistically significant differences between groups can be demonstrated
consistently with n=10. The dose of L-163017 or its equivalent would require a dose finding study -
in a normal sheep, we would look for the dose that blunts by > 50% the pressor response to a 10
minute intravenous infusion of Ang Il (at a dose which consistently increases mean arterial
pressure by 30%). Typical doses might be in the range of 30-100 mg qd in a 30-35 kg sheep. The
protocol would be as follows:

Day O - Baseline MRI for measurement of LV size and function
Surgery for coronary artery ligation and myocardial infarction

Day 2- Pharmacologic therapy begun

Day 56 - Final MRI

Terminal study with tissue studies of angiotensin Il, bradykinin, regional maximum
receptor numbers and ligand affinity, receptor protein expression, and rates of AT+-R
and AT2-R receptor transcription

Therefore, the animals receive 54 days of therapy x 30-100 mg per day = between 1.6 and 5.4 g

of drug per animal to treat for the course of the study. As per the protocol above, a total of 20
animals would be treated with balanced affinity ligand.
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Data Interpretation and Significance: If we find that L-163017 or another AT,/AT. balanced
affinity nonpeptide ligand abolishes the beneficial effects of combination therapy (with AT
receptor antagonists and ACE inhibitors) on left ventricular remodeling, then these data would
strongly suggest that activation of the AT, receptor plays an important role in limiting LV
remodeling. Thus, this study has the potential to provide rationale for developing AT, receptor-
specific nonpeptide agonists as an exciting new treatment strategy for patients after myocardial
infarction.
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D. Subproject 3: Effect of dietary sodium on canine AT, receptors

The angiotensin type 1 (AT4) receptor is involved in the regulation of arterial blood pressure
and mediates most physiological effects of angiotensin Il (Ang ) such as stimulation of
aldosterone secretion, vasoconstriction, regulation of water intake, renal blood flow, glomerular
filtration, sodium and water reabsorption. AT; receptors have also been implicated in the
pathogenesis of various types of arterial hypertension*'*? although their exact role and
mechanism of involvement are largely unknown. Factors that influence ATy receptor regulation
include dietary sodium, angiotensin converting enzyme (ACE) inhibitors, renal hypoperfusion,
reduced renal mass, thyroid dysfunction, renal glomerular disease, acute unilateral ureteral
obstruction, and aortic coarctation. Ang Il helps maintain renal excretory function under extreme
conditions such as hemorphagic hypotension, dehydration, and renal artery stenosis*®. The AT,
receptor is found in most tissues including the vessel wall, brain, lung, adrenal, liver and kidney.

A powerful determinant of rat AT, (rAT,) receptor regulation is dietary sodium. Rat glomerular
AT receptors down-regulate during sodium depletion and during administration of high doses of an
Ang Il infusion, and up-regulate during sodium loading***°. These actions are analogous to those
in extrarenal smooth muscle. Administration of the ACE inhibitor, captopril, prevents glomerular
rAT receptor down-regulation, indicating that this effect is mediated by Ang Il. The ability of Ang Il
to modulate glomerular hemodynamics is reduced during sodium depletion and enhanced during
sodium loading®®. These directional changes in rAT receptor expression correlate with the
physiological changes in glomerular hemodynamics. In contrast, sodium depletion in rats
up-regulates rAT; receptor expression in adrenal glomerulosa cells®®. Thus, a reciprocal
mechanism of glomerular and adrenal receptor regulation exists in the rat kidney during changes
in Ang 1l concentration. These observations in rats have been attributed to two cloned rAT;
receptor subtypes (rAT1a, rAT15)*"*8, which are differentially regulated by dietary sodium*®.

The dog is an excellent animal model for investigating the physiology and pathophysiology of
the human RAS. As found in humans, the dog has only one isoform of the AT, receptor. In fact,
only one AT receptor isoform has been identified in all other mammalian species cloned to date®™.
Thus, mechanisms of ATy receptor regulation are not complicated by the differential regulation of
AT, isoforms that are observed in rats and mice. There is also a wealth of information on the dog
RAS because of extensive investigations into canine renal physiology and cardiovascular
regulation®'. Furthermore, dogs are well suited for in vivo studies with positron emission
tomography (PET) because of the size and geometry of their organs. We are currently using the
dog to image canine AT; (cAT,) receptors in the kidney by PET and have found a strong
correlation between PET and biochemical measurements of renal cATq receptor regulation under
a variety of conditions®. Thus, studying cAT; receptor regulation in the dog is likely to lead to
human studies investigating the role of the RAS in various types of arterial hypertension since
PET imaging is a very promising tool that can be used to elucidate normal and abnormal
responses of the human AT, receptor under physiological and pathophysiological conditions.
Since studies examining AT receptor regulation have been mainly characterized in rats and mice;
it is not well known how the AT, receptor is regulated by the RAS in species possessing a single
AT receptor subtype.

In this study, we examined the effect of dietary sodium manipulation on cAT; receptor
expression in order to gain a greater understanding of the role cAT, receptors play in renal
responsiveness to changes in the RAS in a species that may be more pertinent to humans than
rodents. Isolated glomeruli and membranes from renal medulla and the adrenal gland were used
in radioligand binding assays from two groups of dogs: dogs maintained on low sodium diet for 2
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weeks followed by high sodium diet for 2 weeks (H) and dogs maintained on the reverse schedule
(L). Analysis of the binding data showed that dietary sodium manipulation had no significant
effects on cAT and cAT, receptor binding affinities in glomeruli, renal medulla and adrenal tissues.
In contrast, dietary sodium loading induced a marked increase in cAT receptor expression in both
the glomeruli and adrenal compared to receptor expression in salt restricted animals [H/L Ratio:
glomeruli (1.5); renal medulla (1.1); adrenal (1.6)] that inversely correlated with the activity of the
plasma renin angiotensin system. Conversely, adrenal cAT, receptor expression was regulated in
an inverse manner in the H and L animal groups [H/L Ratio: 0.7]. This study demonstrates that
renal glomerular and adrenal AT, receptors in the dog are coordinately down regulated by dietary
sodium restriction compared to sodium loading, which is distinctly different from the reciprocal
regulation observed for rat AT, receptors in these tissues. Collectively, these data suggest that
postreceptor events in dogs are determinants of the aldosterone response observed during
sodium restriction. These findings have important implications for the regulation of the RAS in
humans and suggest that coordinate regulation of AT, receptors in the adrenal and glomeruli
represent a negative feed-back mechanism that, when functioning normally, prevents fluctuations
of arterial blood pressure and development of arterial hypertension in response to changes in
dietary sodium.

Papers resulting from this project period (see Appendix #3)

Zheng W, Ji H, Szabo Z, Brown PR, Yoo, S-e., Sandberg K: Coordinate Regulation of
Canine Glomeruli and Adrenal Angiotensin Receptors by Dietary Sodium Manipulation. Kidney Int.,
in press.
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E. Subproject 4: Determination of AT, receptor regulation in vivo by PET

The renin angiotensin system (RAS), particularly the angiotensin 1l type 1 receptor (AT,
receptor), plays an important role in regulating water and sodium reabsorption in the kidney.
Investigations into in vivo dietary sodium regulation of renal AT, receptors have been hampered
by the lack of an appropriate technique. Receptor-ligand binding assays, receptor autoradiography,
quantitative polymerase chain reaction (PCR), and in situ hybridization are some of the
biochemical and molecular techniques employed to examine ATy receptor regulation, but these
methods require sacrifice of the animal. Thus, repeated measurements of receptor binding in the
kidneys have not been possible in the same animal nor have these techniques been used for
human studies.

To address this problem, we radiolabeled a series of nonpeptide AT, antagonists for positron
emission tomography (PET) imaging of AT, receptors in vivo®™. We found that L-159,884, had
particularly high selectivity and potency for the AT receptor® and that radiolabeling L-159,884
with carbon 11%° yielded excellent PET images of the AT, receptor in dog kidneys with high
radioligand accumulation in the renal cortex®®.

We thus used the [''C]L-159,994 ligand, to investigate the in vivo effects of dietary sodium
on the renal cortical AT, receptor in the dog (dAT4) and correlated the results with ex vivo assays
of the dAT receptor. A dog model was chosen for these studies for two reasons: 1) Dogs have
been extensively used for investigations of renal physiology and cardiovascular regulation®®>’
including physiological consequences of sodium depletion and loading®™*®°; 2) Dogs are a more
appropriate model for humans than rodents because of the appropriate size, shape and position of
their organs.

In this study, PET revealed that renal cortical AT receptor binding was increased in
sodium-loaded compared to sodium-deprived dogs, which correlated with ex vivo estimations of
AT, receptor numbers. Plasma renin activity, angiotensin Il and aldosterone were inversely related
to changes in AT, receptor expression. These results demonstrate, for the first time in vivo, that
AT, receptor expression is inversely related to the activity of the renin angiotensin system, which
may provide a compensatory mechanism to prevent inappropriate fluctuations in arterial blood
pressure. The ability to measure AT, receptor regulation in vivo has potential significance for
clinical studies of AT, receptors, since PET is a noninvasive imaging technique readily applicable
in humans.

Papers resulting from this project period (see Appendix #4)

Szabo Z, Speth RC, Brown PR, Kerenyi L, Mathews WB, Ravert HT, Hilton J, Finley P,
Dannals RF, Zheng W, Lee S, Sandberg K: Use of Positron Emission Tomography to Study AT,
Receptor Regulation in vivo. J Amer Soc Neph, in press.
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F. Proposal 2: Develop an effective nonpeptide ligand suitable for investigating human
AT, receptor regulation in vivo.

Rationale: In previous studies, Carbon-11 labeled Candesartan methyl ester (CME) was
successfully prepared by reacting [''C] methyl iodide with trityl protected Candesartan. The
procedure used was as follows:
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One-half mg (0.73 pumol) of trityl protected Candesartan was dissolved in 200 ul. of DMF and
added to a vial containing 0.7 mg (5.0 umol) of potassium carbonate. The precursor solution was
cooled to -78°C, and [''C] methyl iodide was bubbled in until the radioactivity reached a plateau.
The vial was removed from the dry ice bath and heated to 80°C for 2 minutes. The reaction
mixture was then treated with 40 pL of 1N HC! and heated at 80°C for 2 minutes.

The solution was diluted with 200 yL of an acetonitrile:water mixture containing 0.1 M
ammonium formate and injected onto a semi-preparative HPLC system. The column was eluted
with an acetonitrile:water mixture containing 0.1 M ammonium formate. The radioactive peak
corresponding to [''C]-CME was collected in a rotary evaporator modified for remote addition and
removal of solutions. The HPLC solvent was evaporated at 80°C under reduced pressure. After
evaporation, the residue was dissolved in 5§ mL of sterile saline and remotely transferred to a
sterile, pyrogen-free bottle.

The average (n=2) time of synthesis, purification, and formulation was 26 minutes from end-
of bombardment. [''C]-CME was prepared with >99% radiochemical purity at an average specific
activity of 13,100 mCi/umol at end-of-synthesis. The average non-decay corrected radiochemical
yield was 5.4%.

Mouse Biodistribution Results for [''C] Candesartan Methyl Ester

The regional kinetic biodistribution of [''C] CME was determined in normal, non-fasted, male
CD1 mice. The following method was used:
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Three mice (25 g) were used per time point. Each mouse was injected with 300 uCi of ["c]
CME via the tail vein. Each mouse received 0.28 pg/kg of CME. The mice were sacrificed by
cervical dislocation at 5, 15, 30, and 60 minutes post-injection. The organs were harvested,
placed on ice, and weighed. Tissue radioactivity was measured and expressed as percent
injected dose per gram of tissue.

As shown in Figure 1, there was very high uptake of [''C] CME in the liver. There was
significant binding in both the kidneys and adrenal glands at 5 and 15 minutes. However, the
uptake of ['"C] CME in these target organs was completely washed out by 30 minutes post-
injection. We interpret these results as evidence that [''C] CME is rapidly metabolized to non-
radioactive Candesartan in the liver.

A blocking study was performed in mice as follows:

Three mice were injected intravenously with a 1 mg/kg dose of MK-996 thirty minutes before
injection of the radiotracer. The mice were then injected with 300 pCi of [''C] CME via the tail vein.
Each mouse received 0.28 ug/kg of CME. The mice were sacrificed by cervical dislocation 30
minutes after injection of the radiotracer. As before, the organs were harvested, placed on ice,
and weighed. Tissue radioactivity was measured and expressed as percent injected dose per
gram of tissue. Since there was no significant uptake of [''C] CME at 30 minutes post-injection,
the results of the blocking study were inconclusive.
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Proposal: Due to its rapid metabolism and high liver uptake, [''C] CME is not a suitable
radiotracer for in vivo imaging. Another analog of Candesartan with the radioactive label attached
to a less labile position on the molecule is therefore required. Dr. Kubo's publication (J. Med.
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Chem. 1993, 36, 2182-2195) indicates that minor substitutions at the 2-position of the
benzimidazole ring do not adversely affect the binding of the ligand. After reviewing the
compounds listed in this paper, we have determined that a better in vivo radiotracer would be the
[''C] S-methyl thioether 28a. This ligand could be radiolabeled by reacting the partially protected
free thiol 20 with [''C] methyl iodide. Although we may obtain a mixture of products, they should
be easily separated by semi-preparative HPLC.
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Data Intepretation and Significance: If we are successful in synthesizing a PET nonpeptide
ligand that is more suitable for measuring AT4 angiotensin receptor expression in vivo, then we
would proceed initially to animal studies and then as soon as possible move on to human studies
after appropriate approvals. The value of PET is that it is a noninvasive imaging technique.
Therefore, we could use PET for screening subpopulations of patients to determine if renal AT,
receptors respond appropriately to conditions which alter the renin angiotensin system. Thus PET
could be used as a diagnostic technique for diseases such as hypertension and renal artery
stenosis. These studies will also provide never before attained mechanistic information regarding
how AT, receptors are regulated in vivo in humans.
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