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A series of 3- (4-alkoxypheny) propanoic acid derivatives was prepared as candidate peroxisome proliferator-acti-
vated receptor (PPAR) J-selective agonists, based on our previously discovered potent human PPAR«/d dual agonist
TIPP-401 as a lead compound. Structure-activity relationship studies clearly indicated the importance of the chain
length of the alkoxy group at the 4-position, and the n-butoxy compound exhibited the most potent PPARJ transactiva-
tion activity and highest PPARGJ selectivity. The (S)-enantiomer of a representative compound (TIPP-204) exhibited
extremely potent PPARJ transactivation activity, comparable to that of the known PPARGJ-selective agonist
GW-501516. To understand why TIPP-204 shows high selectivity for hPPARJ among hPPAR subtypes, and why TIPP-
401, a structurally related compound, is a hPPAR«/J dual agonist, computational docking of TIPP-401 to the ligand
binding domains of hPPAR«a and hPPARJ and X-ray structure analysis of TIPP-204-hPPARJ ligand binding domain
were carried out. The results allowed identification of certain amino acids as putative determinants of the hPPARJ
selectivity of TIPP-204. To confirm the significance of these amino acids, GAL4-fusion proteins of mutated hPPARJs
and hPPARas were prepared, and the transactivation activity of TIPP-204 toward the mutants was evaluated. The ami-
no acid (s) that predominantly influence the potency and selectivity of TIPP-204 are different from that of the well-
known PPARGJ-selective agonist GW-501516, which belongs to a different chemical class. The significance of these ami-
no acids was confirmed by the examination of the complex structure between TIPP-204 and hPPARGJ. The results rev-
ealed several interactions relevant to the hPPARJ-selectivity of the two ligands and will be useful for logical hAPPARJ
ligand design.
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Fig. 1. Structures of the Representative Ligands Possessing PPARs Activity
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Fig. 2. The Structure of the PPARJ-EPA Complex (PDB
ID: 3GWX)
The PPARGJ polypeptide backbone is shown as a cylinder. The carbon a-
toms of EPA in the tail-up or tail-down configurations are shown respective-
ly.
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Chart 1. Synthetic Route to the Present Series of Compounds
(a) (D (EtO),POCH (R;) CO,Et, tBuOK, THF, rt., 75-90%; (II) H,, 10%Pd-C, AcOEt, rt., 90-95%; (b) TiCl,, MeOCHCl,, CH,Cl,, —30°C, 85-95%; (c)
benzamide derivative, (Et);SiH, TFA, toluene, reflux, 70-85%; (d) aq-LiOH, EtOH, rt., 60-78%.

BnOOC CH,Br
HOOCD/CHO - BnOOC CHO g
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HO™ 1o nBUC 44 12
0 o
BnoocD/\)LNJ(o W ;
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Ph Ph
o F O
-I N COOH
Et / H Et
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Chart 2. Synthetic Route to the Optically Active Phenylpropanoic Acid Derivatives

(e) (I) BnBr, KHCO;, DMF, rt., 85%; (II) (i) nBul, K,CO;, DMF, rt., quant.; (f) (I) NaBH,, EtOH, rt., 80%; (II) PBrj, ether, 0°C, 65%; (g) LIHMDS,
(R)-3-butyryl-4-benzyloxazolidine-2-one, THF, —30°C-0°C, 70%; (h) (I) H,, 10%Pd-C, AcOEt, rt., 90%; (II) BH;-THF, THF, 0°C -rt., quant.; (III) activated-
MnO,, CH,Cl,, rt., 80%; (i) 2-fluoro-4-trifluoromethylbenzamide, (Et);SiH, TFA, toluene, reflux, 75%; (j) LiOH H,0, aq-H,0,, THF-H,0, 70%; (k) LIHMDS,
(S) -3-butyryl-4-benzyloxazolidine-2-one, THF, —30°C-0°C, 70%.
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% Table 1 [Z/r U7z, TEMMEIZEBUED/NES WIE E TR
WIRBJEMELIER 2R 2 & 2ET. EHS5DOHEER
RITBNWTH GW 1358 /170D PPARS E R ERE
WEHELERZRL, FHMis X7 L D24 % il

5ZEMTER. SEEHKRLE—HD BT
b 7ove s CEEFEERT, PPARy IZH L Tid 9h
DISMT ECso RN 1uM BL ETH D, EiEHEZRS
IBWETH 2 Z ENHER SNz, PPARa ITHT
HEEEIEMEALERICBEL TIE, A RFIEPTNF
DHEHEOE WY ) AF B ERNEIEEERL
7z. —7 PPARO [T GG MELIERICBIL T
FEOEWY I aAFPFEERNESEETHO, n-
TORF MR n-T M F RPN EEEERL 2.

Z D& H1IZ PPARa & PPARS TEiEMZRT 7L
OAF P HOEINERLZEZPHENCTTEH I EN
T&E/ —F, ZNETREESBAZRKILEDD
BRI 2 R AR B BRO 6 (LI 7 v HRE
FTZHEATDE, BHUKEMHEERDR RITERT %

Transactivation Activities of the Present Series of Compounds on Each PPAR Subtypes

COOH
R
R,0 9

FsC
ECsy (nm)
No. R! R2 R?
PPAR« PPARS PPARy
9a H Me Et 18£8 170+40 26004400
9b H Et Et 12+£3 15+4 1800900
9 H n Pr Et 77+11 6.8+0.6 1300+ 100
9d H n Bu Et 5204120 4.8+0.6 1300+ 100
9e H n Hexyl Et 1200300 45+5 2300200
9f H Bn Et >10000 11020 6200+ 1500
9g F Me Et 8.2+1.4 21+1 2200+ 500
%h F n Pr Et 41+8 1.740.1 650+ 10
9 F n Bu Et 280+40 1.940.2 1400200
9j H Me Me 19+3 210+30 >10000
9k H Me n Pr 70+21 120+10 3600+ 600
91 H Me n Bu 230430 700+150 24004100
3(=(8)-91) 250+40 0.9140.2 1100160
(R)-3(=(R)-%) 620160 8.3+1.5 7000+ 1900
GW 1000460 1.840.3 8600+ 1200

Compounds were screened for agonist activity on PPAR-GAL4 chimeric receptors in transiently transfected HEK-293 cells.
ECj, value is the molar concentration of the test compound that affords 50% of the maximal reporter activity detected for the
positive control. Fenofibric acid, GW-501516 and ciglitazone served as positive control for the hPPAR«, hPPARJ and

hPPARYy transactivation assay, respectively. n=3.
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1) Generation of twenty random conformers of 2 as input structures of the docking
in order to avoid the dependence of the docking result on the initial structure.

I

2) Flexible docking of the each conformer of 2 into the representative 3D-structures of
hPPARd LBDs (PDB; IGWXA:A, IGWX:B, 1Y0S:A, 2B50:A, and 2J14:A ) using Glide
4.0 SP (Schrodinger)

3) Calculation the Glide score, which estimates the interaction energy between a ligand
molecule and a protein, for cach generated pose and select a pose with the highest Glide score.

Fig. 3. Flow Diagram to Construct the Modeling Structure of
2 Bound to hPPARS LBD and hPPAR« LBD, and the
Molecular Modeling Structuresof the Binding Mode of 2
Complexed with PPARs

A, C: the binding pose of 2 complexed with hPPARS (A: the protein is
depicted as a Connolly’s molecular surface map, C: representative amino
acids interacting with 2 are shown). B, D: the binding pose of 2 complexed
with hPPAR« (B: the protein is depicted as a Connolly’s molecular surface
map. D: representative amino acids interacting with 2 are shown).
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WSEMPPAR Y IZ A MNOHAERMKUNI 12— >
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caLs |PPARS QI A | | cas [PPARS M A

caLs [PPARS @) A\ | |eas [PPARS QI ™

B
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1 T _ —
— | | \ , % =
Cc
transactivation activity
ECy, (M)
compd. wt V298M L303M 1328M
GW 2 3 3 38
2 10 8 18 75
3 1 27 2 7

Fig. 4. A Single Amino Acid Residue Predominantly Determines Subtype-specific Agonist Recognition
A: A schematic representation of GAL4-fusion point mutants, B: Transactivation activities of 10 nm GW, 2, and 3 on wt-hPPARJ and the pointmutated-
hPPARGJs, C: ECs, values of the transactivation activities of GW, 2, and 3 on wt-hPPARJ and the pointmutated-hPPARGJs.
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ZOREBLEI a2k (I1328M) EH WY
FITIXE AR PPARS & HEANIEMEIK T O E A WILEE
ETHD, 303FBHOOA > > EAFAZUITEM
L7za—%>b (L303M) zHWizHaIci3E
A5 PPARS & NG FIXIZ LA ERD 5N
Mmo7= (Fig. 3(B, C)). ZDXDIZ3 D PPARS %
PEFITI3AR I PPARS D 298 ZH /N > E DA
EROEBEMEARB I NG, —H 3 LIFEAFKD
B2 7 1 /) F DHEEM#E O PPARS BRI Y =
ARTHD GWIZBWTIE, 3 L1380 298 F
HON) DEAFAZICEBRLEZI 252 b
(V298M) 1Tt U T3 GYE M 2 PR FE L TV /223,
JCIEENIRELE B>k 328FrVOA1T >
DAFF =2 ANOZEFE (1328M) IZXK D IEEK T
L7- [Fig. 4B, O)]. ZMOXDIZ[F L PPARS ER
M7 I=ZARTH>TH, $EEZTFDT IR
HNRLDHZEEZHASNITH I ENTE -, Bk
HENWDIZ PPARe/S T a7 IV IZARTHS 2T
H5. 213 bFMEE B3 PPARS EIR 7 T = A b
THHIWEPMLTWS, LirL, 3&LITERD
28 BEHONY DB AF A ICEM LI 2—%
MU TREBEEEZRFEL TV, —F, 3

TIHEHER T OEAWIRETH >/ 328%F 1/ 0
AL DAFFZANDOER (1328M) Db KE
SHEL, EEMETFLUAL [Fig. 4B, C)]. D%
D2NHS FEEEZTLT I BEREONNY -2 &
WO HDIIE3 LIFRRD, DLAGW ERBET
B28M R 2 —F—2 a3 OFEE23IDODOT I /B
BHDPTIIRLS 215 Z EAVHIBL 7=

2-4-3. HEEWK X RFEREERIT
a3 AYTF 45 3D PPARS ERMIETHCIEM
2134512 PPARLBD 0 298 %7 X J#EHNY > T
» %7 (PPARSLBD) AF A+ = Th 2
(PPARaLBD) DEWHNEETHSH I ENREBS
Nz, LMrLZIRETH A5 20 FETY >
TEZDOREEZ T ICEmng, ZOMmHO -0
IIEEGIRE L TO X S RS i g &%
AJ=. I T, KE® PPARJSLBD % > )\ /7 &kl
B L, Z2ROMERBICEIMFZRINICEDIEL
HE 8, 3 %0 2 & PPARSLBD & D #E &K X #
RS Z TN TN 3 A KU 2.7 A DG E THE<
T LI LT. #E5R % Fig. 5(E-H) TR L .
Figure 5 (E) |13 PPARSLBD-3 &K D2 {K &, Fig.
5(F) i3 PPAROLBD-2 & 1A D &1k, Fig. 5(G)

Ta—7—

o

\

\
=== Modeling

X-ray

Fig. 5. Comparison between the 2-PPARJLBD and the 3-PPARJLBD Complexes
E: An overview of the structure of 3-hPPARJ LBD complex, F: An overview of the structure of 2-hPPARJ LBD complex, G: Close-up view of the n-butoxy
chain of 3 in the binding site, H: Close-up view of the metoxy chain of 2 in the binding site, I: Superimposition of the modeling structure and the X-ray structure of 2

bound to hPPARJ LBD, J: Close-up view of both 2 in the binding site.
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X PPARSLBD-3 #HAKIZHBIT 53 D n-7 hF K
W OIL K, Fig. 5(H) 12 PPAROLBD-2 # &1k
ZBIT22DA NFIEIEHEDOIARKNTH S, bH
Y3 TWE n-7 bF T HDO KRG A F IV H1T 298 FH
ONY > &ET 7 FIIVT—)V AMEER Z R L T
Wiz, L7zm>T, ZD/)NY > (PPARSLBD O 298
BYI /W) 2ISTEEVWAFAZY (MK 2
PPARaLBD O 7 2 /) ITEHT 2 LHSHNET
ET3ENERKFENEL B Z NN, LE
Y2 O\E A BFHIIBEENT WD T Z OBKE
Wy MG EOMEER RRT298FNY > ED
MEER) NggnZ EnfRicniz. LEn->T,
BRI ICHEET BN 2%, IHICESVWAF
ZTEEE L THMHAERNITITZENED 5 1R
Mol EHERIT S, A NFIRDAFIVIEEEIZIE
328 FDAVOA NP LUENTHEEL TV 5,
DR MAF A= ERVEEGLSBD ERFENS
MAECIEWE T LD TIEAmWnh EHERT 5.

2-4-4. X RSB ELOURICLZETY 4
DOFERT 444 513 PPARS BRI 7 T=
A RDRAEIZHNELT, o-BEf7 )L 7O F
CEBBY IZA N3 O/IMICERI L. £330
PPARS ITH T 25 GHAZETY > V@i z A
THE L, T HICXBERBEMRITZIT> T
PPARS IRV RBEM ZH AR T 27 2 /RO
LRI THLNITHIENTE, ZOBEETE
#Z51X, PPARa/O0 T a7 IV 7d=2A K2 &
PPARSLBD & DEF U > 7 Kk & X Frks i i
D2DODMHEESD ZENTE 2. AIELEMITIC
BWT, "ar¥a—F—EFUrEERENS
I X iSRG EZEHEL TW20E55m0 " &
WS ZEREEICEDNE, TITETY U HE
& X #fs MG @ 2-PPARSLBD G5 ADERH
bEzEMmLEZ. BRI Fig. 5, )KL&,
Figure 5S(D IS FDERNEDOLEBDOHERERTH D,
PPARJLBD |30/ J —%H CKI/r L /. Figure 5
(DIERFZHBT22 DEEDAXRRLIEHDTH
5. UHCR2OMBEDTIUL0.63A, 2 DELED
THL036A EHEWHKETH DI EARS N
2, GREIOETIHEEHEICH T SimEREMD
ZUMERLRETEDOTHD, HRDOY >IN -
UNYRRYFTITRNEN—FUMCEDEE
oD TIRZZETOHEEIIRL THS RN

e EHERT S,

3. L&D

EFESI 134 BB E 2 ATy R
RICHW/= PPAR 7 =2 MBI ZFTEL, N
£ TIZT PPARa EIRW7 T =2 b (1), PPARa/S
TaTIINTAZA N Q) E—HONENENE o-E T
T2V OEF VEGAEARE RN U, T ORER,
1,3,4-=@HNE > D PPAR AF v vwik—)L K &
LTOEFREZHASNE L. 2O EO—REL
T4 E PPARS IR Y T = A MMEMZE T 206
EM BT =)L 7O F DR EA () DAl
WHZH L, X512 3 D E W PPARS BRI F B R
ZHEH SN .

PPAR U Jj > RIIEDEE R 2 503212, HE
Y7547 (%12 PPARy & PPARa) IZEHL 72,
YTy TR Y A AR ZE B L 72280
HHIZiTbNTER, L, &Y 751 713%
NTNITRHMAREB R T RBGIHEREDFETET S
N, —HTHRBRDEEL ZBERTREHEEEEZ A
T MM BFELT 5.9 F 7= @IVEFH B O rTREM:
5, PPARF 27 )V 7d=AF, PPAR)N> 7T
ZAK, T5ITIEPPAR 7 > T MDA
HFHINTWS, WTFHIZEEIAYRY v 72 2R
O—A&EWo 2R FHERERND PPAR %
N—ZARZLE77O—FIZBNWTIE, Wihovs
A TEREDHEL WD) IFELLRNDN)
ONUF—2 33, BT hE2HRICEAEE
WL SN TR NDTIRRBRWNhEEZD., 5
IZiE4E, PPAR OHEREAN NS - HPEAEHG - 2L X
T O—)L OEFEEHEOAE 5T, LiE - R - %
FINEOMIE DML - FEOREICB N T HEE/R
WHEZ R T “ZEEMT 2URSI N, SEKRNKISICH
7% PPAR &5 7% A T OEF 5T 505815 Z
NN OEMESEZD. D

ZDEOSRBREREREAD L, THTITIIBT
ZHBRIFALFZ OB AN 513, BH—DREAFKMEE
KNS L OREBNT T YA T EIREZRT
PPAR U /j > Rz HEICRIE T E % Jikinm DL
KOZFDOFEE, I5I3F0YTY A T BIRERH
HEHE DREIE LI RAT E WO HFFC BB E B & &
ZATW5S, EHS ORI L &M PPAR U >R
M5 #% D PPAR BFZEIC £ A7 0 L b F G TE T
FENTH 5.
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