L

VF A R XZEIREERN ET 5
FTaRTY v 7T TR ORI

SF1 349 H
B R &

] LR RSB 15 o SR S A Se Rt

ML SR









H X

ER/N

W EE

H1E A
51 E1 EEOARSy - IEIE AR ORE
%52 fi ZAREEMERENSZ IR RXR ZAZMELTZ AT R AR
% 3 BEAO RXR 7oA A = AR ZOFRRE

55 4 5 AWFFED H Y

%2 % FETRATIYI RXR 7o HA=ARD S TR b NS A AL
B1ED I
#2681 ETuATYYY RXR 7oA =ARD 5y 1%
%5 3 Hi LAY 16,17 DA R
H 4 REOELD

%3 E AIH{LAEYD RXR 77T = ANEMERHE
1A Iz
% 2 #i RXR AT ZERICHBITDAIHUE GO RXR 70 7= = A NG M
53 /X —Iyv T RXR ~T R _ERIZEBTL7TaAT Yy ZHEHEH OFEMm
FaH a7y =7 — R Ui R
%5 Hi KEDOELD

12
14

16
17
17
19
21



%45 JETERT VYT RXR 7 A = ANEHEOFEELA T = X L] 38

%18 1ZUDIC 39
%5 2 i RXRa-LBD [Zx] 95k A M 39
%5 3 i CD A~/ Mizd% RXRo-LBD SALA#) 17 OFE B AR f#NT 43
4 B X B SRS ARAT 125D RXRo-LBD SALAY 17 OFH B {E R 45
%5 Hi REDOELD 52
%55 T invitro KON in vivo FEERIZIIT DALEW 17 DOFERERT 54
5 1E oI 55
%5 2 #i NF-xB &2/ 7 D8RGk T 2B W 3 OIHIREAEIE L L7 3F 55
%5 3 Hi ALA W 1T D in vivo FEBRIZIT HH]FH AT RENERTE A 57
%4 LAY 17 O 2 BLBE R IR ) 59
%5 Hi REDOELD 60
%6 RIERBIOSHOREE 62
1 H RIS 63
F2HT SROREE 65
FEBRODHE 68
23 SR 86
EIfRE 101



9CDHRA 9-cis-13,14-dihydroretinoic acid
9CRA 9-cis retinoic acid

ALS amyotrophic lateral sclerosis
ALT alanine aminotransferase

AST aspartate aminotransferase
AUC area under the curve

BODIPY boron-dipyrromethene

CD circular dichroism

CDCA chenodeoxycholic acid

CMC carboxymethyl cellulose

Cpm count per minute

CRBPII cellular retinol binding protein 2
CTCL cutaneous T cell lymphoma
DBD DNA binding domain

DCM dichloromethane

DMF N,N-dimethylformamide
DMSO dimethyl sulfoxide

DTT dithiothreitol

Em emission

EtOAc ethyl acetate

EtOH ethanol

Ex excitation

FQA fluorescence quenching assay
FT-IR fourier transform infrared spectroscopy
FXR farnesoid X receptor



HPLC
hRXR
ITC
LBD
LBP
LPS
LXR
MeCN
MeOH
MS
NBD
NF-xB
NR
PBS
Pd-C
PPAR

q.y-

RGA
RI
RMSD

RXR
RXRE
SD
SEAP
TFA

high performance liquid chromatography
human RXR

isothermal titration calorimetry
ligand binding domain
ligand-binding pocket
lipopolysaccharide

liver X receptor

acetonitrile

methanol

mass spectrometry
nitrobenzoxadiazole

nuclear factor kappa b

nuclear receptor

phosphate buffered saline
palladium on carbon
peroxisome proliferator-activated receptor
quantitative yield

retinoic acid receptor

reporter gene assay

radio isotope

root mean square deviation
room temperature

retinoid X receptor

RXR response element
standard deviation

secreted alkaline phosphatase

trifluoroacetic acid



TFAA
TLC
tPSA
TR
uv
UV-vis
VDR

trifluoroacetic anhydride

thin layer chromatography
topological polar surface area
thyroid hormone receptor
ultraviolet

ultraviolet—visible

vitamin D receptor






518 RS FERMAISEOBRE

A BIVER DD 72 B BRI THHE L THURE A2 13U & D441
RN O K SHEATND 1 2021 4FEBUE, 5 CRBE IR D) Bl =m0 A )L 2GS
(COVID-19) IZHEH T DV A b I AL A= L Th. L IL-6 A THAN VR~T (7
T LT®) DIOBRFUREIENG R ThHHES I, FRR THHINTWS 23, 2D K iEAEY)
FHEANT, BEIZB I DR R TFRINRNETHLI L0, SE DA EfTS L
TV 4 FAEFEIAMEL, MO TREALIRDI LMD, IR E~DRELY
WE7RE ~DE K ZRIPMELIRD NS TCRESFAET D 4 — TR FERIT, KO+
TT 7 a—F "R RIHAE R L7225 00 F- e L TNHZ e IR DIRIANIREE S
TWA I, ZEMENE<AEEIARDMEN O AFHEITELTERY A RAIc
TR B2 ERGE ATREPE DS B 2, S 1T, SDGs (Fffee rTREZRBAZE HAR) ITTHRIT BT
WDHI3, T _NTO N LR ALZ | 0D AARA R T DLWV OBLEIZIR W T, 2222
Ty T EHMBAR O EEMEIIMD TEWEE X TS,

%2 H SHEEMERNZ AR RXR 2EH LY T R AR5

Yamada, Kakuta I%, IR 2KD /T 2A A BT 2 D7 R0 AR | RS2 K
HED, TORPIY T R WD PEPEE P Tk T RBUL T 2374 TR 7 | LFr
L. ZO—BlEL CTEBREMRENZ RIKEL TIONDL T /AR X ZFAK (RXR) ZAZ1H) &
L7=UA R AR 92247 > CET= 6 RXR XU R & 68K (ligand-binding domain; LBD)
NOVH REGITINE LT, AR T O G 2 I3 N2 A CTd b (Figure 1-1)
7o RXR 1%, RXR DAIZELHHFE ZEIKITMA , FECIEE B BEAD A ¥y — A
PAGEIR 1) B s 5 (PPAR) ROl X 52458 (LXR) 22 8 DD NZ KR ~T 1 &
KEERK TS 78, S5IZ, PPAR/RXR, RXR/LXR 728 —EO~7 1 — BRKZ, RXR 7=
ANBRCIEMEALSND 8, ZO RO #E S D RXR KT DV H U R WA T LT, BERR
NEE DA 218 U7 AR N O TR E RSN R R LD D, DA 2 BUERIF R E DWW
HBAIIL, KANT AR FANTORAEL S S 2. RXR ORFMEAED LT IR ATRE Tl



IRNEB ZBND, FEEIZ RXR 7= AN, fHHE S, AR EMERE, B kR,
ISNWIRE DERRILRIBET MW TCHD A R T 2N RESN TS %, — T RXR %
BEHIETDIL T, SRR RO AIERIZLORIEH OR BN R ES I, BIRICK
(7% RXR 7H=AOFIHIFRGAL TS %, TDXS722BLA T RXR (T DT RETHR
TZRIBEREN &H 5 2.5 6, Kakuta DI, R4 TONIZAIZEEERIAEH T2 LEWIZ OV THE
WA X HZECRIVEA OB TEIRODRREEL , AIBRERNEL CTHEERT 5, WLib
BT SA 7 VAIEE | 2580 C RXR 2R E LU RAIRUCERDFLA TVD ¢, EH I, %
SOBBA~OHEIEZRURNES B THITE RXR ZAER & DK T OB FEIC
DHLTeZ & T MR IRV N 2 DIEFRICE T 2RIF S — 7 v MR U ARG FRIFE~ D E A
TELDTIEIZRWINEE R T2, ZDFEZITEEDEEHBIL, RXR 7= =AF CBt-PMN <° NEt-
3IB OREIERIZDWTHRAEL | WG SRIETEIR BT T VB3 2380 % 7”5
ZEERHEL TS 101

FRL725912, RXR X LBD ~DUH U REEITIGE L BEREAR O G262
ENZRIRTHY, o, B, y D 3 IOV 7 X AT 55 (Figure 1-1) 12, RXR 1, fthod
NS R RERIRIC, BE5IE M LREEEZD D N Kl A/B RAA L (AF-1 #8IK) | #21Y
BAG T I28 ENDISE R Z 785 35 DNA i & 838 (DNA-binding domain; DBD) Téh 5
C KA CRASVEE RAS %27 b VB THD D KA LBD TéD E/F KAA

VBRSNS (Figure 1-2) 1314

Ligands
W v

LBD RXR_‘A NR TN\

Gene expression
DBD

DNA >O< Response :)( Target gene 90(

element

Figure 1-1. Schematic illustration of a transcription mediated by an RXR related dimer.



‘,a y ". )
NCoA-2 &I~

| !
DNA-binding Ligand-binding
domain (DBD) domain (LBD)
A/B C D E =
N-terminal Hinge C-terminal
region

Figure 1-2. A) Structure of the nuclear receptor heterodimer PPARy/RXRa and its co-activator
(NCoA-2: nuclear receptor co-activator 2) bound to DNA. This figure was created using PDB
coordinates from reference 14 (PDB ID: 3DZY). RXRa, PPARy, NCoA-2 and DNA are shown
in green, yellow, gray and blue, respectively. B) Schematic illustration of the general domain

structure of nuclear receptors.

RXR 1%, FiRL72E512, RXR OARIZELHRE ZEIRITIA , MOBENZFIRE~TR
T EBRE TS (Figure 1-1, 1-2) 7%, RXR ~7 1 " &KIZBWTIE, /S—hF—fll~D
T A= AME BTG Ul B s F I B 23 T 5, F72. PPAR/RXR, RXR/LXR 728D
—EBDO~TE BRI, RXR 7TE =AM CIEHE SN D OS—3Iv v T3R8, 2 kH
fpTu " &R N—IyT 7 RXR ~Tu & REFEES, RXR LT 3—3vv 7
RITTOAT V7RO —FlLHipESND, ZDT2H RXR 17 BAT U 78RIZE-T
OBENZ RRE T~ AZ -1 Fal —F—LF 25 5,



TRAT I ZERIE, — I E o B DB LI, VI ROz Ry Bk
OFEAERBFERRE S LB, 2RO OBRE(LE ECHBRDOZLTHS 1819,
UH R DE L R EDFEB IS Tmar T A= a Bk A LT, IElEAHE 2 - 1F
FADFEB T HLERSNTERY 2 RXR HLOBNZFIRO~T o —BEEREN L%
BliI~Tohat’y s 7axT )y 78 B LTS 152,

RXR DMUOENZ BRO~ AL —LF 2l —F—L L TS, RXR D /07T
NMZEoThE 2 7R BN R IEESND 2, RXRo eI/ v TN Dl IR A phf%
MO EICEIS RARRXR ~T 0 ZBRZI LIy 7 T L WS i, e AR E3E (I
4 13.5-16.5 H) Bblzbaind 22, F72 RXRa 2 ~T R KESWLHE Ol Al 75 A -5
B FFIR OB REFE E N X D2 ENHESNTCND B, 2 /v T UMNIBIT % [
WETHT-DOIZ, FEEDIFARIZB N TOHR RXR & /v 7T U N a7 1vat v /v 77Uk
< A% FWT, R COZRIRHEEEAZFFE LT B S S Tnvd, B2 1E, RXRa # A5
iR CEIRAICERE T2 & IR IR D 436 3 Z2 AL UM (o6 9~ 8RB IMEN A5
26, IERAMARIZIX PPAR 23 <FEBLL TEY, PPAR/RXR ~7T 04 A~ — (IR IAffn A 17 &
NENA A MZE THDHZEDRALNITI 2> TG 27238

RXR ~DVTUREFIZLDA T A= al BAICE ST, = — D= KDY
T RFEEIZHEN G2 B, =y TR @ Ul N — M — I OER B A S D
1516 2D X2 K 5, RXR 72 =ARNE RXR ~T 10 B ROiH M2 8 U7z L #i7n
AFEMEZ RS 2, RXR OWNRMEYH P REL T, 9-cis retinoic acid (9CRA, LA 1,
Figure 1-3) NS TWD 2, LnL. in vivo (215 1 O EIIIEFITIRL , ITEHT-
72D AT R EL T 9-cis-13,14-dihydroretinoic acid (9CDHRA, L& 2, Figure 1-3) 23
WS 30, RXR 7 =AML, REHEA AR AR A, B CRER~E, BAREDS
BRRRBET MCBWTEDZ R T ZENMESNTEY, a7 RXR 7T =AM3BI%E
SNTEZS, 2O—HFIELT, FERMEM: T MY 3@ (CTCL) DIF#EHE THS RXR 7
JL7 = = AR bexarotene (Targretin®, L4549 3, Figure 1-3) 3% 17 5 31, L&Y 3 13,
RXR F721% RXR ~T 0 &K DIEHALAI T L, IRIAVREET MW TR 2R~ 2
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EDHBIL TN D, BARBNZIIFH ZAMEE R SR B LIE (ALS) 2, /S—F VU5 3, 7
A 95 3 2 E OIS IR RS0 2 BUBEIRIRE T /L O BT DN RINTND, &
72T TlE, RXR 2T LI22 R THLNIARTEN SARS =amF 7 (/LA 2 (SARS-CoV-
2T DBAFEE S RESN TS Y (AW 3 13, RXR 7 =Ar LT RXR HE
AL U=y 7 RXR ~7 18RI L 35281204, PPARY X° LXR (ZH 7%
AL IREIEELZ R T ZEbMESILTND 39, 27D AbE 3 D3 ABEMEIC
DUWNTIE, RXR ~DFEEZENLTEb DN, e/ S— b —Z FE~DFEEZIN LD D
THLNIFHTHS,

Me Me

Me

1: X-Y = C=CH
2: X-Y = CH-CH,

CO,H

Figure 1-3. Chemical structures of endogenous RXR agonist (1, 2) and bexarotene (3).

EBIZ ALEY 3 138y T RB LUT S — M= B ORE A E T HIRIE
RIVE R OFEBLNR G 3492 BRIR Tl CTCL 1A IEEL COFIAIZIRLI TG %, &
DD RXR 7T =ANMIOWThRENWEHA GRS, FEBITITES TR %, 2D LD
7B T RXR TR DT REE TONAIFIRES F 25 0 bLIO ISR EIE M 23 [H1EE
TENIE RXR 722 BIFAR ) L TR R T&%, RXR 7 =AMIL D LEIEH]
X, — AN VT ERE N LI~ T e R OIE LI RN 2 LB RS L TR,
RXR AE ZEARDHZTEMEA T D56 OBEREIIRTIZIZHALN L7225 TW 0, RXR D7
HIGMHALT 25 A OWMREZ MR T2 FBEL TIZL  RXR O/ y7H 707 AT =ARD
FANEZBND, LL, BIROLIC RXR OEE /o727 AR A EEE 5| &4
DA F- BEDOIRERICBI BT v a Tt v v TN, TR - P R 2y
BELOFARRD FH S BB 5 2 BUBEIRIF O L7 A F HEE A 9 IR T& 0, Iz T,
RXR D/ 7T INI~T O BIRER T D/ 3= N —S BEE N Lo 7 R EE
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FHELCLEY, ZOXHRFEH NG, RXR LA FRBERE DO MEMTIZIE RXR 7T =AM
U R BIEME I L COIEHTT 5 RXR 7o 2= A ORI AN EEhEE 2 Hn5,

25 3 & BEAD RXR 77 =ANZDOFRE

RFEMIRA L RXR 72T =AREL T, PA452(6) X° HX531(7) 281 s (Figure 1-
4)440 BT, FNTEH RXR 7T =ARD PA024 (4) . L<IZ HX600(5) D& TTIC
TYA ST, T EEWIE RXR FE Z®KIINA T/ I—Iyd 7 RXR ~7T 1 &K
BWT, W= M —ZFET I =AM T 57 AT =ANEMEZ R T 04 F- bk
REMEEDF72% danthron (8) | rhein (9) (% (Figure 1-4) . RXR O 4 E{RE L ENT HIE
TRXR 7 AT =ANEMZRL, 7N—Iv 37 RXR ~7TH ZERIZEBWT, /R—h—%
BKIRONRAEET DT ATV 7 RFRDHIDH 849 K-8008 (10, Figure 1-4) 13LA
Y 8 LIAER, RXR D 4 &R E L ELTHIETRXR 7o FT=ANEWZ R T ZENHES
NTEY, =3Iy 7 RXR ~THZERIZBWT, "= —l~D B A 5.2 57N
RHTHS 30, LG100754 (11, Figure 1-4) |Z RXR € ~EKIZIBUVT RXR 7 ¥T =Xk
IEMEZ RT3, RAR/RXR, PPAR0WRXR, PPARY/RXR ~7 12 " 8#{RKIZBWTIITI =X}
JEMEZ R ZEHMESILTND 213, ZOIDITHERD RXR 72T =AMIVT b, 3
—Iy¥ 7 RXR AT ERIZBW T N— M —l~T a2 7 Uy 7 g w4 46, RXR 7
VAT ZANI R BRI T BT uAT Vo IR AR RIFT LD L RSN TE
722D B, RXR 7A=AMDRITHEH T 2T B AT Y7 RXR 7o ZA = AD R A&
[ L7213 T TR0,

MMA T in vivo TO RXR 7 =X OEREMIZ VD A YT RXR 7 Z T =AM
ALTWEGAIZIE, R ERE OGN ETH L, LLRA5, in vive EBRIZEESH
% RXR 7o 2T = AMI DWW TOHREFNIHD T2 %, In vivo FHEERIZ TRBFIHES
TV RXR 7o ZT =AM, PPARY/RXR ~T7 1 BRIk R HUEH 2@ U 7= 2 Flk
RIGET NSO IERHESINTODILED T THHY, {LEW T % ~T A~100 mg/kg
IZTR ARG LTZBED Coax 15 4.1 pg/mL (8.5 uM) D% 525, £ RXR 7 A2 =A%
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TEMEIEES<, IBERE T EAORBUIIEIBEN SORIM OB G NBNLETHDH, ZORE
R R IR M BEEIZE L7 RXR 7o ZT=AR L TEA ) 12a 725 TNT 12b A3
RS2 (Figure 1-5) . ZNA HWZ#E#7e RXR 7 02T = ANEME - SRR L 78S
AT 3 FALAY 12a 725 ONT 12b 580 T A S kA% 12¢ (Figure 1-5)
7 2 BUPEPRIFET /AZ BT HHEGNR M A S SN T DB 00 | SEWBREO I A3 2341
TR, ZDEHIZ RXR T AT =ARD in vivo TOFFHIFEEHRSNTEL T, 44
5 in vivo TOFIMZHE ML THIEZ RXR 7 T = ZAMNIFIELZRY,

RXR agonists

O~ Me \
NO,
N
Me Me
)
.
CO,H
O\/\
OH O OH Me
Me
00, O |
R |
o) Me
|
8:R=H
9: R =CO,H CO.H

Figure 1-4. Chemical structures of RXR agonists (upper) and RXR antagonists (lower) 4451
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HO,C

12a: R! = Et, R2 = NHSO,-(3-CF3)Ph, X = H
12b: R! = n-Pr, R2 = NHSO,-(3-CF3)Ph, X = H
12c: R1=Et,R2=CN, X =F

Figure 1-5. Chemical structures of RXR antagonists derived from HX531 (7) 435,

48 ABFREOB B

RXR 7H=ANTHLIEAW 3 1T IEVHER) - BIVEMA 27”375, PPARy, LXR ~fiA
H72E RXR DISAA~DFEEHMESIVTND, D12 ALEW 3 DFEZNH RXR ~Diff
BENT 20N, TNEBMDZFEAOFEEENTDHONIARHATHD, ZIHAFF
ETEIUL RXR 7 =AM T 2N ERIER OB /3 HZEIRLY D, In vivo TF]
HFRTEETHY, v > RXR 2/ LR BIEED AT LA HL AT RE/RIE T AT U2 RXR 7
VAT = AN WAL, 35 B UIZABER A RXR ~OFEAZ I3 50 ONMENT TRETH
Do LIPLZ2D, ZETIZHESN TS RXR T FT=ANEL, Wb/ S—Ivi 7
RXR ~7 1 ZBKICENWTT AT VY7L E LR THOTHY, RXR 7TH =D I THE
I DT ATV Y7 RXR 7o A = AMIMES TR, IR T, BB RXR 77
A= ANTIOT IS IREMED E 2D in vivo TOFIFNZEL TODEIEE WV, 22
TEHVL, invivo TR FEEZRIET RAT Uy RXR 7o 2T =AM AIRIL, T aF L
72 RXR 7= = ANOEREMAT O FIREMEZRRE T 22 &% B AYICAMFZE I IOARA T2,
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Rl
\)
i

HTaATY 7 RXR T AT =ARD

5 FRERDL N AR
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1 XL

EHVL, in vivo TRIHTFREZRIET B AT U v 7 RXR 7 A I=A &AL, %
NEMWT RXR 7 2 =2~ OEFRBERERAT 25 ATREDMRGIE T 5 Z & & H BIICHTIEICAE
FLliz, AETIZET, T ATV 7 RXR T ¥ I=R hEAIRT 5 L CEH
AT, RXR Zr L7 w27 Uy ZHED A = A LT ONTORG RS
Do WNT, #ERLIERGICESLSIET B AT U v 7 RXR 7o ¥ A= hD5y 1%
FHERIE 72 & ONZABIEIZ DN Tk R 5,

F2Hi FETrRTY v RXRT VF I=R hOsyFEREE

AEITIE, RXR 7o HT=A MZLDHT ATV v 7 BEEMEIC OV CTONREL 72
HNNZEIUTE S Wy FakEHkIg 2777, RXR ~7 1 Z&KIcBiF 272271
v 7T, RXR D274 A—2a VEICE>TAELD Z ERHESNTND
1% RXR BMLOBNZEZERE~T v Z'K LU T 2BR2IE, RXR O~Y v 7 2 7 )3
RN= M= EMHAEALTND Z ERMBNTND 7 7005 RXR ~fEH L
BRI~ v 7 27 Z3ie RXR OB a7+ A—2 g VIRBa 5 2 0 hid
ZOXROIRTuRAT Y v VHEERIBRNWEEZEZILND, BEAIO RXR 7 ¥ =2
FOREEICE BT D &L DTS VR T VIR R A D BRI S RS A 4y Tl
HRA[RECTH U, MERICHBEDOE WS L 72> T D (Figure2-1A), F& X, 2D
BEMNHBEOEIN RXR Oar 74 A—va VY EERTZ LT, RN—F—%
BRIZ OB L EZ = N —ZRZ KT T=ZA M T27 027 Y v 7 AEZR
FTOTIERVINEE X2, 2T, DVRFIIVEEDEN OGN H R EZ iz
RXR 7 VX A= hZAIHL, TNNET AT v 7 RXRT VX A=A LT
PERET 2 REES 5 Z LT L7,
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RXR agonists
Me Me Me Me Me
o) Qo SO
N NN
M M Me Me N
e e Nl)§N
4 = 15 ‘/\L;
Ké)ozH CO,H
RXR antagonists ﬂ Design
Me

Me Me

1 KH g
Me Me Me Me o

OF;
Me” Me N /\<

Me”™ Me N
N™ N
6 V 16: X = CH,
17: X=0
COyH COyH CO5H

Figure 2-1. (A) Chemical structures of previous RXR antagonists (lower) derived from RXR
agonists (upper). (B) Molecular design strategy of non-allosteric RXR antagonist.

Ohsawa 52 K-> TR &M= RXR 7 2= | CBTF-PMN (15, Figure 2-1B) %,
STRICE END FEMER Y XA 8 — G IC K - THAES O B B [EEE 23 3]
S, RXR 7 F =R FTh % PA024 (4) X° CD3254 (13) (ZHARTAHNRF LIVED
REER B A EMEL . 1A T RXR AT _BIKOEREIEM(LIZ -~ PPARY/RXR 72 &
OEZEIEMEALREATI N 8, & 2 CEHIHEAM IS &, IET AT Y v 7 RXR 7 U4
=R MEAINT 5 ECOERREKITER LIz, BEFO RXR 7 % T=2Z I RXR
T A=A NOEEICT VX NAVEHEBEANTHZ ETTHFA TS (Figure 2-1A)
4639 Nahoum &%, {LEW 13 %V — R{bAWE LT, AT LTV ax U HEORHE
a1 >T oL, KRFHENS (-2 hF) L7225 UVIZ003 (14) 73 RXR 7 =
ZANELTOWEMEZRND, RXR 7o ¥ I=A M LTHEET S Z LS LT
5 ZOXIRRXR 7 H A=A b OGFERGHIHO LAY 14 AT D n-
MR A AW 15 IEA LTALEW 16 25 Y1 > L7z (Figure 2-1B), {L&Y 16
DENTTNFNEELBANT L Z & ThREMED M B L7 FIE, KREEMET L, 12
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153 ~DOFRMEDILT | off-target 4 U 2B N1H D O, Koy ERIREMREAT
LI, e UCHET B, KO EN B THNTIEZERTHZ T
WENFIAEN DD, T ROIREMEIZIZR BT, offtarget U X7 DX FIZIT o7
MBIV, JREEME (cLogP) 23m< . MtERmEE (tPSA) MEVMEAE I off-target A
AL D[RR EWV E S TE Y . Hughes 53 cLogP 23 < (cLogP>3). tPSA 73
vy (<75A%) WX, off-target DY A7 BRFIZE W L& L T\ 5 o, (LAY
16 @ cLogP & tPSA ZHH L= & 2 A, cLogP:9.699, tPSA: 62.13 A2 Th-7=Z L
5. off-target ® U 2 7 13IEH 1T @ & Bbiv7e (Table2-1), £ 2T, 7/ /LI
MER 2T XTI LEEANLTLEW 17 (cLogP: 7.862, tPSA: 71.36 A?)
T YA L7z (Figure2-1B), Lipinski & I3f& MEEK LI/ 0 L9 MEEH DL F 5
P& LT lRuleoffive] 2B L. Z D72 TILAMDIBIEMEIZ DU TiX LogP 73 5 LA
TThHDZ EEEHLTND 28, (LAY 17 D cLogP 1% 7.862 TH Y, Z DEANZIX
WMTIHE SRV, LA 16 12~ off-target D U A 7K, 72 & QNZKIEMED 1) E
PSS,

ﬁ

Table 2-1. cLogP and tPSA Values of 6, 16 and 17

Compnd. cLogP tPSA (A?%)
6 7.037 74.49
16 9.699 62.13
17 7.862 71.36

These data were calculated using ChemDraw 20.1 software.

EI3E FHELAY 16 72 LTI 17 DA

ARETTITFHULED 16 72 5N 17 DERIZ DOV TIR %, Scheme 1 |ZFLH D ik
IZHEWE AT o T2, LS 18 1ZHFEEFTH 5 2,5-dimethyl-2,5-hexanediol 7> 5
3 LHE, 50%FREE DR T L7 % (LEW 18 IO HITEkA 27 L aFk VA A
T5HET, @Y e Y TR BRI IV RET L L L Lis, (LA 18
% DMF IZIEfR L, IRFEH U 7 A {FAE T 2-bromopropane Z{i# . S 23 vk U v
DB L 721212 60°C T 27 Bfflfii#+2 2 L TH Y I AR LIbEW 19 &
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PR T1% TR, Bonba®Wm19 2 A % 7 —/v (MeOH) IZIEfREL, /ST VT LK
SEMBEAFAE T, 2RI T 1S RERIRIR, Bk #T 25 2 & T 2 /1K 20 2 EEMICH
7o AbE W 20 % B A K L 7 ethyl 4-fluoro-3-nitrobenzoate®® & & & (2= 4 / — L (EtOH)
ZIRfE L, IRER T U U AFAE T, IR T 24 BRI L TEEY 21 Z IR 83% T
7. LAY 21 %2 MeOH L =T /L (EtOAc) DIREVRBLIZIEM L, T
U MR FMEAFAE T, EIRT 19 KRR L TR FE L2 L, (LAY 22 Z2I06E
80% CTi37c, MtWT, oo fba® 22 2 U 7 VA v fifg (TFA) (VMRS E721%
2. MU T aERBREKY) (TFAA) Z2KM F T L, =|iRT 1 RHEET 5 2
& THIBR L7TAbB M 23 Z IR 91% THM Lo, S HIZ, BbivcfbEd 23 2 HE b A
FLr (DCM) ICEMREE, LT VI = DB RISEEH 2 & T Y e Vi %
O L, s A 24 25 LT, 2 OROSITEERNCIHELT LT (LG 24 I2xF L,
REET ) 7 DAFE T, RG220 Z AL T XL % O SE 5 2 L THIBRE 25 72
B ONT 26 % ENZETULE 94%72 B TNT 80% THF7=, % I E NN O RIBRK 2 EtOH
R LT2D B, 10% (wiv) KEELT B U 0 2OKER 2 IO TSR T 2T L
EIKGRT 52 LT BRUEED 16 72 5 NS 17 Z UL 78%78 H TNT 86%I2 T
T, ARAESET Lz, BLE, Scheme 1 2R3 bEM 18 - HRIELE LT, BHLE
WTh5H1672 5NN 1T &, TILENE 8 LI, 30%MREORINETHI,
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Scheme 12,

Me Me Me Me
Me Me Me Me \r Me Me \(
OH a (@] b (e} c
—_— —_ > —_ =
NO N NH
Me” ~Me 2 Me” ~Me Oz Me” “Me 2
18 19 20
MeYMe MeYMe MEYME
Me Me Me Me Me Me
(0] (6] (o]
L
d e f
NH NH N
Me” Me ———Me” “Me ———>  Me” “Me N
NO, NH,
21 22 23
CO,Et CO,Et CO,Et

Me OH Me (6] O
B 3 CFs CFs3

Me Me
gorh
Me e » Me e N » Me Me N
@ 25:X—CH2© 16: X CH2©

CO,Et 26:X=0 CO,Et 17:X=0 CO,H

?Reagents and conditions: (a) 2-bromopropane, KoCOs, KI, DMF, 60°C, 27 h, 71%. (b) Ha,
Pd/C, MeOH, rt, 15 h, q.y. (¢) ethyl 4-fluoro-3-nitrobenzoate, K.COs, EtOH, rt, 24 h, 83%. (d)
H,, Pd/C, MeOH, EtOAc, rt, 19 h, 80%. (e) TFAA, TFA, rt, 1 h, 91%. (f) AICl3, CH2Cl, 1t, 4
h, q.y. (g) 1-bromopentane, KoCOs, KI, DMF, 60°C, 3 h, 94% for 25. (h) 2-chloroethyl ethyl
ether, KoCO3, KI, DMF, 90°C, 24 h, 80% for 26. (i) (1) 10% NaOH aq, MeOH, 60°C, 10 h; (2)
10% HCI, 78% for 16. (j) (1) 10% NaOH aq, MeOH, 90°C, 6 h; (2) 10% HCI, 86% for 17.

B4l AKEOELYD

EFIL MO RXR 7 # A=A FBRSERRSLAREEZ 52 9 5 HHED &N
FTTHLHRITER Lz, ZOMENBEBEDOE S RXR 2RO T4 A= g
BALEMR L, N—= T —ZFEKOT A=A MZT 57 a AT Y v 7 HEIZORND
DTEHRWNE DGR ESE Tz, ZORERDO S &, FHELDO 7 NV—7 TR ST
RXR 73 =R h 15 ZHEARFHKIZ, BEAO RXR 7% T =R NO4r 1% dHIH,
GG T % n-_r FNAAE AL SIS ITEA LG 16 27 Y1 LT,
Flo, TN aFTEOBEAN L o T, KEMEDK TR off-target © U X 7 &R ST
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b, KEMEDR L2 b b BRAR 2 AT 5 R F LR EA LAk
EW1T 2T YA Uiz, (LB 17 D cLogP 1% 7.862 TH Y . HROEHKNOFFIE L &
#1% Lipinski @ rule of five (Z1XY TIEE S0, (LAY 16 12k, off-target D Y
AR, 72 & ONIKEEMED M) B3R S v7z, {bEW 16 KN 17 1%, B Th
ST AL EW 18 Z2 HFHUBHT 4 8 TR, # 30%FEE DRICR THERL LT,
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1 XL

F2EIITIHETRATY 7 RXR T V4 A=A FOTHFA >« HRRIC OV TR
oo RETIE, AR LIZALE® 16 25 ONLEM 1T O RXR 7 & A=A MEMEL
NR=I vy ¥ 7 RXR ~7T 0 ZBRIZBT 57 AT U v 7 #HiE 2~ 2 B CEE
L7, VAR—Z =2 =0T v A2 RD, £/, invivo 7 v A ~DJSH%Z

B UCRIE L7s U v BRRRE AR BT K (PBS) ~DIERIEIC DWW TR~ 5, % T,
a7y I Z—=U I N— T AL DIEEMI6 2L TN 1T DA /R —=RAT A=
MEMEFHI DWW TR~ 5,

28 RXRAEZEBEKICKITDAIHIEEHD RXR 7 F 3 =R +EMEFEH

AREITIE, AIHEEHO RXR 7 X T =2 MEMZFIT 2 B TITo 7z LA —
=T =T oA T2 b TR EBR DR RICHOW TR 5,

Figure 3-1 (X RXR #XRETHLHR—FX—T—2T vEA4 (RGA) OBIEXTH
He KT vEAFZRTIH, RXR BfEHRT5H DNA _EOIREHEE (RXRE) O FtlZA ¥
IVDFENIESE TH S luciferase DB TZHEAL, TORE L2 % luciferin Z R T
MMz %2 & CEI S D REHS S | RXR OIEMELE N Uiz R E (55
PE) 2R 5,

: HO s  N__COH
legands' \@NHSj

RXR RXR — <

luciferase

= o2 s. N
Response Luciferase @:NHSJ/
element Gene

Figure 3-1. Schematic illustration of luciferase reporter gene assay.
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Al LA O RXR 7 % 2= MEPEIL, COS-1 #ifdz Hv 72 RGA (12T, RXR
7L A=A |k bexarotene (3) IZ & 5D RXRa OEETEMEALIZ )T D HEHUER 2 a2l
P L7, AT v A FRTIE RXRE & LT R luciferase Ein 17238 A Sz,
CRBPII-tk-Luc % 38R L7z 67 CRBPII (X 1 YT B 4 oD RXR AV A b
AL THY RXRIZZEAEEIL, ENU EOLEK L L TRXREICH AT 5 7%,
TROBART v A RIZEIT D RXRa FHEAR TR < ZE&ATHEG L. RXRa A E
TR TOEMRHMIICAE Y T 5, g s LT, MR RXR 7o # A=A &
LTaIBbILD PA452 (6) ZiiR L7z ¥, #Bbamidtn<in, 1% (v/v) ® DMSO
O DB TR ISR L RIS ALE LT, N ENOSRMICEIT D ECso I
Prism 9 \Z CLAF O EAWCHEE L7z,

Y = Bottom + (Top-Bottom)/(1+10"((LogECs0—{31)))

RXR 7 F=Z F Th 2{tEH 3 B TR 602 HERISHIRE (R2=0.93) 1%, k&
6% 1 uM CTHFSED EEBE[~7 L7 (Figure 3-2, R?=0.96), L&Y 3
IZRFLC, A LA 16 H L1172 1 uM THAFESEZE 2 A, Wbk
A6 L RBRICHERISHROEREM~D 7 NN (Figure 3-2, R? = 0.98
for 16, and 0.96 for 17),

RXRa/RXRa

5 - vs 3
-% 15 ( ) O Bexarotene (3)
2~ e 6(1uM)+3
22 1.0- 16 (L uM) + 3
g % . Ie) L] (1 um)
E 3 17 (L uM) + 3
Q \%’/ 0.5 COS-1 cells
E n=3, 3times
¢ 00 l r :

-12 -10 -8 -6 -4

Log [3]

Figure 3-2. Antagonistic activities of 6, 16 and 17 toward RXRa homodimer in COS-1 cells.
Dose-response curves of 3 (open circle) toward RXRa in the absence or presence of 10 uM of
6 (green), 16 (magenta) and 17 (orange). Goodness of Fit was determined using R? values.

Values are mean = SD (n = 3).
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INHDIEAITHONWT, AT v X T=A NOFEETH 5 pA, fE% Schild plot
12XV Prism9 & TR 7= (Figure 3-3, Table 3-1) ¢, pALfEIZT Z=A k ® ECso
i 2 (EEREICT2DICET AT V4 A=A MOEVREEZ . ADOXEE TR L
LOTHY  FENRENEET X T=R MEENBRNZ L 2EBW®T 5 7, 7238,
PALIEIT S LB DZ AR~ OBAMEERIZ b —E T2 2 e mbn T g @, 1k
AW 6,16 B L ON17 DILEW 3 12X T 5 pAfEIZZFNZE 4, 7.20,8.06,6.74 L HH
7z (Table3-1), W NLh pAo DR S, BEEHIRXR 7 VX A=A N THDH T &
DR ST,

-
[&)]
1

O 0

‘W 1e7
-A- 1e-6
.’.

-
o
1

Transactivation
Relativeto 1 uM 3
o
(6]
1

o
, ©
_
N

N
(6,
1

1.0

o
(6)]
1
Transactivation
Relativeto 1 uM 3

Transactivation
Relativeto 1 uM 3

o
o
1
L
N

-10 -8 -6 -4 a
Log [3] Log [3]

Figure 3-3. Dose-response curves of 3 (open circle) toward RXRa using COS-1 cells in the
absence or presence of 10 uM (solid line), 1 uM (broken line) and 0.1 uM (dotted line) of 3
(green), 16 (magenta) or 17 (orange). Goodness of Fit was determined using R? values. Values

are mean = SD (n = 3). pA> values were calculated using Graphpad Prism 9 software.
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FEVNT in vitro 72 HONT in vivo FER~OIGH & & U CKEEME % FEM9~< |, PBS
~OVFREZE LTz, #bE% O PBS (pH 7.4) ~OEIFIVEMEEE IOV T HPLC %
FAWTHIELZE Z A LAY 16 28 UV TORMHRA (1uM) % FlEl-> =012kt L,
L& 17 1% 58 uM % 5-2 7= (Table 3-1), ZDOFEERNO X 0 KEHEO EWEEY 17
IZEHL, ~78a "B TO RXR 7 ¥ A=A MNEMWAR ST R— M F—Z &K T
A=A MIXT D7 RT Y v 7EFUEM LM T2 2 L & L, 728, RXRB ARE
TREEB IO RXRy AE ZEEICBWNTH LA 17 O RXR 77 F A= & MEPENR
B BT (Figure 3-4)

Tabla 3-1. pA> and Solubility Values of 6, 16 and 17
PA2 (vs 3,

Compnd. RXRa/RXRa)’ Solubility (uM)®
6 7.20 1.8+0.16
16 8.06 <1
17 6.74 58+2.8

apA, values were calculated using Graphpad Prism 9 software.

®The solubility were measured by HPLC. Values are mean = SD (n = 3).

A B
RXRB/RXRP RXRy/RXRy

o 6 - 10 -
S d 5
B2 =1
=0 41 6 4
g (oM
222 41
S : 2 -
) 1 1 i v

= 0 1_. ‘ T T T T 1 0 R T T

-8 7 -6 -5 -8 4 6 -5
Concentration of 3 (Log M) Concentration of 3 (Log M)

Figure 3-4. Antagonistic activities of 17 toward RXR[ and RXRy homodimers. Dose-response
curves of 3 (open circle) toward (A) RXRp and (B) RXRy in the absence or presence of 1 uM
of 17 (orange) using COS-1 cells. Black and orange bars indicate vehicle (DMSO) and 1 uM
17, respectively. Values are mean = SD (n = 3). Reprinted (adapted) with permission from J.
Med. Chem. 2021, 64, 1, 430-439, Figure S2. Copyright 2020 American Chemical Society.
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B3I N—I v VT RXRAT U ZBEIZBITZ2 7T v X7 Y v 7 #EHilEA OFAG
AREITEAN—= v U7 RXR AT 1 ZBIFIZBIT 56617 D RXR 7 X F=X

MEME, K ON— M =2/ ET T=2 M7 57 v 27 U v 7 #EGi/EH 25 m L
FfER %2 R8T, RXRa AT ZEIRIZBWTIEIRXR 7 T=A h ThH{LAEM 3 I3 L,
RXRT7 v & A=A M ThotEme b LIAMEW 17 2 10uM THREFESESL & 1k
AW 312 X DEREIEMESBEE (2] S 7z (Figure 3-5A), 73— v 7 RXR ~7T &
TBIATHD RXRo/LXRo ~T 1 " BIKIZBWT LAY 3 ZBEMTHNS &=
v T I LT BRSO bivd (Figure3-5B), Z Z2I2, ka6 b L < I
{EEW1T 2 10uM THAFESE D &, WBREIREIZYE 725 10 uM DLEH 3 DG
KT HMENIR NN DD, 1 uM LLTFOEY 312X 53— v U7 2R
fil &4, RXRa AT ZEEOGE LFIERICT % F =2 MEWEDFE D b7z (Figure
3-5B), 72%. RXRwLXRa (ZBIF 216EM 3 1264 2{LEW 6 72 b NI LAY 17 D
A BRI TAENEN 6.52, 677 LRS- (Figure 3-6, Table 3-2), RXRa/
LXRa ~7 17 " BKIZEIT D LXR 7 =2 k T09013177 {Z%f L Tix. {LAM 6 % 10
uM THAFSED & T0901317 DIEMESBE (ICHHl SN/ b DD, 10 uM DILEY 17
WZE BT R b N2 o 7z (Figure 3-5C), 7205 {LEH 6 D X 5 72BEF D RXR
7o H A=A ME RXRW/LXRa ~7 1 Z&KIZEBW T RXR ~OfEG A/ L T/3— |k
%K (LXR) 7 I =2 MIHEHT 2DICK L, LA 1TIEZRXR ~SEAELTH
N—= Nl ~DEEE RIS 72N E V2 D, PPARY/RXRa ~7 1 " ERIZHBW T,
b&M 3 D= v U THEZ T LTE HERSICRT 21668 6 & L <IXMbE? 17
kBT H =2 MEMER R Sz (Figure3-5D), —JC, PPAR /N> 7 2 =X |
TIPP-703" (Z%F L Cld, (L&Y 6 MNEAERIEHUEM 2R LT3 LG 1T 13RS 72
- 7= (Figure 3-5D,E), 7235, PPARY/RXRa (25T DILEW 3 12k 1AM 6 H L <
IFMEE 1T D pAr ZRDT= L T AZNZH8.00,7.18 L HH Z 47z (Figure 3-6, Table
3-2),
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Figure 3-5. (A) Antagonistic activities of 6 and 17 toward (A) RXRa homodimer, (B,C)
RXRo/LXRa, and (D,E) PPARY/RXRa in COS-1 cells. Transactivation of agonists (gray)
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relative to DMSO in the absence or presence of 10 uM of 6 (green) or 17 (orange). White and
black bars indicate vehicle (DMSO) and the corresponding agonist, respectively. Values are
mean + SD (n = 3, 3 experiments). *P <0.05, **P <0.01. (Bonferroni test, “NS” indicates “not
significant”). Reprinted (adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439,
Figure 2. Copyright 2020 American Chemical Society.
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Figure 3-6. (A) Antagonistic activities of 6 and 17 toward permissive RXR heterodimers in
COS-1 cells. Dose-response curves of 3 (open circle) toward (A, B) RXRo/LXRa, (C, D)
PPARY/RXRa using COS-1 cells in the absence or presence of 10 uM (solid line), 1 uM (broken
line) and 0.1 uM (dotted line) 6 (green) or 17 (orange). Goodness of Fit was determined using
R? values. Values are mean = SD (n = 3). Reprinted (adapted) with permission from J. Med.
Chem. 2021, 64, 1, 430-439, Figure S1. Copyright 2020 American Chemical Society.

Table 3-2. pA; Values of 6 and 17 in Permissive RXR Heterodimers

Compnd. RXRao/LXRa PPARY/RXRa
6 6.52 8.00
17 6.77 7.18

pA> values were calculated using Graphpad Prism 9 software.
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Flo, N—=I v T RXR AT 0 H A7 —|ZB N T/— M —%FKT T=Z MZ
%3 B 4P A 7”79 danthron (9) O BIZIESWZFEM S FEME L7 (Figure 3-7),
RXRo A E ~&IRIZH TS 100nM O RXR 7 =R h 9-cis retinoic acid (1) (2L 55
GIEMEIZR LTI, (b 6 b L<IiMbaWw 17 & IZBE ittt 2~ L7z, 100
oM OLEW) 12k T 2659 6 72 & TNZ 17 D ICso fE% Prism 9 (2 TLL FORAE v
THH L,

Y = Bottom + (Top-Bottom)/(1+([6 or 17]/ICs))
100 nM DALEY) 11233 266 6,72 5 TN 17 @ ICso fEILZEALZ 4 79 nM, 154 nM
T# 7= (Figure 3-7A, R?=0.87 for 16, and 0.74 for 17), /X—3 v 7 ~7 1 8K T

DOFHMITIX. PPARY/RXRa ~7 12 Z&{KIZx9 %5 PPARy 7 = =R | rosiglitazone (2
uM, Figure 3-7B) . RXRo/LXRa ~7 = ~&#KIZX 5 LXR 7 =2 | T0901317 (10
nM, Figure 3-7C) . FXR/RXRa ~7 1 ~HERKIZXF % FXR 7 ==X I chenodeoxycholic
acid (CDCA, 50 uM, Figure 3-7D) O#RBIEPEIZRI T 2FEHMEZ TG L 72, 24061kt
L. bE® 6 1TV ho~T 1 “RKICEWT L IREKRFNZ2EETUER 2R L,
RXRoW/LXRa ~7 1 Z&#RIZEBWT, 1 uM DILEW 17 207 LIZBRICH B R IEMED
EHRADPE SN, 10uM DALEW 17 OPFH TIEEDN 72 < . £72/baW 17 B TH
BRZLIIASHTWRY, ZOZ b, TuM OILEW 17 ORI L 2 FERE
fbix. RXRo/LXRa ~7 1 Z&#RICB T 2/IEW 17 O7 =2 FMEHER S QU
T0901317 IZx3 2 3 F VU —IHHEERT 5 b DO TIERWE B X billc, £/, LEW
17 1% FXR/RXRa ~7 1 " EBRIZHBWT 10 uM THAFESEZBICHEERN R S5z

(Figure 3-7D), {LAW 17 12 X BHEHUIE 50 %PHEICIZE > TWRW 29 ICs 2 H
TERWVR, BB EZ AW TIC Z#ET D & 3mM #5272, Z DOfEld RXRa AR
FRRIZIIT D ICs (T 20000 f5EIRETH D, BRZEKRY T2 Rz
T, S BER E ZOMOZEROTENEIZ 100 (5O ZRHIVUTRIER H 5 & Fie S
o B, DLEOFERNG (LEM17133—3 v 7 RXR ~7T 7 Z&RIZBWT, ~
— b —ZBROT T=Z MIHTHTrRT U v ZiEFUER 2 RS20, FET 1R
TV w7 RXRT VX I=ANThHDLHWEINT-,
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Figure 3-7. Antagonistic activities of 6 and 17 toward RXRo homodimer and permissive RXR
heterodimers in COS-1 cells. (A) RXRa homodimer, (B—D) permissive RXR heterodimers. 6
(green), 17 (orange). White and black bars indicate vehicle (DMSO) and the corresponding
agonist, respectively. This experiment was designed based on reference 46. VValues are mean +
SD (n = 3). *P < 0.05, **P < 0.01. (Bonferroni test, vs corresponding agonist). Reprinted
(adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439, Figure S3. Copyright
2020 American Chemical Society.
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BAi a7y 7 Z—V) 7 — N EHEEL UG

AREITIE, LAY 6 72D NALEW 17T A 2V X—AT A=A k& L THREET 20
M T A B TEMBE LT, 27727 4= 70— T vEALIZONTIERSL, 1N
— AT A=A MIZAEROBERNRIERLZIK T I 0FTHLIOIH L, Tox =
ZARMITIA=ZA A NRN=ATI=A PWNTHICHX L THIIT 20 FTHD Y,
T A=A MIREKGFNICaT 7 F_X—=F =% U IV )— T L0, 4 /N"—AT =
A MIBEEKGHIZZ) Ly —2 U 7 — T HTENMLNTND BB, 22
T, @R SN2 7y 7 A —_TF RN cary s 72— 7 V— T vEA
LT AR T ROFAEIIS LT ar 7 F_—2—RbNca ) 7Ly ¥—b
U 7 )v— h&F#H~T= (Figure 3-8), K7 vt A Tk, 27 7 7 X =R HRIHEET
5 & wmIRIEE AmP 3 EHF %5, RXR 7 E=X h TH H{LEW 3 72 & ONT CBTF-
PMN (15) #aptiE=” 7 F~—%— (PGCla, SRC-1) LU L72EZ A, AmP 1
BB 3 72 5 NTALA W 15 OIREIEKFHI LT LR L7 (Figure 3-8A,B), — 5 CT=
U 7' L #— (SMRT,NCoR) (ZOWTIE, (LEM 3 25 NHLEW 15 DLAAIT LD
E%ﬁAmWMEFﬁ%%MtG@mwsamom3%6&%wmm%%rni¢:
a7y g FR—F—LOH LT ﬁf&ﬁ%ﬁAmP@Lﬂiﬁghﬁ(H@m}
8AB). =V Lyt —L O LI2GEI2IE, 73 =A hOBHA & FERIZ AmP DK T
DIERE S 47z (Figure 3-8C,D), (LA 6 72 L N LEM 17 1227 7/ F_—F—L
V7L —nDnInbaz Y Z7—hLBRWNWZ EnD, 7a=A M LA 23—
AT A=A KE LTIEHMIEET, RXRT7T VX I=RA N THD I ERMHERI N,
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Figure 3-8. Coregulator recruitment assay using fluorescein-labeled co-factors. Recruitment of
(A) PGCla, (B) SRCI-2, (C) SMRT ID2, and (D) NCoR ID, by 3 (open circle), 6 (green), 15
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(blue) and 17 (orange). Black line indicates the baseline (in the absence of test compounds). *P
<0.05, **P <0.01. (Bonferroni test, vs absence of compounds). Values are mean + SD (n = 3).
Reprinted (adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439, Figure S10.
Copyright 2020 American Chemical Society.

FSHE AEDOELD

ELL AIHL7ALEM D RXR T HA=ANEWEZL R—2—2 =07 AL 5T
P L7, EORER, BIHLIAL G 16 7N LA 17 DWT B BEA R RXR 724
A=ANTHDLIENFEFR IV, In vitro W N in vivo T EASDISHEZZEL T, K~
DOIEFREZRELIZEZA ALEW 16 [ZHA_TEEY 17 1TKIEERID G oTe, KR
YD @D oTALE 17 12 B L, TaAT Uy Z7iEHEEFH L7z, L& 6 23/ 3—Iv
7 RXR ~T R ZEKIZBWT, N2 FRT T = AN DB E i iiA R LT
DIZK U ALE 17 1 X2 DX T v ATV VS HIERZ RSN Z DR S ATz, #
Tk 7 74— T FRE NI = T AL THEE Y 6 LN LA 17 &
BIZALN—=AT = AR L TIREL e W BB ST, L EOEBRFE RS, (LA
W17 NHET AT Vw7 RXR 7o A= ANTHLE M STz,
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1 XL

FIETIHMEEM 1T T B ATV vV RXR T U F =AM LTHRET S22 &
aRllc, RETII ALEM 17T OIFET AT Vv I T o ZI=A MEED A T =X
LZEfRAT 5 BETHEM LI(LE% 17 & & b RXRa U H > RiEA AL (hRXRa-LBD)
& OMAAEHFHIIZ DWW TR RS,

# 2% RXRae-LBD (239 554 REREME

AHiTlE, hRXRa-LBD &ALEW 17 DG G REFAMIZ SV Tik <%, hRXRae-LBD (2
T2V T FOREEHNDFEL LT, VA IS T 4 7R 7> | (LBP)
FIZEEND U T b7 7 CHRO B ZEOUIT T DB RIS < S0
v A (FQA) MREn5H5 777, hRXRa-LBD % 280-290 nm D CTHIL T % &, 330
nm UL ICHRKAE 2 FF O 2 £ U 5D, hRXRo-LBD 12U Ho RBES< &, 7L v k
BGUZ LD NU 7 N7 7 VHSROEIEN U H v RIS du, 8L S 5 30658 )3
W3 %5, hRXRa-LBD Bl CTHLUA S U728 658 E 1%, hRXRa-LBD &{LE9 6 L
IHbEM 17 273w 2 A, U Ay FBEKRFMICED Lz (Figure 4-1A),
EIREO Y 7 RIFERFIC, HoRaOE &1L 330 nm £ 5 310 nm fHE~BE) L T
WD E DR Z DA, Z AT buffer B CEII S L2 dOBEA KB L 72 b D TH D,
Ex280 nm/Em330 nm & LT, U RIEFFAERFOECIRE 2 FO, FRED Y T B
HAEREOHOEEA F1 & L, 1 — (FI/FO)E LT m v b L, Prism 9 (2T Hill X%
WC T4y T 4T HBIMo7 (Figure 4-1B,R*=0.94) ,

Hill 7 : Y = Bmax*[test compound]™ / (K4" + [test compound]™)

L&Y 6 72 b NTALEW 17 O Ko fBIZEALZE41, 0.26 uM, 0.43 uM & B H Z 472 (Table
4-1) 7, ZDZ &6 hRXRo-LBD ~DOfEGREIFMEW 6 (T~ (L&YW 17 DFH
BIVWZ ENHBI LT, £70, 2L EDLEY 6 72 b N LAY 17 O Hill (R80T %
NEI 112,129 5 2 7o, HIll FREIIZAMWE Y T FOmREMEZRT 7S, Hill 35
N1 XD RETFEEOHEMEZRL, 1 2EDU T ROFEEN 2 2BELED Y H
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v RIERERET D ZEEERLTWD B, Hill 2525 1 X v /ST udaoth RN
Zord, AEEHINZEEAEYO Hil ZEITWIntb B8 L2 1 THY . HREIZA
LIV T,

>

Fluorescence intensity
(Ex280)

Wavelength (nm) Wavelength (nm) 32 |J|V|

1-(F1/F0)

Concentration [uM]

Figure 4-1. Changes in fluorescence intensity upon binding of 6 or 17 with hRXRa-LBD. (A)
Fluorometric titration emission spectra of hRXRa-LBD (0.5 uM) upon addition of 6 (left) or
17 (right) (032 uM) in HEPES buffer (pH 7.9) at Aex = 280 nm. Black line indicates
fluorescence intensity of HEPES buffer only. (B) The binding ratio of 6 (green) or 17 (orange)
was calculated as [1 — F1/ FO] (measured at Ex 280nm/Em 330 nm). FO is the fluorescence
intensity in the absence of teat compound, and F1 is the observed fluorescence intensity in the
presence of 6 or 17. Curve fitting (hill plot) was performed using GraphPad Prism 9. (B)
Reprinted (adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439, Figure S4.
Copyright 2020 American Chemical Society.
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Table 4-1. Binding Parameters of 6 and 17 with the hRXRa-LBD?

RI
F1 quenching assay ITC
assay
Hill
Kq ) Ki N Ka AH -TAS AG
coefficient

[uM] n [uM] [uM]  [kcal/mol]

0.26 + 1.12+ 134+ 0424+ 135+ 52+ 8.0+
6 -29+0.2

0.015 0.27 0.59 0.00 0.25 0.4 0.1

043+ 1.29 + 137+ 0844+ 157+ 57+ 79+
17 22+0.2

0.052 0.16 0.49 0.03 0.32 0.2 0.1

At least three measurements were made for each sample. Values are mean = SD (n = 3).

Fo  AEAW 6 b NTUEA M 1T 12OV T, Y F U AEH SN RXR 7 I =4
N 9-cis retinoic acid ([PHJ1) % W 7254582 5506 L 72, hRXRa-LBD & [*H]1 O Z
WEETHEEOH T ME (cpm) Z[PH]1 A3 100%Z BEICHES LTV D & ER
LEE ALE®m6 b L <IHMbEW 17 2 1 fF S 5 LR EKRARIZPH] OfRS SR
ME Bi7e (Figure 4-2), 1EE# 6 © L <IHELAEW 17 OREKRFE72PH]1 OBV
LBAONTZZ LD, LB 6 b NTLEW 1T IR bk 1 LRI Y T
RFEEART v MR L TWD 2 EPRBR ST, ZOBEHEN LA LIV E]
W AERIBE B K 2 F T 5 BB TIA < W 5415 Cheng-Prusoff 20 7° 23841 L |
B 6 72 b NALEM 1T O KifEZHH L= 2 A, Z1FN 1.34 uM, 1.37 uM T
&> 7= (Table 4-1,R2=0.81),

Cheng-Prusoff = : Ki = ICso/(1 + [[PH]1]/(K4 of 1))”
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Figure 4-2. Dose-dependent binding of [PH]9CRA with hRXRa-LBD in the presence of 3 (open
circle), 6 (green), 15 (blue), or 17 (orange). Curve fitting was performed using GraphPad Prism
9. Reprinted (adapted) with permission from J. Med. Chem. 2021, 64, 1, 430439, Figure S4.
Copyright 2020 American Chemical Society.

HIFERFEER = Y A N Y — (ITC) Z AT, hRXRo-LBD &1{bAE# 6 5 LML
EW 17 OFEGREA TN L7z, 7235, ARFEBRILFHI RN hBpedez, JIRHE LI
FHNTZTE N2, ITC T, ZREZ X7 E L U T RBEGT 2BEOWEKIS S
L <UEHEELULS M L, MEEES (Ko, ZRMEE VT Fofia (N) 2z,
T U A NVE—ZEE (AH) 72 EOBNRNT 0T 7 A AR RD L, iSRS
TH# 1S 55, hRXRa-LBD IRICKT L, k& 6 & L <ITMbAW 17 Ok z —E
R Z &I T L& 2 A, BB MR S/ (Figure 43, EU 7 4), b0
T =200, VA N1EAMDHIEY OFEEL, VT NEZFROENITK L
CT7m > L (Figure 43, FU 7 L), single-site DFEATT V% W TN LT-,
hRXRa-LBD E1bA#1 6 & L <I3bEW 17 O EANER 2 f#fT LR /IR E U H
Y ROREGHZ KT 5 NICENRRONITZ DD, BIJFHRT A —42 L K Izl
BHE /B WI R B N2 o 7= (Figure 4-3, Tabled-1), T 5 DT — X x5 i F O iRk
AL ELLL T D Z EAVRB ENTEN, FEHRKOBENEZHRT DL OITNEEE B 2
BT, NIk, {LEW 17 73 0.8 25 2, hRXRa-LBD &{LEW 17 13 1:1 THAET S Z
& DRI I T,

42



6 17
4 0]
0— Al
S =} S -0.2-
§3 -0.2 33 1
o -0.4- o -0.4-
[a) . (=) i
0.6—_ 0.6
! I I [ ! l ! ] T I T I T ' T ] T l T ‘
0 10 20 30 40 50 0 10 20 30 40 50
Time (min)
—~ 0_ _—~
2 5 2
i T
5 5
_10_
U L L L L
0 02 04 06 08 1
Molar Ratio Molar Ratio

Figure 4-3. ITC data. Upper and lower panels show the heat signal generated by injecting (A)
6 or (B) 17 solution into the cell and the integration of the signal per injection, respectively. The
parameters are given in Table 4-1. Reprinted (adapted) with permission from J. Med. Chem.
2021, 64, 1, 430439, Figure S4. Copyright 2020 American Chemical Society.

#3E CD A7 FMIZ X B RXRo-LBD & {bE&% 17 DA BB

Uy ROFEAIZIE U2 RXRo-LBD D 22 > 7 o A—3 3 VA L& 4 2 HIU T,
RXRa-LBD ¥ X UKL Y 7> ROIRG K Z W2 FEE Z&EdE (CD) A7 b
BEEAT -T2, KD FHEKD CD A7 ML, O UV WIEEKIZIS U CAF R D
L <IFARHF 2R O0FICBl S5 ¥, A5k CD 8Ll SRW Y T Rz, %7
JVIRZEMTH DR BRENEA~FEATH 2 E THE CD BEHISND L o272 s 0, =
DFFHE CD IC &> TV HY ROZEIRA~DFES Z 3l L 7= B2 ShTung 882,
SEFHIZHNZ Y T FIIWT N S AT A AR T, MR F LA TR oD, Hil
TIL CD 8Ll =72\ (Figure 4-4A), —H TZNH DY J 2 R4 RXRo-LBD & 3
FSHEEZA, W UV RIEEICS C7z#F# CD 238l 41, RXRo-LBD &
DFEENRE ST (Figure4-4B,C), WD U T itk -~ T, BHIEHHFE CD
(TR o To " F = TSN D0, ZIUXZENZENDO Y H o RO UV RIS AR
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SDOFEFERADEDDPR BN ENTZHDLEZBND,

A Induced CD B Induced CD C UV spectra
31 (ligand only) 3 05 1
2 2 0.4

£ ul 2 1) g 03

E E A3 < 02 {1\

Q 0 s e a 0- %

O 250 “aege""  350[nm] O 2F % 3%0[m] 0.1 \_\
-4 A \

2] 2 | 250 300 350 [nm]

Figure 4-4. (A, B) CD spectra of 3 (gray), 6 (green), 15 (blue) or 17 (orange) in the (A) absence
or (B) presence of hRXRa-LBD at 250—350 nm. (C) UV spectra of 3 (gray), 6 (green), 15 (blue)
or 17 (orange) in the presence of hRXRa-LBD. Black line indicates hRXRa-LBD only.
Reprinted (adapted) with permission from J. Med. Chem. 2021, 64, 1, 430439, Figure 3, S5.
Copyright 2020 American Chemical Society.

BN D CD ARy RV TIE, E OREEIZIE U TR E S Oy ME A Bl a2 X
b, o-~Y v 7 AEEICHKT 5 208-209, 222 nm TOHEDHEK, 191-193 nm TD
EOMK, pAEREIZHNT 5 216-218 nm TOHEDMHAR, 195-200 nm T EDMEK,
ARBAMEE BT 5 195200 nm TOHEDBRABIZZE NS 33, hRXRo-LBD I% a-
AUy 7 R TECHETH H 720, hRXRa-LBD HATIX 208 nm & 222 nm TOHAD
WARNFRD B 5 (Figure 4-5A), 2 208 nm & 222 nm ([ZF1) 5 E/AFEHFR O Lo
BT 0=~V v 7 AD Ay T3 A= a VEGERBT 5720, U T ROFEEITE
U7- hRXRa-LBD D> 7 4 A —3 3 VAL %G T& 5 (Figure 4-5A,B,C) 34,
hRXRa-LBD Bl T 0222/6208 XXX 1 Thotz, 7 A7 U v Z7{EH%ZRT RXR
TAZAMTHL3IBLLEFT AT v 72 R"T RXR 7 VXA A=A FThD
{b&% 6 % hRXRa-LBD & 3677 SH72 & 2 A,0222/0208 DEAE 72 EH- SR S 7z,
bE 17 OV — FMeAw 15 1%, (LAY 3 0B 6 121352 L DD, 0222/0208 12
AL R 6z, LA 15 13 RXR AT ZEERDOERGIEME(LIC I~ PPARY/RXR DHx
FIGHEERTHNE W) R E KM L TWD DB 2 bnd B, 2B, {btEW 15 ©
I b a3 bW 6 LT IO b E 52 TWDHH, 0O K 5 RBLRITILH]
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B 7e < BRI TCEHBEIAATH S, HETrAT V7 RXR 7 T=A M ThH
ALEW 17 Z2fF ST LR ITIIAR LR LITHR SR o7z, T b ORERI
LG8 3 25 NTALEW 6 28 RXR ~DfEHAIFIC RXR OGS EE 5 25—
HT LB 1T ORI BRE G AR N I LIZE 2852615,

A B [nm] C
4. = RXRa-LBD only an = o T
— LBD +3 '
— LBD +6 | I
201 N\ —LBD+15 _ §1'05
g \ —LBD+17 g o « B
£ 0 — . £ 22 1 N
9 140 2 ® 0.95
-20
0.9 T T T
wo 3 6 15 17
-40 - -26 -

Figure 4-5. CD spectra of hRXRa-LBD in the absence (black) or presence of 3 (gray), 6 (green),
15 (blue), and 17 (orange). (A) CD spectra of complexes at 190—260 nm, reflecting the
secondary structure of hRXRa-LBD. Minima at 208 and 222 nm are observed. (B) Expand
view of (A) at 200-240 nm. (C) [0]222 and [6]208 indicate the CD value at 222 and 208 nm,
respectively. Values are mean + SD (r = 3). *P < 0.05, **P < 0.01 (Bonferroni test, vs hRXRa-
LBD only). Reprinted (adapted) with permission from J. Med. Chem. 2021, 64, 1, 430439,
Figure 3. Copyright 2020 American Chemical Society.

A X B REEARITIC £ 5 RXRe-LBD & L&Y 17 O E/EREHE

{b&% 17 & hRXRa-LBD & OFEA A A & O IZFERICHT 2 BRI T, {LEW 17
& hRXRa-LBD, =1V 7L v 4 —~X7F K SMRT & OIAE R b2 0E L, X B S i
FRNT AT o 72, 7835, ARFEBRITFHI RIS PIpEEdR, RALE LI 72720
7. hRXRo-LBD &AbA# 17 OHfEERIT, RXR ORZEME Th D 4 BEOE TR
B, 2.15 A DRRETIRE LT (Figure 4-6), ZDOMNEIKIZIZ4H>D Y H v RiES
YA NRHEIET D, BoNT-ETEE~ >~ (Figure4-7) 75, chainA,B,C £
AU 1 3T 2DILEM 17 OFES D3 WIREIZHERS S 7z (Figure 4-8A, B, C) ., Figure 4-
ITIXENENOHICHENLIEW 1T AT 57 2/ BikE (ka4 17 H»
D ORHEN 3.4A DIN) 2 LT 5, ChainB HO{LEY 17 & chainD @ F439 72 5
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NZ F450 & O AAEH A M H 40T 5 (Figure 4-8B) . hRXRa-LBD & L&) 17 13,
AEREE) 7R R FE CIE 4 BRZ TERCE T, 2 EfR (chain A and B) ZERKL T 5 Z &
BRBETHT—2NEONTEY . {LAE% 17 & chainD & OAHAANERIZOWTIE, #
mfbliC Ko7 —7 4 77 7 FOAEBMELGEZE X BND, BFEBRE~Y Y 71T XK o> THER
HMEICHER CE b DX 3 0 TOLEW 17 Tho7Tzh, 4 50 HOFELRBR I
TW5 (Figure4-7), ZORERIT 4 BEIKIZ 4 5T OLEM 1T BFEETHZ L 2REL
THEY, ITC ER TR INFA (1:1) ZXFFT o8 ERo7, B, ZON
EIRICEED 4577 D hRXRo-LBD 13, ZNENAWICIZIEFR L3 7+ A—T 3
& 452 7 (Figure4-9), F#&1L. BIEIT/LE 17 DAL RS S 4172 chain A, B 35
FOCoHI» b ALEW1T O b X F L LBP WEICIRA L, LBP IZH b1
/o chain BIZHEH L, ZO®%OMGEEEIT 72,

?ﬁ ,t’%
oy

% o) ‘ Y
*%?5
U ch

Figure 4-6. Structure of hRXRa-LBD/17. Reprinted (adapted) with permission from J. Med.
Chem. 2021, 64, 1, 430-439, Figure 4. Copyright 2020 American Chemical Society.

chain C ain D
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Figure 4-7. 2Fo-Fc electron density map of 17, confirming the tetrameric form of the hRXRa-
LBD. hRXRa-LBD has a total of four binding sites for 17. In the electron density maps, three
molecules 7 can be clearly seen (panels A—C), and a fourth molecule also appears to be present
(panel D), as indicated by white arrows. These data were analysed using COOT®. Reprinted
(adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439, Figure S6. Copyright
2020 American Chemical Society.

,A' Chain A B. Chain B C.Chain C 7
\ T F450(D) \{:\ A \\;/(
W305 ' ' &5

F439

A
¥ 4
7S T

ASSI \’?
L436 * {1433 | € \% \

[‘11268/ }* F439(D) ﬁ‘ (@\ V433

Figure 4-8. Expanded view of 17 and amino acids located within 3.4 A of 17. Chain A, B and
C displayed in panel A, B and C, respectively. Reprinted (adapted) with permission from J. Med.
Chem. 2021, 64, 1, 430-439, Figure 4. Copyright 2020 American Chemical Society.

-
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Helix 12

Figure 4-9. Structural comparison among the four chains (from chain A to chain D) of the
hRXRa-LBD/17 (PDB ID: 7CFO). The chains A, B, C, and D are colored cyan, green, magenta
and yellow, respectively. The RMSD values for Ca atoms were as follows: 0.289 (between
chain B and A), 0.209 (between chain B and C), and 0.408 (between chain B and D). Reprinted
(adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439, Figure S7. Copyright
2020 American Chemical Society.

FTAREMEa T A— 3 o Th D apo BLD hRXRa-LBD & b L 7= (Figure
4-10A), Apo BilfEi&E & LCIL Y v FIEFTERIETOMEE & L Tl STV D
(PDB ID: 1G1U) 3 2R L7z, Z OfiE D&% E S b7 b D% Figure 4-10A
(R, TE OREITIZITER>TERY, 7 o7 BEOEEOHEUMEORERE L LTH
HL5 RMSD #HH L7 & 25 ,0258A #5272, 2D Z &2 H{LEW 17 O hRXRo-
LBD ~OfEEIE, NEMRIa L T4 A= a v EHRFL WD EEX D, FH-EED
OfEd 5 7 V—7"TlL, RXR /S— v /L7 =A% ~® CBt-PMN (27) 7' hRXRa-
LBD IZH#i& 9 2 2 & T, hRXRo-LBD Z &ML, ANIEMALTL D 2 FEEHD =1 2 7 4 R
—VarNES ZEERELTWD Y, FHIE, ZOREE R T A—va s
&S afE B i et SRS & el L7 (Figure 4-10B) , hRXRa-LBD/27 O AR iE ALY
oy 74 A—3 3 (PDBID:5ZQU, chainB) & hRXRa-LBD/17 # ERAbHE7- & 2
AEDAL T F A= 3 HFE L RMSD 150334 A % 5- % 7= (Figure 4-10B) ,
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CO,H

Figure 4-10. Structural comparison of the hRXRa-LBD/17 with apo-forms. hRXRa-LBD/17
(PDB ID: 7CFO, chain B, gray) with (A) hRXRa-LBD in the absence of ligand (PDB ID: 1G1U,
chain B, pink, reference 86) and (B) hRXRa-LBD/27 (PDB ID: 5ZQU, chain B, yellow,
reference 87). 17 and 27 are shown as green and magenta sticks, respectively. The RMSD values
for Ca atoms were (A) 0.258 and (B) 0.334, as calculated using Pymol software. Reprinted
(adapted) with permission from J. Med. Chem. 2021, 64, 1, 430-439, Figure S8. Copyright
2020 American Chemical Society.

WRITTEHARI 2 T A= a o ThDH, 7 A=A MEERLD hRXRo-LBD & HLig
L 7= (Figure 4-11) , tbfesi 5 & L CIZRXR 7 I = A N TH HLE¥ 3 & hRXRa-LBD,
I HlZay 7 F =27 F FGRIP-1 D54 (PDB ID: 4K61) 42841 L 72 ¥, hRXRa-
LBD/GRIP-1/3 Tl (L& 3 73 LBP OWNERIZHEE L. ~U v 7 X 12 OV 7272003
FEIhLREDar Txr A—2a BbEAE D, £, ~T v ZEBEEARICED
LUy 7 2T EORWVHAEEM bR S TS ¥, hRXRe-LBD/17 & hRXRa-
LBD/GRIP-1/3 Z i L7z & 2 A, TA=AMBHEATHLBP DAY DEES LHIC
L& 17 DiEG L. “gatekeeper” & LTI Z& T RXR 7o ¥ A=A MEWEZRT
MR I, EOREGAEIX, EER o T A—va BT AN v I R
12 237 0 7o To E T & —E L Tz (Figure 4-11), Z AU LBP O AV OfFTI
RXR 7 A=A RDHEE LTI TOHRE TH D,
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3
with hRXRa-LBD
(in orange)

Figure 4-11. (A) Comparison of ligand binding modes in hRXRa-LBD. hRXRa-LBD/17 (PDB
ID: 7CFO, chain B) and hRXRa-LBD/GRIP-1/3 (PDB ID: 4K61)*® are shown in gray and
orange, respectively. Co-activator peptide GRIP-1 is shown in blue. 3 and 17 are ahown in blue
and green sticks, respectively. (B) Expanded view of the region around the LBP. 17 binds to the
entrance of the LBP and blocked the ligand pathway, acting as a gatekeeper. Reprinted (adapted)
with permission from J. Med. Chem. 2021, 64, 1, 430439, Figure 4. Copyright 2020 American
Chemical Society.

RXR 7% F=2 K & RXR O3EfhfL & LT, RAR/RXR ~7 1 &R D RXR flic
RXR 7 v A=A M THLHLEY 11 56 L7-AEE (PDBID:3A9E) DA HE S
NTW5D 3, ZNLISDO RXR 7o ¥ A=A Gty —F o ZiEic L b
LD TH 2 90, PDB ID: 3A9E 8 T, LA 11 DA /LR F 2L HET LBP NERIC

WAL, NIy Z A 12Dary 7y A—va B aEL Z LT RARRXR ~7 12
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BEOT A= F & LTEH (Figure4-12), —HEEW 17 1%, B VR F 2V ELDS LBP
OIMANZALE L, = hF =T LER LBP OWNITREAT A TRHAE L T\, 72
B.ALEM 1T OT v afx AL E LBP NOJEAT 2/ BROFA/ERIZ OV T,
(R b DT STV 7Ry,

Helix 12

Figure 4-12. Structural comparison of the hRXRa-LBD/17 with hRXRa-LBD/11. hRXRa-
LBD/17 (PDB ID: 7CFO, chain B, gray) is compared with hRXRa-LBD/11 (PDB ID: 3A9E,
chain B, pale pink, reference 53). Compound 11 and 17 are shown in cyan and green sticks,
respectively. The RMSD value for Ca atoms was 0.451. Reprinted (adapted) with permission
from J. Med. Chem. 2021, 64, 1, 430-439, Figure S9. Copyright 2020 American Chemical
Society.

BCD JIEIZEBWT, L&Y 17 OFEE DY 0222/0208 tIZHEE 5 202 EHED
TEET DL ALAW 1T X RXR ~OFEERHI 2R EED a7+ A —v a3 VB L%
52f\@o@%ﬁ%%%btiide?y&ﬁ:z%%%%%Lfm5%®k%
AL, ZOZ LN ALEW 1T TR RN/ S—I v T RXR ~T7 1 ZBIK|Z
F o= b T —l~DE L RIFT <, TR AT Yy 7 RXR T Z A=A
e UTHERET 2 b 0 &Il S vz,
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BSH KEDELYD

AT OIET o 2T U v ZERD A 1 =X L% f#H9 % HAY T, hRXRa-LBD &
LA 17 O EAERRNT 217 > 72, RXRa-LBD HKDHE I3 DTS % FRE
ELTEREARBRIC X o T (LA 17 © RXRo-LBD (%3 2 FE A HEIL A 6 12 Hh~
LRI/ LA L, P FULMEBRSNI RXR 7= F 1 (PH)1) Z MW
TBARBRIZB WO T LAY 6 72 5 N 17 13V 371 b IR EERFAO72PH]T OfE A 3R4K
TZRL, WTFNLH RXR 7 A= FTHLLEW 1 LRI CHEART v &2 FRFRED
BAMETRER L TV D Z EARENT, ITCIZBWT LAY 6 72 b ONTALEW 17 1%
N LS D/RT A — 22 L TIRRE O % 5- 2 . RXRa-LBD F1UZ 3517 % Wi O iRk
ML OFERIMERRIE S =D, AKX OBENIZ OV TORBERIIHF SN o7,
RXRo-LBD & U %> ROEERE AV CD A7 MUZEBWT, Tr AT U v 7 E
Mb L<IiEEHie s ba®m 3 b L<iT (bEW 6 23T/ =kt (0222/6208) % 84

I EASEDITR L, ALEW 17T 1TREZ RIF S o7, LAY 3 BIWMEE
Y 6 73 RXR O~T v Z&IMMUIZED L~ v 7 X 7 G RS EE 52
TuAT Y v 7 ERERT T ALAY 17T IR EE~OFBE KT S0 EE
2 DIz, XS S E AT OFE R, LA 17 DA L7z RXRa-LBD I apo B4 i
ZHEFFLTERY . CDREIZBWTLEW 17 OFEE D 0222/0208 1252 % 5.2 722
EEIFF LT, BRIENZ T, LAWY 17 OT Va3 x ST LBP NER~MZA L,
LBP DAY Nz THE G L TWe ALEW 17 A RXR 7 T = A FDFEET HERD
U R/NA T = A Z51F % Gatekeeper Antagonist” & L THI< Z & T, 7r AT »
7 IeiRe A R T 2 /2 RXR 7 =X MIxFLTHiILL T b LB 2 b,
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1 ICHIC

LA 17 BIETEATY v 7 RXR 7o X A=A e LTHEET S Z LR EN
T2 & n RETIHEAY 17 D invitro WONT invivo DEBRRIZIS T B F]H Al HEME
(ZBE U TRRGE L 72 RIC DWW TR 5,

%2 i NF-xB 2N 2539 2068 3 OB L EE L L7 b

ARETTIE, (LA 17 2 in vitro DFEBRRIZEB VT RXR 7 =& h OFSRERRITIZF]
MATRED T L 725 RICHOW TS, RXR 7 A= hTH LAY 3 13 NF-xB D
HRBZHH 32 2 ERMEIN TS ¥, JIZTPPARy 7 S=A F, LXR 7 =2
MZ X - TH NF-kB OEERH S b Z & b#iE S Tnd 2 (LEY 31X RXR
7 A=A L LTRXR, £7/-/3—3 v 7 RXR ~T 1 _EROIEMHL 2 U755
TEMALEEZ "9 — 7T, RXR DA77 59 PPARy, LXR IZHiEAT 5 Z E0NME S
T3 339 207 (bAW 312 L % NF-«B BEMHIEEIL. WITFNOZARE~DREA
B LIHRE CTH 2 0 BRNF- LTz, £ 2 CHEEIL LAY 312 L 5 NF-«xB OEEE
Wil Z €7 v & L TRIR L7, NF«kB OEGINE RSN O FHIZWALT v U IR A 7
7% —% (SEAP) BIZ{NLHR—F—L L CHAAENTZ, vTAY I T 57—V
RAW264.7 #lild NF-«xB ZEHBUEE T NF«xB &I L7z G382 574 L 7-
(Figure 5-1A), UARAKY BB T4 K (LPS) ZHMIIALE S D Z & TRIEFHRE LI-
BED NF«xB Z#/ LB BERBLEAZ EEL T8 LEW3 % 0.1 uWM THRAEIETS
BATIE 50%FREE DINHI RN R 57 (Figure 5-1A), ZHucxt L, {L&W 17 208
T 5 EALEY 318 L DI RO DM LA 17 OIRFERGFHICHERS S 47z (Figure
5-1A),

Nos2 BAia 1 O3B & (Figure 5-1B) =° NO pEA & (Figure 5-1C) 22V T b [AEARIZ,
LPS FR%IC & 2B B LAY 3 OPHHIC L > Tl &, LE! 17 & X BIC0H
T5 Z & TR RITEEs S, AT, R CEBRRZMHWT PPARy 72 =X I
T % rosiglitazone X N LXR 7 F =& h TH 5 T0901317 {2 L 5 NF-«kB Z 41 L /2#r5E

55



FHBLRNI2E A, WG BEE2RMHI IS S vz do 72 (Figure 5-2), 24U
5OFERI G NFkB 2/ LI GRBEEOLAEY 3 12X 2MilzhRiX, £ RXR
AT D2 LD HERR SNz, LS LA 17 X RXR 7 T = A [~ OEEREMRHTIZF]
HARETH DL Z R L N ER ST,

>
w

ok *k C
— ﬁ 12 I
%k NS *k *k * 9
S E 1.5 #x %% NS NS ' NS .S Q15 e o 1
= - (| e s | n - =)
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EE v B B S5E 1. o -
g D L g D = 06
£2 05 N R g2 05 I g
22 2 89S 02
Ls | 3% =
Zo 0 g 2o 0 9 0-
“LPS - ¥ % # # # SLPS - + + + Z IPS - w4 #
3(01uM) - - + +- +- +- 301pM) - - + + 3(01pM) - - + +
17@EM) - - - 011 10 17 (10pM) - - - + 17(1uM) - - - +

Figure 5-1. (A) Inhibition of NF-kB transactivation by 0.1 uM 3 in the absence (gray) or
presence of 0.1, 1, or 10 uM 17 (orange). White, black, and diagonal striped bars indicate
normal (DMSO), vehicle (DMSO + LPS 1 ng/mL), and 17 in the absence of 3, respectively.
Values are mean = SD (n = 3). The data were analyzed by means of the Bonferroni test [6
groups; LPS (-), LPS (+), LPS (+) + 3 (0.1 uM), LPS (+) + 3 (0.1 uM) + 17 (0.1 uM), LPS (+)
+3 (0.1 uM) + 17 (1 uM), LPS (+) + 3 (0.1 uM) + 17 (10 pM)] or unpaired t-tests (presence or
absence of 3). (B) RAW264 cells were incubated with 3 (0.1 uM, gray) alone or in combination
with 17 (10 uM, orange) in the presence of 1 ng/mL of LPS for 6 h to analyze the expression
of Nos2 mRNA. Data were normalized to the expression of Actb. Values are mean + SD (n =
6). The data were analyzed by means of the Bonferroni test (4 groups). (C) RAW264 cells were
incubated with 3 (0.1 uM, gray) alone or in combination with 17 (1 uM, orange) in the presence
of 100 ng/mL of LPS for 48 h to analyze the production of NO. Values are mean + SD (n = 3).
The data were analyzed by means of the Bonferroni test (4 groups). *p <0.05; ** or ¥§p <0.01.
“N.S.” indicates “not significant”. Reprinted (adapted) with permission from J. Med. Chem.
2021, 64, 1, 430439, Figure S11. Copyright 2020 American Chemical Society.
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-~ LPS - + + + + o+ LPS - + + + + o+

Rosiglitzone  0.01 0.1 1 10 T0901317  0.01 0.1 1 10
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Figure 5-2. NF-«kB transactivation activities of PPARy and LXR agonists. Stably NF-kB-
expressing RAW264.7 cells were treated with LPS 1 ng/mL and incubated with rosiglitazone
(A, PPARY agonist) or T0901317 (B, LXR agonist). White and black bars indicate the DMSO
and DMSO + LPS 1 ng/mL controls, respectively. Values are mean = SD (n = 3). The data were
analyzed by means of the Bonferroni test. The agonists showed no significant effect on NF-xB
activation in these experiments. Reprinted (adapted) with permission from J. Med. Chem. 2021,
64, 1, 430439, Figure S12. Copyright 2020 American Chemical Society.

38 LA 17 D in vivo EBRIZ I3 5 F F T REMEFEAR

BB 17 D in vivo ([ZI51T 2 A BRBEREMAT ~ DR ATREME Z MG+~ <. £
M7 e~ 2RO &G LIEO FiRE 2 #lE L7e (Figure 5-3), (LA 17 % 1%

(vv) O Z )= ERIMLTZ 0.5% (wiv) BIVRF v AFtLm—2 (CMC) K
AR S, ICR w7 A2 10 mgkg TROKEE L1-L 2 A 1 FEREIZIZ Cha & 5
A E DREEIE 870 nmol/L T - 7, & 5% 6 RFfH] £ TIZ I 1T 2 i i EE 1% 700 nmol/L
A CRELTEY ., BIFIEIC L > TED AUCoen R 7- & Z 5 4405 nmol-hr/L %
Bz 72, ARIOFERTIIBEIRZRIE L0, IBEN TR ICRTH L, fERAIC
I PR E ARG T DI e 272 b D EEFEZ HILD, LAY 16 ([ZOW T AT
REZRELZE ZA, 1 KHEZIZ Cue 52, ZOWREIL 0.4 nmol/L, AUCo-enr 1T
1.15nmol-hr/L T o7z (Figure5-3), # 3 ETHIR7- LB VAW 16 & 17 DK~
DOESFVE M2 223 R O T D, MR DZENAE U SR & L TR
BREOEELEZONDIN, ALAEW 16 & 17T OIEREOFENRRENLDLEEZ LN
Do IKRDEIRMEZZE L TT v ax EHPICBER 28 AT 27 A ULl invivo
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FERICB T HMPREY LT 2BRTOADTho7z B2 b, NAMEY T R
& EN TV D 9-cis-13,14-dihydroretinoic acid (2, Ka (RXRa) =90 nM) I i 133 &
Z 400 nmol/L & XT3 3% 10 mgkg TO~ U AREAOAFGIZEBNT, {LEW 1T O
I FRREAMEEY 2 OMFRES EES Z L2RBENEZ L0t bEW 1T &~
U AFEFRTHWDERIZIEL, 10 mgkg OG- THRMY =X MIHEHIATREE B 2 il
%,

10000
1000 g-0——
100 1
10

14

o1 ——1

0.01 T ;
0 2 4 6 8
Time (hr)

Plasma concentration (nmol/L)

Figure 5-3. Plasma concentrations of 16 (magenta) and 17 (orange) (single oral dose of 10
mg/kg). Values are mean = SD (n = 5).

AR T DB 17 ORGIZX D EMENEL 20EET <<, v~ v R ITK
L 2 HE O AR ARG 21T o7z, 7o, mIEOFEE & L TiE, RXR OFEE D ATIRIC
2N LD TR I B R 2 Y T, REZEPITIREEOZE ., TTHEREDHE
BE& 72 % AST, ALT IZ DWW CUIIBEE e 2 bITHER S 3, % T2 Ofthod B 5 P A
LD Hiv7e > 7= (Figure 5-4),
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Figure 5-4. Evaluation of side effects during repeated oral dosing of vehicle (black) or 17
(orange) at 30 mg/kg/day to male C57B16/J mice for 14 days. (A) Body weight changes during
14 days. (B—D) Effects of compounds on (B) liver weight/body weight ratio, (C) plasma AST,
and (D) plasma ALT. Values are mean = SD (n = 5). The data were analyzed by means of the
Student’s t-test (A—D). *P < 0.05; **P < 0.01. “N.S.” indicates “not significant”.

45 LAWY 17 OHL 2 RUERFHR

AREITIEL ALE 17 D3 in vivo DFEFRITIUVT RXR I L7 ABBERE D iEHTIC
AR ATRED R A L 72 RAZ DWW TR %, BEFMO RXR 7 # A =X F Tdh % HX531

(7) <° danthron (9) | RUBEIRIGE T VR 5 IBERE TIEA S #dE ST b
B BN TRE A= v VT RXR AT R CEBRIZBWNT, TrAT Y v 7 1E
HERTRXR T VX I=ANThHDH, T2 T, HT7RAT V7 RXRT UV FZ A=A
NCToh D 1703, [FERICHL 2 BUBERIGIER 2 "3 &2 fGiE L7- (Figure 5-5), 2 BUBEJR
WETNLVEY THD KK-AY v T Rk L, KT T 72 br— b LT 2 BER
JRIEIRIE L LTSNS PPARYy 7 I=A RDOEAF 7Y XV % 30 mgkg T, b L<
(LA 17 % 10 mg/kg T2 BMMER &S Lz, ok, 2 BPERFET VICEBT
HEFTVHEY o ORGEIIEKREGEE LT 10 mgkg b LITEEGELE LT 30
mg/kg THRAKELG L TWDIHENRZ W2, SEIOERTIICA V) ¥ Y rokbhas
30 mg/kg/day (T, L&Y 17 OG- EITIFIREREOREE b &I1Z 10 mg/kg/day 12
WELTc, BT V2 &b Ui~ U ATl BEREEEMA R O c—) T,
{b&W 71 285 LG a3 BEREER TR 6N -7 (Figure 5-5A), R
B 72 MAE IR EE A2 B35 L S D HbALe ZHIE LT & 2 A, LA 17 =85 L
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TR 7Y ZYy oG EER LT, KOAGERIKT 2R L7 (Figure 5-5B)
RBE~ T 22BN TIMEEY 17 0512 X % HbAle (K T ixA b i/evy (Figure
5-5C) . A EDZ Mt 2BPERIFET VICEITH RXR 7 o ¥ 2= M X 5 Mk
FBENERIEL, RXR 2R & LTEHPUER AL D Z s s, U bErb | fbE
¥ 17 1% in vivo TRIHFHREZRIET B AT Y v 7 RXKR T UV H I=A RN THDH I EHR
STz, 72, RXR #EHLZ T 2 MBERE TIEH ORI A 7 = X LFBHED & Z AW
LT TE LT, AROMFRVETH D,

A Body weightchanges B HbA1c c HbA1c
* 12 1 5 -
e B i u
C Lo aisin = "o o= 440 @
5 40 LAG < 8 - Lo < 5]
g [TUITRRrReNlss © § 2
2 351 L1 % 4. < 2
o) I T 44
s}
30 T T \ 0 J O 2
0 5 10 15 v Pio 17 v 17

Time (day)

Figure 5-5. Evaluation of anti-type 2 diabetes effects of repeated oral administration of
pioglitazone (30 mg/kg/day, gray) or 17 (10 mg/kg/day, orange) to male KK-AY mice for 14
days. Black circles indicate vehicle control. (A) Time course of body weight changes. (B)
HbAlc of male KK-AY mice. (C) HbAlc of male C57BI6/J mice (normal control). Values are
mean £ SD (n = 6). The data were analyzed by means of the Bonferroni test. *P < 0.05; **P <
0.01.

BHHEN AEDELY

EEW 1T Z W2 RXR 7 = = A+ OFEREMRHT 23 AT REAMED 6D % H B9 T, NF-kB %
I LTRGBS 5 RXR 7 2 =2 M TH LAY 312 L HAHIREE FH<7-, LPS
IZ K> TEHFEIND NF«B 24 LR EIBUT KT 2/bE 3 18 & 2 30ilh R,
IbEW 1T EOHHIC LV iRlRS Tz, T72b6, bEW 17T % Z & T, NF«B
A LT EFRBUIKTT 206G 3 12 K 261D RXR 2035 2 & 3R &4
Too 2OZEMNL ALEW 1T DY in vitro FEERIZIBWT RXR 7 2 =2 s OHEREAFIIIC
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FIATE2 L5 %5,

AW 17 2% in vivo FEBR TR ATREMRGE S <, LA 17 % 10 mgkg T~V X
RO G T DL T =1 h, Cuax=870 1M % 5- 2, WEPERXR 7 F =& MIxT %
BRI SN, £, WRNREORKER G TRIEIIMEE S o7z, 2 B
JRIGET VT 5D KK-AY v 7 Z1Zxt L, L&Y 17 % 10 mg/kg/day T 2 BB 5
L72& Z A, HbAle DBHERIM TR I N/, RXR 7o ¥ I=2 MI X 2% MbEk
THEHIZIE, RXR 215 & LICHPUERD DL 2 Z LRl s iz, {LEa% 17 1 in
vivo THIHAIREZRIET B AT U w7 RXRT U X A=A N THDH Z LRr S iz,
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B1E REE

BeJEREME T M U o/ NEEOTRESE TH 2 RXR 7 F = A | bexarotene (3) 1%, RXR
BELORXR ~7 1 Z&EOIEMAL 28 U7 iR AW IEDCRIER 277323, (ke 3
I PPARy, LXR ~EAT D Z & bE SN TND B, 2D, {bEW 3 DFEN
RXR ~DfEEENTD2HDM, £ e bMOZFIEA~DREE 2T 5 b DI
T®HD, RXR Zi@ U7- 3% & BITEA X RXR ~7 0 “BEKOFE(LEN Lzt o L
fE S THDY . RXR RE ZEIEDOHOIEMAIC X HHERITRMI TH -7, RXR 7
T=A F®D RXR HNE _EBAEZI LIEEELMIAT L FRELTUL, A=y 7
RXR ~7 0 ZBKICEBN TN — M —Z B A~OREL B Z 0T e AT Uy
7 RXR 7o # A=A NOFABEHEZZ bND, LOLERL, ETurT Uy
J RXR 7 2 A=A MIHGE SN TR0 o7 %, Iz T, BEAMORXR 7 ¥ 3=
A MIFREEMED R < | invivo TOFIFIZE L T4, & 2 CTEHIX, invivo TH
HARERIET AT Y v 7 RXRT VX A=A MZAIR L, TN E2FH L RXR 7 2
= A N OBSRRMRNT S ATEEDMRFET 5 2 & % H RIS ARRFZEICIR Y FLA T2,
F2ETIHETRAT Y v 7 RXR 72 ¥ A=A Oy Fa% 5t L OB RRIZ o
W72, FEFIT, B RXR 7o % =R MR A VRS VIR T D
EWEHEDOEWS T THDHRICER Lz, SO HEOE S RXR D=
T A—TalBbEbleb L, N— MR FRAAEET L O TIE R0V & ARG
N Cln, & 2 CTHIVRE IOVEE R OFEE ) B B E MK < . RXR AT T &IKD
R GYEPEIZ B~ PPARY/RXR DR ETEMEA 5 RXR 7 = =2 |k CBTF-PMN (15) ** %
EREHE LT, ALEW IS I X MRV EZEALTALEW 16 2T VA > LT,
F7ALEW 16 1TFEFITNEIRMENE < | off-target DU A7 | KIBEMHEDIK FAEE SR
H2Emb, TRV TFAREEALIACED 1T 2T A 0 AR LT,
FHIETIE, LA 16 H LITEAM 17T O RXR 7 > % T = A MEMHELS LUV I—
Ry VT RXR AT RBIRICETST7 e A7 o ZHEFIEICOW T, COS-1 gz
MAWTe LR =& == T v A Ko Tl L 72 fE R IOV Tk <7z, L&Y 16
R NTAEEW 17 1%, BEFIO RXR 7 % =2 | PA452 (6) L IAIBR. Hi4 09 RXR
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TUA A=A N TH DI EDPERR STz, ALEY 16 ([ZH~MEEW 17 DKRA~D I fRIE
MRIFTHSTZ e ALEM 1T ITER LTT v AT U v 7 fEiHiE A2 ~7, 1t
B 6 X — w7 RXR ~7 B Z&IKIZENWT, /N— N —ZFET F=2 I
K DERIEH AR LIZDIWICK L, ALEWM 17T X2 DX 5727 n 27 ) v 7 55k
HEREST, T AT V7 RXRT VX I=A NThD EHE SN,

a4 ETIE, ALEM 1T 0T e AT U v JHEFUERO A B = X L &R 5 B
THEM L7, {LE® 17 & & b RXRa U F2 REEAEAL (hRXRo-LBD) & OFHAAE
M DUV T~ 72, RXRa-LBD HRDEEITH T D BER LR L Lok a
BRIZ L > T, RXRo-LBD IZx3 25 17 DFEGRENMEET 6 1T _R00F5 N 2 &
BB LT, b UF 7 LE#R S RXR 7 = Z b 9-cis retinoic acid ([*H]1) % >
T A RERIC IV T LAY 6 72 5 NTLE W 17 12V T4 b IR EERAFRY 72 PH]1 O
ARETZ R, WIS a1 LRICHEEGR Ty P2 L TWD Z EREN
7z ITC TIE, LAY 6 72 5 NALEY 17 3N LIS DT 2 — 212 L CRRE D
B% 5 % f B AL OBINER R S 7z, RXRo-LBD Lfba# 6 & L <I3fba 17
DEERE V- CD A7 hMUIZEBWT, {EEY 6 23 E/AFEMHELL (0222/6208) %
BAEIC EH SE70Izk L, (AW 17 TRE(EN AL o7, (LAY 6 3~V
v I AT EEL RXR D&KL T3 A—va lgBr 5270 A7) v 7 g
AT T ALE W 1T TR EE RIE S0 EF 2 57z, RXRa-LBD /17 O3 &
T2 X B b S AT O fE . LA 17 DA L 72 RXRa-LBD & apo Hi# 1k % e
FLTEY., CDEEICBNTLE 17T DRSE DS 0222/0208 (2584 527202 & &
TEELTZ, LA 171X RXR 7 2= hDMEATHEED Y 2 RS2 T = A Z15F
% ”Gatekeeper Antagonist” & L CI< 2 & C, 7u X7V v 7 efiExd ~3 2 &7 <
RXR 7 F=A MIxfLTHH L TWDH Z B LT,

%5 F I, LA 17 2 invitro W ONT in vivo D FEBR RN TR ATREDHRGE L 72 4E
FAZONWTIHR AT, ALEW 17 % AWz invitro EERIZE W T, RXR 7 2 =X h O#HE
FRMT 23 ATREDMiED D 5 HEYT, NF«B 240 LR GHBUCKI 95 RXR 7 T =X h T
oA 31X D MHIREEZ T, LPS IZX > T & d NFkB 24 L2855
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FEHIST 2M0EW 3 I X 2MEIERIL. LAY 17 L OB L v EEs Sz, 1k
BT 25 Z & T, NFkB 29 L7CERBIT T 21069 3 12K 580fi%, RXR
BT ERRERINZ, LA 1T X in vitro EERIZIHB W T RXR 7 T =R b D%
BEMEICRIATE 5 &5 2%, (LAWY 17 13 in vivo SEBR CRIA FREDRGEET << | 1k
B 17 % 10 mgkg TV ATEAEEGT 5 L Cux=8700M & 52, WEME RXR 7
=2 M IR STz, 2 BBERFET L Th DH KK-AY ¥ 7 AT L,
L& 17 % 10 mg/kg/day T 2 HEER ARG Lz L 2 A, BHRZR BB L
[T 2% HbAle DBHE K T AR S N7, RXR 7% I =2 MZ X% MFERE T{E
FHIZIX. RXR ZAERY & LI HUERAD D 5 Z LRI, LLEDOFRRNG ., b
AW 17 1% in vivo THIFEE/RIET R AT Y v 7 RXR 7V X I=A N ThH5HZ &N
RENT,

Bofi SHORE

AWFFEUZIBWTER L, invivo THRIHAIRERIET R AT U w7 RXR 7 4 2=
A & LTCBTR-EE (17) ZRHE L7, (LEW 1T BHET AT U v 7 RXR 7 4
T=AME L THEET 25T, LAY 17 O F X = F VEOBEIR B AT L
NZiERE S L7z CBTF-C5 (16) 1%, /S— h F—Z BT A= M7 571 AT Y
> 7 IRETL A R TR R O TWD, (LB 16 OFEMART o 27 U v 7 FEHiEIC
DWW TITBAERT R CTH D2, /B RXR 74 T=A h® PA452 (6) LibAim 17
DPRERETH D Z LIRS N TN D, (LEY 17 [FHEMES DR ZM A 5 HFIT X
% J1 VAR VO E R R &2 IR U CRI L7223 k&9 17 B To CD
TR SN TE L THIAFITEL TORY, ZOZLEnbEW 17 DT v XT Y
v 7P, 2 FOREREHEZT TIER, = bR FOLEOBEFEFNEET
BHOATREMENRIE SN D, L LR G X G EAAT ClX RXRa-LBD & R
Rt Z2Ete 7 L ax oM THEFERIIBIN S T L7, YmER 1T o
2T Uy 7O HE L T2 B HIBRE R CIEIARTHh 5, 4 RIFHHIC AV -
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fE L RXRa-LBD & OIHERETH Dm0, RXR ~7 v “EIKIZEIT S RXRa-
LBD D& & TR STl A & > TV D AREMENR B D, D72, RXR ~7T 1
B & OHREILZ o X BRS Sa A IE AT 23 i C Z UM S DO F RIS 5D
NH LIV, £ 2T, HFEZES & & 612 PPARY/ RXRa ~7 &2 &K LBD O¥EHL
R ERRP TH D,

FELIIMEAW 17 ZHOWTRXR 7 3= | 3 OMEREMENTIZHEA . NF-xB 241 L 725
GREUT D6 3 12X 2MHZERIZIZ, RXR OIEMHENEE R Z &2 AL
= 2O XA 17 1% in vitro FEBRIZEBWT RXR 7 2= & ~ OFEREMEIA I
ARECTH 7= Z &0 h (LAY 17 13 RXR A3 %0 2 A FRHERE D FRHT IR IBE /2 —
Ve LTOMMRIRESND, ZOEREMBITICE > T RXR 73 =2 MI K555 &
RIEROYEI Y 53 F 8 Al RBIZ 22 AuiE . RXR Z R & L7CABEMEICEIR L. RXR Z Al
IR & LTI R TE D008 LIL7euy,

Fio, BEL 2 BBEIRFE T MALE W 17 &N 595 2 &£ T, HbAlc 3B
KT T 522 R LTS, ZORKERD D RXR OFEHUIC Ko Tl bR FERHD
FHT D2 EDNRB I, FEHIZR A = X LB ST o Tvialy, 2 BUEER
JRET I T PPARy DU UEREATLHE L TWD Z E RS STl Y, PPARy
TA=ZANELET X T=A hOEIFEIZ L - T PPARy O U UER LS IHI S D Z
L TP 2 RUE IR R BN T H A D = X APRIB SN TS B9 ZE 1T RXRIZ
BWTHLT7 A=A M7 2 A= NOMGHRPL 2 BEERIFDIRZRL TNWDH T &
([ZFEH L B RXRIZHOWT b 2 BUBERIFET /LTSN T U BT L. RXR
TAZANELIET 2 A=A FOHRFIZ K > TY U3 S5 O TR0
& DPGR AT TN D, 2 BERIGE T VEM ONENHHHE2 £ T RXR O U 1k
MEBND D LD B, /LAWY 17 OIAFTY LI 7 540 2 D ELER A
Fr-h s,

AWFFED 2 BBEIRIAE T WA T 25Hili Tl L&Y 17 2 B TR G L T 5208,
TRAT Uy ZHHEIET B AT U v ZFEEHUC KL D RBROE N 2 51l T & 278
RN D, ZOMIEDHIC, RKRT T=A &G Lz#icst L, 7a 27
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v 7 RXR 7o # A=A LIFETRATY v 7 RXR 7y ¥ =R & 5T
HEBPLETH S I,

LAY 1T IZHRYIOIET o ATV v 7 RKRT VX A=A NTHY | RMear >
0 ATELTEORDMIERZITV., kxR 2R U v RBED
N5, EEICEEOHET 27 0v—7TiE, (L&YW 17 O hF v =FLED
Rl H#EOEH & LT NBD & BODIPY Zi A L7240t RXR 70 # =X F &l
LT3 S, £7-EE0OFETLMES L—TTlE, (LAY 3NEST F I AF LT
FZ U UAEED X D72 RXR U T RORREMEALIZ T v = % B A5 L CIREETE
AR L72 RXR 7 T =2 M &G LT 5 %, (i 17 DIREMHERAIZ OV T b [
RICT v ax B2 8 AN LT AbEW ORI b BN R - 5,

AREFFETIXY H > ROBEMBEBEZMZ 5077 A4 12L& > T, RXR 123
LIFTRRTY T A=ANE LTEEY 17 Z R LTS, —J5 TRERIZ
AN L7 LB 16 OIET B ATV v 7 T o2 T=A MEMIZ ALEY 17 I2H~E 5
ZEPRBINTWD, DFEVLEW 17 OIET e AT U v ZHIZONTIE, IR
FUNLEOHAEDOHZ 2L, T hF Vo FVEOBRBIRFORENEENE L7
W ZOXIRIETERAT Y v UH Y FOAIHERRSIZES 32 M biE, RXRIZIR ST
hOZHREExG L Lz ) T RAIBUC HFIFTRE L B 2 biv, fhx R IR A AR
ETHIRDTRIEE~OE TIN5,
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BRI DNT

FOtDHEATIZONWTIX, Wb s n~ b7 77 04— (TLC) F'L—b (AN HT
AT V=R, YU BTNV 60Fs) ZHWT, UV (254nm) M FICBIT 5 ARy hOZEE)C
LOVMR LT, 7T vvahhTdhrsua~w NI T7 0=, VA7V 60 (BRI, kit
££0.035-0.070 mm) Z M\ 7=, 'HNMR & X OV BCNMR A7 kUL, Varian Mercury 300 ("H
300 MHz, *C 75 MHz) 533tit. & L < 1 Varian NMR system PS600 ("H 600 MHz, *C 150 MHz)
SyitEt A VLT RIS THE Lz, NMR IER, i LTEH mrfk/b s (CDCL) %
Mz, b5y 7 MElE, 'H NMR TIIEBEICE SN HEBEO CHCL ICHKT 5 § 7.26
ppm, "“C NMR TIXEKFLIEEIZH NS § 77.0 ppm O B — 7 (2% 9 D FEx ) 72 ppm T/
Lice By 7V o 7EBOENT Hz TR LT, FTLIR AX2 /L%, HORIBAFT-720 7 — U

TIREHIRIN S IR CRIE Lz, UV AT RLIL, Jasco V-530 240 Al 1Ry L EEFH Gl
7€ L7z, FAB-MS (%, JEOL JMS-700 & &34 #&E CTHIE L7z, ESI-MS /&, Bruker HCT THll
& LTz, g, MIARRYERT O R » b A7 — U@ s E S CllE L, SHE TR Lz,

JLFR ML, Perkin Elmer 240011 CHNS/O ST /o2& 2 AV TITW . #ERISHOW TIL BRI
DE0A%LUNTH D L EfER LT, 7 v A ITHWET X TOREMOMEIX, /3#T HPLC
IZE > TIS%LLETHD Z & 2R LT,

£#r HPLC

HPLC ¥ A7 A& LT, LC-20AT 7~ >, SPD-20A UV-vis fi %5, CTO-10ASvp 71 7 LA
—7 8 LN LabSolutions ¥ 7 F U =7 THR SN BEEIKI v~ N 7o 7 4 — VAT A
ROz, &k, MBSO BEIEZ VT 30-100 M IZFHRL L Wiz,
JL20uL A ¥ =7 kL, Inertsil ODS-3 7 7 A (4.61.d. x 100 mm, 3 um, GL Sciences) . Inertsil

ODS-3 7— R 7 2 (4.0id. x 10 mm, 3 um, GL Sciences) % VT, 40°C {ZT, MeOH/H,O
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(85/15v/v,0.1% (v/v) FTERERIN) ZBEIHE L CHBEL 72, #dlX 0.7mL/min, UV #HIX
260 nm (ZFXE L CEMI L7z, X TOEEIEL, HPLC B0 L 0 &2 A L CTHW -,

(e}
~"Me
CF3
N
Me Me N

COH
1-(5,5,8,8-Tetramethyl-3-(pentyloxy)-5,6,7,8-tetrahydronaphthalen-2-yl)-2- (trifluoromethyl)-1H-
benzo[d]imidazole-5-carboxylic acid (16, CBTF-C5).

A% 25 (50.1 mg, 0.094mmol) ™ MeOH (5.0mL) &2, 10% (w/v) NaOH /KiA#R (2.5
mL) #MNx., 60°C CHiFE L7, 10 Ktk TLC IZ KV BHE R A fesl L 7=, JUE T CHME
R E LT, 5o 7oKIEIZ 10% (wiv) HCI & iz CTHFI L, EtOAc (3x25mL) Thiiti L7z,
FiE % H,0 (2x25mL) 3 X Obrine (25mL) T L72#%., MgSO4IlC X Vv it L, JE
TCIBMEE L, BonEikz 7 7y vahThra~ 777 40— (EtOAcn-~F1
v o=l4viv) THEELL, BAEEA 16 (37mg, 78%) A 15372, CHoClan-~34 1 7> & O G T
2L 0. 28.1mg O HAERIRAER & T,

Mp: 179.0-181.0 °C. *H NMR (300 MHz, DMSO-de) &: 13.03 (1H, s), 8.44 (1H, d, J = 1.2 Hz), 8.00
(1H, dd, J = 8.0, 1.2 Hz), 7.56 (1H, s), 7.16 (1H, d, J = 8.0 Hz), 7.14 (1H, s), 3.93 (2H, g, J = 6.2 Hz),
1.68 (2H, s), 1.33 (6H, d, J = 3.0 Hz), 1.30 (2H, t, J = 6.0 Hz), 1.21 (6H, d, J = 7.9 Hz), 1.00-0.91 (2H,
m), 0.88-0.78 (2H, m), 0.57 (3H, t, J = 7.1 Hz). 3C NMR (75 MHz, CDCl5) &: 171.89, 151.97, 148.81,
143.68, 140.81, 140.26, 137.76, 126.96, 126.86, 125.05, 124.62, 120.35, 120.12, 111.80, 110.46, 68.38,
34.92, 34.86, 34.71, 33.87, 31.85, 31.78, 28.34, 27.75, 22.01, 13.75. FT-IR (KBr): 2958 (OH), 1704
(CO) cm™. MS (FAB+) m/z: 503 [M+H]*. HRMS (FAB+) m/z: [M+H]* Calcd for CasHz4F3N2O3
503.2522; Found 503.2528. Anal. Calcd. for CzsH33FsN203-1/3H,0 : C, 66.13; H, 6.67; N, 5.51. Found:
C, 66.37; H,6.46; N, 5.55. HPLC: Rt 7.969 min; 96% purity (MeOH/H>O = 90/10 v/v + 0.1% (v/v)

formic acid, v/v, 260 nm).
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Me Me

o
~0" " Me
CF,
N

Me Me N

CO,H

1-(3-(2-Ethoxyethoxy)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-2-
(trifluoromethyl)-1H-benzo[d[imidazole-5-carboxylic acid (17, CBTF-EE).

{t&% 26 (287 mg, 0.54mmol) ® MeOH (3.0mL) ¥AWKIZ, 10% (w/v) NaOH /K&K (2.5
mL) ZNNZ. 90°C THHE L7z, 6 RfHl#% TLC |2 & Y JFUBHE & s L7 t4 . JUE T T4
BMELl, ZOKKEIZ 10% (wiv) HCl Zx Tetit (pH4.0) L. EtOAc (3x50mL) T
i L7z, AiJE% H,0 (2x100mL) X W brine (25mL) THEF L7, MgS04I2 LV iz
BeL. BIET CIREBER AL, BoNlEEE2 7 T v ahghru~x NI T 7 14—

(EtOAc/n-~FH 2 =1/1v/v) THERL, KREREIE 17 (170mg, 86%) %1372, CHCl/n-~
XY UMD OFREMIZE Y 71.0 mg OB ASHRKES 21572,
Mp: 189.1-189.5 °C. '"H NMR (300 MHz, CDCl;) é: 8.73 (1H, d, /= 1.2 Hz), 8.13 (1H, dd, J=8.7, 1.2
Hz), 7.27 (1H, s), 7.21 (1H, d, J = 8.7 Hz), 7.02 (1H, s), 4.03 (2H, m), 3.45 (2H, m), 3.17 (2H, m), 1.74
(2H, s), 1.36 (6H, s), 1.26 (6H, d, J= 3.9 Hz), 0.95 (3H, t, J = 7.2 Hz). *C NMR (75 MHz, CDCl5) §:
171.60, 151.71, 148.92, 140.71, 140.26, 138.28, 126.97, 126.91, 125.11, 124.53, 120.15, 116.71, 111.83,
110.93, 68.41, 66.77, 34.86, 34.66, 33.88, 31.82, 31.78, 31.73, 14.87. FT-IR (KBr): 2962 (OH), 1689
(CO) em™. UV (EtOH) Amax (log €) 223 (4.74), 285 (4.01) nm. MS (FAB+) m/z: 505 [M+H]". HRMS
(FAB+) m/z: [M+H]" Calcd for Cy7H3FsN>Os 505.2314; Found 505.2389. Anal. Calcd. for
C7H3:F3N204: C, 64.27; H, 6.19; N, 5.55. Found: C, 64.11; H,6.26; N, 5.47. HPLC: Rt 7.293 min; 98%

purity (MeOH/H,O = 85/15 v/v + 0.1% (v/v) formic acid, 260 nm).
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Mei Me OH

Me Me NO,
5,5,8,8-Tetramethyl-3-nitro-5,6,7,8-tetrahydronaphthalen-2-ol (18).
LB 18 1%, STk 64 IZTEWE R L T2,

'H NMR (300 MHz, CDCL5) &: 10.29 (1H, s), 8.03 (1H, s), 7.07 (1H, s), 1.70 (4H, s), 1.30 (12H, s).

Me Me
Me Me
O
i : NO
Me Me 2

6-Isopropoxy-1,1,4,4-tetramethyl-7-nitro-1,2,3,4-tetrahydronaphthalene (19).

L& 18 (534 g, 21.4 mmol) @ DMF (10 mL) &R, 2-7 &7 1/8 (3.6 mL, 38.5
mmol) . K,COs (5.32g,38.5mmol) 725 NI KI (355 mg, 2.14 mmol) %Mz, 60°C THi#EL
7o 27 W§fE#% TLC IZ L 0 JFEHE R 2 fEl Lot SUGIK A HO (50mL) (2%, EtOAc (3
x 100 mL) CHiH L7z, AH#E4 HO0 (2x100mL) 35X W brine (100 mL) Ty L7=,
MgSOs IZ XV REE L . WIE T CHRIER E LT, (BonicEx2 77y ahobrsu~x b7
7 74— (BtOAc/n-~F ¥ =1/50v/v) TR L, HEMKDWE 19 (443 g, 71%) Z157.
'H NMR (300 MHz, CDCl3) 8: 7.75 (1H, s), 6.94 (1H, s), 4.59 (1H, sep, J = 6.0 Hz), 1.69 (4H, s), 1.38
(6H, d, J = 6.0 Hz), 1.28 (6H, s), 1.27 (6H, s). >*C NMR (75 MHz, CDCls) &: 151.91, 148.75, 138.80,

137.65, 123.60, 114.42, 72.28, 34.75, 34.40, 33.73, 31.55, 31.41, 21.78. MS (ESI+) m/z: 292 [M+H]".

Me Me
Me Me
O
NH,
Me Me

3-Isopropoxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-amine (20).
L& 19 (2.13g,7.3mmol) ® MeOH (10mL) ®iFIC, Pd-C (ca.20mg) Z Mz, KHEE
PASCT . S| TR L, 15 Bl TLC IS XV FEHE R 28 L 2%, BT A4 2 HWVWTAH
L7k, BUE T OB AL, REmRME 20 (191¢,qy) &5,
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'H NMR (600 MHz, CDCL3) &: 6.73 (1H, s), 6.69 (1H, s), 4.52 (1H, sep, J = 6.1 Hz), 3.61 (2H, s), 1.68
(4H, s), 1.39 (6H, d, J = 6.1 Hz), 1.28 (6H, s), 1.27 (6H, s). 3C NMR (150 MHz, CDCl;) &: 143.69,
137.20, 134.96, 134.59, 113.10, 111.22, 70.35, 35.30, 35.28, 33.75, 33.57, 31.98, 31.85, 22.33. MS

(ESI¥) m/z: 262 [M+H]".

NO,

CO,Et
Ethyl 4-((3-isopropoxy-5,5,8,8-tetramethyl-5, 6, 7,8-tetrahydronaphthalen-2-yl)amino)-3-
nitrobenzoate (21).

{E&% 20 (288 mg, 1.1 mmol) @ EtOH (2.0 mL) ¥AKIZ, 4-7 /v A4 v-3-= h e ZEEHE~T
F/L (213 mg, 1.0 mmol, 3CHR 65 (Z9E > THHY) 72 5 TNT KoCOs (138 mg, 1.0mmol) Z NN,
FERTHEE U7z, 24 FefHl$2 TLC 1T XV FUBHE R 2 fEsd Lo %, bUSia HO (50 mL) (2
Z. EtOAc (2x50mL) THiHi L7z, AféE4A H,0 (2x50mL) 35X brine (50 mL) T
B L7-1%, MgSOs IC X VR L, BT N T E LT, BohlcKEEL 77 v a1 A
s~ h 757 4 — (BtOAc/n-~FH¥ > =1/40v/v) THEL, EEABEBWE 21 (377g,83%)
o= Y
'H NMR (600 MHz, CDCl;) 8: 9.79 (1H, s), 8.90 (1H, d, J = 2.0 Hz), 7.97 (1H, dd, J = 9.0, 2.0 Hz),
7.21 (1H, d, J=9.0 Hz), 6.89 (1H, s), 4.50 (1H, sep, 6.0 Hz), 4.36 (2H, q, J= 7.0 Hz), 1.69 (4H, s), 1.39
(3H, t,J="7.0 Hz), 1.30 (6H, S), 1.29 (6H, d, J = 6.0 Hz), 1.25 (6H, s). >*C NMR (150 MHz, CDCl;) &:
165.03, 148.74, 145.55, 143.72, 137.60, 135.42, 132.28,129.12, 125.39, 121.99, 118.79, 115.94, 112.70,

71.28, 60.99, 34.96, 34.88, 34.36, 33.82, 31.87, 31.76, 22.05, 14.33. MS (ESI+) m/z: 455 [M+H]".
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NH,

CO,Et
Ethyl 3-amino-4-((3-isopropoxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-
yl)amino)benzoate (22).
Ib&% 21 (1.08 g, 2.4 mmol) @ MeOH (6.0 mL) & %I, EtOAc (6.0 mL) 72 5 ONZ Pd-C
(ca.10mg) &Mz, KRFEFMK T, = THILE L7, 19 KffH# TLC (2 & 0 JFBHE & 2 fEad
L7cte. B 74 bEHAWTAIE L%, BT N CasEE L REaEEYE 22 (817 mg, 80%)
EFFT,
"H NMR (600 MHz, CDCls) &: 7.50 (1H, dd, J=8.8, 2.0 Hz), 7.49 (1H, d, J=2.0 Hz), 7.23 (1H, d, J=
8.8 Hz), 6.99 (1H, s), 6.81 (1H, s), 5.91 (1H, s), 4.51 (1H, sep, J = 6.1 Hz), 4.34 (2H, q, J = 7.2 Hz),
3.68 (2H, s), 1.66 (4H, s), 1.37 (3H, t, J= 7.2 Hz), 1.35 (6H, d, J = 6.1 Hz), 1.27 (6H, s), 1.20 (6H, s).
BCNMR (150 MHz, CDCls) 8: 166.73, 144.87, 137.58, 137.35, 137.25, 135.97, 130.56, 123.61, 121.75,
117.41,117.18, 114.47, 111.60, 71.15, 60.45, 35.20, 35.14, 33.98, 33.80, 31.87, 31.80, 22.28, 14.37. MS

(ESI+) m/z: 425 [M+H]".

Me Me
Me Me
O
CF3
N
Me Me N
CO,Et

Ethyl 1-(3-isopropoxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-2-(trifluoromethyl)-
1H-benzold]imidazole-5-carboxylate (23).

{b&¥22 (2.74g 645mmol) @~ U Z/LF g (15mL) ¥WKIZ, bV 7 /v o MKk
W (4.49 mL, 32.25 mmol) ZNA, R CTHIF L7, 1 RER% TLCIZ &LV FERHK Z MR8 L
Itk BOSHZTHRL, EtOAc (3 x100mL) THIH L7z, A#EAZ H0 (2x100mL) &
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O'brine (100mL) THEH L7214, MgSO4IZ LV Hzff L, WUE F TR E Lo, B onigk
Whr 77y valdhrsa~ 777 — (BtOAc/h-~FH 2 =120v/v) THEE L, KIRE
BEEWE 23 (296 g,91%) %157,

'H NMR (300 MHz, CDCls) &: 8.65 (1H, dd, J= 1.5, 0.6 Hz), 8.05 (1H, dd, J=8.7, 1.5 Hz), 7.24 (1H,
s), 7.15 (1H, d, J= 8.7, 0.6 Hz), 6.94 (1H, s), 4.44 (1H, sep, J = 5.9 Hz), 4.42 (2H, q, J= 7.3 Hz), 1.73
(2H, s), 1.43 (3H, t, J= 7.3 Hz), 1.35 (6H, d, J= 1.9 Hz), 1.25 (6H, d, J = 1.9 Hz), 1.06 (3H, d, J =5.9
Hz), 1.03 (3H, d, J = 5.9 Hz). 3C NMR (75 MHz, CDCls) &: 166.68, 150.63, 148.49, 142.89, 140.20,
140.07, 137.59, 127.08, 126.31, 126.22, 123.57, 120.93, 120.38, 111.83, 111.65, 70.33, 61.07, 60.38,
34.89, 34.75, 34.72, 33.88, 33.82, 31.82, 31.76, 22.63, 21.66, 21.35, 21.03, 14.35, 14.18, 14.10. MS

(ESI+) m/z: 504 [M+H]".

Me Me
OH
CF3
N
Me Me N

CO,Et

Ethyl  1-(3-hydroxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-2-(trifluoromethyl)-
1H-benzold]imidazole-5-carboxylate (24).

{b&% 23 (1.00 g, 1.99 mmol) DAL AF L2 (10 mL) ¥EHRIZ, KB T T AICL (849 mg,
6.37mmol) ZANZ., = THHFE L7, 4 K% TLC (2 X 0 NN A 2R Lok, UGS %
HO (50mL) (214, EtOAc (3x50mL) THit L7z, A&fE % H0 (2x70mL) 5 X brine

(70mL) TYEH U721, MgSO4IC X DRz L, JlE FCIlRIER £ LT, BonlikEs 7 7
vyvahZhras 777 44— (BtOAc/h-~FH > =1/6vv) THEL, AEGEFZHE 24
(915 mg, q.y.) Z157z,
"HNMR (600 MHz, CDCI;) 8: 8.39 (1H, s), 7.91 (1H, d, J= 8.9 Hz), 7.20 (1H, d, J= 8.9 Hz), 7.18 (1H,
s), 7.08 (1H, s), 4.33 (2H, q, /= 7.0 Hz), 1.70 (4H, s), 1.36 (3H, t, /= 7.0 Hz), 1.28 (3H, s), 1.26 (3H,
s), 1.23 (6H, s). *C NMR (150 MHz, CDCls) 8: 166.82, 149.89, 149.17, 139.84, 139.66, 137.70, 126.75,
126.06, 123.23, 118.28, 114.76, 111.72, 61.30, 34.79, 34.72, 34.46, 33.75, 31.81, 31.78, 31.68, 31.58,

14.15. MS (ESI) m/z: 461 [M+H]".
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CO,Et

Ethyl 1-(5,5,8,8-tetramethyl-3-(pentyloxy)-5,6,7,8-tetrahydronaphthalen-2-yl)- 1H-benzo
[d][1,2,3]triazole-5-carboxylate (25).

1b&¥ 24 (459mg, 0.1 mmol) @ DMF (1.0mL) IAHKRIZ, 1-7 2E % (0.019mL,0.15
mmol) ., KoCO; (20.7mg, 0.15mmol) 72 5N KI (8.3 mg, 0.05 mmol) Z /1%, 60°C THi#EL
2o 3 WEHE TLCIC KV EHHR 2 8 L7212, BUGTKZ H0 (50 mL) (Z/1Z, EtOAc (3
x30mL) T L7z, AffE%Z H,0 (2x25mL) B LW brine (25mL) THEH L 7=, MgSO,
ICE DL, WIETFTCREREE L, BoniEkiEcd 77y v aigsr/av hrI7
— (BtOAc/n-~FH > =1/10v/v) THE L, HEHKRYE 25 (50.1 mg, 94%) %1537,
"H NMR (300 MHz, CDCls) 6: 8.65 (1H, s), 8.06 (1H, d, J= 8.7 Hz), 7.26 (1H, s), 7.14 (1H, d, J= 8.7
Hz), 6.93 (1H, s), 4.42 (2H, q,J=7.1 Hz), 3.85 (2H, t, J= 6.8 Hz), 1.74 (2H, s), 1.47 (2H, m), 1.43 (3H,

t,J=7.1 Hz), 1.36 (6H, s), 1.25 (6H, d, J = 2.0 Hz), 1.11-0.90 (2H, m), 0.68 (3H, t, J = 6.8 Hz).

Me Me o
~ A
N
Me Me N
CO,Et

Ethyl 1-(3-(2-ethoxyethoxy)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-2-
(trifluoromethyl)-1H-benzo[d]imidazole-5-carboxylate (26).

&9 24 (138 mg, 0.3 mmol) @ DMF (1.0 mL) #W#RIC, 2-Z7 rue=F/L—7 /L (0.039
mL, 0.36 mmol) ., K,CO; (83 mg, 0.6 mmol) 75 NI KI (50mg, 0.3 mmol) ZA1x., 90°C TH
PR U 7o, 24 RE[E]#% TLC I X 0 JFUEHHE R 2 il U724, ORI Z H0 (50mL) (ZHN% . EtOAc

(2x50mL) THiH L7z, AHEA H0 (2 x50 mL) ¥ X Nbrine (35 mL) THEH L7214,
MgSOs IZ LV REME L, E N TR E LT, BohlcRiEEs 77 vy aigarsua~v b7

7 7 4 — (EtOAc/n-~F > =1/15v/v) THERL, HEEMRYE 26 (128 mg, 80%) Z1%7-,

75



'H NMR (300 MHz, CDCLs) 8: 8.64 (1H, d, J= 0.8 Hz), 8.07 (1H, dd, J= 8.8, 1.5 Hz), 7.27 (1H, d, J =
1.5 Hz), 7.16 (1H, dd, J = 8.8, 0.8 Hz), 7.01 (1H, s), 4.43 (2H, q, J = 7.2 Hz), 4.03 (2H, m), 3.44 (2H,
m), 3.15 (2H, m), 1.74 (4H, s), 1.43 (3H, t, J = 7.2 Hz), 1.35 (6H, s), 1.26 (3H, s), 1.25 (3H, s), 0.94
(3H, t, J = 7.2 Hz). 3C NMR (75 MHz, CDCls) 8: 166.62, 151.73, 148.80, 138.22, 126.97, 126.44,
126.24, 123.57, 111.57, 110.93, 68.42, 66.73, 61.07, 34.84, 34.66, 33.87, 31.76, 31.73, 14.88, 14.32.

MS (ESI+) m/z: 533 [M+H]".

Invitro 7> &+

HEIZoT

Bexarotene (3). PA452 (6) 35 XU CBTF-PMN (15) [ZZ4LEHCHR 97, 44, 58 1ZHE-> T
B LT b D&M L7z, 9-cisretinoic acid (9CRA, 1, Cat. #14587) & T0901317 (Cat.#71810)
/% Cayman Chemical L VA L7 DA H L7z, TIPP-703 VX[ LK T o 387/ S 50F}
TR Einh s (B - BORRTF RIS FHEEER) DR MEEWE b O L,
Rosiglitazone (cat. #184-02651) . chenodeoxycholic acid (CDCA, cat. #C9377-5G) 1%, = Zi

e L7 o v AFEHEE, Sigma-Aldrich XV EEA L7 b0 &M L7,

b 2

COS-1 #fifid, RAW ffifia7e & N RAW264.7 AIfaIL Z L~y A — 7 Vi (K7L =
—Z) IZFBS (10% (v/v)), NaHCO; (0.2% (w/v)). r-glutamine (4mM), ~~=3<"U > (50000
UL) BLURAMLT h~A > (50000 pg/L) ZEHMLT, 5%C0O, , 37°C THiE L., HMikf
L7,

N TZ e F—BLN—Z == T S
N 72T —BULR—F—T—=2T v A1d, EXBERY T XA TOBIRT. FEENZE
KISEZ L A FOBIE FICHHINY T 2T —FLR—F =&, BLXOARNY 7 7T

NEe L THWMT NI YRAT 752 —E (SEAP) BIZ 1D 3D X —% COS-1 i
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IZhT AT 2l ar LTTol, ENENOINEFE LTk, CRBPII-tk-Luc (RXR) ,
tk-PPREx3-Luc (PPAR), tk-rBARx3-Luc (LXR), CYP3A4-Luc (FXR) #ZIZHfEH L7,
N7 A7 = 3 a L, Effectene transfectionreagent (QIAGEN) % VT, A —H—HELET
0 haiito CE L7z, ~7Tr _BIKTOT v A Tk, RXRa 77 A3 F&ZnTh
D/8— " —ZFET T AI K& 1 %1 TRAELT COS-1 Mifldic hFv A7z arl
oo NTUART7 v a Sl COS-1 ML, 1% (v/iv) DMSO i X OBRIbEam % &t
B L, B L% 2.0 x 10%cells/well T 96 well F{~7 L — MIHERE L7z, AL LT
X 1% (v/v) DMSO D&% G ek, xR & LU Tl bexarotene (3 for RXRa) . 9-cis retinoic
acid (1 for RXRa) . TIPP-703 (PPARY/RXRa). T0901317 (RXRw/LXRa) % L <% CDCA
(FXR/RXRa) ZETehsia i L7z, 18 REh5#E% ., 1iE 25ul 251D 96 well 7'L— R C
BL., VAR 4 ATFLY R 72U (BT 4V DFEHIEE) Z N2 THoiiT v
RA T 7 & —E (SEAP) I&EMEZHIE L7z, 72, 7%V OMfaiX Steady-Glo luciferase assay system
(Promega) % fHAWVTC, A—F—HE7 0 fa L lito Ty 7 = 7 —BIE%EZIE Lz, /v
7 = 7 —BIEMHIEX, SEAPIEMEIC K o THIEL THIT L7, 7 &A1En=3 3well) T3

[B15€66E L 7=, pA.fElZ. Graphpad Prism 9 % FWCHEH L7z,

AR JE

EE® 6. (LA 16 725 NTLEW 17 %2 1 mM FHY T 1.0 mL @ PBS (pH 7.4) (2R &
., FFIAIE A TR U7, BRIBIE A 37°C T 6 BFEIERE L. £ O% Millex®> ) P 7 4 L4
— (0.22 um, Merck) % VT A L=, Aiik% HPLC (2 THtT L, LG OREREYRIE %
WCRERL LI RE#R D B &Y v 7V O E IR 2 B L=, HPLC 11, (L&MW A pt

DT HPLC & [RIZRMHC5EhE L 7=,

I I =PI~ TS
a7y A=V I N— T oA IZT7NF LA L TCEBINEK T 7 7 2 —_TF R
(PGCla, SRCI1-2. SMRT ID2. NCoR ID (ThermoFisher)) ZAWT. CH#k 98 DFRELZHE

W L7z, 7 vEA /Ny 77 —& L TiE, HEPES N 77— (pH7.9, 10 mM HEPES, 150
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mM NaCl, 2mM MgCl,, 5mMDTT) %M\, DMSO O#&IREIX 1% (v/iv) & L7z, hRXRo-
LBD & 7V A LA UESRAT T ROKIBEIZZNEN05uM, 10nM & L7z, &RBRbE
W)L 16 uM % EFRIZ 2 {53 DB A IR L 7=, hRXRo-LBD, 7 /L4 Lt A UHE#HATTF KB X
UORBILEWIL, BROT v A Ry 77— HWT, BEIREXLY b2NE 215, 415,

4O L7, $72 5, 10 uL @ 1 pM hRXRo-LBD % 384 well 247 L — K2 A
. ZZ~50uL D 40nM 7V F LA UAEEAST T R 5.0 uL OSFERB L SRR (64-
0uM) ZNNZ 7z, FIRIZT 2 FEEFRE L 72# 12 Polarion 7' L — K U — 4 — (TECAN, G-factor

=0.91) ZHAWVWT., Aex =485 nm. Aem =535 nm (23T D@ NelmICE 2 HE L,

RXRa-LBD D2 n—=_>2", EH, el

FEREDOLVF /AR X ZHE o (RXRa) & =2— R3 5 e BIs X, Integrated DNA
Technologies IZ X > TEHEEINTZbDEH W, Z D&% pIDSMART (ZiH#E LT,
pIDSMART-rxra. Z{E#L L 72, RXRo-LBD % 21— N9~ 58I -8k (223-462, rxra-lbd) % .
pIDSMART-rxra % #781 & L C PCR it X 0 HaE U 7=, 808 U 7= rxro-lbd Bl %7 H o —
AT NVELRKEN TR L, HIFBE%3E Ndel & BamHI THIWr U7, YIWr L 7= rera-lbd 385 1% 7
Ha—AFnvra~ 757 4 —CHEL L, pET28b X7 #— (Novagen) (ZiE#EfE L7z, 45
N7 rxro-lbd BInF%2&Te 77 A3 T BL2I(DE)K 2 IR E s L=, WHEEs#EEZ . 50
wgmL O F~A > &ETe 1.0 L O LB EiliZ T 37°C T 7 RefilEs# L7, BREEL
23°C IZ FIF72%. 0.5 mM DA Y 7 ELB-D-1-FA4-HZ7 7 hEZ /v F (IPTG) ZEHIC
WML TH o7 EORBFELM LTz, 5313 23°C T 24 BT o 72, Hi&%. Mz
B L, 23> 7 7 —A (20 mM HEPES-NaOH [pH8.0]. 100 mM NaCl, 0.5mM TCEP. 5% (v/v)
7 U tr—b) \[ZHRE LTz, BRI L 7o A B O UL s BE L 7o, BB AR L,
N 7 7 —A TR L 72 Ni-Sepharose 6 fast flow 7 7 A& (GE ~VAZT) [T L7z, 2
DH T L%, 50mM A I XY —)LEET 50 mL Oy 7 7 —A THE Lz, 27 0% 300
mM DA I FY —)VEgEie Ny 77 —A THEH L, Wl hr v 2z T His # 27

Z R L7-1%. Superdex 75pg B 7 & (GE ~IWVAFT) RV VAR a~ NI T T 4
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— T, Ny T77—A 20— 4 I Ny 77— LTHEALTH IV a2 L7z, BRL

7=V 7O X SDS-PAGE THERR L 7=,

AT 1 (FQA)

KT A 1E, k76,77 =25 2EfE L7=, hRXRa-LBD # X7 EiRikIE, 1 uM AR
% 2% (v/v) DMSO &4 HEPES Ny 77— (pH 7.9) AW TR L7z, &Bribamix,
20 mM T DMSO (Z¥f# U7 iR 2 /ERL L HEPES /N> 7 7 —Z W T, IR 0.125, 0.25,
0.5, 1,2, 4,8, 16,32 uM (DMSO #&IREE 2% (v/v)) IZAIRLTTY v EBAIZHWZ, 1 uM D
hRXRo-LBD &K & FIRE ORISR Z 1 xF 1 TRA L, #6 LT 2 K =R ChrE
L7z, hRXRo-LBD & BALEMIAIRE SR DEIE AT FLid, 280nm Thbkd L. 300-540 nm
O Z /P CTRIE L. 330 nm (31 DAt 4 W TR a2 R L7, RBb&IELs
TEREDHOETRE 2 Fo, SALEWMIFRFOUOEIREZ Fi & LT, fiA A1 -Fi/F XA v
THEM U7z, f#BEE%L KolZ. Graphpad Prism 9 % FWCTHEH L7z,

‘H #Z7% 9-cis retinoic acid (PH]1) Z/H 0 EIJ T FEEET »&1

KT | AT 99 #BBICEi L=, KT »vEA TIHL, Active Motif 2HHEA L2 U =
> ) F hRXRa-LBD % H L7=, 3H #5Ei#% S 4172 9-cis retinoic acid ([*H]1, Cat. #NET-1151)
L. PerkinElmer MOHEA L7 DEMFEH LTz, 7oA NNy 77 —L LTI, Tris Ny 77
— (pH7.5, 20 mM HEPES, 150 mM NaCl, 5mMEDTA, 5mMDTT, 10% (v/v) 7'V twm—
V) %V, DMSO OFIREIT 2% (viv) & LTz, FBRLEWIiX, 20mM T DMSO [Z¥f#
Lo ZERC L, Tris N> 7 7 —Z HWTHR L, #IEE% 0 (blank) ~32 uM O#iFHIZFx
E LTz, N—ATF A& LTiE hRXRo-LBD Dbz, HEEOT v A Ny 77 —%x
eI nie, 7yt A 3y 7 7 — TR L7z 100 nM @ hRXRo-LBD (f& £ 50 nM)
30 uL i, SBRL A OIEFFAE T £ 7213FE T D 8% (viv) DMSO 15uL &, 40nM OPPH]1 (#
PEEE 10nM) 15uL % 1.5mL F =2 —7ZH1Z., 4°C C—H#E L7z, EH, 0.8% (wiv) OF
XA RNTra—7 0 U 71EMR (SigmaAldrich) %44 7 U2 20 uL Nz, IREW % Kig T

T 3 [HEE L7-1%, 4°C, 8000g T 5 4l L7z, Hho 7L 15SuL Y, 3.0mL ©



voFL— a7 TV (Clear-sollor I, 74 7 A 7 A7) I 4. [PH)1 O RGHEME (cpm)
BRIK > FL—ra w2 — (Tri-Carb 2800 or 2910TR, PerkinElmer) % FVCHlIE L
720 ICsofEZ R H L7212, Cheng-Prusoff 2 Ki =ICso/(1 + [[PH]1]/(Ka of 1)) ™ Z FI\ T 1 125t
TR EY D KifEZFH Uiz, 7ed, BHRICHWZPHI OREIX 10nM, Kl 37nM
THd %Y,

FHRBER 2 Y A U — (TC)

hRXRo-LBD & RXR 7> & A=A (k& 6 & L<IE 17) OMHAEEMAT 3 LF—iT,
PEAQ-ITC (Microcal.Inc.) % FHV 7z 25°C IZ351F 5 ITC FEBRIC L - THEli L 72, hRXRa-LBD
& RXR 7 U Z A=A FDORIBREEIL. K 80-120 uM D & > /R 7/ L 250-1000 uM DILA W 6.
BEOS0 uM O F X7 L 500 uM DALAY) 17 THRE L CRIE LT, HohieT —#I%
PEAQ-ITC Analysis ¥ 7 h 7 =7 (Microcal, Inc) ZHW\ Ty > 7 %A MEAGETLTT 4

v T T UTTHRT LT,

i =t (CD) ~X2 PAPE

CD A7 MWL, Jascol-725 ] ZEMGHGI B L OV +— V8 lF 2~y M2 AW T, Eii
[CTAF ¥ A — F 20nm/min, JEERFRH 1 ICERE L CHIE LTz, # /37 BD 2 jtkiE
3D CD A7 hLiE 0.1 em &% VT 190-260 nm O#iFH T 10 [AIFER, #FHiE CD A2
27 h VI 1.0 em L& VT 250-350 nm O#PFH T 20 FIfERE L, ZnEnlE Lz, 7ok
A8y 77 —& LTI, 2mMDTT &4 PBS % v 72, 2mM DTT &4 PBS % I\ > T hRXRo-
LBD % 5 uM IZFR L. RERML AW OEFEIL 15 M (EtOH OFKIEEIL 2% (viv)) & LT,
hRXRo-LBD & i BR{LAW & A L, RIR T 2 BEEFRE L7212 CD 227 MV Z2JIE LTz,
FNEND ALY S UE 3 BIOREOFLEE L THT,

RXRa-LBD/17 #& &8 DfFAa L & HEERIE
RXRa %> 7 /L%, Amicon Ultra-15 /0> 7 ¢ /L4 — (Millipore) % VT 30 mg/mL (ZIEHE

Lo Bfe LTV 7% 2mM OIS 17 & 4mM @ SMRT-CoR () F Ly —XFF
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R) LIRAL. 4°C T—A o FaX— b Lz, fidfbtA27 Y —=0271F, Index A7 J—=
> 7% & (Hampton Research) Z T, 22°C Ty v T 4 V7 Fua vy Rk 0iTo7-,
BUNRTERRLSUL &, A7 V—=0 7%y hOKY P— =K 1.5l ZiRA Uiz, #f
BN = DL, Index A7 V—=2 27563 (5% (v/v) Tacsimate™ [pH7.0], 0. M HEPES
[pH7.0], 10% (w/v) PEGMMES5000) T o7z, fEa{LIEHRIC 20% (wiv) O 7 Ut r—/L &
MUTrIA4F « V= N—%F LTz, X M7 —ZIEDOHNZ, fmEx s 744 - VHF—
Nl FRCRE L, REZEFEKWE T (100K) T 7 vy amH Lz, XMEYTT —2 1%, PF-
AR (- < IETH) O NWI2A |ZF%E S 4172 Pilatus3 f Higs 2 WV CUEE L 72, 77— # 1 HKL2000
& SCALEPACK!'™® TH4y « A7 — VU 7 LT, FIMIEBREIZ. Molrep'” & FV 725y FE#LE T
WE LT, BT /L OHEE LRI, COOT® & REFMAC! & 7213 PHENIX'® | X - TiTo 7=,

BYIE PyMOL'™ TIERL L7, MR/ N T A — Z [TIRAS— VIR T,
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Statistics of X-ray diffraction data collection and refinement for hRXRa-LBD(223-462)/17 binding

form

hRXRa-LBD(223-462)/17 binding form

Data collection

space group P2,

unit cell parameters

a (A) 50.76

b (A) 99.43

c(A) 93.60

a (deg) 90.00

p (deg) 98.31

y (deg) 90.00

X-ray source PF-AR NWI12A

wavelength (A) 1.0

resolution (A) 44.8-2.15
(2.23-2.15)

no. of reflections” 310225

no. of unique reflections 48015

completeness (%) 95.6 (74.2)

1lo (1) 16.2 (1.7)

Ruerge” 0.081 (0.498)

CCin 0.996 (0.860)

Refinement

R 0.225

Riree’ 0.266

root-mean-square deviation

bond length (A) 0.015

bond angles (deg) 1.92

geometry

Ramachandran outlier (%) 0.39

Ramachandran favored (%) 97.2

average B factor (A?) 54.3

protein atoms 53.9

ligand atoms 82.2

solvent atoms 48.4

PDB entry 7CFO

“ Sigma cutoff was set to none (F > OcF).

" Ruerge = ZiZilli(h)—<I(h)>|/ 1 I(h), where I,(h) is the i measurement of reflection A, and <I(h)> is
the mean value of the symmetry-related reflection intensities. Values in brackets are for the shell of the
highest resolution.

“R=Z||Fo|—|F¢ ||/ Z|F, |, where F, and F. are the observed and calculated structure factors used in the
refinement, respectively.

? Rie is the R-factor calculated using 5% of the reflections chosen at random and omitted from the

refinement.
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NF-kB LN—5—T>tA

AT o EATIL, NFkB OGS EFIL FIICL R — 2 — BB LU TOWR T VAV RAT 74
— Y (SEAP) Bin 7-2NEASH ., NFB ZZE BT HI08In A S e~y A~ rnT 7
—3 RAW264.7 #fifid, NFkB/SEAP Stably Transfected Raw 264.7 Reporter Cell Line (SEAPorter™,
Novus Biologicals) [ AL FHV Mz, %285 BB L . J5 1% 5.0 x 10* cells/well T 96 well
BT L —MIEREL 72, 24 FEE#12, LPS (1 ng/mL) BL O RBR LA WE & Te it ~2HA L 7=,
24 BRI . EIE 25 uL #5810 96 well 7L —MMIBL, VAEE 4-AF NV RY7 L (8 17
AV DFDEHIEE) 2% T SEAP {&EMARIEL 72, SEAP JEMEIZ, MIGIEFET > &%~} (Counting
Kit-8 (CCK-8) | [FM=AL A 4ET) 2 VTR I L 7o AR A7 3R I Ko TR IEL TRRbT L 72, 7ok
A1E n=3(3 well) T3 BT,

LSP 7/ RAW FIfa % fH V=B 72 B AR

KT EATIE, vUAVIOT7 77— RAW264 #iflaz H iz, Y%tz i gEmL | Lz
5.0 x 10* cells/well T 96 well 1B L —MIFEFEL 7=, 24 KE[f# 12, LPS (1 ng/mL) 31 0% iR
{bEW% & o i~ 2 LT, 6 WEiIEF 8% . RNeasy Mini Kit(Qiagen) Z VT, i 7 i
(ZHEASWTh—2/L RNA ZfiH L7z, 0V THEBALZ RNA B 7 L)% SuperSeript™ VILO™
Master Mix (Invitrogen™) % IV NC, 5L 7" ha /L2 3-S50 T cDNA 245 LT, 15541172 cDNA
Z 812, GoTaq qPCR Master Mix (Promega) & VYT, QuantStudio® 3 U7 /L4 AL PCR 2 A7 A
(Applied Biosystems) |~ CiE & RT-PCR A% fii, fftTL7=, Acth V7 7L A8 s FE LT, HEXHY

B TR ELY AACLIEIZIVE LT, 7y EA1Z n=33 well) T3 [BFEfEL7-,

LSP F/%t RAW #fGz /50 Ve NO ZEAE B7F

KT veATIL, vUAR /0T 7— RAW264 Mz v iz, Yadfilazizfiic sl | k%
1.0 x 10° cells/well T 96 well 7L —MIFFERL 7, 24 FE#I% 12, LPS (100 ng/mL) 38 LUK
BRALEWE BT AU Tz, 48 IFfEIRT . B 50 uL 251D 96 well 7L — NI L | Griess

Reagent System (Promega) % VT, # 57 b=/ 2 F-SU T NO PEA EEFHI L 7=, NO PEAE &
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I, HHESE T 2%~ (Counting Kit-8 (CCK-8) | [ AL=EWFFET) 2 VTR LM 17
RICETSTHIEL TN L=, 7T EA1E n=33 well) T3 FIFEHL7-,

2.In Vivo 71
T RCOEMERRIT, W 1LK T B R Em BRI Rt ¥ — 8 32 & B & TGRS

ZahaVIZiE> TITo T2,

VORIEEY 16 BLMEEY 17 3 10 mg/kg 28E 0 BL L 7=EED M1 5E 18R E

6 Wifn, D ICR v~V A% AAT v — /LR UN—BRASHNBIEALT., U A% 5 LI
T ITLALEY 16 LLIMEEW 17 DRI (1% (vv) =52 ) — V3 H 0.5% (w/v) IV RF A
FLEr—2 (CMC) KR Z AV TIERD) % 10 mg/kg, 10 mL/kg TR 5Lz, (b &M G-
D 0FEHEE) 0.5, 1.0, 3.0, 6.0 FFEEIC, AV 7T FREE T TR T KEIRD5H9 0.5 mL O1fi
AP Tz, &5 MY 77711, 1900xg C 5 43, =i C DL 7o, b7z i 100 uL
2K LTz 5.0 mM FERET B =0 LESHR (BEREC pH 5.0 IZFH%) 100 uL LKA L7z EtOAc 1.0
mL &Nz 72, fFONTIRE W% 30 BRI LT v 7 A% —CHEHRL | IR T 10 /7 [FFFE L 72 .
1900g C 30 FO[#], IR Ciz Loy BfEL 7=, EtOAc 10 800 uL @ _FiEEEHL | 0T/ R L —X
—CIAEL., 100 pL DA% 7— v (LAY 16) b LT B =NV (L&Y 17) TRELTZ, 2O
iz LC-MS/MS ZHTIZHEL | (L&) DIEUERR TR 7o Bz IV ¢ Bt o — 7 imfEn bk a
16 LA 17 DIREEF H LT, LC-MS v A7 AELTid API4000 LC-MS/MS “ AT A
(Applied Biosystems) 3L NS HPLC 2 A7 A (LC-20AD 7R, SPD-20AV UV-Vis # 25,
CTO-20AC 17 A —7 ) Wz, 7T 10 WL 24— M 7o —I2i> Ty =7kl
TSKgel ODS-100V #72(2.0 i.d. x 50 mm, 3 um, TOSOH) % HV T, 40°C 12T, 0.1% (v/v) ¥k
& e MeOH/H,0 = 85/15 (v/v, 16) F721% MeCN/H,0 = 65/35 (v/v, 17) R EBFHE L CTorBfEL 72, Jitll
13 0.7 mL/min 2R E LTz, (LG 16 HLIFIALEW 17 13 260 nm (21T D EE R I m/z 128
STRIELTZ, T_XTOWEIL, HPLC BUSOHL O AL THW -,
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C57BL6/J D RIZ/EEH 17 & 30 mglkg T 14 H [BT#R 0 B4 L 7= BEDFIEH 7

6 Win, B CSTBLO/] ~ T A%, HART ¥ — LK UN—EX SN OIEA LT, TR THOVTA
ILEERIZAE AT HR1C 6 AMBIELT, 1 77— %720 5 B~ RAZfE L, St (12 R ST, 77
AT 8 Rf,/12 REFIVHAT | T4 8 1) | L (23 + 1°C) | 1/ (50 + 20%) 23 HlfHIS -8R EE ¢, K&
A B BB RSE T, ERORNCHESNAREIZE SN T, 7L —7 R DIXb o2& 03 /)
(222D I~ RERE T LTz, ~ T RIZ vehicle (1% (viv) =2 /) — V&4 0.5% (w/v) CMC ZKEHR)
FITEAE Y 17 OB % . 30 mg/kg. 10 mL/kg T, % HZFRT 10 BREEIC 14 B RIRE 05U,
BEWIHI O 14 B, f B AR 10 RFEICRE, B RGE, KEREAHIE L, B5&EHIC
13, P 5 DAL, KE B RIS Y, B H ., FAT 10 FEIZEMORELREL ., 1
TINT TR Z )N T T2, OIS N REFIR O ML, gz L CEEZHE L, Mk
#J 0.5 mL % 1900xg, 5 57[f. SR Ti.OoBEL | Y- 7N A2157, g O7T 2T g7
NTUAT 2T =B (AST) BLOT 7= T /M7 A7 27— (ALT) 1, & LRI Ly AT
L(E L7402 EHOCTHEL, ~EZrE = —TU0 3 — (HbAIC) 1L DCA NoT7—3 (—

AL R) B FWTRIEL-,

KK-A* D&/ EDL 2 BRI ZIR DA

4 WG, HED KK-AY T R% HAZL TRASHOOIEA LT, T _TO~D A XERI A
TORNC 7 HEBELT 1 75—V 720 1 IED~ T A% RE L, Ot (12 RERLAT ZFAl 8 e, 12
EITEAT . 2P 8 ) | TR (23 + 1°C) | 1B (50 + 20%) 2SI HIZBRBE T ¢, KEEEZ B IS
BHS T, FROFHINE SR E L MBI IE SN T, 70— T B OIEL & BN 5
INT T AERE T LT, =T AT vehicle (1% (viv) =4 7 — V&4 0.5% (w/v) CMC KIFIR) 7=
ITEA TV E R (30 mg/kg, BELAR) H LAY 17 (10 mg/kg) DRE#EIEZ . 10 mL/kg
Cf /PR 10 RPEEIC 14 AR NG UTz, & 5-HIH o0 14 B, f3 B PR 10 RFEICIRE, 29
BHCE, KEREZRE L, #55&BITE, T 5 REnbifiil, KE B BB RS, 3
H . ZFRiT 10 BEICEBOREZREL . AV 7T CTRBE DT T, EHITIEE N R EIR) S

ML, DCA N T—T (I —AR) % W T HbALIC ZHIE LT,
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