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Nuclear receptors are ligand-inducible transcriptional factors, and regulate various significant biological phenome-
na such as cell differentiation, proliferation, metabolism, and homeostasis. By the elucidation of the physiological func-
tions of nuclear receptors, they have become one of the most significant molecular targets for drug discovery in the fields
of cancer, autoimmune diseases, and metabolic syndrome. In this study, several novel nuclear receptor ligands have been
developed, based on the receptor-folding inhibition hypothesis is discussed. In this hypothesis, the antagonists for
nuclear receptors are classified into two types, the misfolding inducers and the folding inhibitors, related to the helix 12
(AF-2 region) conformation of the receptor that is significant for the receptor activation. Then, in order to overcome
the resistance in the treatment of prostate tumors with androgen antagonists, the novel folding-inhibitor type an-
tagonists such as isoxazole and pyrrolecarboxamide derivatives were designed and synthesized. Some of them exhibited
the androgen antagonistic activities in LNCaP cells with mutated androgen receptor in which conventional antagonists
such as flutamide and RU56187 were inactive. The folding-inhibitor type vitamin D3 antagonists (DLAM series) are
similarly developed. Further, novel non-seco-steroidal vitamin D; analogs were designed and synthesized by using a 3,3-
diphenylpropane derivative, LG190178 as lead compound. The aza analogs exhibited both potent vitamin D agonistic
and androgen antagonistic activities. The results indicate the drug design based on the receptor-folding inhibition
hypothesis is efficient in medicinal chemistry of nuclear receptors.

Key words—nuclear receptor; androgen antagonist; vitamin Ds; receptor-folding inhibition hypothesis

1. FL&®IC 5.V

BNZEERIE, 2704 RBFIVEDREREIES
2 U EDIRBREN G FOERNERN > T THO,
U MEEWSERFERT & U T, MlaEsE o
b, ek, R#REZBBICHETL TS, &
N7 LT OFER, B MITIT 48 FREONZ R
EORFEET DI ENHSNTNVDN, WInbiEz
IHD &9 B Kk 4 IR AT R R D FIE DI & B
BETHIENHSMIEDDDHD, ZNHDHE
BWEMBOHER S TEMNELTHEASNATOY

RECRS TR AIFERT (T113-0032 HAETHE
HIXTRAE 1-1-1)

R © B DKL F R KZBE A B ER
(T112-8610 HHH SR KK 2-1-1)

e-mail: tanatani.aya@ ocha.ac.jp

AKRFHITERL 18 4 H A LR BRHE D ZE %
TR LZbDTHh 3.

=00
£
&
Al

BNZEARO Y T > MR 7RG VELHERE I D W
T, BNZEERY T > MES W@mmﬁkmﬁ
OIEERBICRE G207 v 7 ¥ —BOREICK
Fig. 1 IZ8 1Y z?bf:*ﬁ%%ﬁilﬂ%#tf;o’cm
B, —fIZ, BMNZEEDY T > GBI
REDONY w7 ZAWEET B0, 12 %E@J\U W
7 A (Fig. 1 1 HI2 T/RU ) DO 0 =7z HHidE
NIEV L OBME EEZEZ SN TND. 2 UT 2 RO
EEL TWRWY REIZRAKTIE, NJv X 12
MU > REEG 2L Z RIS 2 K O I AR 2 B
STWAA, ZOIERHEGEITIE, 3U7Vyﬁ &
HINDE >N EBREG TSI EITRD, e
fiflcnTns, —4, VT2 RO ﬁof
«UyﬁX&ﬁUﬁ/b%éﬁﬁ%%bé¢o
12, RERBEZMAZRIT. ZOMKEKRHIIZE -



342

Vol. 127 (2007)

Co-repressor

H12 0

Responsive Element
Switch-off

Agonist

Co-repressor

Co-activator

Co-activator

Responsive Element
Switch-on

Fig. 1. Molecular Basis of Ligand-inducible Nuclear Receptor Activation
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Structures of Endogenous Androgens and Synthetic Androgen Antagonists
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Receptor-folding Inhibition Hypothesis
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Isoxazolones as Novel Mutated AR Antagonists

TS: testosterone, HF: hydroxyflutamide, RU: RU56187.
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Fig. 6. Design of Pyrrolecarboxamide as Novel AR An-
tagonist
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Table 1. Structure-activity of Pyrrolecarboxamides 1 and 2
NO, NO,

R' o) 4a-¢

Ki 1Csg
R NRE (oo Gan)?
3a H 4.9 19.0
3b Me 3.6 19.0
3c Et N::l 2.0 16.0
3d i-Pr 3.4 15.0
3¢  CH,(c-CeH,) 0.52 0.88
3f CH,Ph 0.11 0.44
4a  CH,Ph NH, 0.22 2.00
4b CH,Ph NEt, 0.10 1.00
4c CH,Ph N > 0.11 1.70
Hydroxyflutamide 0.43 0.35

a) Competitive binding assay, b) ICs, values in growth inhibition of
SC-3 cells.
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Vw7 21200 7HEHEL TWDENDER

Table 2. VDR Antagonistic Acitivity of (23S, 255)-5

RO VDR affinity Antagonistic activity

ICso (nm)?
5a-CH,Ph 2.74 700
5b-(CH,),Ph 8 207
5¢-(CH,) ;Ph 0.68 2200
5d-(CH,) ,Ph 5.24 390
Se-i-Pr 1.52 >1000

a) (238, 258) isomers. The structures are shown in Fig. 8. b) The rela-
tive to 1,25-(OH),D; normalized as 100. ¢) ICs, values for HL-60 cell
differentiation induced by 1 nm of 1,25-(OH),D;.
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Fig. 9. Structures of Novel VDR Agonists Bearing a Non-seco-steroid Structure
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Table 3. Biological Activity of Novel Non-seco-vitamin D; Analogs
(6—8)
chiral-1 6X=NHY=0
O O chiral-2 7X=0.Y = NH
Y’\(“OH 8X =NH,Y =NH
HL-60 cell VDR binding SC-3 growth AR binding
Compound® differentiation affinity inhibition affinity
ECs, (nm) Ki (nm) 1Cs, (nm) Ki (nm)
(R, R)-6 30 150 5.0 1200
(S, R) -6 55 180 17 1200
(R, S) -6 4.1 9.5 1.3 910
(S, S) -6 16 20 4.7 730
(R, R)-1 320 340 36 2500
(S, R) -7 770 1100 290 1100
(R, S -7 47 220 19 1900
(S, ) -7 110 420 55 400
(R, R)-8 48 190 7.1 1100
(S, R) -8 170 580 32 1100
(R, S) -8 6.6 120 4.1 2300
(S, 8 -8 43 350 22 540
LG190178 44 360 30 17000
hydroxy- o o
flutamide 180 940
a) The chiralities are described as (chiral-1, chiral-2).
1) Tf,0, 97%
O 2) BnNH,, Cs,CO3, PA(OAC), N O O
1O 11 TIO NHBn
(o-biphenyl)P(+-Bu),, 72%
9 10
(Total 35%, 4 Steps)
1) NaOH aq., 56 %
2) H,, Pd-C, 89 %
IO
HO NH,
11
Fig. 10. One-step Synthesis of Unsymmetrical Diphenylmethane Derivatives
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(R, S)-6 13 40 550\ VDR EHI:Z/RL /2.2
—7, BRENZ &I, b&¥ 7 KU LG190178
DRIBNTTIV R IV EZ R DALY 12 RO 1313
NI 27 IV A=)k E RS &, HL-60 ff il D

B 12 R 1B NENHH TIRIERIXIZEAERS
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VA —IUEK T RONLGI90178 725 Z LIk D IE:
ZRBITHETHU ., FEBE, LEWY 12 2 HL-60
MR ES R — N E4AREA > FaX—-FLZDE,

HPLC THtHiL &I A, L&MW 12 O — 713
LU, DI, (k&Y T RSN ZORE
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Fig. 11. Biological Activities of Ketone Derivatives
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HINTNS.0 KMEEMNEDX D I3ERERT
EHEZEFBHL TODINIEENTIIRNVWD, Iz
J—RIEEMELTHAZZ VDR 7O, 7>

RarF > 72X NOAEMNEETHAS. £
fo, VT T ZIVAY MR 2 OB NZ AR
WHLTTFa7IVIUNH L RTHDHIEE, 0L
IREENAT O FEBERETLIHEHBAF Y7
=V THZHILEZHRL TNBEEZITNS,

5. BHYIC

PLEoOMEREIE, £H5SIBNZEEROY T >
RAREER 72T AR I D W TIRESE L 2 N2
RIEMERIE R L > TIT> TE /e, EHICHET
LTEH LAYV TWIND, FNEHICH
REWEN 25 ST 2 EMTER. BNZRIAE
PERIEMR DS, BNZERD 7T > ROBREHTERR
FEDO1DTHLILERLEEEZEATHD, B
£, IS OHIREFEEMOBNZEERITISAL
TV, FlIAE, kT NEES T = HEICE2)
THBHIENRBINTVWS IOy AF0>7 >4
TZZA MOABLZBNWT, 1=— 7 kG z oMt
BYMAHDINH>TETND,

RAEEFZEIC BN T, ENDTORE SILaYn
FRET DD DIEERHNEETH S, £D1DE
U CHENINZ B RIEEHIEK G Z 5B L, D
EBRMRALZ21T> TE 2. FREOEMICE > TS
S5ICEDKXNERRHDOEEDRIRETH A D, EE
{EEDHGET, WhZFY P FUT 1 —DHHHHA
Wi ZREL TN, 7HTFIT7ORHE &
LTENETHESABGO BB ZRETH0NITHN ST
W3, HIIALTHHLVWHOZABIL TWI D&
WOBBELEDRBRWRD, S LAY —Z20T
Ty FLUTL LAY LITRLRIHML WiliEz
AL TWIT2DTIRBWNEZEZ TN,

BE AR, SRR TR Y EE
i EREIEEDTFICTT 72D TH D, HKIhE
ML THREEE £ U BRSBTS E# W
LET. £/, AESRICOWTZEHIRBEWZHIK
BT RY - BEMRAEECE#HNZLET. HAK
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FREEHRA LD THREHEE, AEAEOARLR ST
AR DI 2 TBIRTAW R KA S B -
ERERE — e, RACERIR BT - mkR 2,
FOER R R IR - ULsh 2 S B EH N e L
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DT REHTERT - ORI TS, T AT T A BERE
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TTHREHWRAERER R AMNER TR, 8
3 TR TR TR EE AL S IR N 2 U X
T XK, HREFEE, ®RARDPEPHIBITZZ<O
HEIBFEHE D F 2 IEH N2 LU ET.
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