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Creation of Highly Potent Vitamin D Receptor Antagonists
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Vitamin D receptor antagonist has attracted significant level of interests because of its potential utility in the treat-
ment of Paget’s disease, which is known as the most flagrant example of disordered bone remodeling and the second
most common bone disease after osteoporosis in Anglo-Saxons. Recent studies on Paget’s disease suggested a specific in-
crease in osteoclasts sensitivity to the differentiation activity of active vitamin Dj as the principal mechanism for abnor-
mal bone formation. We set out to conduct a structure-activity relationship study on the first VDR antagonists of
TEI-9647 and TEI-9648 (25-dehydro-la-hydroxyvitamin D;-26,23-lactone) toward improved VDR antagonistic activi-
ty. Given that both potent agonists and antagonists must have high affinity for the VDR, we hoped that our accumulated
knowledge in VDR agonists would help us identify potent antagonists. First, 2a-modified TEI-9647 analogs were synthe-
sized, and then, 24-substitution was next investigated to stabilize its lactone structure under the physiological conditions.
Finally, 2a-modified 24-methyl-, 24,24-dimethyl-25-dehydro-1a-hydroxyvitamin D;-26,23-lactone analogs were synthe-
sized. It was found that 2«,24,24-trimethyl-TEI-9647 was found to possess approximately 90-fold improved antagonistic
activity (ICsy 0.093 nM) over the original TEI-9647 (ICso 8.3 nMm) .
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1:R'=H
] 1a:R'= Me
HOY OH 1b:R' = (CH,);0H
R? 1c: R' = O(CH,);OH

Fig. 1. Structures of 1a,25-Dihydroxyvitamin D3 (1), and its
2a-Modified Analogs (1a—c)
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2:R'=R?=R% = H (TEI-9647)
2a:R'=Me, R2=R3=H
2b: R = (CH)gOH, R2=R3 = H

2c: R1 = O(CH2)SOH, R2 =] R3 =H

4:R'=H, R2=Me, R®=H
5:R'=H, R2=H, R®=Me
8:R1=H,R2=R3=Me
4a:R'=Me, R?=Me, R®=H
5a:R'=Me, R2=H, R®=Me
8a:R'=R2=R3=Me

R1

3:R'=R2=R3=H (TEI-9648)
3a:R'=Me, R2=R%=H

3b: R = (CH,)s0H, R2= R® = H
3c: R' = O(CH,)sOH, R2= R3 = H
6:R'=H,R2=Me, R®=H
7:R'=H,R2=H, R®= Me

92R1 =H, R2=R3=Me

6a: R’ =Me, R2=Me, R®=H
7a:R'=Me, R2=H, R® = Me
9a:R'=R2=R%=Me

Fig. 2. Structures of 25-Dehydro-1a-hydroxyvitamin D3-26,23-lactones (TE-9647: 2 and TEI-9648: 3), and its 2a-Modified Analogs
(2a—c and 3a—c¢), 24-Modified Analogs (4-9) and 2,24-Double Modified Analogs (4a—9a)

WT, VDRIZHT 27 T MEHZRTH
R, ©4% 3> Dy 777 k> TEI-9647 (Fig. 2, 2)
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7. LML, 2 KU 313 VDR ND#EEBEN K
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Scheme 1. Synthesis of CD-ring Precursors 16 and 17

=
// 1) 16 0or 17
) Pd(PPhgz)4
TBSO" oTBS —————
2) HF/MeCN
18a: R = CHj3

18b: R = (CH,);0TBS
18¢c: R = O(CH,),0TBS

:R=CHj; (64%)
2b: R = (CH,);0H (48%)
2¢: R = O(CH,);0H (46%)
OH 3a:R=CHs (64%)

3b: R = (CH,);0H (56%)
3c: R = O(CH,);0H (73%)

Scheme 2. Synthesis of 2a-Modified Vitamin D; Lactones (2a—c¢ and 3a—c)

NENaH TV bofbaw5 &, 16 LU 1T N E
BIICAERL .

CD BRRiEEIR 16 TN 17 2, =N F N A B
&k (18a—c) & PdfiEEE TN CH Y T 27 S8
EHBHFICE> THZUIMEL, BMET S 20 &
HES X2 Dy 7 b 2FHEK 2a—c KU 3a—¢c &5
i% L7~ (Scheme 2).
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¢ U 3a—c D EWTE TR D5 F % Table 1 1Z/RL
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CThHolM, 2083MOITEY—TH523

TEI-9648 (3) # 1 7 Dft&H (3a—c) IZHNTIT,
ZREEMEINI NS 3 XD KRE<\ELE.
220 fLIC AF IV A HAL - 3a T, 3 OEFIE
FOBKWSHBEARALID3T% >, —F, 7
ST A MEMEE 10nM @ 112 & % HL-60 # i
Do LA BEA 7 S0%HET M (ICs i) Z§5
EEL TR LAEDN, 20 ICfE% 100 &L 7= &
EOMHMETHB Lz, TOE, 20 L OEAMIC
Ko THEBRIEEOWE@®RNA SN T=. TEI-9647 ¥
A7 D2aTIE2 0810 i EL, 2b TIEK 30
ff, 2 TH2D 121507 > T X MEMHEZERL
7=. —J, TEI-9648 (3) %A 7 T% TEI-9647 % A
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k2 EFEARICBWTS VDR Bifntenm b5 & &
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ER28303D 57 R B 24 TN DBE I D AT
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Table 1. Biological Activities of 2a—c¢ and 3a—c

Compound VDR binding affinity” Antagonistic activity?

2 (TE1-9647) 12 100
2a 16 1019
2b 18 2989
2c 16 1160
3 (TEI-9648) 7 7
3a 37 38
3b 33 100
3¢ 23 66

a) The potency of 1 is normalized to 100. b) The antagonistic activity
was assessed in terms of ICs, for differentiation of HL-60 cells induced by
10 nm of 1. Thepotency of 2 (ICs,=8.3 nm) is normalized to 100.

R
COgMe
12 + /&[ CrCly, LiAH,
e

Br THF

19a (R=H)or
19b (R = Me)

20: 43% (R = H, (24S))
22:27% (R = Me)

VIE-5 7 S AL 2R HT B 2 &L, £
T 23,24-syn-24- £ ) AF KO EGRET o 7=
(Scheme 3). 7 )Lt K12 {1\ 19a % CrCl; &
LiAIH, 70 5 F 8 U 72K 74l 7 O A SR & OB S
VLA, BIFBNETTZ N AR20 U210
Ak L7, 27 828R EOME O REEZ,
NOE B & /. 5 12 & 5t B Mosher 7:39 % # &
AbEBHZEITXD, 2078 (235,24S) BlET, 21
2 (23R,24R) WETH D EZTNTNIRELTZ. —
7, 24,24- D AF UKD CD BERiELAR 22 K123 b
FHEIC, 7ILT kB R 12 &7 044K 19b 2 (K5 1 fff
JOLSERGEE TR TGS ® S Z &I > TARKRL
oo 72B, 22 KU 23 O AR EIZWT D X
FRAE AR S AT IC K > TIRE L 7=,

RIT 2324-anti 5 7 b ViFEAKE WIS T S
23,24-syn (KD 23 (L DNAKRBLE & K9 DR TH
95 Z &I U7 (Scheme 4). 3 (235,24S) -
20 # DIBAL-H T A =)L ELTH 5, B—uokig
HEEvNOq)L (Piv) HETHR#E, £ _Jukigitz
Bl T h>24 EL7J= 77 b 2% LIAIH (OBu),

21:52% (R = H, (24R))
23: 53% (R = Me)

Scheme 3. Synthesis of CD-ring Precursors 20-23 by Cr-mediated Allylation-lactonization Cascade

1) DIBAL-H
2) PivClI

20
3) TPAP NMO

1) DIBAL-H
2) PivCl

) B ——
3) TPAP NMO

Br™ 26 (3 steps, 79%)

1) LIAIH(O'Bu),

, 2DIBALH (eg. 1)
3) Mn02
1) DIBAL-H (eq.2)
2) Mn02

27 (2 steps, 40%)

Scheme 4. Synthesis of 23,24-anti-lactone Derivatives (25 and 27)
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TYNAMRERIITEITC L 218, Piv EOR#E, Bk
ZfET (23R,245)-25 N#E /= (Eq. (1)). —H,
ZDSARBEMEIATH S (235,24R) 27 HFEIKEIC, *f
9520 M5 TREERTEMR L (Eq. (2).

B LE24- B AFIVKDO A EEOP 7 AT L
F<— (20, 21,25 U 27) KUK 24,24 AF )
K (22 k1A 23) %=, AIRAIEKIK (18) & Pd filt i
GERThHy T 2738 Ths, BV zET
W, WINT 524 EWREY I Dy I b ipE
K% (4-9) ZH L 7= (Scheme 5).

3-2. 24 (EEREADEYEMFEME 24-F A
FIVAK 4=7 JeTX 24,24- 2 A F )UK 8 & 9 D EWIE
1 3 217> 7= (Table 2). TEI-9647 (2) @ 24 fif
WAFIEZEZ T DEALZA4KRTS TIEIWTHD
VDR NO#EGEMENm EL, T2 D 2.4
%, 185 &Lkoiz. £z, TOMNKEMKTDH S
3024 F AFIVEKG KTNT T, AFIVEDE
AT EDSRIEBEREADEETIZE AL E RSN
Moz, —F, 24.24- D AFI)IVKROEE, 23S EiE

Table 2. Biological Activities of 4-9

Compound VDR binding affinity”? Antagonistic activity?

2 12 100

4 . 29 250
23S-series

5 22 220

8 37 1318

3 7 7

6 . 12 7
23R-series

7 5 18

9 18 19

a) The potency of 1 is normalized to 100. b) The antagonistic activity
was assessed in terms of ICs, for differentiation of HL-60 cells induced by
10 nm of 1. The potency of 2 (ICs,=8.3 nm) is normalized to 100.

=
20
20 )
22 TBSO

23 18
25 cat. Pd(PPhg),

2) desilylation

DY TIL2 D3 BOZEMEBEMMEEZRT LLEDIT
23RECED 9 1I2B W TH VDR FAEIZM EL 30
26f5& o7 BT AT MEMIT 24-
T AFIVK, 24.24- DAFIIRONWTNOHES
238y —XiZBnWTKRE<MHEL, £/ AFIEK
4 N5 TIE 2 5 OEEMNA 5N, 24,24- 2 AF
KT 1315&78>72. —F, 23REEZHD
TEI-9648 5 1 7 DFFBARTIE, 6 12BN T3 &IF
FERLUTH-Eb0D, THRAEITIENTNE 3D
KI2TEBREDY > T2 A MMEWEOBE®RAA 5N
=, ZOEDIZT Y bR EOBEMRIEDSRE ED
EWZE LU DDAEYEENE L <2 T % sI139E
WK R =2 5.3
42a&0Mﬁ@Hﬁ%%¢@i%%ﬁ
REICARED 2aff &7 B R ED 24 1D
512 x%»%%%jﬁﬁ@%@t@r%)%éﬂ
U, AWiEHa a7z T ORRE, ZREEM
HROT >HF TZZA MEHEEDITKRELHEEIND
ZENESMEL o= (Table 3). T 725 23S fid
& ®D TEI-9647 ¥ A T1ZBWTIX, £/ AF )ik da
T208 5D VDR Btk 38 oY >4 a1
2 MEMER L. 5a DBE, SRKREMMER 2
D2ERETHo N, 72T A MEEIEZH
625k leo7z. X 5IT 20,24,24- B AF )UK (8a)
120K 550D VDR &G HMMELE 89 fED 7 > %
= A MEWZR L. SazfWnz5HE 10nM @
1DER % 50%HET HEEZ, DT H 0.093nMm
THDH. —J, TEI-9648 ¥ 1 7 @ 4 Wik % 1%
TEI-9647 % 4 7 X DIIEN S DD, 2afi& 24 fif
DFEIFHEMIC L > TR IND T EBHONERS
7z,

\

H

235 A4S zas (2R 235

4 (48% 48% 48%
;\23% 2o 2R 23R
6 (52% 57% 78%

Scheme 5. Synthesis of 24-Methylvitamin D3 Lactones (4=7) and 24,24-Dimethylvitamin D; Lactones (8 and 9)
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235 A4S %&% 235
\23?% 238 2R 23R
Table 3. Biological Activities of 4a—9a
23S-series 23R-series
VDR binding Antagonistic VDR binding Antagonistic
Compound affinity? activity? Compound affinity? activity?
2 12 100 3 7 7
4a 63 3752 6a 12 85
5a 23 6191 Ta 5 476
8a 67 8925 9a 48 143
a) The potency of 1is normalized to 100. b) The antagonistic activity was assessed in terms of ICs,
for differentiation of HL-60 cells induced by 10 nm of 1. The potency of 2 (IC5y=8.3 nm) is normal-
ized to 100.
5. B a ZEILBDHOT I JEEEREE VT RO

—RIIERERESY 2 > Dy (1) KUOZDBERIC
&% VDR 2/ L BETHIL, ETHEANEMNE
727 RELD VDR O® U K > K& EE (ligand-
binding domain, LBD) IZ 1% ET5UH 2R
DIEET DI ENSHIBIND. UF > ROEES
7ZVDRIZO T+ A— 3 > 2MbziEZ UEREE
PR ORABITT5. 20RO O VDR IZRE

HBERTIHEET D EICE > TEREINSE KR
& N7 EERD, ENERTEEECUERTRE
HICES.® ZOVDROIY T+ A— 3 21k
DB TIE, ZRK C KiFD o-helix TH S helix
12 DfLENEEIC/ S, Helix 12 135 iEHAGIC
WMBR AT FR=FEDY N7 EAHEERT
LA ERH, VDR EMOD E ZITMET HMITX
STUNROEANY IZAMERERBRZDONT
CHAIAZZAMERERDZDONNRESINS. Thab
B, B4R T2 ROREEOENT XKD EYEED

2, BELZUNT > ROMEEIZEL > T helix 12
DZHREAREBIIBITLMBEBNENENRRD 20 &
WS Z EIT5.39 —%, Vm¥779j“th
H52M VDR D LBD IZfAT5&, YIZA K
@%ﬁtﬂ@@,%@ﬁ@@m:/7jx—/a/
ABITT 5.9 bNOINEIZORERI T 5 A—

IFIAFL EHEDOHAERIZLSHDTIHRWN
NEEZ -, BT, LBD 1O helix 11 EX%O, he-
lix 11 & helix 12 Z#fET 5 b > DIz ZE
FHET % Cysd03 & Cysdl0 D> AT A VN, 2
D7 >H T MERAREBRIZHRD > Thad Z &
S5MTINS-. 449 £7- TEI-9647 D57 k2%
FEZ AL T B8RO RIIZEIC L > TT %
T2 MEWRBICITA L 7 ¢ > RICERIE 25
BWa- AFVL2-y-F 7 N HENBAEATHSZ
EBHMo TS DL EDOAIRIDbhbhi
VDR-LBD H @ Cys403 2 Uf Cys410 D A )V /17 b
EM2OITFYAFL T 1,4- LSS 2
VDR2EEHRNERLEDDO TN ES X
W ZTOEOIBZERED T REDRESHA
WW@WE ZXoThelix 2AHEDYI=ZX MO

SRS DG~BET 5. ZOHRE, VDR
ﬁfiﬁgfﬁ‘l‘ifgﬂ ST F A= 3 T LRNED,
213 VDR 7 >H A MELTH DTN
CHEIND, SE@MELLZEYI Dy I b
FEAEOPIZIIMO TEHWY > ¥ T MEWZ R
TleEmMN R M SNz, EE B L 2R H
WKOWTIHSLNTIRARWS, &5, Fhs0E
532Dy 7 b ZEEEBARNY T MEGHEEHPT
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ERUED IR AT DRI E DHEIERICEF
W< MEICEESI N EEZATNS,

6. BHYIC

DEDXSichbnbidiE i7a VDR 7 >4 d=
Z ORI EHEL, E¥3I2D; 57 b BKE
R ETHHERMIAEIT>TERL. Ficbhb
M VDR 7Y I X bOHEMZE TR L 72 A BB
20 fiNDZRAEBFIEEF—T7 T2 b OB 2411
NOEHIEOEA % Bl & U TR & 7258 K % Bk
U7k, Wi TRIEBETEERMESY 2 2 D; OfF
MzEMET2IEmEL T, (235)-2a,24,24-trime-
thylvitamin D;-26,23-lactone (8a) /2 & % R 3 Z
EMTER.D 5%, 05 OFHERD Paget H ik
DFLWRHEED Y — MMeawe, 724 I2X k
EMERBEEEOMHD D DY =)L 755 Z & %
HLTW5.

BE AR R B o R
(EFHETHONZHDTHD, RIETBERD T
PR CHREZIGD £ U e BUh Bz I 5 < G
ZUET. TN L EEREE, Sl h
IZRCHE L 72 AT E OO T Ick 52 HDT
T, FFICEBHRES £ETERBZT> T<NEHREK
FRFGEE AR - Mk BULE M O H
REEELIE#T D EEDHIT, HAT 7 —<HOD
HFEFFREER T2N—ind L, AEm—Et)
WELSBILHEL BT £, b, AU SRR
AR RS T (B), REREREHIC
X5k EZTZHDTHD, IS DHRKIZHEL
REHL £T.
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