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lo,25-Dihydroxyvitamin D; (1) regulates a variety of biological actions through vitamin D receptor (VDR), in-
cluding calcium and phosphorus homeostasis, bone remodeling, cellular proliferation and differentiation and many
other functions. To enhance its potency and to study the structure/function relationship, we synthesized a series of ana-
logs of 1 with a modification at the C—2« position. Introducing 2c-methyl, 2a- (3-hydroxypropyl), or 2a-(3-hydrox-
ypropoxy) group increased its binding affinity for the VDR 2- to 4-fold compared to 1. The crystal structures of the VDR
bound to these analogs provide a molecular explanation for the interaction between the 2a-substituents and water molec-
ules exist in the VDR-ligand binding domain. Based on the accumulated knowledge in VDR agonists, we synthesized 2-
substituted analogs of ‘double side chain’ (gemini), 19-norvitamin D; (MART-10), TEI-9647 (VDR antagonist), 1-
alkylated vitamin D3, 14-epi-previtamin D; efc. Gemini analogs showed potent HL-60 cell differentiation activity (13-38
times compared to 1), and MART-10 exhibited remarkable antiproliferative activity on PZ-HPV-7 cells even at 10710 M.
(24S8) -2a- (3-Hydroxypropoxy) -24-propyl-TE1-9647 showed potent VDR antagonism, and its ICs, value was 7.4 pM
against 10 nM of 1. la-Methyl-2a- (3-hydroxypropyl) -25-hydroxyvitamin D; improved the binding affinity for the
mutant VDR (Arg274Leu), which causes hereditary vitamin D resistant rickets. 1c,25-Dihydroxy-2c-methyl-14-epi-
previtamin D; showed moderate osteocalcin transcriptional activity on HOS cells. We theorize that modification at A-
ring alone and in combination with functionalization of the other parts of the vitamin D molecule would provide im-
portant new information on the mechanism of vitamin D actions that could lead to the development of new therapeutic
regimes for the treatment of various diseases.
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HO"'3™~";YOH

10,25(0H),D3 (1)

2: R=(CH,),CHj;

2a:n=0,2b:n=1,2c:n=2,2d:n=3

3. R=(CH,),OH
3a:n=1,3b:n=2,3c:n=3,3d:n=4

4: R = OCH,(CH,),CH,OH
4a:n=0,4b:n=1,4c:n=2

5. R=(CH,),Ph

5a:n=0,5b:n=1,5¢c:n=2

Fig. 1. Structures of 1a,25-Dihydroxyvitamin D; (1) and the 2a-Modified Analogs 2-5
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THRRL 72,1819 ABIEMHEICD W TR E S 2,
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LBD NEBICHEET 2K FOREZHN, U >
K& VDR 7 2 VR (Arg274) RID/KFERESE
FiosEml, VDR-U N > REGKZEESEICEE
éﬁé:tﬂ%%bt.?@b%,ﬁm@LM)
I AR2MLEENS Y >IN EOEE L TKY
Fiz& %)7k%’51’*§ D* v b7 —72 (Water Channel)
MR INTBO, 202 L2EEAM L T VDR A
EWET2LEEZORY NT—U 2EKTHIDIRE
HLIX VDR G EFMEZ KT8 5. X MG MR
Frick s &, FEK3c & 4b D 20 BRI, 7
IWFEIIBEDAF L 45T 1 T0K (WL Eff)
ZEWHL, AR WIS BEOKST (W2) K
N Asp-144 (VR ZIVH) & DKFERER ZRHEET
HHDD, ARGEET D W2 DALE I AR KEE %
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BT 5EY I DFEAROAMZEKL THO,
BT AMIE R I I WEETHAD T
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%,

3. 20-E#i& CD RABHBEHOHEAEHE

KIZ, 2a (AFI)LE), 3¢ B-bRoFJovr
V), 4b G-k ROF>TORFIH) O 20
SHAS IS O FH#IPH & nTRETRIC D W TR T A L
o, EHERE Y 2> Dy (1) @ 20-epi fKi1Z, VDR
it B BT PE > HL-60 fif LA BEEN 1 XKD B
BfEmmnZ EnmenTnsg, s - Jmhsig, 2-

OLAO\
O._.OCHs Ph" ~O" Y
m a, b o
—_
h\\ O\ <

6 TBSO

7a:n=0 (81%)
7b: n =1 (90%)
7¢c: n=2 (86%)

MOH D
0
BzO" ™ “OH BzO"
o) o
R N

TBSO TBSO

9a: n =0 (70%)
9b: n=1(86%)
9c:n=2(81%)

10a: n =0 (70%)
10b: n =1 (60%)
10c: n = 2 (64%)

Scheme 1.

A F)-20-epi-1,25 (OH) ,D; iHEIRD ABRTXTD
T AT LAY — 8 DGR & YNGR 21T,
20— A F )-20-epi-1,25 (OH) ,D; DFHE /2 A — ) —
TAZZAMERERNWHLZ. 3 bhbhidz s
12, Kk & 72 20-B AR 2 STARGEIRICE R L,
20-epi A & 2o [EHIL E DA BGDEIZDWTH
AU AR DY I I—An6kERE TR
PReizEE, HMAMEMHFTTLI-TOND
F—)brh, mEUERICE D 3-t RoF o 7ToRF
SHE 20 MY T HMEICEAT ST ENSHF
TR L. BB D da—c HROBITHFE L
tﬁ&f%é#z””%éﬁwmﬁmmt 2o,

RIS AR TE S L1727 (Scheme
1)'26)

10,25 (OH) ,D; @ 2a LIS T 5 ALE N\ D & F
—IRBIEORICPBNT, AESIZIIARFIR6IC
iU, BT > Grignard 3 THEBEHE L TR SE

BEREEZNRISBATLIEFZRVWHL &
(Scheme 2) . 3637 Z Z C Scheme 1 1275 L 7= & kiE
WAL, ARIBMKTHDIIT 12 12d-j N\ &E

OCH, BP“\Tjij:OCHs
BzO" OH

H —
| 2
TBSO

a: n =0 (86%)

b: n=1(91%)

c: n=2(75%)

1 8 g
A 2 = ? 6 /2/1
ISP & Sl
HOY OH TBSO OTBS
2 ?
(@] OTB

TBS

11a: n =0 (93%) 12a: n =0 (97%)
11b: n =1 (90%) 12b: n =1 (quant)
11c: n =2 (93%) 12c: n =2 (95%)

Improved Synthesis of A-ring Precursor Enynes for Trost Coupling with CD-ring Bromoolefin

(a): HOCH, (CH;) ,CH,0OH, KO'Bu, 110°C, (b): TBSCI, Et;N, DMAP, CH,Cl,, (¢c) : NBS, BaCO;, CCl,, reflux, (d): Zn powder, NaBH;CN, 1-propanol-H,0
(10 : 1), 95°C, (e): 2,4,6-trimethylbenzenesulfonyl chloride, pyridine, (f): LIHMDS, THF, —78°C to 0°C, (g): TMSCCH, BuLi, BF;-OEt,, THF, —78°C to rt,

(h): K,CO;, MeOH, (i): TBSOTY, 2,6-lutidine, CH,Cl,, 0°C.
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O wOCH ~OCH
g ' ® RmgC OU ® refs. 37 and 68 =
L 9 § fs. 87 |
PR O toluene  Ph™ O Y YOH —  1BSO" OTBS

o 110 °C

p ol

7d: R = CH; (73%)
7e: R = CH,CHj (74%)

7f: R = CH,CH,CHj (53%)

79: R = CH,CH,CH,CHj (83%)
7h: R = Ph (73%)

7i: R = CH,Ph (83%)

7j: R = CH,CH,Ph (58%)

R

12d: R = CH,
12e: R = CH,CHj

12f: R = CH,CH,CHj
12g: R = CH,CH,CH,CH;
12h:R = Ph

12i: R = CH,Ph

12j: R = CH,CH,Ph

Scheme 2. Introduction of 2a-Alkyl Groups to the Chiral Template 6 Using Grignard Reagent in Toluene
Enyne products (12d—j) were obtained from 7d—j through the similar reaction route as in Scheme 1.

L20R

HO" vitamin D,

>
Z

TBSO™ OTBS
12a-g
12k-n R
12k: R = CH,0TBS
12I: R = CH,CH,OTBS
12m: R = CH,CH,CH,OTBS
12“: R = CHchchchonBS

20-epi-2a: R = CH;

20-epi-2b: R = CH,CH3,

20-epi-2¢: R = CH,CH,CH;
20-epi-2d: R = CH,CH,CH,CH3
20-epi-3a: R = CH,OH

20-epi-3b: R = CH,CH,OH
20-epi-3c: R = CH,CH,CH,OH
20-epi-3d: R = CH,CH,CH,CH,OH
20-epi-4a: R = O(CH,),0OH
20-epi-4b: R = O(CH,);0H
20-epi-4¢: R = O(CH,),OH

Scheme 3. Synthesis of 2o-Substituted 20-epi-1c,25 (OH) ,D;
(a): cat.(Ph;P),Pd, Et;N-toluene (1 : 1), reflux, (b): HF/MeCN, 1 m TBAF in THF, or CSA in MeOH.

Wz, oz A MRkO 55 12a-g, KUk R
OF > 7IVFIVEIBEDO T 21 > 12k-n232430 L E 4
2D, KDENWE20/ZITE/L/Z CDERY O
EFL T4 13 LrENTN Trost IETH Y 7Y
> L, HMET B 20-epi-2a—d,?” 20-epi-3a—d >
20-epi-4a—c2® %5k L7z (Scheme 3).

20-epifb & 20-BEHIL DM AEDETIE, HBES
D 20- A F )UK (20-epi-2a) DR RDOIEMEZ R L /=,
AlElE kU 7z 20-epi 35EART, WINH KRR
E21Z2HBASE W HL-60 fil LA MAEZ R L
7= (Table 1), 26:37

KAKRIVE D VDRICHEST D, UN > RES
BREED 56% LML 72 Z &) 5, Uskokovié
5130 EE < 20 I FRICHISE 2 XL 72
Gemini #FE (K (14) ZFETL L. 2D, 20
MORFIFHEEL, ELRBEEIIRARIVEIC
EERNR0EW, bivbiid Leo 1 (4KF) T
F 12 Gemini (double side chain & %) D& k30
BFEL TV M. J. Calverley & & H1Z, ZD 20-
EHRFER da—c Z AR L7200 WTnoteEmd
VDR #& & BAIMEDY Gemini K O [A] EL 7=, i 14a
@ HL-60 i 7L BIE 1T KRRV E I kg
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Table 1. Relative Binding Affinity for Bovine Thymus VDR
and HL-60 Cell Differentiation Activity of 2e-Modified Vita-
min D; Analogs

VDR binding HL-60 cell

Compound affinity differentiation Refs.
1 100 100
20-epi-1 400 3571 [33, 34]
2a 400 200 [18, 19]
2b 40 106 [23, 24]
2¢ 20 44 [23, 24]
2d 8 74 [24, 37]
20-epi-2a 1200 9688 [19, 20, 33]
20-epi-2b 150 4200 [37]
20-epi-2¢ 119 1750 [37]
20-epi-2d 33 2300 (37]
3a 20 10 [23, 24]
3b 70 86 [23, 24]
3¢ 300 240 [23, 24]
3d 120 460 [23, 24]
20-epi-3a 190 570 (37]
20-epi-3b 320 4030 [37]
20-epi-3¢ 370 4900 [37]
20-epi-3d 183 3910 (37]
4a 120 100 [25, 26]
4b 180 70 [25, 26]
4c 40 40 [25, 26]
20-epi-4a 260 5820 [26]
20-epi-4b 165 2120 [26]
20-epi-d¢ 100 2770 [26]
5a 7 220 [68]
5b 15 460 (68]
5¢ 1 140 (68]

The potency of 1 is normalized to 100. Data are mean of three separate
experiments.

LT38%% (Gemini ZDH DD 3.6 %) ITmEo7z
(Table 2). ZD#EERMS, 2o DY) E R
7% VDR fSE G HAEDE W I X501 RiEEKIC
K UTHEEOH LRI DLEEMTHD &%
FTHETDICES .

4. 2AIBHCEMR 19-/ LY I L D, FEK
EY I DHAAORERAD 1 DTHDEmNI
U AE 2 Bl & 2 UWIEER 19- )L ESY 2 >
D; E#% (15, Scheme 6) IZFHL, £D 247 )V
FIEBAROGRZFE Uz, T r RO 2R
® DeLuca 5%, 10 (19) fTOIZFYV AFL 2 H%E
BrZ< L 72 15 7%, VDR NOD#E A EHAEIEHE T 51T
HHFEOL5T (b ONOHEETIT1ID 17%), HMild
PEFEPNEITE ML M LA B REM R S NS 2 & %
HWH L. 249 22T, 2 &M% % T VDR
NOFEE B ZEE L 725 E 0BG KT T
HEIZODWTHBRIMNE N, FTEBE AROMFE
WEEL, 200N T 20 D mFE—IREEE
2SS HINVT UIVEIZE DT . B TEREmA
L7 g > OLZBEMICED, 3HEED A RATEKE
16a—c Z# &k L7z (Scheme 4) . 49

2 EHRIEER 19-/ VESY 2 2 D BERDOH
f%l%, DeLuca®® iE/K 54O NHME L TWDHMN, 4
Re 3 BLNLZBAL FTan>7z. £, £<
DOWFET I —TNENE T AR E CD BREZ 7-
8 {81 T ® Wittig-Horner 7 71 > 7 THEifE L T
WDy, 2 A0S T SAE D A BABES KT
&, T-8MEITD Ay 7 7 e < T L7

Table 2. Structures of Gemini (Double Side Chain 14) and Its 2a-Modified Analogs 14a—c¢ and Their
Relative Binding Affinity for VDR and HL-60 Cell Differentiation Activity

HO

14a: R=CHj;
OH 14b: R = (CH,);0H
R 14c: R = O(CH,);0H

14: R = H (double side chain)

Compound VDR HL-60
Natural hormone (1) 100 100
14 24 1060
14a 53 3840
14b 57 1280
14c¢ 36 1920

The potency of 1 is normalized to 100. Data are mean of three separate experiments.
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H;COOC, OH

H;COOC, OH

BuySnCH,CH=CH,

e R o
benzene, reflux TBSO"

(60%)
5 h(ﬁs%)
0
NaBH, NalO4 5
—_— —_—
EtOH (91%) MeOH-H,0
TBSO® OTBS  (90%) TBSO" OTBS |
TBSO™ OTBS
| 16a
*(99%)
) OTBS
16¢c
TBSO™” OTBS
CH; 16b

Scheme 4. Synthesis of A-ring Precursors of 19-Norvitamin D; with 2-Substituent (16a—c)

%
“,

OMOM

(EtO),P(O)CH,CO,EL
NaH, THF

(98%, E: Z=92:8)

%

1) 2-mercaptobenzothiazole
PrOCON=NCOqsPr, PhyP
2) cat. (NHyMo70g4- 4H,0 o o
30% Hy04
(89%) s Y

S
CH
17

Scheme 5. Synthesis of CD-ring Part Elongated C6—C7 Carbons for Julia Coupling

HO.

o7z, TIZTCDERSMMNS ZRAEKRLTT U — RSN/, ¥

JVZIVIR > 17128 &, 5-6 (I TO Julia A1 7
1 AbEmELZEZA, HWET S 15a—¢ 2155
Z LM T&E/ (Schemes 5, 6). 44D /2B, WIhoD
BRI S 20K E 28KDIFFE L 1D T AT LA
Y—REWMERD, TIN5 % HPLCICTHEET S
WDERHS-, LML ZOHEICE DML 19—/
IWES X2 DFEERERONEN M EL,*® #hS
IZ& D 19-/)VES 2 2 D FEARONRHIFIEN &

INSD19-/)IVEHX X2 Dy iAEKOH T, 20-
(3-hydroxypropyl) -1,25—dihydroxy-19-norvitamin
D; (15c-0) 1AW D VDR N DFE S BFITEATRK
REO M) T MEER AT S 1 EFEEE L TICRIE
L7, %7z, 15c-a ® HL-60 #fME A5,
11T 36 5D EEMEZ /R L7z (Table 3). 47 AR A
k> K% ® T.C. Chen 5 & 15¢c-a 2 MART-10,
15¢- %2 MART-11 & zhZThm4 L, RELL



1242

v

o

1. 128 (2008)

1) LIHMDS, THF

-78-0°C
16a-c + 17 ——>
2) (H)-CSA, CH30H

(47-62%)

Scheme 6.

Rf R!

p
",

.....

15:R'=R?=H

o series: RZ=H

15a-a: R! = CH,CH=CH,
15b-0.: R' = CH,CH,CH3
15c-a: R! = (CHy)30H

B series: R'=H

15a-p: R? = CH,CH=CH,
15b-B: R? = CH,CH,CH;
15c-p: R? = (CH,);0H

Julia Olefination between C5—-C6 Positions for Synthesizing New 19-Norvitamin D; Analogs with 2-Substituent

Table 3. Biological Activity of 2-Substituted 1c,25 (OH) ,-19-norvitamin D;47.79
Compound VERbinde | HUG | Awpelfenine  ramsaaivatons
10,25 (OH),D; (1) 100 100 100 100
19-nor (15) 17 27 n.t. n.t.
15a-a 3 54 102 161
15b-a 3 84 164 151
15¢-a (MART-10) 100 3563 100000 157
15a-f 0.15 20 338 187
15b-p 0.3 32 165 142
15¢-f (MART-11) 3 667 70115 156

a) The potency of 1¢,25 (OH),D; was normalized to 100. b)) Bovine thymus VDR. ¢) Determined by NBT assay. d) PZ-HPV-7

cells. e) Relative luciferase activity (ligand: 106 m).

RIS RANE (PZ-HPV-7) (569 2 il el 34 Gl o i
PEEMELEZE IS, MART-10 1%, 10710-10"11m
EW D RO TR IR EE T [ S ARl s e il 0 2
~LU, —F, 10,25(0H),D; 13 10-8M DL R Ti3iE
MERIRL<IRAHDT, AR U TIIRA
BIVE > D 500-1000 {5 D@ iEETH B Z & AVHIA
L7z (Table 3).%050 k7, mi it Afife (PC-3)
DIEEMIE DR FEER TIZ, MART-10 28 KAE
VE > D 10 £5 O MR I HENE 2 R Uz, 5D B
£, MART-10 & MART-11 O#INAMER EHIL
o MERIZDWT in vivo BB EBEH TH 5.

5. RO hVDR-7>4IJ=X b

N OWFFEREDY 10,25 (OH) ,D;y D ACH EMIBFFE /0
S5EWHLZH O hVDR FFERNY > T=ZZA KT
& % TEI-9647 & TEI-9648 13, MHI$HIZ(L#HITIE
BB o AFL Iy Wizt aT 5 (Fig.
2) DHEIXHWIC 2T EY—Tdh DM,
TEI-9647 (23S) O /i’ VDR #EG#HMED Y > %
I=Z Mi&EME S TEI-9648 (23R) X D&, 1F1F
FREHIIC Ry o= > Tt s G SNz

ZK159222 1%, CD BRICEHMEEZE3 5 VDR 7
DHTZZARNTHDMN, £TO7 ¥ TZX MEMHIZ
E$57% VDR @ LBD IZ{E D 179, VDR D he-
lix 20D ecsrzlEL T IALRI >3
CABEIERNWI EICKBIERFEEEZSNT
W5, 5359 ZD, TEI-9647 O 5 7 kM4
ICLBD ICINE B KRESITHSD. TOEHBHAN
ZALIZDWTIIME S 7 b a2 INT 5
IBD D> AT A4 CEEDEENEZLXZ N TN
7&‘ 55,56)

VDR 7 > AT A NDEEGLOAEMEE LT,
AGF 513 Paget’s a2 M RHEEE L TEA L.
Paget’s J% 1< VDR @ 10,25 (OH),D; 12X 3 % &K%
PO RETUEN S FIET 5B RBEE OKRET, B
DEBREE EDITIHFAZIED. FicTy>radry >
BT D AREBEOBEERIFHBREICRSODTH
D, BNBEBEENEETN TS, Paget’s Ji DF
JEAHNZZLAMBEZTVDRDOY > T M
BRI EE U THIfF SN %, & 2T TEI-9647
@ VDR #EHEMEZM LS5 HMT, AR
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OH Ho™
TEI-9647

Ho™”

HO“““

Ho™
18
O ~.©oH

Fig. 2. Structures of TEI-9647 and Its 2« and 24 Double Modified Analogs with Highly Potent VDR-antagonism

7z
7 -
1) cat. Pd(PPhs),
TBSO" OTBS 2) HF/CH,CN
O_~_OTBS
12b

Scheme 7. Pd-Catalyzed Alkenylative Cyclization of Enyne as A-ring Precursor with Lactone CD-ring Bromoolefin to Create the

Most Potential VDR Antagonist

2a L fEEBML, £277 N RE AN
FICRENT 2720 24 (L% R FEITHEEERL
7z, BERES 20T 100 FEEELL EOREERE AR L
77.383863) Scheme 7125 27 > CD IR & A BRH(EK
WEDH YTV TRIGED 1 %77,

¥ 7=, Fig. 2 121X TEI-9647 O iE & & b1,
IR WIEME 2R 20 L & 24 (i 2 [F I AL 2# A
L7eiEaRE\EEE L TRELEZ. 2 Tbb,
TEI-9647 (ICsy 6.3-9.4nM) {Z kb N5 /778 hVDR

7 & A=Ak 19a (ICs 0.71nM),3® 19b (ICs,
0.093nM) ,39 20 (ICs) 0.49nM) , 6 21 (ICs, 0.13
nM), 5 22 (ICsy 0.23 nM), SV Fijik @ Scheme 7 IZH&
ik U7z 18 (ICs 7.4pM) 72 &2 R WH L
7. 10nM OIEHERIE S 2 > Ds 1T X % HL-60 g
HMEBEIINT BT T MEWZ ICs {6 T
T A E, K18 Tl pMA—4 —FTH L
L, BRI TH2.9 £/ 1813 ZNFE TOXLHE
FRWMO VDR Y > IARNTHO, HlnHEEz
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RSBV EMS, 5% Paget’s RIAEHE EL TO
T H O FREMENHIFF T E 5.

6. BELMCHIHFIBOHEALZELE VDR
(Arg274Leu) ~D:EREYY 7> F : 1-Alkylvitamin
D; DFRETEER

10,25 (OH),D; 78 VDR @ LBD TEEIZ R v F
DT B, lo-b ROFHE Arg274 O 7 =
D) HMTOKBREREDRICHEELRS. DR
DIVTEEMEES 2 > D i< 2% (hereditary
vitamin D resistant rickets: HVDRR) DJRERD 1 D
L7575 8 VDR (Arg274Leu) ICEH L /2.6
10,25(0OH),D; ® VDR (Arg274Leu) X3 54EE
BIFIPEIZIEH VDR IZE# L T 1000 73 @D 1 B2 %
TSI 5. bhHiud, M. D. Anderson Cancer
Center @ S. Peleg & & 12 VDR (Arg274Ala) 1Z%f
T2 3 REOEGEMEEZTOTY —EY v
YA TRHTL, 220 3-t ROoF o)L
3-b hOF 7 ORF HENER VDR NOfE & H
M ECHENTHDZLEHWHLZ. O 22
T, VDR(Arg274Leu) TIZ1E® VDR ITEAN 1o fiL
[0 OBKEDZEMMMIAN > TWAS I EMS, 0D
FEUNTROWKEZHBEL, 20 (3-hydrox-
ypropyl) -1a-methyl-25-hydroxyvitamin D36 < [d]
UL laefiice FOF I AFIINEZEALKZ 24 %
el - &Rk U7z (Scheme 8).¢7 T > > 2313 D-
NI h—=ZAn6EE CDR7OEFL 712 &
Trost {JEICK O Ay 7Y > 7 Uiz, 7z, BUKMEM
AERZMREL T 2o Il BRZ AT 2H 8K
(5a-c, Fig. 1) HHpkL /. ®

W7 xo—FZE2HNWALLR—F—TvtAIC&k
02 % VDR (Arg274Leu) 12K % 24 O %Z K

Z
//

TBSO"

23

Scheme 8.

OTBS

OTBS

RIIVE > 10,25(0H),D; EEEET 5 &, 5.6 (5D
EEEEZRLUZ. O —F, Jar7—t7 vt
2L D Sa—e DH B, ST N S5 A HE VDR

(Arg274Leu) 2% 9 SG S BAEN D 517z, ¥
7. 14-epi-Previtamin D; 358K
EHERMES 2> Dy, KiRicksd [1,7] 27

Y hOE—EEfE2 LTI L ESY I > Dy &FEEIR
BRTHIET D, TOHEMAELITITCT, EFIC
D;: JLEY I D=9 :4TH5B.9 H) T3
Z7 K% A. W.Norman 5ic kiU, L E4 =3
> Dy BIRICHEENEE S N ZRRITHEGL, &
fEF %A X 72y nongenomic fEMIC LD, AL
LT ¥ 2 3)V O &l —E O1E Pk Z il
LTWsEEZEZENTNS, 0 Z OIS EILE
BOoB I TEILZENVWRETHDLIIEMNS,
rapid response EIFFENTW5, LinlL, L ES
SOD;EHEEL, BETTLEYID;ZDH
D DHEFIREPIENE & TR D T L1032 O HTFAE
TLROAFEETH S, €I TH4MERMELL
cisse RU VA VEKTO 14-epi-7 L EY I > Dy
(14-epi-prel) OEMEMEZFARRSZ Z &ITL &
(Scheme 9).

9, 4-epi-7LEF I Dy D2 EMICK
D, 7LEYI Dy l4-epi-7 L EX¥I > D; T
WBIEEAEASNILW VDR 203 H1EAMNHEE L
ket Uz, 14 O EME(kiE, Grundmann -

AR 25 O ILMIEIC X D HEFT L 72, SEIT
Scheme 1 £ 2 T/RLAZIZ A AMbE&WZEMLS D
HEPTHEREL TARABKERDZRAT 1 > F
FR Q772E) IcH X, Wittig K& (Lythgoe
%) T 14-epi-CD BR-8-4 MK (26) &7V >

1) cat. Pd(PPhs),
2) BuyNF

Synthesis of 2a- (3-Hydroxypropyl) -1co-alkylvitamin D; (24)
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94:.6
37 °C

14-epi-1: R = H

our synthetic new analogs: R = CHs, (CH,)30H, O(CH,)3;0H,

14-epi-pre1: R=H

CeHs, CHCgHs, (CH2)3CH3

Scheme 9.

NaOMe

OR E—

o) R=H

) TESCI
25: R =TES

1) deprotection

Py

2) 80 °C, in CgHg

Scheme 10.

7 Ut BRLD—#l % Scheme 10 IZ281F 7=, 20— X
FIV-10,25-2 £ RO F >-14-epi-7 L EF 2 > Dy
(28) ITIEIEHERE S 2 > D; @ 8.4% &55y VDR
EEBMENRD 5N, £28 MR HOS %
HAWT, BREEELUTEERF AT NIV > Dlx
BIEMEHED 5N /2.7 VDR IZH G LR Wik Bk
IZDWTI, rapid response DA ME & T 55 /Y ELIR F
<, BEZOHMZODE LD EED TN

“Vitamin D < Previtamin D’’ Equilibrium

BuLi, -78 °C
P(O)Ph,
27
TBSO™ OTBS
CH;,

Synthesis of 2a-Methyl-14-epi-previtamin D;

%.

8. FRWBEEHZFHERAFOY 7IL— bEE
ENAZN—T b TFHET 25 EDRR

UJ > RMEGFHIRGRTTH S VDR IZ, ZDE
FFBICE < DIRGHEREERLRT (a7 7 FX—
5 —) DMEH->TWS, VDRIZUKT > REHES
% & helix 12 Z2H0ICHEEkEzRIL, JU T L
Y —nlLCay rFN—45—2 ) 7)—hT
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%. VDR-GHYU T > BEEEN U T > RO#EIC
INCT, D27 7 FNRN—4F—ITH L TGERWY
U Z)— NN, FUHT > RITX D EHE
HRBICEENENS EEDbNS. ks, BE
EELELTEHEINTWBYFY ALY =)L E
HHRERBEEE L CHRELNHD ED-71 & T
W&, I7 27 FX—4—SRC-1 % TIF2 DY 7 )L —
NEEBICEND B T EZ2RLZ. Y bhivbiudskh£ <
@D VDR-U N > BZHKL, E4 I DFEHKRS
ATV —2BELDODOHDDT, INSHEMRD
a7 7 FN—4 —FFEIC DWW TERRIC — R I 7
MTEDIHEXDWTHREL TV, ZOMEICHE
LT, mfARSICRDMROROZDND T ENT
IR, RKBEENMSFHEBEL THREL 2
GST-human VDR % 96 /X~ 1 7 O 7' L — NZEE
fEL, 1T x)VIZDOE 1D > REMA VDR-
UH > REGREZRRIEZ. DWTHEE TN
L 7= human TIF2 & human SRC-1 Zi1Z 1 > F 2
N—a>rl, TITHEREINLEGKRERFERIL
L7 T e RTREME, BRERVT Rea7
FR=F—ZHNHL, (707 L —hJ—4—
THENZHNTHIEICED, EOUHPRT
VDR LEDQOY 7 FR—5—LDEEERDEKLS
NN Z)—"T" NIRRT TE S H1E% ST
L7z, —, TOEHY I D HFERNFEET DM
fal R fE R L OV D ARG 2D Z&ickD, &
OB ERAEMICHTT S 2HEELE. 20O
J7 1% THIR O MART-10 72 £ 19-norvitamin D; #%3i&
& (15a—¢) D 20K & 28 RITDWVWTHIR, VDR
NOFGEFAE S AEMIEENTRBET S 2 &I2DNT
UH > RERF)/: VDR-O Y 7 F RX— & —tHEAE
DERN SRR 2/ ENTEL. T8
%5, 15a-a, 15a-f, 15b-a, 15¢-f (MART-11) TliZ 1
L DWW TIF2 & SRC-1 126325 7 )L — MREN
#» B4, MART-10 T TIF2 & SRC-1 12DV,
1EFABEDOY 7 ) — MENRI N BIHE,
MART-10 & MART-11 iIZDWT, {E{KL X)L TD
AINENEZ LFEIEH TH .

9. &HYIC

bNbNDOESY I > Dy iFBARGHROFEMIZ, <+
NZTNOMXZETSRETNUIZENTHD. INE
TEX X > DAFBARO G & EYNEMEFmICE S
HWFFEITIE 20 LA L DRER NS 578, Gk L 72

BAKICENZ M E OEBEEOE THREND D,
FEMRBIINANWAREE EERTOT7 710 %
AHEDOTHEENADER N, 288 VDR (Arg274Leu)
NOEFRIBIA > REFHE, I T EZB/IEKS 2N
78 EDHEMH, MEROZEROEELEL, £
DOEER L ERB L TCa) T Ly -0l a7
DFR=F—=DU I )= DANZALEDT LN
JVTCHfET % T, HIFOWMEEEEEDbNS. |
SRR 2 W2 19- 7 )L E S R 2 D SRS
TIE, MEERMICEWY T2 ME®ZRET S
MART-10 & MART-11 Z RWH L 7. ZN5 0%
R VDR ITHEWEFIME 2B T H5RTIE AR, VU
72 BREGBRDZBENBMMD Y NI EEE RS >
NI BEAEERERRT 28 DI FFHITHBNT,
BEDAA v F 24 2T 2 HANEAICEH HD
EEAOND. WEREEECET ORI &
— MEEERNA Z)V—T"y N TS % AL, 5
BISICHE<SHSNIZIND U RES 2 ND
B & ORI AR 2 B0E TR 5 B TEMAMR
YV —)ViZla b LB bbb, TEI-9647 i E KD
hVDR 7 > % T =X L DFEBL A F1 = X LT B IR G
<, TN —EHOFEBEREG K TE DOMBHIZE T T
<HoLEbnsd. iz, MilaHEkz2 RS TwmAR
hVDR 7 > T= X MEW 279 1813, Paget’s Ji
BEEANDO RIS NS. 70

K OEN-IBEEREZHIETICE, E¥X2D
#E&HY > )NZE (vitamin D binding protein: DBP)
~NOFREGRFME, U ROMREENE, VDR-U K
> REEERDOLY 2N EREME EFERER T &
DB EVWAS WA LRKRFIEENH 5 &R
bihd, BEBEALCEMBREGREETHLTIVT
7> R—)b, SEMEGRHREED Y 1)L > h—
Wb, ZRPERIRR IR BV LIESE AR T & U FLfHS
L L THEASINEIFT I F—=ILHTE
BT OB M ERIEREHE ED-T1 DX D R HAFED
EYIDEERNINDSEE<HAETSH L
ZRESOTWND,

BE AR R i R S
LFEEITBNT, WHFEB AR LG IR B 44 %
BOTIRED T, BEFNLEL, ARSZEEL —
Bt 5 ORI 1999 4F 4 A L0 HHE R E
+, ROKR%BES ESEL TRLAEZDBDTH
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5. /=, 1990 FARUICHENRIESY 2 > Dy D 2 fiL A
FIUAL 2 BAA S 7= G DRF ST 2R DA IR WS
ERIDRETHD. T L TINETOHRZEEN
L, AWHeEs 258 L & HITmIcER, B
BTN L, A2 Bt b &
L, ROBEOFE(EBEBIRE TH HEHKRIT
o GEff) SEBFELEL Bh#E), £RERIC
BT #EE L TS NZRERES DB & T
oM TH S, EPIEEFMICDOVWTIE, FAY
7 =0 AFR—E L T ZN—REL ((REL
), MEPRERBER WFERIRY), ol
DRAFIEEHE (REL ), T.C. Chen #% (R
A b RFEER), TR ST A
% CGREKRED T MR E g, s
Tl FlzBE (EILELRFET %), VDR #
B0 X RN T3 EREEE - & Dino Moras
&+ (IGBMC, CNRS), 7 TEFT U >V TIIEH
ERATE L (N7 B S & AR TErT) , = HE st
% (BE BN RERFER A ZERD, £k,
BL ZBIES2EEE LABENZRKRE YT > RE
FHEBMORES UWHEHE OERIC, HIEHHL
FiFxd.

REBICATRZEN S AF> T EEVWELEZR
AREFRE e R KEAEBRR) THEH WL
7.
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