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Structural evaluation of new 14-epimerized tachysterol analogs as hVDR agonists
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I found that 14-epi-19-nortachysterol derivatives was able to be isolated by 14 ep
imerization. And | succeeded in their chemical synthesis and revealed their marked stability in comparison
with natural tachysterol and they showed their potent VDR binding affinity. Also, X-ray co-crystallograph
ic analyses were performed using their complex with the ligand binding domain of the human VDR, and surpri
singly, they exhibited an unprecedented binding configurations, C5,6-s-trans and C7,8-s-trans triene confi
gurations, which were opposite the natural C7,8-ene-configuration of vitamin D3.



Vitamin D
1980
vitamin D
vitamin D
vitamin D
vitamin D
vitamin D
vitamin D5
Tachysterol
Vitamin Dj

14-epi-Tachysterol

VitaminD; CD

Vitamin Ds previtamin Ds

previtamin D3
14

19
14-epi-19-norprevitamin D3

14-epi-19-norprevitamin D
14-epi-19-nortachysterol

6,7-cis
6,7-trans
tachysterol  vitamin Ds

VDR

vitamin Ds

cis-trans 14-epi-19-nortachysterol
14 CD
1a,25(0OH),tachysterol

14-epi-tachysterol
VDR
Q 14-epi-Tachysterol

CD
2 14-epi-19-Nortachysterol
(3) 14-epi-Tachysterol
4
CD
B-
8-9 5-10

(1) 14-epi-19-Norprevitamin = D3
14-epi-19-Nortachysterol

14-epi-19-Norprevitamin D3

Vitamin D3
CD (-)-
A

Sonogashira

14-epi-19-Norprevitamin
Ds

Hos
VDR
X 6,7-cis

6,7-trans
@)

14-epi-19-Nortachyster
ol

14-epi-19-Norprevitam

R=H: 14-epi-1,25(0H),-19-Nortachysterol
R=CHj: 14-epi-11,25(0H),Tachysterol



in D;  6,7-Cis 6,7-trans
)
trans
CD Stille
2
VDR
1(1.,25(OH)2D3
1/100
HL-60
(3) 14-epi-Tachysterol
14-epi-19-Nortachysterol 19
)
()
A
Stille
14
CD
(4) CD
B-
5-10
A
5 CcC 8
(1),(2) 14-epi-19-Norprevitamin  Ds
14-epi-19-Nortachysterol
Hos
VDR
14-epi-19-Nortachysterol
14-epi-19-Norprevitamin Ds
A ()-
trans
CD Stille
14
Ds

H OTES
o w —
H

TfO
CD-ring fragment

_ +
SnBug

OH D P I
R = -
14-epi-1¢,25(0H) -
19-Nortachysterol TBSO" 'OTBS TBSO" OTBS
R R
A-ring fragment

19-Nortachysterol

19-Nortachysterol

14
2 o-
[3-
VDR
D3 2
2-
VDR

X 2 o- B-

5-8

Ds 5,6-

7,8-s-trans

HO" >"~OH

(s-trans-form)

(s-cis-form)

14-epi-10,25(0H) ,-19-nortachysterol

(3) 14-epi-19-nortachysterol 2

14-epi-19-nortachysterol
A ()
2
CD Stille
19
14-epi-tachysterol

19
19 A

CD Stille

VDR

14-epi-19-nortachysterol



2

14-epi-tachysterol

19
VDR
X 14-epi-tachysterol
14-epi-19-nortachysterol
5,6- 7,8-s-trans
19
(4)
89
tachysterol
tachysterol
14

8,9-dihydro-14-epi-19-Nortachysterol

8,9 CD 14
Wittig
exo 9-BBN
Julia
A
(-)-
Julia
TBAF
79%
6,7

cidtrans 23:77
VDR
Ds 1%

cis trans

CD-ring fragment

OH

LHMDS  TBAF
+ ——————> HPLC separation (cis/trans 23:77)
THF THF

A-ring fragment V. 79%

d Miki Matsuo, Asami Hasegawa, Masashi
Takano, Hiroshi Saito, Shinji Kakuda, Takayuki
Chida, Ken-ichiro Takagi, Eiji Ochiai, Kyohei
Horie, Yoshifumi Harada, Midori
Takimoto-Kamimura, = Kazuya  Takenouchi,
Daisuke Sawada, and Atsushi Kittaka “Synthesis
of 2a-Heteroarylalkyl Active Vitamin D; with
Therapeutic Effect on Enhancing Bone Mineral
Density in vivo” ACS Med. Chem. Lett. 2013, 4
(7), 671-674. doi: 10.1021/ml400098w

@ Miki Matsuo, Asami Hasegawa, Masashi
Takano, Hiroshi Saito, Shinji Kakuda, Kenichiro
Takagi, Eiji Ochiai, Kyohei Horie, Midori
Takimoto-Kamimura, = Kazuya  Takenouchi,
Daisuke Sawada, and Atsushi Kittaka “Design
and synthesis of
2o.-(tetrazolylethyl)-1a,25-dihydroxyvitamin D;
as a high affinity ligand for vitamin D receptor” J.
Seroid Biochem. Mol. Biol. in press. doi:
10.1016/.jsbmb.2013.09.001

@ Masashi Takano, Saori Ohya, Kaori Yasuda,
Miyu Nishikawa, Akiko Takeuchi, Daisuke
Sawada, Toshiyuki Sakaki, and Atsushi Kittaka
“Synthesis and Biological Activity of
la,20,25-Trihydroxyvitamin Ds: Active
Metabolite of
20~(3-Hydroxypropoxy)-1a,25-dihydroxyvitami

n D; by Human CYP3A4” Chem. Pharm. Bull.
2014, 62 2), 182-184. doi:
10.1248/cpb.c13-00646.

@ _Daisuke Sawada, Yuya Tsukuda, Hiroshi
Saito, Kenichiro Takagi, Shinji Kakuda, Midori
Takimoto-Kamimura, Eiji Ochiai, Kazuya
Takenouchi, and Atsushi Kittaka, Synthesis of
14-epi-2a-hydroxypropoxy-1a.,25-dihydroxy-19-
nortachysterol and its hVDR binding, J. Seroid
Biochem. Mol. Biol. 2013, 136, 27-29.

& Atsushi Kittaka, Akihiro Yoshida, Kun-Chun
Chiang, Masashi Takano, Daisuke Sawada,
Toshiyuki Sakaki, and Tai C. Chen, Potent
19-Norvitamin D Analogs for Prostate and Liver
Cancer Therapy, Future Med. Chem. 2012, 4 (16),
2049-2065. 10.4155/fme.12.130

@ Daisuke Sawada, Yuya Tsukuda, Kaori Yasuda,
Toshiyuki Sakaki, Hiroshi Saito, Ken-ichiro
Takagi, Kazuya Takenouchi, Tai C. Chen, G
Satyanarayana Reddy, and Atsushi Kittaka,
Synthesis and Biological Activities of 1a,4a,25-
and 10,4p,25-Trihydroxyvitamin D; and Their

Metabolism by Human CYP24Al and
UDP-glucuronosyltransferase, Chem. Pharm.
Bull. 2012, 60, 1343-1346.

10.1248/cpb.c12-00526.

@ Daisuke Sawada, Tomoyuki Katayama, Yuya
Tsukuda, Nozomi Saito, Hiroshi Saito, Shinji
Kakuda, Midori Takimoto-Kamimura, Kazuya
Takenouchi, and Atsushi Kittaka, The Difference
between 14-Epi-previtamin D; and



14-Epi-19-norprevitmain Dj: Their Synthesis and
Binding Affinity for Human VDR, Anticancer
Res., 2012, 32, 319-326.

@ Go Kumagai, Masashi Takano, Kanako
Shindo, Daisuke Sawada, Nozomi Saito, Hiroshi
Saito, Shinji Kakuda, Ken-ichiro Takagi, Midori
Takimoto-Kamimura, Kazuya Takenouchi, Tai C.
Chen, Atsushi Kittaka, C15-functionalized
16-Ene-10,25-dihydroxyvitamin D; is a New
Vitamin D Analog with Unique Biological
Properties, Anticancer Res., 2012, 32, 311-318.

® Amanda L. Garner, Junguk Park, Joseph S.
Zakhari, Colin A. Lowery, Anjali Kumari Struss,
Daisuke Sawada, Gunnar F. Kaufmann, and Kim
D. Janda, A Multivalent Probe for AI-2
Quorum-Sensing Receptors, J. Am. Chem. Soc.,
2011, 133, 15934-15937.

® Kanako Shindo, Go Kumagai, Masashi
Takano, Daisuke Sawada, Nozomi Saito, Hiroshi
Saito, Shinji Kakuda, Ken-ichiro Takagi, Eiji

Ochiai, Kyouhei Horie, Midori
Takimoto-Kamimura, Seiichi Ishizuka, Kazuya
Takenouchi, Atsushi Kittaka, New

C15-Substituted Active Vitamin Ds;, Org. Lett.,
2011, 13, 2852-2855.

ot  Daisuke Sawada, Yuya Tsukuda, Hiroshi
Saito, Shinji Kakuda, Midori
Takimoto-Kamimura, Eiji Ochiai, Kazuya
Takenouchi, and Atsushi Kittaka, Development
of 14-epi-19-Nortachysterol and Its
Unprecedented Binding Configuration for the
Human Vitamin D Receptor J. Am. Chem. Soc.,
2011, 133, 7215-7221.

@2
14-
- VDR
2013, 87 (4) 220.
o
20-
101,25- D
2013, 87 (11) 652.
%)

Kun-Chun Chiang Shasha Zheng
John N. Flanagan Tai C. Chen, 2alpha-(3-
)-lalpha,25- -19-
D; MART-10
2012, 86 (12)
694-696.

@5

CYP24A1
D ATRA APL
2012, 86 (4) 243.
@6
14-
-19- VDR
2012, 86
(3) 181-182.

o7 Daisuke Sawada, Yuya Tsukuda, Hiroshi
Saito, Ken-ichiro Takagi, Shinji Kakuda, Midori
Takimoto-Kamimura, Kazuya Takenouchi, and
Atsushi Kittaka, Evaluation and characterization
of  14-epi-19-nortachysterol  analogs from
14-epi-19-norprevitamin D3, Anticancer Res.
2011, 31, 1501.

@ Atsushi Kittaka, Go Kumagai, Masashi
Takano, Daisuke Sawada, Hiroshi Saito, Shinji
Kakuda, Ken-ichiro Takagi, Eiji Ochiai, Kyohei
Horie, Kazuya Takenouchi, Midori
Takimoto-Kamimura, and Tai C. Chen, Synthesis
of Cl5-Modified 16-ene-active vitamin Dj
analogs for the receptor-ligand interaction studies,
Anticancer Res. 2011, 31, 1500-1501.

®
201
D;
2011, 85 (4) 236.
@
VDR
Arg274Leu
2011, 85,
166-167.
31
a 3 14- -8,9-
-la,25- -19-
2014,3/27-30 134
3 Matsuo M. 12 Sawada D.

DESIGN AND SYNTHESIS OF
20-HETEROARALKYL-10,25-DIHYDROXY

VITAMIN D; ANALOGS AS STRONG
LIGANDS FOR VITAMIN D RECEPTOR,
2013,6/11-14 16th Vitamin D Workshop San
Francisco, USA

@ Sawada D. 11 Synthesis of
14-Epi-19-Nortachysterol and Elucidation of
Its Binding Affinity and Configuration for the
Human Vitamin D Receptor, 2013,6/25-28



14th  Tetrahedron = Symposium (Vienna,
Austria
& Takano M. 11 Sawada D.

C5-C6 Coupling of MART-10 Synthesis and Its
Clinical Implication in Cancer Treatment and
Prevention, 2013,9/23-26 10

ISCC-10
® 6 14-epi-tachysterol

2013,11/20-22 31

a 6 7,8-cis-vitamin D;
VDR

2013,11/5-6 39

o] 6

7,8-cis-1a,,25(0OH),-19-norvitamin D,
2013,10/26 57

@ 6 14-epi-tachysterol
VDR 2013,5/17-18
65 «C )
a3 4
7,8-Cis-14-epi-19-Norvitamin Ds
2013.3.27-3.30 133

@ Takano M. 12 Sawada D.
Synthesis of la,2a,25-Trihydroxyvitamin Dj:
Major Metabolite of
2a-(3-Hydroxypropoxy)-1a,25-dihydroxyvitami
n D; by CYP3A4 2012.12.2-12.3

P450 50

o Kittaka A. 14 Sawada D.
Synthesis of New C15-Substituted
16-Ene-10,25-dihydroxyvitamin D; Analogs and
The Receptor-ligand Interaction Studies
2012.11.27-11.30 13th Tetrahedron Symposium

®_SawadaD. 7 14-epi-19-Nortachysterol
as a New Lead Compound in Vitamin D Family
and Its Unprecedented Binding Configuration for
the Human Vitamin D Receptor 2012.9.2-9.6
XXIInd International Symposium on Medicinal
Chemistry (ISMC 2012, Berlin, Germany)

@7 _Sawada D. 8 REVISITING THE
MINOR VITAMIN D FAMILY: A NEW

TACHYSTEROL ANALOG AND ITS
UNPRESEDENTED BINDING
CONFIGURATION FOR THE HUMAN

VITAMIN D RECEPTOR 2012.6.20-6.22 15th
Vitamin D Workshop Houston Intercontinental
Hotel, USA
8 6 20~
D
2012.11.5-11.6 30

@9 5
14-epi-10,25-dihydroxytachysterol
2012.11.5-11.6 38

Q1 12 20-

2a
2012.10.11-10.13 42

@2 12
2alpha-(3- )-lalpha,25-

-19- D, MART-10
2012.9.28 336

@5 7
D3

lo,4,25-

2012.3.29-3.31
132

e_SawadaD. 7  New Skeleton in Vitamin
D Family: 14-epi-19-Nortachysterol and Its
Unprecedented Binding Configuration for the
Human Vitamin D Receptor 2011.11.29-12.2
AIMECS-11 (8th AFMC International Medicinal
Chemistry Symposium, Tokyo)

@7 _Sawada D. 7 Evaluation and
characterization of  14-epi-19-nortachysterol
analogs from 14-epi-19-norprevitamin D;
2011,5,20-21 4th Symposium Vitamin D Analogs
in Cancer Prevention and Therapy (Homburg,

Germany)
e 6 14-epi-19-Nortachysterol
2011.11.7-8
37
a0 6 14- -19-

VDR
2011,9,30 332

http://www.pharm.teikyo-u.ac.ip
http://www.pharm.okayama-u.ac.jp/department/p
ost-116.html

o
SAWADA DAISUKE

00338691



