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Abstract

The Vitamin D; lactone analogues, (38 and (23)-25-dehydro-&-hydroxyvitamin 3-26,23-lactone (TEI-9647 and TEI-9648) are
antagonists of thed,25-dihydroxyvitamin R (1a,25-(OHRD3) nuclear receptor (VDR)-mediated differentiation of human leukemia
(HL-60) cells. In order to clarify the structure—Vitamin D antagonistic activity relationship, we paid attention to the unique lactone moiety
of TEI-9647 and TEI-9648x-exo-methyleney-lactone structure. We synthesized the exo-methylene-modified analogues (methylene satu-
rated, endo-methylene, methylene-deleted, methyl-substituted, dimethyl-substituted, methylene-replaced with dimethyl and cyclopropane)
and oxygen-modified analogues (oxygen atom replaced with nitrogen and carbon atom) by convergent method using palladium-catalyzed
coupling reaction or direct modification of \ADskeleton. The antagonistic activity in HL-60 cell differentiation evaluating system of
these analogues revealed that any exo-methylene-modified analogues and nitrogen analogue did not have the antagonistic activity, on the
other hand carbon analogue did show. The results suggestabatd-methylene carbonyl” structure of \éBide-chain is crucial for
antagonistic activity. The structure is integral building block of many natural products which have interesting biological and it is thought
that Michael-type addition ak-exo-methylene carbonyl structure with protein nucleophiles such as cysteine would play an important role
for the activities. According to this theory, Michael-type reaction of TEI-9647 and TEI-9648 with cysteine residue in protein related to
VDR/VDRE-mediated genomic actions such as VDR would be essential step of the antagonistic action.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction lactone structure. Here, we report the synthesis and bi-
ological evaluation of lactone-modifietla/1b analogues
Vitamin Dz lactone analogues, TEI-96471d) and (exo-methylene-modified2-8; oxygen-modified: 9, 10;
TEI-9648 (lLb), are the first VI3 antagonists which inhibit ~ Fig. 1) and presumption of the mechanism of the antago-
VDR/VDRE-mediated genomic actions of,25(OH)Ds. nistic activity.
That is, these analogues inhibit cells differentiatjghand
24-OHase gene expressih3] induced by &,25(0OH)Ds.
In order to clarify the mechanism of the activity from
a ligand structure standpoint, we focused on the unique
lactone structure ofla/lb because original natural VD
lactone, a major metabolite ofa]25(OHpD3, has no
antagonistic activity in spite of having a very similar

2. Chemistry

la/lb and 2 were synthesized in our laboratory
as described previously4]. The analogues3-9 were
synthesized employing the convergent protocol using
palladium-catalyzed coupling reactifs]. For synthesis of
3, double-bond isomerization of lactone derivatilda/14b
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Fig. 1. Structures of TEI-96471§), TEI-9648 (Lb), natural VD; lactone and lactone-modified analogue40.
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cyclopropane derivative and Tigwas used for CD-ring The analogud0 was synthesized by direct modification

part (Scheme 2 4a and4b were diastereomers caused by of Vitamin D skeleton. That is, bromination of alcohgd
asymmetric center at 23-position and these were able to sepprepared from Vitamin b [6] gave 31. Lithiation of 31
arate by reverse-phase HPLC but have not been determinedhen conjugation addition to cyclopentenone affor@2d
their absolute configurations. For synthese$ ahd6, cor- a-Exo-methylenation withN-methylaniline-TFA salts and
responding CD-ring part$8 or 19 were prepared by aldol  paraformaldehyde followed by deprotection of silyl groups
reaction ofl7 with acetaldehyde or acetone followed by de- gave 10a/10b with regioisomers33 which were separated
hydration Scheme P by HPLC.

For synthesis of7, epoxydation of aldehydd2 with
trimethyloxosulfonium ylide followed by lactonization

with isobutyric acid gave desired CD-ring precursei 3. Biological evaluations
(Scheme R
For synthesis 08, diol 23 was prepared from ketorfel Binding affinity to VDR and HL-60 cell differentiation

by acetal protection, cyano group reduction, Reformatosky assay were performed as described previo[igly

type allylation with bromomethylacrylate methyl ester and

reduction of ester group. Cyclopropanation23fthen ox-

idation of primary hydroxyl group to generate lactone-ring 4. Results

followed by deprotection of acetal group and bromomethyle-

nation afforded target CD-ring pa26 (Scheme % Biological activities of the analoguez-10 on binding
For synthesis 0f9, target CD-ring29a/29b was syn- affinity to chick intestinal VDR and antagonistic activity in

thesized by Reformatosky type allylation of imine which HL-60 cell differentiation evaluating system were summa-

was prepared froml2 and p-methoxyaniline with bro- rized inTable 1

momethylacrylate ester, lactonization, then deprotection of The VDR binding affinity of the analogues became

p-methoxyphenyl group with CANScheme b weaker than original antagonista/lb except dimethyl
1) OMe
12 HoN MgSO4 16a _ LiBF4 9a (more polar)
_—
Pd cat. H,SO4 9b (less polar)

2
) BT\JLCO Me ZN Br

OMe
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Scheme 5.
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Table 1
VDR binding affinity and antagonistic activity of TEI-9647 side-chain
analogues

Compound VDR binding Antagonistic
affinity? activity?
1a,25(0OHYpD3 100 NA
la/lb (TEI-9647/TEI-9648) 12.3/7.2 100/41
2a 0.5 NA
3a/3b 0.9/1.1 NA/NA
4a/4b 0.6/0.5 NA/NA
5a/5b 4.1/2.4 NA/NA
6a/6b 66.7/9.9 NA/NA
7al7b 22.7/0.7 NA/NA
8a/8b 8.2/1.0 NA/NA
9a/9b 4.4/1.4 NA/NA
10a/10b 1.4/3.5 34/26

aRelative activity which normalized by the potency af,25(OH)D3
(=100) using chick intestinal VDR.

b Relative activity which normalized by the potency I (=100) in
HL-60 cell differentiation system induced byx,P5(OH)D3, NA = not
antagonist.

analoguesa/6b and7a. Any exomethylene-modified ana-
logues2-8 and the nitrogen analogu# did not have the
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mechanism is obviously different from that of ZK159222
and compatible with the fact that each antagonist stabillize
different antagonistic conformatioji0]. The VD3 antag-
onist is expected to be potent therapeutic agent for some
diseases caused by hypersensitivity tg26(OH»D3 such

as Paget’s disease of bofid,12] We expect that this study
would contribute to discovery and development of such
treating agent. Further studies will be reported in due course.
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