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: - . thesis of analogues afwith more selective (or even dif-
Abstract: The design and efficient preparation of twoe0-ana- ferent) biological effects (Figure 1)

logues of calcitriol with restricted side chain conformation is de-
scribed. The formation of the tetrahydropyran ring was achieved idost of the analogues dfsynthesized so far show mod-
zinc chloride mediated etherification of aIcohoIs._Dockin_g experifications at the side chain but only a limited number of
ments show that these novel analogues could be interesting syntlfﬁé-se analogues are in use as dFU@Be structural mod-
ic targets. ifications capable of substantially enhancing the antipro-
Key words: synthesis, vitamin D, analogues, nitriles, diols, drugsi|iferative potency ol include: incorporation of an oxygen
atom at C-22, methyl homologation at C-26 and C-27, ho-
mologation at C-24, epimerization at C-20 and incorpora-
10,25-Dihydroxyvitamin Q3 [1, 1a,25-(OH)-Ds, calcitri-  tion of rigid, conformationally restricting structural units.
ol], the hormonally active form of vitaminsb(2, chole- The natural &,25-(OH)-D, and several synthetic ana-
calciferol), exerts control over important physiologicalogues have been recently co-crystallized within the ac-
processes, including calcium and phosphorus metabolistive site of the ligand binding domain (LBD) of the human
cellular differentiation and immune reacticnidowever, vitamin D receptor (VDRY.This structural information is
the clinical utility of this hormone for treatment of cancersrucial for the rational design of more potent and selective
and skin disorders is limited by its hypercalcaemic effectanalogues of the hormone. Pre-orientation of the side
There is accordingly much interest in the design and syehain in a productive conformation is expected to facili-
tate receptor—ligand binding by lowering the entropic bar-
rier and, hence, a number of semi-rigid analogues of
calcitriol with restricted flexibility of the side chain have
been reported. Yamada and co-workers showed that ho-
mologation at C-22 provided analogues with restricted
side chain conformation and in some cases enhanced bio-
logical propertie$.For example, analogukis 100 times
more efficient than 1,25-dihydroxyvitaming[{1) in cell
differentiation, although its affinity for the vitamin D re-
ceptor (VDR) is one-seventh of that bf whereas ana-
logue 3 shows the highest VDR binding activity so far
known.

As part of our research program on the synthesis of vita-
X min D analogues with restricted side chain conformation,
ﬁ/ we previously reported the synthesis of analogue$ of
modified at C-22.We now report our preliminary results
i on the docking and synthesis of 20-epi analogues of cal-
aX=CHp Y=0 citriol with cyclic side chain.

b X=0,Y=CH . .
’ Inspection of the available crystal structures suggests that
bulky side chains can be effectively hosted within the ac-

1RY R?2=0OH
2RLR?=H

HO"

OH tive site of the receptor. Therefore, we decided to study

4 ° the effect of carbocyclic side chains on the binding and se-
Figurel Structure of calcitriol and some of its analogues with |?Ct'V'_ty Qf the vitamin D analOQU_es- Our dOC_k'nQ Calcu'?‘

restricted side chain conformation. tions indicate that analogues with hexacyclic side chains

should have an enhanced affinity for the receptor as such
SYNLETT 2005, No. 14, pp 21632166 side chains cpntributg to improve the regeptor—ligand
Advanced online pub”&,’mon: 20072005 complementarity. For instance, our'cglculqthns suggest
DOI: 10.1055/s-2005-872224; Art ID: G18705ST that compound8a and5b should exhibit a similar bind-
© Georg Thieme Verlag Stuttgart - New York ing energy to that of the natural ligand. The decrease in the
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binding energy due to the less efficient H-bonds betwe
C25-0 and the histidines H305 and H397 is, according
ourin silico studies, compensated by more efficient va
der Waals interactions of the new side chains with the
pophilic residues of the active site. In our experiments, ti
automated docking program Autoddtkeproduced with

a high degree of accuracy the reported competent conf
mation of 1,25-(OH)-D; in complex with the VDR-

LBD. The docking energy computed by Autodock for the
natural substrate, —15.5 kcal/mol, is similar to the dockir : . !
energies computed f@b and5a: —15.5 and —-15.4 kcal/ H r b
mol, respectively (Figure 2). O \/WQTES 8BS0

A
TBSO 7

9

5

H A
TBSO 11 TBSO 12

< Pil
TBSO

Schemel Reagentsand conditions: (i) see ref. 7, 8; (ii) (a)-TsQ,
pyridine, r.t. (72%); (b) NaCN, DMSO, 90 °C (94%); (iii) LDA, THF
. . . —78 °C, 9 (93%); (iv) DIBAL-H, CHCI,, —10 °C, HCI, NaBHj
Figure2 Most stable conformations &b (left) andsa (right) MeOH (LL: (17%;)12(: 4?4%); ) n-Bu4||\—l‘2F, THF, r.t. 03a 97%;13b-
superimposed to the active conformation of calcitriol. 94%); (vi) ZNCh, CICH,CH,CI, r.t. (14a: 76%: 14b: 93%).

;
13 TBSO 14

The introduction of a hydroxyl group in selected positions
of the side chains of these compounds is predicted to i s .
prove the docking energies by approximately 2.5 kcal/m6 thiS stage the stereochemistryldfand12 at C22 was
(data not shown). However, the preparation of such cominknown. Both diastereoisomeric alcohols were selec-
. : , : (CTEOISOM™! ) .
pounds would require important synthetic efforts. In orddfv€ly desilylated to give diol$3™in e?fg:e'zllent Y'eldsHID'f
to test the accuracy of our computational predictions, V\‘?és 1,3 were su'b'Ject.ed to a ver){oe icient zinc ¢ oride
decided to synthesize and test compoubasand 5b, merﬁated etherlﬁcatlolﬁ'to g|ve14, which cpntamed the
readily available by using a modification of a synthetid€Sired cyclic side C]rlla'r." The S|Iylﬁprot¢ctln? gLOUpf(l))f
methodology developed by us for the preparation of othg/@s remove(?. ohn retiuxing T':F affording aco”'a!'s'
vitamin D analogue&!f the preliminary biological tests, W& Were delighted to see thifa on recrystallization
currently underway, confirm our binding model, we plaff®™ éthyl acetate-hexane afforded crystals, which were
to accomplish the synthesis of more complex structurg4Pi€cted to X-ray crystallographic analysis, establishing
based upon the scaffold presented here. The synthesid®Fructure to be that shown in Figure 3.
the cyclic side chain moieties is outlined in Scheme 1.

atography as colorless oils (17 and 44%, respectively).

o)
Alcohol 7 was readily obtained from the Inhoffen—Lyth- A e
goe diol6 using known methodologi® Tosylation of al- o &N\ Fero o
cohol 7 and displacement of the tosylate with sodiun N /'%15/ S~ /m:;} Be
cyanide afforded nitrile8,®*° which was deprotonated of e M \/ e N \! -
. by ?

with two equivalents of LDA in THF at —78 °C and react.c—
ed with bromided!! to afford nitriles10'® as a mixture of ¢ N/ \y )

'—-‘ q
\’f_) 05/ el \ %@'\O

unseparable diastereoisomers. Reaction of the nififles /cT?_’_‘r-;;.D] oF / o
with DIBAL-H in dichloromethane at —10 °C and subse o ¥, N R
quent acid work up afforded the corresponding aldehyd & 463 b

which were taken up in methanol and reacted with excess
of sodium borohydridé to afford a mixture of alcohols Figure3 X ray structure ofl5a.
119 and12,*° which were cleanly separated by flash chro-
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