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The plethora of actions ofol,25(OH)}D3 in various systems suggested wide clinical applications of vitamin

D nuclear receptor (VDR) ligands in treatments of inflammation, dermatological indication, osteoporosis,
cancers, and autoimmune diseases. More than 3000 vitamin D analogues have been synthesized in order to
reduce the calcemic side effects while maintaining the transactivation potency of the natural ligand. In light

of the crystal structures of the vitamin D nuclear receptor (VDR), novel analogues of the horm@se 1
(OH).D3 with side chains attached to C-12 were synthesized via the convergent-VWtiimer approach.

Among the compounds studied, the analogbeshowed the highest binding affinity for VDR and was the

most potent at inducing VDR transcriptional activity in a transient transfection assay (20% of the
transactivation activity of the natural ligand).

Introduction Y

The biologically active form of vitamin P(cholecalciferol;
lain Figure 1) is its dihydroxy derivative, the steroid hormone
1o,25-dihydroxyvitamin @ [1a,25(OHRD3,2 calcitriol; 1b]. The
first action of this hormone to be discovered was its contribution WH
to bone maintenance through control of calcium and phosphate
metabolismt Subsequently it has been found to participate in
the regulation of the cell cycle, affecting cell proliferation,
differentiation, and apoptosis, and to have immunosuppressive
effects? These roles have suggested that calcitriol could be used
not only for treatment of bone disorders such as osteoporosis
or renal osteodystrophy, but also to treat leukemia, cancer of HO"'37"X HO™
the breast, colon, and prostate gland, psoriasis, autoimmune
diseases, and graft rejectiéf However, the calcemic effects a H 2a,n=1
of excess calcitriol (bone resorption, hypercalcemia, and b, X=Y=0OH 2b,n=2
calcification of soft tissue) limit its use for these therapeutic 2¢,n=3
purposes. As a result, analogues have been sought that have;q e 1. chemical formulas of vitamin P(La, cholecalciferol), the
less intense calcemic effects without appreciable loss of othersteroid hormone d,25-dihydroxyvitamin B [1b, 1a,25(OHYDs,
activities. To date, more than 3000 calcitriol analogues have calcitriol], and the new analogu&a—c.
been synthesized, but few are of clinical intefest.

Rational design of new pharmacologically useful calcitriol Of several complexes in which calcitriol or agonist analogues
analogues must be based on precise understanding of theare bound to a modified human VDR ligand binding domain
mechanisms of action of the native hormone. It is known that ('WDRA LBD) that has the same ligand-binding, RXR-
most of its actions are mediated by a specific nuclear recéptor, associating, and transactivation capacities as those of wild-type
the vitamin D receptor (VDR), which upon binding calcitriol hVDR.4We report here the synthesis of three new calcitriol
undergoes a series of events leading to the activation of theanalogues designed in the light of these crystal struct@ees,
transcription of target genes through the association with the C, together with the results of preliminary evaluation of their
retinoid X nuclear receptor (RXR), coactivators of the p160 molecular biological properties. The hope that the new ligands
family (SRC-1)8 cointegrators that remodel chromatin (CBP), may display novel interaction patterns of pharmacological
and mediator complexes that recruit RNA polymerase (DRIP/ interest rests on their side chains being located at C12 rather
TRAP) 1 In previous work we determined the crystal structures than at C17, the position of the side chain in the natural hormone

and in most existing analogues.
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Figure 2. Docking of 2b into the LBP of hVDR\A. (A) Possible

conformation for the side chain &b (gray) superimposed with the E2 h g f
active_ con_formati_on ofd,25(OH)iD3 (blue). (B) V_DR—Zb complex. HO“‘Ej::> m Ho“‘<j=:> ‘E O, ) m (j:>
The view is restricted to the region of the protein (H3, H6, H11, and  tgso tBso 1 Bso 1
H12) contacting the aliphatic side chain. Only residues closer than 4.0 13 12 1
A are shown. The ligand is shown in stick representation with carbon 08% | i
and oxygen atoms in gray and red, respectively. The hydrogen bonds °l
formed by the 25-OH group d@b are shown as green dashed lines. o H C
j k A 1
citriol—hVDRA LBD complex mentioned above showed that o = 8% : v 3 o1 z
only side chains attached to the “northern” positions of the  TBSO » 733015 TBSO 16 TBS<>5
calcitriol CD system (C17, C18, and C12) would be able to aR s and conditions: PDC. £ (67%). (b) LDA, THE:
interact with these histidines via a terminal hydroxyl group. TMsc?i%‘f'%g(Srl\cf(é'lb'c'ﬁ”(ségﬁ)m steps). (fj) D%AE_-L,THI’: ©1%).
Since analogues with side chains at C17 have already beene) TBSCI, imidazole, DMF (99%). (in-CPBA, CHCl (93%). (g) LiNE®,
extensively investigated and the effects of moving the side chain HMPA, EtO (97%). (h)m-CPBA, CHCl, (98%). (i) MsCl, EtN, CH,Cl,
to C18 have also been examin€dé we decided to explore  (98%). () Na/naphthalene, THF (84%). (kpHL0% Pd/C, EtOAC (94%).
the possibilities of placing the side chain at G12ccording (h PDC, CHC, (91%).
to our calculations, a C12-borne hydroxy-terminated side chain
must contain seven carbon atoms between C12 and termina
25-OH groups (standard-€C distances equal to 5.6 A
for sp® carbons) in order to fit into the VDR ligand-binding
pocket, considered in our design that both C12 and the terminal
25-OH occupy the same locations, relative to the VDR, as in
the VDR bound to the natural hormone. Imposing the additional
requirement that the side chain should terminate in the same

dimethylhydroxymethyl group as calcitriol, we therefore set out
to prepare compoungb (Figures 1 and 2), in Wh'c,h thg side prepared lithium diethylamin€, to afford the allylic alcohol
chain is seven carbons long, and compouaiand2c, inwhich 15y excellent yield. Epoxidation a2 followed by mesylation
it has one less and one more carbon, respectively. Interactlonsaﬁorded the epoxymesylate, which was treated with soldium

of the 2b side chain with the protgin (Figure 2) are similar to naphthalenide in dry THE to afford allylic alcohol15 (81%
those of 1,25(0OH)D; except with Leu309 and decreased yje|q from its isomerl2). Finally, standard catalytic hydrogena-

o)
I
[e]
o

Ithe known alcohol6 (itself obtained from commercially
available vitamin BR)618by methods recently developed in our
laboratory?®

The preparation of compoun8l (Scheme 2) began with
oxidation of 6 followed by o,(-unsaturation of the resulting
ketone7 by Saegusa’s methodologyReduction of the resulting
enone8 provided the alcoho®, which was protected as the
silyl ether derivativel0. Epoxidation of10 from the less-
hindered face affordedl, which was opened with freshly

interactions with H305 and H397. tion of 15 to 16, followed by oxidation of the C12 hydroxyl
Synthesis.Our strategy for the synthesis of analogQes-c group, affordedb in 49% overall yield from6 (12 steps).

was based on the convergent Wittigorner approach’ which Ketones4 were prepared by palladium-catalyzed coupling

is based on the coupling of the anion of compouhdthe between the appropriate side chains, in terminal alkyne form

phosphine oxide of ring A) with ketones—c, which comprise (18), and compound.7, the enol triflate of5 (Scheme 3). The
the CD ring system and a C12-borne side chain (Scheme 1).required alkynes were prepared straightforwardly by metalation
Ketones4a—c would be obtained by attaching the appropriate of 1-pentyne, 1-hexyne, and 1-heptyne withexyllithium in
side chain to the C12-ketorg which would be prepared from  dry THF, followed by trapping of the resulting alkynyl carban-
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Scheme 3.Retrosynthesis of Ketoneta—c
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Scheme 4.Synthesis of Side-Chain Building Block8a—c?
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aReagents and conditions: (&jlexLi, THF; acetone (6790%). (b)
KH, 1,3-diaminopropane (7786%).

Scheme 5. Synthesis of Ketoneda—c?
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Scheme 6. Synthesis of Analogue®a—c?
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aReagents and conditions: (a) LDA, THEL (72%). (b)18a—c, Cul,

a8 Reagents and conditions: (@uLi, THF, —78 °C; 4a—c. (b) TBAF,
THF.

17 and alkynes18. Best yields of the desired produci®
(>96%) were obtained when catalytic amounts of copper iodide
and bis(triphenylphosphine)palladium(ll) chloride were sequen-
tially added to a mixture ol7 and the appropriate alkyrkS

in dry diethylamine at OC. Because of their lability, enynes
19 were immediately hydrogenated (10% Pd/C, EtOAc) to
compound®2, which after desilylation and standard oxidation
of the resulting alcohol23 afforded ketoneda—c.

Finally, Wittig—Horner coupling of the anion of phosphine
oxide 3 with ketones4a—c, followed by desilylation of the
protected analoguéXta—c, afforded the target compounds,
2b, and2cin overall yields of 19%, 16%, and 19%, respectively,
from known alcohol6 (Schemes 6 and 1).

Biological Activity. The strength of the interaction @a,
2b, and 2c for hVDRA LBD, was evaluated by titration and
competition experiments with electrospray ionization mass
spectrometry (ESI-MS), a technique that allows characterization
of noncovalent interactiof$ and is accordingly increasingly
being used to study ligand bindidg:3° This methodology is
used to evaluate electrostatic and H-bond specific contacts
involved in the binding of a ligand to a receptor. Changes in
electrostatic and H-bond contacts upon chemical modification
of the ligand are directly reflected in the ESI-MS data, which
allows a qualitative classification of ligands. This qualitative
classification obtained by ESI-MS is similar to that obtained
by classical competition experimerts?6-30 ES|-MS titration
experiments were performed for hV2R_BD binding with 23,
2b, 2c, 10,25(0OHYD3, and as negative control @ds-retinoic
acid, ligand for the retinoid NRs with no known affinity for
VDR. The dominant species were found to be fM12H]*"
and [M + 11HJ** charged states of the monomeric hVRR
LBD. All analogues2a, 2b, and2c, were shown by ESI-MS
to bind to VDR LBD. Figure 3 shows the ESI mass spectra
obtained after addition of a 3-fold molar excess 21§ to
hVDRA. ESI mass spectra f@a, 2c, 1a,25(0OH}D3, and 9eis-
retinoic acid are shown in Figure S3 in the Supporting

(PRsPRPdCh, ELNH. (c) Hp, 10% Pd/C, EtOAc. (d) TBAF, THF. (e) PDC,

Information. The ligand with the highest affinity is shown as
CH,Cl,.

the species with the highest relative abundance. The relative
abundances of liganded hV2Rare the following: 95%, 69%,

ions with acetone (Scheme 4). Treatment of the resulting internal 71%, and 60% of complexes in the presencea?b(OH}D3,
alkynes20a—c with KAPA basé? (potassium 3-aminopropyl-  2a, 2b, and2c, respectively. Increasing the incubation time from
amide) caused triple-bond migration to the terminal positions 15 min to 24 h does not change the relative abundance values.
they have in the desired produci8. Enol triflate 17 was The relative affinity of hVDR\ for the ligand is in the orde2c
prepared by treating ketortewith freshly prepared LDA and < 2a < 2b < 1a,25(0OH)D3;. Competition experiments (Sup-
reaction of the resulting lithium enolate with triflimid21 porting Information for2b) confirmed the titration experiments
(Scheme 5). Various sets of reaction conditions were then results. Together these results suggest a gradual increase in the
evaluated for the key coupling reaction between the enoltriflate affinity of hVDRA for 2c, 2a, and2b.



1512 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 5

Gdezalvion et al.

12+
(3 s (58
100
I 2s21.12| 2750.34
| i _ v
n +431/Da 5 B
) @ VDR 2525-95 iI 276165
! zsaom
maos | o ' u! 2771.91
7.97 2414.90 2567.36 2618.48 2301 o
209 | BT84 ¥ W i gt ¥
Jlireaddind u,ﬁ-;..dnu,' *«m ~»-*h[rfu.fm J""M' %Wu *Mwu’*’ ‘k'fm a."'u Wwﬁ'uda'rw P
1 00 2481.684
VDR
B) ” 2486.50 e 100 %
Ilm‘ 18 v
mru
229?.73 rﬁf M 1027
22?5‘79 ! 23”:: 537091 2467.79 ~fM ﬁu" 259471 mas l-f'u-.h-lmﬂ{n 86582823532903 a4
o ats “mwf'wwﬂ WMM QLTSN oy
2200 2250 2300 2350 2400 2450 2500  es0  2e00 " ode 2700 2750 2800 2es0 o0 ™’

Figure 3. ESI mass spectra of hVDR LBD. The mass spectra were ac

quired at 20 V. (A) After addition of 3 molar egji(Mi¥l = 431 Da).

71% of the detected species correspond to the hXBRb complex and 29% are related to unliganded VDR. (B) Before any ligand.

The functional activity of compound®a—c was evaluated
in a transient transfection assay in COS-7 cells transfected with
luciferase reporter plasmid and an expression vector for a Gal4
DBD—hVDRA LBD fusion protein. All ligands have low to
very low transactivation properties. At a concentration of”10
M, the transactivation activities &fa—c were only 8%, 20%,
and 6%, respectively, compared with that of calcitriol (Figure
4A). This low response may reflect the difficulty for the C12-
side chain analogues to reach the H305 and H397 contact point
due to the influence of C18. Figure 4B shows the daossponse
curve of the2b analogue with &,25(OH)}D3 as reference. At
105 M 2b had the same transactivation activity as the natural
ligand. The agonist behavior @b was confirmed by obtaining,
under standard conditions, small crystals of hVDRBD —2b
complex that were isomorphous to hVBRLBD—1a,25-
(OH),D3.1°-12 The finding that increasing the concentration of
2b from 1077 to 10°° M increases its relative transactivation
activity from 17% to 100% might be due either to a partial
stabilization of an inactive VDR conformation or to a faster
catabolic degradation in vivo than that of calcitriol (sufficiently
faster to reduce its activity at I0M but not so fast as to achieve
any significant reduction at I8 M). Both mechanisms might
allow 2b to be of pharmacological utility.

Conclusion. Analysis of the crystal structure of hVDR
LBD —calcitriol complex led to the design and synthesis of novel
calcitriol analogues bearing a side chain at C12 instead of C17
(compounds2a—c). The affinities of these analogues for
hVDRA LBD were 60-71% that of calcitriol, and at a
concentration of 10 M their abilities to activate a Gal4 DBD
hVDRA LBD construct ranged from 6% to 20% that of
calcitriol, with the2b analogue being the most active.

Relative Transactivation P

Experimental Section

desA,B-Androstan-8-one (7).Pyridinium dichromate (15.48 g,
41.19 mmol) was added to a solution®{1.58 g, 10.2 mmol) in
dry CH,Cl, (40 mL). The mixture was stirred fo8 h atroom
temperature (RT) and filtered through a layer of silica gel. The
solids were washed with g and the solution was concentrated.
The residue was purified by flash chromatography on silica gel

A
g 120%

% 100% -
80% -
60% -
40% -

20% A

0%

1a,25-(OH)2-D3

2a 2b 2c
B
160
140 -
120
100
80 4

60

luciferase fold induction

40 -

20

log (ligand concentration)

Figure 4. (A) Transactivation of a luciferase reporter gene induced
by 10~ M concentrations oa—c, as percentages of that induced by
calcitriol. (B) Dose-response curves f&a (O), 1a,25(0OH}D; (4),
2c(x), and2b (H). COS cells were transiently transfected with a Gal4-
VDR expression plasmid and 17m5-TATA-Luc reporter. Cells were
treated with either vehicle or the indicated concentration of the various
compounds.

(4% EtOAc/hexanes) to afford[1.55 g, 39.95 mmol, 97%R =
0.4 (15% EtOAc/hexanes), colorless oil].
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desA,B-Androst-9(11)-en-8-one (8).A lithium diisopropyl-
amide solution was prepared by the addition"®éLi (8.69 mL,
21.29 mmol, 2.20 M solution in hexanes) to dry diisopropylamine
(3.20 mL, 22.9 mmol) at-78 °C. The stirred mixture was allowed
to warm until the formation of LDA as semisolid slurry. After
cooling at—78 °C, the LDA slurry was dissolved with dry THF
(60 mL) and a solution of (2.49 g, 16.38 mmol) in dry THF (50
mL) was then added dropwise. The mixture was allowed to warm

Journal of Medicinal Chemistry, 2006, Vol. 49, No1513

and concentrated in vacuo. The residue was purified by flash
chromatography on silica gel (7% EtOAc/hexanes) to §i2¢2.45
g, 8.71 mmol, 97%R; = 0.55 (20% EtOAc/hexanes), white solid
(mp 34°C)].
8p-tert-Butyldimethylsilyloxy-des-A,B-11a,120-epoxyandrostan-
9a-0l (13). 3-Chloroperoxybenzoic acid (3.05 g, 17.6 mmol) was
added in portions to a solution 422 (1.66 g, 5.88 mmol) in dry
CH.CI, (40 mL) at 0°C. The mixture was stirred in the dark for 2

to RT and was stirred for 1 h. The enolate was trapped by the h at RT. The reaction was quenched by the addition of aqueous

addition of dry chlorotrimethylsilane (3.11 mL, 24.57 mmol) at
—78°C. The mixture was allowed to warm to°C for 2.5 h and
the reaction was quenched with aqueous NakLl@D mL). The
aqueous layer was extracted with,@t(2 x 50 mL) and the
combined organic solution was dried, filtered, and concentriated
a vacuum The residue was dissolved in dry @EN (100 mL),
and palladium(ll) acetate (3.86 g, 17.2 mmol) was added. After
the mixture was stirred overnight at RT, the formation of a
palladium mirror was observed. The solids were removed by
filtration through a layer of silica gel and washed with&t(50
mL). Aqueous NaHC® (100 mL) was added to the organic
solution, and the aqueous layer was extracted witDHE8 x 80
mL). The combined organic solution was dried, filtered, and

concentrated in vacuo. The residue was purified by flash chroma-

tography on silica gel (8% EtOAc/hexanes) to g84.19 g, 14.58
mmol, 89% in two step$ = 0.35 (15% EtOAc/hexanes), colorless
oil].

desA,B-Androst-9(11)-en-8-ol (9). Diisobutylaluminum hy-
dride (21.1 mL, 21.1 mmoll M solution in hexanes) was added
dropwise to a stirred solution &(2.11 g, 14.1 mmol) in dry THF
(80 mL) at—78 °C. The reaction mixture was stirred for 15 min

N&S;04 (40 mL). The resulting mixture was vigorously shaken
and the aqueous layer was extracted with,Chl (2 x 30 mL).
The combined organic solution was washed with NaH@D mL,
saturated aqueous solution), dried, filtered, and concentrated in
vacuo. The residue was purified by flash chromatography on silica
gel (6% EtOAc/hexanes) to givE3 [1.71 g, 5.76 mmol, 98%d
= 0.5 (20% EtOAc/hexanes), white solid (mp 63)].
8f-tert-Butyldimethylsilyloxy-des-A,B-11a,120-epoxyandrostan-
9a-ylmethanesulfonate (14)Dry Et;N (1.01 mL, 7.27 mmol) and
dry methanesulfonyl chloride (0.52 mL, 6.7 mmol) were succes-
sively added to a solution df3 (1.67 g, 5.59 mmol) in dry CkCl,
(15 mL) at —10 °C. After the mixture was stirred for 1 h, the
reaction was quenched with water (25 mL). The aqueous layer was
extracted with CHCI, (2 x 25 mL) and the combined organic
solution was dried, filtered, and concentrated in vacuo to give crude
14[2.10 g, 5.55 mmol, 99% = 0.5 (20% EtOAc/hexanes), same
Rras13, colorless oil]. Crudd.4 was submitted to the next reaction
without further purification.
8f-tert-Butyldimethylsilyloxy-des-A,B-androst-9(11)-en-12-
ol (15). A 3 M sodium naphthalenide solution was prepared by the
addition of a solution of naphthalene (7.89 g, 60 mmol) in dry THF

and quenched by the successive addition of water (50 mL) and (20 mL) to Na (1.38 g, 60 mmol, small pieces) at RT. After being
HCI (200 mL, 5% aqueous solution). The aqueous layer was stirred overnight, the resulting deep blue solution (18.2 mL, 54.5

extracted with BO (3 x 100 mL) and the combined organic
solution was washed with aqueous NaHCQ@O00 mL), dried,

mmol) was added to a solution of crudlé (2.05 g, 5.45 mmol) in
dry THF (25 mL) at—10 °C. The mixture was stirred for 20 min

filtered, and concentrated in vacuo. The residue was purified by and the reaction was quenched by the careful addition,6f (30

flash chromatography on silica gel (9% EtOAc/hexanes) to §ive
[1.95 g, 12.8 mmol, 91%R = 0.4 (20% EtOAc/hexanes), colorless
oil]. Due to its volatility, high-vacuum drying is not recommended
for 9.

8f-tert-Butyldimethylsilyloxy-des-A,B-androst-9(11)-ene (10).
Imidazole (3.42 g, 50.3 mmol) ardrt-butyldimethylsilyl chloride
(6.06 g, 40.23 mmol) were successively added to a solutidh of
(1.53 g, 10.1 mmol) in dry DMF. The mixture was stirred overnight

mL). The aqueous layer was extracted with EtOAc(30 mL)
and the combined organic solution was dried, filtered, and
concentrated in vacuo. The residue was purified by flash chroma-
tography on silica gel (7% EtOAc/hexanes) to affdisl[1.30 g,
4.58 mmol, 84%R; = 0.4 (20% EtOAc/hexanes), white solid (mp
113°C)].

8p-tert-Butyldimethylsilyloxy-des-A,B-androstan-12x-ol (16).
A catalytic amount of 10% palladium on active carbon (0.050 g)

at room temperature. Brine (100 mL) was added and the aqueouswas suspended in a solution D6 (1.244 g, 4.41 mmol) in EtOAc

layer was extracted with hexanes 350 mL). The combined

(60 mL). The mixture was stirred under hydrogen atmosphere

organic solution was dried, filtered, and concentrated in vacuo. The (balloon pressure) fo2 h at RT. Thesolids were removed by
residue was purified by flash chromatography on silica gel (hexanes)filtration through a short layer of silica gel, and the product was

to yield 10[2.66 g, 10.0 mmol, 99%R = 0.8 (hexanes), colorless
oil].

8p-tert-Butyldimethylsilyloxy-des-A,B-9a,11la-epoxyandros-
tane (11).3-Chloroperoxybenzoic acid (4.87 g, 27.7 mmol) was
added in portions to a stirred solution (2.61 g, 9.81 mmol) in
dry CH,Cl, (100 mL) at 0°C. The mixture was stirred in the dark
for 2 h at 0°C and for 3 h atoom temperature. The reaction was
quenched by the addition of B&0O, (80 mL, saturated aqueous
solution). The resulting mixture was vigorously shaken and the
aqueous layer was extracted with &Hpb (3 x 50 mL). The

eluted with EfO. After concentration in vacuo, the residue was
purified by flash chromatography on silica gel (7% EtOAc/hexanes)
to afford 16 [1.18 g, 4.15 mmol, 94%R: = 0.5 (20% EtOAc/
hexanes), white solid (mp 73C)].
8p-tert-Butyldimethylsilyloxy-des-A,B-androstan-12-one (5).
Pyridinium dichromate (5.90 g, 15.7 mmol) was added to a solution
of 16 (1.11 g, 3.91 mmol) in CkCl, (60 mL). After the mixture
was stirred for 36 h at RT, the solids were removed by filtration
through a layer of silica gel and washed with@&t The solution
was concentrated in vacuo and the resulting residue was purified

combined organic solution was dried, filtered, and concentrated in by flash chromatography on silica gel (5% EtOAc/hexanes) to afford
vacuo. The residue was purified by flash chromatography on silica 5[1.00 g, 3.56 mmol, 91%R = 0.6 (20% EtOAc/hexanes), white

gel (3% EfO/hexanes) to afford1[2.58 g, 9.12 mmol, 93%R
= 0.3 (hexanes), colorless oil].
8f-tert-Butyldimethylsilyloxy-des-A,B-androst-11-en-@-ol (12).
A lithium diethylamide solution was prepared by the addition of
"BuLi (17.9 mL, 44.7 mmol, 2.5 M solution) to a stirred solution
of E,NH (5.87 mL, 53.9 mmol) in dry BEO (20 mL) at—40 °C.
After 20 min, a solution ofL1 (2.53 g, 8.98 mmol) in dry EO (25
mL) and dry HMPA (12.0 mL, 69.0 mmol) were sequentially added.
The mixture was stirred for 13 h at RT, and the reaction was
qguenched with a few drops of aqueous )dHand HCI (100 mL,
2% aqueous solution). The aqueous layer was extracted with Et
(3 x 50 mL) and the combined organic solution was dried, filtered,

solid (mp 32°C)].

2-Methyl-3-heptyn-2-ol (20a)."Hexyllithium (35.7 mL, 80.0
mmol, 2.24 M solution in hexanes) was added to a stirred solution
of 1-pentyne (7.88 mL, 80.0 mmol) in dry THF (100 mL)-a78
°C. After the mixture was stirred fd. h at RT,acetone (6.17 mL,
84.0 mmol) was added at78 °C. The mixture was allowed to
warm to RT fo 3 h and the reaction was quenched with aqueous
NH,CI (100 mL). The aqueous layer was extracted witfORt3 x
70 mL) and the combined organic solution was dried, filtered, and
concentrated in vacuo. The residue was purified by flash chroma-
tography on silica gel (9% EtOAc/hexanes) to gk@a [8.51 g,
67.2 mmol, 84%R; = 0.65 (25% EtOAc/hexanes), colorless oil].



1514 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 5

2-Methyl-3-octyn-2-ol (20b). See20a for reaction procedure.
Reagents:"hexyllithium (35.7 mL, 80.0 mmol, 2.24 M solution in
hexanes), 1-hexyne (9.00 mL, 80.0 mmol), and dry THF (100 mL).
Product: 20b [10.1 g, 72.0 mmol, 90%R = 0.65 (25% EtOAc/
hexanes), colorless oil].

2-Methyl-3-nonyn-2-ol. (20c).See20afor reaction procedure.
Reagents"hexyllithium (35.7 mL, 80.0 mmol, 2.24 M solution in
hexanes), 1-heptyne (10.5 mL, 80.0 mmol), and dry THF (100 mL).
Product: 20c[8.30 g, 53.6 mmol, 67%R = 0.65 (25% EtOAc/
hexanes), colorless oil].

2-Methyl-6-heptyn-2-ol (18a).A suspension of KH in mineral
oil was washed with dry hexane (8 40 mL) under an argon
atmosphere and dried under high vacuum to give KH (9.06 g, 225
mmol) as a gray powder. Dry 1,3-diaminopropane (120 mL) was
added at 0C and the mixture was stirredrf@ h atthis temperature

Gdazalvion et al.

[0.222 g, 0.547 mmol, 96%R = 0.6 (25% EtOAc/hexanes),
colorless oil].
20(17—12)-abea8f-tert-Butyldimethylsilyloxy-des-A,B-24-tri-
homo-21-norcholest-11-en-20(22)-yn-25-ol (19cpHee 19a for
experimental procedure. Reagents: Cul (5 mg), bis(triphenylphos-
phine)palladium(ll) chloride (5 mg)17 (0.194 g, 0.462 mmol),
18c¢(0.216 g, 1.41 mmol), and dry B4H (12 mL). Product:19c
[0.193 g, 0.457 mmol, 99%R = 0.6 (25% EtOAc/hexanes),
colorless oil].
(17—12p)-abea8p-tert-Butyldimethylsilyloxy-des-A,B-24-homo-
21-norcholestan-25-ol (22a)A catalytic amount of 10% palladium
on active carbon (5 mg) was suspended in a solutidk9af(0.060
g, 0.144 mmol) in EtOAc (5 mL). The mixture was stirred under
hydrogen atmosphere (balloon pressure) for 16 h at RT. The solids
were removed by filtration through a layer of silica gel, and the

and then overnight at room temperature. Caution must be takenproduct was eluted with ED. The solution was concentrated in

due to hydrogen evolution during the first 3 h. The above solution
(40 mL, 75 mmol) was added to nezfha (3.15 g, 25.0 mmol) at
room temperature. After being stirred for 20 h, the mixture was
cautiously poured over crushed ice/NaCl. XiH(150 mL, saturated

vacuo and the residue was purified by flash chromatography on

silica gel (10% EtOAc/hexanes) to affo?@a[0.055 g, 0.131 mmol,

of 91%, R = 0.5 (20% EtOAc/hexanes), colorless oil].
(17—12p)-abeo8p-tert-Butyldimethylsilyloxy-des-A,B-24-di-

aqueous solution) was added and the aqueous layer was extractelomo-21-norcholestan-25-0l.(22b).See 22a for experimental

with Et,O (6 x 40 mL). The combined organic solution was dried,
filtered, and concentrated in vacuo. The residue was purified by
flash chromatography on silica geH82% EtOAc/hexanes) to give
18a[2.44 g, 19.25 mmol, 77%R = 0.55 (25% EtOAc/hexanes),
colorless oil].
2-Methyl-7-octyn-2-ol (18b).Seel8afor experimental proce-
dure. Reagents: 40 mL (75 mmol approximately) of KH solution
and20b (3.51 g, 25.0 mmol). Producti8b [2.91 g, 20.8 mmol,
83%, Ry = 0.55 (25% EtOAc/hexanes), colorless oil].
2-Methyl-8-nonyn-2-ol. (18c).See18a for experimental pro-
cedure. Reagents: 40 mL (75 mmol approximately) of KH solution
and20c (3.73 g, 24.2 mmol). Producti8c[3.22 g, 20.9 mmol,
86%, Ry = 0.55 (25% EtOAc/hexanes), colorless olil].
8p-tert-Butyldimethylsilyloxy-des-A,B-androst-11-en-12-yl-tri-
fluoromethanesulfonate (17)A lithium diisopropylamide solution
was prepared by the addition Wfexyllithium (1.03 mL, 2.46 mmol,
2.38 M solution in hexanes) to neéBNH (0.367 mL, 2.65 mmol)
at —78 °C. The cooling bath was removed and the temperature
was allowed to warm until the formation of LDA as semisolid
slurry. After cooling again at-78 °C the solid was dissovled in
THF (8 mL). A solution of5 (0.534 g, 1.89 mmol) in dry THF (8
mL) was added by cannula. The mixture was stirreddftr at RT
and the enolate was trapped with a solution of the triflim&de
(2.49 g, 3.78 mmol) in dry THF (8 mL) at30 °C. The mixture
was allowed to warm to RT and then stirred for 2 days. Water (50
mL) was added and the aqueous layer was extracted with @t
x 40 mL). The combined organic solution was dried, filtered, and
concentrated in vacuo. The residue was purified by flash chroma-
tography on silica gel (20% Ci€l,/hexanes and 8% EtOAc/
hexanes) to givel7 [0.564 g, 1.36 mmol, 72%R: = 0.6 (2%
EtOAc/hexanes), white solid (mp 4C)] and 0.139 g of recovered
starting material (26%).
20(17—12)-abeca8p-tert-Butyldimethylsilyloxy-des-A,B-24-
homo-21-norcholest-11-en-20(22)-yn-25-o0l (19a)A catalytic
amount of Cul (2 mg) and of (BR),PdCL (2 mg) were sequentially
added to a mixture of7 (0.065 g, 0.157 mmol) anti8a (0.059 g,
0.471 mmol) in dry EINH (4 mL) at 0°C. The mixture was stirred
at 0°C for 1 h and at RT for 1 h. NKCI (10 mL, saturated aqueous
solution) was added and the aqueous layer was extracted wih Et
(3 x 10 mL). The combined organic solution was dried, filtered,
and concentrated in vacuo. The residue was purified by flash
chromatography (8% EtOAc/hexanes) to giv#a[0.060 g, 0.154
mmol, 98%, R = 0.6 (25% EtOAc/hexanes), colorless oil].
Compoundl9adecomposes in contact with air at RT. It must be
stored at—20 °C under argon.
20(17—12)-abea8p-tert-Butyldimethylsilyloxy-des-A,B-24-di-
homo-21-norcholest-11-en-20(22)-yn-25-ol (19bBee 19a for
experimental procedure. Reagents: Cul (5 mg), bis(triphenylphos-
phine)palladium(ll) chloride (5 mg)17 (0.236 g, 0.570 mmol),
18b(0.239 g, 1.71 mmol), and dry #H (12 mL). Product:19b

procedure. Reagents: 10% palladium on active carbon (10 mg),
19b (0.204 g, 0.504 mmol), and EtOAc (10 mL). Produ@&2b
[0.193 g, 0.469 mmol, 93%R = 0.5 (20% EtOAc/hexanes),
colorless oil].
(17—12p3)-abec8p-tert-Butyldimethylsilyloxy-des-A,B-24-tri-
homo-21-norcholestan-25-ol (22c)See 22a for experimental
procedure. Reagents: 10% palladium on active carbon (10 mg),
19¢(0.177 g, 0.504 mmol), and EtOAc (10 mL). Prod@2c[0.165
g, 0.463 mmol, 92%R = 0.5 (20% EtOAc/hexanes), colorless
oil].
20(17—12p)-abeadesA,B-24-Homo-21-norcholestan-8,25-
diol (23a). Tetrabutylammonium fluoride trihydrate (0.644 g, 2.04
mmol) was added to a solution @2a (0.054 g, 0.136 mmol) in
dry THF (5 mL). The stirred mixture was refluxed for 2 days. Water
(15 mL) was added and the aqueous layer was extracted with Et
(3 x 10 mL). The combined organic solution was dried, filtered,
and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (22% EtOAc/hexanes) to di8a
[0.032 g, 0.116 mmol, 85%R = 0.35 (30% EtOAc/hexanes),
colorless oil] and recovere2Ra (0.008 g, 15%).
20(17—12p)-abeadesA,B-24-Dihomo-21-norcholestan-8,25-
diol (23b). See23afor experimental procedure. Reagents: Tetra-
butylammonium fluoride trihydrate (1.14 g, 3.63 mm@2b (0.149
g, 0.363 mmol), and dry THF (3 mL). Produc23b[0.101 g, 0.341
mmol, 94%,R: = 0.35 (30% EtOAc/hexanes), colorless oil].
20(17—12p)-abecdesA,B-24-Trihomo-21-norcholestan-&,-
25-diol (23c). See 23a for experimental procedure. Reagents:
Tetrabutylammonium fluoride trihydrate (0.921 g, 2.92 mm28¢
(0.124 g, 0.292 mmol), and dry THF (3 mL). Produ@3c[0.088
g, 0.283 mmol, 97%R; = 0.35 (30% EtOAc/hexanes), colorless
oil].
20(1712p)-abea25-Hydroxy-desA,B-24-homo-21-nor-
cholestan-8-one (4a)Pyridinium dichromate (0.140 g, 0.374 mmol)
was added to a solution @3a(0.035 g, 0.125 mmol) in dry CH
Cl, (4 mL). The mixture was stirred in the darkrfé h at RT. The
reaction was monitored by TLC (double elution with 3:3:7 EtOAc/
CH.Cl,/hexanes). The solids were removed by filtration through a
layer of silica gel and the product was eluted with@t The
solution was concentrated in vacuo and the residue was purified
by flash chromatography on silica gel (20% EtOAc/hexanes) to
afford 4a[0.034 g, 0.123 mmol;>95%, R = 0.35 (30% EtOAc/
hexanes), colorless oil].
20(17—12p)-abeo25-Hydroxy-desA,B-24-dihomo-21-nor-
cholestan-8-one (4b).See 4a for experimental procedure. Re-
agents: Pyridinium dichromate (0.208 g, 0.553 mma8h (0.082
g, 0.277 mmol), and dry C}l, (6 mL). Product: 4b [0.074 g,
0.252 mmol, 91%Rs = 0.45 (40% EtOAc/hexanes), colorless oil].
20(1712p)-abes25-Hydroxy-desA,B-24-trihomo-21-nor-
cholestan-8-one (4c).See 4a for experimental procedure. Re-
agents: Pyridinium dichromate (0.169 g, 0.450 mma8¢ (0.070
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g, 0.225 mmol), and dry Ci€l, (5 mL). Product: 4c [0.066 g,
0.214 mmol, 95%Rs = 0.45 (40% EtOAc/hexanes), colorless oil].
20(17—12f)-abeala-Triisopropylsilyloxy-25-hydroxy-24-homo-

21-norvitamin D3 Triisopropylsilyl Ether (24a). "BuLi (0.312 mL,
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10 concentrators (Amicon), and diluted at a final concentration of
105 M. Experiments were performed on an electrospray ionization
time-of-flight mass spectrometer (LCT, Micromass) with continu-

ously infusion of the sample into the ion source at a flow rate of 4

0.449 mmol, 1.44 M solution in hexanes) was added dropwise to uL/min by a Harward Model 11 syringe pump (Harward Ap-

a solution of dry3 (0.333, 0.499 mmol) in THF (3 mL) at78°C.
The resulting deep red solution was stirred-at8 °C for 1 h
followed by the slow addition of a solution of the ketofe(0.035

paratus). All ligands were dissolved in ethanol at4®!. Ligand
(0.6 uL) was added to 4QiL of protein solution (2.4 nmol) to
maintain an ethanol level below 1.5%. Titration experiments were

g, 0.125 mmol) in dry THF (3 mL). The mixture was stirred in the done by adding 3 molar equiv of ligands to protein solution,
dark far 3 h at—78 °C and for 4 h at-40 °C. The reaction was  followed by 15 min of incubation at 2C. Competition experiments
guenched with KO (15 mL) and the aqueous layer was extracted were performed by adding an equimolar mixture of two ligands
with Et,O (3 x 10 mL). The combined organic solution was dried, (each in 3-fold molar excess) to the protein, followed by 15 min
filtered, and concentrated in vacuo. The residue was purified by of incubation. To prevent dissociation in the gas phase during the
flash column chromatography on silica gel (15% EtOAc/hexanes) ionization and desorption process, the cone voltage was optimized

to afford 24a[0.065 g, 0.089 mmol, 71%3 = 0.7 (30% EtOAc/
hexanes), colorless oil].
20(17—12p)-abeola-Triisopropylsilyloxy-25-hydroxy-24-di-
homo-21-norvitamin Ds Triisopropylsilyl Ether (24b). See24a
for experimental procedure. ReageniBuLi (0.46 mL, 0.66 mmol,
1.44 M solution in hexanes}, (0.490, 0.735 mmol), dry THF (4.5
mL), and4b (0.054 g, 0.184 mmol) in dry THF (4 mL). Product:
24b[0.090 g, 0.121 mmol, 66%& = 0.65 (30% EtOAc/hexanes),
colorless oil].
20(17—-12p)-abecla-Triisopropylsilyloxy-25-hydroxy-24-tri-
homo-21-norvitamin D; Triisopropylsilyl Ether (24c). See24a
for experimental procedure. ReagefiBuLi (0.41 mL, 0.59 mmol,
1.44 M solution in hexanesy (0.441, 0.661 mmol), THF (4 mL),
and4c (0.054 g, 0.184 mmol) in dry THF (4 mL). Produc®4c
[0.080 g, 0.118 mmol, 64%R = 0.65 (30% EtOAc/hexanes),
colorless oil].
20(1712p)-abeola,25-Dihydroxy-24-homo-21-norvitamin
D3 (2a). Tetrabutylammonium fluoride trihydrate (0.052 g, 0.165
mmol) was added to a solution @#a (0.036 g, 0.049 mmol) in
dry THF (1.5 mL). The mixture was stirred in the dark for 20 h at
room temperature. Aqueous NEI (10 mL) was added and the
aqueous layer was extracted with@t(3 x 8 mL). The combined

to 10-20 V. Mass data were acquired in the positive ion mode on

a mass range of 1066000m/z. Calibration of the instrument was
performed with the multiply charged ions produced by a separate
injection of horse heart myoglobin diluted toi@ in 1:1 water/
acetonitrile (v/v) acidified with 1% (v/v) formic acid. The relative
abundance of the different species present on ESI mass spectra was
measured from their respective peak intensities. All experiments
were reproduced at least three times.

Cell Culture, Transfection, and Transactivation AssaysCOS
cells (SV40-transformed African Green monkey kidney) were
maintained in Dulbecco’s modified Eagle’s medium supplemented
with 5% dextran-coated charcoal-stripped foetal bovine serum and
gentamycin. Transient transfection assays were carried out in 24-
well plates (10 cells/well) by a standard calcium phosphate
coprecipitation technique as described previodsiZells were
cotransfected with precipitates containing 250 ng of receptor
expression vectors PXJ440 VIDR(118-427 A166-216), 2ug
of reporter gene % 17m-TATA-Luc(luciferase), g of an internal
control recombinant expressifiggalatosidase pCH110lacZ (Phar-
macia), and completed to 2@y with carrier DNA ppSK. Cells
were treated with 10" to 10> M 1a,25(OH)}D3, analogues, or
ethanol vehicle. Thirty-six hours following transfection, cells

organic solution was dried, filtered, and concentrated in vacuo. The extracts were assayed for luciferase ghdalactosidase activity.

residue was purified by flash column chromatography on silica gel

Luciferase values were normalizeddayalactosidase activity. The

(60—65% EtOAc/hexanes) and by reverse-phase chromatographydata were expressed as luciferastld induction values, where

(RP 18, 18% HO/MeOH) to give2a[0.020 g, 0.048 mmol; 95%,
R: = 0.5 (EtOAc), white solid].
20(17—12p)-abeola,25-Dihydroxy-24-dihomo-21-norvita-
min D3 (2b). See 2a for experimental procedure. Reagents:
Tetrabutylammonium fluoride trihydrate (0.068 g, 0.215 mmol),
24b (0.040 g, 0.054 mmol), and dry THF (1.5 mL). Produét
[0.022 g, 0.050 mmol, 92% = 0.5 (EtOAc), white solid].
20(17—12f)-abecla,25-Dihydroxy-24-trihomo-21-norvita-
min D3 (2c). See 2a for experimental procedure. Reagents:
Tetrabutylammonium fluoride trihydrate (0.095 g, 0.301 mmol),
24c (0.057 g, 0.075 mmol), and dry THF (2 mL). Produ@c
[0.032 g, 0.074 mmol>95%, R = 0.5 (EtOAc), colorless oil].
Expression, Purification, and Crystallization of hVDRA. The
LBD of the human VDR (residues 118127 A166-216) was
cloned in pET28b expression vector, to obtain an N-terminal
hexabhistidine-tagged fusion protein, and overproducegkicheri-
chia coliBL21 (DE3) strain. Cells were grown in LB medium and
subsequently induced f® h at 20°C with 1 mM isopropyl thio-
pB-p-galactoside. The purification included a metal affinity chro-
matography step on a cobalt-chelating resin. After tag removal by
thrombin digestion, the protein was further purified by gel filtration.
The final protein buffer was 10 mM Tris, pH 7.5, 100 mM NacCl,
and 5 mM dithiothreitol. Purity and homogeneity were assessed
by sodium dodecyl sulfate (SDS) and native polyacrylamide gel

electrophoresis (PAGE) and denaturant and native electrospray

ionization mass spectrometry. Crystallization trials of the different

complexes were performed at’@ by vapor diffusion in hanging

drops with 0.1 M 2--morpholino)ethanesulfonic acid (Mes), pH

6.0, and 1.4 M ammonium sulfate as precipitant agent.
Electrospray lonization Mass Spectrometry. The hVDRA

LBD was concentrated to about 2 mg/mL, and dialyzed extensively

against 50 mM ammonium acetate at §+6.5 by use of Centricon-

the value 1 is assigned to the normalized luciferase activity of blank
cultures.
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