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New chemical entities 16-ene-25-ketone 2b and the corresponding oxime 3b and oxime ether
4b, analogues of natural calcitriol (1), were rationally designed and synthesized on a milligram
scale. Chemical introduction of the oxime ether functionality in analogue 4b was successful
via direct oximation of an intact vitamin D conjugated triene system. Even though all three
analogues are at least as antiproliferative in vitro as calcitriol (1) even at physiologically relevant
low nanomolar concentrations, only side chain ketone 2b is more transcriptionally potent than
calcitriol (1). Although oxime O-methyl ether 4b lacks the traditional side chain hydrogen bond-
donating OH group of the natural hormone and lacks also the oxime-NOH group of analogue
3b, surprisingly, oxime ether 4b retains 20% of the transcriptional potency of natural calcitriol
(1). In terms of in vivo toxicity (hypercalcemia), ketone 2b is strongly calcemic in rats, whereas
oxime 3b and oxime ether 4b are considerably less calcemic (i.e., safer) than calcitriol (1).

Introduction

Many analogues of the hormone 1R,25-dihydroxyvi-
tamin D3 (calcitriol, 1) have been synthesized.1 Several
of these analogues currently are being evaluated as drug
candidates for cancer chemoprevention2 and chemo-
therapy3 as well as for chemotherapy of other human
diseases such as osteoporosis, psoriasis, and immune
system disorders.4,5 Successful drugs must have an
acceptable therapeutic index, with a good separation
between efficacy and toxicity (e.g., hypercalcemia) and
desirable pharmacological properties (e.g., high meta-
bolic stability).4,5 Because the main sites of catabolism
are located in the C,D-ring side chain of calcitriol (1),1
analogues with catabolism-blocking side chain olefinic6-8

and acetylenic9 unsaturation, including side chain keto
versions,10,11 have been developed. No side chain oxime
analogues, however, have been reported. We report here
preparation of 25-keto analogue 2 and its oxime deriva-
tives 3 and 4. Our rationale for designing 16-ene 25-
oxime analogues (3) and oxime O-methyl ether ana-
logues (4) was based on three major considerations: (i)
the 16-ene modification usually amplifies an analogue’s
biological potency;12 (ii) the hydroxyl group of oximes 3
occupies the same region of space as the important 25-
OH group of the natural hormone, and therefore oxime
analogues 3 should bind well to the transporter D
binding protein (DBP) and to the vitamin D receptor
(VDR);1 and (iii) some oximes and oxime O-ethers have
desirable biological activities including antibiotic no-
cardicin,13 an antibacterial pyrrolidine oxime O-methyl

ether,14 a muscarinic agonist oxime O-alkynyl ether,15

a dehydroquinase inhibitor oxime,16 anticonvulsant
oxime ethers,17 dioxygenase inhibitor sethoxydim,18

mitochondrial complex I inhibitor oximes,19 juvenile
hormone biosynthesis inhibitor brevioxime,20 an agri-
cultural fungicide oxime O-methyl ether,20 antihyper-
glycemic oximes ethers,21 an antitumor oxime O-tert-
butyl ether,22 and a drug candidate oxime O-ethyl
ether.23 Some steroidal (but not vitamin D) oximes are
natural products,24 inhibitors of squalene-hopene cy-
clase,25 superestrogens,26 digitalis-like,27 and cyto-
chrome P450 inhibitors.28,29

Chemistry Structures

The oxime functionality can be installed, in principle,
either before or after coupling of the A-ring with the
C,D-ring. Before such coupling, installing the O-methyl
oxime group into the C,D-ring side chain tert-butyl
ketone 6 proceeded smoothly to give exclusively the (E)-
oxime methyl ether 7 (stereochemical assignment based
on 13C nuclear magnetic resonance (NMR) spectro-
scopy),30 due presumably to the strongly unfavorable
steric congestion that would be present in the corre-
sponding (Z)-oxime methyl ether.30 Horner-Wadsworth-
Emmons (HWE) coupling6 of the corresponding enan-
tiomerically pure C-8 ketone oxime methyl ether 8 with
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racemic A-ring phosphine oxide 931 produced, after
desilylation, calcitriol O-methyl oxime analogues 4 as
two diastereomers, with enantiomerically pure diaste-
reomer 4b of natural A-ring stereochemistry predomi-
nating. As we have done generally before,8,31 tentative
assignment of the A-ring stereochemistry in analogues
4 was achieved based on characteristic 1H NMR peaks
and optical rotations (Table 1). The success of this
convergent approach allows considerable diversity in
preparation of a library of oxime O-ethers from the same
A-ring component 9 and diverse 8-keto 25-oxime ethers
8.

It was not possible, however, to use this approach to
prepare the free oxime 3. tert-Butyl ketone 6 did not
react with hydroxylamine O-tert-butyldimethylsilyl ether,
and oxidation of a C-8 alcohol side chain oxime did not
produce much of the desired C-8 ketone 25-oxime.
Therefore, installing the oxime functionality was post-
poned until after coupling of the A-ring and C,D-ring
fragments. Thus, C-8,C-25-diketone 10 (Scheme 2) was
chemospecifically mono-olefinated11 at C-8 (due to steric
hindrance at C-25) producing, after desilylation, mainly
25-keto analogue 2b with natural A-ring stereochem-
istry. Likewise, HWE coupling of enantiomerically pure
diketone 10 with racemic A-ring phosphine oxide 9
followed by direct reaction with hydroxylamine hydro-
chloride and then desilylation gave desired oxime
analogues 3, with natural A-ring diastereomer 3b
predominating. Importantly, the oxime installation step

using hydroxylamine hydrochloride in pyridine solvent
proceeded without destroying the acid-sensitive conju-
gated triene unit of this seco-steroid. This successful
direct oximation of the 25-keto group of an intact
vitamin D molecule suggests that such a terminal
oximation step using diverse O-substituted hydroxyl-
amines will be useful generally in producing a library
of new and diverse 25-oxime ether analogues. As first
proof of this principle, direct oximation of the 25-keto
group of an intact calcitriol (1) analogue proceeded in
high yield using hydroxylamine O-methyl ether to form
analogue oxime O-methyl ethers 4a and 4b; similarly
prepared were side chain phenyl oxime O-methyl ethers
4a′ and 4b′ (eq 1).

Analogues 2-4 exhibited the A-ring conformational
equilibrium commonly observed in vitamin D com-
pounds (eq 2).12 The ratio of these two chair conform-
ers was determined using the 1H NMR vicinal coupling
constant between H(3R)-H(4â) for analogues 2a, 3a,
and 4a and between H(3â)-H(4R) for analogues 2b,
3b, and 4b (Table 2). This widely accepted method32,33

uses reference data reported for the coupling constants

Table 1. 1H NMR (δ) and Optical Rotation (deg)
Characteristics of Analogues

analogue C18-CH3 C6-H C7-H [R] D
25

2a 0.68 6.37 6.09 +17.2
2b 0.67 6.39 6.09 -4.3
3a 0.69 6.38 6.10 +4.8
3b 0.68 6.39 6.09 -3.7
4a 0.69 6.38 6.10 +6.0
4b 0.69 6.38 6.09 -2.4

Scheme 1

Scheme 2
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of cyclohexanol protons (Jax,ax ) 11.1 Hz, Jeq,eq ) 2.7
Hz).34

Biology
Our standard protocol for measuring in vitro anti-

proliferative activity in murine keratinocytes31 showed
that only three of the new analogue diastereomers with
natural 1,3-diol stereochemistry (i.e., 2b, 3b, and 4b)
are antiproliferative, as seen also in other recent
analogues.8 Keto analogue 2b, oxime 3b, and oxime
O-methyl ether 4b are all at least as antiproliferative
as calcitriol (1), even at low nanomolar concentrations
(Figure 1). Terminal phenyl oxime O-methyl ether 4b′,
however, is not antiproliferative even at 300 nM con-
centration (data not shown).

VDR-mediated in vitro transcriptional activities of
these new antiproliferative analogues were tested in rat
osteosarcoma ROS 17/2.8 cells, using a standard pro-
tocol.35 Ketone 2b was found to be four times more
potent (ED50 ) 0.1 nM) than calcitriol (1, ED50 ) 0.4

nM), whereas both oxime 3b (ED50 ) 10 nM) and oxime
ether 4b (ED50 ) 2.0 nM) were less potent than calcitriol
(1). The high transcriptional potency of ketone 2b is
especially noteworthy because it lacks the natural 25-
OH group that for many years was considered essential
for strong binding to the VDR and for high genomic
activity.1,11,36,37 Indeed, competitive binding affinities38

for these analogues (relative to 100% binding of the
natural hormone) are as follows: 2b, 35%; 3b, 3%; 4b,
<3%. Thus, even though ketone 2b binds only moder-
ately to the VDR, it is at least as antiproliferative as
calcitriol (1), providing yet another example of an
analogue in which there is no direct relationship be-
tween its VDR binding affinity and its transcriptional
activity.36,37 Furthermore, although oxime ether 4b
lacks a side chain OH group and has less than 3% of
the VDR binding affinity of calcitriol (1), surprisingly,
4b does have considerable transcriptional potency, 20%
that of calcitriol (1).

As a measure of their safety in animals, each ana-
logue 2b, 3b, and 4b was administered orally to rats
daily for 1 week at a similar dose (0.5 µg/kg body weight)
to calcitriol (1).38 Whereas keto analogue 2b did signifi-
cantly elevate levels of calcium in the blood of rats (i.e.,
hypercalemia), oxime 3b and oxime ether 4b did not
cause elevation in the blood calcium levels (Figure 2).

In conclusion, new chemical entities 3b and 4b are
the first members of a new family of oxime analogues
of calcitriol (1) that may be used as sensitive molecular
probes of the delicate relationship between chemical
structure and biological activity.39 Oxime O-methyl
ether 4b is also an important example, like our recent
sulfone analogues,38,40 showing that a side chain OH
group is not necessary for a calcitriol (1) analogue to
produce powerful biological responses. On the basis of
the data presented here, oxime 3b and oxime ether 4b
deserve more biological evaluation especially in vivo to
establish their practical therapeutic and prophylactic
potential in various human diseases.

Table 2. 1H NMR (δ), JH-H Coupling Constants (Hz), and
Ratio of A-Ring Chair Conformersa

analogue C3-H (m) C4-HR (dd) C4-Hâ (dd) R:â

2a 4.22 2.30 2.62 42:58
(13.2, 7.6) (13.2, 4.0)

2b 4.24 2.60 2.31 39:61
(13.0, 3.2) (13.0, 6.0)

3a 4.22 2.28 2.62 61:39
(13.2, 6.0) (13.2, 3.4)

3b 4.24 2.61 2.32 44:56
(13.6, 3.4) (13.6, 6.4)

4a 4.22 2.30 2.62 37:63
(13.2, 8.0) (13.2, 3.8)

4b 4.24 2.60 2.32 39:61
(13.4, 3.6) (13.4, 6.0)

a Spectra were recorded at 400 MHz in CDCl3.

Figure 1.

Figure 2. Effects of vitamin D3 analogues on urinary calcium
excretion in rats. Animals were treated with 0.5 µg/kg body
weight of test compound po for 7 consecutive days, and urinary
excretion of calcium was measured during days 3-7. Values
are mean ( SE from three animals in each group.
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Experimental Section

General. Unless otherwise noted, reactions were performed
in oven-dried glassware under an atmosphere of ultrahigh-
purity argon. Diethyl ether (Et2O) and tetrahydofuran (THF)
were distilled from sodium benzophenone ketyl immediately
prior to use. Methylene chloride (CH2Cl2) and triethylamine
(Et3N) were distilled from calcium hydride prior to use.
Organolithiums were titrated prior to use following known
methods. All chemicals were purchased from commercial
suppliers and used without further purification unless other-
swise noted. Column chromatography was performed using
short path silica gel (particle size <230 mesh.) High-perfor-
mance liquid chromatography (HPLC) was carried out using
a Rainin HPLX system equipped with two 25 mL/min pre-
parative pump heads using Rainin Dynamax 10 mm × 250
mm (semipreparative) columns packed with 60 Å silica gel (8
µm pore size) as C-18-bonded silica and a Rainin Dynamax
UV-C dual-beam variable-wavelength detector set at 265 nm.
Yields are reported for pure products (>95% based on their
chromatographic and spectroscopic homogeneity) and are
unoptimized. Optical rotations were measured at the sodium
line using a Perkin-Elmer 141 Polarimeter and are the average
of seven values. NMR spectra were obtained on a Varian XL-
400 spectrometer, operating at 400 MHz for 1H and 100 MHz
for 13C. Chemical shifts are reported in parts per million (ppm,
δ) and are referenced to CDCl3 (7.26 and 77.0 ppm). Ultraviolet
(UV) spectra were obtained using a Cary Bio 400 spectropho-
tometer at ambient temperature. Infrared (IR) spectra were
obtained using a Perkin-Elmer 1600 Series FT-IR instrument.
Absorption bands are reported in wavenumbers (cm-1). Low-
and high-resolution mass spectra (LRMS and HRMS) were
obtained with electronic or chemical ionization (EI or CI) at
The Ohio State University on a Micromass QTOF Electrospray
mass spectrometer. Purity of final analogues was judged to
be >95% based on their chromatographic homogeneity under
two different HPLC conditions.

Iodide (-)-1 was prepared according to previously published
methods,35 and all intermediates were spectroscopically identi-
cal to those previously reported.

Synthesis of tert-Butyl Ketone (+)-6. A 15 mL round-
bottom flask was charged with diisopropylamine (42 mg, 0.41
mmol, 7.4 equivsdistilled over calcium hydride prior to use)
and 2 mL of distilled THF. This solution was cooled to -78
°C, and n-butyllithium (250 µL of 1.6 M solution, 0.43 mmol,
7.2 equiv) was added via syringe. Pinacolone (39 mg, 0.39
mmol, 7.0 equivsdried over potassium carbonate and activated
molecular sieves for 24 h immediately prior to use) was
dissolved in 1 mL of distilled THF and cooled to -78 °C at
which point it was added to the reaction flask via cannula.
The reaction was left to stir for 30 min. Hexamethylphos-
phoramide (HMPA, 250 µL) was then added via syringe, and
the reaction mixture was allowed to stir for an additional 15
min. A solution of iodide (-)-5 (25 mg, 0.06 mmol) in 1 mL of
THF was cooled to -78 °C and added to the reaction mixture
via cannula. The reaction mixture was stirred at -78 °C for 2
h and then warmed to -41 °C in a dry ice/acetonitrile bath
where it was allowed to warm to room temperature over the
course of 2 h and to stir for an additional 6 h. The resulting
yellow solution was quenched with 2 mL of water, extracted
with ethyl acetate (3 × 25 mL), dried over MgSO4, concen-
trated, and purified using silica gel column chromatography
(0-20% ethyl acetate/petroleum ether) to give a colorless oil
(18 mg, 76%). 1H NMR (400 MHz, CDCl3): δ 5.26 (t, J ) 1.4
Hz, 1H), 4.11 (d, J ) 2.0 Hz, 1H), 2.46-1.25 (m, 16H), 1.13 (s,
9H), 1.00 (s, 3H), 0.98-0.96 (d, J ) 6.8 Hz, 3H), 0.97-0.93 (t,
J ) 8 Hz, 9H), 0.59-0.53 (q, J ) 7.8 Hz, 6H). 13C NMR (100
MHz, CDCl3): δ 216.1, 160.2, 119.7, 69.0, 55.1, 46.7, 44.1, 36.6,
36.2, 35.8, 35.0, 31.7, 30.7, 26.4, 22.3, 22.0, 18.7, 18.1, 6.9, 4.9.
IR (neat): 2956, 1708, 1607, 1456, 1366, 1235, 1143, 1082,
1029, 972, 725 cm-1. [R]25

D +19.4° (c ) 2.34, CHCl3). HRMS
calcd for C26H48O2SiNa [M + Na], 443.3321; found, 443.3318.

Synthesis of CD-Ring Ketone (+)-10. A 15 mL round-
bottom flask was charged with tert-butyl ketone 2 (18 mg, 0.4
mmol) dissolved in 5 mL of distilled THF. Tetrabutylammo-

nium fluoride hydrate (TBAF, 112 mg, 10 equiv) and 4 Å
molecular sieves (100 mg) were added to the reaction flask,
and this solution was left to stir at reflux for 4 h. Additional
portions of TBAF and sieves were added every 4 h until
starting material was no longer visible by analytical thin-layer
chromatography (TLC). The reaction solution was filtered
through a plug of silica gel using ethyl acetate as the eluent
to remove excess TBAF and molecular sieves. This solution
was concentrated, and a 10 mL round-bottom flask was
charged with the resulting material dissolved in 5 mL of
distilled dichloromethane (CH2Cl2). To this solution was added
4 Å molecular sieves (20 mg), 4-methylmorpholine-N-oxide
(NMO, 10 mg, 0.09 mmol, 2 equiv), and a catalytic amount of
tetrapropylammonium perruthenate (TPAP). After the solution
was stirred for 1 h, TLC showed complete consumption of
starting material. The reaction solution was filtered through
a plug of silica gel using ethyl acetate as the eluent to remove
TPAP and molecular sieves. This solution was concentrated
and purified using silica gel column chromatography (20%
ethyl acetate/petroleum ether) to give a colorless oil (9 mg,
71%). 1H NMR (400 MHz, CDCl3): δ 5.29-5.28 (m, J ) 1.6
Hz, 1H), 2.87-2.82 (dd, J ) 10.6, 6.6 Hz, 1H), 2.47-1.31 (m,
16H), 1.12 (s, 9H), 1.05-1.04 (d, J ) 6.8 Hz, 3H), 0.80 (s, 3H).
13C NMR (100 MHz, CDCl3): δ 215.9, 211.1, 157.8, 120.3, 63.1,
53.8, 44.1, 40.5, 36.5, 36.0, 34.4, 32.9, 27.1, 26.4, 24.0, 21.9,
21.7, 17.25. IR (neat): 2955, 1702, 1461, 1367 cm-1. [R]25

D

+15.6° (c ) 0.90, CHCl3). HRMS calcd for C20H32O2Na [M +
Na], 327.2300; found, 327.2302.

Synthesis of Analogues 2a and 2b. Anhydrous phosphine
oxide (()-9 (79 mg, 0.14 mmol, 1.4 equiv) was dissolved in 2.5
mL of distilled THF and cooled to -78 °C. Phenyllithium (88
µL of a 1.7 M solution in cyclohexane-ether, 0.15 mmol, 1.5
equiv) was added dropwise via syringe resulting in a deep red
color. This solution was left to stir for 20 min. Anhydrous CD-
ring ketone (+)-10 (31 mg, 0.10 mmol) was dissolved in 1.5
mL of distilled THF and cooled to -78 °C. This solution was
then added to the reaction mixture via cannula, and the red
color persisted. This solution was stirred at -78 °C in the dark
for 7 h at which point it was quenched with saturated
potassium carbonate (1 mL) and potassium sodium tartrate
(2 mL of a 2 M solution). The product was extracted with ethyl
acetate (4 × 60 mL), dried using MgSO4, filtered, concentrated,
and purified using silica gel column chromatography (3-10%
ethyl acetate/hexanes buffered with 1% Et3N) to give a
colorless oil. A 5 mL round-bottom flask was charged with this
oil dissolved in 2.5 mL of THF, TBAF hydrate (241 mg, 0.92
mmol, 14 equiv), 4 Å molecular sieves (100 mg), and 3 drops
of Et3N sequentially. This solution was left to stir in the dark
at room temperature for 8 h. The reaction mixture was purified
directly using silica gel column chromatography (99% ethyl
acetate buffered with 1% Et3N) to give 2a and 2b (15 mg, 38%)
as a mixture of diastereomers (1:3.5), which were separated
using normal phase HPLC chromatography (90% ethyl acetate/
hexanes, buffered with 1% Et3N) to give 2 mg (5%, 3% overall)
of the natural A-ring isomer 2b. 2a (1â, 3R): 1Η NMR (400
MHz, CDCl3): δ 6.41-6.38 (d, J ) 11.2 Hz, 1H), 6.11-6.08
(m, J ) 11.2 Hz, 1H), 5.32 (m, 1H), 5.30 (m, 1H), 5.02 (m, 1H),
4.44 (m, 1H), 4.22 (m, 1H), 2.83-2.80 (dm, J ) 11.6 Hz, 1H),
2.65-1.33 (m, 19H), 1.13 (s, 9H), 1.03-1.01 (d, J ) 6.8 Hz,
3H), 0.67 (s, 3H). [R]25

D ) -4.3° (c ) 0.08, CHCl3). HRMS calcd
for C29H44O3Na [M + Na], 463.3188; found, 463.3163. 2b (1R,
3â): 1Η NMR (400 MHz, CDCl3): δ 6.39-6.36 (d, J ) 11.2
Hz, 1H), 6.12-6.09 (m, J ) 11.2 Hz, 1H), 5.34-5.33 (t, J )
1.6 Hz, 1H), 5.30-5.29 (t, J ) 1.4 Hz, 1H), 5.01 (m, 1H), 4.45
(m, 1H), 4.24 (m, 1H), 2.83-2.79 (dm, J ) 12 Hz, 1H), 2.62-
2.58 (dm, J ) 12.8 Hz, 1H), 2.47-1.33 (m, 18H), 1.12 (s, 9H),
1.03-1.01 (d, J ) 6.8 Hz, 3H), 0.68 (s, 3H). 13C NMR (100 MHz,
CDCl3): δ 216.1, 159.6, 147.7, 142.6, 132.9, 124.9, 120.3, 116.8,
111.6, 70.6, 66.9, 58.3, 50.1, 45.2, 42.8, 36.6, 36.1, 35.3, 32.7,
29.7, 29.4, 28.8, 26.4, 23.6, 21.9, 21.6, 16.9. IR (neat): 3855,
3752, 3677, 3386, 2924, 2846, 1702, 1654, 1561, 1432, 1362,
1209, 1051, 1010, 846 cm-1. UV (MeOH) λmax 264 nm (ε 8157).
[R]25

D ) 17.2° (c ) 0.16, CHCl3). HRMS calcd for C29H44O3Na
[M + Na], 463.3188; found, 463.3175. It was possible to
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separate the diastereomers using normal phase HPLC al-
though optimal separation was obtained only by using very
small injections (∼200 µg or less). Because of the tedious
nature of this separation, purification was done so that only
the minimum necessary amount of 2b for biological testing
and complete characterization was obtained. The overall yield
and complete characterization for the unnatural A-ring isomer
2a has not yet been determined as unnatural A-ring com-
pounds of this kind are known to be considerably less biologi-
cally interesting.1,38,40

Synthesis of Analogues 3a and 3b. Anhydrous phosphine
oxide (()-9 (89 mg, 0.15 mmol, 2 equiv) was dissolved in 2.5
mL of distilled THF and cooled to -78 °C. Phenyllithium (93
µL of a 1.8 M solution in cyclohexane-ether, 0.17 mmol, 2.2
equiv) was added dropwise via syringe resulting in a deep red
color. This solution was left to stir for 20 min. Anhydrous CD-
ring ketone (+)-10 (23 mg, 0.08 mmol) was dissolved in 1.5
mL of distilled THF and cooled to -78 °C. This solution was
then added to the reaction mixture via cannula, and the red
color persisted. This solution was stirred at -78 °C in the dark
for 7 h at which point it was quenched with saturated
potassium carbonate (1 mL) and potassium sodium tartrate
(2 mL of a 2 M solution). The product was extracted with ethyl
acetate (4 × 60 mL), dried using MgSO4, filtered, concentrated,
and purified using silica gel column chromatography (3-10%
ethyl acetate/hexanes buffered with 1% Et3N) to give a
colorless oil. A 5 mL round-bottom flask was charged with a
portion of this material (27 mg, 0.04 mmol) dissolved in 2 mL
of anhydrous pyridine. Hydroxylamine hydrochloride (51 mg,
0.74 mmol, 20 equiv) was added, and the reaction was allowed
to stir in the dark at room temperature for 24 h at which point
TLC analysis showed complete consumption of starting mate-
rial and the appearance of a new, more polar product. This
material was purified directly using silica gel column chro-
matography (10% ethyl acetate/hexanes buffered with 1%
Et3N) to give a colorless oil. A 5 mL round-bottom flask was
charged with this oil dissolved in 2.5 mL of THF, TBAF
hydrate (135 mg, 0.52 mmol, 14 equiv), 4 Å molecular sieves
(60 mg), and 3 drops of Et3N sequentially. This solution was
left to stir in the dark at room temperature for 8 h. The
reaction mixture was purified directly using silica gel column
chromatography (99% ethyl acetate buffered with 1% Et3N)
to 3a and 3b (14 mg, 61%) as a mixture of diastereomers (1:
3.5), which were separated using reverse phase HPLC chro-
matography (38% H2O/acetonitrile) to give 2.3 mg (16%, 5%
overall) of 3a and 4.0 mg (29%, 10% overall) of 3b. 3a (1â,
3R): 1H NMR (400 MHz, CDCl3): δ 6.40-6.37 (d, J ) 11.2
Hz, 1H), 6.10-6.07 (m, J ) 11.2 Hz, 1H), 5.32 (m, 1H), 5.29
(m, 1H), 5.02 (m, 1H), 4.45 (m, 1H), 4.22 (m, 1H), 2.83-2.80
(dm, J ) 11.6 Hz, 1H), 2.64-2.60 (dd, J ) 12.8 Hz, J ) 3.4
Hz, 1H), 2.38-1.24 (m, 18H), 1.11 (s, 9H), 1.03-1.01 (d, J )
6.8 Hz, 3H), 0.68 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 167.7,
159.7, 147.1, 142.7, 132.7, 125.0, 120.3, 116.8, 112.7, 71.4, 66.7,
58.4, 50.0, 45.4, 42.8, 37.4, 37.2, 35.3, 32.6, 29.4, 28.8, 27.7,
26.1, 24.3, 23.6, 21.4, 17.0. [R]25

D ) -3.7 (c ) 0.23, CHCl3).
HRMS calcd for C29H45NO3Na [M + Na], 478.3297; found,
478.3336. 3b (1R, 3â): 1H NMR (400 MHz, CDCl3): δ 6.39-
6.36 (d, J ) 11.6 Hz, 1H), 6.12-6.09 (m, J ) 11.6 Hz, 1H),
5.34-5.33 (t, J ) 1.6 Hz, 1H), 5.30 (m, 1H), 5.02-5.01 (m, J
) 1.6 Hz, 1H), 4.44 (m, 1H), 4.24 (m, 1H), 2.83-2.79 (dm, J )
12 Hz, 1H), 2.63-2.59 (dm, J ) 13.6 Hz, 1H), 2.38-1.69 (m,
18H), 1.11 (s, 9H), 1.03-1.02 (d, J ) 6.8 Hz, 3H), 0.69 (s, 3H).
13C NMR (100 MHz, CDCl3): δ 167.7, 159.7, 147.6, 142.7,
132.9, 125.0, 120.3, 116.8, 111.7, 70.7, 66.8, 58.4, 50.0, 45.2,
42.8, 37.4, 37.2, 35.3, 32.6, 29.4, 28.8, 27.7, 26.1, 24.3, 23.6,
21.4, 17.0. IR (neat): 3331, 2955, 2919, 2837, 1661, 1461, 1367,
1349, 1049, 932, 797, 756 cm-1. UV (MeOH) λmax 266 nm (ε
8502). [R]25

D ) +4.8° (c ) 0.33, CHCl3). HRMS calcd for C29H45-
NO3Na [M + Na], 478.3297; found, 478.3336.

Synthesis of tert-Butyl Methoxy Oxime (+)-7. A 15 mL
round-bottom flask was charged with ketone (+)-3 (125 mg,
0.30 mmol) dissolved in 5 mL of anhydrous pyridine. Meth-
oxylamine hydrochloride (124 mg, 1.49 mmol, 5 equiv) was
added, and the reaction was allowed to stir at room temper-

ature for 8 h. The solution was poured into 30 mL of water
and extracted using CH2Cl2 (3 × 25 mL). This solution was
dried using MgSO4, filtered, concentrated, and purified using
silica gel column chromatography (10% ethyl acetate/hexanes)
to give a colorless oil (90 mg, 67%). 1H NMR (400 MHz,
CDCl3): δ 5.26 (m, 1H), 4.12 (m, 1H), 3.78 (s, 3H), 2.28-1.22
(m, 16H), 1.10 (s, 9H), 1.02 (s, 3H), 0.98-0.97 (d, J ) 6.8 Hz,
3H), 0.98-0.94 (t, J ) 7.8 Hz, 9H), 0.60-0.54 (q, J ) 8.0 Hz,
6H). 13C NMR (100 MHz, CDCl3): δ 166.9, 160.3, 128.5, 69.0,
60.9, 55.1, 46.7, 37.3, 37.1, 35.9, 35.0, 31.4, 30.7, 27.8, 26.6,
24.8, 22.0, 18.8, 18.1, 6.9, 4.9. IR (neat): 2954, 1704, 1616,
1463, 1365, 1236, 1147, 1056, 742 cm-1. [R]25

D ) +4.4° (c )
0.94, CHCl3). HRMS calcd for C27H52NO2Si [M + H], 450.3767;
found, 450.3763.

Synthesis of CD-Ring Ketone (+)-8. A 15 mL round-
bottom flask was charged with tert-butyl ketone (+)-7 (77 mg,
0.17 mmol) dissolved in 20 mL of distilled THF. TBAF (314
mg,1.20 mmol, 7 equiv) and 4 Å molecular sieves (314 mg) were
added to the reaction flask, and this solution was left to stir
at reflux for 16 h. The reaction solution was filtered through
a plug of silica gel using ethyl acetate as the eluent to remove
excess TBAF and molecular sieves. This solution was concen-
trated and purified using silica gel column chromatography
(30% ethyl acetate/hexanes) to give a colorless oil. A 10 mL
round-bottom flask was charged with this material dissolved
in 5 mL of distilled dichloromethane (CH2Cl2). To this solution
was added 4 Å molecular sieves (100 mg), NMO (95 mg, 0.82
mmol, 5 equiv), a catalytic amount of TPAP, and 1 drop of
triethylamine. After the solution was stirred for 30 min, TLC
showed complete consumption of starting material. The reac-
tion solution was filtered through a plug of silica gel using
ethyl acetate as the eluent to remove TPAP and molecular
sieves. This solution was concentrated and purified using silica
gel column chromatography (15% ethyl acetate/hexanes) to
give a yellow oil (38 mg, 67%). 1H NMR (400 MHz, CDCl3): δ
5.28-5.27 (m, J ) 1.4 Hz, 1H), 3.77 (s, 3H), 2.86-2.82 (dd, J
) 10.6, 6.6 Hz, 1H), 2.47-2.39 (dt, J ) 10.8, 1.6 Hz, 1H), 2.30-
1.38 (m, 14H), 1.08 (s, 9H), 1.05-1.03 (d, J ) 6.8 Hz, 3H),
0.81 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 211.2, 166.6, 157.8,
120.2, 63.2, 60.9, 53.8, 40.5, 37.1, 37.0, 34.4, 32.4, 27.8, 27.0,
26.4, 24.6, 24.0, 21.5, 17.27. IR (neat): 2958, 2871, 1741, 1721,
1465, 1374, 1240, 1055, 886 cm-1. [R]25

D ) +7.2° (c ) 3.40,
CHCl3). HRMS calcd for C21H36NO2 [M + H], 334.2746; found,
334.2744.

Synthesis of Analogues 4a and 4b. Anhydrous phosphine
oxide (()-9 (101 mg, 0.17 mmol, 1.5 equiv) was dissolved in
2.5 mL of distilled THF and cooled to -78 °C. Phenyllithium
(112 µL of a 1.7 M solution in cyclohexane-ether, 0.19 mmol,
1.6 equiv) was added dropwise via syringe resulting in a deep
red color. This solution was left to stir for 20 min. Anhydrous
CD-ring ketone (+)-8 (39 mg, 0.12 mmol) was dissolved in 1.5
mL of distilled THF and cooled to -78 °C. This solution was
then added to the reaction mixture via cannula, and the red
color persisted but lightened to orange after stirring at -78
°C in the dark for 2 h. The reaction was quenched with
saturated potassium carbonate (1 mL) and potassium sodium
tartrate (2 mL of a 2 M solution). The product was extracted
with ethyl acetate (4 × 60 mL), dried using MgSO4, filtered,
concentrated, and purified using silica gel column chromatog-
raphy (5% ethyl acetate/hexanes buffered with 1% Et3N) to
give a colorless oil (28 mg, 27% yield) and recovered CD-ring
ketone (26 mg, 99% yield based on recovered starting mate-
rial). Attempts to resolve the diastereomers before deprotection
proved unsuccessful. The material was carried forward without
optimizing the yield in order to determine its biological
significance. A 15 mL round-bottom flask was charged with
this oil dissolved in 2.5 mL of THF, TBAF hydrate (121 mg,
0.47 mmol, 14 equiv), 4 Å molecular sieves (196 mg), and 2
drops of Et3N sequentially. This solution was left to stir in
the dark at room temperature for 16 h. The reaction mixture
was purified directly using silica gel column chromatography
(99% ethyl acetate buffered with 1% Et3N) to give 4a and 4b
(15 mg, 27%) as a mixture of diastereomers (1:3.5), which were
separated using normal phase HPLC chromatography (4%
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ethanol/hexanes, buffered with 0.5% Et3N) to give 4 mg (7%,
2% overall) of the natural A-ring isomer 4b.

Alternate Synthesis of 4a and 4b. Anhydrous phosphine
oxide (()-9 (89 mg, 0.15 mmol, 2 equiv) was dissolved in 2.5
mL of distilled THF and cooled to -78 °C. Phenyllithium (93
µL of a 1.8 M solution in cyclohexane-ether, 0.17 mmol, 2.2
equiv) was added dropwise via syringe resulting in a deep red
color. This solution was left to stir for 20 min. Anhydrous CD-
ring ketone (+)-10 (23 mg, 0.08 mmol) was dissolved in 1.5
mL of distilled THF and cooled to -78 °C. This solution was
then added to the reaction mixture via cannula, and the red
color persisted. This solution was stirred at -78 °C in the dark
for 7 h at which point it was quenched with saturated
potassium carbonate (1 mL) and potassium sodium tartrate
(2 mL of a 2 M solution). The product was extracted with ethyl
acetate (4 × 60 mL), dried using MgSO4, filtered, concentrated,
and purified using silica gel column chromatography (3-10%
ethyl acetate/hexanes buffered with 1% Et3N) to give a
colorless oil. A 5 mL round-bottom flask was charged with a
portion of this material (12 mg, 0.02 mmol) dissolved in 1.5
mL of anhydrous pyridine. Methoxylamine hydrochloride (27
mg, 0.33 mmol, 20 equiv) was added, and the reaction was
allowed to stir in the dark at room temperature. Additional
portions of methoxylamine were added (60 equiv total), and
the reaction was stirred for a total of 36 h. The starting
material and the product were very similar in polarity, and
TLC analysis was not particularly useful for following the
reaction. This material was purified directly using silica gel
column chromatography (3% ethyl acetate/hexanes buffered
with 1% Et3N) to give a colorless oil. A 5 mL round-bottom
flask was charged with this oil dissolved in 2 mL of THF, TBAF
hydrate (59 mg, 0.22 mmol, 14 equiv), 4 Å molecular sieves
(60 mg), and 1 drop of Et3N sequentially. This solution was
left to stir in the dark at room temperature for 24 h. The
reaction mixture was purified directly using silica gel column
chromatography (99% ethyl acetate buffered with 1% Et3N)
to give 4a and 4b (6 mg, 59%) as a mixture of diastereomers
(1:3.5), which were separated using reverse phase HPLC
chromatography (15% H2O/acetonitrile) to give 1.4 mg (19%,
6% overall) of 4a and 2.8 mg (37%, 12% overall) of 4b. 4a (1â,
3R): 1H NMR (400 MHz, CDCl3): δ 6.41-6.38 (d, J ) 11.2
Hz, 1H), 6.11-6.08 (m, J ) 11.6 Hz, 1H), 5.32 (m, 1H), 5.29
(t, J ) 1.2 Hz, 1H), 5.02 (m, 1H), 4.46-4.44 (m, 1H), 4.24-
4.20 (m, 1H), 3.78 (s, 3H), 2.84-2.80 (dm, J ) 11.8 Hz, 1H),
2.65-2.60 (dd, J ) 13.0 Hz, 3.8 Hz, 1H), 2.38-1.35 (m, 18H),
1.09 (s, 9H), 1.03-1.01 (d, J ) 6.8 Hz, 3H), 0.69 (s, 3H). 13C
NMR (100 MHz, CDCl3): δ 166.8, 159.7, 147.1, 142.7, 132.7,
125.0, 120.3, 116.8, 112.5, 71.4, 66.9, 60.9, 58.3, 50.0, 45.2, 42.8,
37.1, 35.3, 32.6, 29.4, 28.8, 27.8, 26.5, 24.6, 23.6, 21.3, 17.0.
[R]25

D ) 2.4° (c ) 0.14. CHCl3). HRMS calcd for C30H48NO3 [M
+ H], 470.3634; found, 470.3623. 4b (1R, 3â): 1H NMR (400
MHz, CDCl3): δ 6.39-6.37 (d, J ) 11.2 Hz, 1H), 6.12-6.09
(m, J ) 11.2 Hz, 1H), 5.34-5.33 (t, J ) 1.6 Hz, 1H), 5.29 (t, J
) 1.2 Hz, 1H), 5.02 (m, 1H), 4.46-4.43 (m, 1H), 4.26-4.23 (m,
1H), 3.78 (s, 3H), 2.84-2.80 (dm, J ) 11.8 Hz, 1H), 2.63-2.58
(dd, J ) 13.6 Hz, 3.6 Hz, 1H), 2.38-1.35 (m, 18H), 1.09 (s,
9H), 1.03-1.01 (d, J ) 7.2 Hz, 3H), 0.69 (s, 3H). 13C NMR (100
MHz, CDCl3): δ 166.8, 159.7, 147.6, 142.6, 132.9, 124.9, 120.3,
116.8, 111.7, 70.7, 66.8, 60.9, 58.4, 50.0, 45.2, 42.8, 37.1, 35.3,
32.6, 29.7, 29.4, 28.8, 27.8, 26.5, 24.6, 23.6, 21.3, 16.9. IR
(neat): 3331, 2955, 2919, 2849, 1461, 1361, 1049, 885 cm-1.
UV (MeOH) λmax 264 nm (ε 6923). [R]25

D ) +6.0° (c ) 0.28,
CHCl3). HRMS calcd for C30H48NO3 [M + H], 470.3634; found,
470.3636.

Synthesis of Dimethyl Phenyl Ketone (+)-6′. A 50 mL
round-bottom flask was charged with diisopropylamine (167
mg, 1.65 mmol, 7.4 equivsdistilled over calcium hydride prior
to use) and 10 mL of distilled THF. This solution was cooled
to -78 °C, and n-butyllithium (1 mL of 1.6 M solution, 1.60
mmol, 7.2 equiv) was added via syringe. 3-Methyl-3-phenyl-
2-butanone (253 mg, 1.56 mmol, 7.0 equivsprepared according
to literature procedure41) was dissolved in 5 mL of distilled
THF and cooled to -78 °C at which point it was added to the
reaction flask via cannula. The reaction was left to stir for 30

min. HMPA (500 µL) was then added via syringe, and the
reaction mixture was allowed to stir for an additional 15 min.
A solution of iodide (-)-5 (100 mg, 0.22 mmol) in 3 mL of THF
was cooled to -78 °C and added to the reaction mixture via
cannula. The reaction mixture was stirred at -78 °C for 1 h,
and then, it was allowed to warm to room temperature over
the course of 2 h and to stir for an additional 6 h. The resulting
yellow solution was quenched with 4 mL of water, extracted
with ethyl acetate (3 × 35 mL), dried over MgSO4, concen-
trated, and purified using silica gel column chromatography
(0-20% ethyl acetate/petroleum ether) to give a colorless oil
(92 mg, 85%). 1H NMR (400 MHz, CDCl3): δ 7.36-7.23 (m,
5H), 5.16 (t, J ) 1.4 Hz, 1H), 4.10 (d, J ) 2.0 Hz, 1H), 2.27-
1.55 (m, 16H), 1.13 (s, 9H), 1.47 (s, 9H), 0.98-0.94 (t, J ) 8
Hz, 9H), 0.92 (s, 3H), 0.90-0.88 (d, J ) 6.8 Hz, 3H), 0.59-
0.53 (q, J ) 7.8 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 194.7,
160.0, 148.3, 128.6, 126.7, 126.0, 119.6, 69.0, 55.0, 52.2, 46.6,
37.6, 35.9, 35.7, 34.9, 31.5, 30.7, 25.2, 25.1, 22.4, 22.2, 18.7,
18.0, 6.9, 4.9. IR (neat): 2955, 1742, 1710, 1457, 1372, 1240,
1081, 1030, 734 cm-1. [R]25

D ) +20.0° (c ) 0.60, CHCl3). HRMS
calcd for C31H50O2SiNa [M + Na], 505.3472; found, 505.3494.

Synthesis of CD-Ring Ketone (+)-10′. A 10 mL round-
bottom flask was charged with tert-butyl ketone 6′ (46 mg, 0.10
mmol) dissolved in 3 mL of distilled THF. Tetrabutylammo-
nium fluoride (286 µL of a 1.0 M solution, 3 equiv) was added
to the reaction flask, and this solution was left to stir at room
temperature for 8 h. The reaction mixture was directly purified
using silica gel column chromatography (50% ethyl acetate/
petroleum ether). The resulting material was dissolved in 5
mL of distilled dichloromethane (CH2Cl2). To this solution was
added 4 Å molecular sieves (20 mg), NMO (15 mg, 0.13 mmol,
2 equiv), and a catalytic amount of TPAP. After the solution
was stirred for 1 h, TLC showed complete consumption of
starting material. The reaction solution was filtered through
a plug of silica gel using ethyl acetate as the eluent to remove
TPAP and molecular sieves. This solution was concentrated
and purified using silica gel column chromatography (20%
ethyl acetate/petroleum ether) to give a colorless oil (14 mg,
47%). 1H NMR (400 MHz, CDCl3): δ 7.36-7.23 (m, 5H), 5.18-
5.17 (t, J ) 1.2 Hz, 1H), 2.82-2.78 (dd, J ) 10.8, 6.4 Hz, 1H),
2.43-2.36 (ddm, J ) 15.8, 10.6 Hz, 1H), 2.29-2.25 (m, 2H),
2.19-2.15 (t, J ) 7.0 Hz, 2H), 2.12-1.68 (m, 10H), 1.47 (s,
6H), 0.97-0.95 (d, J ) 6.8 Hz, 3H), 0.72 (s, 3H). 13C NMR (100
MHz, CDCl3): δ 213.0, 211.1, 157.6, 144.0, 128.6, 126.8, 126.0,
120.2, 63.1, 53.7, 52.2, 40.5, 37.4, 35.7, 34.3, 32.6, 27.0, 25.1,
25.1, 24.0, 22.3, 21.6, 17.2. IR (neat): 2965, 1712, 1496, 1448,
1373, 1242, 1047 cm-1. [R]25

D +20.1° (c ) 0.1.60, CHCl3).
HRMS calcd for C25H34O2Na [M + Na], 389.2451; found,
389.2465.

Synthesis of 4a′ and 4b′. Anhydrous phosphine oxide (()-9
(53 mg, 0.09 mmol, 1.9 equiv) was dissolved in 1.5 mL of
distilled THF and cooled to -78 °C. Phenyllithium (45 µL of a
2.0 M solution in cyclohexane-ether, 0.09 mmol, 1.9 equiv)
was added dropwise via syringe resulting in a deep red color.
This solution was left to stir for 20 min. Anhydrous CD-ring
ketone (+)-10′ (18 mg, 0.05 mmol) was dissolved in 1.0 mL of
distilled THF and cooled to -78 °C. This solution was then
added to the reaction mixture via cannula, and the red color
persisted. This solution was stirred at -78 °C in the dark for
4 h at which point it was quenched with saturated potassium
carbonate (1 mL) and potassium sodium tartrate (2 mL of a 2
M solution). The product was extracted with ethyl acetate (4
× 30 mL), dried using MgSO4, filtered, concentrated, and
purified using silica gel column chromatography (3-10% ethyl
acetate/petroleum ether buffered with 1% Et3N) to give a
colorless oil. A 5 mL round-bottom flask was charged with a
portion of this material (12 mg, 0.02 mmol) dissolved in 1.5
mL of anhydrous pyridine. Methoxylamine hydrochloride (27
mg, 0.33 mmol, 20 equiv) was added, and the reaction was
allowed to stir in the dark at room temperature. Additional
portions of methoxylamine were added (100 equiv total), and
the reaction was stirred for a total of 36 h. The starting
material and the product were very similar in polarity and
TLC analysis was not particularly useful for following the
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reaction. This material was purified directly using silica gel
column chromatography (3% ethyl acetate/hexanes buffered
with 1% Et3N) to give a colorless oil. A 5 mL round-bottom
flask was charged with this oil dissolved in 2 mL of THF, TBAF
(112 µL of a 1.0 M solution, 0.11 mmol, 7 equiv), and 1 drop of
Et3N. This solution was left to stir in the dark at room
temperature for 24 h. The reaction mixture was purified
directly using silica gel column chromatography (99% ethyl
acetate buffered with 1% Et3N) to give 4a′ and 4b′ (6 mg, 25%)
as a mixture of diastereomers (1:2), which were separated
using reverse phase HPLC chromatography (15% H2O/aceto-
nitrile) to give 1.5 mg (18%, 6% overall) of 4a′ and 2.6 mg (22%,
8% overall) of 4b′. 4a′ (1â, 3R): 1H NMR (400 MHz, CDCl3):
δ 7.30-7.18 (m, 5H), 6.41-6.38 (d, J ) 11.6 Hz, 1H), 6.10-
6.08 (m, J ) 11.2 Hz, 1H), 5.34 (m, 1H), 5.16 (m, 1H), 5.04 (m,
1H), 4.46 (m, 1H), 4.22 (m, 1H), 3.88 (s, 3H), 2.83-2.79 (dm,
J ) 13.2 Hz, 1H), 2.65-2.60 (m, 1H), 2.33-1.55 (m, 18H), 1.46
(s, 6H), 0.91-0.90 (d, J ) 6.8 Hz, 3H), 0.60 (s, 3H). HRMS
calcd for C35H49NO3Na [M + Na], 554.3605; found, 554.3655.
4b′ (1R, 3â): 1H NMR (400 MHz, CDCl3): δ 7.30-7.18 (m, 5H),
6.39-6.36 (d, J ) 11.2 Hz, 1H), 6.11-6.09 (m, J ) 11.6 Hz,
1H), 5.36 (m, 1H), 5.16 (m, 1H), 5.03 (m, 1H), 4.45 (m, 1H),
4.24 (m, 1H), 3.88 (s, 3H), 2.82-2.79 (dm, J ) 12.8 Hz, 1H),
2.62-2.59 (dm, J ) 13.6 Hz, 1H), 2.35-1.63 (m, 18H), 1.46 (s,
6H), 0.91-0.90 (d, J ) 6.8 Hz, 3H), 0.61 (s, 3H). 13C NMR (100
MHz, CDCl3): δ 165.2, 159.6, 147.7, 146.2, 142.7, 132.9, 128.2,
126.3, 126.2, 125.0, 120.2, 116.8, 111.5, 70.7, 66.9, 61.3, 58.4,
50.0, 45.2, 45.1, 42.9, 37.0, 35.3, 32.5, 29.3, 28.8, 28.5, 26.8,
26.8, 24.6, 23.6, 21.3, 16.9. IR (neat): 3363, 2919, 2849, 1458,
1053. [R]25

D ) +7.5° (c ) 0.24, CHCl3). HRMS calcd for C35H49-
NO3Na [M + Na], 554.3605; found, 554.3604.

In Vitro Testing Materials. Murine keratinocyte cell line
PE was kindly provided by Dr. James E. Strickland, Labora-
tory of Cellular Carcinogenesis and Tumor Promotion, Na-
tional Cancer Institute. Chosen for its particular sensitivity
to the induction of ornithine decarboxylase (ODC) activity by
the extensively characterized tumor promoter TPA, cell line
PE was derived from papilloma-induced in female SENCAR
mice by a standard skin initiation/promotion protocol.42 PE cell
culture medium consisted of Eagle’s minimum essential
medium without calcium chloride (Whittake Bioproducts,
Walkersville, MA) supplemented with 8% chelexed fetal calf
serum and 1% antibiotic-antimycotic (Gibco BRL) and the
addition of CaCl2 to 0.05 mM Ca2+.

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] was purchased from Sigma Chemical Co. (St. Louis,
MO), and TPA was supplied by L. C. Services (Woburn, MA).
l-[14C]Ornithine (56 µCi/mol) was from Amersham/Searle Corp.
(Arlington Heights, IL). Chemical solvents used in all assays
of biological activity were of the highest grade commercially
available.

Growth Inhibition. Growth curves for PE cells treated
with calcitriol and the analogues reported herein were gener-
ated by assay for the reduction of the tetrazolium-based
compound MTT.43 A mitochondrial dehydrogenase reduces
MTT to a blue formazan product with an absorbance maximum
of 505 nm in dimethyl sulfoxide (DMSO); the number of viable
cells can thus be determined spectrophotometrically. PE cells
were seeded at a density of 5000 cells/well in 50 µL of the
medium into 96 well microtiter plates. Twelve hours later, the
medium was removed, and cells were treated with 100 µL of
fresh medium into which the appropriate amount of calcitriol
or analogue dissolved in DMSO had been added, with the
concentration of DMSO held constant at 0.1%. The plates were
fed once at 48 h, with the readdition of the vitamin D3

analogues at this time. At 24 h intervals following the initial
treatment of the cells with compounds, 0.1 mg (50 µL of a 2
mg/mL solution) of MTT was added to each well. After 4 h,
the MTT was removed and DMSO was added to dissolve the
blue formazan dye. Using a microtiter plate reader, the A505

was then determined and cell number was calculated from
blank-subtracted absorbance values. Results from the MTT
assay for the inhibition if cell growth were independently
confirmed by treating 100 cm2 dishes of cells in an analogous

manner for 96 h, whereupon the cells were harvested by
trypsinization and counted. Furthermore, the viability of the
cells treated with calcitriol or analogues was determined to
be identical to control cells at 96 h by trypan blue exclusion.

Determination of Urinary Calcium Levels. Male F344
rats (150 g) were housed individually in glass metabolism
cages and received food and water ad libitum. After several
days acclimation, rats received 1 µg/kg body weight of test
compound per os for 7 consecutive days in 150 µL of propylene
glycol/0.05 M Na2HPO4 (80:20). Urine samples, which were
collected on ice, were centrifuged at 650g for 10 min, adjusted
to pH 6.0 as necessary, and assayed for calcium content
spectrophotometrically at 575 nm using reagents and stan-
dards from Sigma Calcium Kit no. 587.
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