
Synthesis

ED-71 can be prepared by several ways:
1) Starting from the known Diels-Alder adduct (I) of a

cholestadiene derivative with 4-phenyl-1,2,4-triazolidine-
dione, epoxide ring opening in adduct (I) with 1,3-pro-
panediol (II) in the presence of p-toluenesulfonic acid in
THF at reflux gives the 1,3-dihydroxy-2-(hydroxypropoxy)
derivative (III), which by subsequent retro-Diels-Alder
reaction under reductive conditions with LiAlH4 in THF
furnishes the cholestadiene derivative (IV) (1). In a relat-
ed sequence, adduct (I) is submitted to an initial retro-
cycloaddition reaction in hot dimethylimidazolidinone, fol-
lowed by ring opening of the resultant epoxide (V) with
1,3-propanediol (II) to provide an alternative access to
diene (IV) (2). Finally, cholestadiene (IV) is converted
to ED-71 by irradiation using a high-pressure mercury
lamp, followed by thermal isomerization in
boiling THF (1, 2). Scheme 1.

2) Starting from 3,4:5,6-O-diisopropylidene-D-manni-
tol (VI), dehydration of sugar (VI) by means of dimethyl-
formamide dimethylacetal and Ac2O provides olefin (VII),
which by selective hydrolysis of the terminal acetonide by
means of 80% AcOH affords diol (VIII). Acylation of diol
(VIII) with tosyl chloride and pyridine in CHCl3 to the pri-
mary tosylate (IX), followed by treatment with Na2CO3
gives epoxide (X). Oxirane ring opening in (X) with NaCN
in MeOH/H2O furnishes the β-hydroxynitrile (XI), which is
then protected as the unsymmetric acetal (XII) by acid-
catalyzed addition of ethyl vinyl ether in CH2Cl2. Partial
reduction of the nitrile function of (XII) with DIBAL in
toluene at �78 °C results in aldehyde (XIII), which is fur-
ther derivatized as the corresponding oxime (XIV) with
hydroxylamine in pyridine. Treatment of oxime (XIV) with
NaOCl and Et3N generates a nitrile oxide, which under-
goes a dipolar cycloaddition to the olefin, leads to the
isoxazoline (XV). Hydrogenolysis of the isoxazoline ring
of compound (XV) in the presence of Raney nickel and
boric acid in MeOH/H2O affords the (hydroxymethyl)-
cyclohexanone (XVI). Protection of the hydroxyl group of
compound (XVI) with TBDMS-Cl, DMAP and TEA in
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Abstract

Osteoporosis results from an imbalance in bone
homeostasis and leads to bone fragility with an
increased risk of fractures. It is, however, a pre-
ventable disease, with calcium and vitamin D supple-
mentation both playing a part. The development of
vitamin D analogues has led to improved treatment
and prevention of osteoporosis, with benefits in terms
of skeletal muscle function and balance, increased
bone volume and inhibition of bone resorption. ED-71
is a second-generation vitamin D analogue with
improved binding to vitamin D-binding protein (DBP)
compared with calcitriol, the most potent metabolite of
natural vitamin D. The preventive and therapeutic
effects of ED-71 on bone mineral loss have been
demonstrated in rat models of osteoporosis, where it
significantly increased bone mineral density without
inducing hypercalcemia. Bone histomorphometric
studies showed that this effect resulted from stimula-
tion of bone formation together with a reduction in
bone resorption. Open, randomized, controlled studies
conducted in subjects with osteoporosis have demon-
strated a significant positive effect for ED-71 on bone
mineral density following 6 and 12 months of treat-
ment. Phase III trials are ongoing in Japan.
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Science, P.O. Box 540, 08080, Barcelona, Spain.
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affords alcohol (XXV), which is further protected at the pri-
mary hydroxy group by reaction with dihydropyran and
TsOH in CH2Cl2 to yield the tetrahydropyranyl ether
(XXVI). The free secondary hydroxyl of (XXVI) is then
alkylated with allyl bromide (XXVII) and NaH to produce
the allyl ether (XXVIII), which by selective olefin hydrobo-
ration at the allyl ether moiety with 9-BBN in THF, fol-
lowed by oxidative work-up with H2O2 and NaOH results
in the primary alcohol (XXIX). After silylation of (XXIX)
with tert-butyldiphenylsilyl chloride and imidazole in
CH2Cl2, the tetrahydropyranyl ether is hydrolyzed with
ethanolic HCl providing the tris-O-silylated compound
(XXX). Allyl alcohol (XXX) is converted to chloride (XXXI)
by means of N-chlorosuccinimide and dimethylsulfide in
CH2Cl2. Displacement of the chloride atom of (XXXI) with
lithium diphenylphosphide, followed by H2O2 oxidation of

CH2Cl2 gives the silyl ether (XVII), which is submitted to a
Peterson olefination of its ketone function with the lithium
derivative of ethyl trimethylsilylacetate (XVIII) in THF to
furnish the unsaturated ester (XIX). Desilylation of com-
pound (XIX) with TBAF in THF gives the primary alcohol
(XX), which is dehydrated to compound (XXI) by treat-
ment with methanesulfonyl chloride and pyridine.
Replacement of the 1-(ethoxy)ethoxy protecting group of
(XXI) with a silyl group by acidic ketal hydrolysis with
p-toluenesulfonic acid and pyridine in EtOH, followed by
treatment with tert-butyldiphenylsilyl chloride and imidaz-
ole in CH2Cl2 affords the silyl ether (XXII). Subsequent
acetonide hydrolysis of compound (XXII) in acid medium
gives diol (XXIII), which was regioselectively monosilyl-
ated to provide intermediate (XXIV). Reduction of the
ester function of compound (XXIV) with DIBAL in toluene
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Attachment of the CD-ring synthon to the solid-phase
support requires the introduction of an appropriate spac-
er group. Coupling between methyl 4-hydroxybenzene-
sulfonate (LX) and the tetrahydropyranyl-protected diol
(LXI) under Mitsunobu conditions affords the alkoxy sul-
fonate (LXII), which is hydrolyzed with LiCl in refluxing
acetone, and the resulting sulfonic acid is converted to
the sulfonyl chloride (LXII) by treatment with PCl5 in DMF.
Coupling of the CD-ring alcohol (LXIV) with the sulfonyl
chloride (LXIII), followed by acidic tetrahydropyranyl
group cleavage gives the sulfonate linker-bound CD syn-
thon (LXV), which is attached to a previously chlorinated
diethylsilyl resin to furnish the resin-bound CD ring (LXVI).
Alternatively, resin (LXVI) is prepared by a more general
method consisting of the initial attachment of the sul-
fonate linker (LXIII) to the resin support, and then loading
alcohol (LXIV) to the resultant sulfonyl chloride resin
(LXVII). Horner-Wadsworth-Emmons condensation of the
resin-bound ketone (LXVI) with the phosphine oxide (LIX)
by means of butyl lithium in THF yields compound (LXVIII).
Cleavage of the sulfonate resin and simultaneous intro-
duction of the side-chain substitution is achieved by cop-
per-catalyzed displacement of sulfonate resin (LXVIII)
with the Grignard reagent (LXIX). Finally, the silyl protect-
ing groups are removed by treatment with CSA in aque-
ous methanol (5). Scheme 4.

Introduction

Osteoporosis is a metabolic bone disorder character-
ized by low bone mass and structural deterioration of
bone tissue, which leads to bone fragility and an
increased likelihood of fractures, even resulting from low
impact. An imbalance in bone homeostasis whereby
bone resorption occurs too quickly or bone formation
occurs too slowly results in the development of the condi-
tion, which is particularly prevalent in postmenopausal
women, but is also associated with normal aging in both
sexes. Although not widely viewed as a severe or life-
threatening disease, significant morbidity and mortality
are associated with osteoporotic fractures, and up to one-
quarter of patients suffering an osteoporotic hip fracture
die within 1 year. However, osteoporosis is a preventable
disease, with calcium and vitamin D supplementation,
together with good nutritional status and weight-bearing
exercise, all factors in its prevention. Calcium is essential
to bone health both in childhood and in adulthood.
Vitamin D increases calcium absorption by up to 80% and
vitamin D supplementation in elderly populations may
reduce the risk of falls by more than 20%. Vitamin D3 ana-
logues improve skeletal muscle function and balance,
increase bone volume and inhibit bone resorption (6-8).

ED-71 is a second-generation vitamin D3 analogue in
phase III development for the treatment of osteoporosis
(9).

the resulting phosphine gives the phosphine oxide
(XXXII). This compound is subjected to a Wittig conden-
sation with the functionalized indanone (XXXIII) by
means of butyl lithium in THF to produce the triene adduct
(XXXIV). Finally, desilylation of adduct (XXXIV) is effect-
ed by treatment with tetrabutylammonium fluoride in THF
(3). Scheme 2.

3) Using the tert-butyldimethylsilyl-protected analogue
of intermediate (XXX), (XLIX), prepared as follows: Clea-
vage of the symmetrical epoxide (XXXV) with 1,3-
propanediol (II) in the presence of potassium tert-butox-
ide gives the diol (XXXVI), which after protection of the
primary alcohol as the pivalate ester (XXXVII), the benzyl
ether groups are removed by hydrogenation over
Pd(OH)2 to provide compound (XXXVIII). Protection of
the vicinal diol moiety of (XXXVIII) by treatment with 2,2-
dimethoxypropane and TsOH affords the corresponding
acetonide (XXXIX), which by subsequent Swern oxidation
of the primary alcohol function gives aldehyde (XL).
Addition of vinylmagnesium bromide to aldehyde (XL)
affords the allylic alcohol (XLI) as a diastereomeric mix-
ture. Esterification of alcohol (XLI) with pivaloyl chloride
provides the dipivalate ester (XLII), which is submitted to
an acidic acetonide hydrolysis, followed by cyclization of
the resultant vicinal diol under Mitsunobu conditions to
afford epoxide (XLIII). Addition of the O-protected lithium
acetylide (XLIV) to epoxide (XLIII) furnished the acetylene
adduct (XLV), which under basic hydrolysis of the pivalate
esters, followed by protection with tert-butyldimethylsilyl
chloride provides the trisilylated derivative (XLVI). The p-
methoxybenzyl protecting group of (XLVI) is then
removed by treatment with DDQ, yielding the propargyl
alcohol (XLVII), which is reduced with Red-Al, followed by
iodination to produce the vinyl iodide (XLVIII).
Intramolecular cyclization of iodide (XLVIII) under Heck
reaction conditions give rise to the key allyl alcohol inter-
mediate (XLIX), along with its undesired diastereoisomer
(L), which are separated by column chromatography (4).
Scheme 3.

4) Using solid-phase methodology within a parallel
synthesis protocol, the A-ring synthon (LiX) was synthe-
sized as follows: Esterification of the previously reported
alcohol intermediate (LI) with pivaloyl chloride, DMAP and
pyridine gives the pivalate ester (LII). Acetonide hydroly-
sis of compound (LII), followed by selective mono-silyla-
tion of the resultant diol (LIII) with TBDMS-Cl and imida-
zole yields alcohol (LIV). Michael addition of ethyl
acrylate (LV) to the free hydroxyl group of (LIV) in toluene
furnishes ester (LVI), which by subsequent reduction of
the methyl ester group and simultaneous reductive cleav-
age of the pivaloyl group in the presence of LiAlH4 leads
to diol (LVII). Chlorination of the allylic alcohol of (LVII) by
means of N-chlorosuccinimide and dimethylsulfide, fol-
lowed by silylation of the remaining hydroxyl group yields
compound (LVIII). Conversion of chloride (LVIII) into the
phosphine oxide (LIX) is then performed using lithium
diphenylphosphide and butyl lithium, followed by H2O2
oxidation.

452 ED-71
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rats administered 6.25 µg/kg i.v., a biphasic action on
intestinal calcium transport and bone mobilization was
observed, and plasma parathyroid hormone (PTH) levels
were significantly decreased compared with baseline at
24 and 48 h postdose; these effects were similar to those
of calcitriol. Plasma calcium levels were also practically
normalized in vitamin D-deficient rats on a low-calcium
diet following oral administration of ED-71 (6.25
µg/kg/day x 5 days). Similarly, in mice administered a sin-
gle i.v. injection of ED-71 of 10 µg/kg, mean ionized plas-
ma calcium levels after 24 and 48 h were significantly
increased compared to controls administered vehicle only
(2.23 mmol/l vs. 1.31 mmol/l at 48 h). In normal rats
administered 0.5 µg/kg ED-71 p.o., the half-life in plasma
was twice that of calcitriol, its greater stability apparently
being the result of stronger affinity for DBP. The potency
of ED-71 in elevating plasma calcium levels also resulted
from its long duration of action (2, 10-12, 14).

Two organ culture systems � fetal rat long bones and
neonatal mouse calvariae � were employed to examine
the effect of ED-71 on bone metabolism. ED-71 was less

Pharmacological Actions

Calcitriol (1α,25-dihydroxyvitamin D3) is the active
form of vitamin D3 and a potent steroid hormone. Its bio-
logical activities are expressed through binding to a
nuclear receptor, VDR (vitamin D receptor). The biologi-
cal activity of ED-71 was evaluated in vitro in terms of its
binding affinity for this receptor and for rat plasma vitamin
D-binding protein (DBP). It demonstrated an affinity for
DBP about twice that of calcitriol, while its affinity for calf
thymus cytosolic VDR was approximately similar to that
of calcitriol. The binding affinity for chick embryonic
intestinal VDR was approximately 8 times weaker than
calcitriol (9-13).

The effects of ED-71 on calcium metabolism were
studied in rats fed a low-calcium, vitamin D-deficient diet
and administered the drug s.c., i.v. or p.o. Plasma calci-
um levels increased almost to within the normal range.
Following a single dose of ED-71 of 6.25 µg/kg s.c.,
increases in intestinal calcium absorption and bone mobi-
lization were similar to those observed with calcitriol. In
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density and bone volume were restored to the levels
observed in sham-operated animals after 4 weeks� treat-
ment. However, whereas ED-71 appeared to stimulate
bone formation and suppress bone resorption, PTH stim-
ulated both formation and resorption (20-22).

The effect of ED-71 on bone mineral density and bone
remodeling as a function of its effects upon calcium
metabolism and PTH levels was also studied and com-
pared to alfacalcidol in a rat ovariectomy model and in
aged ovariectomized rats. Rats were administered ED-71
at oral doses of 0.05, 0.1 or 0.2 µg/kg twice weekly for 3
months. Increases in bone mineral density and bone for-
mation rate were observed, with enhanced calcium
absorption and significant decreases in serum PTH
levels. ED-71 was more potent than alfacalcidol in sup-
pressing markers of bone resorption and increasing bone
mineral density, but had similar effects on calcium
absorption and serum PTH. The studies indicated that
inhibition of osteoclastic bone resorption and mainte-
nance of osteoblastic function by ED-71 are independent
of its effects upon calcium absorption and PTH secretion
(23-25).

In addition to studies in normal and ovariectomized
rats, the effect of ED-71 on bone mass and bone strength
was evaluated in ovariectomized mice administered a
dose of 0.4 µg/kg weekly for 6 weeks. ED-71 significant-
ly increased bone mineral density, bone mineral content
and bone strength and significantly inhibited bone
turnover, similar to estradiol, but unlike the latter, it did not
stimulate uterine proliferation (26). Ovariectomized
cynomolgus monkeys were administered ED-71 at a dose
of 0.3 µg/kg/day orally for 24 weeks. ED-71 increased
cortical bone mineral density and cortical bone mineral
content. Bone histomorphometric analyses showed that
ED-71 decreased bone resorption parameters, as well as
bone formation parameters, in cancellous bone, while not
influencing cortical bone formation (27).

The effects of ED-71 on bone remodeling were also
evaluated in vivo using a mouse long bone ablation
model. Mice were administered ED-71 0.8 µg/kg i.p.
either the following day or 8 days after the operation.
Bone volume was increased by 50% compared with con-
trols 7 days after surgery in the first group, whereas after
14 days bone volume was similar in the two groups. In the
group administered ED-71 8 days postoperatively, how-
ever, bone volume was increased by 70% compared with
the control group 14 days postoperatively. The studies
indicated that ED-71 increased bone volume both in the
formation phase and in the bone resorption phase, with
the ability to both promote osteoblastic activity and sup-
press osteoclastic activity. ED-71 was similarly effective
after oral administration of 0.2 µg/kg once daily for 6 days
following surgery (28-30).

ED-71 was also tested for its effect on the process of
bone remodeling in a rabbit leg lengthening model of dis-
traction osteogenesis. The tibiae of rabbits were length-
ened by 10 mm in 10 days. ED-71 was administered at a
dose of 0.05 µg/kg s.c. twice weekly for 1, 3 and 8 weeks.
The bone mineral content was significantly higher in the

potent than calcitriol in inhibiting bone formation. The
stimulating effect of ED-71 at a concentration of 10 nM on
bone resorption was slightly greater than that of calcitriol,
whereas it did not stimulate resorption at 0.1 nM (15).

The preventive and therapeutic effects of ED-71 on
bone mineral loss have been evaluated in rat models of
osteoporosis caused by ovariectomy. Rats were adminis-
tered ED-71 (0.05, 0.1 or 0.2 µg/kg p.o. twice weekly for
3 months) either concomitantly with a reduced-calcium
diet (preventive effect) or following 3 months of diet (ther-
apeutic effect). In the first study, ED-71 dose-dependent-
ly and significantly increased the bone mineral density of
the spine and tibia and femoral mechanical bone
strength, without inducing hypercalcemia. The therapeu-
tic effect was significant only at a dose of 0.2 µg/kg (16,
17), although in a previous therapeutic study, the total
bone mineral content in the femur was restored at a dose
of 0.05 µg/kg given twice weekly for 3 months (11). In the
more recent study, its effects were superior to those of
calcitriol.

In a further study in a rat osteoporosis model, ovariec-
tomized animals were administered ED-71 orally at doses
of 0.008 and 0.04 µg/kg 5 times per week for 6 weeks.
Significant increases in bone mineral density were
observed, with serum calcium values remaining within the
normal range (18).

The effect of ED-71 on bone mass was assessed in
another study in normal and estrogen-deficient rats treat-
ed twice weekly for 12 weeks. Normal rats were adminis-
tered ED-71 at doses of 0.05, 0.1 or 0.2 µg/kg, and dose
levels of 0.01, 0.05 and 0.1 µg/kg were administered to
estrogen-deficient rats. In normal rats, vertebral cancel-
lous bone volume increased significantly and dose-
dependently from 34% in vehicle-treated rats to 41% in
the lowest dose group and 54% in the highest dose
group. Osteoid surface increased significantly in the two
highest dose groups. There was a significant increase in
the bone formation rate in the highest dose group. In
estrogen-deficient rats, cancellous bone volume was sig-
nificantly decreased by ovariectomy. Administration of
ED-71 also increased bone volume and bone formation
rates in this group. The study demonstrated the ability of
ED-71 to increase bone mass by stimulating bone forma-
tion (19).

Further studies determined the mechanisms involved
in the increase in bone mass observed following treat-
ment with ED-71. In aged female rats administered oral
ED-71 twice weekly for 3 months, spinal bone mineral
density increased in a time-dependent manner. Bone
morphometric studies indicated that ED-71 significantly
and dose-dependently increased osteoid surface, osteoid
volume and bone formation rate, with a stronger effect
than calcitriol. In rat ovariectomy and orchidectomy mod-
els, doses of ED-71 above 0.05 µg/kg administered twice
weekly for 12 weeks significantly increased bone mineral
density by reducing high-turnover bone resorption and
stimulating bone formation. In aged ovariectomized rats
administered ED-71 0.08 µg/kg or human PTH 20
nmol/kg 5 times per week, lumbar spine bone mineral
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tion markers such as urinary deoxypyridinoline was also
observed, but no significant changes in bone formation
markers such as serum bone-specific alkaline phos-
phatase. Based on these results, an open, randomized,
controlled phase II study was conducted in 109 subjects
with osteoporosis (mean age 65 years), 102 of whom
were female. Subjects received ED-71 orally at doses of
0.25, 0.5, 0.75 or 1.0 µg daily for 6 months. The bone
mineral density of the lumbar spine increased dose-
dependently from 0.34% in the 0.25-µg group to 3.00%
and 2.66% in the 0.75- and 1.0-µg groups, respectively.
The percentage of patients demonstrating an increase in
bone mineral density > 3% also increased dose-depen-
dently, with approximately 50% of patients achieving such
an increase in the two highest dose groups. The dose-
dependent suppression of urinary deoxypyridinoline indi-
cated that ED-71 was able to suppress bone resorption,
whereas serum osteocalcin was not suppressed, indicat-
ing maintenance of bone formation. ED-71 was well
tolerated, with no evidence of hypercalcemia or hypercal-
ciuria (36-38) (see Table I).

The effect of ED-71 on bone mass was further evalu-
ated in 218 subjects (mean age 67 years) with osteo-
porosis receiving concomitant vitamin D supplementa-
tion. In this randomized, placebo-controlled study, 75% of
subjects had serum 25-hydroxyvitamin D levels of < 20
ng/ml at entry. These subjects were treated with 400
IU/day vitamin D3, while all other subjects received 200
IU/day. Within each group, subjects received ED-71 at
doses of 0.5, 0.75 or 1.0 µg/day orally for 12 months.
Lumbar spine bone mineral density increased significant-
ly and dose-dependently in all treated groups compared
with placebo. Total hip bone mineral density also
increased significantly in the two highest dose groups.
ED-71 was well tolerated (39) (Table I).

Phase III clinical trials are in progress in Japan (40).

Source

Chugai Pharmaceutical Co., Ltd. (JP).

treated group than in untreated controls at all time points,
and at 1 and 3 weeks the endosteal mineral apposition
rate and endosteal bone formation rate were also signifi-
cantly higher in the ED-71 group. The results indicated
that ED-71 increased callus volume during the early peri-
od after completion of lengthening, and resulted in thick
cortical bone formation. The acceleration of distraction
osteogenesis was also demonstrated in rabbits adminis-
tered ED-71 at doses of 0.1 and 0.2 µg/kg s.c. weekly for
5 weeks. Bone mineral density was significantly
increased in treated animals, without evidence of hyper-
calcemia. These studies indicated the potential therapeu-
tic use of ED-71 in accelerating the healing process fol-
lowing bone lengthening treatments, and allowing early
release from external fixators (31, 32).

Experiments using a rat femoral fracture model
assessed whether ED-71 disturbed the normal fracture
healing process. Rats were administered ED-71 0.025 or
0.05 µg/kg orally 5 times per week for 4 weeks prior to
femoral fracture. Treatment was continued until animals
were sacrificed at 6 or 16 weeks postsurgery. ED-71 did
not delay callus remodeling, nor disturb the restoration of
the mechanical strength of the fracture, indicating that the
fracture healing process was not disturbed (33).

Other studies have demonstrated the potential thera-
peutic effects of ED-71 in counteracting corticosteroid-
induced osteoporosis and for the treatment of X-linked
hypophosphatemic vitamin D-resistant rickets. Bone
resorption was increased in prednisolone-treated rats,
and in hypophosphatemic mice bone mineral density was
increased without hypercalcemia (34, 35).

Clinical Studies

In an early study in humans, 40 healthy male subjects
were administered oral ED-71 (0.1-1.0 µg/day) for 15
days. Dose-dependent increases in urinary calcium
excretion were observed, but no subject showed sus-
tained increases of > 400 mg/day, nor hypercalcemia >
10.4 mg/dl. Dose-dependent suppression of bone resorp-

Table I: Clinical studies of ED-71 (from Prous Science Integrity®).

Indication Design Treatments n Conclusions Ref.

Osteoporosis Randomized ED-71, 0.25 µg/d p.o. x 6 mo 109 ED-71 was well tolerated and 37
Open ED-71, 0.5 µg/d p.o. x 6 mo increased bone mass in 

ED-71, 0.75 µg/d p.o. x 6 mo osteoporotic patients
ED-71, 1 µg/d p.o. x 6 mo

Osteoporosis Randomized ED-71, 0.5 µg/d + Vitamin D3, 200 or 218 ED-71 was well tolerated and 39
Double-blind 400 IU/d x 12 mo dose-dependently increased lumbar 

ED-71, 0.75 µg/d + Vitamin D3, 200 and hip bone mineral density in 
or 400 IU/d x 12 mo osteoporotic patients

ED-71, 1.0 µg/d + Vitamin D3, 200 or
400 IU/d x 12 mo

Placebo + Vitamin D3, 200 or 400 IU/d x
12 mo



15. Sato, K., Nishii, Y., Woodiel, F.N., Raisz, L.G. Effects of two
new vitamin D3 derivatives, 22-oxa-1α-25-dihydroxyvitamin D3
(OCT) and 2β-(3-hydroxypropoxy)-1α,25-dihydroxyvitamin D3
(ED-71), on bone metabolism in organ culture. Bone 1993, 14:
47-51.

16. Kobayashi, T., Okano, T., Tsugawa, N., Murano, M., Masuda,
S., Takeuchi, A., Sato, K., Nishii, Y. 2β-(3-Hydroxypropoxy)-
1α,25-dihydroxyvitamin D3 (ED-71), preventive and therapeutic
effects on bone mineral loss in ovariectomized rats. Bioorg Med
Chem Lett, 1993, 3: 1815-9.

17. Tsugawa, N., Okano, T., Murano, M., Masuda, S., Takeuchi,
A., Kobayashi, T., Sato, K., Nishii, Y. Preventive and therapeutic
effects of ED-71, a novel vitamin D3 analog, on bone mineral loss
in ovariectomized rats. 4th Int Symp Osteoporosis (March 27-
April 2, Hong Kong) 1993, Abst 37.

18. Ono, Y., Watanabe, H., Shiraishi, A., Takeda, S., Higuchi, Y.,
Sato, K., Tsugawa, N., Okano, T., Kobayashi, T., Kubodera, N.
Synthetic studies of vitamin D analogs. XXIV. Synthesis of active
vitamin D3 analogs substituted at the 2β-position and their pre-
ventive effects on bone mineral loss in ovariectomized rats.
Chem Pharm Bull 1997, 45: 1626-30.

19. Tsurukami, H., Nakamura, T., Suzuki, K., Sato, K., Higuchi,
Y., Nishii, Y. A novel synthetic vitamin D analogue, 2 β-(3-hydroxy-
propoxy)1α,25-dihydroxyvitamin D3 (ED-71), increases bone
mass by stimulating the bone formation in normal and ovariec-
tomized rats. Calcif Tissue Int 1994, 54: 142-9.

20. Sato, K., Higuchi, Y., Takeda, S., Isogai, T., Nanjo, M., Nishii,
Y. 1α-Hydroxyvitamin D3 and 2β-(3-hydroxypropoxy)-1α,25-dihy-
droxyvitamin D3 (ED-71) stimulate bone formation in vivo. 4th Int
Symp Osteoporosis (March 27-April 2, Hong Kong) 1993, Abst
436.

21. Takeda, S., Sato, K., Higuchi, Y., Shiraishi, A., Kubodera, N.,
Kumaki, K. The vitamin D3 analog ED-71 increases bone mass
in normal rats and osteopenic models. Bone 1995, 16(1, Suppl.):
Abst 127.

22. Tsunemi, K., Takeda, S., Sugita, A., Takahashi, F., Saito, H.,
Kubodera, N., Makishima, F. Bone histomorphological examina-
tion reveals ED-71, 1α,25-dihydroxy-2β-(3-hydroxypropoxy)vita-
min D3, and human PTH(1-34) activate bone formation in a dif-
ferent way in aged ovariectomized rats. J Bone Miner Res 2004,
19(Suppl. 1): Abst M496.

23. Uchiyama, Y., Higuchi, Y., Takeda, S., Masaki, T., Shira-Ishi,
A., Sato, K., Kubodera, N., Ikeda, K., Ogata, E. ED-71, a vitamin
D analog, is a more potent inhibitor of bone resorption than alfa-
calcidol in an estrogen-deficient rat model of osteoporosis. Bone
2002, 30: 582-8.

24. Takeda, S., Uchiyama, Y., Higuchi, Y., Masaki, T., Shiraishi,
A., Sato, K., Kubodera, N., Ikeda, K., Ogata, E. A vitamin D ana-
log, ED-71, is a more potent anti-osteoporosis drug than alfacal-
cidol in an estrogen-deficient rat model of osteoporosis. J Bone
Miner Res 2001, 16(Suppl. 1): Abst SA434.

25. Takeda, S., Uchiyama, Y., Higuchi, Y. et al. ED-71, 1α,25-
dihydroxy-2β-(3-hydroxypropoxy)vitamin D3, is a potent inhibitor
of bone resorption in aged estrogen-deficient rats. J Bone Miner
Res 2004, 19(Suppl. 1): Abst SU500.

26. Yue, X. Effect of 2β-(3-hydroxypropoxy)-calcitriol on bone
mass and strength and bone metabolism in ovariectomized

References

1. Miyamoto, K., Kubodera, N., Ochi, K., Matsunaga, I.,
Murayama, E. (Chugai Pharmaceutical Co. Ltd.). Vitamin D3

derivatives having a substituent at 2-position. EP 0184206, JP
1986267549, US 4666634.

2. Miyamoto, K., Murayama, E., Ochi, K., Watanabe, H.,
Kubodera, N. Synthetic studies of vitamin D analogues. XIV.
Synthesis and calcium regulating activity of vitamin D3 ana-
logues bearing a hydroxyalkoxy group at the 2β-position. Chem
Pharm Bull 1993, 41: 1111-3.

3. Takahashi, T., Shiono, M. (Kuraray Co., Ltd.). Cyclohexanetriol
derivatives. EP 0503630.

4. Hatakeyama, S., Ikeda, T., Maeyama, J., Esumi, T., Iwabuchi,
Y., Irie, H. Convergent synthesis of 1α,25-dihydroxy-2β-(3-
hydroxypropoxy)vitamin D3 (ED-71). Bioorg Med Chem Lett
1997, 7: 2871-84.

5. Hijikuro, I., Doi, T., Takahashi, T. Parallel synthesis of a vita-
min D3 library in the solid-phase. J Am Chem Soc 2001, 123:
3716-22.

6. Prous Science Drug R&D Backgrounders: Osteoporosis
(online publication). Updated May 23, 2005.

7. Manolagas, S.C. Birth and death of bone cells: Basic regula-
tory mechanisms and implications for the pathogenesis and
treatment of osteoporosis. Endocr Rev 2000, 21: 115-37.

8. Iqbal, M.M. Osteoporosis: Epidemiology, diagnosis, and treat-
ment. South Med J 2000, 93: 2-18.

9. Nishii, Y., Okano, T. History of the development of new vitamin
D analogs: Studies on 22-oxacalcitriol (OCT) and 2β-(3-hydroxy-
propoxy)calcitriol (ED-71). Steroids 2001, 66: 137-46.

10. Okano, T., Tsugawa, N., Masuda, S., Takeuchi, A.,
Kobayashi, T., Takita, Y., Nishii, Y. Regulatory activities of 2β-(3-
hydroxypropoxy)-1α,25-dihydroxyvitamin D3, a novel synthetic
vitamin D3 derivative, on calcium metabolism. Biochem Biophys
Res Commun 1989, 163: 1444-9.

11. Okano, T., Tsugawa, N., Masuda, S., Takeuchi, A.,
Kobayashi, T., Nishii, Y. A novel synthetic vitamin D3 analogue,
2-β-(3-hydroxypropoxy)-calcitriol (ED-71): Its biological activities
and pharmacological effects on calcium metabolism. In:
Calcium-Regulating Hormones, II. Calcium Transport, Bone
Metabolism, and New Drugs. Contributions to Nephrology, H.
Morii (Ed.), Karger, Basel, 1991, Vol. 1, 116-22.

12. Hatakeyama, S., Kawase, A., Uchiyama, Y., Maeyama, J.,
Iwabuchi, Y., Kubodera, N. Synthesis and biological characteri-
zation of 1α,24,25-trihydroxy-2β-(3-hydroxypropoxy)vitamin D3

(24-hydroxylated ED-71). Steroids 2001, 66: 267-76.

13. Tsugawa, N., Nakagawa, K., Kurobe, M., Ono, Y., Kubodera,
N., Ozono, K., Okano, T. In vitro biological activities of a series of
2β-substituted analogues of 1α,25-dihydroxyvitamin D3. Biol
Pharm Bull 2000, 23: 66-71.

14. Tsugawa, N., Okano, T., Masuda, S., Takeuchi, A.,
Kobayashi, T., Kubodera, N., Sato, K., Nishii, Y. Effects of two
vitamin D3 analogues, OCT and ED-71, on calcium metabolism
in intestine and bone and parathyroid hormone secretion in vita-
min D-deficient rats. Proc Workshop Vitam D 1994, 739-40.

460 ED-71



Drugs Fut 2005, 30(5) 461

39. Matsumoto, T., Shiraki, M., Nakamura, T. et al. A new active
vitamin D, ED-71, increases bone mass in osteoporotic subjects
under vitamin D supply. J Bone Miner Res 2004, 19(Suppl. 1):
Abst SA460.

40. Development pipeline. Chugai Pharmaceutical Web Site
April 22, 2005.

Additional References

Ono, Y., Watanabe, H., Kawase, A., Kubodera, N. Synthesis and
biological character of 1β-hydroxylated vitamin D3 analogues.
Bioorg Med Chem Lett 1994, 4: 1523-6.

Moriarty, R.M., Brumer, H. III Toward a general synthesis of
A-ring trihydroxylated vitamin D analogs: Synthesis of an A-ring
synthon of ED-71 from D-arabinose. Tetrahedron Lett 1995, 36:
9265-8.

Watanabe, H., Kawase, A., Okano, K., Mitsui, T., Ishitani, Y.,
Morikawa, K., Kubodera, N. Synthesis of tritiated 1α,25-dihy-
droxy-2β-(3-hydroxypropoxy)vitamin D3 (ED-71). J Label Compd
Radiopharm 1999, 42: 519-25.

Fleming, R.H., McCormack, H.A., Whitehead, C.C. The effect of
ED-71 (a vitamin D3 analogue) on skeletal growth and develop-
ment in the maturing domestic hen. 10th Workshop Vitamin D
(May 24-29, Strasbourg) 1997, 88.

Kubodera, N., Irie, H., Kobayashi, T., Yamamoto, K., Nakamura,
T. Recent studies on synthesis and biological function of 1α,25-
dihydroxy-2β-(3-hydroxypropoxy)vitamin D3 (ED-71) and related
analogs. 10th Workshop Vitamin D (May 24-29, Strasbourg)
1997, 127.

Hatakeyama, S., Ikeda, T., Irie, H., Kubodera, N. A synthesis of
the A-ring part of 1α,25-dihydroxy-2β-(3-hydroxypropoxy)vitamin
D3 (ED-71). 10th Workshop Vitamin D (May 24-29, Strasbourg)
1997, 204.

Tsugawa, N., Okano, T., Kawazoe, T., Masuda, S., Takeuchi, A.,
Kubodera, N., Sato, K., Nishii, Y., Kobayashi, T. Effect of 1α,25-
dihydroxyvitamin D3 analogs with different pharmacokinetic
properties on induction of intestinal calbindin-D9k and renal cal-
bindin-D28k. 10th Workshop Vitamin D (May 24-29, Strasbourg)
1997, 211.

Okano, T., Tsugawa, N., Masuda, S., Takeuchi, A., Kobayashi, T.,
Nishii, Y. Binding activity of vitamin D analogs: Relationship with
affinity for receptor and vitamin D binding protein. Int Conf
Osteoporosis (Nov 5-7, Kobe) 1991, Abst 183.

Takeyama, K., Kim, M., Murayama, A., Kato, S. Interactions of
VDR with co-regulators by new vitamin D analogues, OCT and
ED-71. J Bone Miner Res 2001, 16(Suppl. 1): Abst SU523.

Yamamoto, Y., Yoshimura, K., Nakamura, T., Takeyama, K.,
Saito, H., Kato, S. In vivo actions of a novel vitamin D analogue,
ED-71, mediates VDR. J Bone Miner Res 2004, 19(Suppl. 1):
Abst M583.

mice. 31st Eur Symp Calcified Tissues (June 5-9, Nice) 2004,
Abst P181.

27. Saito, H., Takahashi, F., Tsunemi, K., Smith, S.Y., Doyle, N.,
Chouinard, L., Varela, A., Makishima, F. Treatment with ED-71,
1α,25-dihydroxy-2β-3-(hydroxypropoxy)vitamin D3, for 6 months
increases bone mass in ovariectomized cynomolgus monkey. J
Bone Miner Res 2004, 19(Suppl. 1): Abst SU501.

28. Okuda, N., Higuchi, Y., Shinomiya, K., Muneta, T., Ito, S.,
Asou, Y. ED-71, a novel vitamin D analog, promotes bone for-
mation and inhibits bone resorption after bone marrow ablation.
50th Annu Meet Orthop Res Soc (March 7-10, San Francisco)
2004, Abst 0382.

29. Okuda, N., Takeda, S., Shinomiya, K., Muneta, T., Itoh, S.,
Asou, Y. ED-71, a novel vitamin D analog, promotes bone for-
mation and inhibits bone resorption after bone marrow ablation.
J Bone Miner Res 2004, 19(Suppl. 1): Abst M582.

30. Okuda, N., Takeda, S., Shinomiya, K., Muneta, T., Itoh, S.,
Asou, Y. ED-71, a novel vitamin D analog, promotes bone for-
mation and inhibits bone resorption after bone marrow ablation.
51st Annu Meet Orthop Res Soc (Feb 20-23, Washington DC)
2005, Poster No. 1066.

31. Yamane, K., Okano, T., Kishimoto, H., Hagino, H. Effect of
ED-71 on modeling of bone in distraction osteogenesis. Bone
1999, 24: 187-93.

32. Tanaka, M., Higuchi, Y., Kake, T., Uchiyama, Y., Yamane, K.,
Yamamoto, S., Kishimoto, H., Yamamoto, K. Acceleration of
bone formation by a new vitamin D analogue, ED-71: A compar-
ative study with 1,25D3 on rabbit leg lengthening model. J Bone
Miner Res 2001, 16(Suppl. 1): Abst M528.

33. Mori, S., Cao, Y., Miyamoto, K., Iwata, K., Mahiba, T.,
Akiyama, T., Komatsubara, S., Manabe, T., Norimatsu, H.
1α,25-Dihydroxy-2β-(3-hydroxypropoxy)vitamin D3 (ED-71) does
not disturb fracture healing process in rat�s femoral fracture
model. J Bone Miner Res 2004, 19(Suppl. 1): Abst SU497.

34. Tanaka, Y., Nakamura, T., Nishida, S., Suzuki, K., Takeda, S.,
Sato, K., Nishii, Y. Effects of a synthetic vitamin D analog, ED-71,
on bone dynamics and strength in cancellous and cortical bone
in prednisolone-treated rats. J Bone Miner Res 1996, 11: 325-36.

35. Tanaka, Y., Inoue, M., Seino, Y. Synthetic vitamin D analog,
ED-71, can cure rachitic bone of mice without hypercalcemia. J
Bone Miner Res 2001, 16(Suppl. 1): Abst SU452.

36. Matsumoto, T., Kubodera, N., The ED-71 Study Group.
1α,25-Dihydroxy-2β-(3-hydroxypropoxy) vitamin D3 (ED-71): A
promising candidate for the treatment of osteoporosis. 11th
Workshop Vitamin D (May 27-June 1, Nashville) 2000, 221.

37. Kubodera, N., Tsuji, N., Uchiyama, Y., Endo, K. A new active
vitamin D analog, ED-71, causes increase in bone mass with
preferential effects on bone in osteoporotic patients. J Cell
Biochem 2003, 88: 286-9.

38. Matsumoto, T., Miki, T., Sugimoto, T. et al. A new active vita-
min D analog, ED-71, increases bone mass with preferential
effects on bone in osteoporotic patients. J Bone Miner Res 2001,
16(Suppl. 1): Abst SA428.


