- 1 - DESCRIPTION 23-INE-VITAMIN D3 DERIVATIVE Technical Field The present invention
relates to a vitamin D3 derivative or a medicinally acceptable solvate thereof which is useful as a drug,
to a therapeutic agent using the same, to a pharmaceutical composition comprising the 10same, and
to a production intermediate thereof. More specifically,-the present invention relates to a 23-ynevitamin
03 derivative or a medicinally acceptable solvate thereof, to a pharmaceutical composition comprising
the same, to a therapeutic agent comprising the s g@ﬁ%%%ctive ingredient for osteoporosis,
malignant tumor psoriasis, hyperparathyroidism, inflammatory airway disease, rheumatoid arthritis,
diabetes mellitus, hypertension, alopecia, acne, or dermatitis, and to a production intermediate thereof.
20 Background Art Activated vitamip D¥ gerivativesmegolateonexemodeling, consisting of bone
formation and bone resorption, and show bone a density-increasing effect. 25Thus, they are being
used as a valuable therapeutic agent for osteoporosis. However, these active vitamin D3 derivatives,
la,25-dihydpoxyvitahsiaDa for exBhtple, do not necessarily show a satisfactory amount of increase in

the bone mineral density.MVhep the dase is,increased in300rder togngreasedhe Hone mineral density,
there occurs an in(gease ir]Ea serum calciurg.value Eaither than fgrt}g?r incrﬁase in thg bgne,mineral
density, causing eléVatiort of the serum Eﬂﬁciﬁ?:nl{}glue%yal?ncge?& or meor%?a\T/%Fuee considered as one of
the criteria for clinivAli38untesitabifity: Thtsatheralare becasidnal cases wWiere gesdfficiehnbone
mineral density-incrgasing.effectis notobtaingd {intarnationalPublication N WQiQLHEg7238) -2 -
Therefore, there is an earnes’&d%sire for an dactie/ated vitaCmirnm[gg ldg{igatciy% \évhic:? exl_rﬁbits a strong

ue.

. ame =382 = r ucecion il eo ore
bone mineral densﬁy-mdreasmg etfett El)\nt%ouf:lncreasmg the Seruf Calcitim Va eretofore, there

have been synthesizeda Shagtitlide dhitapiis B3 1dedvatives inandfortosoftainessuch-aderivative,
but there has not ygt begn found aay desivative which has asatisfactoryprefiles Summanyaflavention
lOAnOmetOfmeégg%ggETK¥g0§i%ﬁ%?ﬁ?@%ﬁ@ical composition comprising the
same, to a therapeutic agent comprising the same as an
15 active ingredient for osteoporosis, malignant tumor
psoriasis, hyperparathyroidism, inflammatory airway
disease, rheumatold arthritis, diabetes mellitus,
hypertension, alopecia, acne, or dermatitis, and to a
production intermediate thereof.
20
Rackground Art
Activated vitamin D3 derivatives regulate bone
remodeling, consisting of bone formation and bone
resorption, and show bone a density-~increasing effect.
25 Thus, they are being used as a valuable therapeutic agent
for osteoporosis. However, these active vitamin Di
derivatives, 1o,2Z5-dihydroxyvitamin D3 for example, do not
necessarily show a satisfactory amount of increase in the
bone mineral density. When the dose is increased in
30 order to increase the bone mineral density, there occurs
an increase in a serum calcium value rather than further
increase in the bone mineral density, causing elevation
of the serum calcium value by Img/dL or more, a value
considered as one of the criteria for clinical
35 undesirability. Thus, there are occasional cases where a
sufficient bone mineral density-increasing effect is not

obtained {International Publication No. WO 01/62723).



novel vitamin D3 derivative or a medicinally acceptable solvate thereof which exhibits a desired
pharmacological effect isolated from the blood calcium increasing effect. Further, an object of the
present invention is to 15provide a therapeutic agent for osteoporosis, malignant tumor, psoriasis,
hyperparathyroidism, inflammatory airway disease, rheumatoid arthritis, diabetes mellitus,
hypertension, alopecia, acne, or dermatitis, comprising the vitamin 03 derivative or a pharmaceutically
acceptable 20solvate thereof as an active ingredient. Furthermore,_ an object of the present
invention is to prO\?{(Ljheeg% %Fr%acéctﬁ?clé? cé%p%%iti%‘%r&%%ri 6 the vifgrﬁina Sao%trijvgﬁg? ran
medicinally acceptablessolvat® thdreofv253tikfurtherhare sbjekt ofthe presentinventiomisterprbvide

an intermediate of the, itamin;R3 derivative syitable for: prodyeingthe vitamin D3, derivatiye or a
medicinally acceptable solvate thereof. 30The present inventors conducted diligent research in order

to solve the aboveThemtiotied probfems BRUCAS hTeSult, Te&ERed e foldoWing ivehisnzcd @ That
is, the present inventibhig addtaniin D3 darivative represeriteddy the felfowihgdomula (1) oz an

35medicinally acceptable solvate thereok - 81+ Wherein Rlrepresents atwdrogen atom,an alkyl
group having 51 to 6 carbon atoms, an alkylcarbonyloxyalkyl group with each alkyl having 1 to 6

carbon atoms, or Al AryIEAHIOHYIGkYATY| GFSup with the Byl HakihdPé %6 16%arbon atoms and the alkyl

having 1 to 6 carbon atoms; R2 represents a hydrogen atom or an alkyl group having 1 to 106 carbon
atoms or, together yith-the. other R2.and-thecarbon atom to which they are bound to, may form a
cyclic alkyl group having 3 to 6 carbon atoms; R3 represents an alk{}g}éggcgj having 1 tp 6 carbon

atoms or, together with the otREF B3 arit the EarBbfi 2t to WHEH b&uRT P8t  Mdy form a
cyclic alkyl group hewireg. 3 16 Bazatbo® atdms] Xarepresents anroxgdgen mdmyoracagtidbhe group;
and n represents aj,integes of dedfef which exhibits a desired pharmacological
effect isolated from the blood calcium increasing effect.
Further, an object of the present invention igs to
15 provide a therapeutic agent for osteoporosis, malignant
tumor, psoriasis, hyperparathyroidism, inflammatory
alrway disease, rheumatoid arthritis, diabetes mellitus,
hypertension, alopecia, acne, or dermatitis, comprising
the vitamin D; derivative or a pharmaceutically acceptable
20 solvate thereof as an active ingredient.
Furthermore, an object of the present invention is
to provide a pharmaceutical composition comprigsing the
vitamin D; derivative or an medicinally acceptable solvate
thereof.
25 Still further, an oblect of the present inventiocn is
to provide an intermediate of the vitamin Dy derivative
suitable for producing the vitamin D; derivative or a

medicinally acceptable solvate thereof.

30 The present inventors conducted diligent research in
order to solve the above-mentioned problems and, as a
result, reached the following invention.

That is, the present inventicon is a vitamin D
derivative represented by the following formula (1) or a

35 medicinally acceptable solvate thereof.



Further, the present invention is a pharmaceutical composition comprising the vitamin D3 derivative
20represented by the above formula (1) or a medicinally acceptable solvate thereof, and a
pharmaceutically acceptable carrier. Furthermore, the present invention is a therapeutic agent
for one or more diseases selected from the group 25cansisting of osteoporosis, malignant tumor,
psoriasis, - 4 - hyperparathyroidism, inflammatory airway disease, rheumatoid arthritis, diabetes
mellitus, hypertension, alopecia, acpe, and dermatitis, comprising the vitamin D3 derivative
represented by the above formula (I or| Smedicinally acceptable solvate thereof as an active

as in the above formula (1); above formula (1), a methoxymethyl group, a
methoxyethoxymethyl group, & roup, a tetrahydropyranyl group, or a benzyloxy
methyl group; and R5 represents a protecting group for a hydroxyl group. According to the present
invention, there is 20provid [d a novel vitamin D3 derivative or a medicinally acceptable solvate
thereof, which is effective edting various diseases represented by osteoporosis, malignant tumor,
iasi , Inflammatory airway disease, rheumatoid arthritis, 25diabetes mellitus,
hypertension, alopegigyacrne; d&mdtitis and the like. Further, the production intermediate represented
by the above formula (2) of\lhe present invention is useful for producing the vitamin D3 derivative and
the like of the present inverit fE(&) Description of Embodiments -5 - The terms used in the
resent invention are def I
p Re Bys. ;

R20 1)

p:pémula (2): wherein R2, X, and n are the same

wherein
R1 represents a hydrogen atom, an alkyl group having
5 1l to & carbon atoms, an alkylcarbonyloxyalkyl group with
each alkyl having 1 to 6 carbon atoms, or an
arylcarbonyloxyalkyl group with the aryl having 6 to 10
carbon atoms and the alkyl having 1 to 6 carbon atoms; R,
represents a hydrogen atom or an alkyl grcup having 1 to
10 6 carbon atoms cr, together with the other R; and the
carbon atom to which they are bound to, may form a cyclic
alkyl group having 3 to 6 carbon atoms; R represents an
alkyl group having 1 to 6 carbon atoms or, together with
the other Rz and the carbon atom to which they are bound
15 to, may form a cyclic alkyl group having 3 to 6 carbon
atoms; X represents an oxygen atom or a methylene group;
and n represents an integer of 1 or 2.
Further, the present invention is a pharmaceutical
composition comprising the vitamin D; derivative
20 represented by the above formula (1) or a medicinally
acceptable solvate thereof, and a pharmaceutically
acceptable carrier.
Furthermore, the present invention is a therapeutic
agent for one or more diseases selected from the group

25 consisting of osteoporosis, malignant tumor, pscriasis,



The "alkyl group" means a linear, branched, or cyclic aliphatic hydrocarbon group. The alkyl group
5having 1 to 6 carbon atoms specifically include, for example, a methyl-group, an ethyl group, a propy!
group, an isopropyl group, a butyl group, an isobutyl group, a t-butyl group, a pentyl group, an

- isopentyl group, a hexyl group, a cyclopropyl group, a cyclopropylmethyl 10group, and a cyclohexyl
group. The "alkylcarbonyloxyalkyl group™ specifically includes a t-butylcarbonyloxymethyl group.
The "arylcarbonyloxyalkyl group’’ specifically includes a phenylcarbonyloxymethyl group. 15In the
above formula (1), ¥ ree)ép?gé‘ggn%g %rr?fd%a’éxﬁ a%&rgrfg%?kly?gyouaplﬁﬁﬁg C{ncsf‘:é/cs:a\gr‘oon atoms, an
alkylcarbonyloxyalkylejiaas with eachbalkyavirg 226 Becarben hicms, ohatranicarbonyloxyalkyl

ghroup Withftheb?f){'ah?ér/]ﬂﬂ?:@ 19 19501%90%&5:@'@@1@%@% 914?/' ?@%&9913539@ Qlﬁarb@pt%la@mﬁ-ﬁmolng
these, preferable is,a hydrogen atom, a me roup, an e roup, a propyl group, an isopropy
group, or a t-butyl 8?0%%‘;7%%%%@8%? if:)?e era Igﬁ Beh?/d%y eneatg?ﬁf%glgg is@drogﬁ &oup. As the
alkylcarborlyloxyalkydgroap,apreferabless mei 25batdoabenozymethyd greup. Furthet, preferable as
the arylcarbonyloxyalkyl-groups a phenylcarbonyloxyalkyl group. In the above formula (1), 1R2
represents a hydrogen atom, qr.an alkyl group_having 1 to 6 carbon atoms oy, 30together with the other
=5 and the carmon atom (N A AR bOUNE (6 SABERiLA Sl Aty robpH S 55 b
carbon atoms. Améng tesel Rt preferably avhydmogen 2tofror amethsl. groap; or when R2,
together with the othgrdiz.and fhe cg&qr%a@@p%w@mew@ bound35ferms a cycloalkyl group,
preferable is a cyclopropyl group. In the above formula (1), R3 represents an alkyl -6 group having 1
to 6 carbon atoms or, toget ith the other R3 and the carbon atom to which they are bound to, may
form a cyclic alkyl group. As thg alkyl group having 1 to 6 carbon atoms, preferable are a methyl group
and an 5ethyl grouPasF t ﬁ% together with the other R3 and the carbon atom to which they

.are bound, forms a

2
10 O 2)

wherein Ry, X, and n are the same as in the above
Tormala {1}:; Ry represents R: in the above formula {1}, a
methoxymethyl group, a methoxyethoxymethyl group, a
15 tetrahydrofuranyl group, a tetrahydropyranyl group, or a
benzyloxry methyl group; and Rs represents a preotecting

group for a hydroxyl group.

Boccording to the pressnt invention, there is

20 provided a novel vitamin D; derivative or a medicinally
acceptable solvate thereof, which is effective for
treating various diseases represented by osteoporosis,
malignant tumor, pscriasis, hyperparathyroidism,
inflammatory airway disease, rheumatceid arthritis,

25 diabetes mellitus, hypertension, alopecia, acne,
dermatitis and the like. Further, the production
intermediate represented by the above formula (2) of the
present invention is useful for producing the vitamin Ds
derivative and the like of the present invention.

30

Description of Embodiments



cycloalkyl group, preferable is a cyclopentyl group. Further, in the above formula (1), X represents
an oxygen atom or a methylene group. 10Furthermore, in the above formula (1), n represents an
integer of 1 or 2, where especially preferably nis 1.  As preferred specific examples of the vitamin
03 derivative represented by the formula (1) of the presery invention, there may be mentioned the
compounds shown in 15the following table. - 7 - Table 1 CompoundRI No. R2 R3 X n 0-1 Hydrogen

atom Hydrogen atom Methyl group Oxygen atom 0-2 Methyl group Hydrogen atom Methyl grou
Oxygenyatorgn T}”/leg tegms ylgsed gn the pre)s/e%t Env%nt%on are defj)_/n%d P

as follows.
The "alkyl group" means & linear, branched, or

cyclic aliphatic hydrocarbon group. The alkyl group

5 having 1 to 6 carbon atoms specifically include, for
example, a methyl group, an ethyl group, a propyl group,
an isopropyl group, a butyl group, an iscbutyl group, a
t-butyl group, a pentyl group, an iscopentyl group, a
hexyl group, a cyclopropyl group, a cyclopropylmethyl

10 group, and a cyclohexyl group.

The "alkylcarbonyloxyalkyl group" specifically
includes a t-~butylcarbonyloxymethyl group.

The "arylcarbonyloxyalkyl group" specifically
includes a phenylcarbonyvloxymethyl group.

15 In the above formula (1), R represents a hydrogen
atom, an alkyl group having 1 to 6 carbon ateoms, an
alkylcarbonyloxyalkyl group with each alkyl having 1 to 6
carbon atoms, or an arvlcarbonyloxyalkyl group with the
aryl having 6 to 10 carbon atoms and the alkyl having 1

20 to 6 carbon atoms. Among these, preferable is a hydrogen
atom, a methyl group, an ethyl group, a propyl group, an
isopropyl group, cr a t-butyl group; and especially
preferable is a hydrogen atom or an isopropyl group. As
the alkyicarbonyloxyalkyl group, preferable is a t-~

25 butylcarbonyloxymethyl group. Further, preferable as the
arylcarbonyloxyalkyl group is a phenylcarbonyloxyalkyl
group.

In the above formula (1), Ry represents a hydrogen
atom or an alkyl group having 1 toc 6 carbon atems or,

30 Together with the cther R; and the carbon atom to which
they are bound to, may form a cyclic alkyl group having 3
to 6 carbon atoms. Among these, R; is preferably a
hydrogen atom or a methyl group; or when R, together with
the other R, and the carbon atom to which they are bound,

35 forms a cycloalkyl group, preferable is a cyclopropyl
group.

In the above formula (1), Rs represents an alkyl



0-3 Ethyl group Hydrogen atom Methyl group Oxygen atom C-4 Propyl group Hydrogen atom Methyl
group Oxygen atom 1 0-5 Isopropyl group Hydrogen atom Methyl group Oxygen atom 1 0-6 t-Butyl
group Hydrogen atom Methyl group Oxygen atom 1 0-7

10

i5

-

group having 1 to € carbon atoms or, together with the
other Rz and the carbon atom to which they are bound to,
may form a cyclic alkyl group. As the alkyl group having
1 to 6 carbon atoms, preferable are a methyl group and an.
ethyl group. Further, when Rj3, together with the other R;
and the carbon atom to which they are bound, forms a
cycleoalkyl group, preferable is a cyclopentyl group.

Further, in the above formula (1), X represents an
oxygen atom or a methylene group.

Furthermore, in the above formula (1}, n represents
an integer c¢f 1 or 2, where especially preferably n is 1.

As preferred specific examples of the vitamin Ds
derivative represented by the formula (1) of the present
invention, there may be mentioned the compounds shown in

the following table.

R20 (1)



t-Dutylcarbonyl- oxymethyl group Hydrogen atom Methyl group Oxygen atom 0-8 Phenylcarbonyl-
oxymethyl group Hydrogen atom Methyl group Oxygen atom 0-1 Hydrogen atom Hydrogen atom
Methyl group Methylene group 1 0-2 Methyl group Hydrogen atom Methyl group Methylene group 1

0-3 Ethyl group -7 -
Table 1
CompoundR, R Rz X n
No.
-1 Hydrogen atom Hydrogen atom Methyl groupOxygen atom ]
O3 Methyl group Hydrogen atom Methvyl oroup Oxygen atom |1
C-3 Ethyl group Hydrogen atom [Methyl group Oxygen atom |1
C-4 Propyl group Eydreogen atom Methyl group|Cxygen atom |1
C-5 Isopropyl group |Hydrogen atom Methyl group |Oxygen atom |]
C-6 t-Butyl group Hydrogen atom Methyl group|Oxygen atom |1
C-7 t-Butylcarbonyl- [Hydrogen atom Methyl groupOxygen atom []
oxymethyl group
C-8 Phenylcarbenyl- (Hydrogen atom Methyl group Ozygen atom {1
oxymethyl group
D~1 Hydrogen atom Hydrogen atom Methyl group Methylene 1
gqroup
D2 Methyl group Hydrogen atom Methyl groupMethylene T
group
D-3 Ethyl group Hydrogen atom Methyl group|Methylene 1
group
D-—4 Propyl group Hydrogen atom Methyl group|Methylene 1
group
D-5 Isopropyl group |Hydrogen atom Methyl group Methylene 1
group
D-6 t-Butyl group Hydrogen atom Methyl group Methylene 1
group
E-1 Hydrogen atom Cyclopropyl Methyl group Oxygen atom |1
BE-2 Methyl group Methyl group [Methyl groupOuygen atom |1
Bl Hydrogen atom Hydrogen atom [Ethyl group [Oxygen atom |]
-2 Hydrogen atcm Hydrogen atom [Cyclopentyl [Oxygen atom |1
If necessary, the vitamin D; derivative of the
present invention can be converted to a medicinally
5 acceptable solvate. 8Such a solvent includes water,
methanol, ethancl, l-propancl, Z-propanol, butanol, t-

acetoneg, methyl ethyl ketone,
diethyl ether, t-butyl methyl
DMS0O, and the like.

butanocl, acetonitrile,

chloroform, ethyl acetate,
DMFE,

there may be mentioned water, methanocl,

ether, benzene, toluene,

10 Especially,

ethanol, l-propanol, Z-propancl, aceteonitrile, acetone,

methyl ethyl ketone, and ethyl acetate as preferable
solvents.
(2)

The protecting

In addition, Rs in the above formula represents a
protecting group for a hydroxyl group.
methoxymethyl

(the

group for a hydroxyl group includes a
group, an acyl group having 1 to 3 carbon atoms

number of carbon atoms includes the carbonyl carben), a



Hydrogen atom Methyl group Methylene group 1 0-4 Propyl group Hydrogen atom Methyl group
Methylene group 0-5 Isopropyl group Hydrogen atom Methyl group Methylene group 1 0-6 t-Butyl
group Hydrogen atom Methyl group Methylene group 1 E-1 Hydrogen atom Cyclopropyl Methyl group

- 8 -

trimethylsilyl group, a triethylsilyl group, a t-

butyldimethylsilyl group, a t-butyldiphenylsilyvl group,

and the like. Among these, a triethylsilyl group and ©-

butyldimethylsilyl group may be mentioned as preferable
5 examples.

Further, Ry in the above formula (2) represents Ry in
the above formula (1} or represents a methoxymethyl
group, & methoxyethoxymethyl group, a tetrahydrofuranyl
group, a tetrahydropyranyl group, or a benzyloxymethyl

10 group. Among these, preferable is & methyl group, an
ethyl group, a propyl group, an iscpropyl group; or a t-
butyl group, a t-butylcarbonyloxymethyl group, a
phenylcarbonyloxyalkyl greup, or a benzyloxymethyl group.

Furthermore, in the above formula (2}, n represents

ib an integer of 1 or 2, wherein n is especially preferably
1.

Synthesis of the vitamin D; derivative represented by
the above formula (1} may be performed by any method but
may, for example, be carried out as described in the

20 following Scheme 1. - That is, after compound (2) and
compound (3) are subljected to a coupling reaction, the
protecting group of the hydroxyl greup is removed, and,
if necessary, the ester group is hydrolyzed to obtain the

target material (1).

Scheme 1
<, \\ RS
P s
= \\ 3 OH
RO ORs Rs 1) Pd cat
A — .
X )n ? Rs OPG 2} deprotection
R OR, Br HO" OH
20 )
n
Ry OR4
2) {2) R, 4
{PG=Protecting Group) 0
25 {1

In the reaction formula abdve, Ry to Rg in the
compound (1) and the compound (2) are the same as in the

above formula (1) and formula (2). Further, in the



Oxygen atom 1 E-2 Methyl group Methyl group Methyl group Oxygen atom 1 F-1 Hydrogen atom
Hydrogen atom Ethyl group Oxygen atom F-2 Hydrogen atom Hydrogen atom Cyclopentyl Oxygen
atom 1 If necessary, the vitamin 03 derivative of the present invention can be converted to a
medicinally 5acceptable solvate. Such a solvent includes gvater, methanol, ethanol, 1-propanol,
2-propanol, butanol, t- butanol, acetonitrile, acetone, methyl ethyl ketone, chloroform, ethyl acetate,
diethyl ether, t-butyl metlgy[:)eth%r, benzene, toluene, DMF, DMSO, and th Iil?%.) 10Esp%c%ilglly, there

may be mentionedrﬁa%r, mgtha%f‘u a above, Rs 1n'the compoun are
same as Rz in the above formula (1). Furthermore, OPG in
the compound (3) represents a protected hydroxyl group.
Specifically, the protecting group includes a
5 trimethylsilyl group, a triethylsilyl group, and a
methoxymethyl group.

In the above Scheme 1, when R; is & hydrogen atom,
the compound (2) can be synthesized from an ene-yne
compound {(4) according to the following Scheme 2, the

10 ene-yne compound (4) being described, for example, in a
literature (Takayama, et al., "Vitamin D Analog in Cancer
Prevention and Therapy,"” Recent Results in Cancer
Research, Vol. 164, Springer, pp. 289-317, 2003 and the
like). That 1is, by selectively removing the protecting

15 group (t-butyldimethylsilyl group; TBS group) of the
primary hydroxyl group of (4), there is obtained compound
{5}. Then, the hydroxyl group of (5) is oxidized to a
carboxyl group, which is subsequently esterified to
obtain the desired (2} (R; = TBS).

Scheme 2
2 >
7 §i¢ 7 2
e i . 1) Oxidati .
TBSO OTBS Deprotection TBSO' otes  1OM9AIOR e OTBS
X OTRS . !
of primary OTBS X OH  2) protection of X OR,
.(V};\/ v Hﬁ\’ hydroxy group M?Y
s
{4) (5)
20 _ {2} (Rs=T7BS)

Meanwhile, in the abkove Scheme 1, when Ry is a methyl
group, compound (3) can be synthesized as described in
the following Scheme 3.
25 That is, the compound (3} can be obtained by
bromomethylenation of compound (6), the latter compound
being described in a literature (for example, U.S. Patent
No. 4804502 .



ethanol, 1-propanol, 2-propanol, acetonitrile, acetone, methyl ethyl ketone, and ethyl acetate as
preferable solvents. In addition, R5 in the above formula (2) represents a 15protecting group for a
hydroxyl group. The protecting group for a hydroxyl group includes a methoxymethyl group, an acyl
group having 1 to 3 carbon atoms (the number of carbon gtoms includes the carbonyl carbon), a - 8 -
trimethylsilyl group, a triethylsilyl group, a tbutyldimethylsilyl group, a t-butyldiphenylsilyl group, and
the like. Among these, g triethylsilyl group and tbutyldimethylsilyl group may be mentioned as
preferable 5examples.,FlpthessR4 in the above formula (2) reprasefits Rithe above formula (1) or
represents a methesysrethyl group C%éneth%ﬁﬁﬁﬂ?&ﬂfﬁ?@?ﬂyl @Q tetrahyosefuranyl group, a
tetrahydropyranyl ﬁ& a ben onxymey’fﬁ‘I‘IU@r’cw’?ﬁ. Amongthese, preferable is a methyl group,
an ethyl group, a prﬁl group, an isopropyl group; or a t-butylE foup, a t-butylcarbonyloxymethyl
group, a phenylcarbonylox‘yalkyl group, or a benzyloxymetti{fl group. Furth@dfiieriactiig e above
formula (2), n represents 18hn integer of 1 or 2, wherein n is espe¢®liRrpriigrably 1. Synthesis of
the vitamin D3 derivative represented by the above formula (1) may be performed by any method but
may, for example, be carried out as described in the 20following Scheme 1. That is, after compound
(2) and compound (3) aré'sdlbfeeted teRPEGUPIIG réacHoRthEprétectingtgroap of ¢we hyerdxgtigroup
is removed, and, itbRecassank ke estergraup isthydralyzegie ebtpinthe-targekmaterial (1). Scheme 'l

In the reac1%|on formul abbve,%l to R5In thfsggm ound (tll)l and thg Cé)éné)ound %2) ,éi(ge %kﬁee same as in

the above Tormula (1 and Tormula (2); Furfiie? in‘the >¥g =75 +2° ordin
method shown in the fcllowing Scheme 4 in addition to the

above Zcheme 1. That is, the compound (5) in Scheme 2 is
protected with a pivaloyl group to obtain compound (7),
which is subjected to coupling with the compound {3) in
10 Scheme 1 and deprotection of the hydroxyl group at the
terminal of a substituent attached to 2-positicn of the A
ring to obtain compound (8). The hydroxyl group of the
compound obtained is oxidized to a carboxylic acid and,
finally, all protecting groups of the hydroxyl groups are
15 removed to obtain the compound (1} (R = H).

Scheme 4

Br PG=Protecting Grou
{/ = PivCi {/ 4 ¢ ?
N (3} NaOWMe
TBSO oTBS 850 oTes Pd cat.
O\/\/OH O\/\/Gpl\l
(5) {7

AN
Rs
OH
4- Oxidation l s
2- deprotection !
TBSOY HOY OH
O O
! o
{1) (Rg=H)

(8)
further, in the above Scheme 1, when R; is

substituted, for example, when R, in compound (2) is

forming a cyclcalkyl group together with the other R, and



reaction formula above, R3 in the compound (3) are the same as R3 in the above formula (1).
Furthermore, OPG in the compound (3) represents a protected hydroxyl group. Specifically, the
protecting group includes a 5trimethylsilyl group, a triethylsilyl group, and a methoxymethyl group. In
the above Scheme 1, when R2 is a hydrogen atom, the compound (2) can be synthesized from an
ene-yne compound (4) according to the following Scheme 2, the 10ene-yne compound (4) being
described, for examgle, in a literature (Takayama,_ et al., "Vitamin D Analog in Cancer Prevention and

Therapy,” Recent RESUIETR tahder Beseardh \idl, 164 Yoy OBp 289281 7 2563 ad tHE like).
That is, by selectivély removing:thebprotectmgdiSgrogp Ehutyidimethyisilytgroue;: TBS gooup) of the
primary hydroxyl grpup of ere is obtained compound. (5). Then, the hydroxyl gr of (5) is
oxidized to a carboE))?;I[B g%ég%%glcﬁg%% é:ézﬁlgnstﬁ/(%stepr?f)léd %T;E 3gtginlﬁ1exgees§(re%g(%%f§2 = TBS).
Scheme 2 TBSO'TTBSDEPrétaétioi TBSOTX i URs s IOTES 0f prirtary QTRS £(4)(8)20(2) (R5=
IBS)  Meanwhilegiarthe @beyve Schespe ki whenRB:is amethyl graup rcompound. (Izan be
synthesized as described in the foll(é\avein% Scheme 3. 25Thatés, JQZ cgm%ounge(g) can t%zeobtained by

bromomethylenatiosnaﬁ)&te ccgqrﬁ"go&r“?d thenl%lftg?%or%%%}aﬁa I%Jeing eSCHbed iR a literattre (for

example, U.S. Paténti¢ 2480245025 2 Xa parBronfdmeéthylenatioh BrPG 2P idtecting Groupancer

Prevention and Therapy,"” Recent Results in Cancer
Research, Vol. 164, Springer, pp. 289-317, 2003 and the

10 iike}. After obtaining compound {(11) by protection of
the hydroxyl greoups of compound (10), ring opening of the
benzylidene ring and, further, reduction of l-position of
glucose were carried out to obtain compound (12).
Subsequently, an epoxide is formed from the diol porticn

15 to obtain compound (13}, followed by reaction of the
epoxide with acetylene to obtain compound (14) having a
triple bond site introduced. By suitably protecting the
hydroxyl groups, compound {15) can be obtained. By
coupling of the compcocund (15) and the CD ring

20 intermediate {3) described in Scheme 1 and selective
deprotection, there is obtained compound (16). Further,
by oxidation of the primary hydroxyl group fo a
carboxylic acid and subsequent deprotection of the
protected hydroxyl groups, there can be obtained the

25 desired compound {1).



(3) (R3=Me) Further, among the vitamin D3 derivatives represented by the above formula (1), a
compound wherein R2 is a 5hydrogen atom can also be synthesized according to the method shown
in the following Scheme 4 in addition to the above Scheme 1. That is, the compound (5) in Scheme 2
is protected with a pivaloyl group to obtain compound (7); yhich is subjected to coupling with the
compound (3) in 10Scheme 1 and deprotection of the hydroxyl group at the terminal of a substituent
attached to 2-position of the A ring to obtain compound (8). The hydroxyl group of the compound
obtained is oxidized t(?ﬁrt%mfo%llc acid and, finally, all protecting groups of the hydroxyl groups are
15removed to obtain the compound (1) (R2 = H). Scheme 4 TBSOOTBS (5) TBSOOTBSHO'OH OH 0
(1)(R2=1-1) (8) Further, in the ab %%ﬁ: eme 1, when R2 is substituted, for exampl W en R2in

compound (2) is forming a gycloalkyb fatether W@?ther R2 andottvéotarbon atoﬁ{/@;ﬁgglch
oXidli

they are bound to, comgoﬁ/\g O) IS obtalned by ep § ¢Bmmercial A,Q-Q-bgnzyll en
a-0-methyl- glucopyrano&daa@) Whleh |sg§ed as the star material, and subsequently ca«ilrylng out

ring 5opening of the epOX|de under basg)g C fditions, in the same way as the ene-yne compoutid’ (4)
described in the literature (‘? kayama, et al., "Vitamin D Agsalog in Cancer Prevention and Thesapy,”
Recent Results in Cancer Research, Vol. 164 Springer, pp. 289-317, 2003 and the 10like). After
obtaining compound (11) by protection of _ 1) TMSacetylene,

VIS0 R0 oy o 0 Tomaien Ly M
* IBSO Y OBz '
2
2) Zn* NaBH,CN, o 2) TBAF } deprotection
OPiv
OPiv
{(13)
{(12)

o
: Ry PG
(3)

// # = B
(3
Ho“§{0H Protection TBSO“‘CO;(GTBS Pd(PPha), EtN gg‘gr‘;‘;;ﬁuon
OH CPiv
(14) (15)

oxidation deprotection

(18} (1) (Ra=cyclopropyl)

A therapeutic agent for ostecporosis and the like,
comprising the vitamin Ds; derivative or a medicinally
) acceptable solvate thereof of the present invention as an
‘ active ingredient, is prepared by using a carrier, a
vehicle, and other additives used commonly in drug
formulation. The carrier and vehicle for drug
formulation may be either solid or liquid, and include,
10 for example, lactose, magnesium stearate, starch, talc,
gelatin, agar, gum arabic, olive oil, sesame oil, cacao

butter, ethylene glyccl, and the like; and other commonly



the hydroxyl groups of compound (10), ring opening of the benzylidene ring and, further, reduction of
1-position of glucose were carried out to obtain compound (12). Subsequently, an epoxide is formed
from the diol portion 15to obtain compound (13), followed by reaction of the epoxide with acetylene to
obtain compound (14) having a triple bond site introduceglzBy suitably protecting the hydroxyl groups,
compound (15) can be obtained. By coupling of the compound (15) and the CD ring 20intermediate (3)

d ibed in Sch d selective depr ecton there is Qbtained compound (16). Further
idation of the i SRJBOREGHOR to B'e. CHTG AT SR SCLRbGGETHbprEbco e

protected hydroxylgreups: dhereicarrbé dbtained tee25desi redabdmpeu ne{D)l s, 12ZaSchéme 5
'TBSO(DBZZ)Zn*ﬁ%ﬁﬂﬁ%@@;zbgﬁﬁéi,CH@Mié%) £149(35) 95xe; or parenteral

administration by means cof injections such as intravenous
5 injection, intramuscular intection, and the like,
suppositories, transdermal drugs, and the like.

In the therapeutic agent of the present invention, a
therapeutically effective amount of the active ingredient
varies depending on the route of administration, age and

10 gender of the patient, and extent of the disease.
However, it is generally about 0.01 to 10 pg/day and the
number of doses is generally 1 to 3 times/day or 1 to 3
times/week. Thus, the formulation is preferably prepared

to satisfy these conditions.

15
Examples
Hereinafter, the present invention will be described
in more detail with reference to Examples. However, it
should be understood that the present invention is not
20 deemaed to be limited therxeto. In addition, abbreviations

used in the present invention are as follows:
TBS = t-butyldimethylisilyl group:;
TES = triethylsilyl group;
TESCL = chlorotriethylsiiane;
25 ™S = trimethylsilyl group;
TMSC1l = chlorotrimethylsilane;
Piv = pivaloyl group:
PivCl = pivaloyl chloride;
TBAF = tetrabutylammonium flucride;
30 CSA = (+/-)-camphor-10-sulfonic acid;
PDC = pyridinium dichromate;
TBSOTE = t-butyldimethylsilyl trifluoromethanesulfonate;
DIBAL = dibutylaluminum hydride;
DME = N,N-dimethylformamide;
35 THE
TsCl = p—tolueﬁ@sulfonyl chloride; and

tetrahydrofuran;

Ts = p-toluenesulfonyl.



(16)(1) (R2=cyclopropyl) A therapeutic agent for osteoporosis and the like, comprising the vitamin
03 derivative or a medicinally acceptable solvate thereof of the present invention as an active
ingredient, is prepared by using a carrier, a vehicle, and other additives used commonly in drug
formulation. The carrier and vehicle for drug formulation may_be either solid or liquid, and include, 10
for example, lactose, magnesium stearate, starch, talc, gelatin, agar, gum arabic, olive oil, sesame oll,
cacao butter, ethylene glycol, and the like; and other commonly - 13 - used materials. The mode of
administration mafﬁ@%ﬁﬁ@r 8Tal administration by means of tablets, pills, capsules, granules, powder,
fluids, and the like;Forcparentesal agdiministratidn-bylRe2ads ok jHjéctions-sUthaas intrayehaus Sinjection,
intramuscular injection, and the, ke, suppesitories, fransdermaldrygs and the lke, .. Jnthe
therapeutic agent of the present invention, a tlﬁerapeutlcally effective amount of the active ingredient
varies depending onPiEH%‘dféjof:a&rhmlstratlon age and 10gender of the patient, and extent of the
disease. However, it is generally about 0.01 to 10 p. g/day and the number of doses is generally l1to3
times/day or 1 to 3 timeghweek. Thus, the formul on is preferably prepared to satisfy, t,b

conditions. 15 Exa@o ¢ _ Hereirféfter, the pr Sefit inveRSHill be de%@ed in mormdegtall with
reference to Examples. However, it it should B&« e‘i‘?@od that the préSeng invéption is.nat@0deemed
to be limited thereto. In addltlon abbreviations uséd in the present invention are as follows: TES =

" t-butyldimethylsilyl group TES = triethylsilyl group: TESCl = chlorotrlethylsfane 25TMS =

trimethylsilyl group; TN —chlorotrlmethylsna & ivalo Iﬂgroup PivCl="ivaloyl chloride;
TBAF = tetrabutyl niumfaerids 306G her 10 Eliifonic Bcid
O1ts
2) TESGI . E

Dess-Martin NaClOz NaHPO,;
reagent 2-Methylh2-bulens HCI
OTES QTES
CHzGiz THF, t-BuOH, H,0
OTBS OTBS

O~ -CH OH

AB-1 AB-2 -1

{1) Compound A-1 (2.29 g, 4.11 mmol), known in the
literature {for example, Kittaka et al., J. Org. Chemn.,
10 69, T463-T7471 (2004);, was dissolved in ethanol (20 ml},
thereto was added (+/-)-~camphor-10-sulfonic acid {854 g,
4,11 mmol) under ice cooling, and the mixture was stirred
at 0°C for 1 hour. The reaction was terminated by the
addition of saturated agueous sodium hydrogen carbonate
15 and the mixture was diluted with ethyl acetate. This was
washed with water and saturated agueous sodium chloride
and the organic layer was dried over anhydrous sodium
sulfate. The organic layer was concentrated under
reduced pressure and the residue obtained was purified by
20 silica gel column chromatography {n-hexane/ethyl acetate
= 9/1) to,obtain compound A-2 (1.64 g, yield 90%).
"H-NMR (CDCls) 8: 5.96-5.88 (1H, m), 5.27-5.21 (2H, n},
4,29 (1#, dd, J = 6.8, 3.9 Hz), 3.88-3,72 (5H, m), 3.45
{(IH, dd, J = 5.4, 4.1 Hz), 3.00 (iH, t, J = 6.0 Hz},
25 2.50~2.46 (1H, m), 2.38-2.33 (1H, m), 2.01 (1H, t, J



PDC = pyridinium dichromate; TBSOTf = t-butyldimethylsilyl trifluoromethanesulfonate;
DEALdibutylaluminum hydride; DMF = N,N-dimethylformamide; 35THE = tetrahydrofuran; TsC1 =
p-toluenesulfonyl chloride; and Ts = p-toluenesulfonyl. - 14 - Example 1 Production of
(5Z,7E)-(1R,2S,3R,20R)-2-(2-carboxyethoxy)- 23-yne-9,10-seco-5,7,10(19)-cholestatriene-1,3,25-triol
(Compound C-1) (1) Compound A-1 (2.29 g, 4.11 mmol), known in the literature (for example,
Kittaka et al., J. Org. Chem., 1069, 7463-7471 %004)), was dissolved in ethanol (20 ml), thereto was
added (+/-)-camphor-105ulfonic &6a Y954 mid . 1T mm6h Uhdéfite &dolinG; &hd t5E mikture was

stirred at OC for 1 lBourC Théteaction Wwas termdinated) by the addition of saturated aqueous sodium
hydrogen carbonate 15ang2t)heﬂllg<tl({r g%gjﬁutggzwith _e@y&gcgg% This, Yv)aso\%%%tﬁdewitl&yvater and

saturated aqueous sodium chloride and the organic layer was dried over anhydrous sodium sulfate.
The organic layer was cBAEertiaten ufftfer +8duteapretturtiéndithe Asttueiditaidd ®as purified by

20silica gekcolumn, ghromalagrphyilPshexanelethyhacatater= 94l)He, obtagrcempornd A-g-(1.64 g,
yield 90%). 114-NMR (CDC13).5: 5.96-5.88 (1H, m), 5.27-5.21 (gGH, ﬁrr_%? 4.29 (1H, dd, J - 6.8, 3.9 Hz),
3.88-3.72 (5H, m), 3.95 (TR C4d O ="% 4 A1 HH 3.00-(1H 5% 2%6.095%), 58307 48, m),
2.38-2.33 (1H, m) by s JretiEs:02 6(Az)11 1854 68(RH; dn); 10:9E t9H a5) 0191e (9H, s), 0.10

(9H, s), 0.07 (3H, )i xtultx ThescampewadAs2 (194, 2:26punah) ebtairgd in-(L):was dissolved in

pyriine (10 mi) and, aftr the Sggdtion of pvaloyl ghierde (069, mL 363 1mall 219G

10 concentrated under reduced pressure. To the residue
obtained was added ethyl acetate, the mixture was washed
with saturated aqueocus sodium chiloride, and the organic
layer was dried over anhydrous magnesium sulfate. The
organic layer was concentrated under reduced pressure and

15 the residue cbtained was purified by silica gel column
chromatography (n-hexane/ethyl acetate = $/1) to obtain
compound A-3 (1.072 g, vield 920%).

"H-NMR (CDCls) &: 3.95 (1H, ddd, J = 17.0, 11.0, 6.0 Hz),
20 5.2 (1H, ddd, J =17, 2.0, 1.0 Hz), 5.14 {(1H, ddd, J =
11.0, 2.0, 1.0 Hz}, 4.32-4.28 (1H, m}), 4.18~4.10 (2H, m},
3.86 {1H, g, J = 5.6 Hz), 3.81-3.74 (1H, m), 3.68-3.60
(1H, m), 3.3% (1H, dd, J = 5.4, 3.4 Hz), 2.49 (1H, dg, J
= 17.0, 2.7 Hz), 2.35 (1H, dg, J = 16.9, 2.8 Hz), 1.96
25 {1H, t©, J = 2.7 Hz), 1.87 {(2H, dt, J = 14.0, 7.0 Hz),
1.19 (94, s), 0.90 {GH, s), 0.89 (S8H, =), 0.10 {(3H, s),
6.08 (3H, s), 0.07 {5H, s}, 0.03 (3H, s).
{3) (Bromomethyl)triphenylphophonium bromide (1.25
g, 2.87 mmel) was dissolved in tetrahydrcfuran (7 ml) and
30 the solution was ccoled to 0°C under a nitrogen
atmosphere. Hereto was added sodium
bis({trimethylsilyl)amide (1.0 M tetrahydrofuran solution,
2.90 mL, 2.87 mmol) and the mixture was stirred under ice
cooling for 30 minutes. The reaction mixture was cooled
35 to —-78°C and thereto was added a sclution of compound B-1

(200 Mg, 0.574 mmol) dissclved in tetrahydrofuran,



the reaction mixture was stirred at room temperature. Anhydrous methanol (3 mL) was added thereto
and the mixture was stirred at room temperature for further 30 minutes. Thereto was added toluene
and the mixture was 10concentrated under reduced pressure. To the residue obtained was added
ethyl acetate, the mixture was washed with saturated aqueous sodium chloride, and the organic layer
was dried over anhydrous magnesium sulfate. The organic layer was concentrated under reduced

pressure and 15the residue obtained was purified by silica gel column chrgmatography
(n-hexane/ethyl acét]até% T 31)1:[ %b‘fﬁﬂ‘%%ﬁﬁﬁjo%%&g% @6?@g}?iet&lﬁo%i.tfﬁi%rlﬁﬁe(dﬁéi?)) 8:5.95

(1H, ddd, J = 17.0,4445016.6 HZ)sROKATi(E He ddal) J = T7,92.0P%.0cz), Beld (8, 4ddiR .= 11.0, 2.0,
1.0 Hz), 4.32-4.28 (1H, m), 4.18-4,10 (2H, m)..2,86.(1H, q..J = 5.6 Hz), 3.81-3.74 (1H, m), 3.68-3.60
(1H, m), 3.39 (1H, éjgi?rg 543%%5‘?),%%49 21 ,CSd%;,g’f H76 ﬁz%, 2B AH g 3= 16.9, 2.8 Haz),
1.96 25(1H, 1, J - 25 Hz)<i8 A (2K°dt Doz 120,thOHZ), BA9(OH, B 086 (@Has). 089 (9H, ). 0.10
(3H, 9), 0.08 (3H, ) 0.07.(6H, 5), Q.03 {3Ho5): - .- @ME:E”@“ inyiipherylahonbonium omice

(1.25 g, 2.87 mmol) was dissolved in tetrahydrofuran (7 ml) and 30the solution was cooled to OC under

a nitrogen atmospliere’ Ferdtoiwas 26Ged SO&RHT bistrimethyISiyITEhRaE 2 0 MR tahydritran
solution, 2.90 mL, 285 rmmadleard! the:mixtgre was Stiered Urider icel cocling fob 88 mindites: sThe

reaction mixture was caoled 35t 778G and thereta was.addeda solution,of compaund B;1, (200 Mg,

0.574 mmol) dissolved in tetrahydrofuran, - 16 - (1.5mL) the compound being known in the literature

(for example, UskdRobictett., RYSSpaterit NG 4g0a568%5 Atter Shirip 4E278E 9t 1 hour, the mixture
was stirretiCat OC forfurther & tHout. o e teaction fhixture was-added: sitipa get (B51) angl] after
vigorous stirring atygomtemperatpse for 10 minutes, the mixture was filtered through celite. The filtrate
obtained was concentrated under reduced pressure and the residue was purified by silica gel column

chromatography (nf 104Bxdidlety| ftetate® 9/1)Ho obtain LoffpoundiB-o1H 61, VielP67%).

1H-NMR (CDC13)8: 5465 (1, S)m2.90:2.86 (1K m)i2.28-1.24 20H,m),0L.68 (3Hk4, 4 = 6.3 Hz),
0.58 (3H, s), 0.18 I-!L,BS). 4) The compound B-2 (1.2 g, 2.82 mmol) obtained in (3) was dissolved

in tetrahydrofuran (10 mL), théreto was added tetrabutylammonium fluoride (1 M tetrahydrofuran
15 (4) The compound B-2 (1.2 g, 2.82 mmol) obtained in

{3) was dissolved in tetrahydrofuran (10 mL), thereto was
added tetrabutylammonium flucride (1 M tetrahydrofuran

gsojution, 4.23 mL, 4.23 mmol}, and the mixture was

stirred at 50°C for 30 minutes. Thereto was added ethyl

20 acetate, the mixture was washed with water, and the
organic layer was dried over anhydrous magnesium sulfate.
The organic layer was concentrated under reduced pressure
and the residue obtained was purified by silica gel
chromatography (n-hexane/ethyl acetate = 19/1). The

25 purified material was dissolved in anhydrous pyridine (10
mlL) and the solution was cooled to 0°C under a nitrogen
atmosphere. Hereto was added chlorotriethylsilane (0.944
mlL, 5.70 mmol) and the mixture was warmed to room

temperature and stirred for 2.5 hours. The reaction

30 mixzture was cocled to 0°C and, after the addition of
saturated agqueous ammonium chloride and water, extraction
wag performed with toluene. The organic layer was washed
with saturated aqueous scdium chloride and dried over
anhydrous magnesium sulfate. The organic layer was

35 concentrated under reduced pressure and the residue

obtained was purified by silica gel chromatography (n-



solution, 4.23 mL, 4.23 mmol), and the mixture was stirred at 50C for 30 minutes. Thereto was added
ethyl 20acetate, the mixture was washed with water, and the organic layer was dried over anhydrous
magnesium sulfate. The organic layer was concentrated under reduced pressure and the residue
obtained was purified by silica gel chromatography (n-hexane/ethyl acetate = 19/1). The 25purified
material was dissolved in anhydrous pyridine (10 mL) and the solution was cooled to OC under a
nitrogen atmosphere. Hereto was.added chlorotrietgyls'lane (0.944 mL, 5.70 mmol) and thcze ixture
was warmed to rooh zf@rﬂﬁé?a%ﬁ'elar‘ﬁ &tirtsd for 28/ I%t}urg.oTﬁ)g FéHction SBrXRite Was ¢ddléd to oC

and, after the additian ofysaturatéd ‘agueous ammonium chloride and water, extraction was performed

with toluene. The Qr}g%?)(%k?lgéwg@h%q gxg‘th (slayrjr d agugqus, §gq)iu ﬁhlolgq? and,dried over

anhydrous magnesium sulfate. organic layer was 35concentrated under réduced pressure and the
residue obtained westburified by sili® gél chrefhaidgraphy (A= + 174 Hexdhe/Ethyl acetatel 2H9/1) to
obtain Compound B;3 (783 mgs yield 88%0)2 8H{NMR (CDE13) B: 6.65-(1H, 3) 6292621854 1Hy m), 2.23
(1H,dd, J=16.5,3.4 ?,é%?-l{% §9H3}§n), S1 08 (3H, 5d, J = 6.6 Hz), 0.96 (9H, t, J =,7.9 Hz), 0.66
(6H, g, J - 7.9 Hz), 0.57 (3H,s). ? T(he éomfo()und B-3 (783 mg, 1.67 mmol) obtained in (4) and
the compound A-3 (733 m§,’1,30énreNrsbtained in (2) Wérendissélved ifafhydidesained in
toluene/triethylamine 1041/4, 14d mbhibereto avas gdded tejrakis(triphenylphosphiage)pallagium (289
mg, 0.25 mmol), and the mixture was stirred.under.a nitrogen atmosphere at 105C for.2 hours. After
cooling to room te&%(}ara‘%&;e? d?glr%ﬁ}%lé‘i |§a égl (%Poh l?c%%gbsy ES?@%)%J ﬁ%t%gjn%/%grlﬁ%e 6 g) and
n-hexane}(20 mL) Wwefé addéd théreto afd e biixttie wid Sitred at room temperature for 1 hour.
Thereafter, the mixturerwas diltered-by tisingreibylracetates thestitrate qbtamesghwas concentrated under
reduced pressure, andsthe regidue was, 29pyrified by siiea geLghromatoaranhy (pafiepnelethy

atmosphere at 105°C for 2 hours. After cooling to room

temperature, diamine silica gel (produced by Fuji Silysia

et
wl

Chenical Ltd., & g} and n-hexane (20 ml) were added
thereto and the mixture was stirred at room temperature
for 1 hour. Thereafter, the mixture was filtered by
using ethyl acetate, the filtrate obtalined was
concentrated under reduced pressure, and the residue was
20 purified by silica gel chromatography (n-hexane/ethyl
. acetate = 100/0 — 85/5). The purified material obtained
was dissolved in anhydrous tetrahydrofuran (5.5 mL} and
anhydrous methanol (4.6 mlL}, thereto was added a methanol
sclution of sodium methoxide (0.81 mi, 5.4% mmel), and
25 the mixture was refluxed for 1 hour. Saturated agueous
ammonium chloride was added and the mixture was
cencentrated under reduced pressure. To the residue
obtained was added ethyl acetafte, the mixture was washed
with saturated agueous sodium chloride, and the organic
30 layer was dried over anhydrous magnesium sulfate. The
organic layer was concentrated under reduced pressure and

the residue cbtained was purified by silica gel
chromatography (n:hexane/ethyl acetate = 100/0 — 50/50)
to obtain compound AB-1 (609 mg, vield 67%).

35 H-NMR (CDClsy) &: 6.18 (14, d, J = 11.2 Hz), 6.02 (iH, d,
J = 11.2 Hz), 5.30 (1H, brs), 5.00 (1H, brs), 4.46 (1H,



.acetate = 100/0 -* 95/5). The purified material obtained was dissolved in anhydrous tetrahydrofuran

(5.5 mL) and anhydrous methanol (4.6 mL), thereto was added a methanol solution of sodium

methoxide (0.91 mL, 5.46 mmol), and 25the mixture was refluxed for 1 hour. Saturated aqueous

ammonium chloride was added and the mixture was conggntrated under reduced pressure. To the

residue obtained was added ethyl acetate, the mixture was washed with saturated aqueous sodium

chloride, and the organic BOlager was dried over _[lidrous magnesium sulfate. The organic layer was
Ne) .

concentrated undef Féduced pressureradll the residue: Sbtained'was purified by Silica el
chromatography (nehéxaneléthybacetate’= 49040 *7/50/58) torobtaih. campouarsd AB31 (809 mg, yield

67%). 35(CDC13) 6: 6.48 (14, dd = 112 Hz), 6,02 (1Hsgh 3 =112 H) 1530 41H;bra); 5.00 (1H,
brs), 4.46 (1H, - 18 - brs), 4.05 (1H, m), 3.88-3.69 (4H, m), 3.36 (1H, brs), 2.94 (1H, brs) 2.83-2.77
(1H, m), 2.62-2.56 {18, #6,)2.2%-& a4 =16 8, 3w Hz;, 210 gﬁii,rddi,u 4 13.8 £4H2): 2.06-1.21
(21H, m), 507 (3HY d98 =(:B Hz), 50.96 (9, td)5 70 BZ), (783 (8H, S)0 0BT (B,5)s0.67 (6H, g, J =

7.9 Hz), 0.55 (3H, 8), 10, 3H, 3), 0.10.3H, $):0.08 (8Hs §), ;07 (34, Sk . 15 (B Fhe compound AB-1
(427 mg, 0.514 mmol) obtained in (5) was dissolved in anhydrous dichloromethane (5.2 iOmL) and the

solution was cooletl 16 0C! Theréafter’ Dess- Martir? feagent (523 g, 1/23 mmol) was added and,
after stirring under ice codling for2 hoemscthednikiure was Warmed o sddmtemperature amekistirred for

L hour. Thereto wefg added,saturateskaquenns sodi iiosulfate, Laand spitaleraqueops sodium

hydrogen carbonate, and the mixture was extracted wi dichloromgthane. The organic layer was
washed with saturéted atjtféotisodifuhi ehiStidéa ariedovet ahRydrdus sodigrmcsifats, artpss-
concentrated undenseduged-pregsure. Theyesiglueotaingdavas @adissalved i frhptanal £21 mL),

thereto were added tetrahydrofuran (37. mL) 2-methyl-2-butene (6.47 mL) an% the mixture was
cooled with ice. Anggdllj:eroiunsgsoﬂt%ng(fg Erinl_c‘?(p(()gjfl slorqnung)%r p%c %?ijt:((es (putr% 818‘?%X em‘éa,%.m mmol)

and sodium dihydrégéfiphosphatedinydraRs io'me, 282 57 mATo was added @ne-the mixture was
stirred under ice caulingdon 4G ariautesd dheretoweresalldeg saturated agueons sediunt shiesulfate

and saturgied aquequs sqdiygbdiogen carhonate, and fismixiure wassdracied with elhy] acetate.

The organic layer was washed with 30saturated aqueous sodiunt chloride and driéd over anhydrous
sodium sulfate. THEGFGEAR 147et FaL EaRcSrafed undeF e icdasiBasifre anld fherESfdticobtained
was purified by silita gekchromatagtapty(hth saturated agqueous sodium chloride,

dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The residue obtained was

20 dissolved in t-butanol {21 mlL), thereto were added
tetrahydrofuran (37 mL) and 2-methyi-Z-butene (6.47 ml),
and the mixture was cocled with ice. An agueous solution
(7.3 mL) of sodium hypochlorite {purity 80%, 580 mg, 5.14
mmol) and sodium dihydrogen phosphate dihydrate {400 mg,

25 2.57 mmol) was added and the mixture was stirred under
ice cooling for 45 minutes. Thereto were added saturated
agueous sodium thiosulfate and saturated agueous sodium
hydrogen carbonate, and the mixture was extracted with
ethyl acetate. The organic layer was washed with

30 saturated aqueous scdium chloride and dried over
anhydrous sodium sulfate. The organic layer was
concentrated under reduced pressure and the residue
obtained was purified by silica gel chromategraphy (n-
hexane/ethyl acetate = 100/0 — 80/20) to obtain compound

35 AB-2 (341 mg, vield 78%).
"H~NMR (CDCls) §: 6.22 (1H, d, J = 11.2 Hz), 6.00 (1H, 4,



hexane/ethyl acetate = 100/0 -* 80/20) to obtain compound 35AB-2 (341 mg, yield 78%). 1H-NMR
(CDC1(3) 6: 6.22 (1H, d, J = 11.2 Hz), 6.00 (1H, d, - 19 - J = 11.2 Hz), 5.27 (1H, brs), 4.99 (IH, brs),
4.45 (1H, brs), 4.07 (1H, m), 3.91 (2H, t, J = 6.1 Hz), 3.36 (1H, brs), 2.84-2.77 (1H, m), 2.64 (2H, d, J =
6.1, 1.5 Hz), 2.60-2.53 (1H, m), 2.24 (1H, dd, J = 16.5,. 3#&Hz), 2.13 (1H, dd, J = 13.9, 5.4 Hz),
2.07-1.21 (19H, m), 1.07 (3H, d, J = 6.3 Hz), 0.96 (9H, t, J = 7.9 Hz), 0.90 (9H, s), 0.87 (9H, s), 0.67

(6H, 9, J =7.9 Hz), 0.55(3H, s), 0.09 (3H, s), 0.09 (6H, s), 0.07.(3H, s). (7) The_ compound
AB-2 (140 mg, 0.165 "Fnrrllgl) %b?fiﬁﬁéd %0%7(65 %%(s éﬁEé&mg TI‘?%Cél’beIIé (}1%?5) r’nL§ a%é théSolution was
cooled to OC. Thereafter, adifuted $8lution (1.6550L) 8fhydrochloric@acid BN,,0.332 L)l acetone

was added and themixture;wasg stirred at faomptemperature fqr 4 hours. Thereto wassagded n-hexane
(3.3 15mL) and the mixture \gas roughly purified by silica gel chromaé%graphé(n-hexane/acetone =

1/1) and thin layer §iliéd get chromatogPHphy (néexaneracétond = 4/55 -atd fiirthef plrified by

reversed-phase HRLE (Axl0.1%6 forhdic &cidi1% methanol/d% acetonitfilAvater;, B £.6.1% férmic
20acid/5% water/19% methanol/agetonitsile; § -3 ming B 5 20%, 2 - 20)ming: B 5 209698% oMZO -25
min.: B= 98%, 25 - 30 min,.; B = 20%) to obtain compound 0-1 (32;3»4.9 mg, vield 42"/§§§1H-N R (00013)
6: 6.42 (1H, d, J = 112'H2Y .06 (1H d 2253211 SiHzY, 539 (TH1E! 3 ="1.8 HA 3B.095(1H, d, I = 1.9
Hz), 4.50 (1H, d, J&.2.9 H2} 4.36-3.58.BH, (6 3.35 (1M,.dd, J(318,1,:3.2 Hz), 2.86-2.79 (1H, m),

2.72-2.57 (3H, m), 2.29-2.39 (2He Mo 04140439, m)4 4.06,(3H &, d5= £8:6,117). £r24 (3HaS)-
30Example 2 Production. of (52,7E21-%1R 28,3R,20R%-2-€C2- i
methoxycarbonyletioxy 234 e-6 53&%@§,7?fb( &5 Hdfestatriene™:3, 28 ioF ftompound 0-2) -
20 - .--- PDC 1) H2504t MeOH dBSQEIERSTBSOL ). TBS Y eafter, a diluted

solution (1.65 mL) of hydrochloric acid (6N, 0.332 mL) in
acetone was added and the mixture was stirred at room
temperature for 4 hours. Thereto was added n-hexane (3.3

15 ml) and the mixture was roughly purified by silica gel
chromatography (n-hexane/acetone = 1/1) and thin layer
silica gel chromatography (n~hexane/acetone = 4/5), and
further purified by reversed-phase HPLC (A = 0.1% formic
acid/1% methanol/4% acetonitrile/water; B = 0.1% formic

20 acid/5% water/19% methanol/acetonitrile; 0 - 2 min.: B =
20%, 2 - 20 min.: B = 20% — 98%, 20 -~ 25 min.: B= 98%, 25
- 30 min.: B = 20%) to obtain compound C-1 {34.9 mg,

vield 42%).
H-NMR (CDCls) 8: 6.42 (1H, d, J = 11.2 Hz), 6.00 (14, d,
25 J = 11.2 Hz), 5.39 {(l1H, d, J = 1.9 Hz}, 5.09 (1K, 4, J =

1.9 Hz), 4.50 (1H, d, T = 2.9 Hz), 4.36-3.58 (6H, n),
3.35 (1H, dd, 3 = 8.1, 3.2 Hz), 2.86-2.7% (1H, m), 2.72-
2.57 (3H, m), 2.29-2.18 (2H, m), 2.04-1.2C (194, m}, 1.06
(3H, d, J = 6.6 Hz), 0.54 (3H, s).

30 Example 2
Production of (5Z,7E)~(1R,28,3R,20R} -2~ (2~
methoxycarbonylethoxy)~23~yne~9, 10-seco-5,7,106{19) -

cholestatriene~1,3,25~triocl {Compound C-2}



01-65 ------ 19-2) TBSOTf 0......,0."."---,r.OH A-2A4 (1) The compound A-2 (1.45 g, 3.27 mmol)
obtained in Example 1 (1) was dissolved anhydrous dimethylformamide 5(15 mL), thereto was added
pyridinium dichromate (6.17 g, 16.4 mmol), and the mixture was stirred for 12 hours. Water was
added, the mixture was extracted with ethyl acetate, and:the_organic layer obtained was dried over
anhydrous magnesium sulfate. The organic layer was 10concentrated under reduced pressure and the
residue obtained was purified by silica gel column chromatography (20% ethyl acetate/p-hexane) to

obtain compound A-4 (082 &, yield 558{2}. 1H-NME 13) 5: 5.90 (1H, ddd, J = 1#0,#6.0, 11.0 Hz),
155.30-5.20 (2H, M)A ddt, J =77.0, 3.0, 1 O'H23,96 (QHTE'E8 9, 1.2 Hiz) 3.85:3.75 (1H,

m), 3.55 (1H, dd, J = 6.3, 3. »+2.63 (2H, td, J =5.9 Hz), 2.85092(32 (2H, m), 2. o, J=2.7
Hz), 0.91 (9H, s), 0.90 (9H, s), 0.11 (3H, s), 0.10 (3H, s), 009 20(3H, s), 0.08 (3H, S). 2) The
compound A-4 (0.82 g, 1.7 mmol) obtained in (1) wastissolved in anhydrous metharfsf(8 mL),
thereto was added concentraje lefuric acid (74 pIL 1.5 mmof},-aqd the mixture was stirred for 2.5
Qo temperature, saturated aquesys ym hydrogen carbonate was

” was extracted - 21 - with e etat. dihe organic layer obtained was
iim sulfate and concentrated under reduced pressure. The residue was
under ice cooling 52,6-lutidine (1.01 mL,

added thereto and the n
dried over anhydrous sod
dissolved in anhydrou&‘dichloro@thane, theseto were adj
9 mmol) and t-butyldiméthyIsilyl trlrluoror'ﬁet_ﬁgape?ulfon 1.65 mL, 7.2 mmol), and thereafter the
mixture was stirred at r66ff faim&fhture for 1 hour. Atthydfo@s methanol (1.5 mL) was added and the
mixture was stirred at room temperature for further 1010 firGtg€~Thereto was added n-hexane/ethyl
acetate (9/1), the mixture was washed with water, and the org&hic layer obtained was dried over
anhydrous sodium sulfate. The organic layer was concentrated unf&r reduced pressure and the
residue was purified by silica gel column

(1} The compound A~2 {(1.45 g, 3.27 mmol) obtained in

Example 1 (1) was dissolived anhydrocus dimethylformamide

5 (15 mL), thereto was added pyridinium dichromate (6.17 g,
16.4 mmol), and the mixture was stirred for 12 hours.
Water was added, the mixture was extracted with ethyl
acetate, and the organic layer obtained was dried over
anhydrous magnesium sulfate. The organic layer was
10 concentrated under reduced pressure and the residue
obtained was purified by silica gel column chromatography
(20% ethyl acetate/n-hexane) to obtain compound A-4 (0.82
g, yield 55%).
'H-NMR (CDCls} &: 5.90 (1K, ddd, J = 17.0, 6.0, 11.0 Hz),
15 5.30-5.20 (2H, m), 4.33 (1H, ddt, J = 7.0, 3.0, 1.0 Hz},
3.96 (2H, td, J = 6.0, 1.2 Hz), 3.85-3.75 {(1H, m), 3.55
(18, dd, J = 6.3, 3.7 Hz), 2.63 (2H, td, J = 5.9, 1.9
Hz), 2.50~-2.32 (2H, m}, 2.02 (1H, t, & = 2.7 Hz), (.91
(94, s), 0.80 (SH, s), 0.11 (3H, sy, 0.10 (3H, s), 0.08
20 (3, s), 0.08 (3H, s).
{(2) The compound A~-4 (0.82 g, 1.79 mmol! obtained in
(1) was dissolved in anhydrous methanol (8 mL), thereto
was added concentrated sulfuric acid (74 uL, 1.5 mmcl),
and the mixture was stirred for 2.5 hours. After cooling
25 to room temperature, saturated agueous sodium hydrogen

carbonate was added theretoe and the mixture was extracted



15chromatography (3% ethyl acetate/n-hexane) to obtain compound A-5 (683.4 mg, yield 81%).
1H-NMR (CDC13) 5: 5.94 (1H, ddd, J - 10.0, 17.2, 6.5 Hz), 5.21 (1H, dt, J = 17.3, 1.3 Hz), 5.14 (1H,
dt, J = 10.0, 1.3 Hz), 4.30 (1H, dd, J = 6.8, 3.4 Hz), 4.00-3.97 (1H, 20m), 3.88-3.82 (2H, m), 3.68 (3H,
s), 3.40 (1H, dd, J = 5.5, 3.5 Hz), 2.57 (2H, t, J = 6.6 Hz),2.48 (1H, dq, J = 16.8, 2.7 Hz), 2.35 (1H, dq,
J=17.0, 2.8 Hz), 1.96 (1H, t, J = 2.6 Hz), 0.90 (9H, s), 0.89 (9H, s), 0.09 (3H, s), 0.08 (3H, s), 0.07
(3H, s), 0.03 (3H, s). 25(3) The compound A-5 (47.0 mg, 0.1 mmol) obtained in (2) and the compound
B-2 (46.2 mg, 0.11Mifdl)IbtHinedsR BxEfnple 173) Wéte Hissolietfih Rishenftijiamite @i, 2
mL), thereto was added tetrakjs{tripte nytphiogphine) patadiumd 12mgn 0:0:08130marat), and the

mixture was stied.unget a.nifpgen amosphete SLLLAG for, A howre. The uixture was, gagled fo room

temperature and concentrated under reduced pressure. The residue was roughly purifi y‘t“hm layer
silica gel chromatography hoSEmstny FAGetaleo= 3519/13 “FRE cRitREpUrifed FatdridDbtained was
dissolved i anhydequs-dichlotomethanheldacetonitrie (/A ]. - 22nd ltmb)theretasvere addegdiat 0C

under a nirogen aimasplgse il eialliorohorate (76 1m0.0.8 mmel g sultas ocia (L

acetonitrile solution, 0.08 mL, 0.08 mmo e mixture was stirred for 3 Lml’nutes. 5Thereto was
added saturated adiédiRASddidm HydrBgert eafbdtate ahd HHE thiitre HRI8 Safited Withsethy!
acetate. The organielayer nbtained was washed with lsatiusatediaqueaus sediumdciteride:and dried

over anhycrous sofly sulate, T etoale auey was L0sancaniated pnder redhuced argsaure and

the residue obtained was roughly purified by thin layer silica ge omatograp exane/ethyl

acetate =1172) and ¥irtRerpiitidd by’ REERS&H-BRgsE I € (K 2980 WAENAceRRRtiREB = 0.5%
water/40% 15methahpliacetohitrile B:75%)4e abtaincdompotindG-26,8 mg; 18%6). dHzAMR

(00013) 6: 6.42 (1H1aJ%J::&ﬂt% A2, 603 1k, dod T1L2 'é@h?é@o(}é*sda&i%&x-%@ﬂfa%g% (ng d,J

2.2 Hz), 4.45 (1H, t, J = 3.3 Hz), 4.06-3.79 (3H, m), 203.73 (3H; s), 3.36 (1H, dd, J=7.7, 3
2.85-2.60 (7H, m), 254 P51938:- 3 =P8 B 5"F B12F D163 ATGE RS, ISR B0Xe82 8, RYSEFILE 54 (6H,
m), 1.51 (6H, s), 14741 RAd4He m)L068H, oy Ji< 6e31Hz); 054 {34, g P5MS miz 537.2 (M+23)

523.3 M4E8)*  chromatography (3% ethyl acetate/n-hexane) to obtain
compound A-5 ({683.4 mg, vield 81%).
'H-NMR (CDCls) 8: 5.94 (i#, ddd, J = 10.0, 17.2, &.5 Hz),
5.21 (1, dt, J = 17.3, 1.3 Hz), 5.14 {(1H, dt, J = 10.0,
1.3 Hz), 4.30 {(1H, dd, J = 6.8, 3.4 Hz), 4.00-3.87 (1H,

20 m), 3.88-3.82 (2H, m), 3.68 (3H, s}, 3.40 (1H, dd, J =
5.5, 3.5 Hz), 2.57 (2H, t, J = 6.6 Hz), 2.48 (1lH, dg, J =
16.8, 2.7 Hz), 2.35 (iH, dg, J = 17.0, 2.8 Hz), 1.96 (1H,
t, J = 2.6 Hz), 0.90 (84, s), 0.89 (9H, s}, .09 (3H, =),
0.08 (3H, s), 0.07 (3H, s), 0.03 (3H, s}.

25 (3} The compound A=-5 (47.0 mg, 0.1 mmol) obtained in
{2) and the compound B-2 (46.2 mg, 0.11 mmol) obtained in
Example 1 (3) were dissolved in toluene/triethylamine
(1/1, 2 mL), thereto was added
tetrakis(triphenylphosphine)palladium (12.5 mg, 0.0108

30 mmol), and the mixture was stirred under a nitrogen
atmosphere at 110°C for 3 hours. The mixture was cooled
to room temperature and concentrated under reduced
pressure. The residue was roughly purified by thin layer
silica gel chromatoegraphy (n-hexane/ethyl acetate =

35 19/1). The crude purified material cbtained was

dissolved in anhydrous dichlotomethane/acetonitrile (1/1,



Example 3 Production of (5Z,7E)-(1R,25,3R,20R)-2-(2-
propoxycarbonylethoxy)-23-yne-9,10-seco-5,7,10(19)- cholestatriene-1,3,25-triol (Compound 0-4)
30C-4 (1) Using the compound A-4 (240 mg, 0.525 mmol) - 23 - obtained in Example 2 (1) as a raw
material and replacing methanol with propanol, synthesi (?/ams« carried out in the same manner as in
Example 2 (2) to obtain compound A-6 (18.5 mg, yield 27%). (2) Using the compound A-6 (40.5
mg, 0.081 mmol) obtained in (1) and the compound B-2 (47 mg, 0.11 mmol) obtained in Example 1 (3)
as raw materials, synthiesis was rafried'eutsinahd sans nmatiherradsn Example &3€3) to obtain

compound C-4 (6. %%yﬂﬁ{@%é"/%%ﬁlﬂﬂ\'m(}é@%}Qbéfgt@Heﬁb 11{? Hz},£,93 (1H, d,
(1H.d,J=12Hz),5.09 (IH,d, J=t,J = 3.5 Hz), 4.08 (2H,1, J - 6.7 m), 3, 5377§3H m), 3.36 (1H,

dd, J = 7.8, 3.2 Hz}'& @‘23@1@% fifi7d HH, 8CF LA bR ZS%%L@?@'H Inf® 36222 (2H,
m), 2.03-1.98 (3H, M)J&.90:0.80, (3han); H7@1:64167H yra); 135810531 (416,m}, 0L 51 (6Hes), 1.48-1.45

(2H, m), 1.40-1.2044H, 0) 1063k e d - £:6 H2) 0.94.4kk 4L =4 HA), 9.54.35k9). 20Example 4
Production of (5Z,7E)-(1R,2S,3R,20R)-2-(2-(1-

methyl)ethoxycarbofiyt ﬂ%‘?&f Zé%e 89 07S8C08F 16ET0) ChotéstAfrien81°8, 2858t (Compound C-5)
25 (1) Using treetmpeund B4 (240 arg,©.525 enmob) obiained e Example:2 (L) ak a raw

material and replaging,methapol, \g@é@@@p@ﬂp{ﬁ%%&@é{@sa%riggg@&irb(;]grsame manner as in

Example 2 (2) to obtaln compou A- 307 (157.4 mg, y|eId 60%)
anhydrous sodium sulfate. he ordanic layer was

10 concentrated under reduced prassure and the residue
obtained was roughly purified by thin layer silica gel
chromatography (n-hexane/ethyl acetate = 1/2) and further
purified by reversed-phase HPLC (A = 95%
water/acetonitrile; B = (0.5% water/40%

15 methanol/acetonitrile; B = 75%) to obtain compound C-2
(6.8 mg, 13%).

'"H-NMR (CDCls) 8: 6.42 (1H, d, J = 11.2 Hz), 6.03 (1H, d,
J = 11.2 Hz), 5.40 (18, 4, J = 1.2 Hz), 5.09'(1H, d, J =
2.2 Hz), 4.45 (1H, t, J = 3.3 Hz), 4.06-3.7% {(3H, m},

20 3.73 {3H, s}, 3.36 (lH, dd, J = 7.7, 3.3 Hz), 2.85-2.60
(7H, m), 2.24 (2H, dt, J = 18.8, 5.9 Hz), 2.02-1.96 (3H,
m), 1.89-1.82 {(2H, m), 1.72-1.54 (6H, m), 1.51 {(6H, s),
1.47-1.24 (4H, m), 1.06 (3H, d, J = 6.3 Hz), 0.54 (3H,
sy.

25 MS m/z 537.2 (M+23)+ 523.3 (M+18)+
Example 3
Production cf (5Z,7E}-{1R,25,3R,20R)-2-(2-
prepoxycarbonylethoxy) ~23~yne-9, 10-seco-5,7,10(19) -
cholestatriene-1,3,25-triol (Compound C~4)

4, . ",
A N
oTMS
= = B oH
Z Z = s jHA )
‘l}HzSO_‘ ProH Br X
TRSO" OTES TBSC” 0OTBS

s B O 2}Tasow o} N T T
\Eor \/\g/ PdiPPhy)s, EtgN f o OH

ad O\/\E{O\/\

G

36 C-4

{1) Using the compound A-4 (240 mg, 0.525 mmol)



(2) Using the compound A-7 (35 mg, 0.07 mmol) obtained in (1) and the compound B-2 (44 mg, 0.11
mmol) - 24 - obtained in Example 1 (3) as raw materials, synthesis was carried out in the same
manner as in Example 2 (3) to obtain compound 0-5 (6.8 mg, yield 17%). 1H-NMR (CDC13) 3: 6.42
(1H,d, J=11.0 Hz), 6.03 (1H, d, J = 11.5 Hz), 5.39 (1H,d; J.= 1.5 Hz), 5.09-5.02 (2H, m), 4.45 (1H, t,
J =3.5 Hz), 4.05-3.78 (3H, m), 3.35 (1H, dd, J = 7.7, 3.3 Hz), 2.85-2.58 (6H, m), 2.28-1.53 (18H, m),
1.51 (6H, s), 1.46-1.30 (5H, m), 1.26 (3H, d, J - 1.7 Hz), 1.24 (3H, d, J = 1.5 HZz), 1.06 (3H, d, J =6.3
10Hz), 0.54 (3H, s EsGimpig 5 Prodtielii of (52, 7E) 716 253K, JBR) - (2 Latibty prapyAs- 19
23-yne-9,10-seco-BF IG(19):-cholestatriene: 4.8, 25-4rol(CompourmdsD<) 151 e @5cut Dk thel)

Compound/¥8(ngéhlﬂg%ﬁgﬂmbéﬂ%@nﬁgg e 2 (Z) to obtain compound A-©
(3R,4R,58)-3,5-b|sL(]t{buty1d|methyls%glécl)xy -4-[3-((t- 5butyldimethylsilyl)oxy)propyl]oct-1-ene-7-yne, a
compound known inthefitd&turd for Tple, Saito, et al., Tetrahedron, 60, 7951-7961 (2004)) in the
same manger as in Example 1%, was-dissolved smohthlorémetiiarie (6;8 nil).CHtieretewere added at

0C triethylamine QA ils 493,37 mmoli,fimatylaeyjns bydroshiride(16m00 169D, and

p-toluenesulfonyl chloride (0.48 g, 2.53 mmol) and the mixture was stirred at room temperature for 1
hour. Saturated aqtiebfid $odiut hidFiRnTatbdnatedvas A4dB tidrefot The MRS Was &Facted
with ethyl 15acetatez and<he organic:layes wasrdriedh overanrhydiouEmagnesiuin sdlfatec The organic

layer was concentrated ; , compound C-4 (6.8 mg, yield 15%).

10 1H-NMR (CDC13) 6: 6.42 (iH, d, J = 11.2 Hz), 6.03 (1H, d,
J = 11.2 Hz), 5.3% (1H, d, J = 1.2 Hz), 5.09 (14, d, J =
2.2 Hzy, 4.45 (1iH, &, J = 3.5 Hz), 4.08 (2K, t, J = 6.7
Hz), 4.06-3.95 (2H, m), 3.85-3.77 {(1H, m), 3.36 (1H, dd,
J = 7.8, 3.2 Hz), 2.85-2.82 (1iH, m), 2.79 (1H, 4, J = 4.1

15 Bz}, 2.70-2.62 (4H, m}, 2.26-2.22 {(2H, m), 2.03-1.%8 (3H,
my, 1.920-1.80 (3H, m), 1.70-1.64 (7H, m), 1.38-1.53 (4H,
m), 1.51 {6H, =s},1.48-1.45 {(2H, m), 1.40-1.20 {(4H, m),
1.06 (3H, d, J = 6.6 Hz}, 0.94 (4H, t, J = 7.4 Hz), 0.54
{3H, s).

20 Example 4
Production of (5Z,7E)-(1lR,283, 3R, 20R)~2~ (2~ (1-
methyl)ethoxycarbenylethoxy) -23-yne-9, 10~seco-
5,7,10(19)~cholestatriene~1,3,25-triol (Compound C-5}

. N
GTMS
P = :
= K = 1A
; 1) Hp 804, HPIOH §
TBEO" TBS 1 Lo TBS

#

B .
5 o " B.2 K80,
2) TESO™ -
a oH 0 0. LiBE,
1 \’Aig Y Pd(PPhy)y, EtgN Bre

A-4 AT

25
{1} Using the compound A-4 (240 mg, 0.525 mmol)
obtained in Example 2 (1) as a raw material and replacing
v methanol with isopropanol, synthesis was carried out in
the same manner as in Example 2 (2} to obtain compound A-
30 7 (157.4 mg, yield 60%).
(2} Using the compound A-7 (35 mg, 0.07 mmol)
obtained in (1) and the compound B~2 (44 mg, 0.11 mmol)



- 26 - under reduced pressure and the residue obtained was dissolved in dimethylformamide (3 mL).
Thereto were added sodium cyanide (199 mg, 4.06 mmol) and sodium iodide (380 mg, 2.53 mmol),
and the mixture was stirred 5at 50C for 2 hours. Water was added and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain crude compound
A-9. This was 10dissolved in tetrahydrofuran (5 ng, thereto was added tetrabutylammaonium fluoride
(1 M tetrahydrofurdtrS61GE61T 507 THE 6% mméB) afd tHe il Wwad ‘Sirred R 608 16+ FAdur.
Ethyl acetate was added, ¢He mmikture wasswashed withiveater sandithexerganie ldyerivas d5dried over
anhydrous magnesiyum.sulfate, Q&Q@cgn%at@g }g’lq% re%%qqipw re. The residue obtained was

dissolved in dimethylformamide (5 mL), thereto were added at OC imidazole (460 mg, 6.76 mmol),

dimethylaminopyridife PR ni§,6:169 rérmof); ARd 20EhIdtetriéttyisSifane ©2851 ML) 8.07Z hmel), and
the mixtureswas stlnrgd at150C for40 mimggq.lﬁtumteg‘ agueodsspdium _r_wgtqgmca{rpgpate was
added thereto, the Hrlr)nxtu}‘{e fay\%z;s{ﬁﬁ racted Xsntb ejth)azl ace tatea a8g _t@e; %gﬁgigla)%%r w. .glrged over

anhydrous magnesium sul € 256rganic layér was ‘concentrated under reduded pressure and the
residue obtained wakHurffiéd by silica del coldmizchromatdgraph§ (1%ethyl acetat?n-hekane -* 2%

ethyl acetate/n-hexangs* 5% ethyl scetate/n-hexane, +6L0% athyl acetate/n-hexane) 19 obtain y
compound A-10 (531.3 mg, 30yield 72%)..1H-NMR (CDC13) 5: 5.82_(1H, ddd, J =17.0, 10,0, 7.0 Hz),
5.17 (1H, dd, J = 17. ,'1.19%8,’5. 15( H?%I%ﬂ, 5NE fé.o, g.og, 1%%2),%.58-3?3@(1&&, 2“.4@-’2;37 (2H,
m), 2.32 (2H, t, J FZ8H2); 1D97(BEH, t5J = 2.6 Hz), 1.85-1.65 35(3H, m), 1.43-1.29 (2H, m), 1.26 (2H,
t,J =7.2 Hz), 0.89%(19- 5% G09 (3H, s), 0.06 (3H, s), 0.06 (3H, s), - 27 - 0.03 (3H, s). (2) The
compound A-10 (449.4.mg. 1.03 mmaol) pbtained, in( dissalved in dichloromethane L),
thereto was added%%%%ﬁ?yﬁﬁm?rﬁ%%w%’ﬁé (1(%&)2'5‘2%, Eﬁ?{) 9 (9 cargoxypropgasn
23-yne~9%, 10-seco~5,7,10(19) -cholestatriene~1,3,25-triol
(Compound D-1)
is



5solution, 2.08 mL, 2.08 mmol) under cooling at -78C, and the mixture was stirred at -78C for 50
minutes. Anhydrous methanol (0.3 mL) was added and the mixture was stirred at room temperature for
20 minutes. Further, saturated agueous sodium potassium tartrate was added and 10the mixture was
stirred for 10 minutes. Ethyl acetate was added thereto, the mixture was washed with saturated
aqueous sodium chloride, and the organic layer was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue obtained was dissolved in 15tetrahydrofuran (6.9
mL), thereto were added anol (6.9 mL) and 2-m -butene (4.5 g), and the mixtur s cooled
with ice. An aqueous solution (6.9 mLY 6#Sodiun hy: orite (931 F#GT10.3 mmol) and sodium _
dihydrogen phospH&f& (893 Mg 5.15 sy@el) was add thereto, pnekthe. faidue was tirded TOr L
hour. This was followed by the@ddition of saturated ac%klueoﬁ:ﬁ:l sodimarhingtilfate and, further, by“he
addition of saturated aquéetis sodium hydrogen carb iate, and the mixture was extracted witioethyl
acetate. The organic layer was 25washed with saturated aqueous sodium chloride, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue obtained was
purified by silica gel chromatography (n-hexane/ethyl acetate = 100/1 -* 50/1 -* 20/1 -*10/1-* 5/1
-4 2/1) to obtain compound A-11 (220 30mg, ) ield 47%). 1H-NMR (CDC13) 6: 5.82 (1H, ddd, J = 17.0,
10.0, 7.0 Hz), 5.17 (1H,dd, J=17.2,1.1 11 (1H, d -10.0,2.0,1.0 .00-3.95 (IH, m),
2.42-2.37 (2H, m), %) HLeH. 1, J = 7.8H2) {AH, t, J =2:6.H2),-£185-1 65, m), 1.43-1:29
(2H, m), 1.26 (2H, 3=+ ~0-89 (19H, .084(3H;-5);-0;06-(3H:-99; 0.06 (8H,.8),0: 28 - .03 (3H,
s).  (3) The compolaPANtifP26.6 mg, 0.278 mmol) obtdiffed in (2) was dissolved in
dimethyliformamide (£2'fl;3héF8% was adglgq triethylamine (0.126 mL, 0.9 mmgj) Sunder cooling at
0C, and the mixture was stirred for 40 minutes. Thereto was added saturated aqueous sodium
hydrogen carbonate and the mixture was extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate and concentrated under 10reduced pressure. The residue
obtained was purified by silica gel chromatography (n-hexane/ethyl acetate - 95/5) to obtain compound
A-12 (126.5 mg, yielql)79%

OH
Br 8-2

Pd{PPh)s, EtN

2} HCI, acetone

D-1

{1) Compound A-8 (0.72 g, 1.6% mmcl), obtained from
(3R, 4R, 55} ~3,5~bis{ (t-butyldimethylsilyl)oxy]-4-[3~{ (=
5 butyldimethylsilyl)oxylprepylloct~l~ene~7-yne, a compound
known in the literature (for example, Saito, et al.,
Tetrahedron, €0, 7951~7%61 {(2004}) in the same manner as

in Example 1 (1), was dissolved in dichloromethane (6.8

ml). Thereto were added at 0°C triethylamine (0.47 mL,
10 3.37 mmel), trimethylamine hydrochloride (16 mg, 0.169
mmol), and p-toluenesulfonyl chloride (0.48 g, 2.53 mmol)
. and the mixture was stirred at room temperature for 1
hour. Saturated aguecus sodium hydrogen carbonate was
added thereto, the mixture was extracted with ethyl
15 acetate, and the organic layer was dried over anhydrous

magnesium sulfate. The organic layer was concentrated



1H-NMR (CDC13) 6: 5.82 (1H, ddd, J = 17.0, 10.0, 7.0 Hz), 5.17 (IH, dd, J = 17.2, 1.1 Hz), 5.11 (1H,
ddd, J = 10.0, 152.0, 1.0 Hz), 4.00-3.95 (1H, m), 2.42-2.37 (2H, m), 2.32 (2H, t, J = 7.8 Hz), 1.97 (1H,
t, J = 2.6 Hz), 1.85-1.65 (3H, m), 1.43-1.29 (2H, m), 1.26 (2H, t, J - 7.2 Hz), 0.89 (1914, s), 0.09 (314,
s), 0.06 (3H, s), 0.06 (3H, s), 0.03 (3H, s). 20(4) The compound A-12 (46 mg, 0.08 mmol) obtained in
(3) above and the compound B-2 (47 mg, 0.1 mmol) obtained in Example 1 (3) were dissolved in

toluenef/triethylamine (1/1, .2 mL), thereto was added tetrakis(triphenylphosphine)palladium (12 mg,
0.01 mmol), 25andthERRixtuTe WSstisd GHdEr & ftrdgeh diftosphereat 2166408 hours. The
mixture was cooleditosroohvteinperadurecand; tifercaftet, con¢entiated umderreduced: pgessure. The

residue was roughly purified hy.thin-layer jg_ﬁiga 93% go%nrn ghr@@%gﬁqp@n@-@mﬂhyl acetate

30=19/1). The crude purified material obtained was dissolved in acetone, hydrochloric acid (6 N, 0.1
mL, 0.6 mmol) was'&ddetfthetéto, BAd the Fixfliie Was Siftfed R0 6150 mildtes SEuRREF

hydrochlorig acid (& N, §2dnkck.22mmokywas agded -and thesabdure,was shired at 85Fa0Mk, 5
temperature for 40 minutes. Thereto was ed sagjlarr?teed aq#?ous sodiym dro&en carbonate and

d

the - 29 - mixture WAS “Ié'?‘(ﬁf’;i(e:t%dwvj\iiﬁll1 eﬁwty Acefdts. The orga icela?/}é%v%]scdrie%yg erwaansnydrous
magnesium sulfate’ seheshtrated uhder reducedpressure, andithe residoe bitained wWas wughly
purified by Bond h%&&!ﬁ@f@d@%ﬁa@@ﬁé¥%ﬁn HICH é‘t@?x?d}%e@b!h%%%@&ea_fééz onelbyl acetate -*
ethyl acetate/acetic acid - %?/1). The crudgeé)urgled materla!jwas further %ur}g@%by r v,ersed-é)hase
HPLC (A = 95% Wé:tee%l%%&onﬁﬁ%s; BLD.50% acetie abidi5 o Ratet e it e; B = of t&'9Btain
compound®-1 (14 &LEGmMg v86%3 N1 HaNMEN(GCICE3)516.40 (1H,)d, J2daed pizyag:00qdrkd, J = 11.2
2.86-2.70 (11, 1), 208, (1 ) T35 03 ), 230, 162 20 (4% . 2 051,98 (31 m). 188 (2

, m), 2. ,dd,J=13.3, 4. , m), 2.05-1, , m), 1. :
02100 Ha), 183 0RE 1B 3 D Be e, 3t TR 5 103, 151 (50 S B (3, m, 145
(9H, s), 1.40-1.24 GH, m[1.66 (BBFA, oz 616 k)i 0.54 £3Hy3), HB4 (3H, s)a20Example 6he
Production of (5Z.78)15,25 38, 208),2e(2- (1,1 dimelind ety carbonyameyd)-23me-9,10-

seco-5,7,10(19)-cholestatriene-1,3,25-triol (Compound 0 e compound A-9 (565 mg, 1.29

{ )
mmol) obtained in BXx&RTpIEBTE) ML HESBiIved HEAICRIbIGME " théteto 50aS Hatedted
diisobutylaluminunuhydrider EbNctotugnezssure. The residue obtained was

dissolved in dimethyvlformamide {5 mlL), thereto were added
at 0°C imidazole (460 mg, 6.76 mmol),
dimethylaminopyridine (21 mg, 0.169 mmol), and

20 chlorotriethylsilane (0.851 mL, 5.07 mmol), and the

“mixture was stirred at 50°C for 40 minutes. Saturated

agqueous sodium hydrogen carbonate was added thereto, the
mixture was extracted with ethyl acetate, and the organic
layer was dried over anhydrous magnesium sulfate. The

25 organic layer was concentrated under reduced pressure and
the residue obtained was purified by silica gel column

chromatography {1% ethyl acetate/n-hexane — 2% ethyl

acetate/n~hexane — 5% ethyl acetate/n-hexane — 10% ethyl
acetate/n-hexane) to obtain compound A-10 (531.3 mg,
30 yield 72%).
"H-NMR (CDCl;) &: 5.82 (1H, ddd, J = 17.0, 10.0, 7.0 Hz),
. 5.17 (IH, dd, I = 17.2, 1.1 Hz), 5.11 (1H, ddd, J = 10.0,
2.0, 1.0 Hz), 4.00-3.95 (1H, m), 2.42~2.37 (2H, m), 2.32
(2H, ©, J = 7.8 Hz), 1.97 {1H, t, J = 2.6 Hz}, 1.85-1.65
35 (3H, m), 1.43-1.29 (2H, m), 1.26 (2H, &, J = 7.2 Hz),
0.89 (19H, =), 0.09 {(3H, s), 0.06 (3H, ), 0.06 (3H, =),



solution, 2 mL, 2 mmol) under cooling at -78C, and the mixture was stirred at -78C for 2 hours.
Anhydrous methanol (1 mL) was added and the mixture was stirred at room temperature for 20
minutes. Further, saturated 10aqueous sodium potassium tartrate was added and the mixture was
stirred for 10 minutes. Ethyl acetate was added thereto, mixture was washed with saturated
aqueous sodium chloride, and the organic layer was dried over anhydrous magnesium sulfate and
concentrated under 15reduced pressure. The residue obtained was dissolved in tetrahydrofuran (18.3
mL), thereto were Added tiitansy (18.3 mL) and 2-methyl-2-butene (6 mL), and the mixture was
cooled with ice. An aqueous solutionA{(&rmbk ofisedium hypochiorite (14703, IBummolpand seeium
20dihydrogenphosphate. (1. , 6 as ad ther %e mijxtu as,stirred for 1 hour.
To the mixture wer%laadgzéé gg%l%ra?eé agu%pg\gs Zﬁdi%%g%ﬁgsu%?gtgég gr% ,e - % -@rthe?ﬁ%%&?%%ed
aqueous sodium hydrdgeftarbshaté cand e miktireias exiragted With eflsyl @eetate. The organic

layer was washed with, saiuated-agueoys sodiym chieride, dried overanhydroys sediv) suifate, and
5concentrated under reduced pressure. The residue obtained was purified by silica gel
chromatography (n-Hex@A&/ethiit acatats Elgmad 721 «5/8 %o bbfain Cofpotingsa-13 (233.7 mg, yield

38%). 1H-NMR (CREAB) pob 82ddthgelel J m12.0nl0.0v4s0 Hadelt0%d 4 (FHedehid+ 172,4ad H;),
5.11 (1H, ddd, J = 10.0, 2.0, 1.0 Hz), 4.00-3.95 (1H, m), 2.42-2.37 (2H, m), 2.32 (2H,.t, J = 7.8 HZz),
VST (11§, 2.6 W 1 55 2 e F o AT 25 BHE T, 208 OH S = 75 s S (1901, 9
0.09 (3H, s), 0.06 @H:'$¥20-66 (ISP US003H3M:. HOtas PWFoths CortsotRPAABED 88 ¢ng, 0.5
mmol) obtained in {hawere-addes toluene-(G-mby and N, Naimethylfermamide dirt-butyt aeetal (1.1 mL,
4 mmol), and the i s stied 8. 80C I91.L hoy. Therelowas 20added eihyl acetate the
mixture was washed wit saturateqeaquedus sodiumc UIorlde, and the organic layer was dried over
anhydrous magnesitihfsitfate rhe Brgahic lal/f wadrconteftratetPinder redtiéed presstit& @nd the
residue obtained wascpuriier-byrsilica geb2Rchromategraphy (3%etbyhacetateir-bexane)kto obtain

reduced pressure. The residue obtzined was dissolved in

15 tetrahydrofuran (6.9 mL), thereto were added t-butanol
(6.9 mL) and 2-methyl-2-butene (4.5 g}, and the mixture
was cooled with ice. An aqueous solution (6.9% mL) of
sodium hypochlorite (9831 mg, 10.3 mmol) and sodium
dihydrogen phosphate (803 mg, 5.15 mmol) was added

20 thereto and the mixture was stirred for 1 hour. This was
followed by the addition cof saturated aguecus sodium
thicsulfate and, further, by the addition of saturated
aqueous sodium hydrogen carbonate, and the mixture was
extracted with ethyl acetate. The organic layer was

25 washed with saturated aqueous sodium chloride, dried over
anhydrous sodium sulfate, and concentrated under reducsed

pressure. The residue obtained was purified by silica
gel chromatography (n-hexane/ethyl acetate = 100/1 — 50/1

- 20/1 =10/1—> 5/1 = 2/1) to obtain compound A-11 (220
30 mg, yield 47%).

H-NMR (CDCls) &: 5.82 {1H, 4dd, J = 17.0, 10.0, 7.0 Hz),

?.17 (1H, dd, 0 = 17.2, 1.1 Hzy, 5.11 {(1H, ddd, J = 10.0,

2.0, 1.0 Hz}, 4.00-3.95 {iH, m}, 2.42-2.37 (24, m}, 2.32

(2H, &, J = 7.8 Hz}, 1.97 (1H, - J = 2.6 Hz}), 1.85-1.62
35 (3H, m), 1.43-1.29 (ZH, m), 1.26 (2H, t, J = 7.2 Hz),

0.89 (19H, s}, 0.0% (3H, s), 0.06 (3H, s), (.06 {(3H, s},

F



compound A-14 (118.5 mg, yield 46%). 1H-NMR (CDC13) 6: 5.83 (1H, ddd, J =17.0, 10.0, 7.0 Hz),
5.15(1H, dg, J =17.2, 1.0 Hz), 5.10 (1H, dqg, J = 10.0, 1.0 Hz), 4.12 (1H, dd, J = 8.0, 5.0 Hz), 4.00
(1H, td, J 30=6.2, 3.8 Hz), 2.39 (2H, dd, d - 6.1, 2.7 Hz), 2.17 (2H, t, J = 8.0 Hz), 1.79-1.63 (3H, m),
1.44 (9H, s), 1.40- 1.20 (4H, m), 0.89 (18H, s), 0.09 (3H,,5), 0.06 (3H, s), 0.05 (3H, s), 0.03 (3H, s).
(3) The compound A-14 (59.6 mg, 0.12 mmol) obtained 35in (2) and the compound B-2 (60 mg, 0.14
mmo1l) obtained in Example 1 (3) were dissolved in toluene/triethylamine - 32 - (1/1, 2 mL), thereto
was added tetrakis?tri%ﬁeﬁ);lﬁho%hine)palladium (17 mg, 0.0147 mmol), and the mixture was stirred
under a nitrogen atmosphéte att&0Cdop3:5Hodrsl The Miktusewas €odl@d Stenrodom temperature

and concentrated unger reduced,pressure, The; residue.was soughly purified by thindayer silica gel
chromatography (n-hexane/ethyl acetate = 19/1?. The crude purified material obtained was dissolved

in tetrahydrofuran, Tettabdt)RRTHENIGATH 160 RARTARATdOFuUrah -Sotdtioh: 0.84 FitutPs4 mmol)

was addedzhereto. and the mixture;was stirted ah80&Her 2 heurs: £thylacetate was agddedthe
mixture was washed wit Water,f}rgd thgoorggnic layer was gried 0\(/]Sr anh)édrous m%%nesium sulfate.

. MinuLes. r S gd saturated agqueons 11
The organic layer was 15&8ricentratéd under reduced pressure an the Tesidue obtained was roughly

purified by thin-layérsities gel chrorrrafraphydniHexanefdthylacetateex 113 apddurthenpurified by

reversed-phase HREG (A = 85%water/aggtonitrile; B = 0.8%-water40%;:20methapol/acetonitrile; B =
85%) to obtain com%(élgé@ D-6 (5.0 m%gjeld 7%). 1H-NMR (CDC13 %: 6'40%“‘_}? ,J=11.5Hz), 6.00
. H! )

(1H, d, J = 11.2 HZ 527 AR dU LTSS, 309t &P S0 F) 436 =

= 4.0 Hz),
3.92-3.84@H, m), 252:86:9 TOr@+E R 2.65 BH re¢ Jiea 33 a3 ned, 7:389- 20 (414 0myy2.05-1.96
(3H, m), 1.88 (2H, 4,13 1 30.04d2), 18k 64:BHhin)y 1(56 (Bt adle 1 158, 4&:HZ): .81 {6H5$),
1.49-1.46 (3H, m), 1.45 (9H. s), %b%cl)gé {SH.m). 1,06 (%Hm%, J §i6é§ £2)59.54 (3H, ), 0.54 30(3H,
s). Example 7 ’ ! )

'H-NMR (CDCls) &: 5.82 (1H, ddd, J = 17.0, 10.0, 7.0 Hz),

5.17 (1B, dd, J = 17.2, 1.1 Hz), 5.11 (1H, ddd, J = 10.0C,

15 2.0, 1.0 Hz), 4.00-3.95 (IEH, m), 2.42~-2.37 (2H, m), 2.32
(2H, t, J = 7.8 Hz), 1.97 (1B, t, J = 2.6 Hz), 1.85-1.65
(3H, m}, 1.43-1.29% (2H, m), 1.26 {2H, t, J = 7.2 Hz),
0.89 (194, s), 0.09 (3H, s), 0.06 (3H, s), 0.06 (3H, s),
0.03 (3H, s).

20 (4} The compound A-1Z (46 mg, 0.08 mmol} obtained in
(3) above and the compound B-2 (47 mg, 0.1 mmol) ocbtained
in Example 1 (3) were dissolved in toluene/triethylamine
{(1/1, .2 mL}, thereto was added
tetrakis{triphenylphosphine)palladium (12 mg, 0.01 mmol),

25 and the mixture was stirred under a nitrogen atmosphere
at 110°C for 3 hours. The mixture was cooled to room
temperature and, thereafter, concenirated under reduced
pressure. The residue was roughly purified by thin-lavyer
silica gel cclumn chromatography (n-hexane/ethyl acetate

30 = 19/1). The crude purified material obtained was
dissgolved in acetone, hydrochloric acid (6 N, 0.1 mL, 0.6
mmol} was added thereto, and the mixiture was stirred at
O°Cyfor 50 minutes. Further, hydrochloric acid (6 N, 0.2
mL, 1.2 mmol) was added, and the mixture was stirred at

35 room temperature for 40 minutes. Thereto was added

saturated agqueous sodium hydrogen carbonate and the



Production of
(SZ,7E)-(1R,28,3R,20R)-2-((t-butylcarbonyloxy)methOxycarbonylethoxy)-23-yne-9,10-seco-5,7,10(19)
-cholestatriene-1,3,25-triol 35(Compound 0-7) - 33 - A-4A-150-7 (1) The Compound A-4 (164.3
mg, 0.360 mmol) obtained in Example 2 (1) was dissalvegsin_anhydrous N,Ndimethylformamide (1.2
mL) and the solution was cooled to 50C. Triethylamine (0.15 mL, 1.08 mmol) and pivaloyloxymethyl
chloride (0.104 mL, 0.719 mmol) were added geret and the mixture was stirred at room temperature

for 1 hour. After 1 ﬁ%uﬁ?%giu%ai%d?d%t@%tr% , 17008 M and Sg?a%%iUm %a?bo%?g?ﬂfo mg, 1.008
10mmol) were addedyamnd e mibtdrelwassstirred uriter heating e 500tfos furfleers30 minutes. The

reaction mixture wag cogledtgragm femperatuse and, aftersdilution withwater, theregulting mixture
extracted with ethyl acetate. The organic layer was ,washﬁ with 15 atui:ated agueous sodium
' e

chloride, dried ovef ahfydiods Higgried IR, Bt e A Boncetrated urdereaiced
pressure. The residye obtained waspuyifiedhy:silics/ gelcolumachuamatographyXnsiexane/ethyl
acetate = 5/1) to obtain compound A-15 (158.0 mg, yield 77%). 201H-NMR gCDC13) 8: 5.98-5.90 (1H,
m), 5.76 (2H, s), 545 A5t £ 17130, 446 BiLS /5 14 (18, 86 5= T037, 1110 HY) %4.36178, dd, J =
8.00, 3.00 Hz), 4.02:3:821(3H,m); 842 (1 Madd, iz 86k 3at HZ) 2l 62Y(2ke tak s 67 bz e2.47 (1H,

ddd, J = 16.83, 2.68, 560, lz). 252534, (1H,,ddd, )5 16:83; 2.76,55.50 412321 961, o) 1 2,68 H2),
1.21 (9 H, s), 0.90 (9H, s), QH%H’ s), 0.09 (3H, s), 0.08 (3H, rs), 0.07 (3H, s, 0.03 (3H, s). . (2)

Using the compouﬁa‘%{?ﬁ%% 67 nfifiol} obtaindd it BL) Ancthd C%W&WSQH@G%%; 8.085

mmol) 30bBtained:iy Exaftple 1 (3) as raw materials, synthesis was carried out in the same manner as
in Example 2 (3) ta,- 3, obaip compound 9/ (K8 M, yield 18%). o .y 5 00 (1H, 4,
J = 11.2 Hz), 5.27 {14, d, J = 1.5 Hz), 4.99 (1H, d, J =
2.0 Hz), 4.39 (1H, t, J = 4.0 Hz), 3.92-3.84 (1H, m),
2.86-2.79 (1H, m), 2.65 (1H, dd, J = 13.3, 4.3 Hz), 2.30-
15 2.20 (4H, m}, 2.05-1.96 (3H, m}, 1.88 (2H, t, J = 10.0
Hzy, 1.81-1.64 {8H, m), 1.56 (&H, dt, J = 15.3, 4.5 Hz),
1.51 (6H, s), 1.49-1.46 (3H, m}, 1.45 (9H, s), 1.40-1.24
{5H, m), 1.06 (3H, d, J = 6.6 Hz}, 0.54 {(3H, s), 0.54
(3H, s). |
20 Example 6
Production of (5Z,7E)-{1%,25,3R,20Ry-2-(2-{(1,1-
dimethyl)ethoxycarbonylpropyl)-23-yne-9,10-
seco-5,7,10(19)-cholestatriene~1,3,25~-triol {Compound D-
6)



1H-NMR (00013) 5: 6.42 (1H, d, J = 11.47 Hz), 6.02 (1H, d, J = 11.22 Hz), 5.81-5.76 (2H, m), 5.39
(AH, d, J =1.46 Hz), 5.09 (1H, d, J = 2.20 Hz), 4.44 (1H, s), 4.04-3.95 5(2H, m), 3.85-3.80 (1H, m),
3.36 (1H, dd, J = 7.56, 3.17 Hz), 2.85-2.57 (6H, m), 2.28-1.81 (8H, m), 1.59-1.24 (16H, m), 1.23 (9H,
s), 1.06 (3H, d, J = 6.59 Hz), 0.54 (3H, s). Example 8 t0Rfbduction of (5Z,7E)-(1R,2S,3R,20R)-2-
((phenylcarbonyloxy)methoxycarbonylethoxy)-23-yne9,10-seco-5,7,10(19)-cholestatriene-1,3,25-triol
(Compound 0-8) A-4A- 16 -8 15 Using the compound A-4 (175 mg, 0.383 mmol) obtained in
Example 2 (1) as a raw at | and replacing pivaloyloxymethyl ch ith benzoyl 0X methyl -
chloride, synthesis yas.calr £ in thé SatRélmanner as 20in Exa 1) to ob Glind
A-16. Thereafter, using the compound A%il a(é 3 ﬁ\ '900 m oﬁ?an thé)E ound 3-2 (34 mg% 08
mmol) obtained in Example T (3f&s sta ‘bthess was cafrieg out in the same manner
as in Example 7 (2) to obtaimscompound 0 8 25( 9 mg yield 11%). 1H;NMR (CDC13) 5: 8.09-8.07
(2H, m), 7.62-7.44 (3H, m), 6.41 (1H, d, J = 10.98 Hz), 6.05-6.01 (3H, m), 5.38 (1H, d, J = 1.46 H2z),
5.07 (1H, ,d, J = 1.95 Hz), 4.44 (1H, d, J - 2.93 Hz), 4.05-3.97 (2H, m), 3.87-3.82 (1H, m), 3.36 30(1H,
dd, J =7.56, 3.17 Hz), 2.85-2.64 (4H, m), 2.32-2.18 (2 m) 205153(9H m), 1.49- 124(4H m),
1.06 (3H, d, J = 6.34 Hz), 0.55 (3H, s). - 35 1 Exanmpld - ?
(52,7E)-(1R,23,3R,20R)-2-((2-carboxy-2,2- ethd
(19)-cholestatriene-1,3,25-triol (Compound E-1
" 12,6-lutidineMe0 0 tBuOK, P

o)
o

= Br B-2
TBSO" OTBS Pd(PPhs)q, EtsN
0
o) K 2) TBAF
A-14

(1) The compound A-% (565 mg, 1.29 mmol) obtained in
Example 5 (1) was dissolved in dichloromethane, thereto
5 was added diiscobutylaluminum hydride (I M toluene
solution, 2 mL, 2 mmol) under ccoling at -78°C, and the
mixture was stirred at -78°C for 2 hours. Anhydrous
methanol ({1 ml) was added and the mixture was stirred at
room temperature for 20 minutes. Ffurther, saturated
10 agquecus sodium potassium tartrate was added and the
mixture was stirred for 10 minutes. Ethyl acetate was
added thereto, the mixture was washed with saturated
agqueous sodium chloride, and the organic layer was dried
over anhydrous magnesium,sulfate and concentrated under
15 reduced pressure. The residue obtained was dissolved in
tetrahydrofuran (18.3 mL}, thereto were added t-butanol
(16.3 ml} and Z~methyl-2-butene {6 mL), and the mixture
was cooled with ice. An agueous solution (5 mlL) of
Sodium,hypochloéite (1.47 g, 13 mmol) and sodium
20 dihydrogenphosphate (1.01 g, 6.5 mmol) was added thereto
and the mixture was stirred for 1 hour. To the mixture

were added saturated agqueous sodium thiosulfate and,



HO h MeCNTPBSO'0 h 0.. OAPh OPiv OH A47A-18A49 TsCLTEA, Me3N-FICL(0, NBS,BPO,BaCO3,
HO MeCNOBz cycbhexane0 TBSO'OBz 2) Zn*, NaBH3CN,0 1-PrOH-H20c;jii2) TBAF, THF OPiv OPiv
A-20A-21 1) PivCl, Pyr. 2) TBSOTTf, 2,6-lutidine HO'OHMeCNTBSO0'. OTBS 2) NaOMe, MeOHC4,1
OPiv OH A-22 A-23 OH 0 5E-1 - 31 -
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further, saturated aguecus zcdium hydrogen carbonate, and
the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue

obtained was purified by silica gel chromatography (n-

hexane/ethyl acetate = 9/1 — 7/1 — 5/1) to cbtain
compound A-13 (233.7 mg, yield 38%). .
'H-NMR (CDCls) &: 5.82 (1H, ddd, J = 17.0, 10.0, 7.0 Hz),
5.17 (iH, dd, J = 17.2, 1.1 Hz), 5.11 {1H, ddd, J = 10.0,
2.0, 1.0 Hz), 4.00~3.95 (1H, m}, 2.42-2.37 (2H, m), 2.32
(24, t, J = 7.8 Hz), 1.97 (1H, t, J = 2.6 Hz), 1.85-1.65
(3H, m), 1.43-1.29 (2H, m), 1.26 (2H, t, J = 7.2 Hz),
6.89 (19H, s}, 0.09 (3H, s), 0.06 (3H, s), 0.06 (3H, s),
0.03 (3H, s).

(2} Tc the compound A~-13 (228.4 mg, 0.5 mmol)
obtained in (1) were added toluene {5 mL) and N,N-
dimethylformamide di-t-butyl acetal (1.1 mL, 4 mmol), and
the mixture was stirred at 80°C for 1 hour. Thereto was
added ethyl acetate, the mixture was washed with
saturated agueous sodium chlcride, and the organic laver
was dried over anhydrous magnesium sulfate. The organic
layer was concentrated under reduced pressure and the
residue obtained was purified by silica gel
chromatography (3% ethyl acetate/n-~hexane) to obtaln
compeound A-14 (118.5 mg, yield 46%).

*H-NMR {CPCls) &: 5.83 (1H, ddd, J = 17.0, 106.0, 7.0 Hz},
5.15 (14, dg, J = 17.2, 1.0 Hz), 5.10 (1H, dg, J = 10.0,
1.0 Hz), 4.12 {(1H, dd, J = 8.0, 5.0 Hz), 4.00 (1H, td, J
= 6.2, 3.8 Hz), 2.39 (2H, dd, J = 6.1, 2.7 Hz), 2.17 (2H,
t, J = 8.0 Hz), 1.79%-1.63 (3H, m), 1.44 {98, s), 1.40-
1.20 (4H, m), ©.89 (18H, s), 0.09 (3H, s), 0.06 (3H, s},
0.05 (3H, s), 0.03 (3H, =).

(3} The compound A-14 (5%.6 mg, 0.12 mmocl) obtained
in {2} and the compound B-2 (60 mg, ©.14 mmol) obtained

in Example 1 (3) were dissclved in toluene/triethylamine



(1) The compound A-17 (6.03 g, 22.8 mmol), described in the literature (for example, Kittaka et al., J.
Org. Chem., 69, 7463-7471 (2004)), was dissolved in Nmethylpyrrolidone (60 mL), thereto was added
potassium 10butoxide (11.88 g, 114 mmol),rand the mixture was stirred under heating at 130C for 4
hours. The reaction mixture was cooled to room temperasare; water (240 mL) and then DIATOM
HP-20SS (produced by Mitsubishi Chemical - 36 - Corporation, 30 g (dry weight)) were added thereto,
and the mixture wa§1s}i£red2atl{g9r,n temperafure overnight, The reaction mixture was filtered, the solid
material was washed with saturatéd aqueous ammonium chloride (100 mL) 5and water (200 mL), and

extracted with acetbR& {506 D THe BXxirakfiorT BoiBhRFas e6rcEhtratedd TfdelCredbited pressure

and diluted with ethytatetate.nbhe mixtuie: wasavashedswith saturategkaqueaus:sasien chloride and

the organic layer was dried over anhydroys. magnesium sulfate. 10The organic layer was concentrated
5 el wad Gl

under reduced preSSUl8 HdThe résidu UrkEd by stita §ertoliiim EAformatbgraphy
(n-hexane/éthyl acétater =iy torpistaitcomponnd 2 18 £1.78:d, adeldr&i9%). H4 NMRECDC13)8:

7.51-7.36 (SH, m), 524 (k). 4Bda(1Hh d0$hAH 49429 (1) P8 L1yt )~ 47 HEd A DL (1H,
dd, J=9.27, 2.68 Hz), 3.93 gl_!’gbr Sé), 3.83-3.75 (3H, m ,_3.60- 5% (§»H, m), 3.41 3H,_S), 0%9-0.41
(3H, m). (2) The compourt At G677 B0 Mrol) dBiaTett 26ihT(1) Was i anhydrous
pyridine (30 mL) arid thie) solufiore wasiwsbsled: to. 6C eTherete was addet:pivatdyielsloride (1.15 mL,

9.32 mmol) and the; mixtyre, was stirced-atthe same;temperagyrefor 1 hour. Anhydroys methapol (3

mL) was % ded thel{ tQ andtthe 25mixture was st'ired, at room temperature for 5 minutes and
concentratéd under fedliced ARl (Ve Theasitite Wwas BissOived if tolubn th&$dtdtidiwas washed

with saturated aquedds sodinarehloride naind,ltbereatten theworgasiclayerivas ddedovesanhydrous

magnesium sulfate, 307be organic jayerauas congentiated ynder ednce pressure and dgd. This
mL), the so

crude material was dissolved in anhydrous dichloromethane (2 -solution was cooled to OC,
and after the additi®h ot 26-hfitiné PF3THE, PEEFhoI) dnttEblgflimelfAsiprer
35trifluoromethanesulfgnate (2. Idambe 8:32nmenal¥ thereto, the: mixtoee: as Istipred ataeom

tempemuwgforll%%ﬁcentrated under reduced pressure and the residue

obtained was roughly purified by thin-layer silica gel
chromatography (n-hexane/ethyl acetate = 1/1} and further
purified by reversed-phase HPLC {A = 95%
water/acetonitrile; B = 0.5% water/ 40%

20 methanol/acetonitrile; B = 85%) to obtain compbund D-6
(5.0 mg, vield 7%).
'H-NMR (CDCl;) &: 6.40 (1H, d, J = 11.5 Hz), 6.00 (1H, d,
J = 11.2 Hz), 5.27 (1H, d, J = 1.5 Hz), 4.99 (1H, d, J =
2.0 Hz), 4.39 (1H, t, J = 4.0 Hz), 3.92-3.84 {1, m),

25 2.86-2.7% (1H, m), 2.65 (1lH, dd, J = 13.3, 4.3 Hz), 2.30-
2.20 (4H, m}, 2.05-1.96 (3H, m), 1.88 {(2H, t, J = 10.0
Hz), 1.81-1.64 (8H, m), 1.56 {(6H, dt, J = 15.3, 4.5 Hz),
1.51 (eH, s), 1.49-1.46 (3H, m), 1.45 (%%, s}, 1.40-1.24
{(53H, m), 1.06 (3H, d, § = 6.6 Hz), 0.54 (3H, s}, 0.54

30 (3H, s).
Example 7
Production of (5Z,7E)~(1R,2S,3R,20R)-2~((t-
butylcarbonyloxy)methéxycarbonylethoxy}—23—yne—
9,10-seco-5,7,10(1%) ~chelestatriene-1,3,25-triol

35 (Compound C-7)



- 37 - Anhydrous methanol (5 mL) was added and the mixture was concentrated under reduced
pressure. The residue was dissolved in toluene, the solution was washed with water, and the organic
layer was dried over anhydrous sodium 5sulfate. The solution was concentrated under reduced
pressure and the residue obtained was purified by siliea gél column chromatography (5% ethyl
acetate/n-hexane -* 10% ethyl acetate/n-hexane) to obtain compound A-19 (3.19 g, yield 69%). 10IH
NMR(CDC13)8: 7.49-7.34 (5H, m), 5.56 (1H, s), 4.45 (1H, s), 4.29-4.25 (2H, m), 4.18 (1H,. d J=11.22
Hz), 3.98- 3.92 (3H, m), 3.75 (1H, t, J - 12.08 Hz), 3.65 (1H, t :
9.51 Hz), 3.35 (3H, s), 1,19 (9H, 05)4@(@1 (9H, s),.0.61-0.51 (4 ), 0.1‘0“515(3H, s), 0.1 , S).n
(3) The compound A- .17 g, 5.6 mmol) o t ined in (2)
thereto were addedBaluiiircarbonate (775 mg,o;%ji%o gpq‘%o[y perﬁmfs m
and N- bromosuccmlmld\/\ﬁ(l 21 g, 6.73 mmoal), a |xture was heated under¥e uﬁ”fqr 1

After cooling, the mixture was filtered through celite, and the organic layer was Washed\/\ﬁﬁe oia%: of
saturated aqueous sodlum hydrogen carbonate and saturated aqueous sodium chloride. 25Thereatfter,
the organic layer was fied over anhydrous magnesmm sulfate and concentrated under réduced
pressure to obtain a crude matéh&l (4Fgy TFHis ride!haterial Was dissdifediPa mikBaxohRsht of
1-propanol (36 mL} and watern @ L), theteie were asited-activatechziae ¢4.38:80¢; 112.2 mmol) and
sodium cyanoborohydr ), the ture w e er ref 0 our.
After cooling, the nﬁ%%%q\}%ls ter%‘ tﬁ%l%% czealﬁgL ?hearg(g)fh:j{ @%s%v%;ﬂs%%dgwnh épr%élg%élc{;ﬁ%
thereafter the liquid Was céhcentiaveédunder réduted@s presSdrenThilresitiie obtained was diluted

with ethyl acetate, ﬁé‘@@@@ﬂ%%@@?@ 3&1‘1@8&@@@(’%‘1 ¢eblorige, and fhe organis layer was dried
over anhydrous ma%P sium. - 38 - :~:ulf<1311|[tg$J The or anic Iayer was concentrated under reduced

pressure and the resi oJE)}[‘alng& rﬁ%% by sﬂ:@ %ewgoﬁuﬁ%l&ﬁg a%g@%ﬂﬂ? (hexane/ethyl
acetate = 90/110@1!%18@@))% ©bfain conpound AZD-E:50 ghyield 550%)uH NMR@DC13Y6:

8.05-8.02 (2H, m),f559-7 .4%BhrB), 6.2 k{1 Hoddd s} uhl 89y 38r32: 6.00 H@) Ry 78-5. 68 £1H, m),
5.41 (1H,dt, J = 17323§134Hz da(%o H, dt, J -; 10.49 %§2H§)é417 1H, d, J = 11.47 Hz),
d

3.96-3.93 10(2H, M)  3'81 (1H, 1A RS OH Y 364 (19, J - 9.76 Ha),
3.50 (IH, d, J = 9.76ck2); 4] 8:(OH G 020 (OH, )10 554@Hp tndi£els95 HZ)=0.088H sy, 0.07 (3H, S).

mixture was cooled to rcoom temperature and, after

.56 mmol)

dilution with water, the resulting mixture extracted with
ethyl acetate. The organic layver was washed with

15 saturated agueous scdium chlcride, dried over anhydrous
magnesium sulfate, and thereafter concentrated under
reduced pressure. The residue obtained was purified by
silica gel coclumn chromatography {n-hexane/ethyl acetate
= 5/1) teo obtain compound A-15 (138.0 mg, yield 77%).

20 'H-NMR (CDC1;) &: 5.98~53.90 (1H, m), 5.76 (2H, s}, 5.21
(iH, dt, J = 17.32, 1.46 Hz), 5.14 (1H, dt, J = 10.37,
1.10 Hz), 4.3C (1H, dd, J = 8.00, 3.00 Hz), 4.02-3.82
{3, m), 3.42 (1H, dd, J = 5.61, 3.41 Hz), 2.62 {(2H, t, J

6.71 Hz), 2.47 (1H, ddd, J = 16.83, 2.68, 5.50 Hz),

25 Z2.34 (1H, ddd, J = 16.83, 2.76, 5.50 Hz), 1.%6 (1H, t, J
= 2.68 Hz}, 1.21 (9 H, s}, 0.90 (94, s), 0.8% (9H, s),
0.09 (3H, s), 0.08 (3H, s), 0.07 (34, s8), 0.03 (3H, s).

(2} Using the compéund A-15 (40 mg, 0.07 mmol)

obtained in (1} and the compound B~2 (36 mg, 0.085 mmol)

30 obtained in Example 1 (3) as raw materials, synthesis was

carried out in the same manner as in Example 2 {3} to



(4) The compound A-20 (2.41 g, 4.5 mmol) obtained in 15(3) was dissolved in acetonitrile (25 mL),
thereto were added triethylamine (1.26 mL, 9 mmol), trimethylamine hydrochloride (86 mg, 0.9 mmol),
and p-toluenesulfonyl chloride (1.30 g, 6.8 mmol) in this order, and the mixture was stirred at room
temperature for 1 hour. 20Saturated agueous sodium-hydfogen carbonate was added thereto and the
mixture was concentrated under reduced pressure. The residue was diluted with ethyl acetate and the

mixture was washegwith saturated agueaus sedigmichloride, jthe;@rganic layer was dried over
anhydrous 25magnesium sulfate and concentrated under reduced pressure. The crude material (3.31

g) was dissolved in Thalydi6firdr (18 mLY; firerétwas added téttalfutyBfmmoRiup® fludfide & M
tetrahydrofuran solutien;113.52mkz13.53n81045 and the mixture was3teated 30under eefluxgdor 1.5

hours. After coollngI e r‘glx%e %s c%nceftrat%d %dgr redugeg Lprz re z?d t edgsgiug was

diluted with toluene. THe mixtlre waé wdshed with Satirated agueou sodiun ‘chioride, and the
organic layer was dré&d oleér arhytitods Rtaghesiurfi sulfate3dnd 35corféentrated n@ér rediuted
pressure. The residue pbtajsed-was purified by silica, gel-colgmn chromatography (hexane/ethyl
acetate = 90/10) to in cq mp und A- 39- (85 mg Id 47%). 1H (OD013 06-8.02
(2H, m), 7.61-7.44 ( %%{t‘g‘ 96%% ({%%fn)%:? 67 obs (m?m)és b aH, y&g . 2&8 Y Hz),
5.32 (1H, dt, J = 10.5%; 1322 Hz) 4.04 5(2H, dd, J = 27.32, 11.22 Hz), 3. 65 (1H, d, J = 10.24 Hz), 3.53
(1H, d, J = 10. 24 Hz)aB3d 71K, dd, J = 7.32, 5.37 Hz), 3.10-3.06 (1H, m), 2.75 (1H, t, J - 4.39 Hz),

2.60 (1H 4P88 ?’%%% 8‘ f1%5 ggoﬁvﬁlg%é 553)3%05%6\ t%trahydrofuran solution (3 mL) of

trlmethylsnylacetylene ‘ced’under a |trogen atmosphere and the solution
was cooled with dr%@@%@ﬂo%r%ﬁaé’tb%aé Iﬁﬁéé@%ﬂ@eﬁ?@‘é&@tﬁ@éﬁﬁ -bedyilitAfm (2.64 M, 3.97
mL, 10.5 mmol) ang, the-kamixtuge wasstireed for-4=minutes.che this pixtre were added a
tetrahydrofuran sol ?ﬂ#}g 5) @‘ tg? compound A-21 (846 mg, 2.1 mmol) obtained in (4) and
trifluoroborane-diet er complex (0.343 mL, 2.73 mmol), and the mixture was stirred for 2 hours
under dry 20ice-acetone cooling and further stirred for 1 hour turated aqueous nium
chloride was added thereto and.the ture was returned to r tem -ature and dil ithrathyl
acetate. The solution washed sliccessiv ith saturated-: qu&ous sodiym hydrogen 25carbonate
and saturated aquesl edlunTCmmw@" arel t e‘”“ YO **Lja;—-"’
W PA{PPh),, EGN 4

A4 A-16 c-8

15
Using the compound A-4 {175 mg, 0.383 mmol) ocbtained

in Example 2 (1) as a raw material and replacing
pivaloyloxymethyl chloride with benzoyloxymethyl
chloride, synthesis was carried out in the same manner as

20 in Example 7 (1) to obtain compound A~16. Thereafter,
using the compound A-16 (41.3 mg, 0.07 mmol}) and the
compound B-2 (34 mg, 0.08 mmol) cbtained in Example 1 (3)
as starting materials, synthesis was carried ocut in the
same manner as in Example 7 {Z2) to obtain compound C-8

25 {4.9 mg, yield 11%).
1H-NMR (CDC13) &: 8.09-8.07 (2H, m}), 7.62-7.44 (3H, m),
6.41 (1H, d, J 16.98 Hz), 6.05-6.0% (3H, m}, 5.38 (1H,
d, J = 1.46 Hz), 5.07 (iH,.d, J = 1.95 Hz), 4.44 (1H, d,
J = 2.93 Hz}, 4.05-3.97 (2H, m}, 3.87-3.82 (1H, m), 3.36

30 (1H, &d, J =.7.56, 3.17 Hz), 2.85-2.64 (4H, m), 2.32-2.18
(ZH, my, 2.05-1.53 (8H, m), 1.49-1.24 {(4H, m), 1.06 (3H,
d, J = 6.34 Hz), 0.55 (3H, s}.



organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure.
The residue obtained was dissolved in anhydrous methanol (10 mL), sodium methoxide (870 mg, 6.3
mmol) was added thereto, 30and the mixture was stirred under heating at 50C for 1 hour. After
cooling, the mixture was concentrated under reduced préssure. The residue was diluted with ethyl
acetate, thereafter the mixture was washed with saturated aqueous sodium chloride, and the organic
layer was dried 35@ver anhydgous magnesium sulfate. The organic layer was concentrated under
reduced pressure and the residue - 40 - obtained was urlfled by silica gel column chromatography
(hexanelethyl acette’S 604 50750 2435/85) {d Bb cﬁ)ndZA 092 FATR iy, Vield 52%). 1H
NMR(CDC13)5: 5.67{2Hpddd hb=1i/-0G 11606 56. 00452>)¢54£887(,11-D dt, J=17.00, 1.70 Hz), 4.73
(1K, d. 9 = 1100, 12 Ha), 385.3.8 (10, 3,90 {161,909, I =842, 534352.07 Ho), 3.16 (UM d. 9
= 9.50 Hz), 3.05 (1H, =9.50 Hz), 2.85 (2H, dd, J = 4.63,2.20 Hz), 212192(2H m), 1.85 (1H, t, J
= 2.68 Hz). 10(6) The compound A- 22 (534 4 mg, 2.26 mmol) ob; ﬁ%élgg:f(é) was dissolved in
anhydrous pyriding,(z.5mL) and, aftesthe additiew.ob piyaloyl chioride-(Bidw#s mL, 2'%6 tib) at 0C,
the mixture was stirre sametiedpelidture for 45 atiputes. Satiedled agueousesediyy Ph
15hydrogen carbonat®was added-te-the-reture. Theymixture Was diluted with tuene and washed
with brine. The organic layer was dried over anhydrotisymagnesium sulfate and evaporateditq give the
residue. The residue was diluted with dry dichloromethane (10 mL), and to the 20solution were added
2,6-lutidine (1.1 mL, 9. 25 ?ﬁmol) and t- butyldlmethylsﬁi‘ﬂ ﬁ'lfluoromethanesulfonate 1.7 nt1% .55 mmol)
at 0C. The reaction mixture was stirred at same tempgratyge e 1.5 hours. The reaction was diluted
with ethyl acetate anq thg% cég%gr was washed withie2hliTie, dried ovel.a ydrous magnesium
sulfate and evaporated @H@gme was prified by sili¢ée§dl column,chromatography (hexane/ethyl
acetate = 99/1 -* 85715) To obtain A-23 (1388 i Pdd 91%). 11-1-NMR (CDC13);3: 6.00-5.91 (1H, m),
5.21 (1H, d, J 3017.3% »@é&“;ﬁ*@’* d, J = 1100 Hz® 4TBARLFHRId, J = 7.07, 3.88,Hz), 4.03 (2H, dd, J
=19.03, 11.22 Hz), 3.94 (1 10.73, 5.86442z), 3.64 (1H, d, J =9.76 Hz), 3.45 (1H, d, J =9.76

Hz), 3.39 (1H, t, J = 4.27 Hz), A-20 A-24
1) PivCl, Pyr. P
1) TMS-acetylene, 2) TBSOTY, 2,6-lutidine -
n-Buli, BF:-OEt, Z MeCN TBSO"OTBS
THF C{ - )
¥ HO Yy OH L
2) NaOMe, MeOH O .
OPiv
OH
A-22 A-23
1)
p
OTES
53 OTES
Br B3 TSOH-H,0
Pd{PPha)4, EtsN 1) Dess-Mariin ; Tz
(PPh3)s, Eta Reageni _ LBk,
> TBSO Y 0TES "'
2) NaOMe o 2)NaClO,, NaHPO,
<;\,OH 2-Methyi-2-butens
AB-3
5
{1) The compound A-17 {(6.03 g, 2Z2.8 mmol), described
in the literature {(for example, Kittaka et al., J. Org.
Chem., ©9, 7463-7471 (2004)), was dissolved in N-
methylpyrrelidone (60 mL), thereto was added potassium t-
10 butoxide (11.88 g, 114 mmol}, "and the mixture was stirrsed

under heating at 130°C for 4 hours. The reaction mixture
was cooled to room temperature, water (240 mL) and then
DIAICON HP-2085 {(produced by Mitsubishi Chemical



2.51 (1H, ddd, J = 16.83, 6.00, 3.00 Hz), 2.36 (1H, ddd, 35J - 16.71, 6.10, 2.56 Hz), 1.95 (IH, t, J =
2.56 Hz), 1.19 (9H, s), 0.90 (9H, s), 0.88 (9H, s), 0.55-0.48 3H, - 41 -m), 0.11 (3Hs), 0.09 (3H, s),
0.06 (3H, s), 0.03 (3H, s). (7) Using the compound A-23 (70 mg, 0.15 mmol) obtained in (6) and
the compound B-3 (69 mg, 0.16 mmol) 5obtained in Exaiifple-1 (4) as starting materials, synthesis was
carried out in the same manner as in Example 1 (5) to obtain compound AB-3 (48.1 mg, 37.4%).
11-1-NMR (CDC13): 618 (1, d, 35 19.981H9), 80211 d\d 7 L AT HZ) 5,321H, 5),5:01 (1H,
s), 4.47 (1H, s), 104,03 (1H, q, J = 4.15 Hz), 3.91 (1H, d, J = 9.03 Hz), 3.58 (1H, dd, J = 11.10, 4.03
Hz), 3.46-3.39 (2HTR, 3301TEF 073 § B1HS 371 R br ST P 86TIACE PYS 81 LY 2.61 (1H, d,
J - 13.42 Hz), 2.2471H, ddad=i16134,1 342147 )y 25107 (1IH, eddh J,= 13665 4115iHz), th52.85-1w84 (4H,
M), 1.66-1.49 (12H, ), 443130 @k i 407 (4H L= 650 HE)0-98-0:83 (36H.1m), 0.82-0.81
(2H, m), 0.70-0.64 (9H, m% 0.57-0.54 (6H, m), 0.51-0.36 (6H, m), 0.11 (3H, s), 0.10 (BHQE{’ .08 (3H,
5),0.07 (3H, ). 20781 UG the oMol ABR (48T TR 67656 rifoly GBLiéd i (7 45-4 raw
material, treatmentsheerexgareed out insthEusaime marmnerasanBExample 1u(6)eThe eeactioh product

(28.5 mg, 0.0327 ’?@QQéM%dE?éB'VBQiﬂ@e@iWQt%P'\é%@{ﬂ aphydrous dichigromethane/acgtanitrie
25(1/1, 1 mL) and the solution was cooled to OC. Thereafter, tosylic acid monohydrate (31 mg, 0.163

mmol) and lithium tRAIROrSboTateS @0 Thg -6 327 WA we RF dded ardthesmidiste Ws stirred at
the same temperaturg 01130 fram#es wEe the feattionanixture was-3Gaddethsaturated ageous
sodium hydrogen q@{goeéiga%mdcthﬁarfp%urv@avga%@5@@9@9%@&6@5@%@&%&0&9@@&@/@r was

dried over anhydrous mL%%nesium_sul ate and concentrated under reduced pressure. The residue

obtained was roughRFpurited iy thittfaye? siita Tel $BenhinatogFpHy(efiiyt hedtai&facetone = 9/1 +
0.5% acetic acid) arl further purified by repérsed ptiaseaiRl €A 96%ewatey/acetdritrilepB = 0.5%

water/40% obtain compound A-18 (1.78 g, yield 21%).
*H NMR(CDCl3)8: 7.31-7.38 (5H, m), 5.54 (iH, s), 4.61 (1H,
15 s), 4£.40-4.2%9 (2H, m}, 4.08 (1H, t, J = 4,27 Hz), 4.01

(18, dd, J = 9.27, 2.68 Hz), 3.93 (1H, br s), 3.83-3.75
(RH, m), 3.60-3.50 {(3H, m), 3.41 (3H, s), 0.59-0.41 (3H,
m) .
(2) The compound A-18 (2.97 g, 8.10 mmol) obtained
20 in (1) was dissolved in anhydrous pyridine (30 mL) and
the solution was cooled to 0°C. Thereto was added
pivaloyl chloride (1.15 mL, 9.32 mmcl) and the mixture
was stirred at the same temperature for 1 hour.
Anhydrous methanol (3 mlL) was added thereto, and the
25 mixture was stirred at room temperature for 5 minutes énd
concentrated under reduced pressure. The residue was
dissolved in toluene, the solution was washed with
saturated agueous sodium chloride, and, thereafter, the
organic layer was dried over anhydrous magnesium sulfate.
30 ‘The organic layer was concentrated under reduced pressure
and dried. This crude material was dissolved in
anhydrous dichloromethane (20 mL}, the solution was
cooled to 0°C, and after the addition of 2,6~lutidine {1.3
mL, 11.6 mmol) and t-butyldimethylsilyl
35 trifluoromethanesulfonate (2.14 mi, 9.32 mmol) thereto,

the mixture was stirred at room temperature for 1 hour.



- 42 - methanol/acetonitrile; B = 85%) to obtain compound E-1 (4.9 mg, yield 16.6%). 1H-NMR
(CDC13) 8: 6.41 (1H, d, J = 11.22 Hz), 6.01 (1H, d, J - 10.98 Hz), 5.37 (1H, s), 5.08 (1H, d, J = 1.46
Hz), 54.48 (1H, d, J = 2.68 Hz), 4.06-3.82 (2H, m), 3.55-3.25 (2H, m), 2.88-2.60 (2H, m), 2.28-1.54
(13H, m), 1.42-1.20 (10H, m), 1.10-1.08 (1H, m), 1.06+3#; d; J = 6.59 Hz), 0.91 (3H, d, J - 4.88 Hz),
0.54 (3H, s). Example 10 10Production of (5Z,7E)-(1R,23,3R,2012)-2-(2-carboxyethoxy)-

26,27 dimethy1-23,yne 8,10 secs5 T, 10{19chplestariensal g 25 1ol (Gampoyng £51),. TBSOVCo
OTBS TBSO' OTBS NalK2CO3 0_0 0 A-4A-24 OTES 15(1) Trimethylsilylacetylene (1.84 mL, 13.0

mmol) was dissolvea Tt F4-divkafe {15 HiL) it ¢hideP AR HY6R atmo8FhéresaitigetiFath cooling,
thereto was addeddirepwise=m-bityllithilme (59 Ma-keXanei solutiar, 8:281malg 1318 mmet)«aver 10

minutes. Hereto was,addd 206agbeund &4 1,930, 4,33 ol disaied in L diarege (10 L)

the compound B-4 ben}g%synthesaed according to the method of Tanaka et al. (International
Publication”No. NG98/58999), antfthehiktdrervis heafdCdiderabfitix sREEOC T6C24 Pours. After
cooling to room tempetatute; 25sdturatedraguietus ammoniyd chigride was added $o e -43 -

gel column chromatography (5% ethyl acetate/n-hexane —
10% ethyl acetate/n-hexane) to cbtain compound A-19 (3.19
g, yleld 69%).

10 | "H NMR{CDC13)8: 7.49-7.34 (5H, m), 5.56 (1H, s), 4.45 (1H,
s}, 4.29-4.25 (2H, m), 4.18 (1H, d, J = 11.22 Hz), 3.98~
3.%2 (3H, my, 3.75 {1H, t, J = 12.08 Hz), 3.65 (1H, t, J
= 2.68 Hz), 3.56 {(2H, dd, J = 25%.76, 92.51 Hz), 3.35 (3H,
sy, 1.19 (8H, s}, 0.81 (8H, s}, 0.61-0.5%1 (4H, m}, 0.10

15 (3H, s}, 0.10 (3H, s).

(3} The compound A-19% {(3.17 g, 5.61 mmol) obtained
in (Z) was dissolved in cyclohexane (63 mL), thereto were
added barium carbonate (775 mg, 3.9%2 mmol), benzoyl
peroxide (136 mg, Ol56 mmol), and N-bromosuccinimide

20 {1.21 g, 6.73 mmol), and the mixture was hezted under
reflux for 1 hour. After cooling, the mixture was
filtered through celite, and the organic layer was washed
in the order of saturated aqueous sodium hydrogen
carbonate and saturated aguecus sodium chloride.

25 Thereafter, the organic layer was dried over anhydrous
magnesium sulfate and ccncentrated under reduced pressure
to obtain a crude material (4.0 g). This crude material
was dissolved in a mixed solvent of l-propancl (36 mL)
and water (4 mlL}, thereto were added activated ziné {7.38

30 g, 112.2 mmol) and sodium cyanoborcohydride (1.42 g, 22.4
mmol), and the mixture was heated under reflux for 1
hour. After cooling, the mixture was filtered through
celite, the solid was washed with 1%propancl, and
thereafter the liguid was concentrated under reduced

35 pressure. The residue obtained was diluted with ethyl
acetate, washed with saturated aqueous sodium chloride,

and the organic layer was dried over anhydrous magnesium



mixture, followed by stirring. Thereafter, the mixture was extracted with n-hexane, and the organic
layer obtained was washed with saturated aqueous sodium chloride, dried over anhydrous sodium
sulfate, and 5concentrated under reduced pressure. The residue obtained was dissolved in
tetrahydrofuran-methanol (1:1, 20 mL), potassium carboide«718 mg, 5.20 mmol) was added thereto,
and the mixture was stirred at room temperature overnight. Water was added to the reaction mixture

and, 10thereafter, the mixfure wag extracted with n-hexane -The organic layer obtained was washed

with saturated sodium chloride and dried over anhydrous sodium sulfate. The organic layer was

concentrated undef REOHCEE FESSTREPIRe rERiAUESShtainadWAS bhfifled’BY sHidh et @610
15chromatographysihdhiexane¥to obthimoompound B:5x4 1y, yiekl=8894F It NMR£CDE13) 8: 5.65

(31, 0.3 26.612) OR300 ThelEoriotnd BLE(SGEAG, £ 07 il SoBindt 1) was

dissolved it tetrahydt&furan (10 mL) and, under an argon atmosphere and cooling to -78C,
e o s DT R as st opole . e e
{(1d, ddd, J = 11.00, 17.32, 6.00 Hz), 5.78-5.75 (1H, m)},
5.41 (1H, dt, J = 17.32, 1.34 Hz), 5.30 (1H, dt, J =
10.4%, 1.22 Hz), 4.17 (1H, d, J = 11.47 Hz), 3.96-3.93

10 (ZH, m), 3.81 (1H, dd, J = 11.47, 5.12 Hz), 3.73-3.68 .
(2, m}y, 3.64 (1H, d, J = 9.76 Hz), 3.50 (1H, d, J = 9.76
Hz), 1.18 (8H, s), 0.90 (9H, s), 0.55 {(4H, ©t, J = 1.85
Hz), 0.09 (3H, s}, 0.07 (3H, s).

{4) The compound A-20 (2.41 g, 4.5 mmol) obtained in

15 {3) was dissolved in acetonitrile (25 ml), thereto were
added triethylamine (1.26 mL, 9 mmol), trimethylamine
hydrochloride (86 mg, 0.9 mmol), and p-toluenesulfonyl
chloride (1.3C g, 6.8 mmol) in this order, and the
mixture was stirred at room temperature for 1 hour.

20 Saturated agueous sodium hydrogen carbonate was added
thereto and the mixture was concentrated under reduced
pressure. The residue was diluted with ethyl acetate and
the mixture was washed with saturated aqueous sodium
chloride. The organic layer was dried over anhydrous

25 magnesium sulfate and concentrated under reduced
pressure. The crude material (3.31 g} was dissoclved in
tetrahydrofuran (18 mL), thereto was added
tetrabutylammonium fluoride (1 M tetrahydrofuran
solution, 13.5 ml, 13.5 mmol), and the mixture was heated

30 under reflux for 1.5 hours. After cooling, the mixture
was concentrated under reduced pressure and the residue
was diluted with toluene. The mixture was washed with
saturated aquecus sodium chloride, and the organic layer
was dried over anhydrous magnesium sulfate and

35 concentrated under reduced pressure. The residue
cbtained was purified by silica gel column chromatography
(hexane/ethyl acetate = 90/10) to obtain compound A-21



(0.216 mL, 2.04 mmol) and the mixture was stirred for 1 hour with the temperature maintained at -78C.
To the reaction mixture was added saturated aqueous ammonium chloride and the mixture was
warmed to room temperature. 30The reaction mixture was extracted with ethyl acetate, and the
organic layer obtained was washed with saturated agued.s sodium chloride and dried over anhydrous
sodium sulfate. The organic layer was concentrated under reduced pressure and the residue obtained
was purified by BSig%ggilggol%quyrgm%qgraphy (n-hexane/ethyl acetate =9/1) to obtain compound
8-6 (205 mg, yield 53%). -44 - 1H-NMR (CDC13) 8: 6.42 (1H, d, J = 11.2 Hz), 6.02 (1H, d, J = 11.2
Hz), 5.39 (1H, s), SHAONER{ SPA.445(1H 108= 8.9 Riz), 4111).07 {114,.m},-3.843381 (Ib1, m), 3.75- 3.68
3258 ), 2.25.2.20 (1 o) 215 0 88 (6K 1) L1002 (LaES 1.0 108 (OHL ), 058 (4 9
= 6.8 Hz), 2.29- , m), -1, ,.m), - 1. , m , S
ppm. (3) The clo%méo{llnﬁ 3-%4(3%%%9,&’1% rﬁ%%ﬂ) ggtainJédzinI(g; \?\/Jés d%sé%vgbz?n’ aﬁimp ous
N,N-dimetiylformamdide 19¢4m{),theretd Iveré addedhlorotrigthylsilahe (0.283 mL, 4..68 mmol),
imidazole (152 mgy 223 mmet), and 4-dimethylaminopysidine (27:mg, 922 mmol)y and-the-mixture
was stirred under heating at 50C far 1 hour. The reaction mixture was cooled to room temperature,
15anhydrous mett%haéw(lﬁrﬁ_) m;é*slg}i_c?e'cﬁ t%elﬁg%,’ afid the nﬁiu@ thas stirred Tor Bgl?ni'%?és. The
mixture was diluted with toRiénecahd washéd With satdratéd aguéous sadidm ehlorifle SThdr&after, the

organic layer was drjed over anhydrous magnesium sulfate and concentrated under 20 reduced

pressure. The residue obtgined was purified by silica gel column chrgmatqgraphy (n-hexane/ethyl
acetate :%/10) to obtain%c;m%oﬁﬁg #Yﬁ?@gg%&%&% of.ril-fr- I\Wﬁ%(c‘bt:ls) 8:5.65 (1H, s),

2.91-2.85 (1H, m), 2 20¢tHydd, iJ » 16:46,y3.5042) 124D (@H, dil T 18.58) 256.83H2);2:02-1.88
(4H, m), 1.71-1.58(8He M)z 158 124 Ha e 30&@H. £hd = 80Q:H7),10.98-0,2L (22H,1m), 0.73-0.64

(9H, m), 0.58 (3H, s), .S%fZH. . J =7.97 Hz). 4) The compound A-4 (457 mg,.1 mmol)
obtained in 30Exar‘¥1%) 31 2 )Yw%lgedisas% \/%eO ﬁ'anh%%?gésgNWﬁ-sdi&ﬁ?egﬁy féﬁ‘rmha?ﬁg%%e(S &}f%&%to were
added of n-butyllithium (2.64 M, 3.9%7 mL, 10.5 mmol) and the

15 mixture was stirred for 45 minutes. To this mixture were
added a tetrahydrofuran solution (6 mL} of the compound
A-21 (846 mg, 2.1 mmol) obtained in {4} and
trifluorcborane-diethyl ether complex {(0.343 mi, 2.73
mmel), and the mixture was stirred for 2 hours under dry

20 ice-acetone cooling and further stirred for 1 hour at 0°C.
Saturated agueous ammonium chloride was added thersto,
and the mixture was returned to room temperature and
diluted with ethyl acetate. The solution was washed
successively with saturated aquecus sodium hydrogen

25 carbonate and saturated agqueous sodium chloride, and the
organic layer was dried over anhydrous magnesium sulfate
and cencentrated under reduced pressure. The residue
obtained was dissolved in anhydrous methanol {10 ml),
sodium methoxide (870 mg, 6.3 mmol) was added thereto,

30 and the mixture was stirred under heating at 50°C for 1
hour. After cooling, the mixture was concentrated under
reduced pressure. The residue was diluted with ethyl
acetate, thereafter the mixture was washed with saturated
agueous socdium chloride, and the organic layer was dried

35 over anhydrous magnesium sulfate. The organic layer was

concentrated under reduced pressure and the residue



triethylamine (0.421 mL, 3 mmol) and chloromethyl benzyl ether (0.276 mL, 2 mmol), and the mixture
was stirred gt OC for 1 hour 43 minutes Saturated aqueous sodium 35hydrogen carbonate was added
thereto and the mixture was extracted with ethyl acetate. The organic layer was - 45 - washed with
saturated aqueous sodium chloride, dried over anhydrousimagnesium sulfate, and, thereafter,
concentrated under reduced pressure. The residue obtained was purified by silica gel column

chromatography S@-hexanelethyl-aceataters 93/9)\0 é?PI%iE&OgMOU&@l'ﬁT% (48pIMg cYield,84%).
. (5) Using the compound B-7 (44 mg, 0.09 mmol) obtained in (Cziand the compound A-24 (43 mg,
0.075 mmol) obtain€tEirAay @?Ew%rnéfé?i%ﬁstﬁhﬁ cBUPIHY reactivhtoartd #e’ eprotectivi-rddetion

were carried out intbe;samesmanper as in Example 514).d hecerude reaction product obtained was
roughly purified bylthin;la%er silica gel ?rggryato raphy (ethyl acetate/acetone = 4/1 + acetic acid
;%% erse

(1.5v/v9%)) and furthér Pufified by rbersed: 15phase FPrC AT 9396 ater/actoniffité: "B 270 50

water/ 40v&methadolRitetdriitrilel B =J75%) tb. 6btain. compsand F4.(437 mg; yiedd 12%) 1H-NMR

(CDC13) 8: 6.42 (1H, ty = 108 z), 6.00 (tHoded = 40,98 Hz), 5371 d, I 7.:46 Hiz), 5.08 (1H,
d,J 20 =1.95 Hz), 447 (1, d, I = 2.93 Hz), 4.08-3,94 (2, m), 38237411 m), 333 (14, dd, )=

8.17, 3.05 Hz), 2.83 (1A d°3 L1230 o) 8 )o0-3 60931 ), 930722028 Mz 1:98 (3K, d, J = 11.71
Hz), 1.91-1.80 (LH, i, 1.72- .24 @6, Hy,1L.07 (38, d2¥7 6184 H2)~1.0348H, £, .PR5HZ. 44 HZ), 0.54

(3H, s). Example 11 RAreduction QE@,ZZ#),-(%R@élZR@PRQ;Z-(?-@@PMGWQW)-
26,27-nor-25-cyclopentyl-23-yne-9,10-seco-5,7,10(19)- cholestatriene-1,3,25-triol (Compound F-2)
30Formul9 F2 (1) UsingtheCmpotna 84442 fify, .5 %mon obtaRed in BXarpleo (1)
as a starting material, synthesis wasscartigd ®utin thensamewsamneriasime (7.5 nl) and,

after the addition of pivaloyl chloride {0.276 mi, 2.26
mmol) at 0°C, the mixture was stirred at the same
temperature for 45 minutes. Saturated agueous sodium

15 hydrogen carbonate was added to the mixture. The mixture
was diluted with tecluene and washed with brine. The
organic layer was dried over anhydrous magnesium sulfate
and evaporated to give the residue. The residue was
diluted with dry dichloromethane (10 mL), and to the

20 solution were added 2,6-lutidine {1.1 mL, 9.22 mmol) and
t-butyldimethylsilyl triflucromethanesulfonate (1.7 ni,
7.55 mmol} at 0°C. The reaction mixture was stirred at
same LTemperature for 1.5 hours. The reaction was diluted
with ethyl acetate and the organic layer was washéd with

25 brine, dried over anhydrous magnesium sulfate and
evaporated. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate = 9%/1 —
85/15) to obtain RA-23 (1.08 g, vyield 91%).
'"H-NMR (CDCls) &: 6.00-5.91 (1H, m), 5.21 (1H, d, J =

30 17.32 Hz), 5.13 (iH, ¢, J = 11.00 Hz), 4.32 {1lH, dd, J =
7.07, 3.90 Hz), 4.02 (2H, dd, J = 18,03, 11.22 Hz), 3.%4
(1H, dd, J = 10.73, 5.85 Hz}, 3.64 (1lH, d, J 8.76 Hz),
3.45 (1H, d, J 8.76 Hz), 3.39 (1#, t, J 4.27 Hz),
2.51 (1H, ddd, J = 16.83, 6.00, 3.00 Hz), 2.36 (lH, ddd,

= 16.71, 6.1C, 2.56 Hz}, 1.95 (1K, t, J 2.56 Hz),

.19 (8H, s), 0.90 (94, s), 0.88 {SH, s, 0.55-0.48 3H,

i
il

35

Cy

o



5Example 10 (2) to obtain a mixture (427.2 mg) of compound 8-8 and cyclopentanone. Using this
crude material as a starting material and using anhydrous N,Ndimethylformamide (4.5 mL),
chlorotriethylsilane ¢0.283 mL, 1.68 mmol), imidazole (152 mg, 2.23 mmol), and 4-
10dimethylaminopyridine (27 mg, 0.22 mmol), synthesis #las-carried out in the same manner as in
Example 10 (3) to obtain compound 3-9 (506.2 mg, yield 68%). 1H-NMR (CDC13) 8: 5.65 (1H, s),

2.92-2.85 (1H, m), 2,24 (1H,1dd; 3}~ 16.46,3.29 Hz};2.08(1H, del cJ 716.1Q,156,83 H g 02-1.57
(19H, m), 154126(7H m), 167(4H d, J = 7.56 Hz), 098091(15H m), 013063(234 m), 0.57
(3H, s), 0.52 (3H, (f J=7.97 Hz). (2) Using the compound 3-9 (44 mg, 0.09 mmol) obtained in (1)

and the compound A-24 (43)mgs0.075 rhmot2@abtained -3 Exariipled O (ZL) as startiby materials,

synthesis was carrmgg%@&hqtgam@ mgﬂgercgg |r&§5?m%lg (9) toep CCUTI@%U%(I): ? (2.0 mg,
yield 5%). 1H-NMR (00013) 8: 6 0.98 Hz), 6. O d, J=10.98 Hz), 5.36 (1H,

s), 5.07 (1H, s), 4.88 FR{- 2§ D54M %*9@?%’214 ]m)(”% 7é$(1rﬁtBF§)l%gsc§‘1€1ﬁ$*&aJl56 59 - 47 - Hz),
3.07-2.62 (9H, m), 23023 @ Hiam), 205124 (26H im),th86 {3Bed ;i mr6:59 #17)10.54 (3H, S).

Example 12 Evaluggk%gﬁ\éDﬁ affgplt)é 2VDR was %@%qg.gg@yﬁés@g rqm%cmlﬁe@sgrement and

evaluation kit, for example, "PolarScreen Vitamin D Receptor Competitor Assay, Red, Cat. No.
PV4569" marketed By NHVitro§ER Corpdration; faccbiding to thesfollBwiiy procedard 210Sdlutichs of the
compounds were aﬁdedltp wo wells, eachsof a B84-wel| black platerin 19)W_aliguots.iTo gach well,
VDR/Flu argmone D Iex included in the kit was,added in 10 111 Ilgu ts allowed to react
at room temperatu>r{e or Ljrs Aftgjr 2 hourlsg uorés?er%:qe 1%ar%z’atl‘§n W§S ﬁ?ggéu&éd and VDR
affinity was evaluafed n éélﬁmoﬁdtrhejafﬁn&} wis: evaldatet 4n relétl\ﬁeﬁvéluég (IRPwithithe affinity of

1,25-(OH)2-vitaminy 032akemas d, Table 2 Gompoynd Bame (11, br s), 2.80 (1H, t,
J = 7.81 Hz), 2.61 {(1H, d, J = 13.42 Hz), 2.24 (1H, dd, J
= 16.34, 3.42 Hz), 2.10 (1H, dd, J = 13.66, 4.15 Hz}),

15 2.05-1.84 (4H, m), 1.66-1.49 (12H, m), 1.43-1.30 (4H, m),

| 1.07 (4H, d, J = 6.59 Hz), 0.98~0.83 (36H, m), 0.82-0.81
(2, m), 0.70-0.64 (%H, m), 0.57-0.54 {6H, m), 0.51-0.36
(6E, m), 0.11 (3H, s}, 0.10 (3H, s), 0.08 (3H, s), 0.07
(3H, s).

20 {8) Using the compound AB-3 (48.1 mg, 0.056 mmol)
obtained in (7) as a raw material, treaitments were
carried out in the same manner as in Example 1 (6). The
reaction product (28.5 mg, 0.0327 mmel) was dissoclved in

a mixed sclvent cf anhydrous dichloromethane/acetonitrle

25 (1/1, 1 mL) and the solution was cooled to 0°C.
Thereafter, tosylic acid monchydrate (31 mg, C.163 mmol)
and lithium tetrafluoroborate (30 mg, 0.327 mmol) were
added, and the mixture was stirred at the szame
temperature for 30 minutes. To the reaction mixture was

30 added saturated agqueous sodium hydrogen carbonate and the
mixture was extracted with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The resifdue
cbtained was roughly purified by thin-layer silica gel

35 chromatography (ethyl acetate/acetone = 9/1 + 0.5% acetic
acid) and further purified by reversed-phase HPLC (A =

95% water/acetonitrile; B = 0.5% water/40%



VDR Affinity(I/X) 1,25-(OH)2-Vitamin 03 1/1 Compound C-1 1/0.52 Compound 0-1 1/0.92 Compound
E-1 1/2.39 Compound F-1 1/1.23 Compound F-2 1/1.61 20 The compounds obtained according to
the present invention were confirmed to have strong VDR affinity. Especially, Compound C-1 and
Compound 0-1 were found to have very strong VDR affinity. 25Example 13 VDR transcriptional activity
in human osteoblast (HOS cells)

methanol/acetonitrile; B = 85%) to obtain compound E-1
(4.9 mg, yield 16.6%).
"H-NMR (CDCl3) 8: 6.41 (1H, d, J = 11.22 Hz), 6.01 (1iH, 4,
J = 10.98 Hz), 5.37 (1H, s}, 5.08 (1H, d, J = 1.46 Hz},
5 4.48 (1H, d, T = 2.68 Hz), 4.06-3.82 (2H, m), 3.55-3.25

(2H, m), 2.88-2.60 (2H, m), 2.28-1.54 (13H, m), 1.42-1.20
(10H, m), 1.10-1.08 (1H, m), 1.06 {(3H, d, J = 6.59 Hz),
0.91 (3H, d, J = 4.88 Hz), 0.54 (3H, s).
Example 10

10 Production of (5Z,7E)-(1R,28, 3R, 20R}~2~ (2~carboxyethoxy) -
26,27~dimethyl-23-yne-9, 10-seco-5,7,
10(19)~-cholestatriene-1,3,25-triol (Compound F-1)

T CTs =TMS KGO > 1 JERS -
e n-Buli  MeOH Y -Bul] e
Br Br B.6

:
B 1,4-di
r B4 A-dioxane B.5 THE

TESCI, Imidazole, -, Pd(PPhs)q

B EfzN HCI, acetone
_DNAP WTES . s
i Ty
H HO

B
© B7

s cieo (/f
TBSO\'% TBSO Y OTBS

TBS et

0 Nal, K,CO;  ©
LWOH %OVOVQ

O
A-4 A-24
15 (1) Trimethylsilylacetylene (1.84 mL, 13.0 mmol) was

dissolved in 1,4-dioxane (15 mL) and, under an argon
atmosphere and ice~bath cocling, thereto was added
dropwise n-butyllithium (1.5% M n~hexane solution, 8.18
mL, 13.0 mmol) over 10 minutes. Hereto was added

20 compound B-4 {1.91 g, 4.33 mmol) dissolved in 1,4-dioxane
(16 mL)}, the compound B-4 being synthesized accogding to
the methed of Tanaka et al. (International Publication

No. WO 98/58909), and the mixture was heated under reflux

at 110°C for 24 hours. After cooling to room temperature,

25 saturated aguecus ammonium chloride was added to the



(1) A reporter vector was constructed by inserting the sequence of the promoter region of human
ostocalcin 30gene into the upstream of luciferase gene using a pGL3 vector (Promega Corporation),
wherein the promoter region - 48 - of the human ostocalcin gene was cloned using cDNA acquired
from HOS cells (purchased from ATCC) by a method knawn +n the literature (Ozono et al., The Journal
of Biological Chemistry, 265, 21881-21888 (1990)). The 5expression vector was constructed by

insering a DNA seghefeg. ihsh ensodes Byman, VDR and hupnan BXE Inio AoNAg vecto

(Invitrogen Corporation). The HOS cells wer ated in a OMEN medium containing 10% FBS
under conditiofsSofS37e aR8 B9 TGP, and soscifturéd evERE2 6 363 Hays2(2J The cells which
had been subcultures-were-recoyereby eentrifugation-and: were suspengdedsadsersm- and phenol

red-free DMEM meccﬂ m.in (%eder&sliptyeo 40)% %95 ggﬂ%&nrlo.u'léhi% gv%isu%e E'f%”c% 963\9{8” plate in an 15
¢ ; .

amount of 0.1 mLAvell. "To thig system, various vectors described in (1) were added in an amount of
0.05 mL pet well usiigLapérealerfind Z0D0 (HRAFEGEh Biorgsration). T akef ffckBation at 37C for 3

hours, 2 )11 each efethanelsokations: efdbetest compeundseimatiDusnoncentiatiens 20en ethanol as
a control was added.to each well. After incubation at.37 r-24_hours, medium was re d, the
cells were washed‘once a/ifh B%%ﬁséﬁgl tf%r}ég ter Iﬁ%i%r@s?ez énc%i/itﬁ \'N%tg r%méﬂggﬂre\'gia%y ﬁ%r.%%g\é:
luminometer (Bertfidlg TeefnoyiestB b &C6 eK BAFusing DR GI¢ 25PaBiférasE NSSay kit
(Promega Corporatioakn iAs a result,aall ofdbe £ompounsisofdhe present inventionweeentound to

have transgriptional.activity-with ECso values of 20 nM or | ther, Compounds C1, C-2, 0-1, E-1,
F-1, and -62 Were%guen%et%yfﬁgsrs’es%ﬁé%trrgﬁégr%t%nvé? %cf%\ﬁ%yjls v%lét:#% s%lvgfugs % 5.%%Mor% Irelgs.
Especially, 0-1, F-PX&#IE2 warefound e Heve trafscriptibRal attivity ithiECS6 VaREs!6F0.02 nM or

less. Example 14 35Bone: adnerabidensity-enhancingheffectdn osteaporasis made] Loophorectomy) rats
(CompavaeTés%rganic layer was concentrated under reduced pressure and

the residue obtained was purified by silica gel column

15 chromatography (n-hexane} to obtain compound B-5 (1.14 g,
yield 89%).
‘H-NMR (CDCls) &: 5.65 (1H, s), 2.90-2.86 (1H, m), 2.25
(1, dt, J = 16.6, 3.0 Hz), 2.10-1.88 (5H, m}, 1.72-1.25
(9H, m), 1.11 (3H, d, J = 6.6 Hz), 0.58 (3H, s).

20 {2) The compound B-5 (301 mg, 1.02 mmol) obtained
in {1} was dissolved in tetrahydrofuran (10 mi) and,
under an argon atmosphere and coeoling to -78°C, n-
butyllithiom (1.59 M n-hexane solution, 0.673 mL, 1.02
mmol) was added dropwise thersto, and the mixture was

2b stirred for 30 minutes. Hereto was added 3-pentanone
{(0.216 mL, 2.04 mmol) and the mixture wag stirred for 1
hour with the temperature maintained at ~-78°C. Yo the
reaction mixture was added saturated agueous ammonium
chloride and the mixture was warmed to room temperature.

30 The reaction mixture was extracted with ethyl acetate,
and the organic layer obtained was washed with saturated
agueous sodium chloride and dried over anhvydrous sodium
sulfate. The organic layer was concentrated under
reduced pressure and the residue obtained was purified by

35 silica gel column chromatography (n-hexane/ethyl acetate
='9/1) to obtain compound B-6 (205 mg, vield 53%).



-49 - Twelve-week old SD stock female rats (Charles River Japan, Inc.) were subjected to bilateral
oophorectomy and, after being left alone for 4 weeks, the compounds of the present invention and
2a-(3-hydroxypropyl)oxy-la,25- 5dihydroxyvitamin D3 described in International Publication No. WO
01/62723 were each administered 5 times a week for 4 wideks. After 24 hours from the final
administration, blood was drawn under ether anesthesia and the rats were put down. Under

anesthesia, bone mgp_q\gﬁlade(@té/logﬁ the, 1Qfourth Pﬁ%’ fifth Iumb;arlvf_rtfbﬁ%g wag _r6§as(1ir§d hy using a
dual-energy X-ray bone mineral analyzer %?DR-ZOOG; Hdlogic, Inc.). For comparison, a sham surgery

(sham) group (abdd8nifnai-oper&tidn isSperformed biftithe ovar) isliot réfmovéd4the te8t cémpdunds are
not administered) ands 15am pppharectemy (@VX)group (subjected to Dopharectomy hut the test

compounds are no aggwir‘ti%gre were algo %jecé%d toJm"_(_ea‘%up;em%nt?)othQ? bogengLnéarglldensity of
lumbar vertebrae at the time of dissection. Furthér, méasurement of calcium concentration in the

serum of each 20gfdtip whs-aldo perforfied TFabld 3 Test 1/Grduf Diése (ng/ky) Bore nfimeral density
(9/cm3) Serum caleium galwe)(mgldbpShamo - Q2803 0,0185:961.83 (6H, m), 1.70-

1.22 (14H, m), 1.08~1.01 (9H, m), 0.55 (3H, s) ppm.
{3} The compound B-6 (396 mg, 1.04 mmol) obtained in
(Z2) was dissolved in anhydrous N,N-dimethylformamide

10 (dmL), thereto were added chlorotriethylsilane {0.283 mL,
1.68 mmol), imidazole (152 mg, 2.23 mmeol), and 4~
dimethylaminopyridine (27 mg, 0.22 mmol), and the mixture
was stirred under heating at 50°C for 1 hour. The
reaction mixture was ccoled to room temperature,

15 anhydrecus methanol (1 mL} was added therete, and the
mixture was stirred for 30 minutes. The mixture was
diluted with toluene and washed with saturated agqueous
sodium chioride. Thereafter, the organic layer was dried
over anhydrous magnesium sulfate and concentrated under

20 reduced pressure. The residue obtained was purified by
‘silica gel column chromatography {n-hexane/ethyl acetate
= 90/10) to obtain compound B-7 (454.8 mg, vield 88%).
'"H-NMR (CDCls) 8: 5.65 (1H, s), 2.91-2.85 (iH, m), 2.24
(14, dd, J = 16.46, 3.54 Hz), 2.10 (1H, dd, J = 16.58,

25 6.83 Hz}, 2.02-1.88 (4H, m), 1.71-1.58 (9H, m), 1.54-1.24
(7H, m), 1.08 (3H, 4, J = 8.00 Hz}, 0.98-0.91 (224, m),
0.73-0.64 (SH, m), 0.58 {3H, s), 0.52 (2H, g, I = 7.97
Hz} .

(4} The compound A-4 {457 mg, 1 mmol) obtained in

30 Example 2 (1} was dissolved in anhydrous N,N-
dimethylformamide (5 mL}, theretc were added
triethylamine (0.421 mL, 3 mmol) and chloromethyl benzyl
ether {0.276 mL, 2 mmol), and the mixture was stirred &t
0°C for 1 hour 45 minutes Saturated aguecus sodium

35 hydrogen carbonate was added thereto and the mixture was

extracted with ethyl acetate. The organic layer was
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washed with saturated aqueous sgodium chloride, dried over
anhydrous magnesium sulfate, and, thereafter,
concentrated under reduced pressure. The residue
obtained was purified by silica gel column chromatography

5 (n-hexane/ethyl acetate = 95/5) to obtain compound A-24
(485 mg, yield B84%).

{5) Using the compound B-7 (44 mg, 0.09 mmol)
obtained in (3) and the compound A-24 (43 mg, 0.075 rmmol)
obtained in (4) as raw materials, the coupling reaction

10 and the deprotection reaction were carried out in the
same manner as in Example 5 (4). The crude reaction
product obtained was roughly purified by thin-layer
silica gel chromatography (ethyl acetate/acetone = 4/1 +
acetic acid (1.5v/v%)) and further purified by reversed-

15 phase HPLC (A = $5% water/acetonitrile; B = 0.5% water/
40% methanol/acetonitrile; B = 75%) to obtain compound F-
1 (4.7 mg, yield 12%).

'H-NMR (CDCls) &: 6.42 (1H, d, J = 10.98 Hz), 6.00 (1H, d,
J = 10.98 Hz), 5.37 (1H, d, J = 1.4¢ Hz), 5.08 (1H, 4, J
20 = 1.95 Hz), 4.47 (1H, d, J = 2.93 Hz), 4.08-3.94 (24, m),
3.82-3.74 {(1H, m), 3.33 (1lH, dd, J = 8.17, 3.05 Hz), 2.83
(14, d, J = 12.20 Hz), 2.69-2.60 (3H, m}, 2.30~2.20 (2H,
m), 1.98 (2H, d, J = 11.71 Hz}, 1.91-1.80 (1H, m), 1.72-
1.24 (16H, m), 1.07 (3H, d, J = 6.34 Hz), 1.03 (8H, t, J
25 = 7.44 Hz)}, 0.54 (3H, s).
Example 11
Production of (5%Z,7E)-{1R,25,3R,20R} -2~ (2-carboxyethoxy)~
26,27-nor-25-cyclopentyl-23-yne-9, 10~seco-5,7,10(19) -
cholestatriene-1,3,25-tricl (Compound F-2)

30 Formula 195



Bone mineral density (g/cm3) Serum calciu value (mg/dL) Sham 0.2242 0.0121 10.14i 0.17 OVX
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(1) Using the compound B-5 {442 mg, 1.5 mmol)
obtained in Example 10 (1) as a starting material,
synthesis was carried out in the same manner as in

5 Example 10 (2) to obtain a mixture (427.2 mg) of compound

B-8 and cyclopentanone. Using this crude material as a
starting material and using anhydrous N,N-
dimethylformamide (4.5 mL}, chlorotriethylsilane (0.283
mL, 1.68 mmol), imidazole {152 mg, 2.23 mmol), and 4-

10 dimethylaminopyridine (27 mg, 0.22 mmol), synthesis was
carried out in the same manner as in Example 10 (3) to
obtain compound B-9 {506.2 mg, vield 68%).

"H-NMR (CDCls) &: 5.65 (1H, s), 2.92-2.85 (1H, m), 2.24
(14, dd, J = 16.46, 3.29 Hz), 2.08 (1H, dd, J = 16.10,

15 6.83 Hz), 2.02-1.57 (1%E, m), 1.54-1.26 (74, m), 1.07
(4H, d, J = 7.56 Hz), 0.98-0.81 {(15H, m), 0.73-0.63 {8H,
m), 0.57 (3, sy, 0.52 (34, g, J = 7.97 Hz).

(2) Using the compound B-9 (44 mg, 0.09% mmol)
obtained in (1) and the compound A-24 (43 mg, 0.075 mmol)

20 obtained in Example 10 {(4) as starting materials,
synthesis was carried out in the same manner as in
Example 10 (5) to obtain compound F-2 (2.0 mg, vield 5%). !
"H-NMR (CDCls) &: 6.41 (1H, d, J = 10.98 Hz}, 6.00 (1H, 4,
J = 10.98 Hz), 5.36 (1H, s), 5.07 (1H, s), 4.46 (1H, s),

25 4,10-3.93 (2K, m), 3.78 (1H, br s), 3.30 (1H, 4, J = 6.59



Test 3 'Group Dose Bone mineral Serum calcium (ng/kg) density value (g/cm3) (mg/dL) Sham -
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Hz), 3.07-2.62 (8H, m), 2.30-2.19 (2H, m), 2.05-1.24
(Z5H, m), 1.06 {(3H, d, J = 6.59 Hz), 0.54 (3H, s).
Example 12
Evaluation of VDR affinity

5 VDR was evaiuated by using a commercial measurement
and evaluation kit, for example, "PolarScreen Vitamin D
Receptor Competitor Assay, Red, Cat. No. PV4569" marketed
by Invitrogen Corporation, according teo the following
procedure.

10 Sclutions of the compounds were added to twe wells

each of a 384-well black plate in 10 ul aliquots. To
each well, VDR/Fluorcmone VDR Complex included in the kit

was added in 10 pl aliquots and allowed to react at room
temperature for Z hours. After 2 hours, fluorescence

15 polarization was measured and VDR affinity was evaluated.
In addition, the affinity was evaluated in relative
values {1/X) with the affinity of 1,25~(CH)2-vitamin Ds;

taken as 1.

Table 2

Compound Name VDR BAffinity (1/X)
1,25-(0CH)2-Vitamin Ds 1/1

Compound C-1 1/0.52

Compound D=1 1/0.92

Compound E-1 1/2.39

Compound F-1 1/1.23

Compound F-2 1/1.61

20
The compounds obtained according to the present
invention were confirmed to have strong VDR affinity.
Especially, Compound C-1 and Compound D-1 were found to
have very strong VDR affinity.
25 Example 13

VDR transcriptional activity in human osteoblast (HOS

cells)
{1) A reporter vector was constructed by inserting
the sequence of the promoter regicn of human ostocalcin
20 gene into the upstream of luciferase gene using a pGL3

vector {Promega Corporation), wherein the promoter region
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of the human ostocalcin gene was cloned using cDNA
acquired from HOS cells (purchased from ATCC) by a method
known in the literature (Ozono et al., The Journal of
Biological Chemistry, 265, 21881-21888 (19%0)). The

5 expression vector was constructed by inserting a DNA
sequencea, which encodes human VDR and human RXR, into a
pcDNA3 vector (Invitrogen Corporaticn). The HOS cells
were incubated in a DMEM medium containing 10% FBS under
conditions of 37°C and 5% C0,, and subculitured svery 2 or

10 3 days.

{(2) The c¢ells which had been subcultured were
recovered by centrifugation and were suspended in sesrum-
and phenol red-free DMEM medium in a density of 4 x 10°
cells/mL. This was seeded on a 96-well plate in an

15 amount of 0.1 mL/well. To¢ this system, wvarious vectors
described in (1) were added in an amount of 0.05 mL per
well using Lipofectamine 2000 {Invitrogen Corporation).
After incubation at 37°C for 3 hours, 2 ul each of ethanol
solutions of the test compounds of various concentrations

20 or ethanol as a control was added to each well. After

incubation at 37°C for 24 hours, the medium was removed,

thé cells were washed once with PBS(-), and thereafter

luciferase activity was measured by using a lumincmeter

(Berthold Technologies GmbH & Co. KG )} using Dual-Glo
25 Luciferase Assay Kit (Promega Corporation).

As a result, all of the compounds of the present
invention were found to have transcriptional activity
with ECsy values of 20 nM or less. Further, Compounds C=-
1, ¢-2, D-1, E-1, F~1, and F~2 were found to possess

30 transcriptional activity with ECsy values of 0.2 nM or
less. Especially, D-1, F-1, and F-2 were found to have
transcriptional activity with ECsy values of 0.02 nM or
less.

Example 14
35 Bone mineral density-enhancing effect in osteoporosis

model {oophcrectomy)} rats (Comparative Test)
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Twelve-week old 3D stock female rats (Charles River
Japan, Inc.) were subjected to bilateral oophorectomy

and, after being left alone for 4 weeks, the compounds of

the present invention and 2a- (3-hydroxypropyl)oxy-la, 25~
5 dihydrexyvitamin D3 described in International Publication
No. WO 01/62723 were each administered 5 times a week for
4 weeks. After 24 hours from the final administration,
blood was drawn under ether anesthesia and the rats were
put down. Under anesthesia, bone mineral density of the
10 fourth and fifth lumbar vertebrae was measured by using a
dual-energy X-ray bone mineral analyzer (QDR-2000;
Holegic, Inc.). For comparison, a sham surgery (sham)
group (abdominal operation is performed but the ovary is
not removed; the test compounds are not administered) and
15 an cophorectomy (OVX) group (subjected to oophorectomy
but the test compounds are not administered) were also
subjected to measurement of the bone mineral density of
lumbar vertebrae at the time of dissection. Further,

measurement of calcium concentration in the serum of each

20 group was also performed.
Table 3
Test 1 _
Group Dose Bone mineral Serum calcium
(ng/kg) density value
(g/cm’) (mg/dL)
Sham - 0.2303 & 0.0185 9.61 = 0.16
OVX - 0.2048 + 0.0139 .64 £ (.22
Compound C~1 |4 0.2223 + 0.0118 [10.40 % 1.00
10 0.2400 £ 0.0065 |110.30 + 0.20
Test 2
Group Dose Bone mineral Serum calcium
{ng/kg} density value
(g/cm’) (mg/dL)
Sham - 10,2242 + 0.0121 [10.14 %+ 0.17
OVX - 0.2152 £ 0.01¢66 9.73 £ 0.15
Compound C-2 |6 0.2196 = 0.0177 |9.83 % 0.37
|13 0.2308 + 0.0081 110.19 + 0.36




6 0.2211 0.01759.75 0.10 13 0.2360 0.0143 10.23 0.26 Test 6 Group Dose (ng/kg) Bone mineral
density (g/cm3) Serum calcium value (mg/dL) Sham 0.2302 0.0110 9.61 0.16 OVX -
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Test 3
Group Dose Bone mineral Serum calcium
ing/kg) density value
(g/cm’) (mg/dL)
Sham - 0.2338 + 0.0120 9.71 . x£ 0.27
OVX = 0.2194 + 0.0100 9.25 £ 0.11
Compound C~5 |17 0.2316 £ 0.0134 |9.60 + 0,15
50 0.2354 + 0.012¢6 10.10+ 0.21
Test 4
Group Dose Bone mineral Serum caicium
(ng/kqg) density value
(g/cm’) (mg/dL)
Sham - 0.2422 + 0.0130 |10.01 + 0.04
OVX - 0.2163 + 0.0100 .08 £ 0.18
Compound C-7 16 0.2322 + 0.0092 |9.83 £ 0.22
13 0.2548 = 0.0143 10.07+ 0.22
Test 5
Group Dose Bone mineral Serum calcium
(ng/kqg) density value
(g/cm’) (mg/dL)
Sham - 0.2252 + 0.0080 {9.82 + (.22
OvX - 0.2115 £ 0.0110 9.53 + 0.28
Compound D-1 |6 0.2211 £ 0.0175 [9.75 + 0.10
i3 0.2360 + 0.0143 [10.23 % 0.26
Tast 6
Group Dose Bone mineral Serum calcium
{ng/kg) density value
(g/cm’) (mg/dL}
Sham B 0.2302 = 0.0110 9.61 £ G.16
OVX - 0.2042 + 0.0070 (9.64 + 0.22
Compound D-6 |50 0.2365 £ 0.0204 (9.76 + 0.29

5 Table 4



0.2042 0.0070 9.64 0.22 Compound D-6 50 0.2365 0.0204 9.76 0.29 5Table 4 - 51 - Test 7 Group
Dose (ng/kg) Bone mineral density (g/cm3) Serum calcium value (mg/dL) Sham - 0.2252 0.0080 9.82
0.22 OVX

- 51 —
Test 7
Group Dose Bone mineral Serum calcium
{ng/kg) density value
(g/cm’) (mg/dL)
Sham - 0.2252 + 0.0080 18.82 £+ 0.22
OvX - 0.2115 £ 0.0110 1(9.53 £ 0.28
Compound F-1 |6 0.2366 + 0.0139 |10.12 * 0.59
Comparative Test
Group Dose Bone mineral Serum calcium
(ng/kg) density value
{g/cm’) (mg/dL)
Sham - 0.2451 £ 0.0251 10.50 £ 0.83
OVX - 0.2167 + 0.0126 (9.60 + 0.23
20— (3~ 10 0.2269 + 0.0161 [10.30 * 0.37
hydroxypropyl 25 0.2473 % 0.0157 |11.20 # 0.20
yoxy~ lo, 25~
dihvydroxy-
vitamin D3

The bone mineral density of the OVX group was
5 confirmed to decrease compared to the sham surgery (sham)
group by performing the operation. Also, the bone
mineral density was confirmed to recover by
administration Qf vitamin Db derivatives. However, the
group which was administered with 2a-(3-

10 hydroxypropyl)oxy-1la,25-dihydroxyvitamin D3 described in
International Publication No. WO 01/62723 showed increase
in the serum calcium value with increase in the bone
mineral density and, at a dose (25 ng/kg) necessary for
the bone mineral density to become equal to or greater

15 than the sham group, the serum calcium value was found to
increase significantly, by 1 mg/dL or more. On the other
hand, the compounds of the present invention were found
to enhance bone mineral density to a value equivalent to
or greater than that of the sham group, while the

20 increase in the serum calcium value compared to that of
the OVX group was found in a range of not more than 1
my/dL.

From the results described above, the vitamin D3



0.2115 0.0110 9.530.28 Compound F-1 6 0.2366 0.0139 10.12 0.59 Comparative Test Group Dose
(ng/kg) Bone mineral density (g/cm3) Serum calcium value (mg/dN) Sham 0.2451 0.0251 10.50 0.83
OVX - 0.2167 0.0126 9.60 0.23 2a- (3 hydroxypropyl )oxy- Ia 25- dihydroxyvitamin D3 10 0.2269
0.0161 10.30 0.37

derivatives or medicinally acceptable solvates thereof of
the present invention were found to have more excellent
effects on bones than the heretofore reported vitamin Ds
derivatives.

5 The vitamin D3 derivatives or medicinally acceptable
solvates thereof of the present invention can be used as

drugs.



250.2473 0.0157 11.20 0.20 The bone mineral density of the OVX group was 5confirmed to
decrease compared to the sham surgery (sham) group by performing the operation. Also, the bone
mineral density was confirmed to recover by administration of vitamin D derivatives. However, the
group which was administered with 2a-(3- 10hydroxypropyd)oxy-la,25-dihydroxyvitamin D3 described
in International Publication No. WO 01/62723 showed increase in the serum calcium value with
increase in the bone mineral density and, at a dose (2@ r}gf@ necessary for the bone mineral density
to become equal to or greater 15than the sham group; um calcium value was found to increase
significantly, by 1 mg/dL ofr more OR-tHgétheP hafflr i Eompolres BPtietméserit ikvention were
found to enhance lreselminetal densityite avalueequivadentde @ greater thai-that ef the sham group,
while the 20increa %glrtgggerum calcium value compared to that of the OVX group was found in a
range of not more than 1" mg/dL. From the results described above, the vitamin 03 - 52 - derivatives or
medicinally acceptable solvates the?ro Qf the present invention were found to have more excellent

Ro~__OR;
O (1)

wherein,
Ry represents a hydrogen atom, alkyl group
having 1 to 6 carbon atoms, an alkylcarbonyloxyalkyl
10 group with each alkyl having 1 to 6 carbon atoms, or an
arylcarbonyloxyalkyl group with the aryl having 6 to 10
carbon atoms and the alkyl having 1 to 6 carbon atoms; R,
represents a hydrogen atom or an alkyl group having 1 to
& carbon atoms or, together with the other R; and the
15 carbon atom to which they are bound to, may form a cyclic
alkyl group having 3 to 6 carbon atoms; Ry represents an
alkyl group having 1 to 6 carbon atoms or, together with
the other Rs and the carbon atom to which they are bound
to, may form a cyclic alkyl group having 3 to & carbon
20 atoms; X represents an oxygen atom or a methylene group;
and n represents an integer of 1 or 2.
2. The vitamin D derivative or a medicinally
acceptable solvate thereof according to Claim 1, wherein
X represents an oxygen atom.

25 3. The vitamin D3 derivative or a pharmaceutically



1. A vitamin 03 derivative represented by the following formula (1) or a medicinally acceptable solvate
thereof: 5 wherein RI represents a hydrogen atom, alkyl group having 1 to 6 carbon atoms, an
alkylcarbonyloxyalkyl 10group with each alkyl having 1 to 6 carbon atoms, or an arylcarbonyloxyalkyl
group with the aryl having 6 to 10 carbon atoms and the alkyl-having 1 to 6 carbon atoms; R2
represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms or, together with the other

R2 and the 15 carhon-atom fo, whichthey are hound to may form g cyglic.alkyl group, having 3 to 6

carbon atoms; R2 represents an alkyl grou% having 1 to 6 carbon atoms or, together with the other R3
and the carbon atofn IGRARHEREY afe BBLRH 167 Ra§ 61 a cyclic alkyl group having 3 to 6 carbon
20atoms; X represents anoxygethatomi ana inethylene grotipl and surepresents an-dnteger of 1 or 2. 2.

The vitamin 03 derlyatvg of gmedisinally accepiable soivatg hereof.according %Cé@f%%a%sfei“ X

represents an oxygen atom. 253.The vitamin 133 derivative or a pharmacedutically - 54 - acceptable
solvate thereof accordifigio CIaRT €1 Whereif Xtrepresents a methylene group. 4. The vitamin
D3 derivative or a medicifially actieptahie salvaterthereof agedrdingsto anyrere of €4aims 51 to 3,

whereinnis 1. at.Lhe vilamin.B3 derivaive or gamedicinally acoepiable, saluate tperadf egording
to any one of Claims 1 to 4, wherein R2 represents a hydrogen atom. 6. The vitamin D3
derivative or a medicih@lly 104E&ptableFo0lvaRtRBFG Actoftiig RF &Ry BRETBF Claims 1 to 5, wherein
RI represents a hydrogensatom, zhmethyt grdup, [an et gealip;@ propyl gredpeandsapropyl group, a

t-butyl graup, a t-butylcarbonyloxymetayl graup, 9&@ﬂo@e@%@sﬁg%@vg&g@%‘?y&;@OU& T Hhevitamin

D3 derivative or a medicCinally acceptable solvate thereof accor ny one of Claims'1
wherein R2 represenia fiydFogehatBnFand PESIE 1T 58 STHY GERAIRDS tefivafivéisi- B aedicinally
greup, an ethyl group, a propyl group, an isopropyl

group, a t-butyl group, a t-butylcarbonyloxymethyl group,
or a phenylcarbonyleoxymethyl group.

15 7. The vitamin D3 derivative or a medicinally
acceptable solvate thereof according to any one of Claims
1 to 6, wherein R; represents a hydrogen atom and n is 1.

8. The vitamin D3 derivative or a medicinally

acceptable solvate thereof acceording to Claim 1, wherein
20 Ry represents a hydrogen atom, a methyl group, an ethyl
group, a propyl group, an isopropyl group, a t-butyl
group, a t-butylcarbonyloxymethyl group, or a
phenylcarbonyloxymethyl group; Ry represents a hydrogen
atom or, together with the other R, and the carbon atom to
25 which they are bound tc, forms a cyclopropyl group; Rs
represents a methyl group or an ethyl group, or Rs,
together with the other Rs; and the carbon atom to which
they are bound to, forms a cyclopropyl group; X
represents an oxygen atom or a methylene group; and n is
30 1.

9, A vitamin D; derivatives or a medicinally
acceptable solvate therecf selected from the group
consisting of:

(52,7E)-{1R, 28, 3R, 20R} -2~ {2~-carboxyethoxy} -23~-yne~9, 10-
35 secc—5,7,10{(19) ~-cholestatriene-1,3,25-tricl;

{52,785} -(1R, 28, 3R, 20R) -2~ (2-methoxycarbonylethoxy) -23-

yne—9,10wseco~5,7,10(19}—choiestatriene—l,3,25—triol;



acceptable solvate thereof according to Claim 1, wherein 20R1 represents a hydrogen atom, a methyl
group, an ethyl group, a propyl group, an isopropyl group, a t-butyl group, a t-butylcarbonyloxymethyl
group, or a phenylcarbonyloxymethyl group; R2 represents a hydrogen atom or, together with the
other R2 and the carbon atom to 25which they are bound;®, forms a cyclopropy! group; R3 represents
a methyl group or an ethyl group, or R3, together with the other R3 and the carbon atom to which they

are bound to, forms %gggﬁpro&yégg@pjg( s nt%za qugn atom or TAL nle}'t]thxl 8H and nis
ereof setected fr

301. 9. A vitamin Hivativés of a médicinally acceptable’ solvate t m the
group consisting of? (55, 7ERER, 28 3R, 20RY-2= @@ér%‘é&?étﬁb%})azé-yﬁe@wm iol;
35seco-5,7,10(19)-chalgstatdene: 1:8;254j0l0R) -2~ (2-propoxycarbonylethoxy) 23~

(55,7E)-(1R,23,3R,20R)-2-(2-methoxyea thoxy. 22
yne-9,10-seco- 57?(6(%9 cFﬁ%lestatner%éL}lJ%ﬂg@t?Z C)hg estatriene-l,3,25-triol;

(5Z,7E)-(1R,23,3R,20R)- éZéﬂfﬁ)r)(?/éar%%n?%?HO)%/) 83-yrie9,10-seco-5,7,10(19)-cholestatriene-1,3,2

5-triol; (5Z,7E)- (1RHQ&SBlZQR)hM%ﬁWB&QWh9&B)@@re 9,10-seco-5,7,10(19)~
yne-9,10-seco-5,7, 1%? %chojﬁestatrlen ]83 3? 5Z,7E)-(1R, 28 3R,20R)-2- (2 (1-

methyl)ethoxycarbon ox -235ne- ‘seco- J/(?L (19)- cholestatriene-1,3,25-triol;
(5Z,7E)-(1R,2S,3R @o‘fire)?%(z (13- aﬁnéﬁay%ﬁqu%ca{%ohwémoxy) 23-yne-9,10-seco-
105JﬁKX19)ChOb@Eﬁ@@M?1J%256ﬂ@carbonyiethoxy) -23-yne-9,10-seco-

(53,73)- (15323 3R, §g?ﬁoﬁo(@3ggtylzm§ %ggt%o)iycgrk}%n ertg%y) -23-yne-9,10-seco-5,7,10(19)-

cholestatriene-1,3
15((phenylcarbon;/l%&yir%éfhb&% r%o%ﬁﬁl%%éy’}%?»iyﬁﬁe‘-&lo-

seco-5,7,10(19)- Ch@iﬁsifatdﬂelﬂedn§'25ﬁ§i@iméﬁ3lJﬁwbiﬂéﬁ&éeRﬁﬂwa?%p@pY@)- 23ame-9,10-

seco-5,7,10(19)-cholestat je ., tr| Z,73)-(15,2 20R)-2-(2-methoxycarbonylpropy1)-23-
20yne-9,10-seco- 5978130%6 %olt%s%&%rlegltgl%gjzgl)lé ? 3 T4 20RI1

(53,73)-(15,25,3R,20K)- E(% e&ﬁBxfc%ré@nﬁBu%byﬁy 23-yne9,10-seco-5,7,10(19)-cholestatriene-1,3,25
~ -triol; (53,73)-(15,2%,3R,20R)-2=2(2-propdaycarhenyiprepsl)idiy lethoxy) -23-yne~9, 10~
yne-9.10-seco 5,7 10UNhplesauenect 3 oL A TE 1529 98 200 2 2 a-

methyl)ethoxycarbonylpropy1)-23-yne-9,10-seco-5,7 10(19) cholestatriene-1,3,25- trlol
(52,75)-(15,25,3R,26R) Eﬂ(g‘(ilf ety ftRoxycarBomABRORY I RS Rie g 4 6-seee- 9/ 10~

305,7,10(19)-cholestatriene-14B 26 ¥iokcholestatriene-1, 3, 25-triol;
(5Z,7E)-(15,25,3R, 20R) -2~ (2-methoxycarbonylpropyl) -23-

20 yne-9, 10-seco-5,7,10(19%) ~cholestatriene~1,3,25-triol;
(5Z2,7E}-(1S,28,3R, 20R) -2~ (Z-ethoxycarbonylpropyl) ~23-yne-
9,10-seco~5,7,10{19) -cholestatriene-1,3,25-triocl;
(52,7E)-(18,28, 3R, 20R) -2-{2-propoxycarbonylpropyl}-23-
yne-9, 10~-seco-5,7,10(19) -cholestatriene~1,3,25-triol;

25 (5Z,78)~(15,25,3R,20R) -2~ (2-(1-
methyl)etheoxycarbonvlpropyl)-23~yne-8,10-seco-5,7,10(19) -
cholestatriene~1,3,25-tricl;
(52,7E)-(18,25,3R,20R)~2~(2~(1,1-
dimethyi)éthoxycarbonylpropyl)w23myne_9,10*seco—

30 5,7,10{19)-cholestatriene-1,3,25-triol;

(52,78} - (1R, 25, 3R, 20R) -2~ (2-carboxry~-2, 2~ethano)ethoxy) -
23~yne-9,10~seco~5,7,10(19) ~cholestatriene-1,3,25-tricl;
(52,7E)-{1R,28,3R,20R) -2~ {{2-carbory-2, 2- '
dimethyl)ethoxy)~23~yne-9,10-seco-5,7,10{19)~

35 cholestatriene~1,3,25-triol;

(5Z,7E}y~ (1R, 25,3R,20R) -2~ {2-carboxyethoxy)-26,27-
dimethyl~23-yne-9, 10~seco-5,7,10{19)-cholestatriene-



(53,73)-(1R,25,3R,20R)-2-((2-carboxy-2,2-ethano)ethoxy)- 23-yne-9,10-seco-5,7,10(
9)-cholestatriene-1,3,25-triol; (53,73)-(1R,25,3R,20R)-2-((2-carboxy-2,2-
dimethyl)ethoxy)-23-yne-9,10-seco-5,7,10(19)- 35cholestatriene-1,3,25-triol;
(53,73)-(1R,25,3R,20R)-2-(2-carboxyethoxy)-26,27- - 55 -
dimethy1-23-yne-9,10-seco-5,7,10(19)-cholestatriene- - 56 - 1,3,25-trioi; and

(52,7E)-(1R,26,3R,g05)-2’25-(_2t-9§rg?xy trg Xy)-26,27-nor-25-
cyclopentyl—23-yne-9,1’0-seco-5,7,io(gi ?—cholestatrienel,3,25-trio| 510. A pharmaceutical composition

comprising the vitarmir D3 derivietive dr Emeditiraly Gecepiatie avarsther@sf. actorgingddany one
of Claims 1 to 9 and gcphararacguticalhy acceplale Lacders , 7, 1d Aotherapsuticragent dgrone or
more diseases 10select f_rgr]pitcpf group consisting of osteoporosis, malignant tumor, psoriasis,
hyperparathyroidism’, idflammatory airway disease, rheumatoid arthritis, diabetes mellitus,
hypertensich, alopecia, acrie, antl detfial#S SEorhpASing IHe Vitarnie D3WeHvatiFe ¥ atbSmedicinally
acceptable solvatestheteef aceqrding terany eaexf Glaimasi 14 491as,an astive ingrediedt.vz+e12. The
therapeutic agent according to Claim.11, wherein the disease js. 0steopQrosis. 3.A
compound represe%nc%leedr gf %ea%ﬁngnlgn%rr%%Iaa%(z(f:H?Z)O%V\E/}h&ergiﬁ ISZB? agnua ﬁ%rea the same as in
the formula (1); RATEPFESEREIR1GA tRe faraRAR (AP Aemethosyarethyl group, a methoxyethoxymethyl
group, a tetrahydrofuranyigrouppadetatydropyr@nylgroups oF adenzyloxymethyl gradreand 30R5

represent%i prOte%ﬂe oLR f%rr%nbygﬁ%xyflggroouupp'consisting of osteoporosis,
malignant tumor, psoriasis, hyperparathyroidism,
inflammatory ailrway disease, rheumatoid arthritis,
diabetes mellitus, hypertension, alopecia, acne, and
dermatitis, comprising the vitamin D; derivative or a
15 medicinally acceptable solvate thereof according to any
one of Claims 1 to 10 as an active ingredient.
12z. The therapeutic agent according to ClaimAll,
wherein the disease 1s costeoporosis.
13. A compound represented by the following formula
20 (2):

P
s
¥e) ORs
A6 )
n
Rzg\rrom
R

2
O (2)
wharein
25 Ry, ¥, and n are the same as in the formula (1);

Ry represents R; in the formula (1}, a
methoxymethyl group, a methoxyethoxymethyl group, =2
tetrahydrofuranyl group, a tetrahydropyranyl group, or a
benzyloxymethyl group; and

30 Rs represents a protecting group for a hydroxyl

group.



