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(57) ABSTRACT 
A steroid intermediate has the formula (II): 

(II) 
I/ II I/ II I 

RbO 
RP 

Wherein A denotes alkylene of 2 to 10 carbons; X denotes 
halogen; Ra, Rb and Rc denote, independently hydrogen or 
hydroXyl protecting group; and RP, Rq, Ry and RZ are such 
that Rp and Rq together form a double bond betWeen the 
5-position and the 6-position and Ry and RZ together form a 
double bond betWeen the 7-position and the 8-position, or Rq 
and Ry together form a double bond betWeen the 6-position 
and the 7-position and Rp and RZ are bound to a dienophile 
capable of protecting conjugated double bonds. 
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VITAMIN D DERIVATIVE HAVING SUBSTITUENT 
AT 2BETA-POSITION 

TECHNICAL FIELD 

[0001] This invention relates to a vitamin D derivative 
having a substituent at the 2[3-position. More particularly, 
the invention relates to a vitamin D derivative having at the 
2[3-position an alkoXy group substituted at the terminal 
position by SO3R1 Wherein R1 represents a hydrogen atom 
or a straight chain or branched chain alkyl group With 1 to 
3 carbon atoms or by COOR2 Wherein R2 represents a 
hydrogen atom or a straight chain or branched chain alkyl 
group With 1 to 3 carbon atoms. 

BACKGROUND ART 

[0002] In recent years, vitamin D derivatives have been 
shoWn to have various physiological activities. One of 
vitamin D derivatives, 1ot,25-dihydroxyvitamin D3 
(1,25(OH)2D3), is knoWn to shoW Wide varieties of physi 
ological activities, such as calcium metabolism regulating 
activity, activity of suppressing proliferation, or inducing 
differentiation, of tumor cells, etc., and immunomodulating 
activity. 
[0003] HoWever, 1ot,25-dihydroxyvitamin D3 is defective 
in that it may develop hypercalcemia, depending on its dose 
or its mode of administration. Using it, for eXample, as an 
antitumor agent or an antirheumatic agent poses dif?culty. 
To separate these activities of vitamin D, numerous vitamin 
D derivatives, such as lot-hydroxyvitamin D3, 1ot,24-dihy 
droXyvitaminD3, 22-oXa-1ot,25-dihydroXyvitaminD3, and 
various ?uorinated vitamin D3 products, have recently been 
synthesiZed, and their physiological activities are under 
investigation. 
[0004] Of many vitamin D derivatives, knoWn vitamin D3 
derivatives having substituents at the 2[3-position include 
1ot,25-dihydroXy-2[3-?uorovitamin D3 described in J apa 
nesePatent Publication No. 1991-14303, vitamin D3 deriva 
tives having at the 2[3-position an amino group or a C1_7 
loWer alkoXy group optionally substituted With a hydroXyl 
group, a halogen atom, a cyano group or an acylamino group 
(the derivatives described in Japanese Patent Publication 
No. 1994-23185), and vitamin D3 derivatives having at the 
2[3-position an optionally substituted loWer alkyl, alkenyl or 
alkinyl group Which are described in Japanese Unexamined 
Patent Publication No. 1994-41059. Some of these vitamin 
D3 derivatives having substituents at the 2[3-position are 
knoWn to have physiological activities, such as in vivo 
calcium regulating activity, and activity of inducing differ 
entiation of tumor cells, etc., and also knoWn to be useful as 
drugs, such as therapeutic agents for diseases due to disorder 
of calcium metabolism, such as osteoporosis or osteomala 
cia, or antitumor agents. Of these derivatives, 2[3-(3-hydrox 
ypropoXy)-1ot,25-dihydroxyvitamin D3 is expected to be of 
practical use in treating osteoporosis, With a high blood level 
being able to be maintained for a long duration. 

[0005] As noted above, 2[3-(3-hydroXypropoXy)-1ot,25 
dihydroXyvitamin D3 is under vigorous development as a 
useful drug, and its metabolites are also under investigation. 
As studies of such metabolites of 2[3-(3-hydroXypropoXy) 
1ot,25-dihydroxyvitamin D3 are under Way, it has been 
suggested recently that these metabolites appear to include 
those in Which the terminal position of the 3-hydroXypro 
poXy group at the 2[3-position has been converted to a 
carboXylic acid or a sulfonic acid. HoWever, no reports have 
been issued on the synthesis of compounds in Which the 
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terminal position of the 3-hydroXypropoXy group at the 
2[3-position of 2B-(3-hydroXypropoXy)-1ot,25-dihydroXyvi 
tamin D3 has been converted to a carboXylic acid or a 
sulfonic acid. 

DISCLOSURE OF THE INVENTION 

[0006] An object of the present invention is to provide a 
novel vitamin D derivative having at the 2[3-position an 
alkoXy group substituted at the terminal position by a 
sulfonic acid or a carboXylic acid or an ester of any of these 
acids. 

[0007] Another object of the invention is to provide a 
novel synthetic intermediate useful for synthesiZing the 
novel vitamin D derivative having at the 2[3-position an 
alkoXy group substituted at the terminal position by a 
sulfonic acid or a carboXylic acid or an ester of any of these 
acids; speci?cally, a steroid compound having at the 26-po 
sition an alkoXy group substituted by a halogen atom at the 
terminal position. 

[0008] Still another object of the invention is to provide a 
drug containing the above-mentioned vitamin D derivative 
according to the invention as an active ingredient. 

[0009] In an attempt to attain these objects, the inventor of 
the present invention used as a starting material a cholestane 
compound having at the 2[3-position an alkoXy group sub 
stituted by a hydroXyl group at the terminal position, pro 
tected the hydroXyl groups and the 5,7-diene portion that 
require protection, then converted the terminal hydroXyl 
group of the substituted alkoXy group at the 2[3-position into 
a nitrile and then into an ester, deprotected the conversion 
product, and then performed light irradiation and thermal 
isomeriZation. By this procedure, the inventor succeeded in 
synthesiZing the desired vitamin D derivative having at the 
2[3-position an alkoXy group substituted by an ester of a 
carboXylic acid at the terminal position. The inventor also 
found this vitamin D derivative to have affinity for a vitamin 
D receptor and a vitamin D-binding protein, and also to be 
useful as a drug. These achievements led to accomplishment 
of the present invention. 

[0010] According to a ?rst aspect of the invention, there is 
provided a vitamin D derivative of the general formula (I): 

(I) 

\ 

\\\\\\ HO 
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[0011] wherein 

[0012] A denotes a straight chain or branched chain 
alkylene group With 2 to 10 carbon atoms; and 

[0013] R denotes 

[0014] SO3R1 in Which R1 represents a hydrogen 
atom or a straight chain or branched chain alkyl 
group With 1 to 3 carbon atoms or 

[0015] COOR2 in Which R2 represents a hydrogen 
atom or a straight chain or branched chain alkyl 
group With 1 to 3 carbon atoms. 

[0016] In the general formula (I), A is preferably a straight 
chain alkylene group With 2 to 10 carbon atoms. 

[0017] In the general formula (I), R is preferably COOR2 
Wherein R2 represents a hydrogen atom or a straight chain or 
branched chain alkyl group With 1 to 3 carbon atoms. 

[0018] In the general formula (I), it is particularly pre 
ferred that A is an ethane-1,2-diyl group, and R is COOR2 
Wherein R2 represents a hydrogen atom or a straight chain or 
branched chain alkyl group With 1 to 3 carbon atoms. 

[0019] Further preferred compounds as the vitamin D 
derivative of the general formula (I) are 2[3-(2-carboXyethy 
loXy)-lot,3[3,25-trihydroXycholesta-5,7-10(19)-triene and 
2[3-(2-methoXycarbonylethyloXy)-1ot,3[3,25-trihydroXyc 
holesta-5,7-10(19)-triene. 
[0020] According to a second aspect of the invention, 
there is provided a steroid compound of the general formula 
(II): 

(II) 

[0021] Wherein 

[0022] A denotes a straight chain or branched chain 
alkylene group With 2 to 10 carbon atoms; 

[0023] X denotes a halogen atom; 

[0024] R8, Rb and Rc denote, independently of each 
other, a hydrogen atom or a hydroXyl group protect 
ing group; and 

[0025] Rp, Rq, Ry and RZ are such that 

[0026] Rp and Rq together form a double bond 
betWeen the 5-position and the 6-position and Ry 
and RZ together form a double bond betWeen the 
7-position and the 8-position or 

[0027] Rq and Ry together form a double bond 
betWeen the 6-position and the 7-position and Rp 
and RZ are bound to a dienophile capable of 
protecting conjugated double bonds. 

Apr. 18, 2002 

[0028] This compound is an intermediate compound use 
ful for the synthesis of the vitamin D derivative of the 
general formula 

[0029] In the general formula (II), it is preferred that A is 
a straight chain alkylene group With 2 to 10 carbon atoms, 
and X is an iodine atom. 

[0030] According to a third aspect of the invention, there 
is provided a pharmaceutical composition containing the 
vitamin D derivative of the general formula (I) as an active 
ingredient (e.g., a therapeutic agent for a disease due to a 
disorder of calcium metabolism). 

PREFERRED MODES FOR CARRYING OUT 
THE INVENTION 

[0031] In de?ning the vitamin D derivative of the general 
formula (I), eXamples of the straight chain or branched chain 
alkylene group With 2 to 10 carbon atoms, as A, are straight 
chain alkylene groups Which are ethane-1,2-diyl, propane 
1,3-diyl, butane-1,4-diyl, pentane-1,5-diyl, hexane-1,6-dlyl, 
heptane-1,7-diyl, octane-1,8-diyl, nonane-1,9-diyl and 
decane-1,10-diyl; and branched chain alkylene groups such 
as 2-methylpropane-1,3-diyl, 2-methylbutane-1,4-diyl, 
3-methylbutane-1,4-diyl, 2,3-dimethylbutane-1,4-diyl 
2-methylpentane-1,5-diyl, 3-methylpentane-1,S-diyl, 4-me 
thylpentane-1,5-diyl, 2,3-dimethylpentane-1,5-diyl, 2,4 
dimethylpentane-1,5-diyl, 3,3-dimethylpentane-1,S-diyl, 
3,4-dimethylpentane-1,S-diyl, 2,3,4-trimethylpentane-1,5 
diyl, 3-ethylpentane-1,5-diyl, 3-ethyl-2-methylpentane-1,5 
diyl, 3-ethyl-4-methylpentane-1,5-diyl, 2,4-dimethyl-3-eth 
ylpentane-1,5-diyl, 2-methylheXane-1,6-diyl, 
3-methylheXane-1,6-diyl, 4-methylheXane-1,6-diyl, S-meth 
ylheXane-1,6-diyl, 2,3-dimethylheXane-1,6-diyl , 2,4-dim 
ethylheXane-1,6-diyl, 2,5-di methylheXane-1,6-diyl, 3,3 
dimethylheXane-1,6-diyl, 3,4-dimethylheXane-1,6-diyl, 3,5 
dimethylheXane-1,6-diyl, 4,4-dimethylheXane-1,6-diyl, 4,5 
dimethylheXane-1,6-diyl, 2,3,3-trimethylheXane-1,6-diyl, 
2,3,4-trimethylheXane-1,6-diyl, 2,3,5-trimethylheXane-1,6 
diyl, 2,4,4-trimethylheXane-1,6-diyl, 2,4,5-trimethylheXane 
1,6-diyl, 3,3,4-trimethylheXane-1,6-diyl, 3,3,5-trimethyl 
hexane-1,6-diyl, 3,4,5-trimethylheXane-1,6-diyl, 4,4,5 
trimethylheXane-1,6-diyl, 2,3,4,5-tetramethylheXane-1,6 
diyl, 3-ethylheXane-1,6-diyl, 4-ethylheXane-1,6-diyl, 
3-ethyl-2-methylheXane-1,6-diyl, 3-ethyl-4-methylheXane 
1,6-diyl, 3-ethyl-5-methylheXane-1,6-diyl, 4-ethyl-2-meth 
ylheXane-1,6-diyl, 4-ethyl-3-methylheXane-1,6-diyl, 
4-ethyl-5-methylheXane-1,6-diyl, 2,4-dimethyl-3-ethylheX 
ane-1,6-diyl, 2,5-dimethyl-3-ethylheXane-1,6-diyl, 4,5-dim 
ethyl-3-ethylheXane-1,6-diyl, 2,3-dimethyl-4-ethylheXane 
1,6-diyl, 2,5-dimethyl-4-ethylheXane-1,6-diyl, 3,5 
dimethyl-4-ethylheXane-1,6-diyl, 3,4-diethylheXane-1,6 
diyl, 2-methylheptane-1,7-diyl, 3-methylheptane-1,7-diyl, 
4-methylheptane-1,7-diyl, S-methylheptane-l,7-diyl, 6-me 
thylheptane-1,7-diyl, 2,3-dimethylheptane-1,7-diyl, 2,4 
dimethylheptane-1,7-diyl, 2,5-dimethylheptane-1,7-diyl, 
2,6-dimethylheptane-1,7-diyl, 3,3-dimethylheptane-1,7 
diyl, 3,4-dimethylheptane-1,7-diyl, 3,5-dimethylheptane-1, 
7-diyl, 3,6-dimethylheptane-1,7-diyl, 4,4-dimethylheptane 
1,7-diyl, 4,5-dimethylheptane-1,7-diyl, 4,6 
dimethylheptane-1,7-dlyl, 5,5-dimethylheptane-1,7-diyl, 
5,6-dimethylheptane-1,7-diyl, 2,3,3-trimethylheptane-1,7 
diyl, 2,3,4-trimethylheptane-1,7-diyl, 2,3,5-trimethylhep 
tane-1,7-diyl, 2,3,6-trimethylheptane-1,7-diyl, 2,4,4-trim 
ethylheptane-1,7-diyl, 2,4,5-trimethylheptane-1,7-diyl, 2,4, 
6-trimethylheptane-1,7-diyl, 2,5,5-trimethylheptane-1,7 
diyl, 2,5,6-trimethylheptane-1,7-diyl, 3,3,4 
trimethylheptane-l,7-diyl, 3,3,5-trimethylheptane-1,7-diyl, 
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3,3,6-trimethylheptane-1,7-diyl, 3,4,4-trimethylheptane-1, 
7-diyl, 3,4,5-trimethylheptane-1,7-diyl, 3,4,6-trimethylhep 
tane-1,7-diyl, 3,5,5-trimethylheptane-1,7-diyl, 3,5,6-trim 
ethylheptane-1,7-diyl, 4,4,5-trimethylheptane-1,7-diyl, 4,4, 
6-trimethylheptane-1,7-diyl, 4,5,5-trimethylheptane-1,7 
diyl, 4,5,6-trimethylheptane-1,7-diyl, 3-ethylheptane-1,7 
diyl, 4-ethylheptane-1,7-diyl, 5-ethylheptane-1,7-diyl, 
3-ethyl-2-methylheptane-1,7-diyl, 3-ethyl-4-methylhep 
tane-1,7-diyl, 3-ethyl-5-methylheptane-1,7-diyl, 3-ethyl-6 
methylheptane-1,7-diyl, 4-ethyl-2-methylheptane-1,7-diyl, 
4-ethyl-3-methylheptane-1,7-diyl, 4-ethyl-4-methylhep 
tane-1,7-diyl, 4-ethyl-5-methylheptane-1,7-diyl, 4-ethyl-6 
methylheptane-1,7-diyl, 5-ethyl-2-methylheptane-1,7-diyl, 
5-ethyl-3-methylheptane-1,7-diyl, 5-ethyl-4-methylhep 
tane-1,7-diyl, S-ethyl-S-methylheptane-1,7-diyl, 5-ethyl-6 
methylheptane-1,7-diyl, 4-n-propylheptane-1,7-diyl, 4-i 
propylheptane-1,7-diyl, 2-methyloctane-1,8-diyl, 
3-methyloctane-1,8-diyl, 3-methyloctane-1,8-dlyl, 4-methy 
loctane-1,8-diyl, 5-methyloctane-1,8-diyl, 6-methyloctane 
1,8-diyl, 7-methyloctane-1,8-diyl, 2,3-dimethyloctane-1,8 
diyl, 2,4-dimethyloctane-1,8-diyl, 2,5-dimethyloctane-1,8 
diyl, 2,6-dimethyloctane-1,8-diyl, 2,7-dimethyloctane-1,8 
diyl, 3,3-dimethyloctane-1,8-diyl, 3,4-dimethyloctane-1,8 
diyl, 3,5-dimethyloctane-1,8-diyl, 3,6-dimethyloctane-1,8 
diyl, 3,7-dimethyloctane-1,8-diyl, 4,4-dimethyloctane-1,8 
diyl, 4,5-dimethyloctane-1,8-diyl, 4,6-dimethyloctane-1,8 
diyl, 4,7-dimethyloctane-1,8-diyl, 5,5-dimethyloctane-1,8 
diyl, 5,6-dimethyloctane-1,8-diyl, 5,7-dimethyloctane-1,8 
diyl, 6,6-dimethyloctane-1,8-diyl, 6,7-dimethyloctane-1,8 
diyl, 3-ethyloctane-1,8-diyl, 4-ethyloctane-1,8-diyl, 
5-ethyloctane-1,8-diyl, 6-ethyloctane-1,8-diyl, 2-methyl 
nonane-1,9-diyl, 3-methylnonane-1,9-diyl, 4-methyl 
nonane-1,9-diyl, 5-methylnonane-1,9-diyl, 6-methyl 
nonane-1,9-diyl, 7-methylnonane-1,9-diyl and 
8-methylnonane-1,9-diyl. Of these alkylenes, straight chain 
alkylenes are preferred, and they are ethane-1,2-diyl, pro 
pane-1,3-diyl, butane-1,4-diyl, pentane-1,5-diyl, hexane-1, 
6-diyl, heptane-1,7-diyl, octane-1,8-diyl, nonane-1,9-diyl, 
and decane-1,10-diyl. More preferred are ethane-1,2-diyl, 
propane-1,3-diyl, and butane-1,4-diyl. Even more preferred 
is ethane-1,2-diyl. 

[0032] Some of the foregoing alkylene groups include 
those containing an asymmetric carbon atom. The con?gu 
ration With respect to the asymmetric carbon atom may be 
R-con?guration or S-con?guration in the present invention. 

[0033] As R1 in SO3R1 as R, a hydrogen atom, a methyl 
group, an ethyl group, an n-propyl group, and an i-propyl 
group can be named. Of them, hydrogen and i-propyl are 
preferred. 

[0034] As R2 in COOR2 as R, a hydrogen atom, a methyl 
group, an ethyl group, an n-propyl group, and an i-propyl 
group can be named. Of them, hydrogen and methyl are 
particularly preferred. 
[0035] Examples of the R are a sulfoxyl group, a meth 
oxysulfonyl group, an ethoxysulfonyl group, an n-pro 
poxysulfonyl group, an i-propoxysulfonyl group, a carboxyl 
group, a methoxycarbonyl group, an ethoxycarbonyl group, 
an n-propoxycarbonyl group, and an i-propoxycarbonyl 
group. Of them, a sulf oxyl group, an i-propoxysulfonyl 
group, a carboxyl group, and a methoxycarbonyl group are 
preferred, and a carboxyl group, and a methoxycarbonyl 
group are further preferred. 

[0036] Typically, preferred examples of AR include an 
ethane-1,2-diyl group terminally substituted by a sulfoxyl 
group, an i-propoxysulfonyl group, a carboxyl group or a 
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methoxycarbonyl group, a propane-1,3-diyl group termi 
nally substituted by a sulfoxyl group, an i-propoxysulfonyl 
group, a carboxyl group or a methoxycarbonyl group, a 
butane-1,4-diyl group terminally substituted by a sulfoxyl 
group, an i-propoxysulfonyl group, a carboxyl group or a 
methoxycarbonyl group, a pentane-1,5-dlyl group termi 
nally substituted by a sulfoxyl group, an i-propoxysulfonyl 
group, a carboxyl group or a methoxycarbonyl group, a 
hexane-1,6-diyl group terminally substituted by a sulfoxyl 
group, an i-propoxysulfonyl group, a carboxyl group or a 
methoxycarbonyl group, a heptane-1,7-diyl group termi 
nally substituted by a sulfoxyl group, an i-propoxysulfonyl 
group, a carboxyl group or a methoxycarbonyl group, an 
octane-1,8-diyl group terminally substituted by a sulfoxyl 
group, an i-propoxysulfonyl group, a carboxyl group or a 
methoxycarbonyl group, a nonane-1,9-diyl group terminally 
substituted by a sulfoxyl group, an i-propoxysulfonyl group, 
a carboxyl group or a methoxycarbonyl group, and a decane 
1,10-diyl group terminally substituted by a sulfoxyl group, 
an i-propoxysulfonyl group, a carboxyl group or a meth 
oxycarbonyl group. Of them, a 2-carboxyethyl group, a 
2-methoxycarbonylethyl group, a 3-carboxypropyl group, a 
3-methoxycarbonylpropyl group, a 4-carboxybutyl group 
and a 4-methoxycarbonylbutyl group are particularly pre 
ferred, and a 2-carboxyethyl group and a 2-methoxycarbo 
nylethyl group are further preferred. 

[0037] As the vitamin D derivative of the general formula 
(I), 2[3-(2-carboxyethyloxy)-lot,3[3,25-trihydroxycholesta-5, 
7-10(19)-triene, and 2B-(2-methoxycarbonylethyloxy)-lot, 
3[3,25-trihydroxycholesta-5,7-10(19)-triene are preferred. 

[0038] In the de?nition of the steroid compound of the 
general formula (II), A is de?ned as de?ned in the general 
formula Examples of the preferred groups, particularly 
preferred groups, and further preferred groups, as A, are the 
same as those for the A in the general formula 

[0039] As X, a chlorine atom, a bromine atom, and an 
iodine atom are cited. Of them, an iodine atom is preferred. 

[0040] The hydroxyl group protecting groups in R8, Rb 
and Rc include, for example, acyl groups such as formyl, 
acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, 
pivaloyl, caproyl, tri?uoroacetyl and benZoyl; alkoxycarbo 
nyl groups such as methoxycarbonyl, ethoxycarbonyl, pro 
poxycarbonyl, isopropoxycarbonyl, allyloxycarbonyl, ben 
Zyloxycarbonyl and phenoxycarbonyl; substituted silyl 
groups such as trimethylsilyl, triethylsilyl, triisopropylsilyl, 
dimethylisopropylsilyl, diethylisopropylsilyl, dimethylth 
exylsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl, triben 
Zylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl 
and t-butylmethoxyphenylsilyl; substituted methyl groups 
such as methoxymethyl, methoxyethoxymethyl, methylthi 
omethyl, t-butylthiomethyl, [3-trichloroethyloxymethyl, tri 
methylsilylethoxymethyl, p-methoxybenZyloxymethyl and 
p-chlorobenZyloxymethyl; 2-oxacycloalkyl groups such as 
tetrahydrofuralyl, and tetrahydropyranyl; and aralkyl groups 
such as benZyl. Of them, substituted silyl groups such as 
trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethyliso 
propylsilyl, diethylisopropylsilyl, dimethylthexylsilyl, t-bu 
tyldimethylsilyl, t-butyldiphenylsilyl, tribenZylsilyl, tri-p 
xylylsilyl, triphenylsilyl, diphenylmethylsilyl and 
t-butylmethoxyphenylsilyl are preferred. Further, triethylsi 
lyl and t-butyldimethylsilyl are particularly preferred, and 
triethylsilyl is evenmore preferred. The Ra, Rb and Rc may 
be the same or different, but are preferably the same. 

[0041] As the dienophile capable of protecting conjugated 
double bonds in the de?nition of RP, Rg, R and R2, 
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4-phenyl-1,2,4-triaZoline-3,5-dione (PTAD), dimethyl 
maleate and diethyl maleate are preferred, and 4-phenyl-1, -continued 
2,4-triaZoline-3,5-dione is particularly preferred. 

(II), a PTAD adduct of 2[3-(2-iodoethyloxy)-1ot,3[3,25-tris 
[0042] As the steroid compound of the general formula OH OTES 

(triethylsilyloXy)cholesta-5,7-diene is preferred. K 
[0043] The vitamin D derivative of the general formula (I) 
according to the invention is a novel compound, and can be a 
synthesized, for example, by using 2[3-(2-hydroXyethyloXy)- TESO "'9, / 
1ot,3[3,25-trihydroXycholesta-5,7-diene (compound 1) as a >20 
starting material Which is described in Japanese Patent )— 
Publication No. 1994-23185 (the contents of this publication 0 ph 
are all incorporated herein by reference) and performing a 
method exempli?ed by the folloWing reaction scheme With 
the use of desired reagents, Where necessary: 

HO 

TESOTf 
—> 

PTAD 
—> 
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-continued 
Ill/1,, 

2 

[0044] In synthesizing compound 1, instead of ethane-1, 
2-diol, there may be used a straight chain alkane substituted 
at both terminal positions by hydroXyl groups Which is 
propane-1,3-diol, butane-1,4-diol, pentane-1,5-diol, heXane 
1,6-diol, heptane-1,7-diol, octane-1,8-diol, nonane-1,9-diol 
or decane-1,10-diol, or a C3_1O branched chain alkane having 
a main chain substituted at both terminal positions by 
hydroXyl groups. The use of such a compound makes it 
possible to obtain a starting material in Which the. 2-hy 
droxyethyloxy group at the ZB-position of compound 1 has 
been converted to a straight chain alkoXy group terminally 
substituted by a hydroXyl group, i.e., 3-hydroXypropoXy, 
4-hydroXybutyloXy, S-hydroxypentyloxy, 6-hydroXyheXy 
loXy, 7-hydroXyheptyloXy, 8-hydroXyoctyloXy, 9-hydroX 
ynonyloXy or 10-hydroXydecyloXy, or a C3_1O branched 
chain alkoXy group having a main chain terminally substi 
tuted by a hydroXyl group. 

[0045] Alternatively, these starting materials can be syn 
thesiZed by methods Which react epoXide-containing steroid 
compounds With alcohols under basic conditions as 
described in Japanese Unexamined Patent Publication No. 
1994-340690 (the contents of this publication are all incor 
porated herein by reference). 

[0046] Conversion from compound 1 into compound 3 is 
performed by selectively protecting only the hydroXyl group 
of the terminal hydroXyalkoXy group at the 2[3-position 
Without protecting the hydroXyl groups at the 1(X-, 3B- and 
25-positions of compound 1. Usable as the protecting group 
are all groups that can selectively protect only the hydroXyl 
group of the terminal hydroXyalkoXy group at the 2[3-posi 
tion Without substantially adversely affecting the other por 
tions of the molecule and Which ensure that the hydroXyl 
groups at the 1ot-, 3B- and 25-positions Will not be simul 
taneously deprotected during deprotection. Of them, an acy 
group is preferred. Non-limiting eXamples of the acyl group 
are saturated alkylcarbonyl groups such as formyl, acetyl, 
propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, 
caproyl, lauroyl, myristoyl, palmitoyl, stearoyl, hydratro 
poyl, cycloheXanecarbonyl, phenylacetyl and 4-methoX 
yphenylacetyl; unsaturated alkylcarbonyl groups such as 
acryloyl, propioloyl, methacryloyl, crotonoyl, isocrotonoyl, 
oleoyl, elaidoyl, atropoyl and cinnamoyl; and arylcarbonyl 
groups such as benZoyl, 4-nitrobenZoyl, 4-chlorobenZoyl, 
4-methoXybenZoyl, naphthoyl, toluoyl, 3-furoyl, 2-thenoyl, 
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nicotinoyl and isonicotinoyl. Of them, acetyl, propionyl and 
benZoyl are preferred, and acetyl is further preferred. As an 
acylating agent, there can be used an acyl halide having any 
of the above-mentioned groups (the halogen atom of the 
halide may be chlorine, bromine or iodine), and an acid 
anhydride having any of the above-mentioned acyl groups. 
Among them, acetyl chloride, acetic anhydride, propionyl 
chloride and benZoyl chloride are preferred, and acetic 
anhydride is further preferred. The base used in the reaction 
may be an amine such as triethylamine, diisopropylethy 
lamine, pyridine or pyraZine. Preferably, pyridine is used. If 
desired, a solvent inert to the reaction, such as dichlo 
romethane, may be added. Also, a catalyst for promoting the 
reaction, such as 4-dimethylaminopyridine (DMAP), may 
be added, Where necessary. The reaction temperature 
may be —20 to 60° C., preferably —10 to 10° C. The reaction 
time may be 0.1 to 36 hours, preferably 1 to 3 hours. 

[0047] Conversion from compound 3 into compound 4 is 
performed by protecting the hydroXyl groups at the 1ot-, 3B 
and 25-positions of compound 3. Usable as the protecting 
group are all groups that can protect the hydroXyl groups at 
the 1ot-, 3B- and 25-positions at the same time, Without 
substantially adversely affecting the other portions of the 
molecule. When the protecting group for the hydroXyl group 
of the terminal hydroXyalkoXy group at the 2[3-position is an 
acy group, a substituted silyl group is preferred. Non 
limiting examples of the substituted silyl group are trimeth 
ylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsi 
lyl, diethylisopropylsilyl, dimethyltheXylsilyl, 
t-butyldimethylsilyl, t-butyldiphenylsilyl, tribenZylsilyl, tri 
p-Xylylsilyl, triphenylsilyl, diphenylmethylsilyl, and t-butyl 
methoxyphenylsilyl. Of them, triethylsilyl and t-butyldim 
ethylsilyl are preferred, and triethylsilyl is further preferred. 
The agents for introducing the substituted silyl group may be 
substituted silyl halides having the above-mentioned groups 
(the halogen atom of the halide may be chlorine, bromine or 
iodine), and tri?uoromethanesulfonates having the above 
mentioned substituted silyl groups. Among them, triethyl 
silyl chloride, t-butyldimethylsilyl chloride, triethylsilyl tri 
?uoromethanesulfonate and t-butyldimethylsilyl 
tri?uoromethanesulfonate are preferred, and triethylsilyl tri 
?uoromethanesulfonate is further preferred. The base to be 
used in the reaction may be triethylamine, pyridine, imida 
Zole, or 2,6-lutidine. Preferably, imidaZole and 2,6-lutidine 
are used, and furtherpreferably, 2,6-lutidineisused. If 
desired, a solvent inert to the reaction, such as tetrahydro 
furan (THF), N,N-dimethylformamide, 1,3-dimethyl-2-imi 
daZolidinone (DMI), or dichloromethane, may be added. 
Also, a catalyst for promoting the reaction, such as 1-hy 
droXybenZotriaZole, may be added, Where necessary. The 
reaction temperature is not restricted, but is generally —10 to 
120° C., preferably —5 to 10° C. The reaction time is not 
restricted, but is generally 1 to 30 hours, preferably 1 to 3 
hours. 

[0048] Conversion from compound 4 into compound 5 is 
performed by selectively removing only the hydroXyl group 
protecting group of the terminal hydroXyalkoXy group at the 
2[3-position, Without removing the hydroXyl group protect 
ing groups at the 1(X-, 3B- and 25-positions of compound 4. 
Usable as the method of deprotection are all methods that 
can selectively remove only the hydroXyl group protecting 
groups of the terminal hydroXyalkoXy group at the 26-po 
sition, Without substantially adversely affecting the other 
portions of the molecule and Which ensure that the hydroXyl 
group protecting groups at the 1ot-, 3B- and 25-positions Will 
not be simultaneously removed during deprotection. When 
the hydroXyl group protecting group of the terminal 
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hydroxyalkoxy group at the 2[3-position is an acyl group and 
if the hydroxyl group protecting groups at the 1ot-, 3B- and 
25-positions are substituted silyl groups, for example, an 
exemplary applicable method is the hydrolysis of compound 
4 With a base. As the base, sodium hydroxide, potassium 
hydroxide, lithium hydroxide, or barium hydroxide can be 
used. Preferably, potassiumhydroxide is used. As the reac 
tion solvent, Water, methanol, ethanol, propanol, tetrahydro 
furan, or a mixture of these may be used. Preferably, a 
mixture of methanol and tetrahydrofuran is used. The reac 
tion temperature may be 0 to 75° C., preferably 10 to 35° C. 
The reaction time may be 0.5 to 20 hours, preferably 1 to 3 
hours. Another applicable example method is by reacting 
compound 4 With a metal hydride complex compound, such 
as lithium aluminum hydride, for 1 to 5 hours at a tempera 
ture of —10 to 50° C. in a solvent inert to the reaction, such 
as tetrahydrofuran. 

[0049] Conversion from compound 5 into compound 6 is 
performed by protecting the 5,7-diene portion of compound 
5. The protecting reagent may be all compounds that can 
protect the 5,7-diene portion, Without substantially 
adversely affecting the other portions of the molecule. Of 
them, 4-phenyl-1,2,4-triaZoline-3,5-dione, dimethyl maleate 
and diethyl maleate are preferred, and 4-phenyl-1,2,4-tria 
Zoline-3,5-dione is further preferred. Usable as the solvents 
in the reaction are all solvents that are inert to the reaction 
and Which dissolve both of compound 5 and the above 
mentioned protecting reagent. A preferred example of the 
solvent is dichloromethane. The reaction temperature is not 
restricted, but is generally 0 to 50C, preferably 15 to 30° C. 
The reaction time is not restricted, either but is generally 0.1 
to 20 hours, preferably 0.2 to 2 hours. 

[0050] Conversion from compound 6 into the steroid 
compound of the general formula (II), in Which Rq and Ry 
together form a double bond betWeen the 6-position and the 
7-position, and Rp and RZ are bound to a dienophile capable 
of protecting conjugated double bonds (e.g., the steroid 
compound is compound 7), is performed by reacting com 
pound 6 With a halogen in the presence of a base and a 
phosphine compound to convert the hydroxyl group of the 
terminal hydroxyalkoxy group at the 2[3-position into a 
halogen atom. As the base, imidaZole or benZimidaZole can 
be used. Preferably, imidaZole is used. The phosphine com 
pound may be a trialkylphosphine or a triarylphosphine, and 
preferably, triphenylphosphine is used. As the halogen, 
iodine is preferably used. Usable as the solvents in the 
reaction are all solvents that are inert to the reaction and 
Which make the reaction system homogeneous. Apreferred 
example of the solvent is dichloromethane. The reaction 
temperature may be —5 to 40° C., preferably 15 to 35° C. The 
reaction time may be 0.5 to 20 hours, preferably 1 to 3 hours. 

[0051] Subjecting compound 7 to conversion of com 
pound 9 into compound 10 (to be described later on), or a 
step having an effect comparable to this conversion, gives a 
steroid compound of the general formula (II) in Which Rp 
and Rq together form a double bond betWeen the 5-position 
and the 6-position, and Ry and RZ together form a double 
bond betWeen the 7-position and the 8-position. 

[0052] Further, compound 7, or a steroid compound of the 
general formula (II) in Which Rp and Rq together form a 
double bond betWeen the 5-position and the 6-position, and 
Ry and RZ together form a double bond betWeen the 7-po 
sition and the 8-position, is subjected to a customary reac 
tion for elimination of a protecting group (When Ra, Rb and 
R0 are substituted silyl groups, the preferred method is to 
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react the compound With a substituted ammonium ?uoride, 
such as tetra-n-butylammonium ?uoride, for a reaction time 
of 1 to 20 hours at a reaction temperature of 25 to 120° C. 
With the use of a solvent such as tetrahydrofuran, N,N‘ 
dimethylpropyleneurea, or 1,3-dimethyl-2-imidaZolidi 
none). By this measure, a steroid compound of the general 
formula (II), in Which Ra, Rb and R0 are hydrogen atoms, can 
be obtained. Subj ecting this steroid compound to a hydroxyl 
group protecting reaction knoWn among people skilled in the 
art can yield a steroid compound of the general formula (II) 
in Which Ra, Rb and R0 are each the aforementioned 
hydroxyl group protecting group, such as an acyl group, an 
alkoxycarbonyl group, a substituted silyl group, a substi 
tuted methyl group, a 2-oxacycloalkyl group, or an aralkyl 
group. 

[0053] Conversion from compound 7 into compound 8 is 
performed by reacting compound 7 With a cyanide com 
pound to convert the halogen atom of the terminal 
haloalkoxy group at the 2[3-position into a cyano group. As 
the cyanide compound, sodium cyanide or potassium cya 
nide can be used. Preferably, sodium cyanide is used. The 
solvent to be used for the reaction may be dimethyl sulfox 
ide, N,N-dimethylformamide, tetrahydrofuran, or a mixture 
of these. Preferably, a mixture of dimethyl sulfoxide and 
tetrahydrofuran is used. The reaction temperature is not 
restricted, but is generally 0 to 90° C., preferably 20 to 60° 
C. The reaction time is not restricted, but is generally 1 to 36 
hours, preferably 2 to 6 hours. 

[0054] In the case Where the protecting groups of the 
hydroxyl groups at the 1ot-, 3B- and 25-positions of com 
pound 8 are the substituted silyl groups, conversion from 
compound 8 into compound 9 is performed by reacting 
compound 8 With an alcohol solution of a hydrogen halide 
to convert the cyano group of the terminal cyanoalkoxy 
group at the 2[3-position into an alkoxycarbonyl group and 
simultaneously remove the groups protecting the hydroxyl 
groups at the 1ot-, 3[3-and 25-positions. As the hydrogen 
halide, hydrogen chloride orhydrogenbromide can be used. 
Preferably, hydrogen chloride is used. The alcohol maybe 
methanol, ethanol, n-propanol, or i-propanol. Preferably, 
methanol is used. If desired, a solvent inert to the reaction, 
such as diethyl ether, may be added. The reaction tempera 
ture may be 0 to 80° C., preferably 10 to 30° C. The reaction 
time may be 0.5 to 30 hours, preferably 2 to 10 hours. 

[0055] Conversion from compound 9 into compound 10 is 
performed by heating compound 9 in a solvent to remove the 
protecting group for the 5 ,7-diene portion, thereby achieving 
deprotection. The solvent may be dimethyl sulfoxide, N,N 
dimethylformamide, or 1,3-dimethyl-2-imidaZolidinone. 
Preferably, 1,3-dimethyl-2-imidaZolidinone is used. Where 
necessary, a reagent for promoting the reaction, such as 
potassium carbonate, may be added. The reaction tempera 
ture is not restricted, but is generally 80 to 155° C., prefer 
ably 100 to 150° C. The reaction time is not restricted, either 
but is generally 0.5 to 15 hours, preferably 0.5 to 3 hours. 

[0056] Conversion from compound 10 into compound 2 is 
performed by converting provitami n D to previtamin D, 
folloWed by converting previtamin D to vitamin D. Conver 
sion to previtamin D is performed by irradiating provitamin 
D With ultraviolet rays in a solvent. The solvent may be 
ethanol, tetrahydrofuran, benZene or toluene, and preferably 
ethanol or tetrahydrofuran is used. Ultraviolet rays may be 
natural ultraviolet rays, or arti?cial ultraviolet rays produced 
by lamps, etc. Where necessary, ultraviolet light With Wave 
lengths unnecessary for the reaction may be eliminated 
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beforehand With the use of a ?lter or the like. The reaction 
temperature may be —20 to 10° C., preferably —5 to 5° C. 
The reaction time can be varied, as desired, according to the 
concentration of provitamin D. Generally, the reaction time 
may be 30 seconds to 7 days. 

[0057] Subsequent conversion to vitamin D is performed 
by heating previtamin D in a solvent. The solvent may be 
ethanol, tetrahydrofuran, benZene or toluene, and preferably 
ethanol or tetrahydrofuran is used. The reaction temperature 
may be 0 to 100° C., preferably 4 to 80° C. The reaction time 
can generally range from 30 minutes to 10 days. If the 
reaction time exceeds 12 hours, the reaction may be per 
formed With shield from light. 

[0058] If compound 8 is reacted With a solution of the 
hydrogen halide in a mixture of alcohol and Water When 
converting compound 8 to compound 9, there can be 
obtained a compound in Which the cyano group of the 
terminal cyanoalkoxy group at the 2[3-position of compound 
8 has been converted to a carboxyl group. 

[0059] If this compound, in Which the cyano group of the 
terminal cyanoalkoxy group at the 2[3-position of compound 
8 has been converted to a carboxyl group, is subjected to the 
steps of converting compound 9 to compound 10, and then 
converting compound 10 to compound 11, or steps compa 
rable in effect to these steps, a compound of the general 
formula (I) in Which R is COOH can be obtained. 

[0060] If, in the conversion from compound 7 to com 
pound 8, compound 7 or a compound obtained by removing 
the protecting group of the 5,7-diene portion from com 
pound 7 is reacted With a base-treated methanesulfonic acid 
ester instead of the cyanide compound, there can be obtained 
a compound in Which the cyano group of compound 8 has 
been converted to SO3R3 (Wherein R3 denotes a straight 
chain or branched chain alkyl group With 1 to 3 carbon 
atoms), or a compound in Which the protecting group for the 
5,7-diene portion has been removed for deprotection. The 
base may be n-butyllithium, s-butyllithium, t-butyllithium, 
phenyllithium, or lithium diisopropylamide, and n-butyl 
lithium and lithium diisopropylamide are preferred. The 
methanesulfonic acid ester may be methyl methane 
sulfonate, ethyl methanesulfonate, or i-propyl methane 
sulfonate. Preferred is i-propyl methanesulfonate. The sol 
vent usable in the reaction is all solvents that are inert to the 
reaction. The preferred solvents are, for example, diethyl 
ether and tetrahydrofuran. Where necessary, a solvent effec 
tive in promoting the reaction, such as N,N‘-dimethylpro 
pyleneurea, may be added. The reaction temperature 
may be —100 to 00 C., and the reaction time may be 0.5 to 
20 hours. Deprotection of the protecting group for the 
5,7-diene portion of compound 7 can be performed in the 
same manner as in the conversion from compound 9 to 
compound 10. 

[0061] Further, the compound, in Which the cyano group 
of compound 8 has been converted to SO3R3 (Wherein R3 
denotes a straight chain or branched chain alkyl group With 
1 to 3 carbon atoms), is subjected to a hydrolysis reaction 
under acidic conditions Which is Well knoWn among people 
skilled in the art, such as a reaction With a hydrous ethanol 
solution of sulfuric acid at a reaction temperature of 0 to 50° 
C., this reaction being described in J. Chem. Soc., Perkin 
Trans. 2, 293-299 (1987). This reaction yields a compound 
in Which the cyano group of compound 8 has been converted 
to SO3H, or a compound having the cyano group of com 
pound 8 converted to SO3H and in Which at least one of the 
hydroxyl group protecting groups at the 1ot-, 36-, and 
25-positions of the compound has been removed. 
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[0062] Further, the compound in Which the cyano group of 
compound 8 has been converted to SO3R3 (Wherein R3 
denotes a straight chain or branched chain alkyl group With 
1 to 3 carbon atoms), a compound in Which the cyano group 
of compound 8 has been converted to SO3H, or a compound 
having the cyano group of compound 8 converted to SO3H 
and in Which at least one of the hydroxyl group protecting 
groups at the 1ot-, 36-, and 25-positions of the compound 
has been removed, is subjected, as necessary, to the step of 
removing the hydroxyl group protecting groups at the 1ot-, 
36-, and 25-positions (in this step, if the hydroxyl group 
protecting groups at the 1ot-, 36-, and 25-positions are 
substituted silyl groups, the preferred method is to react the 
compound With a substituted ammonium ?uoride, such as 
tetra-n-butylammonium ?uoride, for a reaction time of 1 to 
20 hours at a reaction temperature of 25 to 120° C. With the 
use of a solvent such as tetrahydrofuran, N,N‘-dimethylpro 
pyleneurea, or 1,3-dimethyl-2-imidaZolidinone), and then to 
the step of conversion from compound 9 to compound 10, 
folloWed by the step of conversion from compound 10 to 
compound 11, or to steps comparable in effect to these steps. 
This procedure gives a compound of the general formula (I) 
in Which R is SO3R1 (Wherein R1 denotes a hydrogen atom, 
or a straight chain or branched chain alkyl group With 1 to 
3 carbon atoms). 

[0063] The compound of the invention can also be pro 
duced by applying the speci?c manufacturing methods 
described in the Examples to be offered later on. 

[0064] The compound of the invention has a?inity for a 
vitamin D receptor and a vitamin D-binding protein, and is 
useful as a drug, for example, a drug for treatment of 
diseases due to abnormal calcium metabolism. A pharma 
ceutical composition containing the compound of the inven 
tion as an active ingredient can be administered orally (by 
ingestion or inhalation) or parenterally (e.g., intravenously, 
subcutaneously, or topically). For administration, the com 
position can be formed into a preparation suitable for the 
mode of administration. 

[0065] The pharmaceutical composition containing the 
compound of the invention as the active ingredient can be 
formed into a preparation by ordinary pharmaceutical manu 
facturing techniques. Depending on its applications, it can 
be used as solid and liquid preparations, such as capsules, 
granules, creams, poWders, syrups, tablets, injections, and 
ointments. 

[0066] In forming such preparations, nontoxic additives 
usually used in the pharmaceutical manufacturing of these 
types of drugs can be used, including stabiliZers, lubricants, 
buffering agents, base materials, ?avoring agents, binders, 
antioxidants, coating agents, colorants, isotoniZation agents, 
vehicles, dispersants, disintegrants, preservatives, solvent 
promoters, and solubiliZing agents. 

[0067] Examples of the stabiliZers are sul?tes (sodium 
hydrogensul?te, sodium sul?te, etc.), edetates (sodium ede 
tate, tetrasodium edetate, etc.), hydrogenated oil, sesame oil, 
sodium chondroitin sulfate, and dibutylhydroxytoluene. 

[0068] Examples of the lubricants are dried aluminum 
hydroxide gel, glycerin, silicic acid and its salts (light silicic 
anhydride, magnesium silicate, etc.), stearic acid and its salts 
(aluminum stearate, calcium stearate, magnesium stearate, 
etc.), talc, polyethylene glycol, and phosphoric acid. 

[0069] Examples of the bufferingagents are acetic acid, 
tartaric acid, sodium carbonate, boric acid, phosphoric acid 
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and its salts (trisodium phosphate, disodium hydrogenphos 
phate, dipotassium hydrogenphosphate, etc.). 
[0070] Examples of the base materials are glycerin, veg 
etable oils (olive oil, sesame oil, Wheat germ oil, etc.), 
stearyl alcohol, cetanol, lard, White petrolatum, para?in, 
bentonite, lanolin fatty acid isopropyl ester, and petrolatum. 

[0071] Examples of the ?avoring agents are L-aspartic 
acid and its salts (monosodium L-aspartate, magnesium 
L-aspartate, etc.), saccharinsodium, sugars (lactose, sucrose, 
glucose, D-mannitol, etc.), dl-menthol, and 1-menthols. 

[0072] Examples of the binders are agar, stearyl alcohol, 
gelatin, cellulose and its derivatives (ethylcellulose, car 
boxymethylethylcellulose, hydroxypropylcellulose, hydrox 
ypropylmethylcelluloses, etc.), starch and its derivatives 
(pregelatiniZed starch, oxidiZed starch, dextrin, etc.), sugars 
(lactose, sucrose, microcrystalline cellulose, glucose, etc.), 
tragacanth, and polyvinyl alcohol. 

[0073] Examples of the antioxidants are ascorbic acid, 
L-ascorbyl stearate, sul?tes (sodium sul?te, sodium hydro 
gensul?te, sodium pyrosul?te, etc.), sodium edetate, ery 
thorbic acid, cysteine hydrochloride, dibutylhydroxytolu 
ene, sodium thiomalate, concentrated mixed tocopherol, 
butylhydroxyanisole, and propyl gallate. 

[0074] Examples of the coating agents are shellac, cellu 
lose derivatives (cellulose acetate, hydroxypropylcellulose, 
cellulose acetate phthalate, hydroxypropylmethylcelluloses, 
etc.), polyvinyl pyrrolidones, polyethylene glycol, polyeth 
ylene glycol, methacrylic acid copolymers, and liquid par 
a?in. 

[0075] Examples of the colorants are indigocarmine, cara 
mel, and ribo?avin. 

[0076] Examples of the isotoniZation agents are potassium 
chloride, sodium chloride, glycerin, sodium bromide, D-sor 
bitol, nicotinamide, glucose, and boric acid. 

[0077] Examples of the vehicles are silicates (synthetic 
aluminum silicate, magnesium aluminosilicate, calcium sili 
cate, magnesium silicate, etc.), tartaric acid, potassium 
hydrogentartrate, magnesium hydroxide, cellulose and its 
derivatives (hydroxypropylcellulose, hydroxypropylmethyl 
cellulose, methylcellulose, etc.), starch and its derivatives 
(sodium carboxymethyl starch, [3-cyclodextrin, dextrin, 
hydroxypropyl starch, etc.), sugars (lactose, sucrose, glu 
cose, D-mannitol, etc.), glyceryl monostearate, and sorbitan 
monosLearaLe. 

[0078] Examples of the dispersants are acacia, propylene 
glycol alginate, stearic acid and its salts (Zinc stearate, 
magnesium stearate, etc.), sorbitan sesquioleate, D-sorbitol, 
tragacanth, methylcellulose, and aluminum monostearate. 

[0079] Examples of the disintegrants are agar, gelatin, 
cellulose and its derivatives (crystalline cellulose, cellulose 
acetate phthalate, hydroxypropylcellulose, hydroxypropyl 
methylcellulose, etc.), carbonates (calcium carbonate, 
sodium hydrogencarbonate, magnesium carbonate, etc.), 
starch and its derivatives (sodium carboxymethyl starch, 
hydroxypropyl starch, etc.), and tragacanth. 

[0080] Examples of the preservatives are alcohols (chlo 
robutanol, phenethyl alcohol, propylene glycol, benZyl alco 
hol, etc.), benZalkonium chloride, benZethonium chloride, 
dried sodium sul?te, dried sodium sulfate, cresol, chloro 
cresol, dibutylhydroxytoluene, potassium sorbate, sodium 
dehydroacetate, parahydroxybenZoate esters (isobutyl 
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parahydroxybenZoate, ethyl parahydroxybenZoate, methyl 
parahydroxybenZoate, etc.), phenol, formaldehyde, and 
phosphoric acid. 

[0081] Examples of the solvent promoters are sodium 
benZoate, ethylenediamine, citric acid, sodium citrate, glyc 
erin, sodium acetate, sodium salicylate, sorbitan sesqui 
oleate, nicotinamide, glucose, benZyl alcohol, and polyvi 
nylpyrrolidones. 

[0082] Examples of the solubiliZing agents are hydrated 
silicon dioxide, stearic acid and its salts (calcium stearate, 
magnesium stearate, etc.), talc, and absolute ethanol. 

[0083] In addition to these additives, drug components can 
be added. 

[0084] The content of the compound of the invention in 
any of the preparations varies according to the dosage form 
of the preparation. Generally, it is desired that the compound 
be contained in a concentration of 0.00001 to 10% by 
Weight. The pharmaceutical composition comprising the 
compound of the invention can be changed Widely according 
to the type of Warm-blooded animals to be treated, including 
human, the severity of symptoms, diagnosis by the physi 
cian, etc. Generally, the content of the compound, as active 
ingredient, is 0.0000001 to 50 ug/kg/day for oral adminis 
tration, or 0.000000001 to 10 ug/kg/day for parenteral 
administration. 

[0085] The above dose can be administered either at a time 
or in divided portions once or several times in a day to seven 
days. The dose can be changed, as required, according to the 
severity of symptoms, judgment of the physician, etc. 

[0086] The contents of the speci?cation of Japanese Patent 
Application No. 1998-137361, the application on the basis 
of Which the present application claims priority are to be 
incorporated in their entirety by reference. 

EXAMPLES 

[0087] The present invention Will be described concretely 
by Way of the folloWing Examples, Which in no Way limit the 
invention. 

[0088] To shoW the usefulness of the compounds accord 
ing to the invention, tests Were conducted for the a?inity of 
typical compounds of the invention for a vitamin D receptor 
and a vitamin D binding protein. The results of the tests are 
shoWn in Test Example. 

Example 1 

2[3-(2-acetyloxyethyloxy)-lot,3[3,25-trihydroxyc 
holesta-5,7-diene (Compound 3) 

[0089] To a dichloromethane (30 ml) solution of com 
pound 1 (306 mg, 643 pmol), pyridine (600 pl) and DMAP 
(10 mg), acetic anhydride (150 pl, 1.59 mmol) Was added 
With ice cooling in an argon atmosphere, and the mixture 
Was stirred for 1.5 hours at the same temperature. The 
reaction mixture Was poured into dilute hydrochloric acid, 
extracted With dichloromethane, and Washed With a satu 
rated solution of sodium carbonate. The organic phase Was 
dried over magnesium sulfate, and then the solvent Was 
distilled off under reduced pressure. The resulting residue 
Was puri?ed by ?ash column chromatography (ethanolzdi 
chloromethane=0.3:5) to give colorless oily compound 3 
(215 mg, 65%), and recover compound 1 (105 mg, 34%). 
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The same procedure Was repeated for the recovered com 
pound 1. The resulting products Were combined to give 
compound 3 (260 mg, 79%). 

[0090] lH-NMR: 6 0.63 (3H, s), 0.96 (3H, d, J=6.3 HZ), 
1.05 (3H, s), 1.12 (6H, s), 2.07 (3H, s), 3.64-3.77 (2H, m), 
3.84 (1H, brs), 3.89-4.00 (2H, m), 4.17-4.34 (2H, m), 
5.33-5.41 (1H, m), 5.70 (1H, brd, J=3.6 HZ); 

[0091] IR(neat)cm_1: 3415 (br), 2930, 1740; 
[0092] MS(IIl/Z)Z 518 (M*), 87 (100%), 
[0093] UVkmax nm: 293, 282, 271. 

Example 2 

2B-(2-acetyloxyethyloxy)-1ot,3[3,25-tris(triethylsily 
loxy)cholesta-5,7-diene (Compound 4) 

[0094] To a dichloromethane (15 ml) solution of com 
pound 3 (260 mg, 502 pmol) obtained in Example 1, and 
2,6-lutidine (877 pl, 7.53 mmol), triethylsilyl tri?uo 
romethanesulfonate (1.14 ml, 5.02 mmol) Was added With 
ice cooling in an argon atmosphere, and the mixture Was 
stirred for 1.5 hours at the same temperature. The reaction 
mixture Was concentrated under reduced pressure. The 
resulting residue Was puri?ed by ?ash column chromatog 
raphy (5% ethyl acetate/hexane) to give colorless oily com 
pound 4 (327 mg, 76%). 

[0095] lH-NMR: 6 0520.72 (21H, m), 0.88-1.03 (33H, 
m), 1.18 (6H, s), 2.04 (3H, s), 3.58 (1H, brs), 3.63-3.74 (1H, 
m), 3.75 (1H, brd, J=3.6 HZ), 3.94-4.11 (2H, m), 4.21 (2H, 
t, J=5.0 HZ), 5.28-5.35 (1H, m), 5.57-5.62 (1H, m); 

[0096] IR(neat)cm_1: 2950, 1750; 
[0097] MS(IIl/Z)Z 860 (M*), 87 (100%), 
[0098] UVkmax nm: 293, 282, 271. 

Example 3 

2B -(2-hydroxyethyloxy)- 101,3 [3 ,25-tris(triethylsily 
loxy)cholesta-5,7-diene (Compound 5) 

[0099] To a THF (5 ml) solution of compound 4 (327 mg, 
380 pmol) obtained in Example 2, a methanol (10 ml) 
solution of potassium hydroxide (72 mg, 1.29 mmol) Was 
added, and the mixture Was stirred in an argon atmosphere 
for 1.5 hours at 15 to 30° C. To the reaction mixture, acetic 
acid (150 pl) Was added. Then, the resulting mixture Was 
poured into Water, extracted tWice With a solvent mixture of 
ethyl acetate and hexane (1:1), and Washed With a saturated 
solution of sodium carbonate and a saturated aqueous solu 
tion of sodium chloride in this order. The organic phase Was 
dried over magnesium sulfate, and then the solvent Was 
distilled off under reduced pressure. The resulting residue 
Was puri?ed by ?ash column chromatography (8% ethyl 
acetate/hexane) to give colorless oily compound 5 (173 mg, 
56%). 
[0100] 1H-NMR: 6 0.51-0.71 (21H, m), 0.89-1.07 (33H, 
m), 1.19 (6H, s), 3.48-3.71 (4H,m), 3.76 (1H, brd, J=3.6 HZ), 
3.82-3.91 (1H, m), 4.02-4.13 (1H, m), 5.30-5.36 (1H, m), 
5.6 (1H, brd, J=5.6 HZ); 

[0101] IR(neat)cm : 3465(br), 2955; 

[0102] MS(IIl/Z)Z 818(M+), 75 (100%), 
[0103] UVkmax nm: 293, 282, 271. 
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Example 4 

PTAD Adduct of 2B-(2-hydroxyethyloxy)-1ot,3[3,25 
tris(triethylsilyloxy)cholesta-5,7-diene (Compound 

6) 
[0104] To a dichloromethane (15 ml) solution of com 
pound 5 (173 mg, 211 pmol) obtained in Example 3, a 
dichloromethane (5 ml) solution of PTAD (37 mg, 211 
pmol) Was added until the reaction mixture turned red, and 
the mixture Was stirred for 30 minutes at 15 to 30° C. The 
reaction mixture Was concentrated under reduced pressure, 
and the residue Was puri?ed by preparative thin-layer chro 
matography (preparative TLC; 25% ethyl acetate/hexane) to 
give pale yelloW, oily compound 6 (173 mg, 82%). 

[0105] lH-NMR: 6 051-082 (21H, m), 0.89-1.01 (30H, 
m), 1.05 (3H, s), 1.19 (6H, s), 3.00 (1H, dd, J=13.9, 4.6 HZ), 
3.58-3.71 (4H, m), 3.83-3.89 (2H, m), 3.91(1H, brd, J=3.0 
HZ), 4.90-4.99 (1H, m), 6.23 (1H, d, J=8.3 HZ), 6.36 (1H, d, 
J=8.3 HZ), 7.23-7.49 (5H, m); 

[0106] IR(neat)cm_1: 3580 (br), 2950, 1750, 1695; 
[0107] MS(IIl/Z)Z 818 (M+-PTAD), 103(100%), 
[0108] UVkmax nm: 258, 218, 206. 

Example 5 

PTAD Adduct of 2[3-(2-iodoethyloxy)-1 01,36,25 
tris(triethylsilyloxy)cholesta-5,7-diene (Compound 

7) 
[0109] To a dichloromethane (6.7 ml) solution of com 
pound 6 (173 mg, 174 pmol) obtained in Example 4, 
triphenylphosphine (123 mg, 469 pmol) and imidaZole (32 
mg, 470 pmol), iodine (75.2 mg, 296 pmol) Was added, and 
the mixture Was stirred in an argon atmosphere for 80 
minutes at 15 to 30° C. The reaction mixture Was poured into 
a 10% solution of sodium thiosulfate, and extracted tWice 
With dichloromethane. The organic phase Was dried over 
magnesium sulfate, and then the solvent Was distilled off 
under reduced pressure. The residue Was puri?ed by pre 
parative TLC (10% ethyl acetate/hexane) to give colorless 
oily compound 7 (188 mg, 98%). 

[0110] lH-NMR: 6 052-073 (18H, m), 0.81 (3H, s), 
0.88-1.01 (30H, m), 1.07 (3H, s), 1.19 (6H, s), 2.97 (1H, dd, 
J=13.9, 4.6 HZ), 3.20-3.34 (2H, m), 3.66 (1H, brt, J=3.3 HZ), 
3.69-3.81 (1H, m), 3.97 (1H, brd, J=3.3 HZ), 4.11-4.22 (1H, 
m), 4.86-4.96 (1H, m), 6.23 (1H, d, J=8.3 HZ), 6.35 (1H, d, 
18.3 HZ), 7.22-7.49 (5H, m); 

[0111] IR(neat)cm_1: 2980, 1765, 1715; 
[0112] MS(IIl/Z)Z 928 (M+-PTAD), 75 (100%), 
[0113] UVkmax nm: 256, 204. 

Example 6 

PTAD Adduct of 2B-(2-cyanoethyloxy)-1ot,3[3,25 
tris(triethylsilyloxy)cholesta-5,7-diene (Compound 

8) 
[0114] To a solution, in dimethyl sulfoxide (26 ml) and 
THE (15 ml), of compound 7 (180 mg, 163 pmol) obtained 
in Example 5, a dimethyl sulfoxide (8 ml) solution of 
sodium cyanide (8.0 mg, 163 pmol) Was added, and the 
mixture Was stirred in an argon atmosphere for 3.5 hours at 
50° C. The reaction mixture Was poured into ice Water, 
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extracted twice With a solvent mixture of ethyl acetate and 
hexane (10:1), and Washed once With Water. The organic 
phase Was dried over magnesium sulfate, and then the 
solvents Were distilled off under reduced pressure. The 
residue Was puri?ed by preparative TLC (15% ethyl acetate/ 
hexane) to give colorless oily compound 8 (141 mg, 87%). 

[0115] 1H-NMR: 6 0.51-0.75 (18H, m), 0.80 (3H, s), 
0.89-1.02 (30H, m), 1.05 (3H, s), 1.19 (6H, s), 2.98 (1H, dd, 
J=13.9, 4.6 HZ), 3.66 (1H, brt, J=3.3 HZ), 3.71-3,79 (1H, m), 
3.93(1H, brd, J=3.0 HZ), 4.06-4.13 (1H, m), 4.90-4.98 (1H, 
m), 6.23 (1H, d, J=8.3 HZ), 6.35 (1H, d, J=8.3 HZ), 7.22-7.49 
(5H, H1); 
[0116] IR(neat)cm_1: 2955, 2250, 1750, 1700; 

[0117] MS(IIl/Z)Z 827 (M+-PTAD), 75 (100%), 

[0118] UVAkmax nm: 258, 204. 

Example 7 

PTAD Adduct of 2B-(2-methoxycarbonylethyloxy) 
101,3[3,25-trihydroxycholesta-5,7-diene (Compound 

9) 
[0119] To a diethyl ether (6.6 ml) solution of compound 8 
(75 mg, 74.9 pmol) obtained in Example 6, a methanol 
solution of hydrogen chloride gas (3.3 ml, corresponding to 
735 mg of hydrogen chloride) Was added, and the mixture 
Was stirred in an argon atmosphere for 6.5 hours at 15 to 30° 

C. The reaction mixture Was concentrated under reduced 
pressure, and the residue Was puri?ed by preparative TLC 
(ethanolzdichloromethane =1:10) to give colorless oily com 
pound 9 (13 mg, 25%). 

[0120] lH-NMR: 6 0.80 (3H, s), 0.96 (3H, d, J=6.3 HZ), 
1.00 (3H, s), 1.21 (6H, s), 2.59 (2H, t, J=5.6 HZ), 3.08-3.18 
(1H, m), 3.70 (3H, s), 3.78-3.98 (4H, m), 4.68-4.78 (1H, m), 
6.20 (1H, d, J=8.3 HZ), 6.40 (1H, d, J=8.3 HZ), 7.25-7.42 
(5H, H1); 
[0121] IR(neat)cm_1: 3445 (br), 2950, 1740, 1690; 

[0122] MS(IIl/Z)Z 518 (M+-PTAD), 60 (100%). 

Example 8 

2[3-(2-methoxycarbonylethyloxy)-1ot,3[3,25-trihy 
droxycholesta-5,7-diene (Compound 10) 

[0123] ADMI (3 ml) solution of compound 9 (18 mg, 26.0 
pmol) obtained in Example 7 Was stirred in an argon 
atmosphere for 1 hour at 140° C. The reaction mixture Was 
left to cool, and then poured into Water. The mixture Was 
extracted tWice With a solvent mixture of ethyl acetate and 
hexane (4:1), and Washed With Water tWice. The organic 
phase Was dried over magnesium sulfate, and then the 
solvents Were distilled off under reduced pressure. The 
residue Was puri?ed by preparative TLC (1% ethanol/ethyl 
acetate) to give White poWdery compound 10 (8 mg, 59%). 

[0124] lH-NMR: 6 0.63 (3H, s), 0.96 (3H, d, J=6.6 HZ). 
1.00 (3H, s), 1.20 (6H, s), 2.61 (2H, t, J=5.8 HZ), 3.64-3.85 
(4H, m), 3.74 (3H, s), 3.90-4.01 (1H, m), 5.31-5.39 (1H, m), 
5.62-5.69 (1H, m); 
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[0125] IR(KBr)cm_1: 3420 (br), 2960, 1725; 

[0126] MS(IIl/Z)Z 518 (M*), 60 (100%), 

[0127] UVkmax nm: 294, 282, 271. 

Example 9 

2[3-(2-methoxycarbonylethyloxy)- 101,3[3 ,25 -trihy 
droxy-9,10-secocholesta-5 ,7,10(1 9) -triene (Com 

pound 2) 

[0128] An ethanol (200 ml) solution of compound 10 (8 
mg, 15.4 pmol) obtained in Example 8 Was irradiated With 
light for 95 seconds With the use of a 400 W high pressure 

mercury lamp-Vycor ?lter, With ice cooling and under 
bubbling With an argon gas. Then, the irradiated solution 
Was heated under ref lux for 2 hours. The solvent Was 

distilled off under reduced pressure, and the residue Was 

puri?ed by preparative TLC (1% ethanol/ethyl acetate) to 
give White foamy compound 2 (2 mg, 25%). 

[0129] lH-NMR: 6 0.55 (3H, s), 0.93 (3H, d, J=6.3 HZ), 
1.22 (6H, s), 2.66 (2H, t, J=5.1 HZ), 3.26 (1H, dd, J-9.1, 2.8 
HZ), 3.73 (3H, s), 3.74-3.83 (1H, m), 3.92-4.02 (1H, m), 
4.24-4.32 (2H, m), 5.08 (1H, s), 5.53 (1H, s), 6.06 (1H, d, 
J=11.4 HZ), 6.36 (1H, d, J=11.4 HZ); 

[0130] IR(neat)cm'1: 3460 (br), 2925, 1735; 

[0131] MS(IIl/Z)Z 518 (M*), 60 (100%), 

[0132] UVkmax nm: 264, min nm: 229. 

Test Example 

[0133] Compound 2 of the present invention Was evalu 
ated for af?nity for a chick small intestine vitamin D 
receptor and a rat plasma vitamin D binding protein in 
comparison With 1ot,25-dihydroxyvitamin D3 or 25-hydrox 
yvitamin D3. 

[0134] Speci?cally, a 3H-1ot,25-dihydroxyvitamin D3 
solution (to test af?nity for a chick small intestine vitamin D 
receptor) or a 3H-25-hydroxyvitamin D3 solution (to test 
af?nity for a rat plasma vitamin D binding protein) Was 
mixed With a solution of a test compound (1ot,25-dihydrox 

yvitamin D3, 25-hydroxyvitamin D3, or compound 2) at 
various-concentrations. Asolution of a chick small intestine 

vitamin D receptor, or a solution of a rat plasma vitamin D 

binding protein Was added, and the resulting mixture Was 
left to stand. Then, a dextran coated charcoal solution Was 

added, and the mixture Was left to stand in ice cooling, and 
centrifuged. To the supernatant, a liquid scintillator Was 
added, and the mixture Was measured for radioactivity. B/BO 
(B=the value of radioactivity measured upon addition of the 
test compound, BO=the value of radioactivity measured 
Without addition of the test compound) Was calculated to 

?nd the concentration of the test compound at Which B/BO= 
0.5. The results are shoWn in Tables 1 and 2. 
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TABLE 1 

Comparative Experiments on A?inity of 
Vitamin D Derivatives for Chick Small 

Intestine Vitamin D Receptor 

1,25-Dihydroxyvitamin D3 Compound 2 

50% binding 0.046 0.455 
ability (ng) 
Ratio 1 1/9.9 

(50% binding ability refers to the amount of the test compound providing 
B/B0 = 0.5) 

[0135] 

TABLE 2 

Comparative Experiments on A?inity of 
Vitamin D Derivatives for rat plasma vitamin 

D binding protein 

25-Hydroxy- 1,25-Dihydroxy 
vitamin D3 vitamin D3 Compound 2 

50% binding 0.209 27 4 
ability (ng) 
Ratio 129 1 1/6.8 

(50% binding ability refers to the amount of the test compound providing 
B/B0 = 0.5) 

[0136] As shown in Tables 1 and 2, the compound of the 
present invention has a?inity for a vitamin D receptor and a 
vitamin D binding protein. 

[0137] Industrial Applicability 

[0138] The compound of the present invention has affinity 
for a vitamin D receptor and a vitamin D binding protein, 
and is useful as a drug, for example, a drug for treatment of 
diseases due to abnormal calcium metabolism. The com 
pound is considered to be a metabolite of a vitamin D 
derivative having a substituent at the 2[3-position, especially, 
2[3-(3-hydroxypropoxy)-1a,25-dihydroxyvitamin D3. This 
compound can advantageously be used as an authentic 
sample to identify the derivative. 
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What is claimed is: 
1. A steroid compound of the general formula (II) 

<11) 

Wherein 

A denotes a straight chain or branched chain alkylene 
group With 2 to 10 carbon atoms; 

X denotes a halogen atom; 

Ra, Rb and Rc denote, independently of each other, a 
hydrogen atom or a hydroxyl group protecting group; 
and 

RP, Rq, Ry and RZ are such that 

Rp and Rq together form a double bond betWeen the 
5-position and the 6-position and Ry and RZ together 
form a double bond betWeen the 7-position and the 
8-position or 

Rq and Ry together form a double bond betWeen the 
6-position and the 7-position and Rp and RZ are 
bound to a dienophile capable of protecting conju 
gated double bonds. 

2. A steroid compound as claimed in claim 1, Wherein A 
is a straight chain alkylene group With 2 to 10 carbon atoms; 
and X is an iodine atom. 


