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| FIELD OF THE INVENTION
- This invention relates to a 22-oxacholecalciferol
derivative expected useful as a drug, an intermediate
for the same, and a process for preparing the 22-
oxacholecalciferol derivative using the intermediate.

BACKGROUND OF THE INVENTION

22-0xacholecalciferol derivatives have hitherto
been prepared by, for example, the process starting with

a compound represented by formula (II):

(I1)

wherein R. represents a hydrogen atom, a hydroxyl group

or a protected hydroxyl group; Rs represents a hydroxyl

group or a protected hydroxyl group; and Re and R~ repreeent
a hydrogen atom respectively or they are taken together to
form a double bond,

as disclosed in’Japanese Patent Public Disclosure No.
267550/86. This process, as illustrated by the following
reaction scheme (1), comprises reacting the compound of
formula (II) with 1—bromo-3-propene in the presence of

a basic catalyst to form a 20S-(3-butenyloxy) compound,




fror ther san®, and a process for preparing the 22- oxachol ecal ci ferol
derivative using the internediate. BACKGROUND OF THE | NVENTI ON

22- Oxachol ecal ci ferol derivatives have hitherto been prepared by, for
exanpl e, the process starting with a conpound represented by formula (I1):
wherein R err] represents a hydrogen atom a hydroxyl group

oxidizing the 20S-(3-butenyloxy) compound with oxygen in
the presence of a catalyst to obtain a 20S-(3-oxobutyloxy)
compound, and reacting the 20S-(3-oxobutyloxy) compound
with a Grignard reagent to obtain a 208-(3—hydroxy-3¥

5 methylbutyloxy) compound.

|Reaction Scheme (1)]

Y

Base

However, the above process requires complicated
operation. In addition, since the reaction between
the compound (II) and 1-bromo-3-propene is attended by

10 by-production of a 20S-(2-butenyloxy) compound in.a
considerable proportion, resulting in a low yield of
the desired compound, and separation and purification

of the desired compound involves difficulty.
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or a protectsed hydroxyl group; R err] represents a hydroxyl group or a

prot ected hydroxyl group; and R err] and Rlerr] represent a hydrogen atom
respectively or they are taken together to forma doubl e bond, as discl osed
in Japanese Patent Public Disclosure No. 267550/86. This process, as
illustrated by the follow ng reaction schene (1), conprises reacting the
conpound of -

. DISCLOSURE OF THE INVENTION

As a result of extensive investigations, the
inventors have found a technique for constructing the side
chaih by O-alkylating the 20-hydroxyl group with a compound

5 represented by formula (III):

CH2=CH-CORs (I11)

wherein Rs represents a dialkylamino group haviﬁg from 1 to

5 carbon atoms,

and reached the present invention based on this finding.

The process of the present invention starts from a compound

10 represented by formula (II):

(1I)

wherein R. represents a hydrogen atom, a hydroxyl group or
a protected hydroxyl group; Rs represents a hydroxyl group
or a protected hydroxyl group; and Re and R+ represent a
hydrogen atom respectively or they are taken together to
15 form a double bond. |
The compound of formula (II) can be synthesized by,

for example, the process disclosed in Japanese Patent Public

Disclosure No. 287550/86.
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formulaz(l1) with 1-bronp-3-propene in the presence of a basic catalyst to
forma 20S-(3-butenyl oxy) conpound, 9609648-0 -2-

10

15

20

25

Where starting with the compound of formula (II) in
which the hydroxyl group(s) are protected, the protecting
groups for a hydroxyl group include those which are not
released under a basic condition, such as lower alkylsilyl
groups, e.g., a trimethylsilyl group, a triethylsilyl
group, and a t—butyldimethylsilyl group, with a t-
butyldimethylsilyl group being preferred.

The compound of formula (II) is reacted with a

compound represented by formula (III): i
CH==CH~CORs (I11)

wherein Resrepresents a dialkylamino group having from 1
to 5 carbon atoms, in the presence of a basic catalyst.

Examples of the compound of formula (III) include
acrylamide compounds, such as dimethylacrylamide and
diethylacrylamide.

Examples of suitable bases which can be used in the
reaction include metal hydroxides, such as sodium hydroxide,
potassium hydroxide, and calcium hydroxide; and metal
hydrides, such as sodium hydride, potassium hydridé, and -
calcium hydride.

Wheriha metal hydroxide is used as a base, an organic
solvent which increases solubility of the reactant reagents
and is easily miscible with water and stable to an alkalil
is used. Such solvents preferably include ethers, e.g.,.
tetrahydrofuran (hereinafter abbreviated as THF), dioxane,

and diglyme. A water-immiscible organic.solvent may also be
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oxi di zimg the 20S-(3-butenyl oXY) conmpound with oxygen in the presence of a
catalyst to obtain a 20S-(3-oxobutyl oxy) conpound and reacting the

20S- ( 3- oxobut yl oxy) conmpound with a Grignard reagent to obtain a :
?OS-(B-hydroxy-B- met hyl but yl oxy) conpound. [Reaction Schene (1)] OH

used if stable to an alkali. Such solvents include aromatic
hydrocarbons, e.g., toluene, xylene, and benzene. In the
latter cases, it is preferable to us a phase transfer
catalyst, preferably a tetrabutylammonium salt. Where a

5 metal hydride is used as a base, it is preferable to use
the above-mentioned solvents after drying. That is, an
ether, such as THF, dioxame or diglyme, or an aromatic
hydrocarbon, such as toluene, xylene or benzene, is used
as dried. Preferred of them is THF. - i

10 While the reaction temperature and time may be
selected appropriately, it is recommehded to carry out
the reaction at room temperature or lower in order to
prevent thes acrylamide compound (III) from polymerizing.

The resultant éompound. as represented by formula

15 (IV) shown below, is a novel compound which is useful as an-

intermediate for synthesizing various 22-oxacholecalciferol

derivatives.

The intermediate product represented by formula (IV):

X ‘/O\/\COR8

(IV)

wherein R4, Rs, Re, R», and Re are as defined above,

20 is then reacted with a compound represented by formula (V):

This Sheet Has Been Rei

oo (WA




|- ' s Br~--r R4 X 'PIH 6 7Base
Catlyst Rs S.-NR6 . ' Rs R6 CH3M Br L

‘a RS _ o 6 However, the above process requires
conplicated operation. In addition, since the reaction between

. ReX (V)

wherein Re represents a lower alkyl group having from 1
to 5 carbon atoms:; and X represents an alkali metal,
an alkaline earth metal halide or a cerium halide,

to obtain a compound represented by formula (VI):

(VI)

5 wherein Rz and Ra, which may be the same or different,
each represent a lower alkyl group having from 1 to §
carbon étoms; and Rs, Rs, Re, and R+ are as defined above.

Typical examples of the compound of formula (V) éfe
methyl lithium, butyl lithium, methylmagnesium bromide,

10 ethylmagnesium bromide,. and methylcerium chloride.

An aprotic solvent in which the organometallic
compound does not decompose and by-production can be
controlled is suitably used. Examples of preferred solvents
are ethers, such as THF and dimethyl ether. These solvents

15 are used in a dehydrated state in a known manner. While the
reaction temperature and time may be selected appropriately,
it is recommended to carry out the reaction at a temperature

of from -3¢ up to room temperature for a period of frbm
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t he conpound® (11) and 1-brono-3-propene is attended by by-production of a
20S- ( 2- but enyl oxy) conpound in a considerable proportion, resulting in a
| ow yield of the desired conpound, and separation and purification of the
desired conpound involves difficulty.
several tens of minutes to several hours so as to prevent
the compound (IV) as much as possible from returning to the
former compound (II) due to elimination reaction.
Where Re and R~ in the resulting compound (IV) each
5 represent a hydrogen atom, the compound must be converted
to a compound wherein Re and Rr are taken together to form
a double bond, i.e., a 5,7-diene compound, before it is led.
to a vitamin D skeleton. This can easily be achieved in
a usual manner, for-example, by the process descfibed in
10 Japanese Patent Public Disclosure No. 71055/78 as shown by

the following reaction scheme (2):
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-3- DI SCLOSURE OF THE I NVENTION As a result of extensive investigations,
the inventors have found a technique for constructing the side chain by

0-al kyl ati ng the 20-hydroxyl group with a compound represented by fornula
(rn): '

[Reaction Scheme (2)]

wherein Rz, Rs, Ra, and Rs are as defined above.
That is, the 7-position of the steroid skeleton
is halogenated with an allyl-position halogenating
5 reagent, and the resulting compound is then subjected

to déhydrohalogenation with a base to obtain a 5,7-diene

compound .
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CH2=CH €OR[ err ] (I'11) wherein R err] represents
a di al kyl am no group having from1 to 5 carbon atons, and reached the
present invention based on this finding. The process of the present
i nvention starts froma conpound represented by formula (11): wherein
Rlerr] represents a hydrogen atom a hydroxyl group or
The allyl position halogenating reagent which can be
used includes N-bromosuccinimide, N-chlorosuccinimide, and
1,3-dibromo-5,5~-dimethylhydantoin. Solvents inert to
halogenation reaction, preferably non-polar solvents, e.g.,
5 n-hexane and carbon tetrachloride, are used. If desired,
reaction may be accelerated by irradiation or by addition of
a radical reaction initiator, such as azobisiscobutyronitrile:
(hereinafter abbreviated as AIBN).
The base which can be used for the ;.

10 dehydrohalogenation reaction includes organic béses. such
as 2,4,8-trimethylpyridine (y-collidine), 2,6-lutidine, and
pyridine type lon-exchange resins; and inorganic bases, such
as lithium carbonate and potassium carbonate. While the
kind of the reaction solvent, the reaction temperature, and

15 the reaction time may be decided appropriately depending on
the kind of the base used, it is recommended to carry out
the reaction by hgating under reflux in toluene in the
presence of y-collidine aé a base'for a period of about
10 minutes.

20 The above reaction is sometimes aécompanied by
by-production of a 4,6-diene compound due to double bond
shift in addition to the desired 5,7-diene compound. .This
being the case, purification may be effected by directly
subjecting the reaction mixture to column chromatography

25 on silica gel, or by 1,4-addition of a compound represented
by formula (VII):

—
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a protected-hydroxyl group; Rs represents a hydroxyl group or a protected
hydroxyl group; and Rlerr] and Rlerr] represent a hydrogen atom
respectively or they are taken together to forma doubl e bond. The conpound
of fornmula (11) can be synthesized by, for exanple, the process disclosed

I n Japanese Patent Public D sclosure No. 267550/ 86.

. P |
N

N N-Ryo
o) (V1I)

to the 5,7-diene compound, isolating the 1,4-adduct, and
subjecting the adduct to release elimination reaction to
restore the 5,7-diene compound. In the above addition
reaction, the 4,6-diene compound doés ﬁot form &n adduct.
5 Elimination reaction of a 1,4-adduct has
conventionally been performed by using a powerful reducing
agent, such as lithium aluminum hydride, or an inorganic
base in a high-boiling solvent and is inapplicable to an
adduct having such a functional group as cannot withstand
10 a reduction reaction or a functional group instable to a
base. Therefore, adoption of the conventional eliminatioh
reaction as a mefhod forlseparation and purification as in
the present invention has been limited.
In this regard, the inventors have found a technique
15 for accomplishing the elimination reaction under a neutral
condition without adversely affecting most functional
groups, the technique comprising heating the 1,4-adduct
in an aprotic polar solvent, such as 1,3-dimethyl-2-
imidazolidinone (hereinafter abbreviated as DMI) or N,N-
20 = dimethylformamide (hereinafter abbreviated as DMF), in
the absence of a catalyst to release a desired compound
in high yield. While the reaction temperature and time

may be selected appropriately, it is recommended for
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-4- \Were starting with the conpound of fornmula (I1) in which the hydroxyl

group(s) are protected, the protecting groups for a hydroxyl group include
t hose which are not

minimizing by-products and ensuring a high yield to carry.
out the reaction in DMI at a temperatﬁre of from 10C to
150 C for several hours.
The compound of formula (VII) which can be used in
5 - the present invention preferably includes 4-phenyl-1,2,4-
triazoline-3,5-dione.
Where R« or Rs in the thus obtained compound of
formula (VI) in which Re and R» are taken together to form
a double bond is a protected hydroxyl group, theiprotecting
10 &roup is removed in a usual manner to provide a.compound
wherein Rsa or Rs is a hydroxyl gfoup.
The resulting compound can easily be converted to a

22-oxacholecalciferol derivative represented by formula (I):

b, O Ry

(I)

HO" R,

wherein R. represents a hydrogen atom or a hydroxyl group;
15 and Rz and Rs, which may be the same or different, each

represent a lower alkyl group having from 1 to § garbon

atoms,

in a known manner, for example, in accordance with the

process described in Japanese Patent Public Disclosure'
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rel eased under a basic condition, such as |ower alkylsilyl groups, e.g., a
trimethylsilyl group, a triethylsilyl group, and a t-butyldi nmethylsilyl
group, with a t- butyldinethylsilyl group being preferred. The conpound of
formula (11) is reacted with a conpound represented by formula (I11):
CHerr]=CHCOR err]. (ren)
No. 84555/75, which consists of light irradiation in
an inert solvent followed by thermal isomerization..
The compound of formula (I) wherein R. is a hydrogen
atom; and Rz= and Rs each represent a lower alkyl group,
5 such as a methyl group, is a novel 22-oxacholecalciferol
derivative exhibiting differentiation inducing activity
and cell proliferation inhibitory activity.
The present invention will now be illustrated in
greater detail with reference to Examples, but the present
10 invention should not be construed as being limited thereto.

EXAMPLE 1

Preparation of 1la,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna-5,7,10(18)-triene

1) Preparaf&on of 1a,38-Bis(t-butyldimethylsilyloxy)-20S-{2-
15 (dimethylaminocarbonyl)ethyloxy}-5~pregnene:

In 12 8 of THF was dissolved 1.95 kg of la,38-bis(t-
butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the
solution was cooled to ® C. To the solution were added
1.06 kg of dimethylacrylamide and 215 g of sodium hydride,

20 and the mixture was allowed to react at ¢ C for 8 hours.
After cooling, 2.8 2 of a saturated ammonium chloride
aqueous solution was added dropwise to the reaction mixtufe,
and 15 £ of a saturated sodium chloride aqueous solution and
18 2 of ethyl acetate were added thereto. The organic layer

25 was washed with a saturated aqueous solution, dried over
anhydrous magnesium sulfate, and concentrated to remove the
solvent. To the residue was added 6 ¢ of n-hexane, and the

thus formed crystal was collected by filtration and dried

to obtain 1.66 kg (73%) of the title compound.
. This. Sheet Has Been Replaced -
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wherei n: Rs represents a dial kyl am no group having from1l to 5 carbon atons,
I n the presence of a basic catal yst. Exanples of the conpound of formula
(I'11) include acryl am de conpounds, such as di nethyl acryl am de and

di et hyl acryl anm de. Exanpl es of suitable bases which can be used in the
reaction include nmetal hydroxides, such as sodi um hydroxi de,

Melting point: 148-150 C (as recrystallized from methanol)
IR (Kbr) cm—*:
2956, 2860, 1652, 1254, 1068, 890, 840, 772
1H-NMR (CDCls) 6:
0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,
s), 0.64 (3H, s), 0.88 (6H, s), 0.95 (3H, s), 1.15
(3H, d, J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (1H, m),
2.93 (3H, s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H,
m), 3.76 (1H, brs), 3.886 (1H, m), 3.90 (1H; m), 5.46
(1H, 4, J=5.6Hz) .
Elementary Analysis for CasH7aNO.Siz:
Cacld. (%): C 68.93; H 10.81; N 2.12; Si 8.48
Found (%): C 68.83; H 10.84; N 2.18; Si 8.5
2) Preparation of 1la,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5-pregnene:
Cerium (III) chloride heptahydrate (3.08 kg) was
dehydrated in an electrical oven at 250’C for 2 hours,
5 and the resulting anhydrous compound was further dried
in vacuo in a reaction vessel at 120 C for 3 hours. After
purging the reaction vessel with argon, 8.0 € of dried THF
was added thereto, foilowed by stirring at room temperature
for 1 hour. The mixture was cooled to -20 C, and 7.5 2 of
10 a 1 mol/¢ THF solution of methylmagnesium bromide was added
thereto, followed by allowing the mixture to react for
30 minutes. To the reaction mixturé was added 1.62 kg
of la,38-bis(t-butyldimethylsilyloxy)-20S-{2-
{dimethylaminocarbonyl)ethyloxy}-5-pregnene, and the

15 mixture was reacted at that temperature for 30 minutes.
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pot assi um hydroxi de, and cal ci um hydroxi de; and netal hydrides, such as
sodi um hydri de, potassium hydride, and cal ci um hydri de. \Were a netal
hydroxi de is used as a base, an organic solvent which increases solubility
of the reactant reagents and is easily mscible with water and stable to an
is used. Such solvents preferably include ethers, e.qg.,

al kal i

10

The reaction mixture was added dropwise to 20 ¢ of water
having dissolved therein 1.0 kg of ammonium chloride. The
organic layer was separated, and the aqueous layer was re-
extracted with 10 2 of ethyl acetate. The organic layers
were combined and dried over anhydrous magnesium sulfate,
followed by concentration to remove the solvent to give
la,38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5-
pregnene.
Melting point: 105-106 C (as recrystallized from methanol)
IR (KBr) cm—*:. _ .
2936, 1728, 1464, 1378, 1258, 1096, 886, 872, 838,
774
1H-NMR (CDCla) &:
0.03 (3H, s), 0.04 (3H, s), 0.06 (3H, s), 0.08 (3H,
s), 0.80 (3H, s), 0.87 (18H, s), 0.99 (3H, s), 1.14
(3H, 4, J=5.6Hz), 2.15-2.28 (5H, m), 2.61 (2H, m),
3.23 (1H, m), 8.52 (1H, m), 3.77 (1H, brs), 3.80 (1H,
m), 3.98 (1H, m), 5.44 (1H, d, J=5.6Hz)
Elementary Analysis for Cs~HesO4Siz:
Calecd. (%): € 70.19; H 10.83; Si 8.87
Found (%): € 70.05; H 10.81; Si 8.9
The product was again subjected to the above-
mentioned reaction to obtain a crude title compound.
The crude product was suspended in methanol, and the
precipitated crystal was collected by filtration and

dried to afford 1.12 kg (73%) of the title compound.
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t-et rahydr of uran (hereinafter abbrevi dhis@hes Hﬁﬁ
wat er -i mm sci bl e organi ¢ sol vent nmay a uﬂﬂ

al kali. Such solvents |nclude aronati c
Melting Point: 168-169 C (as recrystallized from methanol)

mm&a and diglyne. A
used if stable to an

IR (KBr) cm—*
3540, 2980, 1464, 1382, 1258, 1150, 1090, 972, 888,
872, 838, 812, 774
*H-NMR (CDCla) 6:l-
0.03 (34, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,
s), 0.66 (3H, s), 0.88 (18H, s), 0.95 (3H, s), 1.18 .
(3H, s), 2.20-2.28 (2H, m), 3.25 (1H, m), 3.47 (1H,
m), 3.76 (1H, brs), 3.81 (1H, m), 4.85 (1H, m), 5.45
(1H, d, J=5.6Hz) .
Elementary Analysis for CasH7204S1z:
Caled. (%): C 70.31; H 11.18; Si 8.65
Found (%): C 70.41; H 11.10; Si 8.7
3) Preparation of 1la,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:
In 300 m¢ of n-hexane was dissolved 32.5 g of
la,38-bis(t-butyldimethylsilyloxy)-20S-(3-methyl-3-
'5  hydroxybutyloxy)-5-pregnene, and 11.1 g of N-
bromosuccinimide (hereinafter abbreviated as NBS) and
2.46 g of AIBN were added thereto, followed by heating
under reflux for 30 minutes. After cooling, any insoluble
matter was removed by filtration, and the mother liquor
10 was concentrated. The residue was dissolved in 200 mg of
toluene, and 25 m¢ of r-collidine was added to the solution,
followed by heat-refluxing for 1 hour. 'After cooling, any
insoluble matter was femoved by filtration, and to the
filtrate was added 200 m2 of n-hexane. The reaction mixture

15 was washed successively with 300 m¢ of 1N hydrochloric'acld.

- 15 -



hydr ocarbons, e.g., toluene, xylene, and benzene. In the latter cases, it
Is preferable to us a phase transfer catalyst, preferably a
tetrabutyl amonium salt. Wiere a netal hydride is used as a base, it is
preferable to use the above-nentioned solvents after drying. That is, an
ether, such as THF, di oxane or diglynme, or an aromatic hydrocarbon, such as
tol uene, xylene or benzene, is used -
200 m¢ of a saturated sodium hydrogencarbonate aqueous
solution, and 200 m¢ of a saturated sodium chloride aqueous
solution. The organic layer was dried over anhydrous
magnesium sulfate, followed by concentration to about
5 100 m@. To the concentrate was added 500 m¢ of
acetonitrile, and the mixture was stirred under cooling
with ice for 1 hour. The thus precipitated crystal was
collected by filtration, the resulting crude crystal was
dissolved in 100 m¢ of ethyl acetate, and the solution
10 Wwas added to 500 m# of acetonitrile. The mixture was
stirred while cooling with ice for 1 hour, and the crystal
formed was collected by filtration and dried to obtain
12.8 g (40%) of the title compound.

Purification by‘;J4—Addition:

15 The mother liquor left after collection of the above
crude crystal and that after collection of the purified
crystal were combined and concentrated. The concentrate
was dissolved in 200 m€ of methylene chloride, and 3.0 g of
4-phenyl-1,2,4-triazoline-3,5-dione (hereinafter abbreviated

20 &as PTAD) was added thereto, followed by stirring at room
temperature for 30 minutes. The solvent was removed by
evaporation, and the residue was purified by silica gel
column chromatography using a 3:1 (by volume) mixture of
n-hexane and ethyl acetate as an eluent to obtain 3.63 g

25 of a PTAD 1,4-adduct as an olly substance.

IR (XBr) cm—*

2960, 2864, 1756, 1704, 18656, 1474, 1400, 1254, 1104,

—

1058, 838, 7786
Sheet Has Been Reflaced
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as dried. Preferred of themis THF. Wiile the reaction tenperature and tine
may be sel ected appropriately, it is recoomended to carry out the reaction
at roomtenperature or lower in order to prevent the acryl am de conpound
(111) from polymerizing. The resultant conmpound, as represented by fornula
(1'V) shown below, is a novel conmpound which is useful as an
1H-NMR (CDCls) &:
0.03-(3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.10 (3H,
s), 0.70 (3H, s), 0.82 (3H, s), 1.11 (18H, s), 1.17
(3H, m), 1.29 (6H, s), 2.34 (1H, m), 2.44-2.55 (2H,
m), 3.16 (1H, m), 3.28 (1H, m), 3.40 (1H, m), 3.53-
3.74 (2H, m), 4.67 (1H, m),.6.10 (1H, 4, J=8.3Hz),
6.26 (1H, d4, J=8.3Hz), 7.15-7.37 (5H, m)
Elementary Analysis for CaeHzsNs0DaeSi=:
Calecd. (%): C 67.19; H 9.91; N 5.11 R
Found (%): C 66.85; H 8.97; N 5.086 .
The resultant 1,4-adduct was dissolved in 36 m¢-
of DMI, and the solution was heated at 14¢ C for 2 hours.
After cooling, 40 m2 of n-hexane was added thereto, and the
mixture was washed three times with a saturated sodium
5 chloride aqueous solution and dried over anhydrous magnesium
sulfate. The solvent was distilled away, and the residue
was cfystallized from 20 mg of methanol to obtain 1.7 g
(5.3%) of the title compound, giving the total yield of
14.5 g (45.3%).
.Melting Point: 150-151 C (recrystallized from
acetonitrile)
IR (KBr) cm—*:
3540, 2964, 2864, 1464, 1382, 1258, 1150, 1100, 1084,
970, 880, 838, 774
1H-NMR (CDCls) 6:
0.05 (3H, s), 0.06 (6H, s), 0.10 (3H, s), 0.60 (3H,
s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, 4,

J=3.2Hz), 1.22 (3H, s), 1.23 (3H, s), 2.30-2.36 (2H,
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i ntermedi at e for synthesizing various 22-oxachol ecal ci ferol derivatives.
The internedi ate product represented by formula (1V): wherein Rerr],
Rlerr], Rerr], R, and Rerr] are as defined above, is then reacted with a

conpound represented by fornula (V):
m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.69.
(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, d,
J=5.6Hz), 5.58 (1H, m)
Elementary Analysis for CssH7z004Si=z:
Calcd. (%): C 70.53; H 10.90
Found (%): C 70.16; H 10.83
4) Preparation of la,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-5,7-pregnadiene: |
In 70 m¢ of THF was dissolved 14.3 g of 1¢,38-bis(t-
butyldimethylsilyloxy)—ZOS-(3-methy1-3-hydroxybﬁtyloxy)-5.7-
5 pregnadiene, and 133 m2 of a 1 mol/2 THF solution of tetra-
n-butylammonium chloride (hereinafter abbreviated as.TBAF)
was added thereto, followed by heating under reflux for
2 hours. To the reaction mixture was added 100 m¢ of. ethyl
acetate, and the mixture was washed successively with 0.5N
10 hydrochloric acid, a saturated sodium hydrogencarbonate
‘aqueous solution, and a saturated sodium chloride aqueous
solution and dried over anhydrous magnesium sulfate. The
solvent was removed by distillation. -Crystallization of
the residue from acetone furnished 8.59 g (93%) of the
15 title compound.
Melting Point: 181-183 C (recrystallized from
acetonitrile) |
IR (KBr) cm—2

3388, 2972, 2880, 1464, 1378, 1224, 1154, 1084, 1050
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wherein R err]

represents a | ower al kyl group having from1 to 5 carbon

atons; and X represents an alkali nmetal, an alkaline earth netal halide or

a cerium hali de,

to obtain a conmpound represented by fornula (VI): wherein

R2 and R3, which may be the same or different, each represent a | ower alkyl
group having from1l to 5

*H-NMR (CDCls) §:

0.61 (3H, s), 0.91 (3H, s), 1.20 (3H, d, J=6.3Hz),
1.23 (3H, s), 1.26 (3H, s), 2.13 (1H, m), 2.34 (1H,
m), 2.54 (1H, m), 2.73 (1H, m), 3.27 (1H, m), 3.49
(1H, m), 3.76 (1H, brs), 3.85 (1H, m), 4.05 (1H, m),

5.38 (1H, dd, J=2.6, 5.5Hz), 5.71 (1H, dd, J=1.6,
5.3Hz)

Elementary Analysis for CzeHa=204:

Calcd. (%): C 74.60; H 10.11
Found - (%): C 74.36: H 9.93

5) Preparation of la,38-Dihydroxy-20S-(3-methyl-3-

hydroxybutyloxy)-9,10-secopregna-5-(10),6,8-triene:

In 220 m¢ of THF was dissolvgd 12.6 g of 1la,38-

dihydroxy~20S-(3-methyl-3-hydroxybutyloxy)-5,7~-pregnadiene,

5 and the solution was irradiated with light from a high-

pressure merqury lamp via a Vycol filter for 225 minutes.

‘The reaction mixture was concentrated, and the residue

was crystallized from 90 m@ of acetone to recover 5.57 g

of the starting compound (recovery: 44%). The mother

10 liquor was purified by fractional high performance liquid

chromatography (SYSTEM-500 produced by Waters Co.; eluent:

ethyl acetate:methylene chloride=5:2 by volume) to obtain

3.64

g (29%) of the crude title compound.

Melting Point: 81-94 C (recrystallized from ethyl acetate)
IR (KBr) cm—*

3340, 1680, 1150, 1040

—
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carbon atons; and R err], Rerr], Rerr], and Rerr] are as defined above. -
Typi cal exanpl es of the conpound of fornula (V) are nethyl lithium butyl

l'i thium methyl magnesi um bromi de, ethyl magnesi um brom de,. and net hyl ceri um
chloride. An aprotic solvent in which the organonetallic conpound does not
deconpose and by-production can be controlled is suitably used. Exanples of

preferred solvents

10

*H-NMR (CDCls) 6: |

0.7 (3H, s), 1.21 (3H, d, J=5.9Hz), 1.25 (3H, s),

1.26 (3H, s), 1.2-1.6 (4H, m), 1.61-1.90 (8H, m),

1.90-2.23 (7H, m), 2.46 (1H, dd, J=2.6, 14.5Hz), 3.28

(IH, m), 3.49 (1H, m), 3.88 (1H, m), 4.03 (1H, m),

4.20 (1H, brs), 5.51 (1H, brs), 5.75 (1H, d,

J=12.2Hz), 5.82 (1H, d, J=12.2Hz)

UV (EtOH) Amax: 260 nm (29300)
8) Preparation of 1lz,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-Q,10-secopregna-5,7,10(19)-triéne:

In 70 m@ of THF was dissolved 3.64 g of crude la,38-
dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-9,10-secopregna-
5(10),6,8-triene, and the solution was allowed to stand at
room temperature for 4 days. The solvent was removed by
evaporation; and the residue was purified by fractional high
performanée liquid chroﬁatography (SYSTEM~500 produced by
Waters Co.; eluent: ethyl acetate:methylene chioride=5:4 by
volume) to obtain 1.40 g of the title compound as an oily
substaﬁce. Crystallization from ethyl acetate and n-hexane
gave 1.08 g of the title compound in a yield of 8.68% based
on the la,38-dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-5,7-
pregnadiene.

Melting Point:

112-115 C (crystallized from a mixed solvent of ethyl

acétate and n-héxane)
IR (KBr) cm—2

3400, 1645, 1160, 1020 Replaced

i
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are ethers, such as THF and di nethyl ether. These sol vents are
dehydrated state in a known manner. Wil e the rgachéONast

sed in a

re and tine
he reaction
period of

from

may be sel ected appropriately, it is reconnende
at a tenperature of from-30[err] up to roon1te

10

15

20

1H-NMR (CDCls) &:
0.53 (3H, s), 1.18-1.32 (10H, m), 1.46-1.62 (4H, m),
1.63-1.75 (4H, m), 1.82-2.20 (8H, m), 2.30 (1H, dd,
J=7.3, 13.2Hz), 2.58 (1H, dd, J=3.6, 7.0Hz), 2.82
(1H, dd, J=0.3, 12.9Hz), 3.26 (1H, m), 3.47 (1H, m),
3.85 (1H, m), 4.22 (1H, m), 4.42 (1H, m), 4.98 (1H,
s), 5.32 (1H, s), 6.02 (1H, d, J=11.2Hz), 6.35 (1H,
d, J=11.2Hz)

UV (EtOH) Amax: 264 nm (£17000) i

EXAMPLE 2 -

Preparation of 1«,38-Bis(t-butyldimethylsilyloxy)-
20S~-(3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene

1) Preparation of 1la,38-Bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylam&nocarbonyl)ethyloXy}—s,7-prégnad1ene:

In 1.2 2 of THF was dissolved 825‘g of la,38-bis(t-
butyldimethylsilyloxy)-20S-hydroxy-5,7-pregnadiene, and
the solution was cooled to ¢ C. To the solution were added
688 g of dimethylacrylamide and 175 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.
To the reaction mixture was added dropwise 700 m¢ of a
saturated ammonium chloride aqueous solution while'coollng,
and 4 2 of a saturated sodium chloride aqueous solution |
and 5 2 of ethyl acetate were further added thereto. The
organic layer was washed with a saturated aqueous solution
and dried over anhydrous magnesium sulfate. The solvent
was removed by evaporation, and the residue was purified by
silica gel column chromatography using a 3:1 (by volume)
mixture of n-hexane and ethyl acetate and then ethyl acetate

as an eluent to obtain 822 g (85%) of the title compound.
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several-tens of mnutes to several hours so as to prevent—ttie Conpound (IV)

as nuch as possible fromreturning to the forner comou%ﬁi\t& due to

elimnation reaction. Wiere Re and R err] i n This@hee! npound (1V)
each represent a hydrogen atom the conpound to a
conmpound wherein Re and Rlerr] are taken toget
Melting Point: _
137-139 C (recrystallized from ethyl acetate)
*H-NMR (CDCla) &:
0.03 (3H, s), 0.04 (6H, s), 0.08 (3H, s), 0.84 (3H,
s), 0.88 (6H, s), 0.95 (3H, s), 1.15 (3H, d,
J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (1H, m), 2.93 (3H,
s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H, m), 3.76
(14, brs), 3.86 (1H, m), 3.90 (1H, m), 5.29 (1H, m),
5.56 (1H, m)
2) Preparation of la.3B—Bis(t—butyldimethylsilyioxy)—ZOS—(3—
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:
Cerium (III) chloride heptahydrate (561 g) was
dehydrated ,in an electrical oven at 250 C for 2 hours, and
5 the resulting anhydrous compound was further dried in vacuo
in a reaction vessel at 140 C for 2 hours. After purging
the reaction vessel with.argon, 1.35_2 of dried THF was
added thereto, followed by stirring at room temperature
for 1 hour. The mixture was cooled to -20 C, and 1.36 £
10 of a 1 mol/¢ THF solution of methylmagnesium bromide was
added thereto, followed by allowiné the mixture to react
for 30 minutes. To the reaction mixture was .added 300 g
of 1la,38-bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5,7-pregnene, and the
15 mixture was reacted at that temperature for 30 minutes.
The reaction mixturé was added dropwise to 4 ¢ of water
-having dissolved therein 200 g of ammonium chloride.
The'organic layer was separated, and the aqueous layer

was re-extracted with 5 2 of ethyl acetate. The organic
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a doubl e bond, i.e.

) ( , a 5,7-di ene conpound, _hef org BeinRepls®Rd to a vitamin D
skel eton. This can easily be achieved i n B for exanple, by
t he process described in Japanese Patent P* - e No. 71055/78 as

shown by the foll ow ng reaction schene (2)

layers were combined and dried over anhydrous magnesium
sulfate. Evaporation of the éolvent gave la,38-bis(t-
butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5,7-pregnadiene.
The resulting compound was again subjected to the above-.

5 mentioned reaction. The crude product was suspended in
methanol, and the crystal thus formed was collected by
filtration and dried to obtain 229 g (80%) of the title
compound.

Melting point: il
150-151 C (as recrystallized from acetonitrile)

IR (KBr) cm~*: '
3540,.2964, 2864, 1464, 1382, 1258, 1150, 1100, 1084,
870, 880, 838, 774 |

1H-NMR (CDCls) 6:
0.04 (3H, s), 0.05 (6H, s), 0.09 (3H, s), 0.60 (3H,
s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, 4,
J=5.9Hz), 1.22 (3H, s), 1.23 (3H, s), 2.30-2.36 (2H,
m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.69
(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, d,
J=2.6Hz), 5.58 (1H, d, J=5.6Hz)

EXAMPLE 3

10 1) Preparation of 38-(t-Butyldimethylsilyloxy)-5-androsten-

"17-omne: h |

In 300 m@ of DMF was dissolved 56.7 g of
dehydroepiandrosterone, and 41.7 g of imidazole and 46.08 g
of t-butyldimethylchlorosilane were added to the solution,

15 followed by stirring at room temperature for 2 hours. After

completion of the reaction, 150 m@ of methanol was addéd to
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wherein R err], Rerr], Rerrr], and Rlerrr] are as defined above. That is,
the 7-position of the steroid skeleton is hal ogenated with an

al lyl -position hal ogenating reagent, and the resulting conpound is then
subj ected to dehydrohal ogenation with a base to obtain a 5, 7-diene
‘conpound.

the reaction mixture. The thus formed crystal was collecfed
by filtration, washed with 100 m# of methanol, and dried to
obtain 73.7 g (93.1%) of the title compound.-
Melting Point: 149 C (recrystallized from methanol)
IR (Kbr) cm—*
2932, 1748, 1094. 774
*H-NMR (CDClas) §:

0.05 (6H, s), 3.42-3.54 (1H, m), 5.34 (1H, d,

J=5.0Hz)

Elementary Analysis for CzsH.=z202S1i:

Calcd. (%): C T74.57; H 10.51; Si 6.97

Found (%): C 74.52; H 10.35; Si 6.9
2) Preparatdqn of 36—(t—Butyldimethylsilyloxy)—prégna-s,17—

5 (20)-diene:

In 400 m@2 of THF was dissolved 250 g of
ethyltr1phenylphosph6n1um bromide, and 70.0 g of potassium
t-butbxide was added thereto, followed by stirring at
40 C for 1.5 hours. Subsequently, 70.0 g of 38-(t-

10 butyldimethylsilyloxy)-5-ahdrosten-17-one was added thereto,
and the mixture was stirred at 60 C for 1.5 hours. After
cooling, the reaction mixture was poured into a mixture of
200 m¢ of n-hexane and 400 m2 of water. The organic layer
was separated, and the aqueous layer was re-extracted with

15 300 m2 of n-hexane. The organic layers were combined and
dried over anhydrous magnesium sulfate, followed by
evaporation. To the residue was added 300 m¢ of n-hexane,
followed by stirring at room temperature for 2 hours. Thg

precipitated crystal was collected by filtration, and fhe

- This Sheet Has Been Re;ilaced
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The al'lyl-position hal ogenating reagent which can be used includes
N- br onosucci ni m de, N chl orosucci ni m de, and

1, 3-di brono- 5, 5-di net hyl hydantoin. Sol vents inert to hal ogenati on
reaction, preferably non-polar solvents, e.g.,
filtrate was concentrated. The residue was crystallized
from a mixture of 200 m¢ of acetone and 300 mg of methanol
to obtain 88.8 g (95.4%) of the title compound.
Melting Point: 98-10T C (recrystallized from methanol)
IR (Kbr) cm~*:
2940, 2860, 1254, 1094, 888, 838, 776
*H-NMR (CDClas) 4:

0.06 (6H, s), 3.42-3.54 (1H, m), 5.09-5.17 (1H, m),

5.33 (1H, d, J=5.3Hz)

Elementary Analysis for Ca-H.e0=zSi:

Calcd. (%): C 78.19; H 11.18; Si 6.77

Found (%): C 78.29; H 11.24; Si 6.4
3) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-hydroxy-

5 5-pregnene:

To 500 m@ of a 0.5M THF solution of 9-
borabicyclo[3.3.1]lnonane (9-BBN) was added 65.7 g of aé-
(t-butyldimethylsilyloxy)-pregna-5,17-(20)-diene, and the
mixture was stirred at 40’C for 2 hours. The reaction

| 10 mixture was cooled to 0 C, and 420 m¢ of a 3N sodium

hydroxide aqueous solution and 340 g of a 30% hydrogen
peroxide aqueous solution were added dropwise thereto,
followed by vigorously stirring at room temperature for
3 hours. To the reaction mixture was added 500 m& of

15 ethyl acetate, and the organic layer was separated. The
aqueous layer was extracted twice with 150 m2 portions of
ethyl acetate. The organic layers were combined, washed
successively with a saturated sodium hydrogencarbonate

aqueous solution and a saturated sodium chloride aqueoﬁs

*. This Sheet Has Been Re’;i

=T




n- hexdne and carbon tetrachloride, are used. |If desired, reaction may be
accelerated by irradiation or by addition of a radical reaction initiator,
such as azobi sisobutyronitrile (hereinafter abbreviated as AIBN). The base
whi ch can be used for the dehydrohal ogenation reaction includes organic
bases, such as 2,4,6-trimnethyl pyridine ([err]-collidine),.2;6-Iutidjne. and
solution, dried over anhydrous magnesium sulfate, and
evaporated to remove the solvent. The residue was
crystallized from 250 m2 of methanol, and the resulting
crystal was collected by filtration and dried to obtain
5 56.3 g (82%) of the title compound.
Melting Point: 162-163 C (recrystallized from methanol)
IR (Kbr) cm—*:
3392, 2940, 1462, 1386, 1258, 1088, 888, 870, 840,
772
1H-NMR (CDCls) &:
0.05 (3H, s), 0.06 (3H, s), 3.46-3.50 (1H, m), 3.68-
3.73 (1H, m), 5.31 (1H, d, J=4.9Hz)
Elementary, Analysis for Cz+Has02Si:
Calcd. (%): C 74.94; H 11.18; Si 6.49
Found (%): C 74.31; H 11.33; Si 6.4
4) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene:
In 420 m@ of THF was dissolved 53.0 g of 38-(t-
butyldimethylsilyloxy)-ZOS-hydroxy-S-pregnene. and the
10 solution was cooled to G C. To the solution were added
48.6 g of dimethylacrylamide and 9.8 g of sodium hydride,.
and the mixture was allowed to react at ¢ C for 8 hours.
To the reaction mixture was added dropwise 100 mg of a
saturated ammonium chloride aqueous solution while cooling,
15 and 400 m2 of ethyl acetate was further added thereto.
The organic layer was washed with a saturated aqueous

solution, dried over anhydrous magnesium sulfate, and

evaporated to remove the solvent. The residue was
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pyridi ne type ion-exchange resins; and inorganic bases, such as |lithium
carbonat e and potassi um carbonate. Wile the kind of the reaction sol vent,
the reaction tenperature, and the reaction tinme nay be deci ded

appropri ately depending on the kind of the base used, it is recomended to
carry out the reaction by heating under reflux in toluene in the presence
of [err]-collidine_as a base for a period of about )

10

i5

crystallized from 200 m¢ of n-hexane, and the thus formed
crystal was collected by filtration and dried to obtain
26.4 g of the title compound. The filtrate was
concentrated, and the residue was purified by silica gel
column chromatography to recover 29.2 g of the title
compound, giving the.total yield of 55.6 g (73%).
Melting Point: 14ZC (recrystallizeé from methanol)
IR (KBr) cm—*:
2940, 1632, 1258, 1088, 890, 872, 840, 772.
1H-NMR (CDCls) 6: .
0f04 (3H, s), 0.05 (38H, s), 2.93 (3H, s), 3.02 (3H,
s), 5.30 (1H, 4, J=5.0Hz)

| Elementary, Analysis for CszHs-NOaSi:

Caled. (%): C 72.26; H 10.80; N 2.83; Si 5.28

Found (%): € 72.12; H 10.87; N 2.66; Si 5.2
5) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5-pregnene:

Dehydrated cerium (IXI) chloride (109 g) was further
dried in vacuo in a reaction vessel at 14¢ C for 2 hours.
After purging the reaction vessel with argon, 320 mZ of
dried THF was added théreto, followed by stirring at room.
temperature for 1 hour. The mixture was cooled to -1C¢ C,
and 400 m2 of a 1 mol/€ THF solution of methylmagnesium
bromide was added thereto, followed by allowing the mixture
to react for 30 minutes. To the reaction mixture was
added 35.2 g of 38-(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene, and the

mixture was reacted at that temperature for 30 minutes;
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10 minutes.. The above reaction is sonmetimes acconpani ed by. by-production of
a 4, 6-di ene conpound due to double bond shift in addition to the desired
5, 7-di ene conpound. This being the case, purification may be effected by
directly subjecting the reaction m xture to columm chromat ography on silica
gel, or by 1,4-addition of a conmpound represented '
The reactiqn mixture was added dropwise to a 1N ammonium
chloride aqueous solution. The organic layer was separated,
and the aqueous layer was re-extracted with 200 m¢ of ethyl
acetate. The organic layers were combined and dried over
5 anhydrous magnesium sulfate. Evaporation of the solvent
~gave 38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-
5-pregnene.
Melting point: _
- 109-11¢F C (as recrystallized from methanol)
IR (Kbr) cm'l -
2940, 2900, 1718, 1372, 1258, 1088, 888, 872, 840,
772
1IH-NMR (CDCls) &:
0.05 (6H, s), 2.18 (3H, s), 3.21-3.26 (1H, m), 5.30
(1H, d, J=5.0Hz)
Elementary Analysis for CsiHs40aS1i:
Calcd. (%): C 74.05; H 10.82; Si 5.59
Found (%): C T74.09; H 10.96; Si 5.6
The product was again subjected to the above-
mentioned reaction to obtain the crude title compound,
10 which was suspended in methanol. The crystal thus formed
was collected by filtration and dried to obtain 45.0 g
(87%) of the title compound.
Melting Point: 168 C (recrystallized from methanol)
IR (Kbr) cm~—2:

3520, 2939, 1382, 1256, 1096, 886, 838, 778

-
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by formula (VI1): to the 5,7-diene conpoUnd I solating the 1, 4-adduct,
and subjecting the adduct to release elimnation reaction to restore t he
5, 7-di ene conpound. In the above addi tion

‘10

15

20

1H-NMR (CDQla) d:
0.04 (3H, s), 0.05 (3H, s), 1.17 (3H, d, J=5.9Hz),
1.22 (6H, s), 5.31 (1H, d, J=5.0Hz)

Elementary Analysis for CazHss0a2S1i:

Calcd. (%): C 74.07; H 11.27; Si 5.41

Found (%): C 73.93; H 11.24; Si 5.4
6) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

In 300 m¢ of n-hexane was dissolved 25.9 g of 38-(t-
butyldimethylsilyloxy)-ZOS-(3-methy1-3-hydroxybetyloxy)-5-
pregnene, and 11.1 g of NBS and 2.48 g of AIBN were
added thereto, folloﬁed by heating under reflux for
30 minutes., After cooling, any insoluble matter was
removed by filtration, and the mother liquor was

concentrated. The residue was dissolved in 200 m2 of

- toluene, and 25 m¢ of y-collidine was added to the

solution, followed by heat-refluxing for 1 houf. After
cooling, any insoluble matter was removed by filtration,

and to the filtrate was added 200'mﬂ of n-hexane. The
reaction mixture was washed successively with 180 mé

of 1N hydrochloric acid, 50 m@ of a saturated sodium
hydrogencarbonate aqueous solution, and 50 mg¢ of a saturated
sodium chloride aqueous solution. The organic layer was
dried over énhydrous magnesium sulfate, followed by
concentration to about 100 mg. The concentrate was added

to 400 mﬂ of acetonitrile, and the mixture was stirred under
cooling with ice for 15 minutes. The thus precipitated

crystal was collected by filtration, the resulting crude
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reacti'on, the 4, 6-di ene conpound does not form an adduct. Elimnation

reaction of a 1,4-adduct has conventionally been perfornmed by using a

power ful reducing agent, such as |ithium alum num hydride, or an inorganic

base in a high-boiling solvent and is inapplicable to an adduct having such

a functional group as cannot withstand a reduction reaction or a functional

group instable to a -
crystal was dissolved in 30 m? of methylene chloride, and

the solution was added to 300 m¢ of acetonitrile. The
mixture was stirred while cooling with ice for 15 minutes,
and the crystal formed was collected by filtration and

5 dried to obtain 5.52 g (21%) of the title compound.
Purification by 1,4-Addition:

The mother liquor left after collection of the above
crude crystal and that after collection of the purified
crystal were combined and concentrated. The congentrate was

10 subjected to silica gel column chromatography uéing a 10:1
(by volume) mixture of n-hexane and ethyl acetate as
an eluent. The fractions containing the title compound
were collegted and diséolved in 200 m¢ of methylene
chloride. To the solution was added 6.0 g of PTAD,

15 followed by stirring at room temperature for 45 minutes.
The solvent was removed by evaporation, and the residue
ﬁas pufified by silica gel column chromatography using,
as an eluent, a 10:1 (by volume) mixture of n-hexane and
ethyl écetate and then a 2:1 (by volume) mixture of the

20 same solvents to obtain 4.71 g of a PTAD 1,4-adduct.

Melting Point: 196-197 C (recrystallized from
acetonitrile)
IR (Kbr) cm—*:
3460, 2936, 1760, 1706, 1408, 1088, 862
1H-NMR (CDCls) &:
0.08 (6H, s), 1.19 (3H, d, J=5.9Hz), 1.22 (6H, s),
6.19 (14, 4, J=8.3Hz), 6.35 (1H, 4, J=8.3Hz), 7.28-

7.46 (S5H, m) | e
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base. Therefore, adoption of the conventional elimnation reaction as a

met hod for separation and purification as in the present invention has been
limted. In this regard, the inventors have found a technique for
acconplishing the elimnation reaction under a neutral condition w thout

adversely affecting nost functlonal groups, the techni que conprising
heating the 1, 4-adduct 2

Elementary Analysis for CaoHeaNa0sS1i:
Calcd. (%):' C 69.43; H 8.88; N 6.07; Si 4.06
Found (%): C 69.70; H 8.55; N 6.07; Si 4.0
The resultant 1,4-adduct was dissolved in 50 m¢ of
DMI, and the solution was heated at 16C C for 2 hours.
After cooling, 40 m¢ of toluene was added thereto, and
the mixture was washed with 50 m# of a saturated sodium
5 chloride aquéous solution and dried over anhydrous magnesium
sulfate. The solvent was distilled away, and the residue
was crystallized from 50 m¢ of acetonitrile to 6btain 2.47 g
(9%) of the title compound, giving the total yield of 7.99 g
(30%) .
Meltiné Point: 147-149 C (recrystallized from
acetonitrile)
IR (Kbr) cm~*:
3520, 2964, 2936, 2864, 1464. 1380, 1252, 1166, 1152,
1098, 880, 838, 778
2H-NMR (CDCls) &:
.0.06 (6H, s), 0.60 (3H, s), 0.88 (S9H, s), 0.89 (3H,
s), 1.20 (3H, d, J=6.3Hz), 1.23 (3H, s), 1.24 (3H,
s), 5.38-5.41 (1H, m), 5.54 (1H, d, J=5.8Hz) -
Elementary Anaiysis for CazHse0aS1:
Calcd. (%): C 74.36; H 10.92; Si 5.43
Found (%): C 74.12; H 11.13; Si 5.4
10 7) Preparation of 38-Hydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-5,7-pregnadiene:
In 40 m& of THF was dissolved 7.60 g of 3B-(t—

butyldimethylsilyloxy)—208—(3—methy1-3-hydroxybutyloxyj-

This Sheet Has Been R
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I'm an aprotrc polar solvent, such as 1, 3-dinethyl-2- imdazolidinone
(hereinafter abbreviated as.DM) or N, N dinethyl formam de (hereinafter
abbreviated as DMF), in the absence of a catalyst to rel ease a desired
conmpound in high yield. Wiile the reaction tenperature and tinme may be
sel ected appropriately, it is recomended for

5,7-pregnaq1ene, and 45 m¢ of a 1 mol/¢ THF sblution of
TBAF was added thereto, followed by stirring at room
temperature for 10 hours. To the reaction mixture was
added 50 m2 of ethyl acetate, and thé mixture was washed
5 successively with 90 m@ of 1N hydrochloric acid, 100 m¢ of
a saturated sodium hydrogencarbonate aqueous solution, and
100 mg of a saturated sodium chloride aqueous solution and .
dried over anhydrous magnesium sulfate. The solvent was
removed by distillation. Crystallization of thegresidue
10 from 50 m¢ of acetoﬁe furnished 4.50 g (79%) of'the title
compound.
Melting Point: 162-164 C (recrystallized from
acetonitrilg)
IR (Kbr) cm—*:
3504, 3432, 2968, 2936, 2872, 1368,-1156, 1092, 1072,
1044 '
*H-NMR (CDCls) &:
0.59 (3H, s), 0.91 (3H, s), 1.19 (3H, d, J=5.9Hz),
1.22 (3H, s), 1.23 (3H, s), 5.35-5.39 (1H, m), 5.55
(1H, dd, J=2.3, 5.5Hz) |
Elementary Analysis for CzeHa=z0as:
Caled. (%): C 77.56: H 10.51
Found (%): C 77.60; H 10.52
8) Preparation of 3B-Hydroxy—208—(3-methyl—3-
hydroxybutyloxy)-9,10-secopregna-5,7,10(19)-triene:
In 230 m¢ of THF was dissolved 2.30 g of 38-hydroxy-
15 20S-(3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene, and the

solution was irradiated with light from a high-pressuré

This Sheet Has Been Replaced
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-711 -  minimzing by-products and ensuring a high yield to carry out the
reaction in DM at a tenperature of from 10[err] to 150'C for severa
hours. The conpound of formula (VIlI) which can be used in

mercury la@p via a Vycol filter for 55 minutes. The
reaction mixture was concentrated, and the residue was
. crystallized from 23 m@ of acetoné to recover 0.90 g of
the starting compound (recovery: 39%). The mother liquor
5 was purified by fractional high performance liquid
.chromatography (HLC-837 produced by Tosoh Corporation;
eluent: ethyl acetate:methylene chloride=1:5 by volume)
.to obtain 0.33 g (14%) of crude 38-hydroxy-20S-(3-methyl-
3-hydroxybutyloxy)-9,10~-secopregna-5(10),6,8-triene.
1H-NMR (CDCls) &: '
0.68 (3H, s), 1.20 (3H, d, J=5.9Hz), 1.22 (3H, s),
1.23 (3H, s), 1.24 (3H, s), 1.62 (3H, s), 2.35 (1H,
m), 3.28 (1H, m), 3.47 (1H, m), 5.49 (1H, d,
J=2.3Hz), 5.67 (1H, 4, J=11.8Hz), 5.94 (1H, 4,
J=12.5Hz) |
10 In 15 m2 of THF was dissolved 0.33 g of the crude
3B-hydroxy-2os-(3-methyl—3-hydroxybutyloXy)—9,lo—secopregna—
5(10),6,8-triene, and the solution was refluxed for 2 hours.
The solvent was removed by evaporation, and the residue
was purified by fractional high performance liquid
15 chromatography (HLC-837 produced by Tosoh Corporation;
| solvent: ethyl acetate:methylene chloride=1:5 by volume)
to obtain 0.06 g of the title compound as an oily substance
in a yield of 3% based on the aB-hydroxy-zos-(3—methy1—3-
hydroxybutyloxy)-5,7-pregnadiene.
IR (Kbr) cm—*
3409, 2967, 2933, 2873, 1440, 1376, 1371, 1285, 1151,
1089, 1052, 738
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the present-invention preferably includes 4-phenyl-1, 2, 4-
triazoline-3,5-dione. Wiere R err] or Rs in the thus obtained conpound of
formula (V1) in which Rlerr] and Rlerr] are taken together to forma double
bond is a protected hydroxyl group, the protecting group is renoved in a
usual manner to provide a conmpound wherein Rerr] or Rerr] is a hydroxyl

Jroup. *H-NMR (CDCla) §:
0.52 (3H, s), 1.18 (3H, d, J=6.3Hz), 1.22 (6H, s),
- 3.22-3.27 (1H, m), 3.79-3.87 (1H, m), 3.90-3.96 (1H,
m), 4.80 (1H, d, J=1.3Hz), 5.04 (1H, d, J=1.3Hz),
6.03 (1H, d, J=11.2Hz), 6.21 (1H, d, J=11.2Hz)
UV (EtOH) Amax: 270 nm (213600)
MS m/z: 402 (M*)

[
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The resul ting conpound—caﬁ‘€§§TTY—E€—EBHVerted to a 22-oxachol ecal ci ferol

derivative represented wherein R err] represents a hydrogen
atom or a hydroxyl groﬂﬁngmmml m whi ch nmay be the sane or
different, each repres al kyl group having from1 to 5 carbon
atons, in a known manner, for exanple, in accordance with the

WHAT IS CLAIMED IS:

1. A process for preparing a 22-oxacholecalciferol

derivative represented by formula (I):

(1)

HO"

wherein Ra represents a hydrogen atom or a hydroxyl group;
5 and Rz and Rs, which may be the same or different, each
represent a lower alkyl gfoup having from 1 to 5 carbon

atoms,

comprising reacting a compound represented by formula (1I1):

(II)

wherein Ra represents a hydrogen atom, a hydroxyl group or-

10 a protected hydroxyl group; Rs represents a hydroxyl group

This Sheet Has Been Re
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process described in Japanese Patenat—Rublic Disclosure - 12 - No.

o et o 25U

or a protegted hydroxyl group; and Re and R+ represent
a hydrogen atom respectively'or they are taken together

to form a double bond,

with a compound represented by formula (III):
CH==CH-CORs ' (I1II)

5 wherein Rs represents a dialkilamino group having from 1 to

5 carbon atoms, i,

in an organic solvent or a water/organic solvent two layer

system to prepare a compound represented by formula (IV):

"'ro\/‘c:OR3
(IV)

wherein Ra, Rs, Re, R+», and Rs are as defined above,
10 reacting the compound of formula (IV) with an organometallic

compound represented by formula (V):
ReX _ (V)

wherein Rs represents a lower alkyl group having from 1
to 5 carbon atoms; and X represents an alkali metal,

an alkaline earth metal halide or a cerium halide._~__ﬂ_~_______

———e
————m-
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The cohpound of formula (1) wherein Rerr] is a hydrogen atom and R err]
and R err] each represent “ﬁmwn“ such as a net hyl group, is a
novel 22-oxachol ecal ci feroT|wm/m|ui I ‘ bi ti ng differentiation inducing
activity and cell proliferatt of i hhitbi tSory activity. The present invention

will now be illustrated in greater detail with reference to Exanples, but
t he present : -

to obtain a compound represented by formula (VI):

(VI)

wherein Rz, Ra, Ra, Rs, Re, and R- are as defiﬂed above,
irradiating the compound of formﬁla (VI) as obtained when
Re and R+ are taken together to form a double bond with

5 ultraviolet} light as obtained or, when Re and R+ represent
a hydrogen atom respectively after being converted to
a compound 6f formula (VI) wherein Re and R- are taken
together to form a double bond, with ultraviolet light,
and then subjecting the'resulting compound to thermal

16 isomerization in an organic solvent.
2. A process as claimed in Claim 1, wherein said
conversion of the compound of formula (VIi wherein Re and
R+ represent a hydrogen atom respectively to the compound
of formula (VI) wherein Re and R- are taken together to

15 form a double bond consists of halogenation of Re and
dehydfohalogenation in the presence of a basic catalyst.
3. A process as claimed in Claim 1, wherein the compound

of formula (III) is an acrylamide compound.

—_
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1nventi on shoul d not be

Iin1ted t hereto. EXAMPLE 1

Preparation of |[err], 3B,[2 208 3-net hyl -

hydr oxybut yl oxy) -9, 10-s 9) trlene 1) Preparation of
| a, 3B-Bi s(t-butyl di met hyl

(dlnethylan1nocarbonyl)ethyloxy} pregnene: In 12 [err] of THF was,
di ssol ved 1.95 kg of la, 3B-bis{t- -

10

15

4. A process as claimed in Claim 1, wherein said
reacting of the compound of formula (II) and the compound
of formula (III) is in the presence of a basic catalyst.
5. A process for eliminating protection in conversion

of a compound represented by formula (VIII):

(VIII)

wherein Rz, Rs, Ra and Rs are as defined above; and R;é
represents a hydrogen atom, a lower alkyl group having
from 1 to 5 carbon atoms or a substituted or unsubstituted
aryl group,

to a compound represented by formula (VI):

wherein said converting is carried out by heating the

 compound of formula (VIII) in an aprotic polar solvent

in the absence of a catalyst.
6. A process as claimed in Claim 5, wherein said solvent
is 1,3-dimethyl-2-imidazolidinone.

T. A process for preparing a compound represented by
formula (IV):

e e

-

i



‘but yl*di met hyl si | yI'oXy)-20S- hydr oxy- 5- pregnene, and the sol ution was cool ed

"to [err] C To the sg ded 1.06 kg of dinethylacrylam de and
215 g of sodium hy Em \Iﬁmﬂm‘ xture was allowed to react at O[err] C
for 8 hours. After & [err] of a saturated amoni um chl oride

aqueous sol ution was added dropwi se to the reaction m xture, and 15 [err]

of a saturated sodi um chl ori de aqueous sol éti COR
: 8

©

(IV)

wherein R4 represents a hydrogen atom, a hydroxyl group
or a protected hydroxyl group; Rs represents a hydroxyl
group or a protected hydroxyl group; Re and R~ nébresent
a hydrogen atom respectively or they are taken fogether

5 to form a double bond; and Rs represents a dialkylamino
group having from 1 fo 5 carbon atoms,

comprising,reacting a compound represented by formula (I1):

(1II)
wherein R«, Rs, Re, and R+ are as defined above,
with a compound represented by formula (III):
CH==CH-CORs (1I11)

"

10 wherein Re is as defined above. //,,,,//””/’//’
faced
Th\S\ Sheet \
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. ’ Mﬁ\\ . .
18 [err] of -ethyl acetate were added thereto. The organic |ayer was washed

wth a saturated aqueous sol anhydr ous magnesi um sul f at e,
“and concentrated to renove tM",ﬂH"mgmﬁﬂ"a n’we resi due was added 6 [err] of
n- hexane, and the thus forned" crystal *was col |l ected by filtration and dried
to obtain 1.66 kg (73% of the title conpound.

8. A compound represented by formula (IV):

1, O
r ~~""COR,
(IV)

wherein R4 represents a hydrogen atom, a hydroiyl group

or a protected hydroxyl group; Rs represents a hydroxyl

group or a protected hydroxyl group; Re and R~ represent
5 a hydrogen,atom respectively or they are taken together

to form a double bond; and Ra represents a dialkylamino

group having from.l to 5 carbon atoms.

9. A 22-oxa6holecalciferol derivative represented by

formula (IX):

1.. . O R;
\ Y, RQCE{

(IX)

HO"

Sheet Has Been Reﬂlaced
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Mel ting poimnt: 148-15[err] C (as recrystallized fromnethanol) IR (Kbr) cm
1: 2956, 2860, 1652, 1254, 1068, 890, 840, 772 [err]-H NWR (CDC13) 6: 0.03
(3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,

wherein Rzrand Ra, which may be the same or different,
each represent a lower alkyl group having from 1 to S

carbon atoms.

\

AR o
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s), 0.64 (:3H, s), 0.88 (6H, s), 0.95 (3H, s), 1.15 (3H, d, J=5.9Hz),
2.15-2.35 (2H, m, 2.56 (1.H m, 2.93 (3H, s), 3.02 (3H, s), 3.27 (1H, m,
3.57 (1H, m, 3.76 (1H, brs), 3.86 (1H m, 3.90 (1H, m, 5.46 (1H d,

J=5.6Hz) Elenmentary Analysis for CJerr]Herr]NJerr]S[err]: Cacld. (%: C
68.93; H 10.81; N 2.12; Si 8.48 i

, ABSTRACT OF THE DISCLOSURE

A 22-oxacholecalciferol derivative represented by

formula (I):

(1)

wherein Ra represents-a hydrogen atom or a hydroxyl gfoup;

5 and Rz and Ra, which may be the same or different, each
represent a lower alkyl'gfoup having from 1 to 5 carbon
atons,
and a process for preparing the same are disclosed. The
compound of the present invention has potent differentiation

10 inducing activity and cell proliferation inhibitory activity
and is expected to be useful as an anti-tumor agent, an
antirheumatic, a treating agent for psoriasis, and a
treating agent for hyperparathyreosis. The process of the
present invéntion makes it possible to efficiently produce

15 a desired 22-oxacholecalciferol derivative while reducing

by-production.
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. : o _ BOUE-L. 2705
Found (% : C 68. 83 H 10 84; N 2.16; Si 8.5 2) Preparation of

L[em SBR@P?JA Ty xy) -C'gos-(sil | WEEPLQCE‘VIE\IT SHEETS  SG
net hy o%<y re nefpe: rium Sk ﬁoz ePIRAY I @l Gaged #.
(3.08 V\EJHOH H’a ted ‘??lagéﬁ %l egtrical oven at Zﬁ{erarr]irsp ﬁt f}p%ﬁspagzd 4
and t ,Tes gi Qeeednfiound was further drfﬂ@ﬂﬁﬂg&@F u%ﬂ 2 to paged ...
reactfpn.’ eri“]P?’@eh}r 3| houra. -After W Absiract d £ to Dased —.
'4'ashact :paged .. 8. to paged ..~..... swrac +paged £.. 10 paged .z
DATE GOF REC;.,IPT rettenerrernrarrreeereaineasnnns

'DESCRIPTION DALTE GOF RECEIPT..?!%(?Z ...........

22-0XACHOLECALCIFEROL DERIVATIVE
AND PROCESS FOR PREPARING THE SAME

FIELD OF THE INVENTION

This invention relates to a 22-oxacholecalciferol
derivative expected useful as a drug, an intermediate
for the same, and a process for preparing the 22-
oxécholecalciferol derivative using the intermediate.

BACKGROUND OF THE INVENTION

22-0xacholecalciferol derivatives have hitherto

been prepared by, for example, the process starting with

a compound represented by formula (II): REPL AU*‘\{F\!T SHEET

05 FEB 1997

(II)

O

wherein Rs represents a hydrogen atom, a hydroxyl group

Rs Rg

or a protected hydroxyl grdup: Rs represents a hydroxyl .

group or a protected hydroxyl group; and Refand_Rz_EEEEEEEEE;N__h“N‘—
a hydrogen atom respectively or they are tal

form a double bond, | |

as disclosed in Japanese Patent Public Disc

267550/86. This process, as illustrated b/

reaction scheme (1), comprises éeacting th

formula (II} with l-bromo-3-propene in the

a basic catalyst to form a 20S-(3-butenyl

o

-



purging the reaction vessel with argon, 8.0 [err]RggL“ry d" THF was added
thereto, followed by stirring at roomtenperat-ur our. The m xture
was cooled to -2[err\ C, and 7.5 [err] of a 1 noll[le f ution of

met hyl magnesi um brom de was added thereto, followed b 5 i?ﬁ% the m xture
to react for 30 mnutes. To the reaction m xture added_1.62 Kkg

of
| [err], 3B-bi s(t-butyl di methyl silyl oxy)- 20S {2-¢

L
oxidizing the 20S-({3-butenyloxy) compound with oxygen in '
the presence of a catalyst to obtain a 20S-(3-oxobutyloxy)
compound, and reacting the 20S-(3-oxobutyloxy) cqmpound
with a Grignard reagent to obtain a 208-(3-hydroxy-3-
methylbutyloxy) compound.

[Reaction Scheme (1)]

-

This Sheet Has Been R
i
However, the above process requires complicated
operation. 1In addition, since the reaction between
the compound (II) and l-bromo-3-propene is attended by
by-production of a 208-(2-butenyloky) compound in a
considerable proportion, yesulting in a low yield of

the desired compound, and separation and purificatién

of thé desired compound involves difficulty.



(diﬁethylaninocarbonyl)ethyloxy}-5-pregnene; and the m xt
that tenperature for 30 m nutes. The reaction m xture vya
to 20 [err] of water having dissolved therein 1.0 kg of angmgni umc

The

~

=
:

O5FEB 1997

DISCLOSURE OF THE INVENTION

As a result of extensive investigations, the
inventors have found a technique for constructing the side
chain by O-alkylating the 20-hydroxyl group with a compound

represented by formula (III):
CH2=CH-COR8 (III)

wherein Rs represents a dialkylamino group having from 1 to
5 carbon atoms, |

and reached the present invention based on this finding.
The process of the present invention starts from a compound

represented by formula (II):

(II)

lSI Siiﬁtliii'r"cﬂnlieilaced

wherein Ra represents a hydrogen atom, a hydroxyl grdup or

a protected hydroxyl group: Rs represents_a hydroxyl group
or a protected hydroxyl group; and Re and R~ represent a
hydrogen atom respectively or they are taken together to
form a double bond.

The compound of formula (II) can be synthesized by,
for example, the process disclosed in Japénese Patent Puﬁlic

Disclosure No. 287550/886.



organlc |l ayer was separated, .and the aqueous |ayer was re- ex ﬁ}%{&%mﬂ@n.;; P~
10 [err] of ®thyl acetate. The organi c | ayers were conbi ned gndg -0 N §§EET
anhydrous nag rm%ummuBéea

N@Itlng poi nt :

UT T~k

cF‘bl\l owed by concentration to renoyje 6?%53 1997

solvent to giv
3B—bIS(t S|Iyloxy) 20S- ( 3- oxobut yl oxy) - 54 pregnene,

C (as recryst#all i zed from net hanol})

Where starting with the compound of formula (II) in
which the hydroxyl group(s) are protected, the protecting
groups for a hydroxyl group include those which are not
released under a basic condition, such as lower alkylsilyl
groups, e.g., a trimethylsilyl group, a triethylsilyl
group, and a t-butyldimethylsilyl group, with a t-
butyldimethylsilyl group being preferred.

The compound of formula (II) is reacted with a

compound represented by formula (III):
CH=2=CH-CORa (I1Y)

wherein Rs represents a dialkylamino group having from 1
to 5 carbon atoms, in the presence of a basic catalyst.

Examples of the compound of formula (III) include
acrylamide éompounds, such as dimethylacrylamide and
diethylacrylamide.

Examples of suitable bases which can be used in the
reaction include metal hydroxides, such as sodium hydrdxiﬂe,
potassium hydroxide, and calcium hydroxide; and mefal
hydrides, such as sodium hydride, potassium hydridé, and
calcium hydride. |

Where a metal hydroxide is used as a base, an organic
solvent which increases solubility of the reactant reagents
and is easily miscible with water and stable to an alkali
is used. Such solvents preferably include ethers, e.g.,
tetrahydrofuran (hereinafter abbreviated as THF), dioxane,

and diglyme. A water-immiscible organic solvent may also be



(KBr) cm1: 2936, 1728, 1464, 1378, 1258[err] 1096, 88f,_872..838. 774
rr]I—I-NI\/R(CD,C;L{eH—j‘T/G o 03 (3H, s), 0.04 (3H s), o.oﬂmp'__ --,‘-.-,-.

I R

[ .

(3H, s),—0780 (3H, (18H s), 0.99 (3H, s), 1.14 [3f
i : Zgﬁwew{\\\ @“ 0SFEB 197 :
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used if stable to an alkali. Such solvents include aromatic
hydrocarbons, e.g., toluene, Xxylene, and benzene. In the
lattef cases, 1t is preferable to us a phase transfer
catalyst, preferably a tetrabutylammonium salt. Where a
metal hydride is used as a base, it is preferable to use
the above-mentioned solvents after drying. That is, an
gther. such as THF, dioxane or diglyme, or an aromatic
hydrocarbon, such as toluene, xylene or benzene, is used
as dried. Preferred of them is THF.

While the reaction temperature and time may be
selected appropriately, it is recommended to carry out
the reaction at room temperature or lower in order to
prevent the acrylamide compound (III) from polymerizing.

The resultant compound, as represented by formula
(IV) shown below, is a novel compound which is useful as an:
intermediate for synthesizing varlous 22-oxacholecalciferol
derivatives.

The intermediate product represented by formula (IV):

" ‘/Oi/\coas

(IV)

wherein Ra, Rs, Re, R», and Rs are as defined: above,

is then reacted with a compound represented by formula (V):



EPLACEMENT SHERT)

e, A L Mrae,

3.23 (1H, m, 3.52 (1H m, 3.77 (1H brs), 3.80 (1H m, 3
5744 (1H, d, J=5.6Hz) Elenentary Analysis for Cerr]Herr] bgerr

Calcd. (%: C 70. 19; H 10.83; Si 8.87 Found (%: C 70.05; 0. FEB'ﬁEP
The roduct Thd Shexfdds Becn R} mtled to the above- nentioned re ctj__n to obtain

R ]/ — —

ReX ' (v)

@ @P@‘

PR oy

wherein Rs represents a lower alkyl group having from 1
to § carbon atoms; and X represents an alkall metal,
an alkaline earth metal halide or a cerium halide,

to obtain a compound represented by formula (VI):

(VI)

wherein Rz and Ra, which may be the same or different,
each represent a lower alkyl group having from 1 to sl
carbon atoms; and R., Rs, Re, and R» are as defined above.

Typical examples of the compound of formula (V) are
methyl lithium, butyl lithium, methylmagnesium bromide,
ethylmagnesium bromide,. and methylcerium chloride.

An aprotic solvent in which the organometgllic
compound does not decompose and by-production can be
controlled is suitably used. Examples of preferred solvents
are ethers, such as THF and dimethyl ether. These solvenfs
are used in a dehydrated state in a known manner. While the
reaction temperature and time may be selected appropriately,
it is recommended to carry out the reaction at a temperature

of from -3¢ up to room temperature for a period of from



The crude product was suspended in nethanol, and the precipitated crystal
was col lected by filtration and dried to afford 1.12 kg (73% of the title

conpound. Melting Point: 168-169[err] C (as recrystall LA e
met hanol ) @-’ACEMENT SHREET
|

O5FEB 1597

several tens of minutes to several hours so as to prevent
the compound (IV) as much as possible from returning to the
former compound (II) due to elimination reaction.

Where Re and R+ in the resulting compound (IV) each
represent a hydrogen atom, the compound must be converted
to a compound wherein Re and R+ are taken together to form
a double bond, i.e., a 5,7-diene compound, before it is led
to a vitamin D skeleton. This can easily be achieved in
a usual manner, for example, by the process described in
Japanese Patent Public Disclosure No. 71055/78 as shown by

the following reaction scheme (2):

—
e S

. T - H—\\
* This Shget Has Be; R
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IR (KBr) cm[err]: 3540, 2960, 1464, 1382, 1258, 1150, 1090, 972, 886, 872,
838, 812, 774 [err]H NMR (CDC13) 6: 0.03 (3H, s), 0.05 (3H, s), 0.06 (3H,
S)

s), 0.08 (3H, s), 0.66 (3H s), 0.88 (18H s), 0.95 (3H s), 118 3H
2.20-2.28 (2H, m), 3.25 (1H ), 3.47 (1H,

[Reaction Scheme (2)]

-_—
—————

This Sheet Has
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‘'wherein Rz, Rs, R«, and Rs are as defined above.

That is, the 7-position of the steroid skeleton
is halogenated with an allyl-position halogenating
reagent, and the resulting compound is then subjected

to dehydrohalogenation with a base to obtain a 5,7jdiene

compound.



n, 3.76 (1H, brs), 3.81 (1H, n), 4.85 (1H, m, 5.45 (1H d, J=5.6Hz)
Ekenmentary Analysis for CJerr]H 20[err]S[err]: Calcd. (%: C£0.31, H

11.18; Si 8.65 Found (%: C 70.41; H 11.10; Si 8.7 3) PreparcRFPpA yhawnngﬂnT
. 3-Bi s(t-butyl di met hyl sil yl oxy)-20S- ( 3-
met hyl - 3- h dr oxybut on 5, 7- pr egnadi ene:

yi-3-hydroxybutyl oxy) -5, Tpregnadiste 05FEB 1997

The allyl-position halogenating reagent which can be
used includes N-bromosuccinimide, N-chlorosuccinimide, and
1,3-dibromo-5,5-dimethylhydantoin. Solvents inert to
halogenation reaction, preferably non-polar solvents, e.g.,
n-hexane and carbon tetrachloride, are ﬁsed. If desired,
reaction may be accelerated by irradiation or by addition of
a radical reaction initiator, such as azobisisobutyronitrile
(hereinafter abbreviated as AIBN).

The base which can be used for the
dehydrohalogenation reaction includes organic bases, such
as 2,4,6-trimethylpyridine (y~collidine), 2,6-lutidine, and
pyridine type ion-exchange resins; and inorganic bases, 'such
as lithium carbonate and ﬁétassium carbonate. While the
kind of the reaction solvent, the reaction temperature, and
the reaction time may be decided appropriately depending on
the kind of the base used, it is recommended to carry out
the reaction by hgating under reflux in toluene in the
presence of r-collidine a;la base.for a period of about

- 10 minutes.

The above reaction is sometimes accompanied by
by-production of a 4,6-~diene compound due to double bond
shift in addition to the desired 5,7-diene compound. This
being the case, purification may be effected by directly
subjecting the rea¢tion mixture to column chromatography

on silica gel, or by 1,4-add1tion of a compound represented

by formula (VII): _ .
Sheet Has Been RTlaced i
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In 300 merr] of n-hexane was dissolved 32.5 g of
l.a, 3B-bi s(t-butyldinethylsilyloxy)-20S-(3-nethyl - 3- o
hydr oxybut yl oxy) - 5- pregnene, and 11.1 g of N bromosucci ni m I} (Aranetnafdrerr
abbreviated as NBS) and 2.46 g of AIBN were added thereto, [ of s, _£§§§Jr
heat i ng under-—r ef-ux—fo0r-306- m nutes. After cooling, any insfol ubb%#?ét,lggry

Vas remv’ﬁgsg?\gethgsl-éegn%ei gcr:]ed and the not &0 +1quor

[T

o) (VII)

to the 5,7-diene compound, isolating the 1,4-adduct, and
subjecting the adduct to release elimination reaction to
restore the 5,7-diene compound. In the above addition

reaction, the 4,6-diene compound does ﬁot form an adduct.

Elimination reaction of a 1,4-adduct has
conventionally been performed by using a powerful reducing
agent, such as lithium aluminum hydride, or an inorganic
base in a high-boiling solvent and is inapplicable to an
adduct having such a functional group as cannét withstand
a reduction reaction or a functional group instable to a
base. Therefore, adoption of the conventional elimination |
reaction as a.mefhod for'separation and purification as in
the present ihvention has been limited.

In this régard, the inventors have found a technique
for accomplishing the elimination reaction under a neutral
conditibn without adversely affecting most functional
groups, the technique comprising heating the 1,4-adduct
in an aprotic polar solvent..such'as 1,3-dimethyl-2-
imidazolidinone (hereinafter abbreviated as DMI) or N,N-
dimethylformamide (hereinafter abbreviated as DMF), in
the absence of a catalyst to release a desired compound
in high yield. While the reaction temperature and time.

may be selected appropriately, it is recommended for



was concentrated. The residue was dissolved in 200 nierr] of JD QI el
25 nmerr] of [err]-collidine was added to the solution, foll LA

-

heat-refluxing for 1 hour. After cooling, any insoluble mattgr Jwas renove
by filtration, and to the filtrate was added 200 nerr] of n4{h¢xdh@FEBgsy

reaction m xture was washed successively wth 300 nferr] of -yNjhydrochloric
aci d, - 11 -

minimizing by-products and ensuring a high yield to carry
out the reaction in DMI at a temperature of from 100 to
150G C for several hours.

The compound of formula (VII) which can be used in
the present invention preferably includes 4-phenyl-1,2,4-
triazoline-3,5~dione.

Where R. or Rs in the thus 6bta1ned compound of
formula (VI) in which Re and R- are taken together to form
a double bond is a protected hydroxyl group, the protectihg
group is removed in a usual manner to provide a compound
wherein Ras or Rs is a hydroxyl gfoup.

The resulting compound can easily be converted to a

22-oxacholecalciferol derivative represented by formula (I):

R3

(1)

—_—

This Sheet Has

Tl

wherein R. represents a hydrogen atom or a hydroxyl group;

and R= and Ra, which may be fhe same or different, each

represent a lower alkyl group having from 1 to 5 carbon

atoms,

£y

in a known manner, for example, in accordance with the

process described in Japanese Patent Public Disclosure



-16- 200 nf ert] nf a-saturated sodi um hydrogencar bonat e aqueous sol ution,

and 200 n[err a_saturated sodi um chl ori de aqueous sol utj

@rmgmmlmnsmfate fol | owed ﬁ&;,yﬂ
i ™ .

t o about

| ayer was dri 7

- 12 -
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No.‘84555/75, which consists of light frradiatioh—in—

an inert solvent followed by thermal isomerization.

The compound of formula (I) wherein Ri is a hydrogen

atom; and Rz and Ra each represent a lower alkyl group,

such as a methyl group, is a novel 22-oxacholecalciferol

derivative exhibiting differentiation inducing activity

and celi proliferation inhibitory activity.

The present invention will now be illustrated in

greater detail with reference to Examples, but the present

invention should not be construed as being limited thereto.

EXAMPLE 1

Preparation of 1la,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna-5,7,10(19)-triene

1) Preparation of la,3B-Bis(t-butyldimethylsilyloxy)

(dimethyiaminocarbonyl)ethyloxy}—5~pregnene:

-20s8-{2~-

In 12 2 of THF was dissolved 1.95 kg of 1la,38-bis(t-

butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the

solution was cooled to ¢ C. To the solution were added

1.08 kg of dimethylacrylamide and 215 g of sodium hydride,

and the mixture was allowed to react at O'C-for 8 hours.

After cooling, 2.8 8 of a saturated ammonium chloride

aqueous solution was added dropwise'to the reaction mixture,

and 15 2 of a satufated sodium chloride aqueous solution and

18 2 of ethyl acetate were added thereto. The organic layer

was washed with a saturated aqueous solution, dried over

anhydrous magnesium sulfate, and concentrated to remove the

solvent. To the residue was added 6 2 of n-hexane, and the

thus formed crystal was collected by filtration and dried

to obtain 1.66 kg (73%) of the title compound.




100 nferrr]. To the concentrate was added 500 nferr] of acetﬁggtn
the m xture was stirred under cooling with ice for 1 hour

preci pi t at edhis S ﬂ&mem§w 4ected by filtration, the resul §ifg crude :
0 nferr] of ethyl acetate, and tfe|sdBFEBNI9HES
onltrlle The m xture was stirred \hile cooling
with ice for our and the crystal - 13 - =

added to 500

4‘}1 X

"%ngﬁg»

13 ‘ui"

was d

-Meiting point: 148—150‘C (as recrystallized from methanol)
IR (Kbr) cm—*:
2956. 2860, 1652, 1254, 1068, 890, 840, 772
*H~-NMR (CDCla) &:
0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,
s), 0.64 (3H, s), 0.88 (6H, s), 0.95 (3H, s), 1.15
(3H, d, J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (1H, m),
2.93 (3H, s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H,
m), 3.76 (1H, brs), 3.86 (1H, m), 3.90 (1H, m), 5.46
(1H, 4, J=5.68Hz)
Elementary Analysis for CasH~aNO.Si=:
Cacld. (%): C 68.93; H 10.81; N 2.12; Si 8.48
Found (%): C 68.83; H 10.84; N 2.18; Si 8.5
2) Preparation of 1la,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5-pregnene:
Cerium (III) chloride heptahydrate (3.08 kg) was
dehydrated in an electrical oven at 25¢ C for 2 hours,
and the resulting anhydrous compound was further dried
in vacuo in a reaction vessel at 120 C for 3 hours. After
‘purging the reaction vessel with aréon, 8.0 2 of dried THF
was added thereto, followed by stirring at room temperature
for 1 hour. The mixture was cooled to -200 C, and 7.5 £ of
a 1 mol/2 THF solution of methylmagnesium bromide was added
thereto, followed by allowing the mixture to react for
30 minutes. To the reaction mixture was added 1.62 kg
of la,38-bis(t-butyldimethylsilyloxy)-20S-{2- .
(dimethylaminocarbonyl)ethyloxy}-5-pregnene, and the

mixture was reacted at that temperature for 30 minutes.




formed was col l'ected by filtration and dried to obtain 12.8 g (40% of the

title conpound. Purlflcatfen\by 1, 4-Addi tion: The nother

- Th
after collection p em&,@p e crude crystal and that after

| i quor |eft
col | ecti on _of

the purified cry caed and concentrated. ThE 1

di ssol ved in 200 IWIW[ yl ene chloride, and 3.0 ;R}S(HP At ;AJWSHEET
. = 14 - - "
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The reaction mixture was added dropwise to 20 2 of water

having dissolved therein 1.0 kg of ammonium chloride. The

organic layer was separated, and the aqueous layer was re-

extracted with 10 ¢ of ethyl acetate. The organic layers

were combined and dried over anhydrous magnesium sulfate,

followed by concentration to remove the solvent to give

1a,38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5-

pregnene.

Melting point: 105-1068 C (as recrystallized from methanol)

IR (KBr) cm—*:

2936, 1728, 1464, 1378, 1258, 1096, 886, 872, 838,

774

*H-NMR (CDCla) &:

0.03 (3H, s), 0.04 (3H, s), 0.06 (3H, s),
s), 0.80 (SH, s), 0.87 (18H, s), 0.99 (3H,

0.08 (3H,

s), 1.14

(3H, d, J=5.6Hz), 2.15-2.28 (5H, m), 2.61 (2H, m),

3.23 (1H, m), 3.52 (1H, m), 3.77 (1H, brs), 3.80 (1H,

m), 3.98 (1H, m), 5.44 (1H, d, J=5.6Hz)
Elementary-Analysis for Ca-Hes04Siz:

Caled. (%): C T70.19; H 10.83; Si 8.87

Found (%): C 70.05; H 10.81; Si 8.9

The product was again subJectéd to the above-

mentioned reaction to obtain a crude title compound.

The crude product was suspended in methanol, and the

precipitated crystal was collected by filtration and

dried to afford 1.12 kg (73%) of the title compound.



/ N
4-pheny|-1,2,4;$%T§E€T?@§A&F5{dione (herei nafter abbrevi at gd—as—RFAD
added t hereto, fokisRRWWstirring at room tenperature f of RIHQ AGIHGERS . SIRT
sol vent was rm'\\r frration, and the residue was ‘puyi ”éU“bV”STTTta
gel colum chr)\s sing a 3:1 (by volune) m xture pf|n @ﬁx 89 @pd

et hyl acetate &V el uent to obtain 3.63 g of a PTAD 1, 4-fd uct as an oiljly
subst ance. - 15 -

Melting Point: 168-169 C (as recrystallized from methanol)
IR (KBr) cm-*: |
3540, 2960, 1464, 1382, 1258, 1150, 1090, 972, 886,
872, 838, 812, 774
+*H-NMR (CDCla) ¢:

0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,

s), 0.68 (3H, s), 0.88 (18H, s), 0.95 (3H, s), 1.18

(3H, s), 2.20-2.28 (2H, m), 3.25 (1H, m), 3.47 (1H,

m), 3.76 (IH; brs), 3.81 (1H, m), 4.85 (1H, m), 5.45

(1H, d, J=5.6Hz)

Elementary Analysis for CasH~720451a:

Caled. (%): C 70.31; H 11.18; Si 8.65

Foﬁnd (%): € 70.41; H 11.10; Si 8.7
3) Preparation of laz,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

In 300 m8 of n-hexane was dissolved 32.5 g of
la,38-bis(t-butyldimethylsilyloxy)-20S-(3-methyl-3- .
hydroxybutyloxy)-s-pregnene, and 11.1 g of N-
bromosuccinimide (hereinafter abbreviated as NBS) and
2.46 g of AIBN were added thereto, followed by heating
under reflu# for 30 minutes. After cooling, any insoluble
matter was removed by filtration and the mother liquor
was concentrated. The residue was dissolved in 200 m2 of

" toluene, and 25 m# of y-collidine was added to the solution,
followed by heat-refluxing for 1 hour. After cooling, any
insoluble matter was femoved by filtration, and to the
filtrate was added 200 m2 of n-hexane. The reaction mixture

was washed successively with 300 m2 of 1IN hydrochloric acid,



IR (KBr) c
1058, 838,

err] 2960‘“2864‘ 1756, 1704, 1656, 1474, 140 1254, 1104

heetH LNYR (O err]) 8: REPLACEMENT §
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1H-NMR (CDCla) &:
0.53 (3H, s), 1.18-1.32 (10H, m), 1.46-1.62 (4H, m),
1.83-1.75 (4H, m), 1.82-2.20 (8H, m), 2.30 (1H, dd,
J=7.3, 13.2Hz), 2.58 (1H, dd, J=3.6, 7.0Hz), 2.82
(1H, dd, J=0.3, 12.9Hz), 3.26 (1H, m), 3.47 (1H, m),
3.85 (1H, m), 4.22 (1H, m), 4.42 (1H, m), 4.98 (1iH,
s), 5.32 (1H, s), 6.02 (1H, d, J=11.2Hz), 6.35 (1H,
d, J=11.2Hz)

UV (EtOH) Amax: 264 nm (e17000)

| EXAMPLE 2

Preparation oflla.3B~Bis(t-butyldimethylsilyloxy)—
208~ (3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene

1) Preparation of 1a,38-Bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5,7-pregnadiene:

In 1.2 ¢ of THF was dissolved 825 g of la,38-bis(t-
butyldimethylsilyloxy)-20S-hydroxy-5,7-pregnadiene, and
the solution was cooled to ¢ C. To the solution were added
688 g of dimethylacrylamide and 175 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.
To the_reaction mixture was added dropwise 700 m¢ of a
saturated ammonium chloride aqueous solution while cooling,
and 4 2 of a saturated sodium chloride aqueous solution
and 5 2 of ethyl acetate were further added thereto. The

organic layer was washed with a saturated aqueous solution

_and dried over anhydrous magnesium sulfate. The solvent

was removed by evaporatiocn, and the residue was purified by
silica gel column chromatography using a 3:1 (by volume)
mixture of n-hexane and ethyl acetate and then ethyl acetate

as an eluent to obtain 822 g (85%) of the title compound.




0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.10 (3H, s), O. Rla@ﬁ,‘f‘é‘imcﬁjﬂg
ESH, ﬁg, 1.11 E18H.n§), 1.17((3H,n;), 1.29((6H,n§), 2.34 (1F, m. 27442 5
2H, , 3.16 (1H, , 3.28 (1H, , 3.40 (1H, , 3.53- 3 74
(1H, m, 6.10 (1H, d, J=8.3Hz), 6.26 (1H, d, J=8.3Hz), 7.1H-{7. 9%5%719974
El ementary Analysis for (Jerr]Herr]Nerr]O0S[err]:
- 17 -
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200 mg2 of a saturated sodium hydrogencarbonate aqueous
solution, and 200 m2 of a saturated sodium chloride aqueous
solution. The organic layer was dried ovér anhydrous
magnesium sulfate, followed by concentration to about

100 m¢. To the concentrate was added 500 m¢ of
acetonitrile, and the mixture was stirred under cooliﬁg
with ice for 1 hour. The thus precipitated crystal was
collected by filtration, the resulting crude crystal was
dissolved in 100 m2 of ethyl acetate, and the solution

was added to 500 m& of acetonitrile. The mixture was
stirred while cooling with 1celfor 1 hour, and the. crystal
formed was collected by filtration and dried to obtain
12.8 g (40%) of the title compound.

Purification by 1,4-Addition:

The mother liquor left after collection of the above
crude crystal and that after collection of the purified
crystal were combined and concentrated. The concentrate
was dissolved in 200 m2 of methylene chloride, and 3.0 g of
4-phenyl-1,2,4-triazoline-3,5-dione (hereinafter abbreviated
as PTAD) was added thereto, followed by stirring at room
temperature for 30 minutes. The solvent was removed by;
evaporation, and the residue was ﬁurified by silica gel
column chromatography using a 3:1 (by volume) mixture of
n-hexane and ethyl acetate as an eluent to obtain 3.63 g
of a PTAD 1,4-adduct as an oily substance.

IR (KBr) cm—*:

2960, 2864, 1756, 1704, 1656, 1474, 1400, 1254, 1104,

e

e

1058, 838, 776 25 Been Replaced

T



Calcd. (%: C67.19; H9. 9% N5.11 Found (%: C 66. 85; H 8. A'E 06-The

resultamﬁ—%ﬁ*‘gdauct vvas d| ssolved in 36 merr] of DM, and fi o M}JA&IWSIIE
was heateq,f‘atsh br 2 hours. After cool i ng, 40 ni erfr]] of ~h=

was added mm e mxture was washed three tines wiijt agsq:tEtquéﬁd
sodi um chl o \

Iqtlon and dried over anhydrous grpesi um
- 18 -

*H-NMR (CDCla) 4:
0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.10 (3H,
s), 0.70 (3H, s), 0.82 (3H, s), 1.11 (18H, s), 1.17
(3H, m), 1.29 (6H, s), 2.34 (1H, m), 2.44-2.55 (2H,
m), 3.16 (1H, m), 3.28 (1H, m), 3.40 (1H, m), 3.53-
3.74 (2H, m), 4.67 (1H, m), 6.10 (1H, d, J=8.3Hz),
6.26 (1H, 4, J=8.3Hz), 7.15-7.37 (SH, m)
Elementary Analysis for CaeH+sNa0OeSiz:
Calcd. (%): C 67.19; H 9.91; N 5.11
Found (%): C 66.85; H 8.97; N 5.08
The resﬁltant 1,4-adduct was dissolved in 38 m€-
of DMI, and the solution was heated at 140 C for 2 hours.
After cooling, 40 m¢ of n-hexane was added thereto, and the
mixture was washed three times with a saturated sodium
chloride aqueous soiution and dried over anhydrous magnesium
sulfate. The solvent was distilled away, and the residue
was cfystallized from 20 m@ of methanol to obtain 1.7 g
(5.3%) of the title compound, giving the total yield of
14.5 g (45.3%).
Melting Point: 150-151C (recrystaliized from
acetonitrile)
IR (XKBr) cm-*:
3540, 2964, 2864, 1464, 1352; 1258, 1150, 1100, 1084,
970, 880, 838, 774 |
1H-NMR (CDCla) 6:
0.05 (3H, s), 0.06 (6H, s), 0.10 (3H, s), 0.60 (3H,
s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, d,

J=3.2Hz), 1.22 (8H, s), 1.23 (3H, s), 2.30-2.36 (2H,



sulfate. The solvent was distilled away, and the residue was crystalllzed

from20 nferr] of nmethanol to obtain 1.7 g (5.3% of the tltﬁaﬁ R
giving the total yield of 14.5 g (45.3%. Melting Point: 15p3% ¥1e$ Wékraﬁy
(recrystallized fromacetonitrile) IR (KBr) cnferr]":
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m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.69
(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, d,
J=5.6Hz), 5.58 (1H, m)
Elementary Analysis for CasH+v004Sia:
 Caled. (%): C 70.53; H 10.90
Found (%): C€ 70.16; H 10.83
4) Preparation of 1la,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-5,7-pfegnadiene: |
In 70 m# of THF was dissolved 14.3 g of 1a,33—bis(t—
butyldimethylsilyloxy)-205-(3-methy1-3-hydroxybutyloxY)—5,7—
pregnadiene, and 133 m@ of a 1 mol/# THF solution of tetra-
‘n-butylammonium chloride (hereinafter abbreviated as TBAF)
- was added thereto, followed by heating under reflux for
2 hours. To the reaction mixtﬁfe was added 100 m¢ of ethyl
acetate,'and the mixture was washed successively with 0.5N
hydrochloric acid, a saturated sodium hydrogencarbonate
aqueous solution, and a saturated sodium chloride.aqueous
solution and dried over anhydrous magnesium sulfate. The
solvent was removed by distillation. .Cr&stallization of
the residue from acetone furnished 8.59 g (93%) of the
title compound.
Melting Point: 181-183 C (recrystallized from
acetonitrile)
IR (KBr) cm—*:

3388, 2972, 2880, 1464, 1378, 1224, 1154, 1084, 1050

This Sheet Has Been Reﬂlaced

[ MR




3540, 2964, 2864, 1464, 1382, 1258, 1150, 1100, 1084, 970. 880, 838, 774
31H NVR (CDA3) 6: 0.05 (3H, s), 0.06 (6H, s), 0.10 (3H EJ=0- :
0.87 (18H, s), 0.89 (3H, S), 1.20 (3H, d, J=3.2Hz), 1.22 {HH;

s), 2.30-2.36 (2H

- 20 -

*H-NMR (CDCls) §:

0.61 (3H, s), 0.91 (3H, s), 1.20 (3H, 4, J=6.3Hz),

1.23 (3H, s), 1.26 (3H, s), 2.13 (1H, m), 2.34 (1H,

m), 2.54 (14, m), 2.73 (1H, m), 3.27 (1H, m), 3.49

(1H, m), 3.76 (1H, brs), 3.85 (1H, m), 4.05 (1H, m),

5.38 (1H, dd, J=2.6, 5.5Hz), 5.71 (1H, dd, J=1.86,

5.3Hz)

Elementary Analysis for CzeHaz20a:

Calecd. (%): C 74.60; H 10.11

Found (%): C 74.38; H 9.93
5) Preparation of le,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-s,10-secoprégna—5—(10),6,8—triene:

In 220 m@ of THF was dissolved 12.6 g of la,38-
dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene,
and the solution Was irradiated with light from a high-
pressure mercury lamp via a.VYCol filter for 225 minutes.
The reaction mixture was concentrated, and the residue
was crystallized from 90 m¢ of acetone to recover 5.57 g
of the'starting compound (recovery: 44%). The mother
liquor was purified by fractional high performance liquid
chromatography (SYSTEM-500 produced by Waters Co.; eluent:
ethyl acetate:methylene chloride=5:2 by volume) to obtain
3.64 g (29%) of the crude title compound.

Melting Point: 81-94 C (recrystallized from ethyl acetate)
IR (KBr) cm~*:

3340, 1680, 1150, 1040

~ H0A

This Sheet Has Been Re'i
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(IH m,

m

4.04 (1H, m, 5.32 (IH d, J=5.6Hz), 5.5
Anal ysis for (Jerr]Herr]Jerr]Serr]:

3.69 (IH brs), 3.84
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*H-NMR (CDCls) 6:

0.67 (3H, s), 1.21 (3H, d, J=5.9Hz), 1.25 (3H, s),

1.26 (3H, s), 1.2-1.6 (4H, m), 1.61-1.90 (8H, m),

1.90-2.23 (7H, m); 2.46 (1H, dd, J=2.6, 14.5Hz), 3.28

(1H, m), 3.49 (1H, m), 3.88 (1H, m), 4.03 (1, m),

4.20 (1H, brs), 5.51 (1H, brs), 5.75 (1H, d,

J=12.2Hz), 5.82 (1H, d, J=12.2Hz)

UV (EtOH) Amax: 260 nm (e29300)
8) Preparation of 1l«,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna~5,7,10(18)-triene:

In 70 m@ of THF was dissolved 3.64 g of crude 1«,38-
dihydroxy-~20S-(3-methyl-3-hydroxybutyloxy)-9,10-secopregna-
5(10),6,8-triene, and the solution was allowed to stand at
room temperature for 4 days. The solvent was removed by
evaporation, and the residue was purified by fractional high
performance liquid chroﬁatography (SYSTEM-500 produced by
Waters Co.; eluent: ethyl acetate:methylene chloride=5:4 by
volume) to obtain 1.40 g of the title compound as an oily
substance. Crystallization from ethyl acetate and n-hexane
gave 1.08 g of the title compound in a yield of 8;6% based
on the l«,38-dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-5,7-
pregnadiene. '

Melting Point:
112-115 C (crystallized from a mixed solvent of éthyl

acetate and n-hexane)

IR (KBr) cm—*:

3400, 1845, 1180, 1020 ThlsSheetHasBeenReﬂll

AR




Cal cd. (9% :__C 70.53; H10.90 Found (%: C 70 16; H 10.83 4) Preparatlon of
| a , 3B-Di hydr oxy-20S- ( 3- nethyl 3 hydroxybutyloxy) 5, 7-pregnmg L efe: -B-£0.
of Tmesvsast His Pean Replac | a, 3B- bi s(t- RECLACE;

n{err
but yl di met hyl
and 133 nferr

Melting Point:
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err] THF sol utlon of tetra- OB FEB #97 i
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137-139 C (recrystallized from ethyl acetate)

+*H-NMR (CDCla) &:

0.03 (3H, s), 0.04 (6H, s), 0.08 (3H, s), 0.64 (3H,

s), 0.88 (6H, s), 0.95 (3H, s), 1.15 (3H, d,

J=5.9Hz), 2.15-2.35 (2H, m), 2.568 (1H, m), 2.93 (3H,

s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H, m), 3.76

(1H, brs), 3.86 (1H, m), 3.90 (1H, m), 5.29 (1H, m),

5.56 (1H, m)

2) Preparation of l1a,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5, 7-pregnadiene:

Cerium (III) chloride heptahydrate (561 g) was
dehydrated in an electrical oven at 25C¢ C for 2 hours, and
the resulting anhydrous compound was further dried in vacuo
in a reaction vessel at 140 C for 2 hours. After purging
the reaction vessel with argon, 1.as.e of dried THF was
added thereto, followed by stirring at room temperature
for 1 hour. The mixture was cooled to -20 C, and 1.36 £
of a 1 mol/2 THF solution of methylmagnesium bromide was
added thereto, folloﬁed by allowiné the mixture to react
for 30 minutes. To the reaction mixture was .added 300 g
of-la,3ﬁ-bis(t-butyldimethylsilyloxy)-208-{2—
(dimethylaminécarbonyl)ethyloxy}-s.T-pregnene. and-the
mixture was reacted at that temperature for 30 minutes.
The reaction mixture was added dropwise to 4 ¢ of water
-having dissolved therein 200 g of ammonium chloride.
The'organic layer was separated, and the'aqueous layer

was re-extracted with 5 ¢ of ethyl acetate. The organic
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t hereto, .o d by heating pnder reflux for 2 hours. ):héfﬁéé@?“bnﬂng
m xture mas of ethyl acetate, and the nlxture was washed
successivel y I I'm rochloric acid, a saturated sodi UnOSFEB 1997
hydr ogencarb solutlon and a saturated sodi umjchl ori de aquequs

solution and dried over anhydrous nagne%BUH1squate. The

layers were comblined and dried over'anhydrous magnesium
sulfate. Evaporation of the éolvent gave la,38-bis(t-
butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5,7-pregnadiene.
The resulting compound was again subjected to the above-
mentioned reaction. The crude product was susﬁended in
methanol, and the crystal thus formed was collected b&
filtration and dried to obtain 229 g (80%) of the title
compound.
Melting point:
150-151 C (as recrystallized from acetonitrile)
IR (KBr) cm—2:
3540, 2964, 28684, 1464, 1382, 1258, 1150, 1100, 1084,
970, 880, 838, T74
AH-NMR (CDCla) &:

0.04 (3H, s), 0.05 (8H, s), 0.09 (3H, s), 0.60 (3H,

s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, d,

J=5.9Hz), 1.22 (3H, s), 1.23 (3H, s), 2.30-2.36 (2H,

m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.69

(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, 4,

J=2,6Hz), 5.58 (1H, 4, J=5.6Hz)

EXAMPLE 3
1) Preparation of 3B-(t-Butyldimethylsilyloxy)-5-androsten-
17-one: ' ”

In 300 m@ of DMF was dissolved 56.7 g of
dehydroepiandrosterone, and 41.7 g of imidazole and 46.08 g
of t-butyldimethylchlorosilane were added to the SOIution,
followed by stirring at room temperature for 2 hours. After

completion of the reaction, 150 m2 of methanol was added to



sol vent was renoved by distillation. Crystallization of th
acetone furnished 8.59 g (93% of the title conpound. Melt} ,
181-183 C (recrystallized fromacetonitrile) IR KB[err] crrr'errbs?.géé 195?72

2880, 1464, 1378, 1224, 1154, 1084, 1050
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the reaction mixture. The thus formed crystal was collected

by filtration, washed with 100 m#2 of methanol, and dried to
obtain 73.7 g (93.1%) of the title compound.
Melting Point: 149 C (recrystallized from methanol)
IR (Kbr) cm—*: |
2932, 1748, 1094, 774
1H-NMR (CDCls) &:
0.05 (6H, s), 3.42-3.54 (1H, m), 5.34 (1H, d,
J=5.0Hz)
Elementary Analysis for CazsHa20251:
Caled. (%): C T74.57; H 10.51; Si 6.97
Found (%): C 74.52; H 10.35; S1 6.9
2) Preparation of 38-(t-Butyldimethylsilyloxy)-pregna-5,17-
(20)-diene:
In 400 m¢ of THF was dissolved 250 g of
~ ethyltriphenylphosphonium bromide, and 70.0 g of potassium
f—butbxide was added thereto, followed by stirring at
40 C for 1.5 hours.  Subsequently, 70.0 g of 38-(t-
butyldimethylsilyloxy)-5-androsten-17-one was added thereto,
and the mixture was stirred at 60 C for 1.5 hours. After
cooling, the reaction mixture was poufed into a mixture of
200 m¢ of n-hexane and 400 m¢ of water. The organic layer
was separated, and the aqueous layer was re-extracted with
300 m¢ of n-hexane. The organic layers were combined and
dried over anhydrous magnesium shlfate. followed by
evaporation. To the residue was added 300 m¢ of n-hexane,
followed by stirring at room temperature for 2 hours. The

precipitated crystal was collected by filt;ation. and the



-19- [err] H : 0 61 (3H, s), 0.91 (3H, s), 1
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filtrate was concentrated. The residue was crystallized
from a mixture of 200 m¢ of acetone and 300 m¢ of methanol
to obtain 68.8 g (95.4%) of the title compound.
Melting Point: 98-10F C (recrystallized from methanol)
IR (Kbr) cm~—*:
2940, 2860, 1254, 1094, 888, 838, 778
*H-NMR (CDCls) 6:
0.06 (6H, s), 3.42-3.54 (1H, m), 5.09-5.17 (1H, m),
5.33 (1B, d, J=5.3Hz)
Elementary Analysis for Cz§H4eOQSi:
Caled. (%): C 78.19; H 11.18; Si 8.77
Found (%): C 78.29; H 11.24; Si 6.4
3) Preparation of 38-(t-~Butyldimethylsilyloxy)-20S-hydroxy-
S5-pregnene: | |
To 500 m¢ of a 0.5M THF solution of 9-
borabicyclo[3.3.1]nonane (9-BBN) was added 65.7 g of 38-
(t-butyldiméthylsilyloxy)-pregna-5,17-(20)—diene. and the
mixture was stirred ét 40 C for 2 hours. The reaction
mixture was cboled to 0 C, and 420 m¢ of a 3N sodium

hydroxide aqueous solution and 340 g of a 30% hydrogen

' peroxide aqueous solution were added dropwise thereto,

followed by vigorouély stirring at room temperature for

3 hours. To the reaction mixture was added 500 m@ of
ethyl acetate, and the organic layer was separated. The
aqueous layer was extracted twice with 150 m# portions of
ethyl acetate. The organic layers were combined, washed
successively with a saturated sodium hydrogencarbonate

aqueous solution and a saturated sodlium chloride aqueous
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2.54 (1Hgp, 273(1H —~ 3.27 (1H, ), 3.49 (1H n), 3-Z6 (H_ brs),

(1H, m, laceg 38 (1H, dd, J=2.6, 5.5Hz), 5.71REpHAC Péw A1 CYFRT
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solution, dried over anhydrous magnesium sulfate, and
evaporated to remove the solvent. The residue was
crystallized from 250 m¢ of methanol, and the resulting
crystal was collected by filtration and dried to obtain
56.3 g (82%) of the title compound.
Melting Point: 162-183 C (recrystallized from methanol)
IR (Kbr) cm~*: .
3392, 2940, 1462, 1386, 1258, 1088, 888, 870, 840,
772
1H-NMR (CDCla) ¢:
0.05 (3H, s), 0.06 (3H, s), 3.46-3.50 (1H, m), 3.68-
3.73 (1H, m), 5.31 (1H, d, J=4.9Hz)
Elementary Analysis for Cz+Has02Si:

Caled. (%): C T74.94; H 11.18; Si 6.48

Found (%): C 74.31; H 11.33; Si 6.4
4) Preparation of 38-(t-Butyldimethylsiiyloxy)-208-{2-
(dimethylaminocarbbnyl)ethyloxy}-s—pregnene:

In 420 m@ of THF was dissolved 53.0'é of 38-(t-
butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the
soiution was cooled to 0 C. To the solution were added
48.6-g-of dimethylacrylamide and 9.8 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.
To the reaction mixture was added dropwise 100 m¢ of a
saturated ammonium chloride aqueous solution while cooling,
and 400 m¢ of ethyl acetate was further added thereto.
The organic layer was washed with a saturated aqueous
solution, dried over anhydrous magnesium sulfate, and

evaporated to remove the solvent. The residue was



5) Preparation of |a, 3B-Di hydroxy-20S-(3-net hyl - 3-

hydr oxybut yl oxy) -9, 10- secopr egnha-5-(10).6,8-triene: In 220 i i
di ssol ved 12.6 g of |a, 3B- REPLACTAENT SHEET
di hydr oxy- 20S- ( 3- et hyl - 3- hydr oxybut yl oxy) -5, 7- pr egnadi ene,{ an %ﬁg

solution was irradiated with Iight froma high- pressure nercur? éﬁ%1QQEie

VWcol filter for 225 minutes. The react7omr m xture was concentrated, and
t he residue

)

The reaction mixture was added dropwise éo a 1N ammonium
chloride aqueous solution. The organic layer was separated,
and the aqueous layer was re-extracted with 200 m# of ethyl
acetate. The organic layers were combined and dried over
anhydrous magnesium sulfate. Evaporation of the solvent
gave aB-bis(t—butyldimethylsilyloxy)—20$—(3—oxobutyloxy)—
S-bregnene.
Melting point:
109-11C¢ C (as recrystallized from methanol)
IR (Kbr) cm—*:
2940, 2900, 1718, 1372, 1258, 1088, 888, 872, 840,
772
1H-NMR (CDCls) &:
0.05 (6H, s), 2.18 (3H, s), 8.21-3.26 (1H, m), 5.30
(1H, d, J=5.0Hz)
Elementary Analysis for CsiHs402S1i:
Calecd. (%): C 74.05; H 10.82; Si 5.59
Found (%): C 74.09; H 10.96; Si 5.6
The product was again subjected to the above-
mentioned reaction to obtain the crude title compound,
which was suspended in methanol. The crystal thus formed
was collected by fiitration and dried to obtain 45.0 g
(87%) of the title compound. '
Melting Point: 168 C (recrystallized from methanol)
IR (Kbr) cm—*:

3520, 2939, 1382, 1256, 1096, 886, 838, 778

This Sheet Has Been 'Re[ilaced
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was crystallized from90 nferr] of acetone to recover 5.57 g of the ..
starting conpound—{recovery: 44% . The nother |iquor was pu Rfﬁﬁ-ﬁ

fractlonathmgQHgg& nce | i qui d chr omat ogr aphy ( SYSTEM 508 prodi]
Waters Co.
obt ai n 3.6
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1*H-NMR (CDCla) 6:
0.04 (3H, s), 0.05 (3H, s), 1.17 (3H, d, J=5.9Hz),
1.22 (6H, s), 5.31 (1H, d, J=5.0Hz)

Elementary Analysis for CazHss02Si:

Calcd. (%): C 74.07; H 11.27; Si 5.41

Found (%): C 73.93; H 11.24; Si 5.4
6) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3-
methyl-é-hydroxybutyloxy)-5,7-pregnad1ene:

In 300 m¢ of n-hexane was dissolved 25.9 g of 38-(t-
butyldimethylsilyloxy)~20S-(3-methyl-3~hydroxybutyloxy)-5-~
pregnene, and 11.1 g of'NBS and 2.48 g of AIBN were
added thereto, followed by heatiné under reflux for
30 minutes. After cooling, any insoluble matter was
removed by filtration, and the mother liquor was
concentrated. The residue was dissolved in 200 m2 of
_ tolueﬁe. and 25 m# of y-collidine was added to the |
solution, followed by heat-refluxing for 1 houf. After
cooling, any inSéluble matter was removed by filtration,
and to the filtrate was added 200 m@ of n-hexane. The
reaction mixture was washed successively with 180 m#
of 1N hydrochloric acid, 50 m¢ of a saturated sodium
hydrogencarbonate aqueous solution, and 50 m¢ of a saturated’
sodium chloride aqueous solution. The organic layer was
dried over anhydréus magnesium sulfate, followed by
concentration to about 100 m¢. The concentrate was added
to 400 mﬂ of acetonitrile, and the mixture was stirred under
cooling with ice for 15 minutes. The thus precipitated

crystal was collected by filtration, the reésulting crude
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crystallized from 200 m@ of n-hexane, and the thus formed
crystal was collected by filtration and dried to obtain
26.4 g of the title compound. The filtrate was
concentrated, and the residue was purified by silica gel
column chromatoéraphy to recover 29.2 g of the title
compound, giving the total yield of 55.6 g (73%).
Melting Point: 142 C'(recrystallized from methanol)
IR (KBr) cm~*:
2940, 1632, 1258, 1088, 890, 872, 840, 772
1H-NMR (CDCls) 4:
0.04 (3H, s), 0.05 (3H, s), 2.93 (3H, s), 3.02 (3H,
s), 5.30 (1H, 4, J=5.0Hz)
Elementary Analysis for CazHs~+NOsS1i:

Caled. (%): C 72.26; H 10.80; N 2.63; Si 5.28

Found (%): C 72.12; H 10.67; N 2.66; S1 5.2
5) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3~
methyl~3—hydr6xybutyloxy)—5-pregnene:

Dehydrated cerium (III) chlbride (108 g) was further
dried in vacuo in a reaction vessel at 14¢ C for 2 hours.
After purginé the reaction vessel with argon, 320 m@ of
dried THF was added théreto, followed by stirring at room
temperatﬁre'for 1 hour. The mixture was cooled to ~-1C C,
and 400 m¢ of a 1 mol/2 THF solution of methylmagnesium
bromide was added thereto, followed by allowing the mixture
to react for 30 minutes. To the reaction mixture was
added 35.2 g of 38-(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}~5-pregnene, and the

mixture was reacted at that temperature fo; 30 minutes.



0.67 (3H, s), 1.21 (3H, d, J=5.9Herr]) 1.25 (3H S), 1.26
(44, m, 1.61-1.90 (8H m), 1.90-2.23 (7H, nm), 2.46 (1H, dd,
14.5Hz), 3.28 (1H, m, 3.49 (1H, m, 3.88 (1H, m, 4.03 (1H,
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crystal was dissolved in 30 m¢ of methylene chloride, and
the solution was added to 300 mg of acetonitrile. The
mixture was stirred while cooling with ice for 15 minutes,
and the crystal formed was collected by filtration and
dried to obtain 5.52 g (21%) of the titlelcompound.
Purification by 1,4-Addition:

The mother liquor left after collection of the above

erude crystal and that after collection of the purified’
crystal were combined and concentrated. The concentrate was
subjected to silica gel column chromatography using a 10:1
(by volume) mixture of n-hexane and ethyl acetate as

an eluent. The fractions containing the title compound
were collected and dissolved in 200 m¢ of methylene
chloride. To the solution was added 6.0 .g of PTAD,
followed by stirring at room temperature for 45 minutes.
The solvent was femoved by evaporation, and the residue

wés pufified by silica gel column chromatography using,

as an eluent, a 10:1 (by volume) mixture of n-hexane and
ethyl acetate and then a 2:1 (by volume) mixture of thef
same solvents to obtain 4.71 g of a PTAD 1,4-adductf

—
Melting Point: 196-197 C (recrystallized from ______— y
Replace

acetonitrile) This Sheet Hl \\“\
IR (Kbr) cm—*: ' \\“\\\\\“\\\\\\“\
3460, 2936, 1780, 1706, 1408, 1088, 862
1H-NMR (CDCla) 6:
0.08 (6H, s), 1.19 (3H, 4, J=5.9Hz), 1.22 (6H, s),

6.19 (1H, d, J=8.3Hz), 6.35 (1H, 4, J=8.3Hz), 7.28-
7.46 (SH, m)



6) Preparation of |a, 3, B-D hydroxy-208—(‘3-nethy|-3-
hydr oxybut yl oxy) -9, 10- secopregna-5, 7,10(19)-triene: |In 7¢ mfe
di ssolved 3.64 g of crude la,.3B-

di hydr oxy- 20S- ( 3- net hyl - 3- hydroxybutyloxy) 9, 10- secopregna4
5(10),6,8-triene, and the solution was allowed to stand at |r QB FESMHFat br

for 4 days. The solvent was renoved by ¥Waporation, and f§he resi due was
purified by fractional high '

[1%

Elementary Analysis for.C4oH;1NaOaSL:
Caled. (%): C 69.43; H 8.88; N 6.07; Si1 4.06
Found (%): C 69.70; H 8.55; N 6.07; Si 4.0
The resultant 1,4-adduct was dissolved in 50 m¢ of
DMI, and the solution was heated at 160 C for 2 hours.
After cooling, 40 m¢ of toluene was added thereto, and
the mixture was washed with S0 m¢ of a saturated sodium
chloride aqueous solution and dried over anhydrous magnesium
sulfate. The solvent was distilled away, and the residue
was crystallized from 50 m¢ of acetonitrile to obtain 2.47 g
(9%) of the title compound, giving the total yield of 7.89 g
(30%) .
Melting Point: 147-149 C (recrystallized from
acetonitrile)
IR (Xbr) cm~*: _
3520, 2964, 2936, 2864, 1464, 1380, 1252, 1166, 1152,
1098, 880, 838, 778
*H-NMR (CDCls) &:
0.06 (6H, s), 0.60 (3H, s), 0.88 (9H, s), 0.89 (3H,
s), 1.20 (3H, d, J=6.3Hz), 1.23 (3H, s), 1.24 (3H,
s), 5.38-5.41 (1H, m), 5.54 (1H, d, J=5.6Hz)-

—_—

Elementary Analysis for CazHsa0a2Si:

: _—
Caled. (%): C 74.36; H 10.92; Si 5.43 This Sheet 1y
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7) Preparation of 38-Hydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-5,7-pregnadiene:
In 40 m¢ of THF was dissolved 7.60 g of 38-(t-

butyldimethylsilyloxy)-20S-(3-methyl-3-hydroxybutyloxy)-
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to obtain a compound represented by formula (VI):

(VI)

wherein Rz, R;, Ra, Rs, Re, and R+~ are as defined above,
irradiating the compound of formula (VI) as obtained when
Re and R~ are taken together to form a double bond with
ultraviolet light as obtained or, when Re and R~ répresent
a hydrogen atom respecti#ely after being conferted to

a compound 6f formula (VI) wherein Re and R~ are taken
together to form a double bond, with ultraviolet light,
and then subjecting the'resulting compound to thermal
isomerization in an organic solvent. -

2. A process as claimed in Claim 1,_&herein said
conversion of the compound of formula (VI) wherein Re and
R- represent a hydrogen atom respectively to the compound
of formula (VI) wherein Re and R- are taken together to
form a double bond consists of halogenation of Re and
dehydrohalogenation in the presence of a basic catalyst.
3. A process as claimed in Claim 1, wherein the compound

of formula (III) is an acrylamide compound.




Melting Point: 112-115[err] C (crystallized froma mixed solvent of ethyl

acetate and n-hexane) IR (KBr) cnferr]: 3400, 1645, 1160, {3P&0.:™ ¥ SURET
05 FEB 1397
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4. A process as claimed in Claim 1, wherein said

reacting of the compound of formula (I1II) and the compound
of formula (III) is in the presence of a basic catalyst.
5. A process for eliminating protection in conversion

of'a compound represented by formula (VIII):

(VIII)

This. Sheet Has Been Replaced
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wherein Rz, Rs, R« and Rs are as defined above; and Raio
represents a hydrogen afom. a lower alkyl group having

from 1 to 5 carbon atoms or a substituted or unsubstituted
aryl group.

to a compound represented by formula (VI):

wherein said converting is carried out by heating the
compound of formula (VIII) in an aprotic polar solvent

in the absence of a catalyst.

6. A process as claimed in Claim 5, wherein said solvent
is 1,3-dimethyl-2-imidazolidinone.

T. A process for preparing a compound represented by

formula (IV):



- 21 - [err]HHNWR (CDCl[err]) 8: 0.53 (3H, s), 1.18-1.32 ( i T‘SH AT
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5.7-pregnadiene, and 45 m¢ of a 1 mol/¢ THF solution of
TBAF was added thereto, followed by stirring at room
temperature for 10 hours. To the reaction mixture was
added 50 m¢ of ethyl acetate, and the mixture was washed
successively with 90 m¢ of 1N hydrochloric acid, 100 m of
a saturated sodium hydrogencarbonate aqueous solution, and
100 m2 of a saturated sodium chloride aqueous solution and
dried over anhydrous magnesium sulfate. The soivent was
removed by distillation. Crystallization of the residue
from 50 m¢ of acetoﬁe furnished 4.50 g (79%) of the title
compound.
Melting Point: 162-184 C (recrystallized from
acetonitrile)
IR (Kbr) cm-2:
3504, 3432, 2968, 2936, 2872, 1368, 1156, 1092, 1072,
1044
*H-NMR (CDCla) &:
0.59 (3H, s), 0.91 (3H, s), 1.19 (3H, d, J=5.9Hz),
1.22 (3H, s), 1.23 (3H, s), 5.35-5:39 (1H, m), 5.55
(1H, dd, J=2.3, 5.5Hz) |

Elementary Analysis for CzeHaz0a:

Caled. (%): C 77.56: H 10.51 This Sheet Has Been Reﬂlaced

o o+ 0 11,001 1 20,0 i

8) Preparation of 38-Hydroxy-20S-(3-methyl-3-

hydroxybutyloxy)-s,lo—secopregna-s,7,10(19)-tr1ene:
In 230 m# of THF was dissolved 2.30 g of 38-hydroxy-
20S-(3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene, and the

solution was irradiated with light from a high-pressure



85 (1H, m)., 4.22 (1H, n), 4.42 (1H 1), 4.98 (1H, s), S{SE M. &Y
1H, d, J=11.2Hz), 6.35 (IH —d, J=11.2Hz) W (EtOH) [errr
[err] 17000)“@6&6@1153%eﬁﬁ3% pation of Ia, 3B-Bis(t-butyldi
0 0

S- ( 3- net hyl ”"!,mmmmm " xy)-5. 7- prsesgnadl ene

mercury lamp via a Vycol filter for 55 minutes. The

3.
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reaction mixture was concentrated, and the residue was
~crystallized from 23 m@ of acetone to recover 0.90 g of
the starting compound (recovery: 39%). The mother liquor
was purified by fractional high performance iiquid
chromatography (HLC-837 produced by quoh Corporatién:
eluent: ethyl acetate:methylene chloride=1:5 by volume)
to obtain 0.33 g (14%) of crude 38-hydroxy-20S-(3-methyl-
3-hydroxybutyloxy)-9,10-secopregna-5(10),6,8-triene.
*H-NMR (CDCla) §:
0.68 (3H, s), 1.20 (3H, d, J=5.9Hz), 1.22 (3H, s),
.1.23 (3H, s), 1.24 (3H, s), 1.62 (3H, s), 2.35 (1H,
m), 3.28 (1H, m), 3.47 (1H, m), 5.49 (1H, d,
J=2.3Hz), 5.687 (1H, d, J=11:8Hz), 5.94 (1H, 4,
J=12.5Hz) |
In 15 m¢ of THF was dissolved 0.33 g of the crude
aﬁ-hydrox&-zos-(3—methy1-3—hydroxybutyloxy)-9,10-secopregna—
5(10),6,8~triene, and the solution was refluxed for 2 hours.
The solvent was removed by evaporation, and the residue
was purified by fractional high performance liquid
chromatography (HLC-837 produced by Tosoh Corporation;
solvent: ethyl acetate:methylene chloride=1:5 by volume)
to obtain 0.06 g of the title compound as an oily substance
in a yield of 3% based on the aB-ﬁydroxy-zos—(3-methyl—3—
hydroxybutyloxy)-5,7-pregnadiene.
IR (Kbr) cm—2:

-

3409, 2967, 2933, 2873, 1440, 1376, 1371, 1285, 1151,
1089, 1052, 738



1) PPepar ation of |a, 3B-Bis(t-butyldinethylsilyloxy)-20S-{2-
(di met hyl am nocar bonyl ) et hyl oxy) -5, 7-pregnadiene: In 1.2 [err] of THF was
di ssol ved 825 g of 1[err], 3B-bis(t-

but yl di met hyl si | yl oxy) - 20S- hydr oxy- 5, 7- pr egnadi ene, and t hBEBOAUES GaIWESEST
cooled to O[err] C. To the solution were added 688 g of d mFrhyr‘?ﬂ:"rW*anT“de

and 175 g of sodium hydride, and the #iXufe was all owed {o %FE@‘!&@ err]
C for 8 hours. '

1H-NMR (CDCla) §:
0.52 (3H, s)..1.18 (3H, d, J=6.3Hz), 1.22 (6H, s),
3.22~3.27 (1iH, m), 3.79-3.87 (1H, m), 3.90-3.96 (1H,
m), 4.80 (1H, 4, J=1.3Hz), 5.04 (1H, d, J=1.3Hz),
6.03 (1H, d, J=11.2Hz), 6.21 (1H, 4, J=11.2Hz)

UV (EtOH) Amax: 270 nm (£13600)

MS m/z: 402 (M*)

———

ThBShmﬁ

i mm I m?in




To the reaction mixture was added dropwi se 700 nferr] of ,a.satura
anmoni um chl ori de aqueous ) tion while cooling, and 4 P:ﬁ;;;ﬁ'
saturated ori de aqueous solution and 5 [err] o -

were further ‘LThe organi c | ayer was washed mmt

aqueous sol ‘ﬁ“ mm ver anhydrous magnesi um sul f 4t k@ﬁ@h’%&?

was rennved omat fon} and the res3due was purified{b

WHAT 1S CLAIMED 1S:

1. A process for preparing a 22-oxacholecalciferol

derivative represented by formula (I):

OH

0 R
\/\< 3
Q>

(1)

= T
This Sheet Hag

o Lo, //m:/un:/mm:ﬁiﬂ“"

wherein R. represents a hydrogen atom or a hydroxyl group;
and Rz and Ra, which may be the same or different, each
represént a lower alkyl group having from 1 to 5 carbon

atoms,

comprising reacting a compound represented by formula (II):

(1I1)

»

wherein Ra represents a hydrogen atom, a hydroxyl group or-

a protected hydroxyl group; Rs represents a hydroxyl group



L

silica gel colum chromatography using a 3:1 (by vol une) f
n- hexane and et hyl and then ethyl acetate as an iy il ) SN
822 ¢ (Wnpounq. -22- —

(N I N

. - -
* c v

or a protected hydroxyl group; and Re and R» represent

a hydrogen atom respectively or they are taken together

to form a double bond,

with a compound represented by formula (III):
CH==CH-CORs ' (ILI1)

wherein Re represents a dialkylamino group having from 1 to

5 carbon atoms,

in an organic solvent or a water/organic solvent two layer

system to prepare a compound represented by formula (IV):

ro\/\c:oR3
(IV)

- This Sheet Has Been Reilaced .

LT

wherein R4. Rs, Re, R+, and Rs are as defined above,

reacting the compound of formula (IV) with an organometallic

compound represented by formula (V):
ReX (V)
wherein Re represents a lower alkyl group -having from 1

to 5 carbon atoms; and X represents an alkali metal,

an alkaline earth metal halide or a cerium hallde,



Mel ting Point: 137-139' C (recrystallized fromethyl ac

(CDCI[errWO 04 (6H, s), 0.08 (3H s)

(6H, s), B , “S(SH d, J=5.9Hz), 2.15-2.39

2,93 3.27 (1H, m). 3.57 (1H,
L Ll L

" - 39 -

" ‘/O\/\CORS

(IV)

wherein Ra represeﬁts a hydrogen atom, a hydfoxyl-group
6r a protected hydroxyl group; Rs represents a hydroxyl
group or a protected hydroxyl group; Re and R~ rebresent
a hydrogen atom respectively or they are taken together
to form a double bond; and Re represents a dialkylamino
group having from 1 to 5 carbon atoms,

_ comprising reacting a compound represented by formula (II):

(II)

T

~\

This Shee

il

wherein Ra, Rs, Re, and R~ are as defined above,

with a compound represented by formula (III):
CH2=CH-CORa (III)

wherein Re is as defined above.



(1H, brs), 3.86 (1H, m, 3.90 (IH m, 5.29 (1H m, 556 (1H mM 2)
Preparation of |[err], 3B-Bis(t-butyldinethylsilyloxy)-20S (3-

met hyl - 3- hydr oxybut yl oxy) - 5, 7- pr egnadi ene: Cbrlun1(|||)RE?E%@EK SHEE
hept ahydrate (561 g) was dehydrated in an el ectrical ef—-at ngglrf ﬂg

2 hours, and the resulting anhydrous _co4rré)o_und was further 8%%1&9‘)’619

for

8. =~ A compound represented by formula (IV):

K ro\/‘coas
(IV)

wherein R« represents a hydrogen atom, a hydroxyl group

or a protected hydrokyl group; Rs represents a hydroxyl

group or a protected hydroxyl group; Re and R~ represent
a hydrogen atom respectively or they are taken together

to form a double bond; and Rs represents a dialkylamino

group having from 1 to 5§ carbon atoms.

9. A 22- oxacholecalciferol ‘derivative represented by

formula (IX):

|'| . O R3
- . ‘ 7 {oH
heet Has Been RTlaced

Hll\l\\\lll\\\\\l\l\ i o

HO" R DR A



in a reaction vessel at 140[err] C for 2 hours. After purglng the reaction
vessel wth argon, 1.35 [err] of dried THF was added t hefe f-ot--owed—by

stirring at roon1{enperature for 1 hour. The m xture was RERHA&E%fBNEZﬁEEﬁT

and 1.36 [err] of a 1 nol/[err] THF solution of nethyl magngESitum bronm de

added thereto, followed by allowing the mxture to react}fprog3Prppmgtes.| T
the reaction m xture was added 300 g =~ 41 -

wherein Rz and Ra, which may be the same or different,
each represent a lower alkyl group having from 1 to 5

carbon atoms.

-

i

————

eet Has Been Re‘laced

i



of I'a, 3B-bis(t-butyldinethylsilyl oxy)-gos-{'z-

(di met hyl am nocar bonyl ) et hyl oxy) - 5, 7<pr.egnene, and t he niXt1&§i£EL
on ni %imsmfﬁﬁ:r

at that tenperature for 30 m nutes. The reaction mxture wa

to 4 [err] of water having dissolved therein 200 g of amon

um chl ori de.

The organic | ayer was separated, and3 he aqueous |ayer was {ejeqt% HEReNI7

with 5 [err] of ethyl acetate. The organic

22-OXACHOLECALCIFEROL DERIVATIVE AND

PROCESS FOR PREPARING THE SAME

ABSTRACT OF THE DISCLOSURE

A 22-oxacholecalciferol derivative represented_by

formula (I):

;hY’O\V/\j<§E{

(1)

This Sheet Has Been Re,ilace

o e, [T

wherein Ra represents.a hydrogen atom or a hydroxyl grbup;
and Rz and Ra, which may be the same or different, each

- represent a lower alkyl'gfoup having from 1 to 5 carbon
atoms, |

and a process for preparing the same are disclosed. The
compound of the p;esent invention has potent differentiation
inducing activit& and cell proliferation inhibitory activity
and is expected to be useful as an anti-tumor agent, an
antirheumatic, a treating agent for psoriasis, and a
treating agent for hyperparathyreosis. The process of thé
present invention makes it possible to efficiently.produce

a desired 22-oxacholecalciferol derivative while reducing

by-production.



st

- 23 - . layers were conbined and dried over anhydrous magnesi um sul gz seos
Evaporatlon of the solvent gave | a, 3B-bis(t-

butyldlnethyIS|Ionxy) 20S- ( 3- oxobut yl oxy) - 5, 7- pr egnadi ene.
42

22-OXACHOLECALCIFEROL DERIVATIVE AND
PROCESS FOR PREPARING THE SAME

ABSTRACT OF THE DISCLOSURE

A 22-oxacholecalciferol derivative represented by
formula (I): S T

This Sheet Has Bee

N i~

n., O Ra
. \/\< 3
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REPLACED (1)
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HO' R

wherein Ra represents a hydrogen atom or a hydroxyl group;
and R and Ra, which may be the same or different, each
represent a lower alkyl group having from 1 to 5 carbon
atoms,

and a process for preparing the same are disclosed.f'The
cdmpound of the present inveﬁfion has5pofeht différéﬁtiation
inducing activity and cell proliferation inhibitory activity
and is expected to be useful as an anti-tumor agent, an
antirheumatic, a treating agent for psoriasis, and a
treating agent for hyperparathyreosis. The process of the
present invention makes it bossible.to efficiently produce

a desired 22-oxacholecalciferol derivative while reducing

by-production.
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The resul ting conpound was again subj ected to the abeve -OHeg—

rgact | on. rREW LS 59%93? strgpended in net hh REEH&F$%@NE EES ¢ hd@

f or me i Bs S dA l\ﬁee » | Itrg and dried to op 22@“{? (8894 ofto tpzged 2.

titl e |I5MR % alg? ng e paged ﬁ@- 151[err] C (as r@@r‘g@’é@ | i:A88e F’ 9 paged 4.
................. D] )
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¥ Abstract  :paged .. 4. to paged ..., _
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22-0XACHOLECALCIFERQL DERIVATIVE
AND PROCESS FOR PREPARING THE SAME

FIELD OF THE INVENTION

This invenﬁion relates to a 22-oxacholecalciferol
derivative expected useful as a drug, an intermediate
for the same, and a procesé for preparing the 22-
oxacholecalciferol derivative using the intermediate.

BACKGROUND OF THE INVENTION

22-0xacholecalciferol derivatives have hitherto

been prepared by, for example, the process starting with

a compound represented by formula (II): :
This Sheet Has Been Replaced -

LB

REPLACEMENT SHEET

11FEB ¥99

(II)

Rs

wherein Rs represents a hydrogen atom, a hydroxyl group

or a protected hydroxyl group; Rs represents a hydroxy;‘.
group or a protected hydroxyl group: and Re and R~ represent
a hydrogen atom respectively or they are taken together to
form a double bond,

as disclosed in Japénese Patent Public Disclosure No.
267550/86. This process, as illustrated by the following
reaction scheme (1), comprises éeacting the compound of
formula (II) with 1—bromo-é-propene in the presence of

a basic catalyst to form a 20S-(3-butenyloxy) compound,



~

IR (KBr) cnferr]: 3540, 2964, 2864. 1464, 1382, W BMBNT 1084,
970, 880, 838, 774 [err]HHNMR (CDCl[err])8 : O. \u.h oS Tl v 6H, s),
0509 (3H s), 0.60 (3H, s), 0.87 (18H, ), 0.89 I3
J=5.9Hz), 1.22 (3H, 's). 1.23 (3H, s), 2.3052.36 "“S‘}EBL"’;Q

—~~
e i

oxidizing the 20S-(3-butenyloxy) compound with oxygen in '
the presence of a catalyst to obtain a 20S-(3-oxobutyloxy)
compound, and reacting the 20S-(3-oxobutyloxy) compound
with a Grignard reagent to obtain a 20S-(3-hydroxy-3-

methylbutyloxy) compound.

LReaction Scheme (1)1}

© This Sheet Has Been Reﬂla

- N

However, the above process requires complicated

operation. In addition, since the reaction between
the compound (II) and l-bromo-3-propene is attended by
by~production of a 20S-(2-butenyloxy) compound in a
considerable proportion, ;eéulting in a low yield of
the desired compound, and separation and purification

of the desired compound involves difficulty.



M, 2.78 (14 _m., 3.26 (1H ), 3.49 (1H, ), 3.69 [RE?Léfgfimg‘;ﬁﬂ¢ﬂH,
4,04 (1H, , 5.32 (1H d, J=2.6H 5.58 (1H, d, JE5 1
Prepag ati [ﬁﬁ'ﬁm di met hyl )SI |yl oxyg- 5- andr ot e L_"Z‘ilegé@gp 302)
nferr] of , de 56.7 g of

-3 -

DISCLOSURE OF THE INVENTION
As a result of extensive investigations, the
inventors have found a technique for constructing the side
chain by O-alkylating the 20-hydroxyl group with a compound

represented by formula (III):
CH2=CH-COR3 ( III )

wherein Rs represents a dialkylamino group having from 1 to

S carbon atoms,
and reached the present invention based on this finding.

The process of the present invention starts from a compound

represented by formula (II):

(1II)

wherein R. represents a hydrogen atom, a hydroxyl group or
a protected hydroxyl group; Rs represents a hydroxyl group
or a protected hydroxyl group; and Re and R- represent a
hydrogen atom respectively or they are taken together to
form a double bond.

The compound of formula (II) can be synthesized by,

for example, the process disclosed in Japanese Patent Public

Disclosurg No. 267550/86.

m,
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dehydroeplandrosterone and 41.7 g of im dazole &H&LﬂfﬁMfNFd%ﬁfT

t- butyldlnetﬁq cedier e added to the sof ytTon, " TOIMToWeYg hy
stlrrlng at for 2 hours. After [comphet phg t e |reacti on.
150 nferr] of dded to _ "]elFE’E' %

Where starting with the compound of formula (II) in

which the hydroxyl group(s) are protected, the protecting
groﬁps for a hydroxyl group include those which are not
released under a.basic condition, such as lower alkylsilyl
groups., e.g., & trimethylsilyl group, a triethylsilyl
group, and a t-butyldimethylsilyl group, with a t-
butyldimethylsilyl group being preferred.

The compound of formula (II) is reacted with a

cbmpound represented by formula (III):
CH2=CH-CORs . (I11)

wherein Rs represents a dialkylamino group having from 1
to 5 carbon atoms, in the presence of a basic catalyst.

Examples of the compoﬁnd of formula (IIX) include
acrylamide compounds, such as dimethylacrylamide and
diethylacrylamide.

Examples of suitable bases which can be used in the
reaction include metal hydroxides, such as sodium hydroxide,
potassium hydroxide, and calcium hydroxide; and metal
hydrides, such as sodium hydride, potassium hydride, and
calcium hydride.

Where a metal hydroxide is used as a base, an organic
solvent which increases solubility of the reactant reagents
and is easily miscible with water and stable to an alkali
is used. Such solvents preferably include ethers, e.g.,
tetrahydrofuran (hefeinafter abbreviated as THF), dioxane,

~and diglyme. A water-immiscible organic solvent may also be



- 24 - the reaction r n1xture The t hus forned cryspar—was—colteetedby

fi.ltration, Wﬂﬁhﬁﬂeﬂﬁa& “ﬁi err] of nethanol, aREHJA@MEHTOﬂ{m 73.7 ¢

(93 199 of the Mel ting Point: 149( e r; C(recrystjalil i zed
fronlnethanol) rr] 2932, 1748, 109

I=

| TAM FEB 1999

used if stable to an alkali. Such solvents include aromatic
hydrocarbons, e.g., toluene, Xylene, and benzene. In the
latter cases.-i; is preferable to us a phase transfer
catalyst, preferably a tetrabutylammonium salt. Where a
metal hydride is used as a base, it .is preferable to use
' the above-mentioned solvents after drying. That is, an
ether, such as THF, dioxane or diglyme, or an aromatic
hydrocarbon, such as toluene, Xylene or benzene, is used
as dried. Preferred of them is THF.
While the reaction temperature and time may be
selected appropriately, it is recommended to carry out
the reaction at room temperature or lower in order to
prevent the acrylamide compound (III) from polymefizing.
The resultant compound, as represented by formula
(IV) shown below, is a novel compound which is useful as an
intermediate for synthesizing various 22-oxacholecalciferol

derivatives.

The intermediate product represented by formula (IV):

L ro\/\CORs

(IV)

wherein Ra, Rs, Re, R+», and Re are as defined above,

is then reacted with a compound represented by formula (V):



[err]H—NNR cDd [err})y—8—06-05 (6H, s), 3.42-3.54 (1H m, 5.34 (1H d
J=6. OH[err]) El ement ary, Analysis for Clerr]Herr T.T e raemi( % C
74.57: H 10T15$1h ﬁ\ i (% C 74 52-" H 10 HEPLACRIBNESHERTL, ¢ ion

of BB-(t But oxy) pregna-5, 17-
- 6 - " 11FEB 1999

ReX ) ) (V)

wherein Re represents a lower alkyl group having from 1
to 5 carbon atoms;: and X represents an alkall metal,
an alka;ine earth metal halide or a cerium halide,

to obtain a Eompound represented by formula (VI):

(VI)

wherein Rz and Ra, which may be the same or different,
each represent a lower alkyl group having from 1 to 5
carbon atoms; and R«, Rs, Re, and R+ are as defined above.

Typiéal examples of'the compound of formula (V) are
methyl lithium, butyl lithium, methylmagnesium bromide,
ethylmagnesium bfomide, and methylcerium chloride.

An aprotic solvent in which the organometallic
compound does not decompose and by~production can be
controlled is suitably used. Examples of preferred solvents
are ethers, such as THF and dimethyl ether. These solvents

.are used in a dehydrated state in a known manner. While'the-
reaction temperature and time may be selected appropriately.
it is recommended to carry out the reaction at a temperaturé

of from -3C up to room temperature for a period of from



(20)-diene: In 400 nferr] of THF was dissolved 2 g-of

et Ayl tri phenyl phosphoni um brom de, and 70.0 g of]ﬂﬁﬂgggﬁgnaT
added thereto, followed by stirring at 4C C for - rott-S——SHiB
70.0 g of 3B-(t- butyldinethylsilyloxy)-S-andros
thereto, and the m xture was stirred at_69[§rr]C

| de was
ently,

dded
l.égﬁo 5. ter

bt

—w?

several tens of minutes to several hours so as to prevent
the compound (IV) as huch'as possible from returning to the
former compound (II) due to elimination reaction.

Where Re and R» in the resulting compound (IV) each
represent a hydrogen atom, the compound must be converted
to a compound wherein Re and R~ are taken together fo form
a double bond, i.e., a 5,7-diene compound, before it is led
to a vitamin D skeletqn. This can easily be achieved in
a usual manner, for example, 5y the process described in
Japanese Patent Public Disclosﬁre No. 71055/78 as shown by

the following reaction scheme (2):

/

jaced
Tm\sS z‘\

—



cooling, the reaction m xture was poured into a ni' kégﬁ”i,chh‘ of
n-hexane and 400 nferr] of water. The organic Iayeék§g§A§Eb@ﬁatu*

!dx,*_hfld t he
aqueous | ayer was re-extracted with 300 nferr] of exane. The orpanic

| ayers were conbined and dried over anhydrous nagn s;unl$EEBa@3y fal?omed
by evaporation. To the residue was addedg3@0 -nferr f n- hexane fi]|OMEd

-D".I:

by stirring at roomtenperature for 2 hours. The

[Reaction Scheme (2)]

" This -Sheet Has Been Rep

WA

wherein Rz, Ras, R, and Rs are as defined above.

That is, the 7-position of the steroid skeleton
is halogenated with an allyl-position halogenating
reagent, and the resulting compound is then subjected
to dehydrohalogenation with a base to obtain a 5,7-diene

compound.



bl

precipitated crystal was collected by filtration, @oi-tihe-——-26
filtrate was concentrated. The residue was crystal&E?Bé&iﬂﬁﬁﬁiéSHﬁET re of
200 n[err] of acetone and 300 n{err] of nethanol :

1 1FEB 1999
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The allyl-position halogenating reagent which can be

used includes N-bromosuccinimide, N-chiorosuccinimide. and
1,3-dibromo-5,5-dimethylhydantoin. Solvents inert to
halogenation reaction, preferably non-polar solvents, e.g..
n-hexane and cafbon tetrachloride, are used. If desired,
reaction may be accelerated by irradiation or by addition of
a radical reaction initiator, such as azobisisobutyronitrile
(hereinafter abbreviated as AIBN).

The base which can be used for the
dehydrohalogenation reaction includes organic bases, such
as 2,4,6-trimethylpyridine (r~collidine), 2,6-lutidine, and
pyridine type ion-exchange resins; and inorganic bases, such
as lithium carbonate and potassium carbonate. While the
kind of the reaction solvent, the reaction temperature, and
the reaction time may be decided appropriately depending on
the kind of the base used, it is recommended to carry out |
.the reaction by heating under reflux in toluene in the
presence of 1-collidine as a base for a period of about
10 minutes. |

The above reaction is sometimes accompanied by
by-production of a 4,6-diene compound due to double bond-
shift in addition to the desired 5,7-diene compound. This
being the case, purification may be effected by directly
subjecting the reaction mixture to column chromatography
on silica gel, or.by 1l,4-addition of a compound represented

by formula (VII):



to obtain 68.8 g (95.4% of the title compound. Melti BEPbHﬁEbﬁ@@F Df]

"C_(recrystallized fromnethanol) IR (Kbr) cm[err]: 294@, -
888, 838, 776 [err]-H-NVR (CDCl[err]) 8: 0.06 (6H, s) . 42# 8-84.{J.H
5.00-5.17 (1H m, 5.33 (1H d, J=5.3H) 1 PeB o
— - 10 - ‘j
"This Sheet Has Been '
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0 (VII)

to the 5,7-diene compound, isolating the 1,4-adduct, and
subjecting the adduct to release elimination reaction to
restore the 5,7-diene compound. In the above addition

reaction, the 4,6-diene compound does not form an adduct.

Elimination reaction of a 1,4-adduct has
conventionally been performed by using a powerful reducing
agent, such as lithium aluminum hydride, or an inorganic
base in a high-boiling solvent and is inapplicable to an
adduct having such a functional group as cannot withstand
a reductioﬁ reaction or a functional group instable to a
base. Therefore, adoption of the conventional elimination
reaction as a method for éeparation and purification as in
the present invention has been limited.

In this regard, the inventors have found a technique
for accomplishing the elimination reaction under a neutral
condition without adversely affecting most functional
groups, the technique comprising heating the 1,4-adduct
in an aprotic polar solvent, such as 1,3-dimethyl-2-
imidazolidinone (hereinafter abbreviated as DMI) or N,N-
dimethylformamide (hereinafter abbreviated as DMF), in
the absence of a catalyst to release a desired compound
in high yield. While the reaction temperature and time

may be selected appropriately, it is recommended for

r]
94,



El ementary Anal-ysis for Clerr]Herr]O[err]Si: Calcd. (Bgﬁgb"ﬁﬁﬁag?ﬁﬁﬂﬁﬂi8;
Si. 6.77 Found_ (% C 78.29; H 11.24; Si 6.4 3) Preparatj on of

3B- (t-Butyl di ; 1 n ce®0S- hydr oxy- 5-pregnene: {To 540 FERrighg off ¢
0. 5M THF sol utf , . bi cycl o[ 3. 3. 1] nonane (9-BHN){ was added 65./7 |g
Of 36_ _ ll - et o oo -

minimizing by-products and ensuring a high yield to.carry
out the reaction in DMI at a temperature of from 100 to
150 C for several hours.

‘The compound of formula (VII) which can be used in
the present invention pfeferably includes 4-phenyl-1,2,4-~
triazoline-3,5-dione.

| Where R. or Rs in the thus 6bta1ned compound of
formula (VI) in which Re and R~ are taken together to form
a double bond is a protected hydroxyl group, the protecting
group is removed in a usual manner to provide a compound
wherein Ra or Rs is a hydroxyl group.

The resulting compound can easily be cqnverted to a

22-oxacholecalciferol derivative represented by formula (I):

IR gl St
R,

(1)

HO" R,

wherein Ry represents a hydrogen atom or a hydroxyl group:
and R= and Ra, which may be the same or different, each
represent a lower alkyl group having from 1 to § carbon
atoms,

in a known manner, for example, in accordance with the

process described in Japanese Patent Public Disclosure



- _ ' T —
(t-butyl di methyl si 1yl oxy) - pregna- 5, 17- (20) - di ene, and { A b EMENTSHEET

stlrred at 40[EM§l£aiﬁgB£n Reukd. The reaction m xture $ cooled to Ofgrt

f

[@)

30% hydr ogen pe sol ution were added dropy $e thereto,
fol | owed by vi gorous g at room tgyperature fof ITNOUrS—Fe—tk

C," and 420 n{er “ [HBmLum hydr oxi de aqueous sol Uit § orfl #REB31Wyg
y Sti

reaction m xture was added 500 nferr] of

No. 84555/75, which consists of light irradiation in
an inert solvent followed by thermal isomerization.

The compound of formula (I) wherein R. is a hydrogen
atom; and Rz and Ra each represent a lower alkyl group,
such as a methyl group, is a novel 22-oxacholecalciferol
derivative exhibiting differentiation inducing activity

~and cell proliferation inhibitory activity.

The present invention will now be illustrated in
greater detail with reference to Examples, but the present
invention should not be construed As being limited thereto.

EXAMPLE 1

Preparation of 1z,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna-5.7,10(19)-triene

1) Preparation of 1l«,38-Bis(t-butyldimethylsilyloxy)~20S-{2-
(dlmethylaminocarbonyl)ethyloxy} 5-pregnene:

In 12 2 of THF was dissolved 1.95 kg of 1la,38-bis(t-
butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the
solution was cooled to O C. To the solution were added
1.06 kg of dimethylacrylamide and 215 g of sodium hydride,
and the mixture was allowed to react at 0 C for 8 hours.
After cooling, 2.8 2 of a saturated ammonium chloride
aqueous solution was added dropwise to the reaction mixture,
and 15 @ of a saturated sodium chloride aqueous solution and
18 ¢ of ethyl acetate were added thereto. The organic iayer
was washed with a saturated aqueous solution, dried over
anhydrous magnesium sulfate, and concentrated to remove the
solvent. To the residue was added 6 ¢ of n-hexane, and the
thus formed crystal was collected by filtration and dried

to obtain 1.66 kg (73%) of the title compound.

—



ethyl acetate, and the organi c_layer was separated.] Rfﬁéﬁéﬁbﬁﬁﬁ%qﬂﬁ"mr was
extracted twiee—with I50 nferr] portions of ethyl gc C

| ayers were co lgeccessively with a sctLraﬁ ﬁﬁ)
m chi or1'de|aq

hydr ogencar bonz mmm“““‘“ﬁ tion and a saturated sqdl u jueous
- 13 - '

Melting point: 148-150 C (as recrystallized from methanol)

IR (Kbr) cm~*:
2956, 2860, 1852, 1254, 1068, 890, 840, 772
1H-NMR (CDCls) §:
0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s). 0.08 (3H,
s), 0.64 (3H, s), 0.88 (6H, s), 0.95 (3H, s), 1.15
(3H, 4, J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (lH. m),
2.93 (3H, s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H,
m), 3.76 (1H, bré). 3.86 (1H, m), 3.80 (1H, m), 5.46
(1H, 4, J=5.6Hz)
Elementary Analysis for CaeH-iNO.Sia:
Cacld. (%): € 68.93; H 10.81; N 2.12; Si 8.48.
Found (%): C 68.83; H 10.84; N 2.18; Si 8.5
2) Preparation of 1a.3B-Bis(t-butyldimethy}silyloxy)—ZOS-(3—;
methyl-3-hydroxybutyloxy)~-5-pregnene:
Cerium (I1I) chloride heptahydrate (3.08 kg) was
dehydrated in an electrical oven at 250 C for 2 hours,
and the resulting anhydrous combound was further dried
in vacuo in a reaction vessel at 120 C for 3 hours. After
purging the reaction vessel with argon, 8.0 2 of dried THF'
was added thereto, follbwed by stirring at room temperature
fof 1 hour. The mixture was cooled to -200 C, and 7.5 £ of
a 1 mol/¢ THF solution of methylmagnesium bfomide was added
thereto, followed by allowing the mixture to react for
30 minutes. To the reaction mixture was added 1.62 kg
of 1a.aﬁ-bis(t-butyldimethyisilyloxy)-zos-{z-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene, and the

mixture was reacted at that temperature for 30 minutes.



- 26 - solution, dried over anhydroUs magnesi um sul fate, and evaporated to

renove the sol vent.
nmet hanol , and-theresulting crystal was collected by

to obtaln 56. 3

The residue was crystallized erHE%
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(82% of the t|tIe conpound.
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The reaction mixture was added dropwise to 20 2 of water

having.dissolved therein 1.0 kg of ammonium chloride. The
organic layer was separated, and the aqueous layer was re-
extracted with 10 2 of ethyl acetate. The organic layers
were combined and dried over anhydrous magnesium sulfate,
followed by concentration to remove the solvent to give.
lz,38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5-
pregnene.
Melting point: 105-106 C (as rec:&stallized from methanol)
IR (KBr) cm—*:.
2936, 1728, 1464, 1378, 1258, 1096, 886, 872, 838,
774
1H-NMR (CDCla) &:
0.03 (3H, s), 0.04 (3H, s), 0.08 (3H, s), 0.08 (3H,
s), 0.80 (3H, s), 0.87 (18H, s), 0.99 (3H, s), 1.14
(3H, 4, J=5.8Hz), 2.15-2.28 (5H, m), 2.61 (2H, m),
3.23 (1H, m), 3.52 (1H, m), 3.77 (1H, brs), 3.80 (1H,
m), 3.98 (1H, m), 5.44 (1H, d, J=5.6Hz)
Elementary Analysis for Ca~-HesO4Siz:
Caléd. (%): C 70.19; H 10.83; Si 8.87
Found (%): C 70.05; H 10.81; Si 8.9
The product was again subjected to the above-
mentioned reaction to obtain a crude title compound.
The crude product was suspended in methanol, and the
precipitated crystal was collected by filtrapion and

dried to afford 1.12 kg (73%) of the title compound}



Mel ting Point: 162-163 C (recrystallized fron1nethﬂﬁrﬁfﬁvwwfwww
3392, 2940, 1462--1386,--1258,-1088, 888, 870, 840, 7t
(eod [err]) 8, 0,05 (3H ), o 06 (3H s), 3.46-3.50 lH?hﬂEB 3 73

(1H, m, 5.31 ect das
R [

i Br ?,qu err]:

: S

R ST —

Melting Point: .168-169'C (as recrystallized from methanol)
IR (KBr) ecm~*:
3540, 2960, 1484, 1382, 1258, 1150, 1090, 972, 886,
872, 838, 812, 774
1H-NMR (CDCla) 6:

0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,

s), 0.66 (3H, s), 0.88 (18H, s), 0.95 (3H, s), 1.18

(3H, s), 2.20-2.28 (2H, m), 3.25 (1H, m), 3.47 (1H,

m), 3.76 (1H, brs), 3.81 (1H, m), 4.85 (1H, m), 5.45

(1H, d, J=5.6Hz)

Elementary Analysis for CaeHz2048S1az:

Caled. (%): C 70.31; H 11.18; Si 8.65

Found (%): C 70;41; H 11.10; Si 8.7
3) Preparation of 1lz,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

In 300 m¢ of n-hexane was dissolved 32.5 g of
lx,38-bis(t-butyldimethylsilyloxy)-20S-(3-methyl-3-
hydroxybutyloxy)-5-pregnene. and 11.1 g of N-
bromosuccinimide (hefeinafter'abbreviated as NBS) and
2.46 g of AIBN were added thereto, followed by heating
under reflux for 30 minutes. After cooling, any insoluble
matter was removed by filtration, and the mother liquor
was concentrated. The residue was dissolved in 200 m¢ of
toluene, and 25 m¢ of r-collidine was added to the solution,
followed by heat-refluxing for 1 hour. After cooling, any
insoluble matter was removed by filtration, and to the
filtrate was added 200 m@ of n-hexane. The reaction mixture

was washed successively with 300 m¢2 of 1N hydrochloric acid,



El ementary Anal ysis f err]Herr]O[err]Si: Calcd. ({ )4 1318;
Si. 6.49 Found (miﬁhe gllRe ]ceﬁ[l. 33]; [Si 6].4 4) Prepar & ngg? ﬁ’ﬂ“' j«j,
3B-(t- But yl di ne 0S-{ 2- .
(di met hyl ani noc u ‘II' mmﬁty}-&pregnene: In 420 nfefr]1 $FEBHI998as
di ssolved 53.0 g of (t- butyldi et hyl] gig v oxy) - 20S4hydr oxy- 5- pr egngng,
and t he |

1H-NMR (CDCla) &: E——

0.53 (3H., s), 1.18-1.32 (10H, m), 1.46-1.62 (4H. m),
1.63-1.75 (4H, m), 1.82-2.20 (8H, m), 2.30 (1H, dd,
J=7.3, 13.2Hz), 2.58 (1H, dd, J=3.8, 7.0Hz), 2.82
(1H, dd, J=0.3, 12.9Hz), 3.26 (1H, m), 3.47 (1H, m),

. 3.85 (1H, m), 4.22 (1H, m), 4.42 (1H, m), 4.98 (1H,
s), 5.32 (1H, s), 6.02 (1H, d, J=11.2Hz), 6.35 (1,
d, J=11.2Hz) |
UV (EtOH) Amax: 264 nm (£17000)
EXAMPLE 2

Preparation of la,38-Bis(t-butyldimethylsilyloxy)-
205-53-methzl—3-hzdroxzbutzloxx2-5.7-greggadiene

1) Preparation of la,38-Bis(t-butyldimethylsilyloxy)-20S-{2-

(dimethylaminocarbonyl)ethyloxy}~5,7-pregnadiene:

In 1.2 ¢ of THF was dissolved 825 g of lz,38-bis(t-
butyldimethylsilyloxy)-Zos-hydroxy-s.7-pregnad1ene,_and.
the solution waé cooled to O C. To the solution were added
688 g of dimethylacrylamide and 175 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.

To the reaction mixture was added dropwise 700 m2 of a
saturated ammonium chloride agueous solution while cooling,
and 4 2 of a saturated sodium chloride aqueous solution

and 5 é of ethyl acetate were further added thereto. The
organic layer was washed with a saturated aqueous solution
and dried over anhydrous magnesium sulfate. The solvent
was removed by evaporation, and the residue was purified by

silica gel column chromatography using a 3:1 (by volume)

mixture of n-hexane and ethyl acetate and then ethyl acetate

as an gluent to obtain 822 g (85%) of the title compound.
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solution was cooled to O[érr]"C. To the solution were aﬂH“H‘ZB“B“g‘UT
di met hyl acry!| G SiRet2REBRn Repthcf SOdi um hydride, and thej mipq pEg w9 al | pwed
To the reaction m xture 5 addeg dropw sej 100
I m chl ori de aqueous sol ut{ of ,{ and

to react at a
nerr] of a sat
of

400 nferr]

was washed with a saturated aqueous T

=

s further ggded thereto: The organic Iayq

200 m¢ of a saturated sodium hydrogencarbonate aquéous
solution, and 200 m¢ of a saturated sodium chloride aqueous
solution. The organic layér was dried over anhydrous
magnesium sulfate, followed by concentration to about

100 m¢. To the concentrate was added 500 m@ of
acetonitrile, and the mixture was stirred under cooling
with ice for 1 hour. The thus precipitatéd crystal was
collected by filtration, the resulting crude crystal was
dissolved in 100 m@ of ethyl acetate, and the solution'
was added to 500 m2 of acetonitrile. The mixture was
stirred while cooling with ice for 1 hour, and the crystal
formed was collected by filtration and dried to obtain
12.8 g (40%) of the title compound.

Purification by 1,4-Addition:

The mother liquor left after collection of the above
crude crystal and that after collection of the purified
crystal were combined and concentrated. The concentrate
was dissolved in 200 m¢ of methylene chloride, and 3.0 g of
4-phenyl-1,2,4-triazoline-3,5~dione (hereinafter abbreviated
as PTAD) was added thereto, followed by stirring at room
temperature for 30 minutes. The solvent was removed by
evaporation, and the residue was purified by silica gel
column chromatography using a 3:1 (by volume) mixture of
n-hexane and ethyllacetate as an eluent to obtain 3.63 g
of a PTAD 1,4-adduct as an oily substance.

IR (KBr) cm=*: |
2980, 2864, 1%56. 1704, 1856, 1474, 1400, 1254, 1104,
1058, 838, 776



solution, dried aver anhydrous nagnesium sul fate, and|{gy@POraLERtR e
the solvent. The residue was -27- crystallized fro 'Iﬁﬂ;} gﬁﬁhT
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1H-NMR (CDCla) &:
0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.10 (3H,
s), 0.70 (3H, s), 0.82 (3H, s), 1.11 (18H, s), 1.17
(34, m), 1.29 (6H, s), 2.34 (1H, mi. 2.44-2.55 (2H,
m), 3.168 (1H, m), 3.28 (iH, m), 3.40 (1K, m), 3.53-
3.74 (2H, m), 4.67 (1H, m), €.10 (1H, 4, J=8.3Hz),
6.26 (1H, d, J=8.3Hz), 7.15-7.37 (5H, m)
Elementary Analysis for CaeHrsNsOeSi=z:
' Caled. (%): C 67.19; H 9.91; N 5.11
Found (%): C 66.85; H 8.97; N 5.086
The resultant 1,4-adduct was dissolved in 36 m2
of DMI, and the solution was heated at 140 C for 2 hours.
After cooling. 40 m2 of n-hexane was added thereto, and the

mixture was washed three times with a saturated sodium

chloride aqueous solution and dried over anhydrous magnesium

sulfate. The solvent was distilled away, and the residue
was crystallized from 20 mg of methanol to obtéin 1.7 ¢
(5.3%) of the title compound, giving the total yield of
14.5 g (45.3%).
Melting Point: 150-15T C (recrystallized from
acetonitrile)
IR (KBr) cm~*:
3540. 2964, 2864, 1464, 1382, 1258, 1150, 1100, 1084,
g70, 880, 838, 774
*1H-NMR (CDCls) ¢:
0.05 (3H, s), 0.06 (8H, s), 0.10 (3H, s), 0.60 (3H,
s), 0.87 (18H, s), 0.89 (3H, s)., 1.20 (3H, d,

J=3.2Hz), 1.22 (3H, s), 1.23 (3H, s), 2.30-2.36 (2H,

ve



crystal was col | ect ed by filtration and dried to oQ the title
caompound. The fili+ate—was-concentrated, and the reg Ahﬂés‘ﬁhprﬁﬂé by
silica gel colunn cl ()ee @th to recover 29.2 g of the title cofrppund
giving the tot g (73% . Melting Poiint]: 1AFEB B9 ;
(recrystallize “ ) IR(KBr) oggerr]:

m), 2.78 (1H, m), 3.268 (1H., m), 3.49 (1H. m), 3.69

(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, d.

J=5.6Hz), 5.58 (1H, m)

Elementary Analysis for CasH-o0kSi=2:
(%):
(%):

Calcd. C 70.53; H 10.90

- Found C 70.16; H 10.83

4) Preparation of 1a.3B-Dihydroxy-205~(3-methy1—3-'

hydroxybutyloxy)-5,7-pregnadiene:
In 70 m¢ of THF was dissolved 14

.3 g of 1a,38-bis(t-

butyldimethylsilyloxy)-20S-(3-methyl-3-hydroxybutyloxy)}-5,7-

pregna&iene. and 133 m2 of a 1 mol/¢ THF solution of tetra-

n-butylammonium chloride (hereinafter abbreviated as TBAF)

was added thereto, followed by heating under reflux for

2 hours.

acetate,

To the reaction mixture was added 100 m¢ of ethyl

and the mixture was washed successively with 0.SN

hydrochloric acid, a saturated sodium hydrogencarbonate

aqueous solution, and a saturated sodium chloride aqueous

solution and dried over anhydrous magnesium sulfate.

solvent was removed by distillation.
the residue from acetone furnished 8.59
title compound.
Melting Point:
acetonitrile)’

IR (KBr) cm~2*:

The

Crystallization of

g (93%) of the

181-183 C (recrystallized from

3388, 2972, 2880, 1464..1378. 1224, 1154, 1084, 1050



2940, 1632.

(3H,

S) .

0.05 (3H,_s). 2.93.(3H; s), 3.02 (3H, s). 5.3Gy””iﬂngﬁ=~ HeEn
HemMam/Nmymsforqu]WeH]MHHHS| Cal cd. (|J%Cr2—26—H1§.§0;

1258, 1088, 890, 872, 840, 772 [err]-H NMR errl)8: 0 04

N1 T

*H-NMR (CDCla) 6:

0.61 (3H, s), 0.91 (3H, s), 1.20 (3H, d, J=6.3Hz),
1.23 (3H, s), 1.26 (3H, s), 2.13 (1H, m), 2.34 (1H,
m), 2.54 (1€, m), 2.73 (1H, m), 3.27 (1H, m), 3.49
(1€, m), 3.76 (1H, brs), 3.85 (1H, m), 4.05 (1H, m),
5.38 (1H, dd, J=2.6, 5.5Hz), 5.71 (1H, dd, J=1.6,
5.3Hz)

' Elementary Analysis for CaeH20a:

Caled. (%): C 74.60; H 10.11

Found (%): C 74.36; H 9.93
5) Preparation of 1l«,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna-5-(10),6,8-triene:

In 220 m2 of THF was dissolved 12.6 g of 12,38~
dihydroxy-20$~(3—methyl-3—hydroxybutyloxy)-5.7¥pregnadiehe.
and the solution was irradiated with light from a high-
pressure mercury lamp via a Vycoi filter for 225 minutes.
The reaction mixture was concentrated, and the residue
was cfystallized from 80 m¢ of acetone to recover 5.57 g
of the starting compound (reéovery: 44%). The mother
liquor was purified by fractional high performance liquid
chromatography (SYSTEM-500 produced by Waters Co.; eluent:
ethyl acetate:methylene chloride=5:2 by volume) to obtain
3.64 g (29%) of the crude title compound.

Melting Point: 81-94 C (récrystallized from ethyl acetate)
IR (KBr) cm—*:
3340, 1680, 1150, 1040



5) Preparation of 3B-(t- ButyldlnethyI5|Ionxy) 208—(3-
ﬂﬁflorlde (109
22’0

net hyl - 3- hydr oxybut yl oxy) - 5-pr egnene: Dehydr at e*iy oy i
g) was further—dried in vacuo in a reaction vegggﬁf AZ hﬁ: for 2
rgon, 320 n[err] of dried

hours. After rg%ﬂggéﬂne soct i on vessel with
THF was add@H mmm\“ﬁ ovved by sti#r2ng-at{rborptEEBetgéyurie jfor 1 hour.
| O[err] C,

T

-

The nixture

*H-NMR (CDCla) &:

0.67 (3H, s), 1.21 (3H, d, J=5.9Hz), 1.25 (3H, s),

1.26 (3H, s), 1.2-1.6 (4H, m), 1.61-1.90 (8H, m),

1.80-2.23 (7H,:m). 2.48 (1H, dd, J=2.68, 14.5Hz), 3.28

(1H, m), 3.49 (1H, m), 3.88 (1H, m), 4.03 (1H, m).

4.20 (1H, brs), 5.51 (1H, brs), 5.75 (1H. d,

J=12.2Hz), 5.82 (1H, d, J=12.2Hz)

UV (EtOH) Amax: 260 nm (£9300)
8) Preparation of 1lz,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy) ~9,10-secopregna-5,7,10(19)~-triene:

In 70 m@ of THF was dissolved 3.64 g of crude lz,38-
dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-9,10-secopregna-
5(10),6,8-triene, and the solution was allowed to stand at
room temperature for 4 days. The solvent was removed by
evaporation, and the residue was purified by fractional high
performance liquid chromatography (SYSTEM-500 produced by
Waters Co.; eluent: ethyl acetate:methylene chloride=5:4 by
volume) to obtain 1.40 g of the title compound as an oily
éubstance. Crystallization from ethyl acetate and n-hexane
gave 1.08 g of the title compound in a yield of 8.6% based
on the 1a.Sﬁ-dihydroxy-zos-(3-methyl-3-hydroxybutyloxy)-5,7-
pregnadiene.

Melting Point:
112-115 C (crystallized from a mixed soivent of ethyl
acetate and n-hexane) |

IR (KBr) cm—*:
3400, 1845, 1160, 1020



and 400 n{err] of a I mot+{ert} THF sol ution of nethylnagne5|un1bron1de was
added theretﬂhmsmkmgmggm allomﬁng the m xture tor+east——for 230 m putes. To

t e reaction rfi 35.2 g of  |REPLACEMENT

3B- (t-butyl di -203_(2_ SHEET
(dlnethylan1noc oxy}-5-preg e, and thef myxt rledct ed - at
that tenperature for 30 m nut es. QEP. TEHES 197

Melting Point:

137-139 C (recrystallized from ethyl acetate)

1H-NMR (CDCla) &: |

0.03 (3H, s), 0.04 (6H, s), 0.08 (3H, s), 0.64 (3H,

s), 0.88 (6H, s), 0.95 (3H, s), 1.15 (3H, d,

J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (1H, m), 2.93 (3H,

s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H, m), 3.76

(1H, brs), 3.86 (1H, m), 3.90 (1H, m), 5.29 (1H, m),

'5.56 (1H, m) |
2) Preparation of la,3B-Bis(t-butyldimethylsilyloxy)-208-(3—
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

Cerium (III) chloride heptahydrate (561 g) was
dehydrated in an electrical oven at 250 C for 2 hours, and
the resultiﬁg anhydrous compound was further dried in vacuo
in a reaction vessel at 140 C for 2 hours. After purging
the reaction vessel with argon, 1.35 ¢ of dried THF was
added thereto, followed by stirring at room temperature
for 1 hour. The mixture was cooled to -20 C, and 1.36 2
of a 1 mol/2 THF solution of methylmagnesium bromide was
added thereto, followed by allowing the mixture to react
for 30 minutes. To the reaction mixture was added 300 g
of 1lz,38-bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylamin&carhonyl)ethyloxy}-s.7-pregnene. and the
mixture was reacted at that temperature for 30 minutes.

The reaction mixture was added dropwise to 4 ¢ of water
having dissolved therein 200 g of ammonium chloride.
The organic layer was separated, and the aqueous layer

was re-extracted with 5 ¢ of ethyl acetate. The organic



aqueous sol ution.” The organl C Iaﬁr was separat ed, B yer

re-extracted wrhisShee eﬂ hyl acetate. T ,Lgrft‘i“&n"efcx\lﬁér“ﬁ“iv\ere
conbl ned and dri ed (“m‘“\“‘\
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layers were combined and dried over anhydrous magnesium
sulfate. Evaporation of the solvent gave 1lx,38-bis(t-
butyldimethylsilyloxy)~20S-(3-oxobutyloxy)-5,7~-pregnadiene.
The resulting compound was again subjected to the above-

" mentioned reaction. The crude product was suspended in
methanoi, and the crystal thus formed was collected by
filtration and dried to obtain 229 g (80%) of the title
compound. |

Melting point:
150-15¥Y C (as recrystailized from acetonitrile)
IR (KBr) cm~*: | _
3540, 2964, 2884, 1464, 1382, 1258, 1150, 1100, 1084,
970, 880, 838, 774
1H~NMR (CDCla) &:-
0.04 (3H, s), 0.05 (6H, s), 0.09 (3H, s), 0.60 (3H,
s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, d,
J=5.9Hz), 1.22 (3H, s), 1.23 (3H, s), 2.30-2.36 (2H,
m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.69
(1H, brs), 3.84 (1H, m). 4.04 (1H, m), 5.32 (1F, d.
J=2.6Hz), 5.58 (1H, d, J=5.6Hz)
| EXAMPLE 3
1) Preparation of 38-(t-Butyldimethylsilyloxy)-5-androsten-
17-one: |
In 300 m¢ of DMF was dissolved 56.7 g of

dehydroepiandrosterone, and 41.7 g of imidazole and 46.08 g

- » - .~

em  addad A +ha A~ATniEl AN



anhydrous nmagnesium sul fate. Evaporation of the solvent gave

3B—b|s(t butyIdLnELhyT§|Ionxy) 20S- ( 3- oxobut yl o ?E?Egyﬁiqgﬁen ﬁ@lting
poi nt: 109-110 C asﬁﬁe@/stal i zed from et hanol fpehE Y hﬂ*g‘ i]: 2940,

2900, 1718 \\“ 1088, 888, 872, 840,

- 24 - 11FEB 1999
" the reaction mixture. The thus formed crystal was collected

by filtration, washed with 100 m¢ of methanol, and dried to
obtain 73.7 g (83.1%) of the title compound.
Melting Point: 149 C (recrystallized from methanol)
IR (Kbr) cm—*:
2932, 1748, 1094, 774
1H-NMR (CDCls) &:
0.05 (6H, s), 3.42-3.54 (1H, m), 5.34 (1H, d,
J=5.0Hz)
Elementary Analysis for CasHa202S1:

Caled. (%): C T74.57:; H 10.51; Si 6.97

Found (%): C 74.52; H 10.35; Si 6.9
2) Preparation of 38~(t-Butyldimethylsilyloxy)-pregna-5,17-
(20)-diene:

In 400 mg¢ of THF was dissolved 250 g of
ethyltriphenflphosphonium bromide, and 70.0 g of potassium
t-butoxide was added thereto, followed by stirring at
40 C for 1.5 hours. Subseﬁuently. 70.0 g of 38-(t-
butyldimethylsilyloxy)-5-andnosten-17-one was added thereto,
and the mixture was stirred at 60 C for 1.5 hours. After
cooling, the reaction mixture was poured into a mixture of
200 m2 of n-hexane and 400 m¢ of water. The organic layer
was seharated. and the aqueous layer was re-extracted with
300 m2 of n-hexane. The organic layers were combined and
dried over anhydrous magnesium sulfate, followed by
evaporation. To the residue was added 300 m2 of n-hexane,
followed by stirring at room temperature for 2 hours. The

precipitated crystal was collected by filtration, and the



772 [erL;tLAMELQLleLELL4;_8 0.05 (6H, s), 2:18 ( s). 3.21.3.26.(1H,
, 5. 30 1H d, J=5.OH El t Anal brr] Si
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filtrate was concéntrated. The residue was crystallized

from a mixture of 200 mg of acetone and 300 m¢ of methgnol

to obtain 68.8 g (95.4%) of the title compound.

Melting Point: 98-10I C (recrystallized from methanol)

IR (Kbr) cm~*:
2940, 2880, 1254, 1094, 888, 838, 776

*H-NMR (CDCla) ¢:
0.06 (8H, s), 3.42-3.54 (1H, m), 5.09-5.17 (1H, m),
5.33 (1H, 4, J=5.3Hz)

Elementary Analysis for Cz-H.e0aSi:

Calcd. (%): C 78.19; H 11.18; Si 6.77

Found (%): C 78.29; H 11.24; Si 6.4
3) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-hydroxy-
S-pregnene:

To 500 m¢ of a2 0.5M THF solution of 9-
borabicyclo(3.3.1]lnonane (9-BBN) was added 65.7 g of 38-
(t-butyldimethylsilyloxy)-pregna-5,17-(20)~diene, and the
mixture was stirred at 40 C for 2 hours. The reaction
mixture was cooled to ¢ C, and 4é0 mg¢ of a 3N sodium
hydroxide aqueous solution and 340 g of a 30% hydrogen
peroxide aqueous solutioﬁ were added dropwise thereto,
followed b& vigorously stirring at room temperature for
3 hours. To the reaction mixture was added 500 mg of
ethyl acetate, and the organic layer was separated. The
aqueous layer was extracted twice with 150 mg¢ portions of
ethyl acetate. The organic layers were combined, washed
successively with a saturated sodium hydrogencarbonate

aqueous solution and a saturated sodium chloride aqueous
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t he crude t|tIe co ound mhlch was suspended in neth n0| Te-trystal thus
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solution, dried over anhydrous magnesium sulfate, and
evaporated to remove the solvent. The residue was
crystallized from 250 m? of methanol, and the resulting
crystal was collected by filtration and dried to qbtain
56.3 g (82%) of the title compound.
Melting Point: 162-183 C (recrystallized from methanol)
IR (Kbr) cm~=2:
3392, 2940, 1462, 1386, 1258, 1088, 888, 870, 840,
772
2H-NMR (CDCla) &:
0.05 (3H, s), 0.06 (3H, s), 3.46-3.50 (1H, m), 3.68~
3.73 (1H, m), 5.381 (1H, d, J=4.9Hz)
Elementary Analysis for Cz+Hee0a2S1: |
Calcd. (%): C 74.94;.H 11.18; Si 6.49
Found (%): C 74.31; H 11.33; Si 6.4
4) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-{2-
(dimethyl&minocarbonyl)ethyloxy}-s-pregnene:
In 420 m@ of THF was dissolved 53.0 g of 38-(t-

butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the

- solution was cooled to 0 C. To the solution were added

48.8 g of dimethylacrylamide and 9.8 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.

To the reaction mixture was added dropwise 100 m& of a
saturated ammonium chloride aqueous solution while cooling,
and 400 m2 of ethyl acetate was further added thereto.

The organic layer was washed with a saturated aqueous
solution, dried over anhydrous magnesium suifate. and

evaporated to remove the solvent. The residue was
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The reaction mixture was added dropwise to a 1N ammonium

chloride aqueous solution. The organic layer was separated,
and the aqueous layer was re-extracted with 200 m¢ of ethyl
acetate. The organic layers were combined and dried over |
anhydrous magnesium sulfate. Evaporation of the solvent
gave 38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-
5-pregnene. |
Melting point:
109-110 C (as recrystallized from methanol)
IR (Kbr) cm~2:
2940, 2900, 1718, 1372, 1258, 1088, 888, 872, 840,
772
*H-NMR (CDCls) &: _
0.05 (8H, s), 2.18 (3H, s), 3.21-3.26 (1H, m), 5.30
(1H, d, J=5.0Hz)
| Elementary Analysis for CaiHs«0aS1i:
Calcd. (%): C 74.05; H 10.82; Si 5.59
Found (%): C 74.09; H 10.96; Si 5.6
The product was again Sﬁbjected to the above-
mentioned reaction to obtain the crude title compound,
which was suspended in methanol. The crystal thus formed
was collected by filtration and dried to obtain 45.0 g
(87%) of the title compound .
Melting Point: 168 C (recrystallized from methanol)
IR (Kbr) cm~*: '

3520, 2939, 1382, 1256, 1096, 886, 838, 778
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di ssolved 25.9 g of 3B-(t-

1H-NMR (CDCla) §:
0.04 (3H, s), 0.05 (3H, s), 1.17 (3H, 4, J=5.9Hz),
1.22 (8H, s), 5.31 (1H, d, J=5.0Hz)

Elementary Analysis for CaszHss0aSi:
Calcd. (%): C 74.07; H 11.27; Si 5.41
Found (%): C T73.93; H 11.24; Si 5.4

8) Preparation of 35-(t-Butyldimethylsilyloxy)-20S-(3-

methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

" In 300 m@ of n-hexane was dissolved 25.9 g of 38-(t-
butyldimethylsilyloxy)-20S-(3-methyl-3-hydroxybutyloxy)-5-
pregnene, and 11.1 g of NBS and 2.46 g of AIBN were
added thereto, followed by heating under reflux for
30 minutes. After cooling, any insoluble matter was
removed by filtrat;on. and the mother liquor was
concentrated. The residue was dissolved in 200 m2 of
toluene, and 25 mg2 of y-collidine wés added to the
solution, followed by heat-refluxing for 1 hour. After
cooling, any insoluble matter was removed by filtration,
and to the filtrate was added 200 m2 of n-hexane. The
reaction mixture was washed successively with 180 mg
of 1N hydrochloric acid, 50 m@ of a saturated sodium
hydrogencarbonate aqueous solution, and 50 m2 of a saturated
sodium chloride aqueous solution. The 6rganic layer was
dried over anhydrous magnesium sulfate, followed by
concentration to about 100 mg2. The concentrate was added
to 400 m¢ of acetonitrile, and the hixture was stirred under
cooling with ice for 15 minutes. The thus precipitated

crystal was collected by filtration, the resulting crude
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crystallized from 200 m2 of n-hexane.'and the thus formed
crystal was collected by filtration and dried to obtain
26.4 g of the title compound. The filtrate was
concentrated, and the residue was purified by silica gel
column chromatography to recover 28.2 g of the title .
compound, éiving the total yield of 55.6 g (73%).
Melting Point: 142 C (recrystallized from methanol)
IR (KBr) cm~*:
.2940. 1632, 1258, 1088, 890, 872, 840.'772
1H-NMR (CDCls) &:
0.04 (3H, s), 0.05 (3H, s), 2.83 (3H, s), 3.02 (3H,
s), 5.30 (1H, d, J=5.0Hz)
Elementary Analysis for Cs=2Hs~NOaS1:
Calcd. (%): C 72.26:.3 10.80; N 2.63; Si 5.28
.Found (%): C 72.12; H 10.67; N 2.66; Si 5.2
5) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)fs-pregnene: '
Dehydrated cerium (III) chloride (109 g) was further
dried in vacuo in a reaction vessel at 14C C for 2 hours.
After purging the reaction vessel with argon, 320 mg of
dried THF was added thereto, followed by stirring at room
temperature for 1 hour. The mixture was cooled to -1C¢ C,
and 400 m¢ of a 1 mol/g¢ THF solution of methylmagnesium
bromide was added thereto, followed by allowing the mixture
to react for 30 minutes. To the reaction mixture was
added 35.2 g of 3&4(trbutyldimethylsilyloxy)-ZOS~{2-
(dimethylaminocarbonyl)ethyloxy}-s-pregnene, and the

mixture was reacted at that temperature for 30 minutes.



sol ution, followed by heat-refluxing for 1 hour. ter coaling. . any
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crystal was dissolved in 30 m@ of methylene chloride, and
the solution was added to 300 mZ of acetonitrile. The
mixgure was stirred while cooling with ice for 15 minutes,
and the crystal formed was collected by filtration and
dried to obtain 5.52 g (21%) of the title compound.
Purification by 1.4-Addition:

The mdther liquqr left after collection of the above
crude crystal and that after collection of the purified’
crystal were combined and éoncentrated. The concentrate was
subjected to silica gel column chromatography using a 10:1
(by volume) mixture of n-hexane and ethyl acetate as
an eluent. The fractions containing the title compound
were collected and dissolved in 200 m2 of methylene
chloride. To the solution was added 6.0 g of PTAD,
followed by étirring at room temperature for 45 minutes.
The solvent was removed by evaporation, and the residue
was purified by silica gel.column chromatography using,
as an eluent, a 10:1 (by volume) mixture of n-hexane and
ethyl acetate and then a 2:1 (by volume) mixture of.the-
sahe solvents to obtain 4.71 g of a PTAD 1,4-adduct.
Melting Point: 186-197 C (recrystallized from
acetonitrile)

IR (Kbr) cm—*:
3460, 2936, 1760, 1706, 1408, 1088, 862

*H-NMR (CDClas) 6:
0.08 (6H, s), 1.19 (3H, d, J=5.9Hz), 1.22 (6H, s),
6.19 (1H, 4, J=8.3Hz), 6.35 (1H, d, J=8.3Hz), 7.28-

T AR (8H m)
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Elementary Analysis for CaoHeiNaOsSi:
Calcd. (%): C 69.43; H 8.88:.N 6.07; Si 4.06
Found (%): C 69.70; H 8.55; N 6.07; Si 4.0
The resultant 1,4-adduct was dissolved in 50 mg of
DMI, and the solution was heated at 160 C for 2 houré.
After cooling, 40 m@ of toluene was added thereto, and
the mixture was washed with 50 m¢ of a saturated sodium
chloride aqueous solution and dried over anhydrous magnesium
sulféte. The solvent was distilled away, and the residue
was crystallized from S50 ﬁe of acetonitrile to obtain 2.47 g
(9%) of the title compound, giving the total yleld of 7.99 g
(30%).
Melting Point: 147-149 C (recrystallized from
acetonitrile)
IR (Kbr) cm=2: _
3520, 2964, 2936, 2864, 1464, 1380, 1252, 1166, 1152,
1098, 880, 838, 778
*H-NMR (CDClas) §&:
0.06 (6H, s), 0.60 (3H, s), 0.88 (9H, s), 0.89 (3H,
s), 1.20 (3H, 4, J=6.3Hz), 1.23 (3H, s), 1.24 (3H,
s), 5.38-5.41 (1H, m), 5.54 (1H, d, J=5.6Hz)
Elementary Analysis for CazHse0sSi:
Calcd. (%): C 74.36; H 10.92; Si 5.43
Found (%): C 74.12; H 11.13; Si 5.4
7) Preparation of 38-Hydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-5,7-pregnadiene: |
In 40 m@ of THF was dissolved 7.60 g of 38-(t-

butyldimethylsilyloxy)-zos—(3-methyl-3-hydroxybutyloxy)-
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by f||trat|oﬁuﬂﬂ " obtain 5.52 g (21% of the tjtf e conmpound.

The m xture was stlr%ed

ctjed

5,7-pregnadiene, and 45 m@ of a 1 mol/g¢ THF solution of

TBAF was added thereto, followed by stirring at room

temperature for 10 hours.

added 50 m¢ of ethyl acetate,

To the reaction mixture was

and the mixture was washed

successively with 90 m¢ of 1N hydrochloric acid, 100 m@2 of

a saturated sodium hydrogencarbonate agueous solution, and

100 m2 of a saturated sodium chloride aqueous solution and

dried over anhydrous magnesium sulfate.

removed by distillation.

The solvent was

Crystallization of the residue

from 50 m2 of acetone furnished 4.50 g (79%) of the title

compound.

Melting Point: 162-164 C (recrystallized from

acetonitrile)

IR (Kbr) cm-*:

3504, 3432, 2968, 2836, 2872, 1368, 1156, 1092, 1072,

1044
*H-NMR (CDCls) §:

0.59 (3H, s), 0.81 (3H, s),
1.22 (3H, s), 1.23 (3H, s),

(1H, dd, J=2.3, §

Elementary Analysis for

Calecd. (%): C 77.
Found (%): C 77.

.5Hz)

CaeHs20a:
56: H 10.51
60; H 10.52

1.19 (3H, 4, J=5.9Hz),
§.35-5.39 (1H, m), 5.55

8) Preparation of 38-Hydroxy-20S-(3-methyl-3-

hydroxybutyloxy)-s.lo-sécopregna-s.7.10(19)-triene:

In 230 m@ of THF was dissolved 2.30 g of 38-hydroxy-

20S-(3-methyl-3-hydroxybutyloxy)~5,7-pregnadiene, and the

solution was irradiated with light from a high-pressure
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mercury lamp via a Vycol filter for 55 minutes. The
reaction mixture was concentrated., and the fesidue was
crystallized from 23 m2 of acetone to recover 0.90 g of
the starting compound (recovery: 39%). The mother liquor
was purified by fractional high performance liquid
chromatography (HLC-837 produced by Tosoh Corporation;
eluent: ethyl acetate:methylene chloride=1:5 by volume)
to obtain 0.33 g (14%) of crude 38-hydroxy-20S-(3-methyl-
3-hydfoxybutyloxy)-9.10-secopregna-5(10).6.8-triene.
2H-NMR (CDCla) &:

0.68 (3H, s), 1.20 (3H, d, J=5.9ﬁz). 1.22 (3H, s).

1.23 (3H, s), 1.24 (3H, s), 1.62 (3H, s), 2.35 (1H,

m), 3.28 (1H, m), 3.47 (1H, m), 5.49 (1lH, d,

J=2.3Hz), 5.87 (1H, d, J=11.8Hz), 5.94 (1H, 4,

J=12.5Hz)

In 15 m¢ of THF was dissolved 0.33 g of the crude
38-hydroxy-20S-(3-methyl-3-hydroxybutyloxy)-8,10-secopregna-
5(10),6.8-triene, and the solution was refluxed for 2 hours.
The solvent was removed by evaporation, and the residue
was purified by fractional high performance liquid
chromatography (HLC-837 produced by Tosoh Corporation:
solvent: ethyl acetate:methylene chloride=1:5 by volume)
to obtain 0.06 g of the title compound as an oily substance
in a yield of 3% based on the aﬁ-hydroxy-zos-(3-methyl43-
hydroxybutyloxy)-5,7-pregnadiene.

IR (Kbr) cm~*:
3409, 2967, 2933, 2873, 1440, 1376, 1371, 1265, 1151,
1089, 1052, 738 |
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1H-NMR (CDCls) &:

'0.52 (BH, s), 1.18 (3H, d, J=6.3Hz), 1.22 (6H, s),
3.22-3.27 (1H, m), 3.79-3.87 (1H, m), 3.90-3.96 (1H,
m), 4.80 (1H, d, J=1.3Hz), 5.04 (1H, d, J=1.3Hz),
6.03 (1H, d, J=11.2Hz), 6.21 (1H, d, J=11.2Hz)
UV (EtOH) Amax: 270 nm (£13800)
MS m/z: 402 (M-)
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WHAT IS CLAIMED 1IS:

1. A process for preparing a 22-oxacholecalciferol

derivative represented by formula (I):

O "(O\/\ﬁgsH
R
2

(1)

. /

HO" eet Has Been Replaced

T

wherein R: represents a hydrogen atom or a hydroxyl group:;
and Rz and Ra, which may be the same or different, each

represent a lower alkyl group having from 1 to S carbon

atoms,

comprising reacting a compoﬁnd represented by formula (II):

(1I)

wherein R. represents a hydrogen atom, a hydroxyl group or

a protected hydroxyl group; Rs represents a hydroxyl group
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or a protected hydroxyl group; and Re and R~ represent
a hydrogen atom respectively or they are taken together
to form a double bond,

"with a compound represented by formula (III):
CH2=CH-COR3 (III)

wherein Ras representé a dialkylamino group having from 1 to
5 carbon atoms,
in an organic solvent or a water/organic solvent two layer

system to prepare a compound represented by formula (IV):

‘/o\/‘coas

(IV)
T

wherein R., Rs, Re, R», and Rs are as defined above,
reacting the éompound of formula (IV) with an organometallic

compound repfesented by formula (V):
ReX (V)
wherein Re represents a lower alkyl group having from 1

to 5 carbon atoms; and X represents an alkali metal,

an alkaline earth metal halide or a cer;um halide,
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to obtain a compound represented by formula (VI):

wherein Rz, Ra, Ra, Rs, Re, and R- are as defined above,
irradiating the compound of formula (VI) as obtained when
Re and R~ are taken together to form a double bond with
ultraviolet light as obtained or, when Re and R+ represent
a hydrogen atom respectively after being converted to

a compound of formula (VI) wherein Re and R- are taken
together to form a double bond, with ultraviolet light,
and then subjecting the }esulting compound to thermal |
isoﬁerization in an organic solvent.

2. A process as claimed in Claim 1, wherein said
conversion of the compound of formula (VI) wherein Re and
R+ represent a hydrogen atom respectively to the compound
of formula (VI) wherein Re and R, are taken together to
form a double bond consists of halogenation of Re and

dehydrohalogenation in the presence of a basic catalyst.

3. A process as claimed in Claim 1, wherein the compound

of formula (III) is an acrylamide compound.

-

Been Replaced

\\Il\\\\\\l\\\\\\\\\\ I

(VI)
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The solvent was distilled away, and the residue was crystallized

from50 nferr] of acetonitrile to obtain 2.47 g (9% QE {wQJeQG dbund,
giving the total yield of 7.99 g (30%. Melting Poing* %, Jﬁ&QLefF s
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4. A process as claimed in Claim 1, wherein said

reacting of the compound of formula (II) and the compound

of formula (III) is in the presence of a basic catalyst.

5. A process for eliminating protection in conversion

of a compound represented by formula (VIII):

(VIII)

wherein Rz, Ras, Rs and Rs are as defined above; and Rao
represents a hydrogen atom, a lower alkyl group having
from 1 to 5 carbon atoms or a substituted or unsubétitutéd
aryl group,

to a compound represented by formula (VI):

wherein said converting is carried out by heating the
compound of formula (VIII) in an aprotic polar solvent

in the absence of a catalyst.

6. A process as claimed in Claim 5, wherein said solvent

-is 1,8-dimethyl-2-imidazolidinone.

7. A process for preparing a compound represented by
formula (IV): -
eet Has Been Replaced

\\\l\l\\ T
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(IV)

wherein R. represents a hydrogen atom, a hydroxyl group

or a protected hydroxyl group:;: Rs represénts a hydroxyl

group or a protected hydroxyl group; Re and R+ represent

a hydrogen atom respectively or they are taken together

to form a double bond; and Re represents a dialkylamino

group having from 1 to 5 carbon atoms,

comprising reacting a compound represented by formula (II):

(ID)

wherein Ra, Rs, Re, and R» are as defined above,

with a compound represented by formula (III):

CH2=CH-CORs

wherein Re is as defined above

(III)

————
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Calcd. (%: C 74.36; H10.92; Si 5.43 Found (): C 74.12; H11.13; Si 5.4 7)
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8. A compound represented by formula (IV):

(o\/\CORs
(IV)

wherein R« represents a hydrogen atom, & hydroxyl group
or a protected hydroxyl group; Rs represents a hydrole
group or a protected hydroxyl group; Re and R~ represent
a hydrogen atom respectively or they are taken together
to form a double bond; and Re represents a dialkylamino
group having.from 1 to s éarhon atoms. -

g. A 22-oxacholecalciferol derivative represented by

formula (IX):

u, O Rs
: r \/\RFZOH

(IX) .

is Sheet Has Been Re; laced
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wherein Rz and Ra, which may be the same or different,
each represent a lower alkyl group having from 1 to 5

carbon atoms.
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a saturated sodi um hydr ogencar bonat e aqueous solution, and 100 nferr] of a
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22-OXACHOLECALCIFEROL DERIVATIVE AND

PROCESS FOR PREPARING THE SAME

R L u——

ABSTRACT OF THE DISCLOSURE
A 22-oxacholecalciferol derivative represented by

formula (I):

CH

ll,. O R3
(I)

' Thmsh

:I. / / een Re; laced
HO" R, / /i

wherein R rebresents a hydrogen atom or a hydroxyl group;
‘and Rz and Ra, which may be the same or different, each
represent a lower alkyl grdup having from 1 to 5 carbon
atoms, |

and a process for preparing the same are disclosed. The
compound of the present invention has potent differentiation
inducing activity and cell proliferation inhibitory activity
and is expected to be useful as an anti-tumor agent, An
antirheumatic, a treating agent for psoriasis, and a
treating agent for hyperparathyreosis. The process of the
present invention makes it ﬁoséible to efficiently produce

a desired 22-oxacholecalciferol derivative while reducing

by-production.
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DESCRIPTION | hure OF RECEIPT.. M.

22-0XACHOLECALCIFEROL DERIVATIVE
AND PROCESS FOR PREPARING THE SAME

FIELD OF THE INVENTION
This invention relates to a 22-oxacholecalciferol
derivative expected useful as a drug, an intermediate
for the same, and a process for preparing the 22-
oxacholecalciferol derivative using the intermediate.

BACKGROUND OF THE INVENTION

22-0xacholecalciferol derivatives have hitherto

N
been prepared by, for example, the process starting with
a compound represented by formula (II):
REPLACEMENT SHEET
24 OCT 2000 (11)
Rs
~ wherein R. represents a hydrogen atom, a hydroxyl group

or a protected hydroxyl group; Rs represents a hydroxyl
group or a protected hydroxyl group; and Re and R- represent
a hydrogen atom respectively or they are taken together to
form a double bond,

as disclosed in Japanese Patent Public Disclosure No.
267550/86. This process, as illustrated by the.following
reaction scheme (1), comprises Eeacting the compound of
formula (II) with 1-bromo-5-propene in the présence of

a basic catalyst to form a 208-(3-butehyloxy) comﬁound.

Qéo 94 g .
}é\\%\e,



(1H, dd, J=2.3, 5.5Hz) Elenentary Analysis for (Jerr]H A %ﬁbg%r
(% C 77.56: H 10.51 Found (%9: C 77.60; H 10.52 8) Pre g&iﬁﬂgﬁf;h“ﬁ,

3B- Hydr oxy- 20S- ( 3- net hyl - 3-
hydr oxybut yl oxy) - 9, 10- secopr egna-5, 7, 10(19) -tri ene: 1n 230 24HCT 260 THF
was di ssolved 2.30 g of 3B-hydroxy- = 2 -

oxidizing the 20S-(3-butenyloxy) compound with oxygen in

the presence of a catalyst to obtain a 20S-(3-oxobutyloxy)
compound, and reacting the 205-(3-oxobutyloxy) compound
with a Grignard reagent to obtain a 20S-(3-hydroxy-3-

methylbutyloxy) compound.

|Reaction Scheme (1))

However, the above process requires complicated
operation. In addition, since the reaction between
the compound (II) and l-bromo-3-propene is attended by
by-production of a ZOS-(Z-butenjloxy) compound in a
considerable proportion, resulting in a low yield of
the desired compound, and separation and purification

of the desired compound involves difficulty.




20S- ( 3- net hyl - 3- hydr oxybut yl oxy) - 5, 7- pr egnadi ene, andtt 1urypmgg d
irradiated with Iight froma high-pressure nercuryIT "WhéL£13ﬁl“1‘
filter for 55 m nutes. The reaction m xture was concentr e %ﬁ the
resi due was . 24 0CT 2000

DISCLOSURE OF THE INVENTION

As a result of extensive investigations, the
inventors have found a technique for constructing the side
chain by O-alkylating the 20-hydroxyl group with a compound

represented by formula (III):

CH2=CH*COR3 (III)

wherein Re represents a dialkylamino group having from 1 to
5 carbon atoms,

and reached the present invention based on this finding.
The process of the present invention starts from a compound

represented by formula (II):

(II)

wherein R. represents a hydrogen atom, a hydroxyl group or
a protected hydroxyl group; Rs represents a hydroxyl group
or a protected hydroxyl group; and Re and R~ represent a
hydrogen atom respectively or they are taken together to
form a double bond.

The compound of formula (II) can be synthesized by,
for example, the process disclosed in Japanese Patent Puﬁlic

Disclosure No. 267550/886.



crystallized from23 nferr] of acetone to recover 0.9 ﬁ%ghﬁ"ﬁ?a
conpound (recovery: 39% . The nother |iquor was purifi -
performance |iquid chromatography (HLC 837 produced by osoh Cbrﬁﬁﬁﬁt
el uent: ethyl acetate: nmethyl ene chlorldq41 by vol une t 02 43GT
(149@ of crude SB-hydroxy 20S- ( 3- et hyT -

3- hydr oxybut yl oxy) -9, 10- secopregna-5(10). 6, 8-tri ene.

Where starting with the compound of formula.(II) in
which the hydroxyl group(s) are protected, the protecting
groups for a hydroxyl group include those which are not
released under a basic condition, such as lower alkylsilyl
groups, e.g., & trimethylsilyl group, a triethylsilyl
group, and a t-butyldimethylsilyl group, with a t-
butyldimethylsilyl group being preferred.

The compound of formula (II) is reacted with a

compound represented by formula (III):
CH=2=CH-CORs . (I11)

wherein Re represents a dialkylamino group having from 1
to 5 carbon atoms, in the presence of a basic catalyst.

Examples of the compound of formula (III) include
acrylamide compounds, such as dimethylacrylamide and
diethylacrylamide.

Examples of suitable bases which can be used in the
reaction include metal hydroxides, such as sodium hydroxide,
potassium hydroxide, and calcium hydroxide; and metal
hydrides, such as sodium hydride, potassium hydride, and
calcihm hydride.

Where a metal hydréxide is used as a base, an organic
solvent which increases solubllity of the reactant reagents
and is easily miscible with water and stable to an alkali
is used. Such solvents preferably include ethers, e.g.,
tetrahydrofuran (hereinafter abbreviated as THF), dioxane,

and digilyme. A water-immiscible organic solvent may also be



[err]HNVR (CDCl[err]) 8: 0.68 (3H, s), 1.20 (3H, d, J:Fégyz
s), 1.23 (3H, s), 1.24 (3H, s), 1.62 (3H, s), 2.35 (1%,’\:5- 3808
3.47 (1H, m), 5.49 (IH d, J=2.3Hz), 5.67 (1H d, J=1}.§Hz), 5.94 ng d,
J=12.5Hz) In 15 nferr] of THF was dissolyed 0.33 g of |t e x4 QOF 200

"/
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used if stable to an alkali. Such solvents include aromatic
hydrocarbons, e.g., toluene, Xxylene, and benzene. In the
latter cases, it is preferable to us a phase transfer
catalyst, preferably a tetrabutylammonium salt. Where a
metal hydride is used as a base, it is preferable to use
the above-mentioned solvents after drying. That is, an
ether, such as THF, dioxane or diglyme, or an aromatic
hydrocarbon, such as toluene, Xxylene or benzene, is used
as dried. Preferred of them is THF.
While the reaction temperature and time may be
selected appropriatély. it is recommended to carry out
the reaction at room temperature or lower in order to
prevent the acrylamide compound (III) from polymerizing.
The resultant compound, as represented by formula
(IV) shown below, is a novel compound which is useful as an
intermediate for synthesizing various 22-oxacholecalciferol
derivatives.

The intermediate product represented by formula (IV):

" (O\/\ COR,

(IV)

wherein R., Rs, Re, R+, and Re are as defined- above,

is then reacted with a compound represented by formula (V):



3B- hydr oxy- 20S- ( 3- met hyl - 3- hydr oxybut yl oxy) - 9, 10- secopr ¢ S S
5(10),6,8-triene, and the solution was refluxed for 2 hgﬁgiﬁﬁﬂﬁﬁgél@%ﬁggi
was renoved:' by evaporation, and the residue was purifie@l by fractional hi
performance |iquid chromatography (HLC 837 produced by Tosolp £oQro28sdi o

sol vent :

of the title conpound as an oily substance

et hyl acet ate: net hyl ene chl ortdé=4:5 by vol une lo obtain 0.06

=)

g

gh

ReX . (V)

wherein Re represents a lower alkyl group having from 1
to 5 carbon atoms; and X represents an alkali metal,

an alkaline earth metal halide or a cerium halide,

" to obtain a compound represented by formula (V;):

(V1)

wherein Rz and Rs, which may be the same or different,
each represent a lower alkyl group having from 1 to 5
carbon atoms; and Rs, Rs, Re, and R+ are as defined above.

Typical examples of the compound of formula (V) are
methyl lithium, butyl lithium, methylmagnesium bromide,
ethylmagnesium bromide,. and methylcerium chloride.

An aprotic solvent in which the organometallic
compound does not decompose and by-production can be
controlled is suitably used. Examples of preferred solvents
are ethers, such as THF and dimethyl ether. These solvents
are used in a dehydrated state in a known manner. While the
reaction temperature and time may be selected appropriately,
it is recommended to carry out the reaction at a temperature

of from -3C up to room temperature for a period of from



in a yield of 3% based on the 3B-hydroxy-20S-(3-nethyl - REDLALY EEID
hydr oxybut yl oxy) - 5, 7- pr egnadi ene. 1R (Kbr) crierr]: 3409°Zeérs 2933, "2871
1440, 1376, 1371, 1265, 1151, 1089, 1052, 738 e f

- 24 0CT 262% 1

several tens of minutes to several hours so as to prévent
the compound (IV) as mﬁch as possible from returning to the
former compound (II) due to elimination reaction.

Where Re and R- in the resulting compound (IV) each
represent a hydrogen atom, the compound must be converted
to a compound wherein Re and R+ are taken together to form
a double bond, i.e., a 5,7-diene compound, before it is led

s to a vitamin D skeleton. This can easily be achieved in
a usual manner, for example, by the process described in
Japanese Patent Public Disclosure No. 71055/78 as shown by

the following reaction scheme (2):



-34- - [err]HNWR (CDCl[err]) 8: 0.52 (3H s), 1.18 (3H, :bu?ﬁz.pii‘ 22
(6H, s), 3.22-3.27 (1H, m, 3.79-3.87 (1H, m, 3.90-3.96 [*H '“fJ’H@E T
d, J=1.,3Hz), 5.04 (1H, d, J=1.3Hz), 6.03 (1H, d, J=11.2Hz),| 6.21 (1H, d,
J=11. 2Hz) .8 - 24 0CT 2000

[Reaction Scheme (2)]

wherein Rz, Ra, Ra, and Rs are as defined above.

That is. the 7-position of the steroid skeleton
is halogenated with an allyl-position halogenating
reagent, and the resulting compound is then subjected
to dehydrohalogenation with a base to obtain a 5,7-diene

compound.
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The allyl-position halogenating reagent which can be
used includes N-bromosuccinimide, N-chlorosuccinimide, and
1,3-dibromo-5,5-dimethylhydantoin. Solvents inert to
halogenation reaction, preferably non-polar solvents, e.g.,
n-hexane and carbon tetrachloride, are used. If desired,
reaction may be accelerated by irradiation or by addition of
a radical reaction initiator, such as azobisisobutyronitrile
(hereinafter abbreviated as AIBN).

The base which can be used for the
dehydrohalogenation reaction includes organic bases, such
as 2,4,6-trimethylpyridine (r-collidine), 2,6-lutidine, and
pyridine type ion-exchange resins; and inorganic bases, ‘such
as lithium carbonate and potassium carbonate. While the
kind of the reaction solvent, the reaction temperature, and
the reaction time may be decided appropriately depending on
the kind of the base used, it is recommended to carry out
the reaction by heating under reflux in toluene in the
presence of y-collidine as a_base‘for a period of about
10 minutes.

The above reaction i1s sometimes accompanied by
by-production of a 4,6-diene compound due to double bond
shift in addition to the desired 5,7-diene compound. This
being the case, purification may be effected by directly
subjecting the reaction mixture to column chromatography
on silica gel, or by 1,4~additlon of a compound represented

by formula (VII):



wherein R err] represents a hydrogen atom or a hydroxyl g}
and R err], which may be the sanme or different, each repr
al kyl group having from1 to 5 carbon atons, conprising ré¢ [ C ou
represented by formula (I11): OH wherein g[err] representsja hﬁbf&@é’ﬂﬁﬁ

a hydroxyl group or - 10t

\

0 (VII)

to the 5,7-diene compound, isolating the 1,4-adduct, and
subjecting the adduct to release elimination reaction to
restore the 5,7-diene compound. In the above addition

reaction, the 4,6-diene compound does not form an adduct.

Elimination reaction of a 1,4-adduct has
conventionally been performed by using a powerful reducing
agent, such as lithium aluminum hydride, or an inorganic
base in a high-boiling solvent and is inapplicable to an
adduct having such a functional group as cannot withstand
a reduction reaction or a functibnal group instable to a
base. Therefore, adoption of the conventiohal elimination
reaction as a method for separation and purification as in
the present invention has been limited.

In this regard, the inventors have found a technique
for accomplishing the elimination reaction under a neutral
condition without adversely affecting most functional
groups, the technique comprising heating the 1,4-adduct
in an aprotic polar solvent, such as 1,3-dimethyl-2-
imidazolidinone (hereinafter abbreviated as DMI) or N,N-
dimethylformamide (hereinafter abbreviated as DMF), in
the absence of a catalyst to release a desired compound
in high yield. While the reaction temperature and time

may be selected appropriately, it 1s recommended for
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a protected hydroxyl group; R err] represents a hydroxyl grc§££~A£¥§AENT‘SﬂEET
prot ected hydroxyl group; and Re and Rl err] represent a hydrjogen atom
respectively or they are taken together to forma doubl e bond, 24 OCT 2000
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minimizing by-products and ensuring a high yield to carry

out the reaction in DMI at a temperature of from 100 to

15¢ C for several hours.

The compound of formula (VII) which can be used in

the present invention preferably includes 4-phenyl-1,2,4-

triazoline-3,5~-dione.

Where R+ or Rs in the thus obtalned compound

of

formula (VI) in which Re and R+ are taken together to form

a double bond is a protected hydroxyl group, the protecting

(1)

N
group is removed in a usual manner to provide a compound
wherein R. or Rs is a hydroxyl group.
The resulting compound can easily be converted to a
22-oxacholecalciferol derivative represented by formula (I):
R3
RzC)H
“

HO¥

wherein Ri represents a hydrogen atom or a hydroxyl group;

and Rz and Ras, which may be the same or different, each

represent a lower alkyl group having from 1 to 5 carbon

atoms,

in a known manner, for example, in accordance with the

process described in Japanese Patent Public Disclpsure



with a conpound represented by formula (111): CH2=CH COR. REPL@CE@%%ﬁ?ﬁﬂEET
(I'11) wherein Rerr] represents a dial kyl am no group having éfon11 to’5
r

carbon atons, in an organic solvent or a water/organic soly dwoptpyerg
systemto prepare a conpound representedshy_fornula (1V): ein errT,
Rlerr], Rerr], Rerr], and Rerr] are as defined above,

No. 84555/75, which consists of light irradiation in
an inert solvent followed by thermal isomerization.

The compound of formula (I) wherein Ry is a hydrogen
atom; and Rz= and Ra each represent a lower alkyl group,
such as a methyl group, is a novel 22-oxacholecalciferol
derivative exhibiting differentiation inducing activity
and cell proliferation inhibitory activity.

The present invention will now be illustrated in
greater detail with reference to Examples, but the present
invention should not be construed és being limited thereto.

EXAMPLE 1

Preparation of 1la,38-Dihydroxy-20S-(3-methyl-~3-
hydroxybutyloxy)-~9,10-secopregna-5,7,10(19)~triene

1) Preparation of 1la,38-Bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene:

In 12 ¢ of THF was dissolved 1.95 kg of l1la,38-bis(t-
butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the
solution was cooled to 0 C. To the solution were added
1.06 kg of dimethylacrylamide and 215 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.
After cooling, 2.8 2 of a saturated ammonium chloride
aqueous solution was added dropwise to the reaction mixture,
and 15 ¢ of a saturated sodium chloride aqueous solution and
18 ¢ of ethyl acetate were added thereto. The organic iayer
was washed with a saturated aqueous solution, dried over
anhydrous magnesium sulfate, and concentrated to remove the
solvent. To the residue was added 6 2 of n-ﬁexane. and the
thus formed crystal was collected by filtration and dried

to obtain 1.66 kg (73%) of the title compound.



reacting the conpound of fornmula (1V) with an organonetallic Rﬁﬂhﬁﬁﬂﬁﬁmﬂ1SHEET
represented by fornmula (V): Rerr]X )
wherein Rlerr] represents a |lower alkyl group having from1 ttg 524a06P2000
atons; and X represents an al kal i netal,lfn al kal i ne earth netlal halide or
a cerium halide, - B

Melting point: 148-15C C (as recrystallized from methanol)
IR (Kbr) cm—2:
2956, 2860, 1652, 1254, 1068, 890, 840, 772
21H-NMR (CDClas) &:
0.03 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.08 (3H,
s), 0.64 (3H, s), 0.88 (6H, s), 0.95 (3H, s), 1.15
(3H, d, J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (1H, m),
2.93 (3H, s), 3.02 (3H, s), 3.27 (1H, m), 3.57 (1H,
m), 3.76 (1H, brs), 3.88 (1H, m), 3.90 (1H, m), 5.486
(1H, 4, J=5.8Hz)
Elementary Analysis for CaeH7aNO4Siz:
Cacld. (%): C 68.93; H 10.81; N 2.12; S1 8.48
Found (%): C 68.83; H 10.84; N 2.18; Si 8.5
2) Preparation of l1la,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5-pregnene:
Cerium (III) chloride heptahydrate (3.08 kg) was
dehydrated in an electrical oven at 250 C for 2 hours,
and the resulting anhydrous compound was further dried
\,/ in vacuo in a reaction vessel at 120 C for 3 hours. After
purging the reaction vessel ﬁith argon, 8.0 £ of dried THF
was added thereto, followed by stirring at room temperature
for 1 hour. The mixture was cooled to ~20 C, and 7.5 £ of
a 1 mol/g¢ THF solution of methylmagnesium bromide was added
thereto, followed by allowing the mixture to react for
30 minutes. To the reaction mixture was added 1.62 kg
of la,38-bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene, and the

mixture was reacted at that temperature for 30 minutes.



to obtain a conmpound represented by fornula (VI): wherein R2, Rerr],
Rerr] - Rlerr], Rerr]], Rerr], and R err] are as defjned _above

irradiating the conpound of formula (VI) as obtained mhen[ﬁﬂﬂ%mﬁ RN EGIRE,
taken together to forma double bond wi gl ultraviolet |igphtras cjg%$né ﬁ; {

when Rlerr] and R7 represent 24 0CT 2000

=%

The reaction mixture was added dropwise to 20 £ of water
having dissolved therein 1.0 kg of ammonium chloride. The
organic layer was separated, and the aqueous layer was re-
extracted with 10 ¢ of ethyl acetate. The organic layers
were combined and dried over anhydrous magnesium sulfate,
followed by concentration to remove the solvent to give'
la,38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5-
N\ pregnene.
Melting point: 105-106 C (as recrystallized from methanol)
IR (KBr) cm~—2:
2936, 1728, 1464, 1378, 1258, 1096, 886, 872, 838,
1774
1H-NMR (CDCla) 6:
0.03 (3H, s), 0.04 (3H, s), 0.06 (3H, s), 0.08 (3H,
s), 0.80 (3H, s), 0.87 (18H, s), 0.99 (3H, s), 1.14
(3H, d, J=5.6Hz), 2.15-2.28 (S5H, m), 2.61 (2H, m),
3.23 (1H, m), 3.52 (1H, m), 3.77 (1H, brs), 3.80 (1H,
m), 3.98 (1H, m), 5.44 (1H, d, J=5.6Hz)
Elementary -Analysis for CavHesO04Si=z:
Calcd. (%): C 70.19; H 10.83; Si 8.87
Found (%): C 70.05; H 10.81; Si 8.9
The product was again subjected to the above-
mentioned reaction to obtain a crude title compound.
The crude product was suspended in methanol, and the
precipitated crystal was collected by filtration and

dried to afford 1.12 kg (73%) of the title compound.



a hydrogen atom respectively after bei ng converted to a cowd@ﬂﬁg@ I Hﬁmyﬁgﬂf
—bord

(VI) wherein Re and Rlerr] are taken together to forma dou
ultraviolet Iight, and then subjecting the resulting conpou
i somerization in an organic solvent. 2, 45 _ A process as cl
1, wherein said conversion of the conpound of formula (V)
and

0|
ndi t
A
M

et 4 ﬁﬁé'{@b%

prein R ree]

Melting Point: 168-189 C (as recrystallized from methanol)

IR (KBr) cm~2:

3540, 2960, 1464, 1382, 1258, 1150, 1090, 972, 886,

872, 838, 812, 774
1H-NMR (CDClas) 6:
0.03 (34, s), 0.05 (3H, s), 0.06 (3H, s),

's), 0.66 (3H, s), 0.88 (18H, s), 0.95 (3H,

0

.08 (3H,
s), 1.18

(3H, s), 2.20-2.28 (2H, m), 3.25 (1H, m), 3.47 (1H,

L m), 3.76 (1H, brs), 3.81 (1H, m), 4.85 (1H, m), 5.45

(1H, d, J=5.6Hz)

Elementary Analysis for CasH+»204Si=a:
Caled. (%): C 70.31; H 11.18; Si 8.65
Found (%): € 70.41; H 11.10; Si 8.7

3) Preparation of la,38-Bis(t-butyldimethylsilyloxy)-20S-(3-

methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

In 300 m2 of n-hexane was dissolved 32.5 g of

1x,38-bis(t-butyldimethylsilyloxy)-20S-(3-methyl-3-

hydroxybutyloxy)-5-pregnene, and 11.1 g of N-
./

bromosuccinimide (hereinafter abbreviated as NBS) and

2.46 g of AIBN were added thereto, followed by heating

under reflux for 30 minutes. After cooling, any insoluble

matter was removed by filtration, and the mother liquor

was concentrated. The residue was dissolved in 200 mg2 of

toluene, and 25 m¢ of y-collidine was added to the solution,

followed by heat-refluxing for 1 hour. After cooling, any

insoluble matter was removed by filtration, and to the

filtrate was added 200 m¢ of n-hexane. The reaction mixture

was washed successively with 300 m@ of 1N hydrochloric acid,




' D
represent a hydrogen atomrespectively to the conpound of f@%g&

T At

wherein Re and Rree] are taken together to forma double bond donsists of
hal ogenati on of Re and dehydrohal ogenation in the presence of |a bé%ﬂénrf?mm

cat al yst.
formula (111) is an acrylam de corrpounoli6

A process as clained in daim1l, wherein thejc ound of

-

200 m¢ of a saturated sodium hydrogencarbonate aqueous
solution, and 200 m¢ of a saturated sodium chloride aqueous
solution. The organic layer was dried over anhydrous
magnesium sulfate, followed by concentration to about

100 m¢. To the concentrate was added 500 m@ of
acetonitrile, and the mixture was stirred under cooling
with ice for 1 hour. The thus precipitated crystal was
collected by filtration, the resulting crude crystal was
dissolved in 100 m¢ of ethyl acetate, and the solution
was added to 500 mg of acetonitrile. The mixture was
stirred while cooling with ice for 1 hour, and the crystal
formed was collected by filtration and dried to obtain
12.8 g (40%) of the title compound.

Purification by 1,4-Addition:

The mother liquor left after collection of the above
crude crystal and that after collection of the purified
crystal were combined and concentrated. The concentraté
was dissolved in 200 m@ of methylene chloride, and 3.0 g of
4-phenyl-1,2,4-triazoline-3,5~-dione (hereinafter abbreviated
as PTAD) was added thereto, followed by stirring at room
temperature for 30 minutes. The solvent was removed by_
evaporation, and the residue was purified by silica gel
column chromatography using a 3:1 (by volume) mixture of
n-hexane and ethyl acetate as an eluent to obtain 3.63 g
of a PTAD 1,4-adduct as an oily substance.

IR (KBr) cm~2:
2960, 2864, 1756, 1704, 16568, 1474, 1400, 1254, 1104,
1058, 838, 776



4. A process as clained in Caiml, mherefn said reactihg-J:li the
conpound of forrnmula (11) and the conpound of formula (1I11) REﬁLg@p FRINT SUTR BT

presence of a basic catalyst. 5. A process for ellnlnatln Pﬁﬁfﬁﬁ+@ﬂmﬁm~
conversion of a conpound represented by fornmula (VII1): 24 0CT 2070
18]
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*H-NMR (CDCls) 6:
0.03 (3H, s), 0.05 (3H, s), 0.08 (3H, s), 0.10 (3H,
s), 0.70 (3H, s), 0.82 (3H, s), 1.11 (18H, s), 1.17
(3H, m), 1.29 (BH, s), 2.34 (1H, m), 2.44-2.55 (2H,
m), 3.16 (1H, m), 3.28 (1H, m), 3.40 (1H, m), 3.53-
3.74 (2H, m), 4.67 (1H, m), 6.10 (1H, d, J=8.3Hz),
6.26 (1H, d, J=8.3Hz), 7.15-7.37 (5H, m)

Elementary Analysis for CaeH+sNaOeSiz:
Calcd.

\/ (%):
Found (%): C 66.85; H 8.97; N 5.06

C 67.19; H 9.91; N 5.11

The resultant 1,4-adduct was dissolved in 36 m@"
of DMI, and the solution was heated at 14¢ C for 2 hours.
After cooling, 40 m2 of n-hexane was added thereto, and the
mixture was washed three times with a saturated sodium
chloride aqueous solution and dried over anhydrous magnesium
sulfate. The solvent was distilled away, and the residue
was crystallized froﬁ 20 m2 of methanol to obtain 1.7 g
(5.3%) of the title compound, giving the total yield of
~ 14.5 g (45.3%). _
Melting Point: 150-15r C (recrystallized from
acetonitrile)
IR (KBr) cm~2:
3540, 2964, 2864, 1464, 1382, 1258, 1150, 1100, 1084,
870, 880, 838, 774
*H-NMR (CDCla) 6:
0.05 (3H, s), 0.06 (6H, s), 0.10 (3H, s), 0.80 (3H,
s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, d,
J=3.2Hz), 1.22 (34, s), 1.23 (3H, s), 2.30-2.36 (2H,
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m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.69
(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, 4,
J=5.6Hz), 5.58 (1H, m)

Elementary Analysis for CasH»o004Siz:
Caled. (%): C 70.53; H 10.90
Found (%): C 70.16; H 10.83

4) Preparation of la,38-Dihydroxy-20S-(3-methyl-3-
\_/ hydroxybutyloxy)-5,7-pregnadiene:

In 70 m@ of THF was dissolved 14.3 g of l1la,38-bis(t-
butyldimethylsilyloxy)-20S~-(3-methyl-3-hydroxybutyloxy)-5,7-
pregnadiene, and 133 m2 of a 1 mol/¢ THF solution of tetra-
n-butylammonium chloride (hereinafter abbreviated as TBAF)
was added thereto, followed by heating under reflux for
2 hours. To the reaction mixture was added 100 m¢ of ethyl
acetate, and the mikture was washed successively with 0.5N
hydrochloric acid, a saturated sodium hydrogencarbonate
aqueous solution, and a saturated sodium chloride aqueous
solution and dried over anhydrous magnesium sulfate. The
solvent was removed by distiliation. Crystallization of
the residue from acetone furnished 8.59 g (93%) of the
title compound.

Melting Point: 181-183 C (recrystallized from
acetonitrile)’
IR (KBr) cm—2:

3388, 2972, 2880, 1464, 1378, 1224, 1154, 1084, 1050
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*H-NMR (CDCla) 4

0.61 (3H, s), 0.91 (3H, s), 1.20 (3H, d, J=6.3Hz),

1.23 (3H, s), 1.26 (3H, s), 2.13 (1H, m), 2.34 (1H,

m), 2.54 (1H, m), 2.73 (1H, m), 3.27 (1H, m), 3.49

(1H, m), 3.76 (1H, brs), 3.85 (1H, m), 4.05 (1H, m),

5.38 (1H, dd, J=2.6, 5.5Hz), 5.71 (1H, dd, J=1.6,

5.3Hz)

Elementary Analysis for CzeH4z204:

Calcd. (%): C 74.60; H 10.11

Found (%): C 74.36; H 9.93
5) Préparation of lea,38-Dihydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna-5-(10),6,8-triene:

In 220 m¢ of THF was dissolved 12.6 g of la,38-
dihydroxy-zos-(3—methy1-3-hyd¥oxybutyloxy)-5.7-pregnadiene,
and the solution was irradiated with light from a high-
pressure mercury lamp via a Vycol filter for 225 minutes.
The reaction mixture was concentrated, and the residue
was crystallized from 90 m¢ of acetone to recover 5.57 g
of the starting compound (recovery: 44%). The mother
liquor was purified by fractional high performance liquid
chromatography (SYSTEM-500 produced by Waters Co.; eluent:
ethyl acetate:methylene chloride=5:2 by volume) to obtain
3.864 g (29%) of the crude title compound.

Melting Point: 81-94 C (recrystallized from ethyl acetate)
IR (KBr) cm=2:
3340, 1680, 1150, 1040
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0.87 (3H, s), 1.21 (3H, 4, J=5.9Hz), 1.25 (3H, s),

1.26 (3H, s), 1.2-1.6 (4H, m), 1.61-1.90 (8H, m),

1.90-2.23 (74, m), 2.468 (1H, dd4, J=2.8, 14.5Hz), 3.28

(1H, m), 3.49 (1H, m), 3.88 (1H, m), 4.03 (1H, m),

4.20 (1H, brs), 5.51 (1H, brs), 5.75 (1H, d,

J=12.2Hz), 5.82 (1H, d, J=12.2Hz)

Uv (EtOH) Amas 2680 nm (39300)

8) Preparation of 1la,38-Dihydroxy-20S-(3-methyl-3-

hydroxybutyloxy)-9,10-secopregna-5,7,10(19)-triene:

In 70 m¢ of THF was dissolved 3.64 g of crude 1a,35-

dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-9,10-secopregna-

5(10).,6,8-triene, and the solution was allowed to stand at

room temperature for 4 days. The solvent was removed by

evaporation, and the residue was purified by fractional high

performance liquid chromatography (SYSTEM-500 produced by

Waters Co.; eluent: ethyl acetate:methylene chloride=5:4 by

- volume) to obtain 1.40 g of the title compound as an oily

substance. Crystallization ffom ethyl acetate and n-hexane

gave 1.08 g of the title compound in a yield of 8.6% based

on the la,38-dihydroxy-20S-(3-methyl-3-hydroxybutyloxy)-5,7-

pregnadiene.

Melting Point:

112-115 C (crystallized from a mixed solvent of ethyl

acetate and n-hexane)
IR (KBr) cm—>*:
3400, 1645, 1160, 1020
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*H-NMR (CDCls) &:

0.53 (3H, s), 1.18-1.32 (10H, m), 1.46-1.62 (4H, m),
1.63-1.75 (4H, m), 1.82-2.20 (8H, m), 2.30 (1H, dd,
J=7.3, 13.2Hz), 2.58 (1H, dd, J=3.6, 7.0Hz), 2.82
(1H, dd, J=0.3, 12.9Hz), 3.26 (1H, m), 3.47 (1H, m),
3.85 (1H, m), 4.22 (1H, m), 4.42 (1H, m), 4.98 (1H,
s), 5.32 (1H, s), 6.02 (iH, d, J=11.2Hz), 6.35 (1H,
d, J=11.2Hz)

UV (EtOH) Amax: 264 nm (£17000)

| EXAMPLE 2

Preparation of 1e,38-Bis(t-butyldimethylsilyloxy)-
20S-(3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene

1) Preparation of la,38-Bis(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5,7-pregnadiene:

In 1.2 ¢ of THF was dissolved 825 g of 1z,38-bis(t-
butyldimethylsilyloxy)-20S-hydroxy-5, 7-pregnadiene, and
the solution was cooled to 0 C. To the solution were added
688 g of dimethylacrylamide and 175 g of sodium hydride,
and the mixture was allowed to react at 0 C for 8 hours. "’
To the reaction mixture was added dropwise 700 m2 of a
saturated ammonium chloride aqueous solution while cooling,
and 4 2 of a saturated sodium chloride aqueous solution
and 5 € of ethyl acetate were further added thereto. The
organic layer was washe& with a saturated aqueous solution
and dried over anhydrous magnesium sulfate. The solvent
was removed by evaporation, and the residue was purified by
silica gel column chromatography using a 3:1 (by volume)
mixture of n-hexane and ethyl acetate and then ethyl acetate

as an eluent to obtain 822 g (85%) of the title compound.
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Melting Point:

137-139 C (recrystallized from ethyl acetate)

*H-NMR (CDCla) 6:

0.03 (3H, s), 0.04 (6H, s), 0.08 (3H, s), 0.64 (3H,

s), 0.88 (6H, s), 0.95 (3H, s), 1.15 (3H, d,

J=5.9Hz), 2.15-2.35 (2H, m), 2.56 (1H, m), 2.93 (3H,

s), 3.02 (38H, s), 3.27 (1H, m), 3.57 (1H, m), 3.786

(1H, brs), 3.88 (1H, m), 3.90 (1H, m), 5.29 (1H, m),

Y 5.56 (1H, m)
2) Preparation of la,38-Bis(t-butyldimethylsilyloxy)-20S-(3-
méthyl—3-hydroxybutyloxy)-5.7-pregnadiene:

Cerium (III) chloride heptahydrate (561 g) was
dehydrated in an electrical oven at 250 C for 2 hours, and
the resulting anhydrous compound was further dried in vacuo
in a reaction vessel at 140 C for 2 hours. After purging
the reaction vessel with argon, 1.35 ¢ of dried THF was
added thereto, followed by stirring at room temperature
for 1 hour. The mixture was cooled to -20 C, and 1.36 £
of a 1 mol/@ THF solution of methylmagnesium bromide was
added thereto, followed by allowing the mixture to react
for 30 minutes. Td the reaction mixture was added 300 g
of la,38-bis(t-butyldimethylsilyloxy)-205-{2-
(dimethylaminocarbonyl)ethyloxy}-5,7-pregnene, and the
mixture was reacted at that temperature for 30 minutes.

The reaction mixture was added dropwise to 4 ¢ of water
having dissolved therein 200 g of ammonium chloride.
The organic layer was separated, and the aqueous layer

was re-extracted with 5 ¢ of ethyl acetate. The organic
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layers were combined and dried over anhydrous magnesium
sulfate. Evaporation of the solvent gave 1a.3ﬁ-bisft-
butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-5,7-pregnadiene.
The resulting compound was again subjected to the above-
mentioned reaction. The crude product was suspended in
methanol, and the crystal thus formed was collected by
filtration and dried to obtain 229 g (80%) of the title
compound.
Melting point:
150-15 C (as recrystallized from acetonitrile)
IR (KBr) cm—32:
3540, 2964, 2864, 1464, 1382, 1258, 1150, 1100, 1084,
970, 880, 838, 774
1H-NMR (CDCls) &:
0.04 (3H, s), 0.05 (6H, s), 0.09 (3H, s), 0.60 (3H,
s), 0.87 (18H, s), 0.89 (3H, s), 1.20 (3H, 4,
J=5.9Hz), 1.22 (3H, s), 1.23 (3H, s), 2.30-2.36 (2H,
m), 2.78 (1H, m), 3.26 (1H, m), 3.49 (1H, m), 3.89
(1H, brs), 3.84 (1H, m), 4.04 (1H, m), 5.32 (1H, d,
J=2.6Hz), 5.58 (1H, d, J=5.6Hz)
EXAMPLE 3
1) Preparation of 38-(t-Butyldimethylsilyloxy)-5-androsten-
17-one: | |
In 300 m@ of DMF was dissolved 56.7 g of
dehydroepiandrosterone, and 41.7 g of imidazole and 46.08 g
of t-butyldimethylchlorosilane were added to the solution,
followed by stirring at room temperature for 2 hours. After

completion of the reaction, 150 m¢ of methanol was added to
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the reaction mixture. The thus formed crystal was collected

by filtration, washed with 100 m¢ of methanol, and dried to

obtain 73.7 g (93.1%) of the title compound.

Melting Point: 149 C (recrystallized from methanol)

IR (Kbr) cm-*:
2932, 1748, 1094, 774

*H-NMR (CDCls) §&:
0.05 (8H, s), 3.42-3.54 (1H, m), 5.34 (1H, 4,
J=5.0Hz) |

Elementary Analysis for CzsHa202S1:

Calcd. (%): C 74.57: H 10.51; Si 6.97

Found (%): C 74.52; H 10.35; Si 6.9
2) Preparation of 38-(t-Butyldimethylsilyloxy)-pregna-5,17-~
(20)-diene:

In 400 m@ of THF was dissolved 250 g of
ethyltriphenylphosphonium bromide, and 70.0 g of potassium
t-butoxide was added thereto, followed by stirring at
40 C for 1.5 hours. Subsequently, 70.0 g of 38-(t-
butyldimethylsilyloxy)-5-androsten-17-one was added thereto,
and the mixture was stirred at 6 C for 1.5 hours. After
cooling, the reaction mixture was poured into a mixture of
200 m2 of n-hexane and 400 m¢ of water. The organic layer
was separated, and the aqueous layer was re-extracted with
300 m2 of n-hexane. The organic layers were combined and
dried over anhydrous magnesium sulfate, followed by
evaporation. To the residue was added 300 m¢ of n-hexane,
followed by stirring at room temperature for 2 hours. The

precipitated crystal was collected by filtration, and the
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filtrate was concentrated. The residue was crystallized
from a mixture of 200 m¢ of acetone and 300 m¢ of methanol
to obtain 68.8 g (95.4%) of the title compound.
Melting Point: 98-10F C (recrystallized from methanol)
IR (Kbr) cm—2:
2940, 2860, 1254, 1094, 888, 838, 776
*H-NMR (CDCls) &:
0.06 (6H, s), 3.42-3.54 (1H, m), 5.09-5.17 (1H, m),
5.33 (1H, d,.J=5.3Hz)
Elementary Analysis for Cz+Hae02S1i:

Caled. (%): C 78.19; H 11.18; Si 6.77

Found (%): C 78.29; H 11.24; Si 6.4
3) Preparation of 38-(t~Butyldimethylsilyloxy)-20S-hydroxy-
S-pregnene:

To 500 m2 of a 0.5M THF solution of 9-
borabicyclo[3.3.1]lnonane (9~BBN) was added 65.7 g of 38-
(t-butyldimethylsilyloxy)-~pregna-5,17-(20)~-diene, and the
mixture was stirred at 40 C for 2 hours. The reaction
mixture was cooled to 0 C, and 420 m¢ of a 3N sodium
hydroxide aqueous solution and 340 g of a 30% hydrogen
peroxide aqueous solution were added dropwise thereto,
followed by vigorously stirring at room temperature for
3 hours. To the reaction mixture was added 500 m¢ of
ethyl acetate, and the organic layer was separated. The
aqueous layer was extracted twice with 150 m@ portions of
ethyl acetate. The organic layers were combined, washed
successively with a saturated sodium hydrogehcarbonate

aqueous solution and a saturated sodium chloride aqueous
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solution, dried over anhydrous magnesium sulfate. and
evaporated to remove the solvent. The residue was
crystallized from 250 m# of methanol, and the resulting
crystal was collected by filtration and dried to obtain
56.3 g (82%) of the title compound.
Melting Point: 162-183 C (recrystallized from methanol)
IR (Kbr) cm—2*:
"3392, 2940, 1462, 1386, 1258, 1088, 888, 870, 840,
772
2*H-NMR (CDCla) &:
0.05 (3H, s), 0.06 (3H, s), 3.46-3.50 (1H, m), 3.68-
3.73 (1H, m), 5.31 (1H, 4, J=4.8Hz)
Elementary Analysis for Cz-H4a02S1i:

Calecd. (%): C 74.94;.H 11.18; Si 6.49

Found (%): C 74.31; H 11.33; Si 6.4
4) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene:

In 420 m¢ of THF was dissolved 53.0 g of 38-(t-
butyldimethylsilyloxy)-20S-hydroxy-5-pregnene, and the
solution was cooled to 0O C. To the solution were added
48.6 g of dimethylacrylamide and 9.8 g of sodium hydride,
and the mixture was allowed to react at ¢ C for 8 hours.
To the reaction mixture was added dropwise 100 m¢ of a
saturated ammonium chloride aqueous solution while cooling,
and 400 m@ of ethyl acetate was further added thereto.
The organic layer was washed with a saturated aqueous
solution, dried over anhydrous magnesium sulfate, and

evaporated to remove the solvent. The residue was
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crystallized from 200 m¢ of n-hexane, and the thus formed
crystal was collected by filtration and dried to obtain
26.4 g of the title compound. The filtrate was
concentrated, and the residue was purified by silica gel
column chromatography to recover 29.2 g of the title_ |
compound, giving the total yield of 55.6 g (73%).
Melting Point: 142 C (recrystallized from methanol)
IR (KBr) cm~2:
2940, 1632, 1258, 1088, 890, 872, 840, 772
*H-NMR (CDCls) 6:
0.04 (3H, s), 0.05 (3H, s), 2.93 (3H, s), 3.02 (3H,
s), 5.30 (1H, 4, J=5.0Hz)
Elementary Analysis for CszHs+NOaSi:

Calcd. (%): C 72.28; H 10.80; N 2.63; Si 5.28

Found (%): C 72.12; H 10.67; N 2.66; Si 5.2
5) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5-pregnene:

Dehydrated cerium (III) chloride (109 g) was further
dried in vacuo in a reaction vessel at 140 C for 2 hours.
After purging the reaction vessel with argon, 320 m¢ of
dried THF was added thereto, followed by stirring at room
temperature for 1 hour. The mixture was cooled to -1C C,
and 400 m¢ of a 1 mol/¢ THF solution of methylmagnesium
bromide was added thereto, followed by allowing the mixture
to react for 30 minutes. To the reaction mixture was
added 35.2 g of 38-(t-butyldimethylsilyloxy)-20S-{2-
(dimethylaminocarbonyl)ethyloxy}-5-pregnene, and the

mixture was reacted at that temperature for 30 minutes.
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The reaction mixture was added dropwise to a 1N ammonium
chloride aqueous solution. The organic layer was separated,
and the agqueous layer was re-extracted with 200 m& of ethyl
acetate. The organic layers were combined and dried over
anhydrous magnesium sulfate. Evaporation of the solvent

gave 38-bis(t-butyldimethylsilyloxy)-20S-(3-oxobutyloxy)-

5-pregnene.
i Melting point:
N
109-110 C (as recrystallized from methanol)
IR (Kbr) cm-2:
2940, 2900, 1718, 1372, 1258, 1088, 888, 872, 840,
772
*H-NMR (CDClas) &:
0.05 (6H, s), 2.18 (3H, s), 3.21-3.26 (1H, m), 5.30
(1H, d, J=5.0Hz)
Elementary Analysis for CsiHs.0aSi:
Calcd. (%): C 74.05; H 10.82; Si 5.59
N Found (%): C 74.09; H 10.96; Si 5.8

The product was again éubjected to the above-
mentioned reaction to obtain the crude title compound,
which was suspended in methanol. The crystal thus formed
was collected by filtration and dried to obtain 45.0 g
(87%) of the title compound.

Melting Point: 168 C (recrystallized from methanol)
IR (Kbr) cm—2:

3520, 2939, 1382, 1256, 1096, 886, 838, 778
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AH-NMR (CDCla) 6:

0.04 (3H, s), 0.05 (3H, s), 1.17 (3H, d, J=5.9Hz),
1.22 (eH, s), 5.31 (1H, d, J=5.0Hz)
Elementary Analysis for CazHss0251:
Caled. (%): C 74.07; H 11.27; Si 5.41
Found (%): C 73.93; H 11.24; Si 5.4
6) Preparation of 38-(t-Butyldimethylsilyloxy)-20S-(3-
methyl-3-hydroxybutyloxy)-5,7-pregnadiene:

" In 300 m@ of n-hexane was dissolved 25.9 g of 38-(t-
butyldimethylsilyloxy)-20S-(3-methyl-3-hydroxybutyloxy)-5-
pregnene, and 11.1 g of NBS and 2.46 g of AIBN were
added thereto, followed by heating under reflux for
30 minutes. After cooling, any insoluble matter was
removed by filtration, and the mother liquor was
concentrated. The residue was dissolved in 200 m@ of
toluene, and 25 mg of y-collidine was added to the
solution, followed by heat-refluxing for 1 hour. After
cooling, any insoluble matter was removed by filtration,
and to the filtrate was added. 200 m¢ of n-hexane. The
reaction mixture was washed successively with 180 m¢
of 1N hydrochloric acid, 50 m¢ of a saturated sodium
hydrogencarbonate aqueous solution, and 50 mg¢ of a saturated
sodium chloride aqueous solution. The organic layer was
dried over anhydrous magnesium sulfate, followed by .
concentration to about 100 m@. The concentrate was added
to 400 m¢ of acetonitrile, and the mixture was stirred under
cooling with ice for 15 minutes. The thus precipitated

.crystal was collected by filltration, the resulting crude
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crystal was dissolved in 30 m¢ of methylene chloride, and
the solution was added to 300 m¢ of acetonitrile. The
mixture was stirred while cooling with ice for 15 minutes,
and the crystal formed was collected by filtration and
dried to obtain 5.52 g (21%) of the title compound.
Purification by 1,4-Addition:

The mother liquor left after collection of the above
crude crystal and that after collection of the purified
crystal were combined and concentrated. The concentrate was
subjected to silica gel column chromatography using a 10:1
(by volume) mixture of n-hexane and ethyl acetate as
an eluent. The fractions containing the title compound
were collected and dissolved in 200 m# of methylene
chloride. To the solution was added 6.0 g of PTAD,
followed by stirring at room temperature for 45 minutes.
The solvent was removed by evaporation, and the residue
was purified by silica gel column chromatography using,
as an eluent, a 10:1 (by volume) mixture of n-hexane and
ethyl acetate and then a 2:1 (by volume) mixture of the -
same solvents to obtain 4.71 g of a PTAD 1,4-adduct.
Melting Point: 196-197 C (recrystallized from
acetonitrile)

IR (Kbr) cm—2:
3460, 2936, 1760, 1706, 1408, 1088, 862
*H-NMR (CDCla) é&:

0.08 (6H, s), 1.19 (3H, d, J=5.9Hz), 1.22 (6H, s),

6.19 (1H, 4, J=8.3Hz), 6.35 (1H, 4, J=8.3Hz), 7.28-

7.46 (5H, m)
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Elementary Analysils for CaoHeaiN=0sS1i:

Calecd. (%): C 69.43; H 8.88; N 6.07; Si 4.06
Found (%): C 69.70; H 8.55; N 6.07; Si 4.0
The resultant 1,4-adduct was dissolved in 50 m@ of
DMI, and the solution was heated at 160 C for 2 hours.
After cooling, 40 m# of toluene was added thereto, and
the mixture was washed with 50 m2 of a saturated sodium
chloride agueous solution and dried over anhydrous magnesium
sulfate. The solvent was distilled away, and the residue
was crystallized from 50 m¢ of acetonitrile to obtain 2.47 g
(9%) of the tiﬁle compound, giving the total yield of 7.99 g
(30%).
Melting Point: 147-149 C (recrystallized from
acetonitrile)
IR (Kbr) cm-32: _
3520, 2964, 2936, 2864, 1464, 1380, 1252, 11686, 1152.
1098, 880, 838, 778
*H-NMR (CDCla) 6:
0.068 (6H, s), 0.80 (3H, s), 0.88 (9H, s), 0.89 (3H,
s), 1.20 (3H, 4, J=6.3Hz), 1.23 (3H, s), 1.24 (3H,
s), 5.38-5.41 (1iH, m), 5.54 (1H, d, J=5.6Hz)
Elementary Analysis for CszHse0a2Si:
Calecd. (%): C 74.36; H 10.92; Si 5.43
Found (%): C 74.12; H 11.13; Si 5.4
T7) Preparation of 35-Hydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-5,7-pregnadiene:
In 40 m¢ of THF was dissolved 7.60 g of 38-(t-

butyldimethylsilyloxy)-20S-(3-methyl-3-hydroxybutyloxy)-
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5,7-pregnadiene, and 45 m2 of a 1 mol/¢ THF solution of
TBAF was added thereto, followed by stirring at room
temperature for 10 hours. To the reaction mixture was
added 50 m2 of ethyl acetate, and the mixture was washed
successively with 90 m@ of 1N hydrochloric acid, 100 m¢ of
a saturated sodium hydrogencarbonate agueous solution, and
100 m¢ of a saturated sodium chloride aqueous solution and
dried over anhydrous magnesium sulfate. The solvent was
removed by distillation. Crystallization of the residue
from 50 m@ of acetone furnished 4.50 g (79%) of the title
compound.
Melting Point: 162-164 C (recrystallized from
acetonitrile)
IR (Kbr) cm-2:
3504, 3432, 2968, 2936, 2872, 1368, 1156, 1092, 1072,
1044
*H~-NMR (CDCla) 6:
0.59 (3H, s), 0.91 (3H, s), 1.19 (3H, d, J=5.9Hz),
1.22 (3H, s), 1.238 (38H, s), 5.85-5.39 (1H, m), 5.55
(1H, dd, J=2.3, 5.5Hz)-
Elementary Analys;s Tor CzeHa20s:
Caled. (%): C 77.56: H 10.51
Found (%): C 77.680; H 10.52
8) Preparation of 38-Hydroxy-20S-(3-methyl-3-
hydroxybutyloxy)-9,10-secopregna-5,7,10(19)-triene:
In 230 m¢ of THF was dissolved 2.30 g of 38-hydroxy-
20S-(3-methyl-3-hydroxybutyloxy)-5,7-pregnadiene, and the

solution was irradiated with light from a high-pressure
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mercury lamp via é Vycol filter for 55 minutes. The
reaction mixture was concentrated, aﬁd the residue was
crystallized from 23 m¢ of acetone to recover 0.90 g of
the starting compound (recovery: 39%). The mother liquor
was purified by fractional high performance liquid
chromatography (HLC-837 produced by Tosoh Corporation;
eluent: ethyl acetate:methylene chloridé=1:5 by volume)
to obtain 0.33 g (14%) of crude 38-hydroxy-20S-(3-methyl-
3-hydroxybutyloxy)-9,10-secopregna-5(10),6,8-triene.
1H-NMR (CDCls) &:

0.68 (3H, s), 1.20 (3H, d, J=5.9Hz), 1.22 (3H, s),

1.23 (3H, s), 1.24 (3H, s), 1.82 (3H, s), 2.35 (1H,

m), 3.28 (1H, m), 3.47 (1H, m), 5.49 (1H, d,

J=2.3Hz), 5.67 (1H, d, J=11.8Hz), 5.94 (1H, 4,

J=12,5Hz)

In 15 m¢ of THF was dissolved 0.33 g of the crude
38-hydroxy-20S-(3-methyl-3-hydroxybutyloxy)-9,10-secopregna-
5(10),6,8-triene, and the solution was refluxed for 2 hours.
- The solvent was removed by evaporation, and the residue
was purified by fractional high performance liquid
chromatography (HLC-837 produced by Tosoh Corporation;
solvent: ethyl acetate:methylene chloride=1:5 by volume)
to obtain 0.06 g of the title compound as an oily substance
in a yield of 3% based on the aa—ﬁydroxy-zos-(3-methy1-3—
hydroxybutyloxy)-5,7-pregnadiene.

IR (Kbr) cm—2:
3409, 2967, 2933, 2873, 1440, 1376, 1371, 1265, 1151,
1089, 1052, 738
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2H-NMR (CDCla) §:
0.52 (3H, s), 1.18 (3H, 4, J=6.3Hz), 1.22 (8H, s),
3.22-3.27 (1H, m), 3.79-3.87 (1H, m), 3.90-3.96 (1H,
m), 4.80 (1H, 4, J=1.3Hz), 5.04 (1H, d, J=1.3Hz),
6.03 (1H, d, J=11.2Hz), 6.21 (1H, d, J=11.2Hz)

UV (EtOH) Amax: 270 nm (213600)

MS m/z: 402 (M-*)
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WHAT IS CLAIMED 1S: .
1. A process for preparing a 22-oxacholecalciferol

derivative represented by formula (I):
'l.. O R3
‘/ \/\|<OH
Ry
(1)

HO" R,

wherein Ra represents a hydrogen atom or a hydroxyl group;
and Rz and Rs, which may be the same or different, each
represent a lower alkyl group having from 1 to 5 carbon

atoms,

comprising reacting a compoﬁnd represented by formula (1I):

(11)

wherein R4 represents a hydrogen atom, a hydroxyl group or

a protected hydroxyl group; Rs represents a hydroxyl group
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or a protected hydroxyl group; and Re and R+ represent
a hydrogen atom respectively or they are taken together
to form a double bond,

with a compound represented by formula (IXI):
CH==CH-CORe (III)

wherein Re represents a dialkylamino group having from 1 to
5 carbon atoms,
in an organic solvent or a water/organic solvent two layer

system to prepare a compound represented by formula (IV):

ro\/‘coxzs
(Tv)

wherein Ra, Rs, Re, R+, and Rs are as defined above,
reacting the compound of formula (IV) with an organometallic

compound represented by formula (V):
ReX ' (V)
wherein Re represents a lower alkyl group having from 1

to 5 carbon atoms; and X represents an alkali metal,

an alkaline earth metal halide or a cerium halide,
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to obtain a compound represented by formula (VI):
R;
Ron i ).

wherein Rz, Ra, Ra, Rs, Re, and R~» are as defined above,
irradiating the compound of formula (VI) as obtained when
Re and R~ are taken together to form a double bond with
ultraviolet light as obtained or, when Re and R~ represent
a hydrogen atom respectively after being converted to

a compound éf formula (VI) wherein Re and R~ are taken
together to form a double bond, with ultraviolet light,
and then subjecting the }esulting compound to thermal
isomerization in an organic solvent.

2. A process as claimed in Claim 1, wherein said
conversion of the compound of formula (VI) wherein Re and
R+ represent a hydrogen atom respectively to the compound
of formula (VI) wherein Re and R+ are taken together to
form a double bond consists of halogenation of Re and
dehydrohalogenation in the presence of a basic catalyst.
3. A process as claimed in Claim 1, wherein the compound

of formula (III) is an acrylamide compound.
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4. A process as claimed in Claim 1, wherein said
reacting of the compound of formula (II) and the compound
of formula (III) is in the presence of a basic catalyst.
5. A process for eliminating protection in conversion

of a compound represented by formula (VIII):

(VIII)

wherein Rz, Ra, R. and Rs are as defined above; and Raio
represents a hydrogen atom, a lower alkyl group having
from 1 to 5 carbon atoms or.a substituted or unsubstituted
aryl group, |

to a compound represented by formula (VI):

wherein said converting is carried out by heating the
compound of formula (VIII) in an aprotic polar solvent

in the absence of a catalyst.

6. A process as claimed in Claim 5, wherein said solvent
is 1,3-dimethyl-2-imidazolidinone.

7. ° A process for preparing a compound represented by

formula (IV):
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(IV)

wherein R. represents a hydrogen atom, a hydroxyl group

or a protected hydroxyl éroup; Rs represents a hydroxyl

group or a protected hydroxyl group; Re and R~ represent
a hydrogen atom respectively or they are taken together

to form a double bond; and Rs represents a dialkylamino.
group having from 1 to 5 carbon atoms,

comprising reacting a compound represented by formula (II):

(1)
wherein R., Rs, Re, and R-» are as defined above,
with a compound represented by formula (III):
CH2=CH-CORs ' (III)

wherein Rs 1s as defined above.
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8. A compound represented by formula (IV):
" On~cor
( 8 (IV)

wherein Ra represegts a hydrogen atom, a hydroxyl group
or a protected hydroxyl group; Rs represents a hydroxyl
group or a protected hydroxyl group; Re and R+ represent
a hydrogen atom respectively or they are taken together
to form a double bond; and Re represents a dialkylamino

group having from 1 to 5 carbon atoms.
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22-0XACHOLECALCIFEROL DERIVATIVE AND

PROCESS FOR PREPARING THE SAME

ABSTRACT OF THE DISCLOSURE i
A 22-oxacholecalciferol derivative represented by

formula (I):

n, O Rs

(1)

HO" R,

wherein Ri represents a hydrogen atom or a hydroxyl group;
and Rz and Ra, which may be the same or different. each
represent a lower alkyl group having from 1 to 5 carbon
atoms, _

and a process for preparing the same are disclosed. The
compound of the present invention has potent differentiation
inducing activity and cell proliferation inhibitory activity
and is expected to be useful as an anti-tumor agent, an
antirheumatic, a treating agent for psoriasis, and a
treating agent for hyperparathyreosis. The process of the
present invention makes it possible to efficiliently produce

a desired 22-oxacholecalciferol derivative while reducing

by-production.



