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Process for Producing Vitamin D Derivatives

TECHNICAL FIELD
The present invention reiates to a process for
5 synthesizing provitamin D compounds or provitamin D
compounds in which the §5,7-diene structure is protected
which are intefmediates for synthesis of vitamin D
derivatives having a substitueﬁt at the 2p-position which
have various physiological activities such as a calcium

10 controlling activity in vivo and a differentiation deriving

activity of tumor cells, etc.
More specifically, the present invention relates to
a process for introducing a substituent into the 2f-position
by reactlng a la,2a-epoxy compound with an alcohol under
15 a basic condltlon. -
Background Art
Hitherto, in introducing a substituted lqwér alkoxy
group at the 2B-position of vitamin D derivatives, a process
in which the addition reaction of an alcohol to la,2a-epoxy
20 -‘compound is carried out under an acidic condition has been
known (Japanese Patent Applicatiqn (Kokai) No. 61-267549),
but this process is not satisfactory due to its low yield,
. etc.
Disclosure of Invention
25 As a result of extensive studies, the present
inventors found that, in introducing a substituent at
the 28-position bx 5330t1n9 a la,2a-epoxy compound (1)

. Ca
.":A_l_

represented by th&{fbfmﬂla (1):
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More spegifically, the present invention relates to a process for
|ntrodUC|ng a substituent into the 2[err]-position by reacting a

| a, 2a- epoxy conpound with an al cohol under a basic condition. Background
Art Hitherto, in introducing a substituted | ower al koxy group at

the 2[err]-position of vitamn D derivatives, a process in which the

addi tion reaction of an alcohol to |a, 2a-epoxy conpound is carried oOut
under an acidi c condi t:i on has been known Q;apan se Patent Application
(Kokai) No. 61-267549), but this process i & ' ory due to its

| ow yield, etc. Disclosure of Invention As a result of extensive
studies, the present inventors found troduci ng a substituent at ™

9

(D
R0

(wherein R, represents a hydrogen atom or a protective group,
R, represents a hydrogen atom or a hydroxyl groqﬁ; R,, R,,

R; and Rﬁerepresent'thet each of R; and R,, and R; and Rg
forms a double bond, or R, and R; form a double bond, and

5 R, and R, bond to dienophile which is capable of protecting

a conjugatéﬁ double bond), with an alcochol, the react;on
preceeds even under a basic condition whereby a ring-cleaved
product represented by the follow;ng formula (II) can be

obtained in a hlgh vield:

R0
(m
R0

10 (wherein R, represents a hydrogen atom or a protective group,
R, represents a hydrogen atom or a hydroxyl group, R;, R,,
R, and R, represent that each of R; and R,, and Ry and R,

forms a double bond, or R, and R; form a double bond, and
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the 2[err]-position by reacting a |a, 2a-epoxy conpound (1) represented by
the fornul a (1) -2- [err]

(wherein Rlerr] represents a hydrogen atomor a protective group,

R, and Ry bond to dienophile which is capable of protecting
a conjugated double bond, and R, represents a lower alkyl
group, a cycloalkyl group or a lower hydroxyalkyl group
wherein the hydroxyl group may be protected.)

5 In the above reaction, protection of some functional
groups which has been considered necessary in a conventional
ring~cleaving'reaction under an acidic condition becomes to -
be unnecessary, but the reaction may be carried out while
protected. Further, in the process of this invéhtion, the

10 ring-cleaved product can be obtained in a high yield as
compared with the reaction under an acidic condition.

The provitamin D, derivatives prepared according
to the proeess of this invention can be éonverted into
the corresponding vitamin D, derivatives by subjecting

15 +the provitamin D, derivatives to the conventional thermal
isomerization after irradiation with U.V. light.

In the present invention, examples of the protective
groups in the formula include an acyl group such as an
acetyl group, a pivaloyl group, a methoxycarbonyl group,

20 a benzyloxycarbonyl group and a p-toluenesulfonyl group,
an alkyl group which may'be substituted such as,é methyl .
group and a-methdxymethyl group, and a substituted silyl
group such as é trimethylsilyl group, a triethylsilyl
group and a t-butyldimethylsilyl"group, and, preferably,

25 a trimethylsilyl group, a triethylsilyl group and a t-

butyldimethylsilyl group.
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Rlerr] represents a hydrogen atomor a hydroxyl group, Rlerr], Rerr],

R err] ‘and Rl err] represent that each of Rlerr] and Rerr], and Rl err] and
Rlerr] forns a double bond, or Rerr] and R err] forma double bond, and
Rlerr] and Rferr] bond to di enophil e which is capable of protecting a

conj ugat ed doubl e bond), with an al cohol, the reaction proceeds even under
a basic condition whereby a ring-cleaved product represented by the”
fol | owi ng formul a The Jateshdk. compdand coeans sahi ghighatic monohydric or

Lerr] polyhydric alcohol having from 1 to 7 carbon atoms, and some
of the hydroxyl groups thereof other than any one hydroxyl
group thereof may be protected. Examples of the alcohol

5 compound include prépanol, butanol, péhtanol, hexanol,
cyclopropanol, cyclobutanol, cyclopentanol, cyclohexanol,
ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-
pentanediol, etc.

The lower alkyl group means a straight chain or
10 a branched alkyl group having from 1 to 6 carbon atoms, for
example, a methyl group, an ethyl group, an n-propyl group,
an i-propyl group, an n-butyl group, an s-butyl group, a t-
butyl group, etc. The cycloalkyl group means a cycloalkyl
group having from 3 to 8 carbon atoms, for example, a cyclo-
15 propyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl group,
etc. The iower hydroxyalkyl group means .an alkyl group
having from 1 to 7 carboh atoms wherein at least one
hydfogen,atom is substituted with a hydroxyl group, for
20 example, a 2-hydroxyethyl group, a 3-hydroxypropyl group,
a 4-hydroxybutyl group, etc.; preferably a 3-hydroxypropyl
group.
The ring cleaving reaction according to the present
invention can be carried out with or without using a
25 solvent, and, when the solvent is used, examples thereof
include ether type solvents such as tetrahydrofuran and
dioxane, and aromatic type solvents such as benzene and

toluene. Preferably, the reaction is carried out with
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(wherein Rlerr] represents a hydrogen atomor a protective group, Rz
represents a hydrogen atom or a hydroxyl group, Rerr], Rerr] Rerr] and
Rlerr] represent that each of Rerr] and R err], and R err] and R err]
forns a double bond, or R err] and R err] forma doubl e bond, and

- 3- Rlerr] and Rl err] bond to di enophile which is capable of protecting
a conj ugat ed doubl e bond, and R7 represents a |lower alkyl group, a”

CyC|°alky|éHé%éb%”ofhﬂfyﬁgwﬁM%ﬁg@@?¢@%tgrOUp wherei n the hydroxyl group

may be protec

functi onal

10

15

above reaction, protection of sone
The reaction temperature can be from 50 to 150°C

preferably from 80 to 120°C.

The compound represented by the formula (I):

(1

(wherein R, represents a hydrogen atom or a pfotectivé group,
Rz'represen%s a hydrogen atom or é hydroxyl group, R;, R,,
R; and R, represent that each of R; and R,, and Rs; and R,
forms a double bond, or R, and R; form a.doublé bond, and
R, and R, bond to dienophile which is capable of protecting
a conjugated double bond) which can be used in the present
invention, can be synthesized by the process described in,
for example, Japanese Patent Application (Kokai) Nos. 50-
84555 and 50-84560, and J. Org. Chem., 57, 5019-5020(1992).
The dienophile which is capable of protecting
a conjugated double bond used in the preSent invention

includes a compound represented by the formula (IIXl):

0
Y/LK A
I (m)
Y B
0 I
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groups mhi ch has been considered necessary in a conventional ring-cleaving
reacti on under an acidic condition becones to be unnecessary, but the
reaction nmay be carried out while protected. Further, in the process of
this invention, the ring-cleaved product can be obtained in a high yield
as conpared wth the reaction under an acidic condition. The
provitam n D3 derivatives prepared according to the process of this®

i nventi on céwheretnndepp@dBi nwdich Heay ope cthendamg ortdhffierpnts]each
derivatives by subjecting _the provitamn D3 derivatives to the

convent i onaf® ﬁ%?ﬁ%?s ?%o%%*?%%IQEﬁPBf?%Yl?Qrﬁﬁ?ﬁtFoﬁom#tﬁa{PQn prome.

In the present_inv o) exa | es. of the protective groug %n the formul a
i ncl ude an ¥y %u% ﬁnaEa Fn tegetrehr oEPPTESERt af cPeY biBing

et hoxycar bone;' U8By oRENFYLRYSAL IS Lnd" PR B0E 2nbs ! 8! HERESYLEOTY!
group,

5 atom or a methine (=CH-) group), and preferably, 4-phenyl-
1,2,4-triazoline-3,5-dione, diethyl maleate, etc.
The basic condition means that a base is present in .
the reaction system.
The base which can be used in the presentiinvention
10 includes a metal base such as a metal alkoxide,-a'metal
hydride and the like, for example, potassium t-butoxide and
sodium hydride, preferably potassium t-butoxide. The base
may be used alone.or in combination with an additive such
as a Crown ether, and ekamples of the combination with the
15 additive includé sodium hydride + 15-Crown-5, potassium
t-butoxide + 18-Cr9wﬁ;6, potassium t-butoxide + dibenzo
18-Crown-6 and the like, and preferably, potassium t-
butoxide + dibenzo 18-Crown-6.
The present invention is further illustrated by the
20 following Examples and Refereﬁce Example id more detail.
Reference Example 1
Synthesis of 3B,25-dihydroxy-1la, 2a-epoxy-5,7-
cholestadiene
A solution of 49 mg (8.3 x 105 mol) of la,2a-epoxy-
25 5a,8a-(3,5-dioxo-4-phenyl-1,2,4-triazolidino)-6-cholestene-
3B,25-diol) in DMI (5 ml) was stirred in an argon atmosphere
at 140°C (bath temperature) for 5 hours. The reaction

mixture was poured into water, and the resulting mixture
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an al'kyl, group which may be substituted such as a nethyl group and a
nmet hoxymet hyl group, and a substituted silyl group such as a
trimethylsilyl group, a triethylsilyl group and a t-butyldi nmethylsilyl
group, and, preferably, a trinethylsilyl group, a triethylsilyl group and
a t- butyldinethylsilyl group. . -4-
The al cohol conpound neans an aliphatic nonohydric or pol yhydric al ¢ohol
havi ng fromwes extragisth twiss withl atthil agetatre handbxshenyaghed her eof
ot her than any one hydroxyl %{oup t hereof may be protected. Exanples of
t he al coho| ©orice with water. fter drying theé ethyl acetate layer
over anhydrous magnesium sulfate, the solvent was distilled
off under reduced pressure, and the resulting residue was
5 purified by fractional thin layer chromatography (silica
gel:ethyl acetate:n-hexane = 55:45) to obtain 21 mg (62%
yield) of the-titled compound as a white powder.
Melting point : 173 - 175°C
lH-NMR(CDC1,)8 : 0.64(3H,s), 0.97(3H,d,J=6.3Hz),
10 . 1.05(3H,s), 1.22(6H,s),
3.04(1H,d,J=3.4Hz), 3.33(1H,d,J=3.4Hz),

3.90(1K,d44,3=10.7,6.1Hz), 5.36-5.42(1H,m),

P 5.70-5.72(1H,m)
MS(m/z) : 414(M"), 59(100%)
15 UV Amax(nm) : 290, 278, 268
Example 1 |

Synthesis of ZB-(S-hydroxypropoxy)—ld,3B,25-
trihydroxycholesta-5, 7-diene
A mixture of 21 mg (5.1 x 10™° mol) of 3B, 25-

20 dihydroxy-1la, 2a-epoxy-5, 7-cholestadiene, 294 p2 (4.1 x 1073
mol) of 1,3-prdpanediol, 19 mg (1.5 x 10™ mol) of potassium
t-butoxide and 4.8 mg (1.3 x 10°° mol) of dibenzo-18~-
Crown-6 was stirred in an argon étmosphere at 110°C (bath
'temperature) for 4 hours. The reaction mi#ture was poured

25 into water, and the resulting mixture was extracted twice
with ethyl acetate énd washed once with a saturated agueous
sodium chloride solution. After drying the ethyl acetate

layer over anhydrous magnesium sulfate, the solvent was

RN AR

. This Sheet Has Been Replaced



conpound incl ude propanol, butanol, pentanol, hexanol, cyclopropanol,

cycl obut anol, cycl opentanol, cycl ohexanol, ethylene glycol,

1, 3-propanediol, 1,4-butanediol, 1,5- pentanediol, etc. The | ower
al kyl group neans a straight chain or a branched al kyl group having from1
to 6 carbon atons, for exanple, a nethyl group, an ethyl group, an

n- propyl group, an i-propyl group, an n-butyl group, an s-butyl group, a
t- butyl gfdéspilded. qrﬁeuaﬁeroaaﬂypegrpupsnnaﬁs anéthQaFR§PthP§up havi ng
from3 to 8 carbon atons, for exanple, ycl o- group, a cycl obutyl
group, a cyEF§ﬁ€HFyWa§rBﬁﬁlf&echEI55§%§F°§P6u§hi& é?&?Sh@BF?Wa§PSEﬁPhX

cycl ooct yl The .l owner dr oxyal kyl 0 - aIkyI group
havi ng fro #gc? gﬁﬁbg cﬁ%BﬁEmﬁﬁgéQFne Papeésf 5ﬁ§ nﬁ3dF8g8 3i8mi s
substituted W‘th ?7E¥dr9éXd)gr%u%hefgltled compound as a white powder.

5 Melting point : 118 - 120°C

'H-NMR(CDC1,)8

0.62(3H,s), 0.96(3H,d,J=6.3Hz),
1.06(3H,s), 1.22(6H,s), 5.32-5.42(1H,m),
5.64~5.73(1H,m)

MS(m/z)

490(M*), 131(100%) HA
293, 281.5, 271, 262(shoulder)

10 uv lmax(nm)
Example 2
Synthesis of ZB-(3-hydroxypropoxy)—la,éB—dihydroxY—S,?—
cholestadiene
A mixture of 275 mg (6.9 x 10™ mol) of la,2a-epoxy-
15 3p-hydroxy-5,7-cholestadiene, 4 ml (5.5 x 1072 mol) of
1,3-propanediol, and 258 mg (2.1 x 10™® mol) of potassium
t-butoxide was stirred in an argon atmosphere at 110°C
(bath temperature) fof 4.5 hours. The réaétion mixture was
poured into water, and the resulting mixture was extracted
20 twice with diethyl ether and washed three times with water.
'Sodium chloride was added to the aqueous layer, and the
mixture was extracted twice with ethyl acetate and washed
once with a saturated.aquecus sodium chloride solution.
After drying the combined organic layer over anhydrous
25 magnesium sulfate, the.solvent was distilled off under
reduced pressure, and the resulting residue was purified
by flash column chromatography (silica gel:dichloro-

methane:ethanol = 10:1) to obtain 229 mg (70% yield) of
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exanpl e, a 2-hydroxyethyl group, a 3- hydr oxypropyl group, a 4-hydroxybutyl
group, etc., preferably a 3-hydroxypropyl group. The ring cl eaving
reaction accordlng to the present invention can be carried out with or

wi t hout using a solvent, and, when the solvent is used, exanples thereof

i ncl ude et her type solvents such as tetrahydrofuran and dioxane, and
aromatic type solvents such as benzene and toluene. Preferably, the”
reacti on i sther ti¢dedycowpband as a white powder. - 5-

Melting point : 114 - 116°C

'H-NMR(CDC1,)8 0.62(3H,s), 0.87(6H,d,J=6.3Hz),
| 0.94(3H,d,J=6.8Hz), 5.32-5.39(1H,m),
5 5.63-5.73(1H,m)

MS(m/z)

474(M"), 380(100%)

UV Amax(nm)  : 293, 282, 271, 262(shoulder)
Examples 3 to 8 |
The following compounds were synthesized 4n the same
10 manner as described in Example 2 é#cept for using various
alcoholé in place of 1,3-propanediol.
Example 3 '
2p-Butoxy-1la,3g-dihydroxycholesta-5,7-diene
1H;NMR(CDC13)6 : 0.63(3H,s), 0.87(6H,d,J¥6.GHz),
15 0.94(3H,d,J=6.9Hz), 1.07(3H,s),
| 3.41-3.50(1H,m), 3.66-3.74(2H,m),
3.83-3.99(2H,m), 5.34-5.42(1H,m),
5.68-5.74(1H,m)
MS(m/z) : 472(M*); 57(100%)

20 UV Amax(nm)

293, 281, 270

IR(cm™) : 3450, 2980, 2900, 1480, 1400, 1110,
1060, 750
Example 4

ZB-Cyclohexyloxy-la,3ﬁ-dihydroxycholesta-5,7-diene
25 lH-NMR(CDC1,)6 : 0.63(3H,s), 0.87(6H,d,J=6.6Hz),
3.39-3.96(4H,m), 5.31-5.41(1H,m),
5.56-5.63(1H, m)
\.
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benzene or w thout any sol vent. The reaction tenperature can be from

50 to 150[err]C preferably from80 to 120[err]C. ‘  The conpound
represented by the fornmula (1): [err] “(wherein R err]
represent's a hydrogen atomor a protective group, R2 represents a hydrogen
atomor a hydroxyl group, Rlerr], Rerr], Rerr] and Rerr]-represent that
each of Rerr] and R err] and err; and err] “
MS(m/z) . : 493(M"), 55(100%)
UV Amax(nm)  : 290, 279, 269
IR(cm™) : 3450, 2950, 2900, 1090,
Example 35
5 ZB-Cyclohexyloxy-la,SB,25-trihydroxycholesta-5,7?diene

'H-NMR(CDC1,)6 : 0.63(3H,s), 0.96(3H,d,J=6.3Hz),
1.09(3H,s), 1.22(6H,s), 3.38-3.50(1H,m), . -
3.73-3.83(2H,m), 3.87-3.93(1H,m),
5.32-5.40(1H,m), 5.67-5.73(1H,m)

10 MS(m/z) 514(M"), 55(100%)

UV Amax(nm) : 293, 281, 271

IR(cm™t)

3400, 2940, 2850, 1450, 1380, 990, 760
Example 6 .
2B-(4-Hydroxybutoxy)-1la, 3B, 25-trihydroxycholesta-~5, 7~
15 diene
'H-NMR(CDC1,)6 : 0.63(3H,s), 0.96(3H,d,J=6.3Hz),
1.06t3H,sj, 1.22(6H,s), 3.41-4.00(7H,m),
5.33-5.40(1H,m), 5.68-5.73(1H,m)

MS(m/z) 504(M*), 55(100%)

20 UV Amax(nm)

293, 281, 270
IR(cm™) : 3420, 2950, 2900, 1480, 1390, 770
Examglé 7 |
2p-Butoxy-1la, 3B, 25-trihydroxycholesta-5,7-diene
'H-NMR(CDC1,)6 : 0.63(3H,s), 0.93(3H,t,J=7.3Hz),
25 | 0.96(3H,d,J=6.3Hz), 1.07(3H,s),
1.21(6H,s), 3.40-3.52(1H,m), 3.66-
3.77(2H,m), 3.84-4.00(2H,m), 5.33-

5.41(1H,m), 5.67-5.74(1H,m) ~——
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forms a double bond, or Rerr] and Rerr] forma double bond, and Rerr]
and R[err] bond to dlenophile whi ch is capable of protecting a conjugated
doubl e bond) which can be used in the present invention, can be

synt hesi zed by the process described in, for exanple, Japanese Patent
Application (Kokai) Nos. 50- 84555 and 50-84560, and J. Org. Chem, 57,
5019-5020(1992) . The di enophile which is capable of protectlng a
conj ugat ed d¥86MEzBond used: |ﬁ85N@ br e320t09%Vention includes a conpound

represented b e fornula (III err]
&m T 29 281, 27

ax(nm)
IR(cm™?) : 3450, 2950, 2900, 1490, 1390, 1100
Example 8
5 : ZB-(5-Hydroxypentoxy)-la,3ﬁ,25-trihydroxycho;esta-5,7—
diene

lH-NMR(CDC1,)8

0.63(3H,s), 0.96(3H,d,J=6.3Hz),
1.06(3H,s), 1.22(6H,s), 3.41-4.00(7H,m),
5.33-5.40(1H,m), 5.68-5.73(1H,m)

10 MS(m/z) '

518(M*), 59(100%)

UV Amax(nm) 293, 281, 270
IR(cm™) - : 3400, 2950, 2880, 1380, 1140, 970, 760

Examples 9,to 14

The following vitamin D, derivatives were synthesized
15 from the products of Examples 3 to 8 by thermal isomeriza-
tion after irradiation of U.V. light under the conventional
conditions.
Example 9
2B-butoxy-la,3p-dihydroxy-9, 10-secocholesta-5,7,10(19)-
20 triene
IH-NMR(CDC1,)6 : 0.55(3H,s), 0.86(6H,d,J=6.6Hz),
0.92(3H,d, J=6.0Hz), 0.94(3H,t,6J=7.4Hz),
3.22(1H,d4d4,3=9.1,2.8Hz), 3.47-3.58(1H,m),
3.65-3.77(1H,m), 4.23(1H,brs),
25 : 4.29(1H,d,J=6.6Hz), 5.08(1H,s),
5.49(1H,s), 6.06(1H,d,J=11.2Hz),

6.36(1H,d,J=11.2Hz)
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-6- + (wherein A and B, which nay be the sane or different, each
represents an al koxy group having from1 to 4 carbon atons, or A and B,
when taken together, represent a phenylimno group or an o-phenyl ene
group, and Y represents a nitrogen atomor a nethine (=CH) group), and
preferably, 4-phenyl- 1,2,4-triazoline-3,5-dione, diethyl nualeate, etc.
The basic condition nmeans that a base is present in the reaction syStem
The base whi MS(o(iz)be :used i:n47REMH) eskOI(1OQ®Nti on includes a netal base
such as a netal al koxide, a netal hydride and the Iike, for exanple,

pot assi um t - Bt dmagé namd s odiZfrh, hy dwmidad nmor of @&28bl y pot assi um t - but oxi de,

The base IR(cm™?) : 3400, 2950, 2860, 1460, 1380, 1100

Example 10

5 2B-cyclohexyloxy-la,3f-dihydroxy-9, 10-secocholesta-
_ 5,7,10(19)~triene .
'H-NMR(CDC1,)86 : 0.55(3H,s), 0.86(6H,d,J=6.6Hz),

' 0.92(3H,d, J=6.3Hz),
3.35(1H,dd,J=9.4,2.5Hz), 3.39-3.50(1H,m),
10 4.12-4.18(1H,m), 4.19-4.30(1H,m),

5.07(1H,s), 5.49(1H,s),
6.06(1H,d,J=11.4Hz), 6.36(1H,d,J=11.4Hz)

MS(m/z)

498(M*), 56(100%)
UV Amax(nm) : 264, Amin(nm) : 229
.15 Example 11
Zﬁ-cyclohexyloxy-la,SB,25-trihydroxy—9,10-secocholesta—
5,7,10(19)-triene |
H-NMR(CDC1,)8 : 0.55(3H,s), 0.94(3H,d,J=6.3Hz),
1.21(6H,s), 3.32-3.39(1H,m), 3.40-
20 3.45(1H,m), 4.11-4.17(1H;m), 4.22-
4.29(1H,m), 5.07(1H,s), 5.49(1lH,s),
6.06(1H,d,J=11.3Hz), 6.34(1H,d,J=11.3Hz)

MS(m/z)

514(M"), 55(100%)

UV Amax(nm)

264, Amin(nm) : 228
25 Example 12
28-( 4-hydroxybutoxy)-1la, 38, 25-trihydroxy-9, 10~

secocholesta-5,7,10(19)-triene

'\'\
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may be used alone or in conbination with an additive such as a Crown

et her, and exanples of the conbination with the additive include sodi um
hydri de + 15-Crown-5, potassium t-butoxide + 18-Crown-6, potassium

t - but oxi de + di benzo 18-Crown-6 and the |ike, and preferably, potassiumt-

but oxi de + di benzo 18- Cr own- 6. The present

i nvention is further

illustrated by the follow ng Exanpl es and Reference Exanple in nore”

detail:

Ref S eNMR(ERGhpI&e & 0.55(S¥nshesiOs 56 3H,d, J=5.9Hz),
3[err], 25-di hydroxy-1| a, 2a- epoxy-5, 7- chol est adi ene A sol ution

of 49 my (8.3 x 10[err] nol) &f 2146MasdpoRy15-3.20(1H, m), 3.45-

5a, 8a- (3, 5-di oxo0- 4- phenyl -1, 2, 4-triazol.i di_ngo)-6-chol est ene-
3[err],25-diol) in DM (5 nl) 438 (SH, Med Si-F84dHasdon Sath®ddghéle at
140[ err] C (bath tenperature) %obs?lhours. The _reacti

5 MS(m/z) : 504(M*), 59(100%)
UV Amax(nm) : 263, Amin(nm) : 229
Example 13 .
2B-butoxy-1a,3B,25-trihydroxy-9, 10-secocholesta-
5,7,10(19)-triene N
10  'H-NMR(CDC1l;)8 : 0.55(3H,s), 0.91-0.99(6H,m), i.22(6H,s),
3.18-3.26(1H,m), 3.47-3.77(2H,m), |
4.23(1H,brs), 4.29(1H,d,J=6.6Hz),
‘ 5.08(1H,s), 5.50(1H,s),
6.08(1H,d,J=12.2Hz), 6.34(1H,d,J=12.2Hz)
15  MS(m/z) : 488(M*), 59(100%)
UV Amax(nm) : 264, Amin(nm) : 228
Example 14
2B-(5-hydroxypentoxy)-1la, 38, 25-trihydroxy-9, 10-
_secoéhoiesta-S,?,lO(lQ);triene
20  H-NMR(CDC1,)8 : 0.55(3H,s), 0.94(3H,d,J=6.6Hz),
1.22(6H,s), 3.17-3.27(1H,m), 3.45-
4.40(6H,m), 5.08(1H,s), 5.50(1H,s)
MS(m/z) : 518(M’), 69(100%)
UV Amax(nm) : 264, )\.min_(nm) : 228
25  IR(cm™) : 3400(br), 2930, 2860, 1460, 1380,

Hd, 311780252 %6. 38 (18,4, 3-11. 6Hz)

1100, 980, 740

- 13 -
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m xture-was poured into water, and the resulting mx

-7- was extracted twice with ethyl acetate, and then wash
water. After drying the ethyl acetate |ayer over $“ﬂ| BEL ““@EE““]
i sti he

sulfate, the solvent was distilled off under reduce

resulting residue was purified by fract ional thin |ayer c_,t_omat ogr aphy
(silica gel:ethyl acetate:n-hexane = 55:45) to obtain 21 my (62% vyield)
of the titled conpound as a white powdgipazMé! ting point : 173 - 175C

‘A process for producing a compound represented by the

formula (II):

R70

R0 (m

(wherein R, represents a hydrogen atom-or a protecti&e group,
5 R, represents a hydrogen atoﬁ or a hydroxyl group, R;,-R“

R; and R, represent that each of R; and R,, and R; and R,

forms a double bénd, or R, and R; form a double bond, and

R, and R, bond to dienophile which is capable of protecting

a conjugated double bond, and R,represents a lower alkyl"
10 group, a cycloalkyl group or a lower hydroxyalkyl group

wherein the hydro#yl group may be protected), which <

comprises reacting an-epoxY compound represented by the

formula (I):

P

_;__—~———————;‘~“—_
et Has Been Reilaced

e T



[err]H-NVR(CDCl [err] : 0.64(3Hs), 0.97(3H,d,J=6.3Hz} "
1. 05(3Hs), 1.22(6H,s), 3. 04( 1H,d, J

3.33(1H,d, J=3. 4Hz) , _ 3.90(1H, dd, J= 10@“3“‘““‘““““\“\
5.36-5.42(1H m, ' 5.70-5.72(1H m

414( M+), 59(100% W [err] max(nm : 290, 278 268 Example 1 "
Synthesi s of 2[err]-(3-hydroxypropoxy)-la,3[err], 25- “

t ri hydr oxycHeihestedn5 R{- depnésents a hpdmogenr atom or agpPreteckive] rOMPrvl )
of 3[err],25- dihydroxy-1la, 2a- epoxy-5, 7-chol est adi ene, 294 [err] (4.1 X
10[err] ~noiR; vepreseptspanbudspgenakgm ersaxhydrexryl &5PHPof ReotResi um
t - but oxi de and 4.8 nmg (1.3 x 10[err] nol) of dlbenzo 18- . Crown- 6_was '
stirred in & argoRs RIRFPIRNE Hal 1%?%1? 9% Rp&H Re, and R; and R,

forms a double bond, or R. and R, form a double bond, and
S R, and R; bond to dienophile which is capable of protecting
a conjugated doublé bond], with an alcohol, wherein the

reaction is carried out under a basic condition.

This Sheet Has Been Re ﬂ
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tenperat-ure)-for 4 hours. The reaction m xture was poured into water, and

the resulting mxture was extracted twice . with ethyl ‘acetate and washed
once with a saturated aqueous sodiumchloride solution. After drying the
ethyl acetate |layer over anhydrous magnesi um sul fate, the sol vent was
8 distilled off under reduced pressure, and the resulting residue was
purified by fractional thin |layer chromatography (silica :
gel : di chl or omet hane: et:hanol = 100: 15) pggrRRE®i N 18 ng (72% yield) of the
titled conpound as a white powder.

A process for producing a compound represented by the

formula (II), which comprises reacting an epoxy compound
represented by the formula (I) with an alcohol, wherein the

5 reaction is carried out under a basic condition.

R;0
(I

Rld

(wherein R, represents a hydrogen afom or a protective group,
R, represents a hydrogen atom or a hydroxyl group, R;, R,
R, and R, represent %hét‘each of R, and R,, and R; and Ry
forms a double bond; or R, and R; form a double bond, and

10 R; and R, bond to dienophile which is capable of protecting
a conjugated double bond, and R, represents a lower alkyl

group, a cycloalkyl group or a lower hydroxyalkyl group

- 16 - |
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Mel ti ng spoi t : 118 - 120[er]C [err]H—NNR(CDCI[err] .10, 62(3H, s),

0. 96(3H, d, J=6. 3Hz) , 1.06(3H,s), 1.22(6H,s),
5.32-5.42(1H m, 5.64-5.73(1H m M5( T z)

490( M+), 131(100% W [err] max(nm : 293, 281.5, 271, 262(shou|der)
Exanpl e 2 Synt hesi s of )

2[ err]-(3-hydroxypropoxy)-la,3[err]-di hydroxy-5, 7- chol est adi enée

A nixture oWhg¥eimgthe. yyﬂrpayéﬂrpwopp @BYI§92@39&99$9d~

3[ err]-hydroxy-5, 7-chol est adi ene, .5 x 10[ err

1, 3- propanedi ol , aﬁ'BQZQS'GFFﬁ“(tzlPV?nI’GPé‘r PF%OFSO eﬁ%’@f é)"l.?ﬁ'ldst m’bm de
was stirred in an argon atnnsphere at 4ﬁnr Qpath tenpe%g for 4.5
hours. The PE&EE &% tnkfureerss t@‘{/\kﬂlé’r h&H s’u

m xture masr%ﬁ%&%%t%o a process for synthe5121ng intermediates of

§ wvitamin D, derivatives, which is suitable for a large scale

preparation.

o This Sheet Has Been Re laced
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twice with diethyl ether and washed three tinmes with water. Sodi um
and t he ;~m
once with a
drfyi ng the conbi ned or
vegnt was distilled off

purified %y‘flash

chl ori de

twice wth
chl ori dé*spl
magnesi um pu] f 2 FEBhW93 0!
and the repulting residue
(silica ge

of

ueous | ayer,
-washed
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Process for Producing Vitamin D Derivatives

TECHNICAL FIELD

The present invention relates to a process for

synthesizing provitamin D compounds or provitamin D

compounds in which the 5,7-diene structure is protected

which are intermediates for synthesis of vitamin D

derivatives having a substituent at the 2B-position which

have various physioclogical activities such as a calcium

controlling activity in vivo and a differentiation deriving

activity of tumor cells, etc.

More specifically, the present invention relates to

a process for introducing a substituent into the 2B-position

by reacting a la,2a-epoxy compound with an alcoﬁol under

a basic condition.

Background Art

Hitherto, in introducing a substituted lower alkoxy

group at the 2p-position of vitamin D derivatives, a process

in which the addition reaction of an alcohol to 1a,2a—époxy

compound is carried out under an acidic condition has been

known (Japanese Patent Application (Kokai) No.

61-267549),

but this process is not satisfactory due to its low yield,

etc.

Disclosure of Invention

As a result of extensive studies, the present

inventors found that, in introducing a substituent at

the 2B-position by reacting a la,2a~epoxy compound (1)

represented by the formula (I)



the titled conpound as a white powder. Melting point : 114 - 116[err]C

[err]HHNVMR(CDCl [err] : 0.62(3H,s), 0.87(6H,d, J=6.3Hz),

0.94(3H,d, J=6.8Hz), 5.32-5.39(1H m, 5.63-5.73(1H m

M5( 1 z) . 474(Mr), 380(100% W [err] max(nm . 293, 282, 271,
262(shoul der) .Exanples 3 to 8 The foll ow ng conpounds were
synthesi zed in the sane nanner as destcrd Bed in Exanpl e 2 except-for using
various alcohols in place of 1, 3-propanediol. Exanple 3 _

2[ err]-Butoxy-1a, 3p-di hydroxychol esta-5, 7-diene [err] HNVR(CDC [err]
0.63(3H,s), 0.87(6H,d, J=6.6Hz), Yy,

(1
R0

(wherein R, represents a hydrogen atom or a protective group,
R, represents a hydrogen atom or a hydroxyl gfoup, R;, R,,

Rg and Rs'fepresent 'tha..t each of R; and R,, and R; and Rq
forms a double bond, or R, and R; form a double bond, and

R, ahd R, bond to dienophile which is capable of protecting
a conjugated double bond), with én alcohol, the reaction
proceeds even under a basic condition whereby a E‘ing-cleaved
product repreéented.by the following formula (II) can be.

‘obtained in a high yield:

REPLACEMENT SHEET
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R70
()
R10

(wherein R, represents a hydrogen atom or a protective grbup,
R, represents a hydrogen atom or a hydroxyl group, R,;, R,,
Ry and R, represent that each of R, and R,, and R; and R,

forms a double bond, or R, and R, form a double bond, and



0.94(3H, d, J=6. 9Hz), 1.07(3H,s ), 3.41-3.50( 1H, ),

3. 66-3. 74(2H, M), 3.83-3.99(2H, m), 5.34-5.42(1H m
5.68-5.74(1H m  MS(ni z) 472(M#), 57(100%) W [err] max(nm

293, 281, 270 IR(cnferr]) 3450, 2980, 2900, 1480, 1400, 1110,
1060, 750 Exanple 4 : . ’
2[err]-CycIohexyloxy-la,3[err]-dihydrdkj%ﬁblesta~5,7-diene
[err]H-NMR(CDCl [err] : 0.63(3H,s), 0.87(6H,d, J=6.6Hz);
3.39-3.96(4Hm, 5.31-5.41(1H m, 5.56-5.63(1H m
R; and R; bond to dienophile which is capable of protecting
a conjugated double bond, and R, represents a lower alkyl
group, a cycloalkyl group or a lower hydrdxyalkyl group
wherein the hydroxyl group may be protected.)

In the above reaction, protection of soﬁe functional
groubs which has been considered necessary in a conventional
riﬁg—cleaving reaction under an acidic condition becomes to
be unnecessary, but the reaction may be carried out while
protected. Further, in the process of this invention, t@e
ring~cleaved product can be obtained in a high yield as
compared wiﬁh the reaction under an acidic condition;

The provitamin D; derivatives prepared according
to the process of this invention can be éonverted into
"the corresponding vitamin ba derivatives by subjecting
the provitamin D, deriﬁatives to the conventional thermal
isomerization after irradiation with U.V. light.

In the present.invention, examples of the protective
groups in the formula inélude an acyl group such as an

- acetyl group, a pivaioyl group, a methoxycarbonyl group,
a benzyloxycarbonyl group and a p-toluenesulfonyl group,
an alkyl group which may be substituted such as a methyl'
group and a methoxymethyl group, and a substituted silyl
group such as a trimethylsilyl group, a triethylsilyl
group and a t-butyldimethylsilyl group, and, preferably,

a trimethylsilyl group, a triethylsilyl group and a t-

butyldimethylsilyl group. REPLACEMENT SHEET

28 FEB 997




-10- M5(m z) 498( M), 55(100% WV [ =290, 279,
269 |R(cnferr]) : 3450, 2950, 2900, 1090, i3
2[err]-CycIohexyIoxy-Ia,S[err],25-trihydroxycholeﬁra—ﬁ"/ drene .
[err]H-NMR(CDCl[err] : 0.63(3H,s), 0.96(3H, d, JH46. 3I—§)e' FEB 197

1.09(3H,s), 1.22(6H,s), 3.38-3. 50(1HIW

3.73-3.83(2H, M, 3.87-3.93(1H m, 4 - 5.-32—6—40{%H,|N) ,
5.67-5.73(1H, m) VMS(m z) . 514(Mm+), 55(1100% W [err] mgx(nm

293, 281, 271
The alcohol compound means an aliphatic monohydric or

polyhydric alcohol having from 1 to 7 carbon atoms, and-some
of the hydroxyl groups thereof other than any one hydroxyl
group thereof may be protected. Examples of the alcohol
compound include prapanol, butanol, pentanol, hexanol,
cyclopropanol, cyclobutanol, cyclopentanol, cyclohexanol,
ethflene glycol, 1,3-~propanediol, 1,4-butanediol, 1,5-
pentanediol, etc;

The lower alkyl group means a straight chain or
a branched alkyl group having from 1 to 6 carbon atoms, for
example, a methyl group, an ethyl group, an n-propyl group,
an i~-propyl group, an n-butyl group, an s-butyl group, a t-
butyl group, etc. The cycloalﬁyl_group means a cycloalkyl
group having from 3 to 8 carbon atoms, for exaﬁple, a éyclo—
propyl group, a cyciobutyi group, a cyclopentyl group, a
cyc;ohexyl group, a cycloheptyl group, a cYcloocfyl_group,
etc. The iower hydroxyalkyl group means an alkyl group
having from 1 to 7 carbohfatoms wherein at least one
hydfogén,atom is sdbstituted_with a hydroxyl group, fdr
example, a 2—hydr6xyethyl group; a 3—hYdroxyprépyl group,

a 4-hydroxybutyl group, etc.; preferably a 3—hydfoxypropyl
group.

The ring cleaving reaction according to the present
invention can be carried out with or without using a
solvent, and, when the'solvent is used, examples.thereof
inciude ether type solvents such as tetrahydrofuran and
dioxane, and aromatic type solvents such as benzene and

toluene. Preferably, the reaction is carried out with



IR(cn{err]) : 3400, 2940, 2850, 1450, 1380, 990, 760 Exampl e 6
2[ err]-(4-Hydroxybutoxy)-1la, 3[err], 25-tri hydroxychol esta-5, 7- di ene
[err]H-NMR(CDCl [err] : 0.63(3H,s), 0.96(3H,d,J=6.3Hz),
1.06(3H,s), 1.22(6H,s), 3.41-4.00(7H m,
5.33-5.40(1H, m, 5.68-5.73(1H m ms(m.z) : 504(Mm+), 55(100% w
[err] max(nm : 293, 281, 270 IR(CnFeFr]) . 3420, 2950, 2900,
1480, 1390, 770 Exampl e 7
2[ err]-Butoxy-1la,3[err], 25-trihydroxychol esta-5, 7-di ene
[err]H-NVMR(CDCL[err] : 0.63(3H,s), 0.93(3Ht,J=7.3Hz),
0. 96(3H, d, $=bizde) orl wd€hddtsbny solvent. 1.21(6H,s),
3.40-3.52(1H, m, 3.66-

The reaction temperature can be from 50 to 150°C

preferably from 80 to 120°C.

The compound represented by the formula (I):

(1
R0

(wherein R, represents a hydrogen atom or a protective.group,
R, represents a hydrogen atom or a hydroxyl group, R;, R,,
R; and R, represent that each of R; and R,, and R; and R,
forms a double bond, or R, and R form a double bond, and
R, and Ry bond to dienophile.which is capable of protecting
a conjugated double bond) which can be used in the present
invention, can be synthesized by the process described in,
for examplé, Japanese Patent Application (Kokai) Nos. 50-
84555 and 50-84560, and J. Org. Chem., 57,-5019—5020(1992).
The dienophile which is capable of protecting
a conjugated double bond used in the présent invention -

includes a compound represented by the formula.(III):

(IN) ' —
ﬂ B REPLACEMENT SHEET
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3.77(2H. ), 3.84-4.00(2H, m), 5.33- 5. 41(1H, M,

5:67-5.74(1H, m . -

: 59(100 % W [err] max(nm : 292, 281, ﬁ;ﬂACghﬁg’ﬂqﬁﬂe;ﬁ})
. 3450, 2950, 2900, 1490, 1390, 1100  Exanple 8 : '
2p-(5-FWdroxypentoxy)-la,3[err],25-trihygroxycholesta75 728 FEB W9n¢

488( M#) |

(whérein A and B, which may be the same or different, each
represents an alkoxy group having ffom 1 to 4 carbon atoms,
or A and B, when taken tégether, represent a phenylimino
group or an o-phenylene group, and Y representé a nitrogen
atom or a methine (=CH-) group), and preferably, 4-phenyl-
1,2,4-triazoline-3,5-dione, diethyl maleate, etc.

The basic condition means that a base is present in
the reaction system.

The base which can be used in the present inventién
includes a metal base such as a metal alkoxide, a metal
hydride and the like, for example, potassium t-butoxide and
sodium hydride, preferably potassium t-butoxide. The base
may be used alone or in combinatioq with an additive such

as a Crown ether, and ekamples of the combination with the

additive include sodium hydride + 15~Crown-5, potassium

t-butoxide + lBLCroﬁn—s, potassium t-butoxide + dibenzo
18-Crown-§ and the like, and prefefably, potassium t-
butoxide + dibenzo 18-Crown-6.

_'The present invention is further illustrated by the
following Examples and Refereﬁce Examplé in.more detail.
Reference Example 1

Synthesis of 3B,25-dihydroxy—ld,2a-epoxy-5,7-
cholestadiene |
A solution of 49 mg (8.3 x 10™° mol) of la,2a-epoxy-

5a,8a-(3,5-dioxo-4-phenyl-1,2,4~-triazolidino)-6-cholestene-

3B,25-diol) in DMI (5 ml) was stirred in an argon atmosphére

at 140°C (bath temperature) for 5 hours. The reaction

mixture was poured into water, and the resulting mixture



[err]H NMR(CDC [err] : 0.63(3H,s), 0.96(3H, d, J=6.3Hz),
1.06(3H,s), 1.22(6H s), 3.41-4.00(7H m,

5.33-5.40(1H, M, 5.68-5.73(1H M  M(m z) : 518(M+), 59(100% w
[err] max(nm : 293, 281, 270 IR(cn{err]) : 3400, 2950, 2880,
1380, 1140, 970, 760 Exanmples 9 to 14 The follow ng vitam n D3
derivatives were synthesized fromthé Brdducts of Exanples 3 to 8 by
thermal isoneriza- tion after irradiation of U V. light under the

conventi onal condltlons Exanple 9 -

2Lers ] B ot SiPL el UL G dOnpecpcheles! e TeAdk fbanes L1 ene

once with water. After drying the ethyl acetate layer
over anhydrous magnesium sulfate, the solvent was distilled
off under:reduced pressure, and the resulting residue was
purified by fractional thin layer chromatography (silica
gel:ethyl acetate:n-hexane = 55:45) to obtain 21 mg (62%
yield) of the titled compound as a white powder.

Melting point : 173 - 175°C

. H-NMR(CDC1,)5

0.64(3H,s), 0.97(3H,d,J=6.3Hz),
1.05(3H,s), 1.22(6H,s),
3.04(1H,d,J=3.4Hz), 3.33(1H,d,J=3.4Hz),
3.90(1H,dd, J=10.7,6.1Hz), 5.36-5.42(1H,m),

5.70-5.72(1H,m)
REPLACEMENT SHEET
MS(m/z) : 414(M"), 59(100%)
UV Amax(nm) : 290, 278, 268 28 FEB 1997
Example 1 |

Synthesis of Zﬁ—(3-hydrqupropoxy)—1a,3B,25;
trihydroxycholesta-5, 7-diene
A mixture of 21 mg (5.1 x 10° mol) of 3B,25-

dihydroxy—la,2a-epoxy-5,7-cholestadiené, 294 p2 (4.1 x 103
mol) of 1;3-prdpanédiol, 19 mg (1.5 x 10™ mol) of po#assium
t-butoxide and 4.8 mg (1.3 x 10°° mol) of dibenzo-18-
Crown-6 was stirred in an argon atmosphere at 110°C (bath
temperature) for 4 hours. The reaction mi#ture was poured
into water, and the resulting mixture was extracted twice
with ethyl acetate and washed once with a saturated aqueous
sodium chloride solution. After drying the ethyl acetate

layer over anhydrous magnesium sulfate, the solvent was



O WWO

.92(3H,d, J

J=6. OHz), 0.94(3H, t,J=7.4Hz),

' 22(1H. dd, J=9. 1, 2. 8Hz), 3.47-3.58(1H, M, | REPLACEMENT SHEET
.ggﬁ. 77§ 1H ). 4.23(1H, brs), 4.29( 1M, §, J=6. 61z ,

H s 5.49(1Hs), 6.06(1H, d,J=1}.
36( 1H, d, J=11. 2Hz) (1) ( i H?B FEBwIV957(m
472( M), 109(100% WV [err]max(nm ~ 8 ~ 264, [err]m p(Amy—228

distilled off under reduced pressure, and the resulting

residue was purified by fractional thin layer chromatography
(silica gel:dichloromethane:ethanol = 100:15) to obtain

18 mg (72% yield) of rhe titled compound as a white powder.
Melting point : 118 - 120°C

'H-NMR(CDC1,)8 0.62(3H,s), 0.96(3H,d,J=6.3Hz),

1.06(3H,s), 1.22(6H,s), 5.32-5.42(1H,m),

5.64-5.73(1H,m)
MS(m/zj : 490(Mf), 131(100%)
UV Amax{nm) : 293, 281.5, 271, 262(shoulder) ?
Example 2 |

Synthesis of 25—(3—hydroxy§ropoxy)—1a,3B—dihydroxy—5,7—
cbolestadiene ' j
A mixture of 275 mg (6.9 x 10™* mol) of ia,?a-epoxy-

3B-hydroxy-5,7-cholestadiene, 4 ml (5.5 X 1072 mols of
1,3-propanediol, and 258 mé (2.1 x 10™® mol) of potassium
t-butoxide-was stirred in an argon atmosphere at 110°C
{bath temperafure) for 4.5 hours. The réaétion mixture was
poured into water, and the resdltiné mixture was extracted

twice with diethyl ether and washed threes times with water.

'Sodium chloride was added to the aqueods layer, ahd the

mixture was extracted twice with ethyl acetate aﬁd washed

once with a saturated aqueous sodium chloride solutlon.

‘After drying the combined organic layer over anhydrous

magnesium sulfate, the solvent was distilled off under
reduced pressure, and the resulting residue was phrified
by flash column chromatography (silica gel:dichloro-

methaneﬁethanol = 10:1) to obtain 229 mg (70% yield) of



IR(cn{err]) . 3400, 2950, 2860, 1460, 1380, 1100 Exanple 10

2] err]-cycl ohexyl oxy-1I a, 3p-di hydroxy-9, 10- secochol est a-

5,7,10(19)-triene [err]HNVR(CDC [err] : 0.55(3H,s), 0.86(6H, d,J=6.6Hz).,

SHz) ,

0.92(3H,d, J=6.3Hz), 3.35(1H, dd, J=9. 4, 2.
3.39-3.50(1H, m, 4.12-4.18(1H, ), 4.19-4
5.07(1H,s), 5.49(1H s), =9 - 6.06(1H, d, J=11. -
6.36(1H, d, J=11. 4Hz)  ms(n z) 498( M+), 56(100%

: 264, [err]mn(nm : 229 Exampl e 11
2p- cycl ohexyl oxy-1 a, 3p, 25-tri hydroxy-9, 10- secochol est a-

. BEPUACEMENT SHEET

[[err] max(nm
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5,7,10(19) -{thé ePftled compound as a white powder.

Melting point : 114 - 116°C

IH-NMR(CDC1,)§ : 0.62(3H,s), 0.87(6H,d,J=6.3Hz),

0.94(3H,d,J=6.8Hz), 5.32-5.39(1H,m),

5.63-5.73(1H,m)

MS(m/z) 474(M*), 380(100%)

UV Amax(nm) : 293, 282, 271, 262(shoulder)

Examples 3 to 8

The following compounds were synthesized

in the same

manner as described in Example 2 except for using various

alcohols in place of 1,3-propanediol.

Example 3

2B~-Butoxy-la,3p~dihydroxycholesta-5,7-diene

H-NMR(CDC1;)6 : 0.63(3H,s), 0.87(6H,d,J=6.6Hz),

0.94(3H,d4,J=6.9Hz), 1.07(3H,s),

3.41-3.50(1H,m), 3.66-3.74(2H,m),

3.83~3.99(2H,m), 5.34—5.42(1H,@),

5.68~5.74(1H,m)

MS(m/z) : 472(M*), 57(100%)
UV Amax(nm) :+ 293, 281, 270
IR(cm™) : 3450, 2980, 2900, 1480, 1400,

1060, 750

Example 4

1110,

Zﬂ—Cyclohexyloxy—la,SB-dihydrdxycholesta-S,73diene

H-NMR(CDC1,)6 : 0.63(3H,s), 0.87(6H,d,J=6.6Hz),;

3.39-3.96(4H,m), 5.31-5.41(1H,m),

5.56-5.63(1H,m)



[err]H-NVR(CDd [err] : 0.55(3H,s), 0.94(3H, d, J=6.3Hz), :
1.21(6H,s), 3.32-3.39(1H m, 3.40- 3.45(1H, m,

4.11-4.17(1 H ), 4.22- 4.29(1H, m, 5.07(1H,s),
5.49(1H, s), 6.06(1H, d, J=11.3Hz), 6.34(1H,d, J=11.3Hz
MB( Nl z) .. Bl4(M+), 55(100% L?b[err]nax(nn) : . 264, B

[err]m n(nm 228 Exanple 12
2p- (4- hydr oxybut oxy) -1 a, 3p, 25-tri hydroxy-9, 10-
secochol esta-5,7,10(19)-triene

ronan—

REPL'ACEMEEI SHEEB

MS(m/z) : 498(M"), 55(100%)

UV Amax(nm)  : 290, 279, 269 | 28 FEB 197
IR(cm™t) : 3450, 2950, 2900, 1090, | i
Example 5 T

2B-Cyclohexyloxy-1la, 3B, 25-trihydroxycholesta-5,7-diene
IH-NMR(CDC1,)6 : 0.63(3H,s), 0.96(3H,d,J=6.3Hz),
1.09(3H,s), 1.22(6H,s), 3.38-3.50(1H,m),
3.73-3.83(2H,m), 3.87-3.93(1H,m),
5.32-5.40(1H,m), 5.67-5.73(1H,m)

MS(m/z) : 514(M*), 55(100%)
UV Amax(nm) : 293, 281, 271
IR(cm™) : 3400, 2940, 2850, 1450, 1380, 990, 760

Example 6
2B~ (4-Hydroxybutoxy)-1la,3B, 25-trihydroxycholesta-5,7-
diene _
H-NMR(CDC1,)8 : 0.63(3H,s), 0.96(3H,d,J=6.3Hz)h’
| 1.06(3H,s5, 1.22(6H,s), 3.41—4?00(7H,m),
5.33-5.40(1H,m), 5.68-5.73(1H,m)

MS(m/z) : 504(M*), 55(100%)

UV Amax(nm) : 293, 281, 270
IR(cm™) - : 3420, 2950, 2900, 1480, 1390, 770

Example 7
ZB—Butoxy-la,BB,25?trihydroxycholesta-5,7;diene
1H-NMR(CDC13)6- : 0.63(3H,s), 0.93(3H,t,J=7.3Hz),
0.96(3H,d,J=6.3Hz), 1.07(3H,s),
1.21(6H,s), 3.40-3.52(1H,m), 3.66-
3.77(2H,m), 3.84-4.00(2H,m), 5.33-

5.41(1H,m), 5.67-5.74(1H,m)



[err]H NMR(CDO [err] : 0.55(3H,s), 0.59(3H, d, J=5.9Hz),

1. 21(6H,s), 3.15-3.20(1H, m, 3.45- 4.38(6H m,
5.08(1H,s), 5.48(1H,s), 6. 05(1H, d, J=11. 6Hz) ,
6. 36(1H,d, J=11. 6Hz) MS(mM z) . 504( Mt), 59(100?&——HV—EeLLmeQ;JQ
. 263, J[err]lmn(nm : 229 Exanple 13 REPLACEMENT SHEET
2p- but oxy-1 a, 3p, 25-tri hydr oxy-9, 10- secoébotest a- 5 1U(lU)-ereﬂe
[err]H-NVMR(CDO [err]: 0.55(3H,s), 0.91-0.99(6H m, 1 2p %:g,ﬁk !
3.18-3.26(1H ), 3.47-3.77(2H 1), 4 81997 | |
4.29(1H,d, J=6. 6Hz), - 5.08(1H, s), 5.EO(¢:b,,
- MS(m/z) : 488(M"), S9(100%)
UV Amax(nm) : 292, 281, 271
IR(cm™) : 3450, 2950, 2900, 1490, 1390, 1100
Example 8

2B-(S5~Hydroxypentoxy)-1la,38, 25-trihydroxycholesta-5,7-
‘diene

lH-NMR(CDC1,)6

0.63(3H,s), 0.96(3H,d,J=6.3Hz),
1.06(3H,s), 1.22(6H,s), 3.41-4.00(7H,m),
5.33-5.40(1H,m), 5.68-5.73(1H,m)

MS(m/z)

518(M"), 59(100%)

UV Amax(nm) 293, 281, 270

IR(cm™)

3400, 2950, 2880, 1380, 1140, 970, 760
Examgies 9 to_14
The following vitémin D; derivatives were synthesized
from the products of Examples 3 to 8-by thermal isomeriza-
‘£ion after irradiation of U.V. light under the conventional
conditions. |
Example 9
Zﬁ-butoxy-la,SB—dihydroxy;Q,10-secd¢holesta-5,7,10(19)—
triene _ |
'H-NMR(CDC1,)6 : 0.55(3H,s), 0.86(6H,d,J=6.6Hz),
~ 0.92(3H,d,J=6.0Hz), 0.94(3H,t,J=7.4Hz),
3.22(1H,44,3=9.1,2.8Hz), 3.47-3.58(1H,m),
3.65-3.77(1H,m), 4.23(1H,brs),
4.29(1H,d4,J=6.6Hz), 5.08(1H,s),
5.49(1H,s), 6.06(1H,d,Jd=11.2Hz),

6.36(1H,d,J=11.2Hz)



6.08(1H, d, J=12. 2Hz), 6.34(1H, d, J=12. 2Hz) MB( Nl z) - 488( M),
W [err] max(nm : 264, [err]min(nm : 228 Exanple 14
2[ err]-(5-hydroxypentoxy)-la,3[err], 25-tri hydroxy-9, 10-

59( 100%)

cecochal st 5,1, 10(10)-Triene [err] NRCE [orr] - OF SRpoTRienT Syeer,
O Torr] ey g S niam 536 I R(enerr]) | ] 26BN,
2930, 2860, 1460, 1380, 1100, 980, 740
MS(m/z) : 472(M°), 109(100%)
UV Amax(nm) : 264, Amin(nm) : 228
IR(cm™) : 3400, 2950, 2860, 1460, 1380, 1100--
Example 10 .

2B-cyclohexyloxy-1la,3p-dihydroxy-9, 10-secocholesta-
'5,7,10(19)-triene
'H-NMR(CDC1,)8 : 0.55(3H,s), 0.86(6H,d,J=6.6Hz),

0.92(3H,d,J=6.3Hz),

3.35(1H,dd,J=9.4,2.5Hz), 3.39-3.50(1H,m),

4.12-4.18(1H,m), 4.19-4.30(1H,m),

5.07(1H,s), 5.49(1H,s),

6.06(1H,d,J=11.4Hz), 6.36(1H,d,J=11.4Hz)

MS(m/z) s 498(M*), 56(100%)
UV Amax(nm) : 264, Amin(nm) : 229
Example 11

23—cyclohexyloxy-1a,3ﬁ,25etrihydroxy-9,10-secoch61esta-

5,7,10(19)-triene
lH-NMR(CDC1,)8 : 0.55(3H,s), 0.94(3H,d,J=6.3Hz),
1.21(6H,s), 3.32-3.39(1H,m), 3.40-
3.45(1H,m), 4.11—4.17(1H,m), 4.22-

4.29(1H,m), 5.07(1H,s), 5.49(1H,s),

6.06(1H,d,J=11.3Hz), 6.34(1H,d,J=11.3Hz)

MS(m/z) . 514(M’), 55(100%)
UV Amax(nm) : 264, Amin(nm) : 228
Example 12

28-( 4-hydroxybutoxy)-1la,38,25-trihydroxy-9, 10~

secocholesta-5,7,10(19)-triene




- 14 -

CLAI M5 ' A process for producing a
OH

conpound represented by the fornmula (11):

[err]
group,

(wherein R err] represents a hydrogen atomor a protective

- 13 -

'H-NMR(CDC1,)6 : 0.55(3H,s), 0.59(3H,d,J=5.9Hz),
| 1.21(6H,s), 3.15-3.20(1H,m), 3.45-
4.38(6H,m), 5.08(1H,s), 5.48(1H,s),
6.05(1H,d,J=11.6Hz), 6.36(1H,d,J=11.6Hz)

MS(m/z) : 504(M*), 59(100%)
UV Amax(nm) : 263, Amin(nm) : 229
Example 13

2B-butoxy-1la,3B,25-trihydroxy-9, 10-secocholesta-
5,7,10(19)-triene ]
‘H-NMR(CDC1,)6 : 0.55(3H,s), 0.91-0.99(6H,m), 1.22(6H,s),
3.18-3.26(1H,m), 3.47-3.77(2H,m), |
4q23(1H,brs);'4.29(1H,d,J=6.6Hz),
5.08(1H,s), 5.50(1H,s),
6.08(1H,d,J=12.2Hz), 6.34(1H,d,J=12.2Hz)

MS(m/z) .z 488(M*), 59(100%)
UV Amax(nm) :+ 264, Amin(nm) : 228
Examg;e 14

2B-(5-hydroxypentoxy)-1la, 3B, 25-trihydroxy-9,10-
secocholesta-5,7,10(19)-triene .

'H-NMR(CDC1,)& 0.55(3H,s), 0.94(3H,d,J=6.6Hz),

1.22(6H,s), 3.17-3.27(1H,m), 3.45-

4.40(6H,m), 5.08(1H,s), 5.50(1H,s)

MS(m/z) : 518(M7), 69(190%)
UV Amax(nm) : 264, Amin(nm) : 228
IR(cm™) : 3400(br), 2930, 2860, 1460, 1380,

1100, 980, 740

REPLACEMENT SHEET
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R[efr] represents a hydrogen atomor a hydroxyl group, Rerr], Rerr],
Rlerr] and R err] represent that each of R err] and Rerr], and Rl err] and

Rlerr] forns a double bond, or Rlerr] and Rlerr] foW——aﬁd
Rlerr] and Rl err] bond to dlenophlle whi ch i s capabl protecting a
conj ugat ed doubl e bond, and Rlerr] represents a | ower ﬁ“‘ “
cycl oal kyl group or a Iovver hydr oxyal kyLk4group wherei F““m“\lmw oup
may be protected), which conprises reacting an epoxy cenpeund r'épresent ed
by the formula (1): [err]

CLAIMS

‘A process for producing a compound represented by the

formula (II):

'/ /,,

R7O

B0 (o)

(wherein R, represents a hydrogen atom or a protective group,
R, represents a hydrogen atoﬁ or a hydroxyl group, R;,-R“

Ry and R, represent that each of R; and R,, and Rs and R,
forms a double bond, or R, and R; form a double bona, and

R, and R, bond té dienoph:;lé which is capable of protecting
é conjugated double bond, and R, represents a lower alkyl
grbup, a cycloalkyl group or a lower hydroxyalkyl group
v}hérein the hydro:;yl group may be protected), which
comprises reacting an'epox'g.r cémpov_.md reéresented by the

formula (I):

REPLACEMENT SHEET
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(1)




(wherein R err] represents a hydrogen atomor a protective group, Rerr]
represents a hydrogen atom or a hydroxyl group, R err], Rerr] Rerr] and
Rlerr] represent that each of Rlerr] and R err], and Rl err}l-ane—FRferr]
forms a double bond, or Rlerr] and Rlerr] forma double bondi Eig R3 and

R6 bond to dienophile which is capable of prot ecmn“\“mjm “ d doubl e
bond), with an al cohol, wherein the Tekttton is ! lliey S r a basic
condi ti on. *

(wherein R, represents a hydrogen atom or a protective group,
R, represents a hydrogen atom or a hydroxyl grbup, Ry, Ry,

R; and R, represent that each of R, aﬁd R,, and Ry and R,
forms a double bond, or R4'and R, form a double bond, and

R; and R, bond to dienophile wbich is capable of protecting
a gdnjuga_ted double bond)', with an alcohol, wherein the

reaction is carried out under a basic condition.

REPLACEMENT SHEET
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PROCESS FOR PRODUCING VITAMIN D DERIVATIVES
ABSTRACT -
A process for producing a compound represented by the .
formula (II), which comprises reacting an epoxy compound
represented by the formula (I) with an alcohol, wherein the

reaction is carried out under a basic condition.

(D

REPLACEMENT SHEET
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R40
(m

R0

(wherein R, represents a hydrogen atom or a protective group,
R, represents.a hydrogen atom or a hydroxyl group, R;, R,, |
R; and Ry represent that-each of R, and R,, and Ry and R
forms a double bond, or R, and R, form a double bond, and

R, and Ry bond to dienophile which is capable of protecting
.a conjugated double bond, and R, represents a lower alkyl

group, a cycloalkyl group or a lower ﬁydroxyalkyi group
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wherein the hydroxyll group may be protected.

The present invention produces better yields than
prior art and needs no complicated protecting, and it also
relates to_a process for synthesizing intermediates of
vitamin D; derivatives, which is suitable for a large scale

preparation.
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