
EP 0 230 600 B1 Description FIELD OF INVENTION 5     The present invention
relates to a novel method for the stereospecfic synthesis of 24(R),25- and
24(S),25dihydroxycholecalciferol, to novel intermediates used in that
synthesis and to their prepara- tion. 24,25-Dihydroxycholecalciferol
(hereinafter "24,25[err]) is a metabolite of vitamin [err] known to possess
physiological activity related to that of vitamin [err]. Thus Edelstein, et
al. (Nature 276, 517-519, 10  (1978)) have shown that 24,25[err] is
essential for bone formation in chicks; and Norman et al. (Life Science,
27, 229-237, (1980)) have found it is Indispensable for calcium and
phosphorus homeostasis. Furthermore, Kanis et al. (Brit. Med. J., l, 1382,
(1978)) suggest that 24,25[err] may be an Important regulator of skeletal
metabolism in humans. Recently it has been claimed in U.S. Patent No.
4,442,093 that this vitamin [err] metabolite has anti-hypercalcemia,
anti-ulcer and anti-tumor activities and is also ac- 15  tive in
controlling blood sugar levels In humans. The naturally occurring
metabolite 24,25[err] is the 24(R) enantiomer and, as is well known, Its
physiological activity and, consequently, its therapeutic utility differ
considerably from that of the 24(S)- isomer, which is not found in the
natural metabolite, as shown by Stem et al. (Biochem. & Biophys. Res. Comm,
67, 965-971, (1975)). 20 DESCRIPTION OF PRIOR ART Owing to the biological
importance of 24,25[err] many synthetic procedures for Its preparation were
proposed in the literature. However, these procedures are generally
unsuitable for industrial- 25  scale production of 24(R),25[err]. The
majority of the aforesaid procedures are not stereospecific for the
physiologically active 24(R) isomer. For example, M. Seki, et al. (Chem.
Pharm. Bull. (Japan), 21. 2783, (1973)) reported a non-stereospecific
synthesis of 24,25-dihydroxycholesterol starting from des- mosterol, which
is not commercially available. They Introduced the C-24 and C-25 hydroxy
groups either by poxidation with m-chloroperbenzoic acid followed by
hydrolysis or by hydroxylation with osmium 30 tetroxide followed by
reductive hydrolysis. In subsequent work Seki et al. (Tetrahedron Letters,
15, (1975)) described the resolution of these racemic epoxides by
chromatographic means. Desmosterol was also the starting material used by
R. Tchienehom et al. (European Patent No. 5,653) In their non-stereo-
specific synthesis via oxidative iodination followed by acetic acid
solvolysis. Lam et al. (Biochemisty, 12, 4851, (1973)) reported a
non-stereospecific synthesis of 24,25-di- 35    hydroycholesterol start
from [err]-acetoxy-27-nor-5-cholestene-25-one (also not commercially avail-



able), via acetylation of the enol acetate. Likewise, there are several
reported syntheses involving non- stereospecific reduction of the C-24
carbonyl group of 25-hydroxy-24-oxo-cholesterol derivatives. Eyley, et al.
(J. Chem. Soc., 727, (1976)) described the preparation of such a derivative
through aldol condensation between the C-22 aldehyde and
3-methyl-3-tetrahydropyranyloxy-2-butanone followed by 40  reduction of the
resulting enone. The preparation of such a ketol by C-25 oxidation of a
24-oxocholes- terol derivative with subsequent non-stereospecific reduction
was also reported (Japanese Patent Nos. 80,164,700 and 55,131,000). Thus,
24,25[err] in the form of a mixture of the enantiomers is com- paratively
easy to produce, but so far no satisfactory procedure for the separation of
the isomers on an industrial scale is available. 45     A stereoselective
synthesis of 24,25[err] was reported by J. Partridge, et al. (J. Amer.
Chem. Soc., 98, 3739, (1976)) consisting of stereoselective epoxidation,
with tert-butyl hydroperoxide in the presence of vanadyl acetoacetate, of
the cis- [err]-25-hydroxycholesterol derivative available from the
catalytic reduction of the corresponding alkyne. This synthesis requires
stereoisomeric as well as regio- isomeric separation of product mixtures.
50     The most useful stereospecific syntheses of
24,25-dihydroxycholecalciferol known to date are based on the use of a
22-solfonylcholesterol derivative. Takayarna et al. (Tetrahedron Letters,
21, 5027, (1980)) condense such a compound with optically pure
D-1,2-epoxy-3-methyl-3-butanol (prepared from D-glyceric acid). On the
other hand, European Patent 063,678 teaches the condensation of a 22-sulfo-
nylcholesterol derivative with 2,3-dihydroxypropanal-2,3-acetonide (also
prepared from a D-glycerate 55   derivative). Even the last mentioned
stereospecific syntheses have not proven to be practical for routine
produc- tion, because, in common with all the other reported syntheses of
24,25[err], the penultimate inter- mediate is a 24,25-dihydroxycholestane
derivative which must be irradiated to complete the preparation of
24,25[err]. It is well-known that the irradiation of any such provitamin D
derivative to previtarnin 60   D and the subsequent thermal isomerization
of the latter to the desired vitamin D derivative are always low-yield
steps affording a mixture of isomers from which the vitamin can be isolated
only with great diffi- culty and in low yields. Efficient irradiation
techniques are especially problematical for large-scale proc- esses. It is
an object of the present invention to overcome the above drawbacks of the
known procedures 65   and to provide a novel method for the direct
preparation of 24,25[err] in a stereospecific manner 2   



EP 0 230 600 B1 not requiring any photochemical transformation of a
provitamin to a previtamin derivative, nor any isomerization to a vitamin
derivative. Thus, In accordance with one aspect of the present invention
there is provided a stereospecific proc- ess for the preparation of
24(R),25- or 24(S),25-dihydroxycholecalciferol of the general formula (I) 5
10 [err] 15 20 25 30 which comprises the steps of: 35 a) Condensing a
compound of the general formula (II) 40
[err] 45 wherein Ar is monocyclic aryl, having the (1 R,6R,9R,2'S)
configuration, with the base-generated carbanion de- rived from a compound
of the formula (III) 60 65 3    EP 0 230 600 B1 [err] 10 15 wherein [err]
is a suitable base-stable hydroxy-protecting group, having the (S)-(Z)
configuration, to give a corn- 



pound of the formula (IV) 20 25 30 (IV) 35 40 45 wherein Ar and [err] are
as defined above; b) Reacting the base-generated carbanion derived from the
compound of formula (IV) above with the 2(R) or 2(S) isomer of
3-methylbutane-1,2,3,-tiol 1-arylsulfonate of the formula (V) 55
[err] 60 wherein, Ar is as defined above, in the presence of a strong base,
to give a compound of the formula (VI) 85 4    EP 0 230 600 B1 [err] 10 15
) 20 25 wherein 30   Ar and [err] are as defined above; c) Splitting off
the 22-sulfonyl group from the compound of the formula (VI) above by known
methods; and d) Splitting off the hydroxy-protecting group [err] from the
compound thus obtained to yield the desired compound of formula (I) above. 



35 The monocyclic aryl groups Ar in the compounds of the formulae (II),
(IV), (V) and (VI) are suitably op- tionally substituted phenyl groups,
preferably phenyl or p-tolyl. As a base-stable hydroxy-protecting group
[err] there may be used any of such conventional groups well known in the
art. As examples, there may be mentioned the methoxymethyl ether,
tetrahydropyranyl 40 ether, methylthiomethyl ether or tri-benzylsilyl ether
groups, and most preferably the tert-butyldimethyl- silyl ether group. The
condensation reaction in step (a) above is preferably carried out as
follows: The compound of formula (11) Is dissolved in a suitable inert
aprotic solvent, preferably tetrahydro- *             furan, and reacted
with a strong base, preferably n-butyllithium at a temperature in the range
of [err]  to - 45   [err]. To the resulting solution, containing the
carbanion of the compound (111), there is then added a so- lution of the
compound of formula (II) in the same solvent and the reaction is allowed to
proceed as in a Wittig reaction, at an appropriate temperature in the range
of [err] to [err]. It was quite surprising to find, in accordance with the
present invention, that the compound of the for- mula (IV) was obtained and
that the carbanion of compound (11) did not rather react with the
relatively 50  acidic proton in the [err]-position to the sulfone
functionality of the compound of the formula (11), as might have been
expected. Likewise, it was unexpected to find that compound (111) reacted
completely with the entire amount of n-butyllithium (or other base) added.
If some of this base were still present when the compound of formula (II)
was added, they would have been expected to react together to form products
other than the desired compound (IV). 55     The reaction between compounds
(IV) and (V) In step (b) of the process of the invention, is also per-
formed in an inert aprotic solvent, preferably tetrahydrofuran, at a
temperature in the range of -40 to - [err] under the influence of a strong
base, preferably n-butyllithium. In a preferred embodiment of the in-
vention, the base is used in excess and serves to generate the carbanion
from the compound of formula (IV) and, possibly, also to convert the
compound of formula (V) above, in situ, to the epoxide of the for- 60
mula: 65    EP 0 230 600 B1 5 10 



which is believed to be the species reacting with the carbanion of the
compound of formula (IV). 15    In process step (c), the sulfone group may
be split off from the complete vitamin D skeleton of the re- sulting
compound of the formula (VI), by any of sevral methods described in the
literature, e.g. by reac- ion with sodium amalgam, magnesium in methanol,
lithium with ethylamine or Raney nickel. Slmilarly, In process step (d),
the hydroxy-protecling group R In the product of step (c) above, may be
removed by any suitable known method, according to the nature of the
protecting group. Thus, if R is 20  terL-butyldimethysilyl, it may be split
off by reacting with tetra-butylammonium fluoride to give the de- sired
24,25[err]. The compounds of formulae (IV) and (VI) are novel and form
another aspect of the present Invention. In accordance with that aspect
there are thus provided compounds of the general formula (X) 25
[err] 30 45 50 in which Ar and [err] are as defined above, and R is
hydrogen or a radical of the formula -CH -CH(OH)- 55   C(CH ) OH, having
either the (R) or the (S) configuration at the asymmetric carbon atom. The
starting material of formula (II) above can be prepared according to the
following reaction scheme: 60 65 6    EP 0 230 600 B1 5 10 15 [err] 25 30
35     The well known "Inhoffen-Lythgoe diol" (VII) (cf. Inhoffen et al.
Ber. 91, 781, (1958)) is selectively aryl- sulfonated, e.g. with
p-toluenesufonic acid in pyridine, to form (VII) which is then sulfonated,
e.g. using sodium iodide and sodium arylsulfinate in a suitable inert
solvent, preferably dimethyl formamide, under 



known conditions, to form the compound (IX). Compound (IX) readily oxidized
to the ketone (II) using a suitable oxidizing agent such as pyridinium
dichromate or pyridinium chlorochromate in an Inert solvent 40  such as
methylene chloride. The other starting material of formula (III) is known
and can be prepared according to Toh and Okamu- ra, J. Org. Chem., 48,
1414, (1983). The compounds of formula (V) above can be prepared, e.g. as
described in Takayama et al, Tetrahe- dron Letters, 21, 5027-8, (1980). The
invention will now be further illustrated in more detail in the following
non-limiting Examples. EXAMPLE 1: Preparation   of  (1
R,6R,9R,2'S)-9-(1'-p-toluenesulfonylprop-2' -yl)-1
-methyl-bicyclo(4.3.0)-nonan-5-ol 50  (IX; Ar = [err]). To a solution of
14.5 g (40 mmole) of
IR,6R,9R,2'S)-9-(1'-p-toluenesulfonyloxyprop-2'-yl)-1-methylbi-
cydo(4.3.0)nonan-5-ol in 250 ml of dry dimethylformamide under an inert
atmosphere were added 60.2 g (400 mmole) of sodium iodide and 10.7 g (60
mmole) of sodium p-toluenesulfinate. The resulting mixture 55   was heated
at [err] for 2 hours, whereafter 1 liter of ethyl acetate was added. The
resulting solution was washed twice with water, once with 5% aqueous sodium
thiosulfate and once with brine. The organic layer was dried over anhydrous
[err] and concentrated in vacuo. The title compound (7.1 g, 51%) was
isolat- ed by recrystallization from ethyl acetate, m.p. [err]. 60   Anal.
Calcd. for [err]: C,68.53; H, 8.62; S, 9.14; Found: 68.75 8.65 9.21; IR
(KBr) 3515,1295 and 1135 [err]. NMR [err] 4.06 (m,1H), 2.45 (s,3H), 1.17
(d,3H), 0.90 (s,3H). 65 7    EP 0 230 600 B1 EXAMPLE 2: Preparation  of
(1R,6R,9R,2'S)-9-(1'-p-toluenesulonylprop-2'-yl)-1-
methylbicyclo-(4.3.0)-nonan-5-one (II; Ar = [err]). 5 



To a stirred suspension of 12.4 g (33 mmole) of pyridinium dichromate in 40
ml of dry methylene chlo- ride was added a solution of 7.6 g (22 mmole) of
(1R,6R,9R,2'S)-9-(1'-p-toluenesulfonylprop-2'yl)-1-meth-
ylbicyclo-(4.3.0)nonan-5-ol (from Example 1) In 40 ml of the same solvent.
After 2 hours stirring at room temperature, 100 ml of diethyl ether were
added and the dark suspension filtered with the aid of suction 10  through
a bed of silica gel, washing it through with a 9:1 solution of methylene
chlorlde:diethyl ether. The solvent was removed In vacuo and the title
compound (7 g, 92%) was Isolated by recrystallization from ethyl acetate,
m.p. [err]. Anal. 15     Calcd. for [err]: C,68.93; H,8.10; S,9.20; Found:
68.61 8.20 9.34; IR(KBr) 1703,1355,1190 [err]. NMR [err] 2.45 (s,3H); 1.24
(d,3H), 0.61 (s,3H). 20   EXAMPLE 3: Preparation   of
[err]-tert.-butyldimethylsilyl-22-p-toluenesulfonyl-23,24,25,26,27-pentanor
cholecalcifer- ol (IV; [err] = TBDMS, Ar = [err]). 25    To a solution of
6.8 g (15.0 mmole) of
(S)-(Z)-[2-(5'-tert-butyldimethylsilyloxy-2'-methylenecyclohexyl-
idene)ethyl]phenylphosphine oxide in 75 ml of dry tetrahydrofuran at [err]
were added dropwise 9.3 ml (14.4 mmole) of 1.55 M n-butyllithium. After 45
mins. there were added dropwise to the resulting red solution 42 g (12.1
mmole) of (1R,6R,9R,2'S)-9-(1'-p-toluenesulfonylprop-2-yl)-1-methylbi-
cyclo(4.3.0)nonan-5-one (from Example 2) in 60 ml of dry tetrahydrofuran.
After an additional 90 mins. 30  at [err] the reaction mixture was allowed
to warm to room temperature and treated with 30 ml of saturat- ed aqueous
sodium bicarbonate and 70 ml of dethyl ether. The mixture was extracted
twice with diethyl ether and the combined organic layers washed with brine,
dried over anhydrous MgSO4 and the solvent removed In vacuo. The title
compound (6.2 g, 88%) was Isolated by flash column chromatography, using
12% ethyl acetate in hexane as eluant. 35 Anal. Calcd. for [err]: C,72.11;
H,9.35; S,5.50; Found: 72.06 9.065.79; IR [err]: 1600, 1300, 1135,
1080cm-1. 40     NMR [err] 6.03 (d of d,2H); 4.86 (d,2H); 3.2 (m,1H), 2.45
(s,3H); 1.23 (d,3H); 0.88 (s,9H); 0.52 (s,3H). EXAMPLE 4: 



45   Preparation  of
[err]-tert-butyldimethylsilyl-24(R),25-dihydroxy-22-p-toluenesulfonyl-chole
calciferol  (VI; [err] = TBDMS; Ar = [err]). To a solution of 4.6 g (16.6
mmole) of 3-methylbutane-1,2(R),3-triol 1-p-toluenesulfonate (V; Ar = p-
[err] and 4.8 g (8.3 mmole) of 3
-tert-butyldimethylsilyl-22-p-toluenesulfonyl-23,24,25,26,27- 50
pentanorcholecalciferol (from Example 3) in 25 ml of dry tetrahydrofuran at
[err] under an inert atmos- phere, were added dropwise 32 ml (49.7 mmole)
of 1.55 M n-butyllithium. After 1 hour at [err], 30 ml of a saturated
aqueous ammonium chloride solution were added and the mixture extracted
twice with diethyl ether. The combined organic phases were washed
successively with saturated aqueous ammonium chlo- ride and brine, dried
over anhydrous MgSO4 and concentrated in vacuo to an oil. The title
compound 55  (5.2 g, 92%) was isolated by flash column chromatography,
using a 1:1 solution of ethyl acetate:hexane as eluant. Anal. Calcd. for
[err]: C,70.13; H,9.42; S,4.68 60     Found: 69.88 9.14 5.08; IR [err]:
1600,1135,1080 [err]. NMR [err]  6.02 (d of d, 2H); 4.86 (d,2H); 2.45 (s,
3H); 1.34 (s,3H); 1.27 (s, 3H); 0.99 (d, 3H); 0.88 (s, 9H); 0.83 (s, 3H).
65 8    EP 0 230 600 B1 EXAMPLE 5: Preparation of
[err]-tert-butyldimethylsilyl-24(R),25-dihydroxycholecalciferol. 5     To a
solution of 4.09 g (6 mmole) of
[err]-tert.-butyldimethylsilyl-24(R),25-dihydroxy-22-p-toluenesulfo-
nylcholecalciferol (from Example 4) In 80 ml of methanol, were added 17 g
(120 mmole) of anhydrous diso- dium hydrogen phosphate and 55 g (120 mmole)
of 5% sodium amalgam and the resulting mixture stirred at [err] under an
inert atmosphere. After 4 hours the precipitate which formed was removed by
filtration and the solvent was removed from the filtrate in vacuo. The
residue was extracted with ethyl acetate, 10  the resulting solution was
washed with brine, dried over anhydrous [err] and the solvent removed In
vacuo. The title compound (2.3 g, 73%) was isolated by lash chromatography
eluting with hexane:ethyl acetate (7:3). UV: [err]max = 265 nm. 



EXAMPLE 6: 1 5 Preparation of 24(R),25-dhydroxycholecalcferol (I). To a
solution of 2.13 g (4 mmole) of
[err]-tertbutyldimethylsilyl-24(R),25-dihydroxycholecalciferol (from
Example 5) in 40 ml of dry tetrahydrofuran were added 28 ml (28 mmole) of 1
M tetrabutylammonium fluo- 20  ride in tetrahydrofuran, with stirring under
an inert atmosphere. After 2 hours at room temperature, the volatiles were
removed in vacuo and the residue extracted with ethyl acetate, which was
subsequently washed 5 times with water and once with brine, dried over
anhydrous [err] and the solvent removed in vacuo. The residue was purified
by elution through silica gel with ethyl acetate, with the aid of suction
to give the title compound (1.6 g, 95%); m.p. [err] (methyl formate). UV:
[err] = 265 nm. 25 EXAMPLE 7: Preparation of
24(S),25-dihydroxycholecalciferol (I). 30    The procedure of Example 4 was
followed, except that 3-methylbutane-1,2(S),3-triol 1-p-toluenesul- fonate
is employed Instead of the 2(R) isomer. The
[err]-tert-butyldimethylsilyl-24(S),25-dihydroxy-22-p-
toluenesolfonyl-cholecalciferol thus obtained, was submitted to the
procedures described in Examples 5 and 6, to yield the title compound. The
features disclosed in the foregoing description and in the following claims
may, both separately 35  and In any combination thereof, be material for
realising the invention in diverse forms thereof. Claims 1. A process for
the stereospecific preparation of a 24(R),25- or
24(S)25-dihydroxycholecalciferol 40  of the general formula (I) 45 55 60 65
9    EP 0 230 600 B1 EXAMPLES: Preparation of
[err]-tert-butyldimethylsilyl-24(R),25-dihydroxycholecalciferol. 



5     To a solution of 4.09 g (6 mmole) of
[err]-tert.-butyldimethylsilyl-24(R),25-dihydroxy-22-p-toluenesulfo-
nylcholecalciferol (from Example 4) in 80 ml of methanol, were added 17 g
(120 mmole) of anhydrous diso- dium hydrogen phosphate and 55 g (120 mmole)
of 5% sodium amalgam and the resulting mixture stirred at [err] under an
inert atmosphere. After 4 hours the precipitate which formed was removed by
filtration and the solvent was removed from the filtrate In vacuo. The
residue was extracted with ethyl acetate, 10 the resulting solution was
washed with brine, dried over anhydrous MgSO4 and the solvent removed in
vacuo. The title compound (2.3 g, 73%) was isolated by flash chromatography
eluting with hexane:ethyl acetate (7:3). UV: [err] = 265 nm. EXAMPLE 6: 15
Preparation of 24(R),25-dihydroxycholecalciferol (I). To a solution of 2.13
g (4 mmole) of
[err]-tertbutyldimethylsilyl-24(R),25-dihydroxycholcalciferol (from Example
5) in 40 ml of dry tetrahydrofuran were added 28 ml (28 mmole) of 1 M
tetrabutylammonium fluo- 20 ride in tetrahydrofuran, with stirring under an
inert atmosphere. After 2 hours at room temperature, the volatiles were
removed in vacuo and the residue extracted with ethyl acetate, which was
subsequently washed 5 times with water and once with brine, dried over
anhydrous [err] and the solvent removed In vacuo. The residue was purified
by elution through silica gel with ethyl acetate, with the aid of suction
to give the title compound (1.6 g, 95%); m.p. 137-140C (methyl formate).
UV: [err] = 265 nm. 25 EXAMPLE 7: Preparation of
24(S),25-dihydroxycholecalciferol (I). 30     The procedure of Example 4
was followed, except that 3-methylbutane-1,2(S),3-triol 1-p-toluenesul-
fonate is employed instead of the 2(R) isomer. The
[err]-tert-butyldimethylsilyl-24(S),25-dihydroxy-22-p-
toluenesolfonyl-cholecalciferol thus obtained, was submitted to the
procedures described in Examples 5 and 6, to yield the title compound. The
features disclosed in the foregoing description and in the following claims
may, both separately 35 and in any combination thereof, be material for
realising the invention in diverse forms thereof. Claims 1. A process for
the stereospecific preparation of a 24(R),25- or
24(S),25-dihydroxycholecalciferol 40 of the general formula (I) 50 55 60 



65 9    EP0230600B1 5                                                [err]
10 20 25 which comprises the steps of: a) Condensing a compound of the
general formula (II) 30 35
[err] 40 45 wherein Ar is monocyclic aryl, having the (1 R,6R,9R,2'S)
configuration, with the base-generated carbanion de- rived from a compound
of the formula (III) 50 55 60 65 10    EP 0 230 600 B1 [err] 10
(III) wherein [err] is a suitable base-stable hydroxy-protecting group,
having the (S)-(Z) configuration, to give a com- pound of the formula (IV) 



20 25 30 35 40 45 wherein Ar and [err] are as defined above; b) Reacling
the base-generated carbanion derived from the compound of formula (IV)
above with the 2(R) or 2(S) isomer of 3-methylbutane-1,2,3-triol 1
-arylsulfonate of the formula (V) [err] 60 wherein Ar is as defined above,
in the presence of a strong base, to give a compound of the formula (VI) 65
[err] 10 20 25 30    wherein Ar and [err] are as defined above; c)
Splitting off the 22-sulfonyl group from the compound of the formula (VI)
above by known methods; and d) Spitting off the hydroxy-protecting group
[err] from the compound thus obtained to yield the desired 35    compound
of formula (I) above. 2. A process according to claim 1 wherein the
compound of formula (I) prepared is 24(R),25-dihydroxy- 3. A process
according to claims 1 to 2, wherein [err] in compounds (III), (IV) and (VI)
is tert-butyldimeth- ylsilyl. 40    4. A process according to any one of
the preceding claims wherein Ar in compounds (II), (IV) and (VI) is
p-tolyl. 



5. A process according to any one of the preceding claims wherein the
condensation reaction in step (a) is conducted in an inert aprotic solvent
in the presence of n-butyllithium. 6. A process according to any one of the
preceding claims wherein the reaction in process step (b) is 45  conducted
in an inert aprotic solvent in the presence of excess n-butyllithium. 7.
Compounds of the general formula (X) 50 55 so 65 12    EP 0 230 600 B1
[err] 10 15 20 In which Ar and [err] are as defined in claim 1 and R Is
hydrogen or a radical of the formula [err] CH(OH)- 30   [err], having eiter
the (R) or the (S) configuration at the asymmetric carbon atom. 8.
Compounds of the formula (X) In claim 7 In which R Is hydrogen. 9.
[err]-tert.-Butyldimethylsilyl-22-p-toluenesulfonyl-23,24,25,26,,27-pentano
rcholecalciferol. 10. Compounds according to clalm 7 In which R is the
radical [err] CH(OH)-[err], having el- 35  ther the (R) or the (S)
configuration at the asymmetric carbon atom. 11. A compound according to
claim 10 having the 24(R) configuration. 12.
[err]-tert-Butyldimethylsilyl-24(R),25-dihydroxy-22-p-toluenesulfonylcholec
alciferol. 13. A process for the preparation of a compound according to
claim 8, which comprises condensing a compound of the general formula (II)
40 [err] 45 55 wherein 



Ar is monocyclic aryl, having the (1R,6R,9R,2'S) configuration, with the
base-generated carbanion de- rived from a compound of the formula (III) 60
13    EP 0 230 600 B1 [err] (III) 10 wherein [err] is a suitable
base-stable hydroxy-protecting group, having the (S)-(Z)  configuration.
14. A process according to claim 13 wherein the condensation Is conducted
in an inert aprotic solvent 20  in the presence of n-butyllithium. 15. A
process for the preparation of a compound according to claim 10, which
comprises reacting the base-generated carbanion derived from the compound
of formula (IV) 25 30 .35                                 [err] 40 45 in
which Ar and [err] are as defined in claim 1, with the 2(R) or 2(S) isomer
of 3-methylbutane-1 ,2,3-triol 1- 50   arylsulfonate of the formula (V) 55
[err] wherein Ar is as defined above, in the presence of a strong base. 65
14    16. A process according to claim 15 wherein the reaction is conducted
in an inert aprotic solvent in the 



presence of excess n-butyllithium. PatentanaprOche 1. Verfahren fOr die
stereospezifische Darstellung elnes 24(R),25 oder 24(S),25DihydroxychOle-
calciferol der ailgemeinen Formel (I) 10 "3C.H  3 15 5          5 9,
W~~~~~~H3 20 25
(1) 30 35 NO4 das die folgenden Schritte umfaBt 40     a) Kondensieren
einer Voibindung der ailgemeinen Formel (I) 452 50
(II) 55                             1 in der Ar monozyklisches Aryl ist,
mit der (1 R, 6R, 9R, 2'S)-Kolfturation, mit dem basenerzeugten Ca-
rbanion, das aus er Verbindung der Formel (110 abgeleitst ist so 65 15
EP02WO1 *  C   L  M  S  * OU. WC6!5)2 10
H2                   (ill) 15                         Rio In der RI sine
gesignet. basenstahlle Hroxy-Schutzgrue h.st, mit der (SZ)Konflgurafton,
urn ei- ne Vesbung der ForMe (IV) zu ergeben 



20 25 30 35 40 R10 <'45                         In der Ar und RF wIe oben
definbrSi sind; b) Umsetzen des   _ndas aus er Verbandung   dser Formel
(IV) oben abgeei- tet ist, mit dem 2(R)- oder 2(S)-Ieren von
3-Melhylbutn-l, 2, 3-trioi-1 arylsulfonat der Formel (Y) 50 so~~~~~~~~s
Argo~Q 55                                            of os
(V) 60                                              co in der Ar wie oben
detinlert ist, in Gegenwart einer starken Base, um eine Verbindung der
Formel (VI) zu ergeben 65    15 - ~~~~~~~~~~~~~~(VI) 20 25l2 30 In der Ar
und RF wie oben definert sind; c) Abspalten der 22-Sulfonygrup  von der
Verbindung der Formel (VI) oben mit bekannten Verfah- ren; und d) Abspalten
der Hydroxy-Sch pp  RI von der so erhaltenen Verbindung, urn die gewOnschte
35     Verbindu der Formel (I oben zu fleern. 2. Verfahren nach Anspich 1,
dadwch gekennzelchnet, daB die dargestelte Verbindung der Formel (1) 24(R)*
25-Diidroxydhlcakcoro 1st 3. Verfahren nach den AnsprOchen 1 oder 2,
dadurch gekennzelchnet, daB Ri in den Verbindungen 



(111), (IV) und (V) tet-ButykldfnetylIsL dst. 4. Verfahren nach elnem der
vorangehenden AnsprOche, dadurch gekennzeichnet, daB Ar in den Verbindungen
(1. (N) und (V) p-Toy isL 5. Verfahren nach elnern der vorangehenden
Ansprfche, dWdurch gekennzeichnet, daB die Konden- KY sationsreaktlon in
Schritt (a) in olnern Inerten aprotischen LOsungsmittel In Gagenwart von
n-Butyllithium durchgefflhrt wir 45     6. Verfahren nach einem der
vorangehenden Ansprche, dadurch gekennzeichnet, daB die Reakldon im
Verfahrensschritt (b) in einem inerten aprolischen Losungsmittel In
Gegenwart von OberschOssigem n-Butyllithiun duwdhefohrt wird. 7.
Verbindungen der ailgernaenen Formel (X) . 50 55 65 17 . vSN-    *~ ~ ~ ~ E
I 1||0| 11M1 Ell11|1 *C  L  M  S 5                                 H 10 15
C~~~~~~~~~~~~~~X) 20 25 30*: in der Ar und Ri wig in Anspruch I definiert
sind und R Wasserstoff oder sin Rest der Formel -CH CH(OH)-C(Cha)20H Eat,
mit. entweder der (R)- oder der (S)-Konfiguradion am asymmerschen Kohlen-
stoffatin~ 35     8. Vedtkxvgn der Fonmel ( In Anspruch 7, dadurch
gekennzeichnet, daB R Wassenstoff 1st 9.
3ptrL-Butdml*iyts22-ptoluoubnyl-23, 24.25,26, 27-pwetnorchoicailferol. 10.
Verbindungen nach Anspruch 7, dadurch pkennzeichnst, daB R der Rest -CHz-
CH(OH)- C(CH3)20H ist, mit enhteder der (R)- oder der (SyKinfliguraIon am
asymmettschen Kohienstoffatom. 



11. Vendung nach Anspruch 10, gekennzeichnet durch die 24(R)-Konfuration.
40     12. 3terL-Buyicdm9      24(R).
25-dihydroxy-22-ptolisuilonycholecalcifsrol. 13. Verfahren zur Darsteilung
esir Verbindung gQenaB Anspruch 8. gekennzelchnet dutch das Kon- densieren
siner Verbindung der algeemeinen Foriel (I) KJ 45 so 55 80  in der Ar
wonzyksches Aryd ist, mit der (1R, 6R, 9R, 2S)-Konfiguration, mit dem
basenerzeugten Carb- anion, das von einer Verbindung der Formel (Ii)
abgsieitet ist 65    EP 0 MO 230S600 B1                      l IIIIi 111111
1111 liSii *C  L  M  S* O     -(C635)2 10
NL         2                    (XXX) 15                           , 10~~~~
in der Ri eine gelgnete basenstabib Hydroxy-Schutzgruppe ist, mit der
(S)-(Z)-Konfiguraton. 14. Verfahren nach Anspnich 13, dadurch
goeknnzeichnot. daB die Kondensation In elnem inerten 20   apwotsdn
18sungsmttl In Gegenwat von n-Butyllthlum durhgefohrt wird. 15. Verlahren
fOr die Darstellung einer Vebindung nach Anspruch 10, gekennzeichnot durch
das Um- '   setzen des basonerzeugten Carbanions, das aus der Verbndug der
Fommel (IV) abgeleitet ist 25 35                    10    H
(ZY)~~~0  A 30 (IV) 40 V                            :>C 45 50 



in der Ar und R, wie in Anspruch 1 definiert sind, mit demn 2(R)- oder
2(S)-isomeren von 3-Methylbutan- 1,2.3-:tioi-larylsutfonat der Formel (V)
55 --0]1                   ~~~~(V) so~ ~~~As                        .
3 60 C}3 as in der Ar wie oben definWert ist in Gegenwart elner starken
Base. 19    EP O 230 600 B1            !l!10 I2II111 ! I111111 111111 Hill1
11111 11 1111 16. Verfahren gemiB Anspruch 15, dadurch gekonnzeichnet, daB
die Reaktion In einem inerten apro- Ischen Losungsmittel in Gegenwart von
OberschOssigem il-Butylithium durchgeffhrt wird. Revendicatboni 5 i]
1. Procdd  de preparation st6r6ospeciiique d'un 24(R),25- ou
24(S),25-dihydroxychol6caldferoI de formule g6n6rale (I) 10 H3 15 20 (I) 25
30                                H2 35           H0 comprenant les 6tapes
de: a) condensation d'un compose de formule g6n6rale (II) 40 so Ar 45 



50 00~~~ oui Ar est un aryle monocyclique, ayant ia configuration (1
R,6R,9R,2S), avec le carbanion g~n"r6 par une base deriv6 d'un compos6 de
formule (III) 60 65 20    EP 0 230 600 81 1 1111 1111 H111 1 111! 11 IN1 *
c   L  N   S s~~~~~~~~~~~~~~ - 10
H2                     (II!) 15                          R~:O' Ri est un
groupe protecteur dhyydroxy stable vis A vi8 des bases appropd4, ayant la
configuration (S)-(Z), pour obtenir un compose de formule (IV) 20
30~~~~~~~~~                                      Ar 25~~~~~~~~~~~ 30 (IV)
35 ~~~2 40 *s                  Ro0 ob~ Ar et R, sont tels quo d~finis
ci-dessus; b) r6action du carbanion g6ner6 par une base derive du compos6
de formule (IV) ci-cdessus avec l'iso- 50     mere 2(R) ou 2(S) du
3-methylbutane-1, 2, 3-tioi-1-arylsulfonate de formule tV) 55
t$;2                              CH Cl3 



CH                               (V) 60    C0 Ar est tel que d6fini
d-dessus, en pr6sence d'une base forte, pour obtenir un compos6 de formule
(VI) 65 21    EP 0 230 GM 131                    HI!lilIIl 111liNI  lilII,
10~ ~ ~~~~~~0 25~~~~~~~~~ ro \ ~~~~~~~~H3 10 ~      R1 I   rosR
ittleqodMns idoes 20                        g S            :     H ~~~~~2
250 ob 30    Ar at Rh son teis quo d~fnis dclaessus; c) s6paratlon du
group. 22-sulfonyle du compose6 de formula (VI) ci-dessus par des proced6s
con- nus; et d) s6paratlon du groupe prooctur d'hydroxy Ri du compose6
ainsl obtenu pour obtenir le compos6 de formulo (I d6sir6 cidssue. 35    2.
Prockd6 sdlon ia revendication 1, ob le compose6 de formule () pr6par6 est
le 24(R),25-dlhydroxy- cahclf6rol. 3. Proc6d6 selon les revondicallons 1 ou
2, ob Ri dans les compos6s (111), (IV) et (VI) est Is brt.-butyl-
dim6thylsiiyb. 4. Procdd  selon l'une quelconque des revendlicatons
precedentes dans loquel Ar dans les compo- 40  s6s (I0. (IV) et (VI) est b
p-to.ll. 5. Procede selon I'une quelconque des revendicatons precedentes,
dans loquel ia raction de con- densation dans r6tap. (a) est conduite dans
un solvant aprotique Inerte en presence de n-butyllithium. 6. Procede selon
lune quelconque des revendications pre6dcbntes dans lequel la r6action dans
I'eta- pe (b) du proc6de est conduite dans un solent aprotIque Inerbt en
presence d'un exces de n-butyllithium. 



45    7. Compose de formule gen6rale (X) 50 55 60 65 22    EP~~~~~~~~
C  L0  M 3Ar 5                                143C., 10 15
.                                                   X 20 H2 25 dans lequel
Ar et Ri sont tels quo d6flnla dans la rovondication I et R oat un
hydroghne, Cu uf radical do formula -CHa-CH(OH)-C(CH3)20H, ayant la
configuration (R) ou (8) & l'atorne de carbon. asymn~tr- quo. S. Cornposfis
de formuloeX dans a Isrovondicallon 7, o0 R oat un hydrogbne. 9.
3P~-tortL-Vbutll6 -22-p-tolubnosuffornyl-23,24
25,26,27-pontanocholdcalci~rol. 35     10. Composde solon la 7oonicton 0  R
oat le radical -CHa-CH(OH)-C(CHa)20H, ayant la con- figuration, (R) ou (8)
A ratorne do carbon., asymdtriquo. 11.  Compos6 solon la rovendication 1 0.
ayant la configuration 24(R). 12.
3PtM~but44drum6-24(R),25-dhyroxy-22-p-todubnosuffonylchol~calff6roL. *i3a
Prockd6 do pr6paration crun conipos6 solon la rovondication 8, dana loquel
on condense un compo- 40 s6 do forMuLo g.n~rale (IQ 45 50
''                                                ) 55 Ar ort un aryle
monocyclque, ayant la configuration (1 R,6R.9R,2S),  Iae le carbanion
g6n6r6 par une bass d6&Rv dun comnposd de forbnule (Il) 



65 23    EP 0 230 B00 B1                                   11111 1111  I
liii OusP(C6 5)2 10                               Jz          H2
(:II) 15 Ri est un groupe protecteur d'hydroxy stable vis A viS des bases
appeprl6, ayant la configuraon (S)- 20     14. Prookie selon la reverdcalon
13, dans lequel la condensation est conduite dans un solvant apro- tique
inert. en prsno de n-butyliFhlurn. Kq 15. Procede de pr6paraton d'un
compose sWlon la revendication 10, dans lequel on fait reagir le car-
banion gener6 par une base d6fiv6 du compos6 de fornule (IV) 25 30 35 (IV)
40 45~~~~~~K R10 50 Jans lequel Ar et R. sont tels que d6finis dans la
revendication 1, avec risombre 2(R) ou 2(S) du 3-mthyl- butane-1, 2. 3-tri
1-arylsulfonate de formule () 55 CH~~~~~V OH3 65 24    Ob. 



Ar est tel que d6fini ci-dessus, en pr6sence dune base forte. :18 Procdd6
selon la revendlicatdon 15, dans loquel la riaction est conduits dans un
solvant aprotique inerte en pr6sence d'un exobs de n-butyllkhium. 5 10 15
20 25 30 35 40 45 50 55 60 65 25    


