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[57] ABSTRACT

A convergent synthesis of 19-nor-vitamin D com-
pounds, specifically 19-nor-1a,25-dihydroxyvitamin
D3, is disclosed. The synthesis can also readily be uti-
lized for preparing other la-hydroxylated 19-nor-
vitamin D compounds. The key step in the synthesis is
a suitable application of Lythgoe’s procedure ie. a
Horner-Wittig reaction of the lithium anion of a phos-
phine oxide with 2 Windaus Grundmann ketone to give,
after any necessary deprotection, the desired 19-nor-
vitamin D compound.
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SYNTHESIS OF 19-NOR VITAMIN D
COMPOUNDS

This application is a continuation of application Ser.
No. 07/705,917, filed May 28, 1991, now abandoned.

BACKGROUND OF THE INVENTION
The hormone, 1a,25-dihydroxyvitamin D3, is known

to be a highly potent regulator of calcium homeostasis 10

in animals, and more recently its activity in cellular
differentiation has been established, V. Ostrem, Y. Ta-
naka, J. Prahl, H. F. DeLuca and N. Ikekawa, Proc.
Natl. Acad. Sci. U.S.A. (1987), 84, 2610. Many structural

analogs have been prepared and tested and some of 15

these have been found to exhibit an interesting separa-
tion of activities in cell differentiation and calcium regu-
lation. This difference in activity may be useful in the
treatment of some cancers and osteoporosis, H. Sai, S.
Takatsuto, N. Ikekawa, I. Tanaka and H. F. DeLuca,
Chem. Pharm. Bull., (1986), 34, 4508.

Recently, a new class of vitamin D analogs has been
discovered, the so-called 19-nor-vitamin D compounds,
which, as shown by the general structure below, are
characterized by the replacement of the ring A-exocy-
clic methylene group (carbon 19), typical of the vitamin
D system, by two hydrogen atoms.

R

\\\\

OH

The group R in the above structure represents a steroid
side chain as it occurs in any of the natural vitamin D
compounds, or in synthetic analogs thereof. A specific
example of a 19-nor-vitamin D compound is given by
structure 20 in Scheme IV herein. Biological testing of
such 19-nor-analogs (e.g. compound 20) revealed an
activity profile characterized by high potency in induc-
ing differentiation of malignant cells, with very low
calcium mobilizing activity. Thus, such compounds are
potentially useful as therapeutic agents for the treat-
ment of malignancies.

A method. of synthesis of 19-nor-vitamin D com-
pounds has been reported by Perlman et al., Tetrahe-
dron Letters 13, 1823 (1990). However, this method,
which involves the removal of the C-19-methylene
group in an existing vitamin D.compound is not well
suited for the larger scale preparation of 19-nor analogs.

DISCLOSURE OF THE INVENTION

Described herein is a novel synthesis of 19-nor-
vitamin D compounds. A characteristic element of this
new method is the condensation of a ring-A unit, as
represented by structure I, below, with a bicyclic-
ketone ‘of the Windaus-Grundmann type, structure II
below, to obtain the desired 19-nor-vitamin D com-
pound, structure III.
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The process shown above, therefore, represents a novel
application of the convergent synthesis concept, which
has been applied effectively for the preparation of vita-
min D compounds {e.g. Lythgoe et al., J. Chem. Soc.
Perkin Trans. 1, 590 (1978); 2386 (1976); Lythgoe,
Chem. Soc. Rev. 9, 449 (1983); H. T. Toh and W. H.
Okamura, J. Org. Chem. 48, 1414 (1983); E. G. Baggi-
olini et al,, J. Org. Chem. 51, 3098 (1986); Sardina et al.,
J. Org. Chem. 51, 1264 (1986); J. Org. Chem. 51, 1269
(1986)].

Another important aspect of this invention is the
preparation of ring-A units of general structure I from
(—)quinic acid. In structure I, above, X! and X2, which
may be the same or different, represent hydroxy-
protecting groups, and Y represents a grouping that
renders the hydrogen on the adjacent carbon center
sufficiently acidic to yield a reactive carbanion upon
treatment with a strong base. Exemplary of such group-
ings Y are —P(O)Phy, —P(O)}(OAIkyl)s, —SO2Ar, or
—Si(Alkyl)s. Compounds of type 1, above, are new.
Their synthesis, and other novel intermediates used in
their preparation are disclosed herein.

In the bicyclic-ketone of structure I1, or in the 19-nor-
vitamin D compound of structure III, above, the sub-
stituent R may represent any desired group, it being
understood that any functionalities in R that might be
sensitive, or that interfere with the condensation reac-
tion, be suitably protected as is well-known in the art.
More specifically, R may represent, for example, hydro-
gen, alkyl, hydroxyalkyl, deuteralkyl, fluoroalkyl, or a
side chain of the formula
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R3
Q RS
’ \<R1
R? R?

~n

where R!, R2, R3, independently represent hydrogen
hydroxy, protected hydroxy, or alkyl, where the bond

between carbons 22 and 23 may be a single, double or 10

triple bond, where Q is the group

RS R’

—(CH2),—C—(CH2)m™~

where R6 and R7, independently, are selected from
hydrogen, alkyl, hydroxyalkyl, hydroxy, protected
hydroxy, and fluoro, or where R6and R7 taken together
represent an oxo group or an alkylidene group, and
where n and m are integers having, independently, the
values

0,1,2,340r5,
where R4 and RS, independently, represent deuteroal-
kyl, fluoroalkyl and the group Q—H, or R# and RS,
taken together, represent the group Q, with the proviso
that at least one of n or m has the value of 1 or greater,
and wherein the carbon at any one of positions 20, 22 or
23 in the side chain may be replaced by an O, S, or N
atom.

As used in the description, and in the claims, the term
“hydroxy-protecting group” refers to any group com-
monly used for the protection of hydroxy functions
during subsequent reactions, including, for example,
acyl or alkylsilyl groups such as trimethylsilyl, triethyl-
silyl, t-butyldimethylsilyl and analogous alkyl or arylsi-
lyl radicals, or alkoxyalkyl groups such -as methox-
ymethyl, ethoxymethyl, methoxyethoxymethyl, tetra-
hydrofuranyl or tetrahydropyranyl. A ‘‘protected-
hydroxy” is a hydroxy function derivatized by one of
the above hydroxy-protecting groupings. “Alkyl” rep-
resents a straight-chain or branched hydrocarbon radi-
cal of 1 to 10 carbons in all its isomeric forms, such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl,
etc., and the terms “hydroxyalkyl,” “fluoroalkyl” and
“deuteroalkyl” refer to such an alkyl radical substituted
by one or more hydroxy, fluoro or deuterium groups
respectively. An “‘acyl” group is an alkanoyl group of 1
to 6 carbons in all its isomeric forms, or an aroyl group,
such as benzoyl, or halo-, nitro- or alkyl-substituted
benzoyl groups, or an alkoxycarbonyl group of the type
Alkyl—O—CO—, such as methoxycarbonyl, ethox-
ycarbonyl, propyloxycarbonyl, etc , or a dicarboxylic
acyl group such as oxalyl, malonyl, succinoyl, glutar-
oyl, or adiopoyl. The term “aryl” signifies a phenyl-, or
an alkyl-, nitro- or halo-substituted pheny! group. The
term alkoxy signifies the group alkyl-O-. Ketones of
general structure II featuring homologated side chains
are new compounds.

Ketones of structure II, with diverse side chain
groups R, can be prepared by known methods, as docu-
mented, for example by Baggiolini et al., J. Org. Chem.
51, 3098 (1951); Baggiolini et al., U.S. Pat. No.
4,804,502; Sardina et al., J. Org. Chem. 51, 1264 (1986);
Kocienski et al., J. Chem. Soc perkin Trans. 1, 834
(1978); Toh and Okamura, J. Org. Chem. 48, 1414
(1983); Mascovenas et al., J. Org. Chem 51, 1269 (1986).

‘the reaction scheme below:

4

Ketones of general structure II featuring homologated
side chains are new compounds.

For the preparation of ring A-synthons of structure I,
a new synthetic route has been developed, based -on
(—)quinic acid as starting material. This substance,
being commercially available and having hydroxy
groups of the correct stereochemistry in desired posi-
tions is a useful synthon in vitamin D chemistry [De-
smaele and Tanier, Tetrahedron Letters, 26, 4941 (1985)].
The overall process, in general form, is summarized by
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As shown in this scheme, the conversion of quinic acid
to thé desired ring-A unit I comprises two major syn-
thetic transformations, namely, the removal of the cen-
tral hydroxy group at carbon-4 of quinic acid, and the
replacement of the carboxy and hydroxy substitutents
of carbon-1 by an unsaturated two-carbon side chain
bearing the desired Y-functionality. It was found that
the overall process can be executed in several, concep-
tually related variations, differing chiefly in the order in
which the key synthetic operations are accomplished.

In the above structures (IV, V, VI), X!and X2, which
may be the same or different, represent a hydroxy-
protecting group, A represents the group —COOQAIkyl
or —CH>0H, B is hydroxy, and A and B, when taken
together, represent an oxo group (=O), or
=CHCOOAIkyl

The initial steps of the overall process comprise the
esterification of quinic acid, by treatment with a suitable
alkyl alcohol (e.g. methanol, ethanol, propanol or
higher alkanol) under acid catalysis, followed by hy-
droxy protection under conditions known in the art, to
provide compound IV, where A is —COOAIlky}, B is
hydroxy, and X! and X2 are hydroxy-protecting groups.
While the specific nature of X! and X2 is not critical, it
is understood, of course, that the protecting groups
selected are both compatible with subsequent chemical
transformation, and also removable when desired. Suit-
able are, for example, alkylsilyl- or alkylarylsilyl groups
or alkoxyalkyl groups. By appropriate further transfor-
mation of the above hydroxy-protected alkyl ester, e.g.

xlo

ox3
v
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by hydride reduction of ester (thereby producing com-
pound Iv, where A is —CH>OH, and B is —OH), fol-
lowed by cleavage of the resulting vicinal diol, using
known vicinal diol cleavage reagents, such as periodate
or lead tetracetate, there is obtained the corresponding
cyclohexanone derivative, i.e. compound IV, where A
and B, taken together represent an oxo function and X1
and X2 are hydroxy-protecting groups. This ketone, in
turn, after temporary protection of the remaining cen-
tral hydroxy group at C-4 (e.g. acyl, alkylsilyl or alk-
oxyalkyl protection) can be alkylated, for example, by
treatment with aikyl (trimethylsilyl) acetate in the pres-
ence of a strong base, such as NaH, lithium diiso-
propylamide, or an alkyl or ary! lithium base, to obtain,
after removal of the temporary C-4-OH-protecting
group, the alkyl cyclohexylidene ester, of general struc-
ture IV, where A and B, taken together represent the
group =CHCOQOAIkyl, and X! and X2 are hydroxy-
protecting groups.

It has been found that intermediate IV in all of the
above described structural modifications can be used
for the reductive removal of the C-4-hydroxy group, by
means of a free radical deoxygenation procedure [Bar-
ton and McCambie, J. Chem. Soc. Perkin Trans. 1, 1574
(1975); Robins et al., J. Am. Chem. Soc. 103, 933 (1981);
105, 4059 (1983); Barton and Motherwell, Pure & Appl.
Chem., 53, 15 (1981)]. This process entails the conver-
sion of the free C-4-hydroxy group in compound IV to
a suitable derivative, for example, a thiono-ester or
xanthate derivative, as represented by general structure
V in the above reaction scheme, where X3is a grouping
such as

] I ]
C-imidazolyl, or ==C—0Alkyl}, or —C—0Aryl,

or

I
—C—SAlykl,

and where A, B, X! and X2 have the meaning previously
defined. Intermediates of type V, upon treatment with a
hydrogen radical source in the presence of a radical
initiator, then undergo reductive deoxygenation to fur-
nish compounds of general structure VI, where A, B,
X! and X2 represent substituents as previously defined.
For such deoxygenation reactions, suitable sources of
hydrogen radicals are the trialkyltin hydrides (e.g.
tributyltin hydride) or tris(trialkylsilyl)silanes (e.g.
(Me3Si)3SiH) [Schummer and Hofle, Syn. Len. 106
(1990); Ballestri et al., J. Org. Chem. 56, 678 (1991)], and
suitable radical initiators are provided by
azaisobutyronitrile (AIBN) or by irradiation. It is to be
noted that the substituents A, B, X! and X2 remain un-
changed during the above described two-step deoxy-
genation procedure. Thus, from compound IV, where
A is —COOAlkyl and B is —OH, there is obtained
compound VI, where A is —COOAIlkyl, and B is
—QOH, and likewise, compound IV, where A and B,
taken together represent —O, or —CHCOOAIkyl,
yields compound VI, where A and B together, repre-
sent =0, or —CHCOOAIkyl, respectively.

As in the case of the compounds of structure IV, it is
possible to effect transformations of the A and B substit-
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uents of the compounds of structure VI by processes

entirely analogous to those discussed in connection with

6

the compounds of structure IV. Thus, compound VI,
where A is COOAIlkyl and B is hydroxy, upon ester
reduction and vicinal diol cleavage, as described above
for the case of compound Iv, provides VI as the cyclo- .
hexanone analog, where A and B, taken together repre-
sent an oxo group, and the latter, upon alkylation as
described above, yields the cyclohexylidene modifica-
tion, i.e. VI, where A and B taken together represent
=CHCOOAIkyl.

For the subsequent steps towards the preparation of
ring A-synthon of general structure I, the cyclohexyli-
dene ester VI, where A and B together represent
=CHCOQOAIkyl, and X! and" X2 signify hydroxy-
protecting groups, is the desired intermediate. These
subsequent steps comprise, first, the reduction -of the
ester (using, for example, LiAlH4 or diisobutylalumi-
num hydride, DIBAL-H) to the corresponding primary
alcohol of structure VII, shown below, where X! and
X2 represent hydroxy-protecting groups, and Y! is hy-
droxy. This alcohol, under conventional tosylation or
mesylation conditions, may be transformed to the corre-
sponding tosylate or mesylate, structure VII, where Y!
represents —O—SO2PhMe, or —OSO;Me, or, alterna-
tively, the alcohol may be subjected to displacement by
halogen, to obtain the corresponding halide, structure
VII, where Y!is a halogen atom, i.e. I, Br or Cl. From
the mesylate, tosylate or halide of structure VII, the
desired synthon of structure I is now obtained by vari-
ous generally known conversion reactions. Thus, the
halide, tosylate or mesylate, upon treatment with a
metal diphenylphosphide and subsequent peroxide oxi-
dation, yields the desired phosphine oxide derivative of
structure I, where Y=—=—P(O)Phj,. Similarly, the halide
upon treatment with triethylphosphite under Arbuzov
reaction conditions, provides the corresponding phos-
phonate derivative I, where Y=—P(O)(OEt);. From
the tosylate or mesylate, upon displacement with the
sodium salt of an arylsulfinic acid, there can be obtained
the aryl-sulfone derivative of compound I, where

=-—S0;Ar. Likewise, upon reaction of the halide VII
with trichlorosilane followed by alkylation with an
alkylhalide, there is obtained the alkylsilane derivative
of compound I, where Y=:—Si(Alkyl)s.

The condensation reaction is advantageously con-
ducted by treating the ring A unit of general structure I,
dissolved in an organic solvent, with a strong base (e.g.
an alkali-metal hydride, alkyl- or aryl lithium, or a lith-
ium alkylamide reagent), so as to generate the anion of
1, and then allowing this anion to react with ketone II,
so as to achieve condensation to the 19-nor-vitamin
analog III, either directly, or via intermediates (e.g. in
the case of condensations with compound I where Y—
SO2Ar) transformable to III according to known proce-
dures. Any hydroxy-protecting groups (i.e. protecting
groups X! and X2 and/or hydroxy-protecting groups
that may be present in the side chain) can then be re-
moved by appropriate hydrolytic or reductive proce-
dures known in the art to obtain the free hydroxy-
vitamin analog, structure III, where X! and X2 repre-
sent hydrogen.

TYPICAL EMBODIMENTS OF THE INVENTION
AND SPECIFIC EXAMPLES

More specific embodiments of the preparation of the
above described ring-A unit are outlined in Schemes I,
II, and III, whereas Scheme IV provides a specific
embodiment of the condensation reaction to obtain a
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desired 19-nor-vitamin D compound. In the following
description and subsequent examples, Arabic numerals
(e.g. 1, 2, 3, etc.), designating specific synthetic prod-
ucts, refer to the structures so numbered in the
Schemes.

As shown in Scheme I, the starting material for the
preparation of the ring-A unit is the commercially avail-
able (1R,3R,4R,5R) () quinic acid, designated as com-
pound 1in Scheme I herein, which already contains the
correct stereochemistry of the 1- and 3-hydroxy groups
for the desired 19-nor-vitamin D compound. Esterifica-
tion with methanol in the presence of a catalytic amount
of acid (e.g. p-toluene sulfonic acid), followed by treat-
ment with tert-butyldimethylsilyl chloride and triethyl-
amine in dimethyl formamide gave the protected
methyl ester 2. It should be noted that esterification
with higher alkanols (e.g. ethanol, propanol, etc.) under
analogous conditions produces the corresponding
higher esters, and that similarly other hydroxy-protect-
ing groups (e.g. other alkyl or arylsilyl groups, or alk-
oxyalkyl groups) can be introduced at this stage by
known methods. Such alternative esters or hydroxy-
protected derivatives of 2 can likewise be used in subse-
quent conversions according to Schemes I, II or IIL
Reduction of the ester with diisobutylaluminum hy-
dride gave triol 3, and subsequent sodium periodate
oxidation produced the cyclohexanone derivative 4.
The 4-hydroxy group was protected with an alkylsilyl
group to give 5. It is to be noted that because of the
symmetry of these ketone intermediates (compounds 4
and 5), the C-4-oxygen substituent can now be depicted
as having either the a- or the S8-stereochemical orienta-
tion. Hence, in accord with convention, the bond to the
C-4-oxygen substituent in compounds 4 and § is indi-
cated by a wavy line (~~~). Three of the subsequent
intermediates (compounds 6, 7, and 8) are then obtained
as pairs of products, one having the C-4-oxygen substit-
uent in the a-, the other in the B-orientation. This fact is
also denoted by a wavy-line bond to the C-4-oxygen
substituent in structure 6, 7, and 8 of Scheme L.

A Peterson reaction with ethy! (trimethylsilyl)acetate
in the presence of base in anhydrous tetrahydrofuran
gave the unsaturated ester 6. Other alkyl (trimethylsilyl-
)acetate esters (e.g. where alkyl=methyl, propyl, butyl,
etc.) can be used in this reaction to give alkyl esters
analogous to 6 (e.g. the corresponding methyl, propyl,
butyl esters, etc.). Partial deprotection of the 4-trime-
thylsilyloxy group with dilute acetic acid in tetrahydro-
furan gave 7. The deoxygenation of the 4-hydroxy
group was accomplished by a free radical fragmentation
procedure [D. H. R. Barton and S. W. McCombie, J.
Chem. Soc. Perkin Trans. 1, 1574 (1975); D. H. R. Bar-
ton and W. B. Motherwell, Pure & Appl. Chem., 53, 15
(1981)]. Thus, ester 7 was converted to the correspond-
ing thioimidazolide 8 by treatment with 1,1-thioicar-
bonyldiimidazole in an organic solvent, and subsequent
radical deoxygenation with tributyltin hydride in the
presence of a radical initiator (AIBN) gave the pro-
tected cyclohexylidene ester 9. The latter was reduced
to the allylic alcohol 10 with diisobutylaluminum hy-
dride which was then converted to the allylic chloride
11 by reaction with the complex made from N-
chlorosuccinimide and dimethyl sulfide (E. J. Corey, C.
U. Kim, M. Takeda, Tetrahedron Letters, 4339 (1972)]
and finally transformed to the desired phosphine oxide
12 on treatment with lithium diphenylphosphide fol-
lowed by oxidation with hydrogen peroxide.
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Scheme 11 illustrates an alternative method of synthe-
sizing the ring-A unit. In this method, ester 2, obtained
as in Scheme I, is directly subjected to the free radical
deoxygenation procedure, involving conversion to the
thioimidazolide 13, and subsequent treatment with
tributyltin hydride to obtain the ester 14. Reduction of
compound 14 with diisobutylaluminum hydride (DI-
BALH) gave diol 15, followed by sodium periodate
oxidation to the cyclohexanone derivative 16. Subse-
quent olefination with ethyl (trimethylsilyl) acetate in
the presence of base gave the protected cyclohexyli-
dene ester 9, which is then further processed to the
phosphine oxide 12 in the same manner as described in
connection with Scheme L.

Scheme III shows yet another modification of -the
preparation of the ring A-unit.. Here the intermediate 4,
described previously (see Scheme I), is subjected to free
radical deoxygenation procedure using conditions anal-
ogous to those described in connection with Scheme I
and II. Thus, compound 4 is converted to the
thionoimidazol 17 and then reacted with tributyltin
hydride in the presence of AIBN to obtain the cyclo-
hexanone derivative 16. Further processing of this ma-
terial, as in Scheme I and Scheme II, then provides
phosphine oxide 12. - : :

In addition to the desired ring-A synthons of general
structure I, above, the processes provide other novel
intermediates. New compounds are, for example, the
intermediates of general structure VII, above, or the
cyclohexylidene esters of general structures IV, V and
VI, above, where A and B, taken together, represent
=CHCOOAIky], and of which specific embodiments
are illustrated by structures 6, 7, 8, and 9 in Scheme 1.
Likewise, new are 4-deoxy intermediates of structure
VI, above, where A is COOAIkyl, —CH,0H, B is OH,
or where A and B, together, represent an oxo group,
which examples are provided by structures 14, 15, and
16 in Scheme II It is also important to note that al-
though these intermediates are generally used in their
hydroxy-protected form in the various processes dis-
cussed above, the hydroxy-protecting groups (X!, X2,
X3) may also be removed, under conditions known in
the art, to obtain the corresponding free-hydroxy-inter-
mediates (compounds I, IV, V, VI and VII, where X!
and/or X? and/or X3 represent H) or be replaced by
alternative hydroxy-protecting groups.

In Scheme 1V is outlined a specific embodiment of
the condensation reaction between phosphine oxide 12
(Scheme I) and a suitable ketone (structure 18) repre-
senting rings C and D plus sidechain of the desired
19-nor-vitamin compound. The phosphine oxide 12 was
treated with base (butyllithium) at low temperature in
tetrahydrofuran to generate the corresponding phos-
phinoxy anion, which was allowed to react with the
hydroxy-protected ketone 18 [Baggiolini et al., J. Org.
Chem. 51, 3098 (1986)] to give the desired 19-nor-
vitamin derivative 19, from which, after protecting-
group removal under conventional conditions, there
was obtained crystalline 1a25-dihydroxy-19-norvitamin
D; (20).

EXAMPLE 1

(a) 1R,3R.4R,5R) Methyl 3,5-Bis
(tert-butyldimethyisilyloxy)-1,4-Dihydroxycyclohex-
ane-Carboxylate (2)

p-Toluene sulfonic acid (0.5 g) was added to a solu-
tion of quinic acid 1 (12.74 g, 66.3 mmol) in methanol.
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