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prostate cancer. These compounds also exhibit relatively high 
calcemic activity evidencing use in the treatment of bone 
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3-DESOXY-2-METHYLENE-VITAMIN D 
ANALOGS AND THEIR USES 

BACKGROUND OF THE INVENTION 

This invention relates to vitamin D compounds, and more 
particularly to 3-Desoxy-2-Methylene-Vitamin D analogs 
and their pharmaceutical uses, and especially (20S)-3-des 
oxy-10t,25-dihydroxy-2-methylene-vitamin D3, its biologi 
cal activities, and its pharmaceutical uses as well as (20R)-3 
desoxy- 10.,25 -dihydroxy-2 -methylene-vitamin D3, its 
biological activities, and its pharmaceutical uses. This latter 
compound can also be named simply as 3-desoxy-10t,25 
dihydroxy-2 -methylene-vitamin D3 since the 20-methyl sub 
stituent is in its natural or “R” orientation. 
The natural hormone, 1a,25-dihydroxyvitamin D3 and its 

analog in the ergosterol series, i.e. lot,25-dihydroxyvitamin 
D2 are known to be highly potent regulators of calcium 
homeostasis in animals and humans, and their activity in 
cellular differentiation has also been established, Ostrem et 
al., Proc. Natl. Acad. Sci. USA, 84, 2610 (1987). Many struc 
tural analogs of these metabolites have been prepared and 
tested, including lot-hydroxyvitamin D3, lot-hydroxyvita 
min D2, various side chain homologated vitamins and ?uori 
nated analogs. Some of these compounds exhibit an interest 
ing separation of activities in cell differentiation and calcium 
regulation. This difference in activity may be useful in the 
treatment of a variety of diseases such as renal osteodystro 
phy, vitamin D-resistant rickets, osteoporosis, psoriasis, and 
certain malignancies. 

Another class of vitamin D analogs, i.e. the so called 
19-nor-vitamin D compounds, is characterized by the 
replacement of theA-ring exocyclic methylene group (carbon 
19), typical of the vitamin D system, by two hydrogen atoms. 
Biological testing of some 19-nor-analogs (e.g., 1a,25-dihy 
droxy- 1 9-nor-vitamin D3) revealed a selective activity pro?le 
with high potency in inducing cellular differentiation, and 
reduced calcium mobilizing activity. Thus, these compounds 
are potentially useful as therapeutic agents for the treatment 
of malignancies, or the treatment of various skin disorders. 
Two different methods of synthesis of such 19-nor-vitamin D 
analogs have been described (Perlman et al., Tetrahedron 
Lett. 31, 1823 (1990); Perlman et al., Tetrahedron Lett. 32, 
7663 (1991), and DeLuca et al., US. Pat. No. 5,086,191). 

In US. Pat. No. 4,666,634, 2B-hydroxy and alkoxy (e.g., 
ED-71) analogs of 1a,25-dihydroxyvitamin D3 have been 
described and examined as potential drugs for osteoporosis 
and as antitumor agents. See also Okano et al., Biochem. 
Biophys. Res. Commun. 163, 1444 (1989). Other 2-substi 
tuted (with hydroxyalkyl, e.g., ED-120, and ?uoroalkyl 
groups) A-ring analogs of lot,25-dihydroxyvitamin D3 have 
also been prepared and tested (Miyamoto et al., Chem. 
Pharm. Bull. 41, 1111 (1993); Nishii et al., Osteoporosis Int. 
Suppl. 1, 190 (1993); Posner et al., J. Org. Chem. 59, 7855 
(1994), and J. Org. Chem. 60, 4617 (1995)). 

2-substituted analogs of 1a,25-dihydroxy-19-nor-vitamin 
D3 have also been synthesized, i.e. compounds substituted at 
2-positionwith hydroxy or alkoxy groups (DeLuca et al., US. 
Pat. No. 5,536,713), with 2-alkyl groups (DeLuca et al US. 
Pat. No. 5,945,410), and with 2-alkylidene groups (DeLuca et 
al US. Pat. No. 5,843,928), which exhibit interesting and 
selective activity pro?les. All these studies indicate that bind 
ing sites in vitamin D receptors can accommodate different 
substituents at C-2 in the synthesized vitamin D analogs. 

In a continuing effort to explore the 19-nor class of phar 
macologically important vitamin D compounds, analogs 
which are characterized by the presence of a methylene sub 
stituent at carbon 2 (C-2), a hydroxyl group at both carbon 1 
(C-1) and carbon 3 (C-3), and a shortened side chain attached 
to carbon 20 (C-20) have also been synthesized and tested. 
1 (x-hydroxy-2-methylene-1 9-nor-pregnacalciferol is 
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2 
described in US. Pat. No. 6,566,352 while 10t-hydroxy-2 
methylene-1 9-nor-homopregnacalciferol is described in US. 
Pat. No. 6,579,861 and 10t-hydroxy-2-methylene-19-nor 
bishomopregnacalciferol is described in US. Pat. No. 6,627, 
622. All three of these compounds have relatively high bind 
ing activity to vitamin D receptors and relatively high cell 
differentiation activity, but little if any calcemic activity as 
compared to 1a,25-dihydroxyvitamin D3. Their biological 
activities make these compounds excellent candidates for a 
variety of pharmaceutical uses, as set forth in the ’352, ’861 
and ’622 patents. 

Analogs of the natural hormone lot,25-dihydroxyvitamin 
D3 characterized by the transposition of the A-ring exocyclic 
methylene group from carbon 10 (C-10) to carbon 2 (C-2) 
(e.g., 10t,25-dihydroxy-2-methylene-19-nor-vitamin D ana 
logs) have been synthesized and tested [see Sicinski et al., J. 
Med. Chem., 41, 4662 (1998); Sicinski et al., Steroids 67, 247 
(2002); and, DeLuca et al., US. Pat. Nos. 5,843,928; 5,936, 
133 and 6,382,071)]. Molecular mechanics studies per 
formed on these analogs predict that a change of A-ring 
conformation may cause ?attening of the cyclohexanediol 
ring. Molecular mechanics calculations and NMR studies 
also predict that the A-ring conformational equilibrium 
would be ca. 6:4 in favor of the conformer having an equato 
rial 10t-OH. It was further predicted that introduction of the 
2-methylene group into 19-nor-vitamin D carbon skeleton 
would change the character of its lot- and 3[3-A-ring 
hydroxyls. They would both be in allylic positions similar to 
the lot-hydroxyl group in the molecule of the natural hor 
mone [i.e., lot,25-(OH)2D3]. It was found that lot,25-dihy 
droxy-2-methylene-19-nor-vitamin D analogs are character 
ized by signi?cant biological potency. In addition, the 
biological potency of such analogs may be enhanced dramati 
cally where “unnatural” (20S)-con?guration is present. 

SUMMARY OF THE INVENTION 

The present invention is aimed at vitamin D compounds 
characterized by not only having the A-ring exocyclic meth 
ylene group at carbon 10 (C-10), but also by the presence of 
an additional exomethylene substituent at carbon 2 (C-2) (i.e., 
2-methylene-vitamin D analogs). These analogs also lack a 
3[3-OH group, but are characterized by the presence of a 
lot-OH group, that is important for biological activity. 
Accordingly, the present invention is directed toward 3-des 
oxy-2-methylene-vitamin D analogs, and their pharmaceuti 
cal uses, and more speci?cally toward (20S)-3-desoxy-10t, 
25-dihydroxy-2-methylene-vitamin D3, its biological 
activity, and various pharmaceutical uses for this compound 
as well as (20R)-3-desoxy-10t,25-dihydroxy-2-methylene 
vitamin D3, its biological activity, and various pharmaceuti 
cal uses for this compound. 

Structurally these 3-desoxy-2-methylene-vitamin D ana 
logs are characterized by the general formula I shown below: 

I 
R 
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where X is selected from the group consisting of hydrogen 
and a hydroxy-protecting group, and where the group R rep 
resents any of the typical side chains known for vitamin D 
type compounds. Thus, R may be hydrogen, an alkyl, 
hydroxyalkyl or ?uoroalkyl group, or R may represent a side 
chain of the formula: 

I2 
where the stereochemical center at carbon 20 may have the R 
or S con?guration, and where Z in the above side chain 
structure is selected fromY, iOY, 4CH2OY, 4CECY and 
iCH:CHY, where the double bond in the side chain may 
have the cis or trans geometry, and whereY is selected from 
hydrogen, methyl, 4CORS and a radical of the structure: 

where m and n, independently, represent the integers from 0 
to 5, where R1 is selected from hydrogen, deuterium, 
hydroxy, protected hydroxy, ?uoro, tri?uoromethyl, and 
C l_5 -alkyl, which may be straight chain or branched and, 
optionally, bear a hydroxy or protected-hydroxy substituent, 
and where each of R2, R3, and R4, independently, is selected 
from deuterium, deuteroalkyl, hydrogen, ?uoro, tri?uorom 
ethyl and C l_5 alkyl, which may be straight-chain or 
branched, and optionally, bear a hydroxy or protected-hy 
droxy substituent, and where R1 and R2, taken together, rep 
resent an oxo group, or an alkylidene group having a general 
formula CkHZki where k is an integer, the group :CRZR3 , 
or the group i(CH2)Pi, where p is an integer from 2 to 5, 
and where R3 and R4, taken together, represent an oxo group, 
or the group i(CH2)qi, where q is an integer from 2 to 5, 
and where R5 represents hydrogen, hydroxy, protected 
hydroxy, or C l_5 alkyl and wherein any of the CH-groups at 
positions 20, 22, or 23 in the side chain may be replaced by a 
nitrogen atom, or where any of the groups 4CH(CH3)i, 
i(CH2)mi, 4CR1R2i or i(CH2)ni at positions 20, 22, 
and 23, respectively, may be replaced by an oxygen or sulfur 
atom. 

Speci?c important examples of side chains are the struc 
tures represented by formulas (a), (b), (c), (d) and (e) below 
with natural 20R-con?guration, i.e., the side chain as it occurs 
in 25-hydroxyvitamin D3 (a); vitamin D3 (b); 25-hydroxyvi 
tamin D2 (c); vitamin D2 (d); and the C-24 epimer of 25-hy 
droxyvitamin D2 (e). 

Additional important examples of side chains are the struc 
tures represented by formulas (a), (b), (c), (d) and (e) below 
having the 20-epi or (20S)-con?guration, i.e., the side chain 
as it occurs in (20S)-25-hydroxyvitamin D3 (a); (20S)-vita 
min D3 (b); (20S)-25-hydroxyvitamin D2 (c); (20S)-vitamin 
D2 (d); and the C-24 epimer of (20S)-25-hydroxyvitamin D2 
(e). 

WH 
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4 
-continued 

(b) 

(d) 

(e) 

The wavy line to the carbon 20 indicates that carbon 20 
may have either the R or S con?guration. 
The preferred analogs are (20S)-3-desoxy-l0t,25-dihy 

droxy-2-methylene-vitamin D3 (referred to herein as “3D 
QMS”) which has the following formula la: 

and (20R)-3-desoxy-l0t,25-dihydroxy-2-methylene-vita 
min D3 (referred to herein as “3D-QM”) which has the fol 
lowing formula lb: 

The above compounds of formula I, especially formula la 
and lb, exhibit a desired, and highly advantageous, pattern of 
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biological activity. These compounds are characterized by 
relatively high binding to vitamin D receptors, i.e. they bind 
With about the same af?nity as 1a,25-dihydroxyvitamin D3, 
and in bone cells their in vitro transcription activity is also 
substantially the same as 1a,25-dihydroxyvitamin D3 in 
causing 24-hydroxylase gene transactivation. They are either 
about the same or more potent causing differentiation of 
HL-60 cells into monocytes than 1,25(OH)2D3. They also 
exhibit either about the same or slightly more activity in their 
ability to mobilize calcium from bone, and similar or slightly 
more activity in their ability to promote intestinal calcium 
transport, as compared to 1a,25-dihydroxyvitamin D3. 

The above compounds I, and particularly Ia and lb, have 
relatively high binding af?nity, are characterized by relatively 
high cell differentiation activity, and relatively high bone 
calcium mobilization activity and intestinal calcium transport 
activity. Thus, these compounds have potential as anti-cancer 
agents and provide therapeutic agents for the prevention or 
treatment of osteosarcoma, leukemia, colon cancer, breast 
cancer, skin cancer and prostate cancer. Because of their 
selective activity in the bone and relatively high potency on 
cellular differentiation, 3D-QMS and 3D-QM might also be 
useful in treatment of bone diseases, such as senile osteoporo 
sis, postmenopausal osteoporosis, steroid-induced 
osteoporosis, low bone turnover osteoporosis, osteomalacia, 
and renal osteodystrophy. 
One or more of the compounds may be present in a com 

position to treat or prevent the above-noted diseases in an 
amount from about 0.01 ug/gm to about 1000 ug/ gm of the 
composition, preferably from about 0.1 ug/ gm to about 500 
ug/ gm of the composition, and may be administered topically, 
transdermally, orally, rectally, nasally, sublingually, or 
parenterally in dosages of from about 0.01 ug/day to about 
1000 m/day, preferably from about 0.1 ug/day to about 500 
ug/day. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-5 illustrate various biological activities of (20S) 
3-desoxy-10t, 25-dihydroxy-2-methylene-vitamin D3, here 
inafter referred to as “3D-QMS,” as compared to the native 
hormone 1a,25-dihydroxyvitamin D3, hereinafter “1,25 
(0H)2D3-” 

FIG. 1 is a graph illustrating the relative activity of 
3D-QMS and 1,25(OH)2D3 to compete forbinding With [3H] - 
1,25-(OH)2D3 to the full-length recombinant rat vitamin D 
receptor; 

FIG. 2 is a graph illustrating the percent HL-60 cell differ 
entiation as a function of the concentration of 3D-QMS and 
1,25(OH)2D3; 

FIG. 3 is a graph illustrating the in vitro transcription 
activity of 1,25(OH)2D3 as compared to 3D-QMS; 

FIG. 4 is a bar graph illustrating the bone calcium mobili 
zation activity of 1,25(OH)2D3 as compared to 3D-QMS; and 

FIG. 5 is a bar graph illustrating the intestinal calcium 
transport activity of 1,25(OH)2D3 as compared to 3D-QMS. 

FIGS. 6-10 illustrate various biological activities of (20R) 
3-desoxy-10t, 25-dihydroxy-2-methylene-vitamin D3, here 
inafter referred to as “3D-QM,” as compared to the native 
hormone 1a,25-dihydroxyvitamin D3, hereinafter “1,25 
(0H)2D3-” 

FIG. 6 is a graph illustrating the relative activity of 3D-QM 
and 1,25(OH)2D3 to compete for binding With [3H]-1,25 
(OH)2D3 to the full-length recombinant rat vitamin D recep 
tor; 

FIG. 7 is a graph illustrating the percent HL-60 cell differ 
entiation as a function of the concentration of 3D-QM and 
1,25(OH)2D3; 
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6 
FIG. 8 is a graph illustrating the in vitro transcription 

activity of 1,25(OH)2D3 as compared to 3D-QM; 
FIG. 9 is a bar graph illustrating the bone calcium mobili 

zation activity of 1,25(OH)2D3 as compared to 3D-QM; and 
FIG. 10 is a bar graph illustrating the intestinal calcium 

transport activity of 1,25(OH)2D3 as compared to 3D-QM. 

DETAILED DESCRIPTION OF THE INVENTION 

As used in the description and in the claims, the term 
“hydroxy-protecting group” signi?es any group commonly 
used for the temporary protection of hydroxy functions, such 
as for example, alkoxycarbonyl, acyl, alkylsilyl or alkylaryl 
silyl groups (hereinafter referred to simply as “silyl” groups), 
and alkoxyalkyl groups. Alkoxycarbonyl protecting groups 
are alkyl-O%O-groupings such as methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, 
butoxycarbonyl, isobutoxycarbonyl, tert-butoxycarbonyl, 
benzyloxycarbonyl or allyloxycarbonyl. The term “acyl” sig 
ni?es an alkanoyl group of 1 to 6 carbons, in all of its isomeric 
forms, or a carboxyalkanoyl group of 1 to 6 carbons, such as 
an oxalyl, malonyl, succinyl, glutaryl group, or an aromatic 
acyl group such as benzoyl, or a halo, nitro or alkyl substituted 
benzoyl group. The word “alkyl” as used in the description or 
the claims, denotes a straight-chain or branched alkyl radical 
of 1 to 10 carbons, in all its isomeric forms. “Alkoxy” refers 
to any alkyl radical Which is attached by oxygen, i.e. a group 
represented by “alkyl-Oi.” Alkoxyalkyl protecting groups 
are groupings such as methoxymethyl, ethoxymethyl, meth 
oxyethoxymethyl, or tetrahydrofuranyl and tetrahydropyra 
nyl. Preferred silyl-protecting groups are trimethylsilyl, tri 
ethylsilyl, t-butyldimethylsilyl, dibutylmethylsilyl, 
diphenylmethylsilyl, phenyldimethylsilyl, diphenyl-t-butyl 
silyl and analogous alkylated silyl radicals. The term “aryl” 
speci?es a phenyl-, or an alkyl-, nitro- or halo-substituted 
phenyl group. 
A “protected hydroxy” group is a hydroxy group deriva 

tised or protected by any of the above groups commonly used 
for the temporary or permanent protection of hydroxy func 
tions, e.g. the silyl, alkoxyalkyl, acyl or alkoxycarbonyl 
groups, as previously de?ned. The terms “hydroxyalkyl”, 
“deuteroalkyl” and “?uoroalkyl” refer to an alkyl radical 
substituted by one or more hydroxy, deuterium or ?uoro 
groups respectively. An “alkylidene” refers to a radical hav 
ing the general formula CkHZkiWhere k is an integer. 
The preparation of 2-methylene-vitamin D analogs of the 

basic structure I can be accomplished by a common general 
method, i.e., a Sonogashira coupling of a bicyclic vinyl com 
pound II With the dienyne III: 

III 

In the structures II and III, group X represents a leaving 
group selected from halogen (iodine, bromine or chlorine) 
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and alkyl- or aryl-sulphonyloxy such as mesyloxy, tosyloxy 
orimost preferablyitri?oxy. Groups Y and R represent 
groups de?ned above; Y being preferably hydroxy-protecting 
group, it being also understood that any functionalities in R 
that might be sensitive, or that interfere with the coupling 
reaction, be suitable protected as is well-known in the art. The 
process shown above represents an application of the conver 
gent synthesis concept, which has been applied effectively for 
the preparation of vitamin D compounds [Mascarenas et al., 
Tetrahedron 47, 3485 (1991), Barrack et al., J. Org. Chem., 
53, 1790 (1988); SancheZ-Abella et al., Bioorg. Med. Chem. 
16, 10244 (2008)]. 

Bicyclic compounds of the general structure 11 are known, 
or can be easily prepared by known methods from the corre 
sponding Windaus-Grundmann type ketones. Speci?c impor 
tant examples of such known bicyclic ketones are the struc 
tures with the side chains (h), (i), (j), (k), (l), (m), and (n) 
below described above, i.e., 25-hydroxy Grundmann’s 
ketone (h) [Baggiolini et al., J. Org. Chem., 51, 3098 (1986)]; 
Grundmann’s ketone (i) [lnhoffen et al., Chem. Ber., 90, 664 
(1957)]; 25-hydroxy Windaus ketone (j) [Baggiolini et al., J. 
Org. Chem., 51, 3098 (1986)]; Windaus ketone (k) [Windaus 
et al., Ann., 524, 297 (1936)]; (20S)-25-hydroxy Grund 
mann’s ketone (l) [Sicinski et al., J. Med. Chem., 41, 4662 
(1998)]; (20S)-Grundmann’s ketone (m) [GrzywacZ et al., J. 
Steroid Biochem. Mol. Biol., 89-90, 13 (2004)]; and (20S) 
25-methyl Grundmann’s ketone (n) [GrzywacZ et al., J. Ste 
roid Biochem. Mol. Biol., 89-90, 13 (2004)]: 

(h) 
Ill/II, 

(i) 

(j) 

(k) 
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8 
-continued 

(1) 

(In) 

(H) 

0 

Regarding the preparation of the dienynes of the structure 
111, new synthetic route was established. As set forth in 
SCHEME 1, an achiral, commercially available acetal-ketone 
1, was (x-methylated using the method of ReetZ et al. [Tetr. 
Lett., 34, 7395 (1993)]. Then, the keto group in the formed 2 
was reduced and the obtained alcohol 3 (a diastereomeric 
mixture) was subsequently esteri?ed with pivaloyl chloride. 
Only the prevailing trans-isomer underwent this reaction and, 
therefore, the resulted ester 4 was a mixture of (S,S)- and 
(R,R)-enantiomers. The carbonyl group in 4 was deprotected 
in the reaction with the Lewis acid (FeCl3) and the formed 
cyclohexanone 5 was diastereoselectively (x-hydroxylated 
using the method elaborated by Hayashi et al. [J . Org. Chem., 
69, 5966 (2004)] and involving the reaction of a ketone with 
nitrosobenzene in the presence of a catalytic amount of 
L-proline. Three main products 6a,b,c were isolated in com 
parable quantities. The introduced secondary hydroxyl in the 
product 6c was silylated and the protected compound 7 was 
subjected to the Wittig reaction with an ylide generated from 
methyltriphenylphosphonium bromide and n-butyllithium. 
The pivaloyl protecting group in the formed ole?n 8 was 
removed by treatment with DIBALH and the obtained cyclo 
hexanol derivative 9 was oxidized to the ketone 10. Its reac 
tion with lithium acetylide provided tertiary alcohol 1 1 which 
was dehydrated with Martin’ s sulfurane dehydrating reagent. 
After removal of the TMS group from the ethynyl sub stituent 
in the obtained product 12, the desired A-ring fragment 13 
was prepared. 
SCHEME II shows the subsequent Sonogashira coupling 

of the obtained A-ring dienyne 13 with an enol tri?ate 14 
[Sanchez-Abella et al., Bioorg. Med. Chem. 16, 10244 
(2008)], representing C,D-fragment derived from the pro 
tected 25-hydroxy Grundmann’ s ketone. The reaction should 
be preferentially carried out in the presence of bis(triph 
enylphosphine)palladium (ll) acetate-copper (l) iodide cata 
lyst and diethylamine. The coupling resulted in formation of 
the trienyne 15 which was further hydrogenated in the pres 
ence of Lindlar catalyst and quinoline. The expected product 
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of such catalytic hydrogenation, previtamin D compound 16, 
was then subjected to the thermal reaction in hexane. The 
protected vitamin D compound 17 was isolated by HPLC, and 
after hydroxyls deprotection with tetrabutylammonium ?uo 
ride provided the desired 3-desoxy-10t, 25-dihydroxy-2-me 
thylene-vitamin D3 (18). This synthetic path is described in 
EXAMPLE I herein. 
SCHEME III shows a preparation of the enol tri?ate 20, 

representing a C,D-fragment, from the protected (20S)-25 
hydroxy Grundmann’s ketone 19 [Sicinski et al., J. Med. 
Chem., 41, 4662 (1998)]. Treatment of the enol form of 19, 
generated by addition of the LDA at —78° C., with N-phenyl 
tri?imide afforded 20. The subsequent Sonogashira coupling 
of the obtained A-ring dienyne 13 with an enol tri?ate 20 
resulted in formation of the trienyne 21 which was further 
hydrogenated in the presence of Lindlar catalyst and quino 
line. The expected product of such catalytic hydrogenation, 
previtamin D compound 22, was subjected to the thermal 
reaction in hexane. The obtained protected vitamin D com 
pound 23 after hydroxyls deprotection with tetrabutylammo 
nium ?uoride provided the desired (20S)-3-desoxy-10t,25 
dihydroxy-2-methylene-vitamin D3 (24). This synthetic path 
is described in EXAMPLE II herein. 
As it is evident from EXAMPLE I and EXAMPLE II, other 

vitamin D analogs having the different side-chains may be 
synthesized by the methods set forth herein. This invention is 
described by the following illustrative examples. In these 
examples speci?c products identi?ed by Arabic numerals 
(e.g., 1, 2, 3, etc) refer to the speci?c structures so identi?ed 
in the preceding description and in the SCHEME I, SCHEME 
II and SCHEME III. 

EXAMPLES 

Chemistry. Melting points (uncorrected) were determined 
on a Thomas-Hoover capillary melting-point apparatus. Opti 
cal rotations were measured in chloroform using a Perkin 
Elmer 241 automatic polarimeter at 22° C. Ultraviolet (UV) 
absorption spectra were recorded with a Perkin-Elmer 
Lambda 3B UV-VIS spectrophotometer in ethanol. lH 
nuclear magnetic resonance (N MR) spectra were recorded in 
deuteriochloroform at 200, 400 and 500 MHZ with a Varian 
Unity, Bruker DMX-400 and Bruker DMX-500 spectrom 
eters, respectively. l3C nuclear magnetic resonance (NMR) 
spectra were recorded in deuteriochloroform at 50, 100 and 
125 MHZ with a Varian Unity, Bruker DMX-400 and Bruker 
DMX-500 spectrometers, respectively. Chemical shifts (6) 
were reported down?eld from internal Me4Si (6 0.00). Elec 
tron impact (EI) mass spectra were obtained with a Micro 
mass AutoSpec (Beverly, Mass.) instrument. High-perfor 
mance liquid chromatography (HPLC) was performed on a 
Waters Associates liquid chromatograph equipped with a 
Model 6000A solvent delivery system, a Model U6K Univer 
sal injector, and a Model 486 tunable absorbance detector. 
THF was freshly distilled before use from sodium benZ0phe 
none ketyl under argon. 

In the description of the proton MMR signals of com 
pounds 6a-6c orientation of the hydroxyl group introduced in 
the proline-catalyZed process was arbitrarily established as 
0t , the same assignment was used for their derivatives 7-13. 

Example I 

Preparation of 
3 -desoxy-10t,25 -dihydroxy-2-methylene-vitamin D3 

(1 8) 

(a) (x-Methylation of a ketone 1 (SCHEME I). 7-Methyl 
1,4-dioxa-spiro[4.5]decan-8-one (2). A solution of 1 ,4-cyclo 
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10 
hexanedione monoethylene ketal (1, 5.12 g, 32.96 mmol) in 
dry THF (20 mL) was added to a solution of LiHMDS (1.0 M 
in THF, 33.0 mL, 33.0 mmol) under argon at —78° C. and the 
mixture was stirred for 40 min. After warming up to room 
temperature DMPU (13.3 mL) was added. Stirring was con 
tinued for additional 10 min, and the enolate solution was 
cannulated to the ?ask containing anhydrous MnBr2 (7.83 g, 
36.46 mmol) and the mixture was stirred until clear reddish 
brown solution was obtained (approximately 30 min). The 
methyl iodide (2.5 mL, 40.0 mmol) was then added, and after 
4 h the reaction was quenched by the addition of saturated 
NH4Cl and EDTA. Materials were extracted with diethyl 
ether, dried over MgSO4, and concentrated. Puri?cation by 
column chromatography on silica (3—>5% ethyl acetate/hex 
ane gradient) gave an oily (x-methyl ketone 2 (3.72 g, 67%). 

2: 1H NMR (200 MHZ, CDCl3) 6 1.02 (3H, d, 1:6.6 HZ, 
CH3), 1.72 (1H, br t, 1:132 HZ), 2.04 (3H, br m), 2.35 (1H, 
ddd, 1:144, 4.9, 2.9 HZ), 2.69 (2H, m), 4.02 (4H, m, 
O4CH2CH2iO); 13C NMR (50 MHZ, CDCl3) 6 14.48, 
34.82, 38.17, 41.44, 42.92, 64.78, 64.90, 107.55, 212.08; 
HRMS (ESI) exact mass calcd for C9Hl4O3Na (M++Na) 
193.0841, measured 193.0836. 

(b) Reduction of the ketone 2. Cis- and trans-7-Methyl-1, 
4-dioxa-spiro[4.5]decan-8-ols (3). To a solution of ketone (2, 
2.99 g, 17.57 mmol) in anhydrous MeOH (83 mL) was slowly 
added NaBH4 (1.039 g, 27.45 mol) at 0° C. After 10 min 
cooling bath was removed, and stirring was continued at room 
temperature for 1 h. Brine was added and mixture was 
extracted with ethyl acetate, washed with 2N NaOH solution, 
dried over MgSO4, and concentrated. The resulted crude mix 
ture ofthe alcohols 3 (2.87 g, 95%; cis:trans isomer ratio of 
1213.3) was su?iciently pure to be used in the second syn 
thetic step. Separation of the isomers could be achieved by 
column chromatography on silica using hexane/ethyl acetate 
(9: 1) solvent system. 

3 (cis-isomer): 1H NMR (200 MHZ, CDCl3) 6 0.98 (3H, d, 
1:6.8 HZ, CH3), 1.4-1.95 (7H, br m), 3.77 (1H, dd, 1:4.9, 2.4 
HZ, 8-H), 3.94 (4H, br m, O4CH2CH2iO); 13C NMR (50 
MHZ, CDCl3) 6 17.90, 28.50, 30.72, 34.33, 37.03, 64.32, 
69.24, 76.01, 109.23; HRMS (ESI) exact mass calcd for 
C9Hl6O3Na (M++Na) 195.0997, measured 195.1002. 

3 (trans-isomer): 1H NMR (200 MHZ, CDCl3) 6 1.01 (3H, 
d, 1:6.4 HZ, CH3), 1.54-1.97 (7H, br m), 3.19 (1H, dt, 1:4.6, 
9.8 HZ, 8-H), 3.93 (4H, br s, OiCHzCH24O); 13C NMR (50 
MHZ, CDCl3) 6 18.49, 29.86, 32.41, 33.41, 37.42, 41.53, 
64.48, 75.40, 108.54; HRMS (ESI) exact mass calcd for 
C9Hl6O3Na (M++Na) 195.0997, measured 195.0999. 

(c) Protection of hydroxy group in 3. trans-7-Methyl-8 
pivaloyloxy-1,4-dioxa-spiro[4.5]decane (4). Pivaloyl chlo 
ride (2.06 mL, 16.74 mmol) was slowly added to a solution of 
isomeric alcohols 3 (2.86 g, 16.65 mmol; cis:trans 1:133) in 
anhydrous pyridine (30 mL), and the mixture was stirred at 
60° C. for 3 h. Heating bath was removed and the mixture was 
allowed to cool to the room temperature. A solution of HCl 
(5%) was then added, and the mixture was extracted with 
ethyl acetate, washed with saturated NaHCO3, dried over 
MgSO4, and concentrated. Column chromatography on silica 
using hexane/ethyl acetate (97:3) gave the ester 4 (3.95 g, 
97%); further elution with hexane/ethyl acetate (8:2) pro 
vided the unreacted alcohol 3 (cis-isomer, 128 mg). 

4: 1H NMR (200 MHZ, CDCl3) 6 0.90 (3H, d, 1:6.6 HZ, 
CH3), 1.19 (9H, s, t-Bu), 1.43 (1H,brt, 1:129 HZ), 1.52-1.98 
(6H, br m), 3.94 (4H, br s, OiCHzCH24O), 4.41 (1H, dt, 
1:4.9, 10.3 HZ, 8-H); 13C NMR (50 MHZ, CDCl3) A 18.29, 
27.33, 28.31, 32.91, 34.63, 39.01, 41.41, 64.51, 64.59, 76.53, 
108.23, 178.38; HRMS (ESI) exact mass calcd for 
C14H24O4Na (M++Na) 279.1572, measured 279.1564. 
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(d) Deprotection of a carbonyl group in the ketal 4. trans 
3-Methyl-4-pivaloyloxy-cyclohexanone (5). To a solution of 
acetal 4 (120 mg, 467.8 umol) in methylene chloride (13.7 
mL) was added FeCl3><6HZO (653 mg, 2.42 mol) at room 
temperature. The resulting yellowish suspension was stirred 
for 1.5 h and quenched by the addition of water. The aqueous 
layer was extracted with methylene chloride, the combined 
organic layers were dried over MgSO4 and concentrated. The 
residue was applied on a silica Sep-Pak cartridge and eluted 
with hexane/ethyl acetate (98:2) to give ketone 5 (84 mg, 
96%) as a colorless oil. 

5: 1H NMR (200 MHZ, CDCl3) 6 1.0 (3H, d, 1:6.34 HZ, 
CH3), 1.23 (9H, s, t-Bu), 1.85 (1H, br m), 2.1-2.6 (6H, br m), 
4.84 (1H, dt, 1:3.7, 7.8 HZ, 8-H); 13C NMR (50 MHZ, CDCl3) 
6 18.40, 27.30, 28.63, 36.79, 38.12, 39.06, 45.79, 73.82, 
178.02, 209.57; HRMS (ESI) exact mass calcd for 
C12H20O3Na (M++Na) 235.1310, measured 235.1313. 

(e) (x-Hydroxylation of the ketone 5. To a stirred solution of 
ketone 5 (551 mg, 2.59 mmol) and L-proline (143.6 mg, 1.25 
mmol) in chloroform (5 mL) a solution of nitrosobenzene 
(485 mg, 4.53 mmol) in chloroform (10 mL) was slowly 
added by a syringe pump at 4° C. over 24 h. Then the mixture 
was stirred at room temperature for additional 2 h. Reaction 
was quenched by the addition of brine and it was extracted 
with ethyl acetate, dried over MgSO4 and concentrated. Col 
umn chromatography on silica using hexane/ethyl acetate 
(9: 1) gave isomeric (x-hydroxy ketones (in the elution order): 
6c, 6b and 6a (34.5:30.1 :35.4; 380 mg, 64%). The compounds 
were approx. 90% pure (as judged by NMR) and they were 
used for the next synthetic steps without further puri?cation. 

(2R,4R,5R)-2-Hydroxy-5-methyl-4-pivaloyloxy-cyclo 
hexanone (6a): 1H NMR (400 MHZ, CDC13) 6 0.97 (3H, d, 
1:7.3 HZ, CH3), 1.25 (9H, s, t-Bu), 1.89 (1H, ddd, 1:144, 
11.8, 2.6 HZ, 30t-H), 2.32 (1H, br d, 1:137 HZ, one of 6-H), 
2.54 (2H, m, 3[3- and 56-H), 2.86 (1H, dd, 1:137, 6.0 HZ, one 
of 6-H), 3.53 (1H, br s, OH), 4.41 (1H, dd, 1:118, 7.3 HZ, 
2[3-H), 5.00 (1H, br s, 40t-H); 13C NMR (125 MHZ, CDCl3) 6 
17.5, 27.15, 34.97, 35.79, 36.36, 41.17, 71.84, 72.56, 177.65, 
209.13; HRMS (ESI) exact mass calcd for C12H20O4Na 
(M++Na) 251.1260, measured 251.1264. 

(2R,4S,5S)-2-Hydroxy-5-methyl-4-pivaloyloxy-cyclo 
hexanone (6b): 1H NMR (400 MHZ, CDCl3) 6 1.03 (3H, d, 
1:6.4 HZ, CH3), 1.28 (9H, s, t-Bu), 1.56 (1H, q, J~12 HZ, 
30t-H), 2.07 (1H, brm, 50t-H), 2.23 (1H, brt, J~14 HZ, 6[3-H), 
2.57 (1H, dd, 1:142, 4.3 HZ, 60t-H), 2.66 (1H, ddd, 1:118, 
6.9, 4.0 HZ, 3[3-H), 3.45 (1H, br s, OH), 4.22 (1H, dd, 1:127, 
6.9 HZ, 2[3-H), 4.88 (1H, dt, J~4, 11 HZ, 4B-H); 13C NMR 
(125 MHZ, CDCl3) 6 18.20, 27.05, 38.37, 38.83, 39.36, 
43.18, 72.12, 72.37, 177.78, 208.51; HRMS (ESI) exact mass 
calcd for C12H20O4Na (M++Na) 251.1260, measured 
251.1261. 

(2R,3R,4S)-2-Hydroxy-3-methyl-4-pivaloyloxy-cyclo 
hexanone (6c): 1H NMR (400 MHZ, CDCl3) 6 0.85 (3H, d, 
1:7.2 HZ, CH3), 1.26 (9H, s, t-Bu), 2.09 (2H, m), 2.45 (1H, br 
dd, 1:142, 4.6 HZ), 2.62 (1H, brm), 2.75 (1H, m), 3.51 (1H, 
br s, OH), 4.61 (1H, d, 1:6.3 HZ, 2[3-H), 5.07 (1H, narr m, 
40t-H); 13C NMR (125 MHZ, CDCl3) 6 11.10, 26.41, 27.14, 
34.54, 38.96, 42.45, 72.85, 74.30, 177.37, 210.65; HRMS 
(ESI) exact mass calcd for ClZHZOO4Na (M++Na) 251.1260, 
measured 251.1263. 

(f) Protection of hydroxy group in 6c. (2R,3R,4S)-2-[(tert 
Butyldiphenylsilyl)oxy]-3-methyl-4-pivaloyloxy-cyclohex 
anone (7). t-BDPSCl (113 ML, 489 mmol) was added to a 
solution of (x-hydroxy ketone 6c (75 mg, 329 umol) and silver 
nitrate (170 mg, 1 mmol) in anhydrous DMF (1.6 mL) under 
argon at room temperature; white precipitate formed imme 
diately. Reaction was stirred for 30 h and then it was quenched 
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12 
by the addition of water. The mixture was extracted with 
hexane, dried over MgSO4, and concentrated. Puri?cation by 
column chromatography on silica (1%—>4% diethyl ether in 
hexane) gave protected (x-hydroxy ketone 7 (112 mg, 73%). 

7: [0t]20D-118° (c 2.17, CHCl3); 1H NMR (500 MHZ, 
CDCl3) 6 1.00 (3H, d, 1:6.0 HZ, CH3), 1.03 (9H, s, Si-t-Bu), 
1.11 (9H, s, t-Bu), 1.91 (1H, m), 2.03 (1H, m), 2.29 (2H, m), 
2.41 (1H, m), 4.51 (1H, d, 1:5.0 HZ, 2[3-H), 4.97 (1H, narr m, 
40t-H), 7.37 (6H, m, AriH), 7.66 (4H, m,AriH); 13C NMR 
(125 MHZ, CDCl3) 6 11.94, 19.52, 25.05, 27.02, 35.75, 
38.78, 43.97, 73.14, 76.48, 127.56, 127.72, 129.77, 129.87, 
133.18, 133.43, 135.74, 135.96, 177.32, 207.85; HRMS 
(ESI) exact mass calcd for C28H3SO4SiNa (M++Na) 489. 
489.2437, measured 489.2439. 

(g) Wittig methylenation of the ketone 7. (2R,3R,4S)-2 
[(tert-Butyldiphenyl silyl)oxy] -3 -methyl -1 -methylene-4 -piv 
aloyloxy-cyclohexane (8). To methyltriphenylphosphonium 
bromide (60 mg, 168 umol) in anhydrous THF (0.7 mL) at 0° 
C. was added dropwise n-BuLi (1.6 M in hexanes; 212 ML, 
338.6 umol). After 15 min another portion of phosphonium 
salt (60 mg, 168 umol) was added, and the solution was stirred 
at 0° C. for 10 min, and at room temperature for 20 min. The 
orange-red mixture was then cooled to —78° C. and siphoned 
to the precooled (—78° C.) solution of the ketone 7 (79 mg, 
169 umol) in anhydrous THF (250 uL). The reaction mixture 
was stirred at —78° C. for3 h and then at room temperature for 
1 h. The mixture was poured into brine and extracted with 
hexane. The organic layer was dried over MgSO4 and evapo 
rated to give an orange oily residue which was applied on a 
silica Sep-Pak cartridge. Elution with hexane/diethyl ether 
(98:2) gave pure ole?nic compound 8 (62 mg, 79%) as a 
colorless oil. 

8: [0t]20D-132° (c 3.13, CHCl3); 1H NMR (400 MHZ, 
CDCl3) 6 0.87 (3H, d, 1:7.7 HZ, CH3), 1.05 (9H, s, Si-t-Bu), 
1.09 (9H, s, t-Bu), 1.48 (1H, m), 1.82 (2H, m), 2.09 (1H, ddd, 
1:133, 9.7, 4.7 HZ, 6[3-H), 2.34 (1H, dt, 1:133, 5.5 HZ, 
60t-H), 4.41 (1H, d, 1:3.4 HZ, 2[3-H), 4.79 and 4.89 (1H and 
1H, each s, :CHZ), 4.86 (1H, narr m, 4[3-H), 7.36 (6H, m, 
AriH), 7.65 (4H, m, AriH); 13C NMR (100 MHZ, CDCl3) 
6 11.84, 19.55, 27.06, 27.13, 28.59, 29.08, 38.70, 41.89, 
74.41, 74.48, 108.79, 127.35, 127.48, 129.48, 129.60, 
133.85, 134.14, 135.91, 147.01, 177.56; HRMS (ESI) exact 
mass calcd for C29H4OO3SiNa (M++Na) 487.2645, measured 
487.2651. 

(h) Reduction of the ester 8. (1S,2R,3R)-3-[(tert-Butyl 
diphenylsilyl)oxy] -2 -methyl-4-methylene-cyclohexanol (9). 
Diisobutylaluminium hydride (1.0 M in toluene; 2.14 mL, 
2.14 mmol) was slowly added to a stirred solution of ester 8 
(280 mg, 603 umol) in toluene:methylene chloride (2:1, 16 
mL) at —78° C. under argon. Stirring was continued at —78° C. 
for 1 h and at —40° C. for 30 min. The mixture was quenched 
by the addition of potassium-sodium tartrate (2N, 4 mL), 
aqueous HCl (2N, 4 mL) and H20 (4 mL), and extracted with 
ethyl acetate. The organic phase was washed with brine, dried 
over MgSO4 and evaporated. The residue was puri?ed by 
column chromatography on silica using hexane/ethyl acetate 
(9:1) gave alcohol 9 (223 mg, 97%). 

9: [a]2OD-145° (c 3.3, CHCl3); 1H NMR (200 MHZ, 
CDCl3) 6 0.89 (3H, d, 1:7.0 HZ, CH3), 1.07 (9H, s, Si-t-Bu), 
1.44 (2H, m), 1.91 (1H, m), 2.17 (1H, ddd, 1:132, 6.8, 4.6 
HZ, 56-H), 2.41 (1H, ddd, 1:132, 8.8, 4.6 HZ, 50t-H), 3.83 
(1H, dt, 1:3.6, 7.6 HZ, lot-H), 4.32 (1H, d, 1:3.4 HZ, 3[3-H), 
4.69 (2H, s, :CHZ), 7.38 (6H, m, AriH), 7.66 (4H, m, 
AriH); 13C NMR (50 MHZ, CDCl3) 6 13.22, 19.74, 27.37, 
29.13, 33.49, 45.74, 72.10, 76.19, 109.09, 127.54, 127.64, 
129.73, 129.79, 134.06, 134.57, 136.25, 136.30, 148.33; 
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HRMS (ESI) exact mass calcd for C24H3202SiNa (M++Na) 
403.2070, measured 403.2059. 

(i) Oxidation of the cyclohexanol 9. (2S,3R)-3-[(tert-Bu 
tyldiphenylsilyl)oxy] -2 -methyl-4 -methylene-cyclohexanone 
(10). To a stirred solution ofalcohol 9 (198 mg, 1.04 mmol) in 
anhydrous methylene chloride (6 mL) was added Dess-Mar 
tin periodinane (265 mg, 625 umol) at room temperature 
under argon. Stirring was continued for 1 h and saturated 
NaHCO3 was slowly added. The mixture was extracted with 
methylene chloride, dried over MgSO4 and concentrated. The 
residue was applied on a silica Sep-Pak cartridge and eluted 
with hexane/diethyl ether (98:2) to afford ketone 10 (195 mg, 
95%) as a colorless oil. 

10: [0t]20D-50° (c 3.0, CHCl3); 1H NMR (200 MHZ, 
CDCl3) 6 0.94 (3H, d, 1:6.8 HZ, CH3), 1.04 (9H, s, Si-t-Bu), 
2.25-2.57 (4H, m), 2.83 (1H, m), 4.37 (1H, d, 1:3.0 HZ, 
3[3-H), 4.76 and 4.82 (1H and 1H, each br s, :CH2), 7.36 
(6H, m, AriH), 7.61 (4H, m, AriH); 13C NMR (50 MHZ, 
CDCl3) 611.23, 19.51, 27.05, 29.42, 40.64, 52.02, 79.37, 
111.34, 127.40, 127.52, 129.71, 129.74, 133.21, 133.53, 
136.02, 136.17, 210.74; HRMS (ESI) exact mass calcd for 
C24H3002SiNa (M++Na) 401.1913, measured 401.1914. 

(j) Conversion of the ketone 10 into hydroxyalkyne 11. 
(1R,2S, 3R)-3-[(tert-Butyldiphenylsilyl)oxy]-2-methyl-4 
methylene-1-[(trimethylsilanyl)ethynyl]cyclohexanol (1 1). 
A solution of n-BuLi (1.6 M in hexanes, 334.6 uL, 535.3 
umol) was added dropwise to a solution of trimethylsily 
lacetylene (78 uL, 551 umol) in anhydrous THF (2 mL) under 
argon at 0° C. The solution was stirred for 30 min and cooled 
to —78° C., then precooled (—78° C.) solution of ketone 10 
(162 mg, 427.9 umol) in dry THF (2 mL) was slowly added. 
After 15 min the mixture was warmed to 00 C., and stirred for 
additional 30 min. Reaction was quenched by the addition of 
water, extracted with ether, dried over MgSO4, and concen 
trated. The resulting product was applied on a silica Sep-Pak 
cartridge and eluted with hexane/ ethyl acetate (98:2) to afford 
alcohol 11 (203 mg, 99%) as a colorless oil. 

11: [a]2OD-239° (c 1.53, CHCl3); 1H NMR (200 MHZ, 
CDCl3) 6 0.09 (9H, s, 3><SiCH3), 1.08 (9H, s, Si-t-Bu), 1.14 
(3H, d, 1:7.2 HZ, CH3), 1.74 (2H, m), 2.10 (2H, m), 2.61 (1H, 
m), 3.90 (1H, OH), 4.27 (1H, d, 1:2.2 HZ, 3[3-H), 4.52 and 
4.65 (1H and 1H, each s, :CH2), 7.37 (6H, m, AriH), 7.64 
(4H, m, AriH); 13C NMR (50 MHZ, CDCl3) 6-0.11, 15.02, 
19.41, 27.11, 29.85, 36.71, 45.62, 71.12, 80.14, 108.75, 
110.41, 127.35, 127.61, 129.76, 129.88, 132.9, 133.11, 
136.12, 146.49; HRMS (ESI) exact mass calcd for 
C29H4002Si2Na (M++Na) 499.2465, measured 499.2457. 

(k) Dehydration of the alcohol 11. (3 S)-3-[(tert-Butyl 
diphenylsilyl)oxy] -2 -methyl-4 -methylene-1 - [ (trimethylsi 
lyl)ethynyl]-cyclohexene (12a) and (5R,6R)-5-[(tert-butyl 
diphenylsilyl)oxy] -6 -methyl-4 -methylene-1 - 
[(trimethylsilyl)ethynyl]-cyclohexene (12b). To the solution 
of alcohol 11 (80 mg, 167.8 umol) in anhydrous carbon tet 
rachloride (1.8 mL) at room temperature under argon was 
added solution of [0t,(x-bis(tri?uoromethyl)benzenemetha 
nolato]diphenylsulfur (167 mg, 248 umol) in anhydrous car 
bon tetrachloride (3 mL). Reaction was stirred for 6 h and 
during this time dehydrating reagent was added twice (in ca. 
50 mg portions). Water was added, and the mixture was 
extracted with methylene chloride, dried over Na2SO4 and 
concentrated. The resulting product was applied on a silica 
Sep-Pak cartridge and eluted with hexane/diethyl ether (98 :2) 
to afford the oily isomeric dienynes 12a and 12b (62 mg, 81%; 
12a: 12b isomer ratio of 1:2). 

1H NMR (500 MHZ, CDCl3, selected signals); 12a: 6 0.18 
(1H, s, 3><SiCH3), 1.83 (1H, s, CH3), 4.14 (0.33H, s, 3[3-H), 
4.35 and 4.65 (0.33H and 0.33H, each s, :CHZ); 12b: 6 0.14 
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(2H, s, 3><SiCH3), 1.05 (2H, d, 1:7.0 HZ, CH3), 4.47 (0.67H, 
d, 1:5.0 HZ, 56-H), 4.92 and 5.23 (0.67H and 0.67H, each s, 
:CH2), 5.88 (0.67H, t, 1:3.5 HZ, 2-H); HRMS (ESI) exact 
mass calcd for C29H380Si2Na (M++Na) 481.2359, measured 
481.2361. 

(1) Removal of TMS group from 12. (3S)-3-[(tert-Butyl 
diphenylsilyl)oxy] -1 -ethynyl-2 -methyl-4-methylene-cyclo 
hexane (13). Anhydrous potassium carbonate (134 mg, 970 
umol) was added to the stirred solution of protected mixture 
ofenynes 12a and 12b (61.5 mg, 134.3 umol; ratio of1:2) in 
anhydrous THF/MeOH (1:1, 6 mL) at room temperature 
under argon. The stirring was continued for 19 h, then water 
and saturated NH4Cl were added, the mixture was extracted 
with hexane, dried over MgSO4 and concentrated. The resi 
due was applied on a silica Sep-Pak cartridge and eluted with 
hexane. Further puri?cation by HPLC (9.4 mm><25 cm Zor 
bax-Sil column, 4 mL/min) using hexane gave the enyne 13 
(10.5 mg, 60% from 12a) collected at RV22 mL. 

13: 1H NMR (400 MHZ, CDCl3) 6 1.03 (9H, s, Si-t-Bu), 
1.83 (3H, s, CH3), 2.17 (2H, m), 2.38 (1H, m), 2.60 (1H, m), 
3.09 (1H, s, ECH), 4.14 (1H, s, 3[3-H), 4.38 and 4.67 (1H and 
1H, each s, :CH2), 7.37 (6H, m, AriH), 7.66 (4H, m, 
AriH); 13C NMR (100 MHZ, CDCl3) 6 19.49, 19.77, 27.03, 
32.45, 73.59, 80.57, 83.65 110.95, 116.94, 127.30, 127.46, 
129.57, 133.55, 134.07, 136.07, 136.26, 143.67, 146.46; 
HRMS (ESI) exact mass calcd for C26H3OOSiNa (M++Na) 
409.1946, measured 409.1953 

(m) Coupling of dienyne 13 with the tri?ate 14 (SCHEME 
ll). 3-Desoxy-10t-[(tert-butyldiphenylsilyl)oxy]-2-methyl 
ene-25-[(triethylsilyl)oxy]-9,10-secocholesta-5(10),8-dien 
6-yne (15). To a solution ofacetylene 13 (10mg, 26 umol) and 
tri?ate 14 (10.6 mg, 20 umol) in anhydrous DMF (200 uL) 
were added Cul (574 pg, 3.0 umol), (PPh3)2Pd(OAc)2 (430 
pg, 0.57 umol) and EtZNH (200 uL) at room temperature 
under argon. After 30 min the mixture turned deep reddish 
brown. Water was added and the mixture was extracted with 
hexane, dried over MgSO4 and concentrated. The resulting 
product was applied on a silica Sep-Pak cartridge and eluted 
with hexane to afford trienyne 15 (11.5 mg, 74%). 

1H NMR (500 MHZ, CDCl3; vitamin D numbering) 6 0.56 
(6H, q, 1:7.7 HZ, 3><SiCH2), 0.70 (3H, s, 18-H3), 0.94 (9H, t, 
1:7.7 HZ, 3><SiCH2CH3), 1.02 (9H, s, Si-t-Bu), 1.19 (6H, s, 
26- and 27-H3), 1.81 (3H, s, 19-H3), 4.15 (1H, s, 1[3-H), 4.36 
and 4.65 (1H and 1H, each s, :CHZ), 5.95 (1H, narrm, 9-H), 
7.38 (6H, m, AriH), 7.67 (4H, m, AriH); HRMS (ESI) 
exact mass calcd for C50H7402Si2Na (M++Na) 786.5125, 
measured 786.5107. 

(n) Hydrogenation of the trienyne 15 and thermal reaction 
of previtamin D compound 16. 3-Desoxy-10t-[(tert-butyl 
diphenylsilyl)oxy] -2 -methylene-25 - [(triethylsilyl)oxy] -vita 
min D3 (17). To a solution of the trienyne 15 (11 mg, 14.7 
umol) in hexane (1.4 mL) and quinoline (2.5 uL) was added 
Lindlar catalyst (34 mg). Mixture was stirred at room tem 
perature under a positive pressure of hydrogen for 30 minutes, 
then it was applied on a silica Sep-Pak cartridge and eluted 
with hexane/ether (99.7:0.3) to yield previtamin D product 16 
(9 mg, 80%). Silylated previtamin was then dissolved in 
anhydrous hexane (4.5 mL) and stirred at 65° C. for 5 h and at 
40° C. overnight under argon. Solvent was evaporated and 
residue was puri?ed by HPLC (9.4 mm><25 cm Zorbax-Sil 
column, 4 mL/min) using hexane/ethyl acetate (99:1) solvent 
system. Pure protected vitamin 17 (8.7 mg, 96%) was eluted 
at RV 16.3 mL. 

1H NMR (500 MHZ, CDCl3) 6 0.506 (3H, s, 18-H3), 0.568 
(6H, q, 1:7.7 HZ, 3><SiCH2), 0.951 (9H, t, 1:7.7 HZ, 
3xSiCH2CH3), 1.101 (9H, s, Si-t-Bu), 1.194 (6H, s, 26- and 
27-H3), 2.82 (1H, br d, 1:12 HZ, 9[3-H), 4.54 (1H, s, 1[3-H), 
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5.13, 4.81 and 4.68 (1H, 2H and 1H, each s, 2x:CH2), 6.30 
and 5.99 (1H and 1H, each d, J:1l.1 HZ, 7- and 6-H), 7.38 
(6H, m, AriH), 7.67 (4H, m, AriH); HRMS (ESl) exact 
mass calcd for C50H7602Si2Na (M++Na) 787.5281, mea 
sured 787.5276. 

(0) Deprotection of hydroxyls in the vitamin D compound 
17. 3-Desoxy-10t,25-dihydroxy-2-methylene-vitamin D3 
(18). To a solution of protected vitamin 17 (8.7 mg) in THE 
(0.7 mL) was added tetrabutylammonium ?uoride (1.0 M in 
THE; 546 uL, 546 umol) at room temperature under argon. 
The stirring was continued for 18 h, brine was added and the 
mixture was extracted with ethyl acetate. The organic extracts 
were dried over MgSO4 and evaporated. The residue was 
puri?ed by HPLC (9.4 mm><25 cm Zorbax-Sil column, 4 
mL/min) using hexane/2-propanol (97:3) solvent system; 
vitamin 18 (1.554 mg, 33%) was collected at RV 25 mL. 
Analytical sample of the vitamin was obtained after HPLC 
(9.4 mm><25 cm Zorbax Eclipse XDB-C18 column, 4 
mL/min) using methanol/water (93:7) solvent system (RV42 
mL). 

18: UV (EtOH) km“ 268.5 nm; 1H NMR (400 MHZ, 
CDCl3) 6 0.550 (3H, s, 18-H3), 0.938 (3H, d, 1:6.5 HZ, 
21-H3), 1.218 (6H, s, 26- and 27-H3), 2.23 (1H, m), 2, 33 (2H, 
m), 2.55 (1H, m), 2.83 (1H, br d, J~13 HZ, 9B-H), 4.56 (1H, 
d, 1:4.6 HZ, 16-H), 4.84, 4.96, 5.02 and 5.37 (each 1H, each 
s, 2x:CH2), 6.06 and 6.37 (1H and 1H, each d, 1:1 1.1 HZ, 7 
and 6-H); HRMS (ESl) exact mass calcd for C28H44O2Na 
(M++Na) 435.3239, measured 435.3243. 

Example ll 

Preparation of (20S)-3-desoxy-10t,25-dihydroxy-2 
methylene-vitamin D3 (24) 

(a) Conversion of the Grundmann ketone 19 to the enol 
tri?ate 20 (SCHEME Ill). (20S)-25-[(Triethylsilyl)oxy]-8 
tri?uoromethanesulfonyloxy-des-A,B-cholest-8-ene (20). A 
solution of the ketone 19 (28.5 mg, 72.19 umol) in anhydrous 
THE (350 uL) was slowly added to the solution of LDA (2.0 
M in THF/heptane/ethylbenZene; 40 uL, 80 umol) in dry THE 
(100 uL) at —780 C. under argon. Then a solution of N-phe 
nyltri?imide (28.3 mg, 79.27 umol) in dry THE (100 uL) was 
added. After 2 h cooling bath was removed and reaction 
mixture was allowed to warm up to room temperature. Stir 
ring was continued for 30 min and water was added. The 
mixture was extracted with hexane, dried over MgSO4 and 
concentrated. The residue was applied on a silica Sep-Pak 
cartridge and eluted with hexane to afford the enol tri?ate 20 
(17.2 mg, 82% considering recovered substrate) and unre 
acted ketone 19 (12 mg). 

20: [0t]20D-5.3° (c 0.86 CHCl3); lHNMR (200 MHZ, 
CDCl3) 6 0.564 (6H, q, 1:8 HZ, 3><SiCH2), 0.762 (3H, s, 
18-H3), 0.855 (3H, d, 1:6.4 HZ, 21-H3), 0.944 (9H, t, 1:7.6 
HZ, 3><SiCH2CH3), 1.18 (6H, s, 26- and 27-H3), 1.789 (1H, 
m), 1.97 (2H, n6, 2.30 (2H, m), 2.48 (1H, m), 5.66 (1H, dd, 
1:6.8, 3.4 HZ, 9-H); 13C NMR (50 MHZ, CDCl3) 6 6.98, 7.30, 
11.68, 18.74, 20.83, 21.54, 24.07, 28.43, 30.02, 30.11, 35.01, 
35.68, 35.94, 45.62, 50.36, 54.03, 73.54, 116.18, 150.16; 
HRMS (ESl) exact mass calcd for C25H45F3O4SSiNa (M++ 
Na) 549.2658, measured 549.2637. 

(h) Coupling of dienyne 13 with the tri?ate 20. (20S)-3 
Desoxy-10t-[(tert-butyldiphenylsilyl)oxy]-2-methylene-25 
[(triethylsilyl)oxy]-9,10-secocholesta-5(10),8-dien-6-yne 
(21). To a solution of dienyne 13 (19 mg, 49.1 umol) and 
tri?ate 20 (12 mg, 22.77 umol) in anhydrous DMF (390 uL) 
were added Cul (1.039 pg, 5.45 umol), (PPh3)2Pd(OAc)2 
(817 pg, 1.09 umol) and Et2NH (382 uL) at room temperature 
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under argon. After 30 min the mixture turned deep reddish 
brown. Water was added and the mixture was extracted with 
hexane, dried over MgSO4 and concentrated. The resulting 
product was applied on a silica Sep-Pak cartridge and eluted 
with hexane to afford trienyne 21 (10 mg, 58%). 

15: 1H NMR (500 MHZ, CDCl3; vitamin D numbering) 6 
0.559 (6H, q, 1:7.7 HZ, 3><SiCH2), 0.698 (3H, s, 18-H3), 
0.943 (9H, t, 1:7.8 HZ, 3><SiCH2CH3), 1.023 (9H, s, Si-t-Bu), 
1.187 (6H, s, 26- and 27-H3), 1.808(3H, s, 19-H3), 4.15 (1H, 
s, 1[3-H), 4.36 and4.65 (1H and 1H, each s, :CHZ), 5.95 (1H, 
narrm, 9-H), 7.39 (6H,AriH), 7.69 (4H, m, AriH); HRMS 
(ESl) exact mass calcd for C50H7402Si2Na (M++Na) 
785.5125, measured 785.5143. 

(i) Hydrogenation of the trienyne 21 and thermal reaction 
of previtamin D compound 22. (20S)-3-Desoxy-10t-[(tert 
butyldiphenylsilyl)oxy]-2-methylene-25-[(triethylsilyl) 
oxy]-vitamin D3 (23). To a solution of the trienyne 21 (10 mg, 
13 umol) in hexane (1.3 mL) and quinoline (2.2 uL) was 
added Lindlar catalyst (31 mg) and the mixture was stirred at 
room temperature under a positive pressure of hydrogen. 
After 30 min the mixture was applied on a silica Sep-Pak 
cartridge and eluted with hexane/ether (99:1) to give the 
silylated previtamin 23 (9 mg, 80%). The previtamin was then 
dissolved in anhydrous hexane (4.5 mL) and stirred at 65° C. 
for 5 h and at 40° C. overnight under argon. Solvent was 
evaporated and residue was applied on a silica Sep-Pak car 
tridge and eluted with hexane to give protected vitamin 23 
(6.4 mg, 64%). 

23: 1H NMR (500 MHZ, CDCl3) 6 0.503 (3H, s, 18-H3), 
0.563 (6H, q, 1:7.7 HZ, 3><SiCH2), 0.856 (3H, d, 1:6.5 HZ, 
21-H3), 0.930 (9H, t, 1:7.7 HZ, 3><SiCH2CH3), 1.025 (9H, s, 
Si-t-Bu), 1.188 (6H, s, 26- and 27-H3), 2.82 (1H, br d, 1:12 
HZ, 9B-H), 4.54 (1H, s, 1[3-H), 5.13, 4.81 and 4.68 (1H, 2H 
and 1H, each s, 2x:CH2), 6.30 and 5.99 (1H and 1H, each d, 
J:1l.1 HZ, 7- and 6-H), 7.38 (6H, m, AriH), 7.67 (4H, m, 
AriH); HRMS (ESl) exact mass calcd for C50H7602Si2Na 
(M++Na) 787.5281, measured 787.5279. 

(j) Deprotection of hydroxyls in the vitamin D compound 
23. (20S)-3 -Desoxy-10t,25 -dihydroxy-2-methylene-vitamin 
D3 (24). To a solution of protected vitamin 23 (6.4 mg, 8.36 
umol) in THE (0.5 mL) was added tetrabutylammonium ?uo 
ride (1.0 Min THE; 400 uL, 400 umol) at room temperature 
under argon. The stirring was continued for 18 h, brine was 
added and the mixture was extracted with ethyl acetate. The 
organic extracts were dried over MgSO4 and evaporated. The 
residue was puri?ed by HPLC (9.4 mm><25 cm Zorbax-Sil 
column, 4 mL/min) using hexane/2-propanol (97:3) solvent 
system; vitamin 24 (1.95 mg, 56%) was collected at RV 36 
mL. Analytical sample of the vitamin was obtained after 
reversed-phase HPLC (9.4 mm><25 cm Zorbax Eclipse XDB 
C18 column, 4 mL/min) using methanol/water (91 :9) solvent 
system (RV 56 mL). 

24: UV (EtOH) km“ 266.8 nm; 1H NMR (500 MHZ, 
CDCl3) 6 0.549 (3H, s, 18-H3), 0.851 (3H, d, 1:6.5 HZ, 
21-H3), 1.215 (6H, s, 26- and 27-H3), 1.75 (1H, d, 1:6.0 HZ, 
OH), 1.85 (1H, m), 1.98 (2H, m), 2.23 (1H, ddd, 1:189, 14.0, 
7.5HZ, 4B-H), 2.33 (2H, m), 2.57 (1H, dt, 1:5.5, 12.4 HZ), 
2.83 (1H, br d, 1:125 HZ, 9B-H), 4.55 (1H, d, 1:6.0 HZ, 
1[3-H), 4.84, 4.96, and 5.37 (2H, 1H and 1H, eachnarrt, 1:1.5 
HZ, 2x:CH2), 5.02 (1H, s, :CH2), 6.06 and 6.36 (1H and 
1H, each d, 1:110 HZ, 7- and 6-H); HRMS (ESl) exact mass 
calcd for C28H44O2Na (M++Na) 435.3239, measured 
435.3243. 
SCHEME 1, SCHEME II and SCHEME III are set forth 

below. 






















