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(57) ABSTRACT 

This invention provides a novel class of vitamin D com 
pounds, namely, 13-ethyl and 13-vinyl-18,19-dinor-vitamin 
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D derivatives, as Well as a general method for their chemical 
synthesis. The compounds have the formula: 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroXy-protecting group, R6 is selected from the group 
consisting of an ethyl or vinyl radical, and Where the group 
R represents any of the typical side chains knoWn for 
vitamin D type compounds. These 18-substituted com 
pounds are characterized by minimal intestinal calcium 
transport activity and minimal bone calcium mobilization 
activity resulting in novel therapeutic agents for the treat 
ment of secondary hyperparathyroidism. These compounds 
also exhibit pronounced activity in arresting the proliferation 
of undifferentiated cells and inducing their differentiation to 
the monocyte thus evidencing use as anti-cancer agents and 
for the treatment of diseases such as psoriasis. 

MOLAR CONCENTRATION 



Patent Application Publication Dec. 13, 2001 Sheet 1 0f 2 US 2001/0051617 A1 

FIG. 1 
6000* 

DMP’S 
BOUND 300° _ 

2000 — 

1000 — 

0 | I 1 I 

ETOH 1XlO-10 1X10-9 1X10—8 1X10-7 

MOLAR CONCENTRATION 

- - - A -- - 13e’chyl-18,19dinor-1O<,25—(OH)2D3 



Patent Application Publication Dec. 13, 2001 Sheet 2 0f 2 US 2001/0051617 A1 

FIG. 2 
100 - 

75 

PERCENT 
DIFFERENTIATION 

50 

I l I | 

1X10-10 1X10-9 1X10-8 1X10-7 1X10-6 

MOLAR CONCENTRATION 



US 2001/0051617 A1 

18-SUBSTITUTED-19-NOR-VITAMIN D 
COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

STATEMENT REGARDING FEDERALLY 
SPONSERED RESEARCH OR DEVELOPMENT 

BACKGROUND OF THE INVENTION 

[0001] This patent invention relates to vitamin D com 
pounds, and more particularly to vitamin D derivatives 
substituted at the carbon 18 position. 

[0002] Vitamin D is essential for life in higher animals. It 
is one of the important regulators of calcium and phosphorus 
and is required for proper development and maintenance of 
bone. HoWever, during the past decade, the spectrum of 
activities promoted by 1,25—(OH)2D3 has been found to 
extend far beyond a role in calcium homeostasis. In addition 
to its action on the intestine, bone, kidney, and parathyroid 
glands to control serum calcium, this hormone has been 
shoWn to have important cell differentiating activity. Ostrem 
et al, Proc. Natl. Acad. Sci. USA, 84, 2610 (1987). Recep 
tors for this hormone have been identi?ed in several different 
target cells that respond to 1,25—(OH)2D3 With a diverse 
range of biological action. These neWly discovered activities 
have suggested other therapeutic applications of 1,25— 
(OH)2D3 including hyperparathyroidism, psoriasis, cancer, 
and immune regulation. 

[0003] Secondary hyperparathyroidism is a universal 
complication in patients With chronic renal failure. Because 
of its ability to suppress parathyroid hormone (PTH), 1,25— 
(OH)2D3 has been used With success in the treatment of 
secondary hyperparathyroidism, Slatopolsky, et al, “Marked 
Suppression of Secondary Hyperparathroidism by Intrave 
nous Administration of 1,25-dihydroxycholecalciferol in 
Uremic Patients”, J. Clin. Invest. 7412136-2143, 1984. Its 
use is often precluded, hoWever, by the development of 
hypercalcemia resulting from its potent action on intestinal 
absorption and bone mineral mobiliZation. 

[0004] From the clinical point of vieW, one of the most 
dif?cult biochemical alterations to correct in hemodialysis 
patients is hyperphosphatemia. Patients on dialysis usually 
ingest approximately 1.0 to 1.4 grams of phosphorus per 
day. Since the maximum amount of phosphorus that is 
removed during each dialysis approximates 800 to 1,000 
mg, Hou et al, “Calcium and Phosphorus Fluxes During 
Hemodialysis With LoW Calcium Dialysate”, Am. J. Kidney 
Dis. 181217-224, 1991, the remaining 2.5 to 3.5 grams of 
phosphorus ingested per Week must be removed by other 
means. Thus, the use of phosphate binders such as calcium 
carbonate and calcium acetate are usually utiliZed to correct 
the hyperphosphatemia, Emmett et al, “Calcium Acetate 
Control of Serum Phosphorus in Hemodialysis Patients”, 
Am. J. Kidney Dis. 241544-550, 1991; Schaefer et al, “The 
Treatment of Uraemic Hyperphosphataemia With Calcium 
Acetate and Calcium Carbonate: A Comparative Study”, 
Nephrol Dial Transplant 61170-175, 1991; DelmeZ et al, 
“Calcium Acetate as a Phosphorus Binder in Hemodialysis 
Patients”, J. Am. Soc. Nephrol 3196-102, 1992. Unfortu 
nately, 1,25—(OH)2D3 not only increases the absorption of 
calcium but also of phosphorus, making hyperphosphatemia 
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more difficult to be treated. Thus, the hyperphosphatemia 
induced in part by the action of 1,25—(OH)2D3 requires a 
further addition of calcium carbonate or calcium acetate, 
Whch can greatly increase the levels of serum ioniZed 
calcium. The high calcium-phosphate product that the 
patient may develop imposes a tremendous risk for the 
development of hypercalcemia and metastatic calci?cations, 
Arora et al, “Calci?c Cardiomyopathy in Advanced Renal 
Failure”, Arch. Inter. Med. 13351603-605 1975; Rostand et 
al, “Myocardial Calci?cation and Cardiac Dysfunction in 
Chronic Renal Failure”, Am. J. Med. 851651-657, 1988; 
Gipstein et al, “Calci?cation and Cardiac Dysfunction in 
Chronic Renal Failure”, Am. J. Med. 851651-657, 19881 
Gipstein et al, “Calciphylaxis in Man A Syndrome of Tissue 
Necrosis and Vascular Calci?cations in 11 Patients With 
Chronic Renal Faiure”, Arch. Intern. Med. 13611273-1280, 
176; Milliner et al, “Soft Tissue Calci?cation in Pediatric 
Patients With End-stage Renal Disease”, Kidney Int. 381931 
936, 1990. Therefore, the treatment demands a decrease in 
the amount of 1,25—(OH)2D3 administered to the patient 
thus decreasing the effectiveness of 1,25—(OH)2D3 therapy 
for controlling PTH secretion. Thus, an analog of 1,25 
(OH)2D3 that can suppress PTH With minor effects on 
calcium and phosphate metabolism Would be an ideal tool 
for the control of secondary hyperparathyroidism, and the 
treatment of renal osteodystrophy. 

[0005] Many structural analogs of 1,25—(OH)2D3 have 
been prepared and tested, including 1ot-hydroxyvitamin D3, 
1ot-hydroxyvitamin D2, various side chain homologated D3 
and D2 vitamins and ?uorinated D3 and D2 analogs. Some of 
these compounds exhibit an interesting separation of activi 
ties in cell differentiation and calcium regulation. This 
difference in activity may be useful in the treatment of a 
variety of diseases as renal osteodystrophy, vitamin D-re 
sistant rickets, osteoporosis, psoriasis, and certain malignan 
c1es. 

[0006] Several analogs of 1,25—(OH)2D3 modi?ed at the 
carbon 18 position are described in Nilsson et al, “Synthesis 
and Biological Evaluation of 18-Substituted Analogs of 
1ot,25-Dihydroxyvitamin D3”, Bioorganic and Medicinal 
Chemistry Letters, Vol. 3, No. 9, pp. 1855-1858, 1993, and 
their in vitro biological behavior reported. 18-hydroxylated 
analogs are disclosed in Valles et al, “FunctionaliZation of 
Vitamin D Metabolites at C-18 and Application to the 
Synthesis of 10t,18,25-Trihydroxyvitamin D3 and 18,25 
Dihydroxyvitamin D3”, Tetrahedron Letters, Vol. 33, No. 11, 
pp. 1503-1506, 1992. 18-acetoxy analogs are described in 
Maynard et al, “18-Substituted Derivatives of Vitamin D1 
18-Acetoxy-1ot,25-Dihydroxyvitamin D3 and Related Ana 
logues,” J. Org. Chem., Vol. 57, No. 11, pp. 3214-3217, 1 
992, and are reported to be nearly devoid of in vivo 
biological activity. 

[0007] Another class of vitamin D analogs, ie the so 
called 19-nor-vitamin D compounds, are characteriZed by 
the replacement of the A-ring exocyclic methylene group 
(carbon 19), typical of the vitamin D system, by tWo 
hydrogen atoms. Biological testing of such 19-nor-analogs 
(e.g., 1ot,25-dihydroxy-19-nor-vitamin D3) revealed a selec 
tive activity pro?le With high potency in inducing cellular 
differentiation, and very loW intestinal calcemic transport 
activity as Well as very loW bone calcium mobiliZing activ 
ity. Thus, these 19-nor compounds are potentially useful as 
therapeutic agents for the treatment of malignancies, (see 
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US. Pat. No. 5,587,497) or the treatment of various skin 
disorders (see U.S. Pat. No. 5,578,587) as Well as for the 
treatment of hyperphosphatemia (see US. Pat. No. 5,597, 
815), and hyperparathyroidism (see US. Pat. No. 5,246, 
925). 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., Tetrahe 
dron Lett. 32, 7663 (1991), and DeLuca et al., U.S. Pat. No. 
5,086,191). 
[0008] Recently, 2-substituted analogs of 1ot,25-dihy 
droxy-19-nor-vitamin D3 have also been synthesiZed, i.e. 
compounds substituted at 2-position With hydroxy or alkoxy 
groups (DeLuca et al, US. Pat. No. 5,536,713). These 
compounds exhibit interesting and selective activity pro?les 
making them useful for the treatment of osteoporosis. 

SUMMARY OF THE INVENTION 

[0009] Aseries of lot-hydroxylated vitamin D compounds 
not knoWn heretofore are the 19-nor-vitamin D analogs 
having a methyl or methylene group at the 18-position, i.e. 
13-ethyl-18,19-dinor-vitamin D compounds and 13-vinyl 
18,19-dinor-vitamin D compounds, particularly 13-ethyl-18, 
19-dinor-1ot,25-dihydroxyvitamin D3 and 13-vinyl-18,19 
dinor-1ot,25-dihydroxyvitamin D3. 
[0010] Structurally these novel analogs are characteriZed 
by the general formula I shoWn beloW: 

[0011] Where Y1 and Y2, Which may be tie same or 
different, are each selected from the group consisting of 
hydrogen and a hydroxy-protecting group, R6 is selected 
from the group consisting of an ethyl or vinyl radical, and 
Where the group R represents any of the typical side chains 
knoWn for vitamin D type compounds. 

[0012] The above novel compounds exhibit a desired, and 
highly advantageous, pattern of biological activity. These 
compounds are characteriZed by little, if any, intestinal 
calcium transport activity and little, if any, intestinal phos 
phorus absorption activity, as compared to that of 10.,25 
dihydroxyvitamin D3, as Well as little, if any, bone calcium 
mobiliZing activity, as compared to 1ot,25-dihydroxyvitamin 
D3. At the same time these compounds have the ability to 
suppress parathyroid hormone (PTH). Hence, these com 
pounds are highly speci?c in their biological activity. Their 
preferential activity on supressing PTH and minimal intes 
tinal calcium transport and bone calcium mobiliZation 
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activities alloWs the in vivo administration of these com 
pounds for the treatment of secondary hyperparathroidism 
and renal osteodystrophy. Because of their minimal intesti 
nal phosphorus absorption activity, these compounds Would 
be preferred therapeutic agents for the treatment of hyper 
phosphatemia in kidney disorder patients. The treatment 
may be transdermal, oral or parenteral. The compounds may 
be present in a composition in an amount from about 0.1 
pig/gm to about 50 pig/gm of the composition, and may be 
administered in dosages of from about 0.1 pig/day to about 
50 pig/day. 

[0013] The compounds of the invention are also especially 
suited for treatment and prophylaxis of human disorders 
Which are characteriZed by an imbalance in the immune 
system, eg in autoimmune diseases, including multiple 
sclerosis, diabetes mellitus, host versus graft reaction, and 
rejection of transplants; and additionally for the treatment of 
in?ammatory diseases, such as rheumatoid arthritis and 
asthma, as Well as the improvement of bone fracture healing 
and improved bone grafts. Acne, alopecia, skin conditions 
such as dry skin (lack of dermal hydration), undue skin 
slackness (insuf?cient skin ?rmness), insufficient sebum 
secretion and Wrinkles, and hypertension are other condi 
tions Which may be treated With the compounds of the 
invention. 

[0014] The above compounds are also characteriZed by 
having high cell differentiation activity. Thus, these com 
pounds also provide therapeutic agents for the treatment of 
psoriasis, or as an anti-cancer agent, especially against 
leukemia, colon cancer, breast cancer and prostate cancer. 
The compounds may be present in a composition to treat 
psoriasis in an amount from about 0.01 pig/gm to about 100 
pig/gm of the composition, and may be administered topi 
cally, transdermally, orally or parenterally in dosages of 
from about 0.01 pig/day to about 100 pig/day. 

[0015] This invention also provides novel intermediate 
compounds formed during the synthesis of the end products. 
Structurally, these novel intermediates have the general 
formula II shoWn beloW: 

[0016] Where R represents any of the typical side chains 
knoWn for vitamin D type compounds, and X is an acyl 
group, preferrably CH3CO—. 

[0017] This invention also provides a novel synthesis for 
the production of the end products of structure I. 

[0018] This invention also provides a novel ef?cient syn 
thesis for hydroxylated Windaus Grundmann ketone (8) 
through four steps from compound (1a) (see Scheme I). 
Hydroxylated Windaus Grundmann ketone (8) is an impor 
tant fragment for the synthesis of 25-hydroxy vitamin D3. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a graph illustrating the relative activity of 
13-ethyl-18,19-dinor-lot,25-dihydroxyvitamin D3, 13-vi 
nyl-18,19-dinor-lot,25-dihydroxyvitamin D3, 19-nor-1ot,25 
dihydroXyvitamin D3 and lot,25-dihydroxyvitamin D3 to 
compete for binding of [3H]-1,25-(OH)2-D3 to the vitamin 
D pig intestinal nuclear receptor; and 

[0020] FIG. 2 is a graph illustrating the percent HL-60 cell 
differentiation as a function of the concentration of 13-ethyl 
18,19-dinor-lot,25-dihydroxyvitamin D3, 13-vinyl-18,19 
dinor-lot,25-dihydroxyvitamin D3, 19-nor-1ot,25-dihydroX 
yvitamin D3 and lot,25-dihydroxyvitamin D3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Aseries of lot-hydroxylated vitamin D compounds 
comprising 19-nor-vitamin D analogs having a methyl or 
methylene group at the 18-position, i.e. 13-ethyl-18,19 
dinor-vitamin D compounds and 13-vinyl-18,19-dinor-vita 
min D compounds, particularly 13-ethyl-18,19-dinor-1ot,25 
dihydroXyvitamin D3 and 13-vinyl-18,19-dinor-1ot,25 
dihydroXyvitamin D3. 
[0022] Structurally these novel analogs are characterized 
by the general formula I shoWn beloW: 

[0023] Where Y1 and Y2, Which may be the same or 
different, are each selected from the group consisting of 
hydrogen and a hydroXy-protecting group, R6 is selected 
from the group consisting of an ethyl or vinyl radical, and 
Where the group R represents any of the typical side chains 
knoWn for vitamin D type compounds. 

[0024] More speci?cally R can represent a saturated or 
unsaturated hydrocarbon radical of 1 to 35 carbons, that may 
be straight-chain, branched or cyclic and that may contain 
one or more additional substituents, such as hydroXy- or 

protected-hydroXy groups, ?uoro, carbonyl, ester, epoXy, 
amino or other heteroatomic groups. Preferred side chains of 
this type are represented by the structure beloW 

“Ly/Z 
N 

[0025] Where the stereochemical center (corresponding to 
C-20 in steroid numbering) may have the R or S con?gu 
ration, (i.e. either the natural con?guration about carbon 20 
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or the 20-epi con?guration), and Where Z is selected from Y, 
—OY, —CHZOY, —C=CY and —CH=CHY, Where the 
double bond may have the cis or trans geometry, and Where 
Y is selected from hydrogen, methyl, —CORS and a radical 
of the structure: 

[0026] Where m and n, independently, represent the inte 
gers from 0 to 5, Where R1 is selected from hydrogen, 
deuterium, hydroXy, protected hydroXy, ?uoro, tri?uorom 
ethyl, and C1_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?uoromethyl and CL5 alkyl, Which may 
be straight-chain or branched, and optionally, bear a hydroXy 
or protected-hydroXy substituent, and Where R1 and R2, 
taken together, represent an OX0 group, or an alkylidene 

group, =CR2R3, or the group —(CH2)p—, Where p is an 
integer from 2 to 5, and Where R3 and R4, taken together, 
represent an OX0 group, or the group —(CH2)q—, Where q 
is an integer from 2 to 5, and Where R5 represents hydrogen, 
hydroXy, protected hydroXy, or CL5 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 —CH(CH3)—, —CH(R3)—, or —CH(R2)— at 
positions 20, 22, and 23, respectively, may be replaced by an 
oxygen or sulfur atom. 

[0027] The Wavy line to the substituent at C-20 indicates 
that the carbon 20 may have either the R or S con?guration. 

[0028] Speci?c important examples of side chains With 
natural 20R-con?guration are the structures represented by 
formulas (a), b), (c), (d) and (e) beloW. ie the side chain as 
it occurs in 25-hydroXyvitamin D3 (a); vitamin D3 (b); 
25-hydroXyvitamin D2 (c); vitamin D2 (d); and the C-24 
epimer of 25-hydroXyvitamin D2 (e): 

(b) 

(C) 
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-continued 
(d) 

(e) 

[0029] The preferred compounds are 13-ethyl-18,19-di 
nor-1ot,25-dihydroxyvitamin D3 and 13-vinyl-18,19-dinor 
lot,25-dihydroxyvitamin D3. 

[0030] As used in the description and in the claims, the 
term “hydroxy-protecting group” signi?es any group com 
monly used for the temporary protection of hydroxy func 
tions, such as for example, alkoxycarbonyl, acyl, alkylsilyl 
or alkylarylsilyl groups (hereinafter referred to simply as 
“silyl” groups), and alkoxyalkyl groups. Alkoxycarbonyl 
protecting groups are alkyl—O—CO— groupings such as 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, iso 
propoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert 
butoxycarbonyl, benZyloxycarbonyl or allyloxycarbonyl. 
The term “acyl” signi?es a group of the type Q CO—, Where 
Q represents hydrogen or a hydrocarbon radical of from 1 to 
18 carbons that may be straight chain, cyclic, branched, 
saturated or unsaturated. Thus, for example, the hydrocar 
bon radical Q may be a straight chain or branched alkyl 
group, or a straight chain or branched alkenyl group With 
one or more double bonds, or it may be an optionally 
substituted cycloalkyl or cycloalkenyl group, or an aromatic 
group, such as substituted or unsubstituted phenyl, benZyl or 
naphthyl. Especially preferred acyl groups are alkanoyl or 
alkenoyl groups, of Which some typical examples are 
formyl, acetyl, propanoyl, hexanoyl, isobutyryl, 2-butenoyl, 
palmitoyl or oleoyl. The Word “alkyl” as used in the descrip 
tion or the claims, denotes a straight-chain or branched alkyl 
radical of 1 to 10 carbons, in all its isomeric forms. Alkoxy 
alkyl protecting groups are groupings such as methoxym 
ethyl, ethoxymethyl, methoxyethoxymethyl, or tetrahydro 
furanyl and tetrahydropyranyl. Preferred silyl-protecting 
groups are trimethylsilyl, triethylsilyl, t-butyidimethylsilyl, 
dibutylmethylsilyl, diphenylmethylsilyl, phenyidimethylsi 
lyl, diphenyl-t-butylsilyl and analogous alkylated silyl radi 
cals. The term “aryl” speci?es a phenyl-, or an alkyl-, nitro 
or halo-substituted phenyl group. 

[0031] A “protected hydroxy” group is a hydroxy group 
derivatiZed or protected by any of the above groups com 
monly used for the temporary or permanent protection of 
hydroxy functions, eg 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. 

[0032] It should be noted in this description that the term 
“24-homo” refers to the addition of one methylene group 
and the term “24-dihomo” refers to the addition of tWo 
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methylene groups at the carbon 24 position in the side chain. 
Likewise, the term “trihomo” refers to the addition of three 
methylene groups. Also, the term “26,27-dimethyl” refers to 
the addition of a methyl group at the carbon 26 and 27 
positions so that for example R3 and R4 are ethyl groups. 
Likewise, the term “26,27-diethyl” refers to the addition of 
an ethyl group at the 26 and 27 positions so that R3 and R4 
are propyl groups. 

[0033] In the folloWing lists of compounds, the particular 
group attached at the carbon 13 position should be added to 
the nomenclature. For example, if a vinyl group is attached, 
the term “13-vinyl” should preceed each of the named 
compounds. If an ethyl group is attached, the term “13 
ethyl” should preceed each of the named compounds. In 
addition, if the methyl group attached at the carbon 20 
position is in its epi or unnatural con?guration, the term 
“20(5)” or “20-epi” should be included in each of the 
folloWing named compounds. The named compounds could 
also be of the vitamin D2 or D4 type if desired. 

[0034] Speci?c and preferred examples of the 13-alkyl 
compounds of structure I When the side chain is unsaturated 
are: 

[0035] 18,19-dinor-24-homo-1,25-dihydroxy-22-de 
hydrovitamin D3; 

[0036] 18,19-dinor-24-dihomo-1,25-dihydroxy-22 
dehydrovitamin D3; 

[0037] 18,19-dinor-24-trihomo-1,25-dihydroxy-22 
dehydrovitamin D3; 

[0038] 18,19-dinor-26,27-dimethyl-24-homo-1,25 
dihydroxy-22-dehydrovitamin D3; 

[0039] 18,19-dinor-26,27-dimethyl-24-dihomo-1,25 
dihydroxy-22-dehydrovitamin D3; 

[0040] 18,19-dinor-26,27-dimethyl-24-trihomo-1, 
25-dihydroxy-22-dehydrovitamin D3; 

[0041] 18,19-dinor-26,27-diethyl-24-homo-1,25-di 
hydroxy-22-dehydrovitamin D3; 

[0042] 18,19-dinor-26,27-diethyl-24-dihomo-1,25 
dihydroxy-22-dehydrovitamin D3; 

[0043] 18,19-dinor-26,27-diethyl-24-trihomo-1,25 
dihydroxy-22-dehydrovitamin D3; 

[0044] 18,19-dinor-26,27-dipropoyl-24-homo-1,25 
dihydroxy-22-dehydrovitamin D3; 

[0045] 18,19-dinor-26,27-dipropyl-24-dihomo-1,25 
dihydroxy-22-dehydrovitamin D3; and 

[0046] 18,19-dinor-26,27-dipropyl-24-trihomo-1,25 
dihydroxy-22-dehydrovitamin D3. 

[0047] Speci?c and preferred examples of the 13-alkyl 
compounds of structure I When the side chain is saturated 
are: 

[0048] 18,19-dinor-24-homo-1,25-dihydroxyvitamin 
D3; 

[0049] 18,19-dinor-24-dihomo-1,25-dihydroxyvita 
min D3; 

[0050] 18,19-dinor-24-trihomo-1,25-dihydroxyvita 
min D3; 
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[0051] 18,19-dinor-26,27-dimethyl-24-homo-1,25 
dihydroxyvitamin D3; 

[0052] 18,19-dinor-26,27-dimethyl-24-dihomo-1,25 
dihydroxyvitamin D3; 

[0053] 18,19-dinor-26,27-dimethyl-24-trihomo-1, 
25-dihydroxyvitamin D3; 

[0054] 18,19-dinor-26,27-diethyl-24-homo-1,25-di 
hydroxyvitamin D3; 

[0055] 18,19-dinor-26,27-diethyl-24-dihomo-1,25 
dihydroxyvitamin D3; 

[0056] 18,19-dinor-26,27-diethyl-24-trihomo-1,25 
dihydroxyvitamin D3; 

[0057] 18,19-dinor-26,27-dipropyl-24-homo-1,25 
dihydroxyvitamin D3; 

[0058] 18,19-dinor-26,27-dipropyl-24-dihomo-1,25 
dihydroxyvitamin D3; and 

[0059] 18,19-dinor-26,27-dipropyl-24-trihomo-1,25 
dihydroxyvitamin D3. 

[0060] Speci?c and preferred examples of the 13-alkyl 
compounds of structure I When the side chain is shortened 
are: 

[0061] 18,1 9-dinor-24-nor- 1 ,25-dihydroxyvitamin 
D3; 

[0062] 18,1 9-dinor-23,24-nor- 1,25 -dihydroxyvita 
min D3; 

[0063] 18,19-dinor-10t-hydroxy-bishomopregnac 
holecalciferol; and 

[0064] 18,19-dinor-10t-hydroxy-homopregnacalcif 
erol. 

[0065] Examples of other side chains (e.g. hydroxyalky 
lated analogs) Within the scope of the present invention can 
be found in Ostrem et al, “Induction of Monocytic Differ 
entiation of HL-60 Cells by 1,25-Dihydroxyvitamin D Ana 
logs,” Jour. Bio. Chem., Vol 262, No. 29, pp. 14164-14171 
(1987), as Well as in Calverley et al, “Vitamin D,” Antitumor 
Steroids, Academic Press: San Diego, pp. 193-270 (1992). 

[0066] The preparation the 13-alkyl-18,19-dinor-vitamin 
D compounds having the structure I can be accomplished as 
folloWs. First of all, and referring to Scheme 1, We prepared 
CD-ring fragments and chose diol (1a) as a starting material 
obtained from oZonolysis of vitamin D2 folloWed by reduc 
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tion With sodium borohydride and then selective tosylation 
of (1a) generated monotosylated (1b). Considering that the 
axial hydroxy group at C8 in compound (1) is quite hindered 
and can Withstand a variety of reaction conditions, even 
Without protection of C8—[3OH, We directly introduced the 
side chain into the compound (1b) With six moles lithium 
salt of 3-methyl-1-butyn-3yl tetrahydropyranyl ether and 
catalytically hydrogenated the acetylenic bond in the side 
chain (2) With 10% Palladium-on-carbon to give compounds 
(2) and (3), respectively in high yield. Oxidation of (3) With 
pyridinium chlorochromate in the presence of sodium 
acetate gave 25-hydroxylated Windaus-Grundmann ketone 
derivative (8) in 56% overall yield from diol (1a) through 4 
steps. 

[0067] With the compound (3) in hand, our attention Was 
next turned to extend one more carbon atom onto C13. 
Taking advantage of an axil 8[3-hydroxy-CD-synthon (3), 
We irradiated a mixture of (3), lead tetracetate, iodine, 
calcium carbonate in cyclohexane and unexpectantly found 
a mixture of diostereoisomers of the hemiacetal acetate (4), 
Which proved to be a faster entry for making 18-substuted 
CD-ring synthons. Thus hydrolysis of (4) With potassium 
carbonate in methanol yield hemiacetals (5), Which Were 
submitted in a Wittig reaction by treatment of methyltriph 
enylphosphonium bromide and potassium tert-butoxide 
affording Catalytic hydrogenation of (6) formed the 
compound As With compound (3), both (6) and (7) Were 
oxidiZed to the C13-vinyl or C13-ethyl-CD-ring synthon (9) 
and (10), respectively. 

[0068] Finally, and referring noW to Scheme 2, the com 
pound 13 (a, b and c) Were achieved by the sequences of the 
Horner-Wittig coupling of the phosphine oxide (14) With the 
ketone (8), (9) or (10) to give the compound 11 (a, b, and c). 
Thereafter, cleavage of the silyl group With tetrabutyl 
ammonium ?uoride gave 12 (a, b, and c) and the removal of 
the alcohol protective group of compound 12 (a, b, and c) 
With p-toluensulfonic acid monhydrate gave compounds 13 
(a, b, and c). 
[0069] Although the above synthesis is speci?c to the 
preparation of the 13-vinyl-18,19-dinor-1ot,25-dihydroxyvi 
tamin D3 and the 13-ethyl-18,19-dinor-1ot,25-dihydroxyvi 
tamin D3, 13-vinyl and 13-ethyl compounds having varying 
side chains may also be prepared by this process. This is 
accomplished by the analogous coupling of phosphine oxide 
(14) With a ketone (9) or (10) having the appropriate side 
chain directly introduced into compound (1b) as described 
above. 

SCHEME 1 
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-continued 

[0071] (j). n-BuLi, 11a, 48.5%, b. 56.73%. c. 69.6% (k) 
[CH3(CH2)3]4NF, 12a, 86.6%; b. 75.8%, c, 88.6%; (I) 
CH3C6H4SO3H—H2O, 13a, 91%, b, 75%, c, 69%. 

EXPERIMENTAL 

[0072] Spectra Were obtained on the following instru 
ments: Ultraviolet (UV) absorption spectra Were taken With 
Perkin-Elmer Lambda 3B UV/VIS spectrophotometer. 
Nuclear magnetic resonance (NMR) spectra Were recorded 
in CDCl3 at 400 or 500 MHZ With Bruker DMX spectrom 
eter and at 200 MHZ With Bruker WP 200SY—PCNMR+ 
Version 1.01. Chemical shifts (6) are reported doWn?eld 
from internal Me4Si (60.00). LoW Mass spectra Were 
recorded at 70 eV on a Kratos MS-50 TC instrument 

equipped With a Kratos DS-55 data system. HRMS Were 
recorded on Kratos MS-80 RFA With DS 55/DS90. Flash 
chromatographic puri?cation Were carried out With ‘Baker’ 
silica gel 40 pm. 

[0073] [1R-[1[3 (R*), 3210., 46, 7a[3]-Octahydro-1-[[2-to 
syloxy]-1-methyl-ethyl]—7a-methyl-1H-indene-4-ol (1b)) To 
the stirred solution of diol (1a) (0.49 g, 2.3 mmol) in dry 
pyridine (10 ml) Was added p-toluenesulfonyl chloride (665 
mg, 3.49 mmol) at 0° C. The reaction mixture Was stirred at 
0° C. overnight. Then ice Was added and the suspension Was 
extracted With ethyl acetate. The extracts Were Washed With 
7% hydrochloric acid, brine and dried over sodiun sulfate. 
After removal of the solvent, the crude Was puri?ed by ?ash 
chromatography (20% EtOAC in hexane) to give the prod 
uct (1b) 0.79 g in 94% yield. m. p. 940 C. 

[0074] [1R-[1[3 (R*), 3210., 46, 7a[3]]-Octahydro-1-[5-[[tet 
rahydro-2H-pyran-2-yl]-oxy]-1,5-dimethyl-3-hexynyl]-7a 
methyl-1H-inden-4-ol To a solution of 3-methyl-1 
butyn-3yl -tetrahydropyranyl ether ( 1.52 g, 9.05 mmol ) in 
anhydrous dioxane (20 ml, distilled from sodium) under 
argon at 5° C. Was added dropWise 1.5 M n-butyllithium in 
hexane (6 ml) over 7 min. The slightly turbid mixture Was 
stirred 0.5 h at 5° C. and 2 h at room temperature. Then 
monotosylate (1b) (0.53 g, 1.45 mmol) in anhydrous diox 
ane (4 ml) Was added sloWly over 5 min into the turbid 
solution. Then it Was re?uxed for 50 h. The cooled pale 

broWn suspension Was poured into the cold 2 ml of 10% 
sodium bicarbonate solution, then extracted With etlylac 
etate. The combined extracts Were Washed With brine, dried 
over sodium sulfate and the solvent evaporated under 
reduced pressure. The residue Was puri?ed by ?ash chro 
matography (15% EtOAC in hexane) to afford the product 
(2) (0.43 g, 82% yield). 1H NMR(200 MHZ,) 6: 0.95 (S, 3H, 
C7a-CH3), 1.05 (d, J=8 HZ, 3H, Cl-CH3 side chain), 1.47, 
1.51 ( S, 6H, CS-CH3 side chain), 3.49, 3.95 (m, 2H, 
—OCH2(THP) ), 4.09 (m, 1H, C4-H), 5.05 (d, J=2 HZ, 
—OCHO—). MS m/Z 362 (M", 16), 347(M+—CH3, 44), 
341 (35), 325 (100), 307(49), 301 (14). 

[0075] [1R-[1[3(R*), 3210., 46, 7a[3]]-Octahydro-1-[5-[[tet 
rahydro-2H-Pyran-2-yl]-oxy]-1,5-dimethyl-hexyl]-7a 
methyl-1H-inden-4-ol Amixture of compound (2) (0.32 
g, 0.88 mmol) in methanol (8 ml), sodium hydrogen car 
bonte (15 mg) and 10% palladium-on-carbon (93 mg) Was 
stirred under one atmosphere of hydrogen at room tempera 
ture until hydrogenation Was complete (48 h). The catalyst 
Was removed by ?ltration and the solvent Was removed 
under reduced pressure. The residue Was puri?ed by ?ash 
chromatography (10% EtOAC in hexane) to afford the 
product (3) (0.27 g, 84% yield). 1H NMR (400 MHZ) 6: 0.9 
(d, J=8 HZ, 3H, Cl-CH3 side chain), 0.93 (S, 3H, C7a-CH3), 
1.19, 1.20 (S, 6H, CS-CH3 side chain), 3.44, 3.95 (m, 2H, 
—OCH2(THP)), 4.07 (m, 1H, C4-H), 4.71 (d, J=8 HZ, 1H, 
—OCHO—). MS: m/Z, 366 (M", 8), 348 (M+—H2O, 13), 
330 (M+*2H2O, 5), 308 (M", 100). 

[0076] [1R-[1[3(R*), 3a[3, 4B, 7a[3,]] Octalhydro-1-[5-[[te 
tralhydro-2H-pyran-2-yl]-oxy]-1,5 -dimethyl hexyl]-7a 
methyl-4H-inden-4-one To the suspension of pyri 
dinium chlorochromate (32.6 mg, 0.15 mmol) and sodium 
acetate (23.9 mg, 0.29 mmol) in anhydrous dichloromethane 
(0.2 ml) Was added the compound (3) (25.7 mg, 0.07 mmol) 
in dichloromethanie (0.4 ml) in one portion at room tem 
perature. The stirred solution became dark broWn. After one 
hour, the reaction Was complete. Then absolute ether Was 
added and the mixture Was ?ltered by suction. The black 
residure Was Washed With ether several times. After removal 
of the solvent, the crude Was puri?ed by ?ash chromatogra 
plh (5% EtOAC in hexane) to give the product (8) (22.2 mg, 
86.85%). 1H NMR (400 MHZ) 6: 0.64 (S, 3H, C7a-CH3), 
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0.955((1. J=4 HZ. 3H, cl-cn3 side chain), 1.19, 1.21 (s, 611, 
cs-cn3 side chain), 344, 3.95 ( m, 2H, _ocH2 (THP) ), 
4.705 (d, J=4 HZ, 1H, —OCHO—). MS: III/Z 364(M", 0.27), 
263(51), 222(7), 151(26), 85(100). 
[0077] Hemiacetal acetates To a stirred mixture of 
compound (3) (86 mg, 0.235 mmol) in 25 ml cyclohexane, 
lead tetraacetate (547 mg, 1.23 mmol), calcium carbonate 
(97 mg, 0.97 mmol), under argon Was added iodine (78 mg, 
0.3 mmol) then the resulting mixture Was re?uxed With 
irradiation (300 Watt) 5 h. After cooling, it Was ?ltered, the 
residue Was Washed by cyclohexane. The combined ?ltrate 
Was Washed by 5% sodium thiosulfate, dried over sodium 
sulfate. After removal of the solvent, the residue Was puri 
?ed by ?ash chromatograhy (10% EtOAC in hexane) to 
obtain a mixture of tWo diosteroisomers (4) (72.4 mg, 73% 
yield). 1H NMR (500 MHZ) 6: 0.903 (d, J=7 HZ, 3H, Cl-CH3 
side chain), 0.949 (d, J=6.5 HZ, 3H, Cl-CH3 side chain), 
1.198 1.203 (S, 12H, CS-side chain), 3.439, 3.955 (m, 4H, 
—OCH2(THP)), 4.241 (d, J=4.5 HZ, C4—H), 4.431 (d, J=5 
HZ, C4-H), 4.696 (S, 2H, —OCHO—), 6.044, 6.083 (S, 2H, 
—OCHOCOCH3). MS: m/Z 363 (1,4), 321(7), 277(13), 261 
(71), 232 (54), 219 (30), 177 (53), 121( 73), 85 (100). 
[0078] Hemiacetals A solution of compound (4) (71.4 
mg, 0.169 mmol) in 0.8% potassium carbonate-methanol (1 
ml) Was stirred at room temperature 3 h. The solvent Was 
removed by rotary evaporation and the residue Was directly 
puri?ed by ?ash chromatogaphy (10% EtOAC in hexane) to 
give hemiacetals (5) (48 mg, 74.66%). 1H NMR (200 MHZ) 
6: 0.95, 1.02 (d, J=6 HZ, 6H, Cl-CH3 side chain), 1.18, 1.20 
( S, 12H, C5-CH3, side chain), 3.44, 3.96( m, 4H, 
—OCH2(THP)), 4.16( d, J=4 HZ, 1H, C4—H), 4.39(d, J=6 
HZ, 1H, C4-H), 4.69 (m, 2H, —OCHO—), 5.25 (d, J=4 HZ, 
-hemiacetal-H), 5.39(d, J=6 HZ, -hemiacetal-H), 9.8(S, 1H, 
—CHO). MS: 362 (M+—H2O, 21), 344 (M+—2H2O, 6), 
334 (11), 316 (84), 304 (89), 296 (81), 279 (30), 261 (47), 
243 (14), 232 (46), 220 (14), 177(23), 161 (17), 148 (33), 
121 (96), 85 (100). 
[0079] [1R-[1[3(R*), 3210., 46, 7a,[3]]-Octahydro-1-[5-[[tet 
rahydro-2H-pyran-2-yl] oxy]-1,5-dimethyl-hexyl]-7a vinyl 
1-H inden-4-ol A mixture of methytriphenylplios 
plionium bromide (144.5 mg, 0.404 mmol) in anhydrous 
THF (4 ml) and potassium tert-butoxide in THF (0.4 ml, 
1.0M) Was re?uxed under argon overnight (14 h) to get deep 
orange suspension. The hemiacetals (5) (48 mg, 0.126 
mmol) in anhydrous THF (2 ml) Was added into the cold 
suspension. Then the mixture Was heated to re?ux until the 
starting material almost disappeared. After removal of the 
solvent by rotary evaporatiion, cold 5% sodium bicarbonate 
(2 ml) Was added. The resulting mixture Was extracted With 
EtOAC. The combined extracts Were dried over sodium 
sulfate, then the solvent Was removed by rotary evaporation. 
The crude pale broWn oil Was puri?ed by ?ash chromotog 
raphy (10% EtOAC in hexane) to afford the product (6) 
(39.7 mg, 83% yield). 1H NMR (500 MZ) 6: 0.819 (d, J=5.5 
HZ, 3H Cl-CH3 side chain), 1.177, 1.193 (S, 6H, CS-CH3 
side chain), 3.43, 3.92( m, 2H, —OCH2( THP) ), 3.94 (m, 
1H, C4—H). 4.695 (d, J=6 HZ, —OCHO—), 5.26, 5.29(dd, 
J=15 HZ, 10 HZ, 2H , C7a—C=CH2), 5.98, 6.01 (d,d J=15 
HZ, 10 HZ, C7a-CH=C). MS: m/Z 378 (M", 63), 363 
(M+-CH3, 42), 302 (30), 276 (36), 259 (63), 233 (19), 202 
(26), 189 (37), 175 (100), 161 (82). 
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1-H-inden-4-ol To a stirred mixture of compound (6) (33 
mg, 0.087 mmol) in methaanol (1.5 ml) and sodium bicar 
bonate (3.91 mg), Was added 10% Palladium-on-carbon 
(11.6 mg). Then it Was stirred under one atmosphere of 
hydrogen at room temperature (48 h). The catalyst Was 
removed by ?lter and Washed With methanol. After removal 
of the solvent, the crude Was purii?ed by ?ash chromatog 
raphy (5% EtOAC in hexane) to obtain the product (7) (25 
mg, 75% yield). 1H NMR (200 MHZ) 6: 0.91 (t, J=8 HZ, 3H, 
C7a-CCH3 ), 0.97 ( d, J=6 HZ, 3H, C1-CH3, side chain), 1.19, 
1.21(S, 6H, CS-CH3 side chain), 2.13 (q, 2H, J=8 HZ, 
C7a-CH2-side chain), 3.44, 3.9 (m, 2H, —OCH2 (THP) ), 4.1 
(m, 1H, C4-H), 4.62(m, 1H, —OCHO—). MS: m/Z 380 (M", 
17), 362 (M+-H2O, 13), 344 (6), 333 (M+-H2O—C2H5, 7), 
321 (26), 304 (36), 294 (34), 278 (M+-C5H8O-H2O, 69), 
261(100), 249 (63). 
[0081] [1R-[1[3(R*), 3210., 46, 7a[3]]-Octahydro-1-[5-[[tet 
rahydro-2H -pyran-2-yl]-oxy]-1,5-dimethyl-hexyl]-7a-vi 
nyl-4H-inden-4-one Pyridiniumn chlorochromate (20.5 
mg, 0.095 mmol) and sodium acetate (17.5 mg, 0.21 mmol) 
Were suspended in anhydrous dichloromethane (0.5 ml), 
then the compound (6) (17.7 mg, 0.0468 mmol) in CH2Cl2 
(0.4 ml) Was added in one portion at room temperature. The 
stirred solution turned to dark broWn. After tWo and a half 
hour, pyridinium chlorochromate (39.6 mg) and sodium 
acetate (30.3 mg) Was added again. Then it Was stirred until 

the oxidation reactiion Was complete and Worked-up as The crude Was puri?ed by ?ash chromatography (6% 

EtOAC in hexane) to give the product (9) (14.8 mg, 84% 
yield). 1H NMR (400 MHZ) 6: 0.95 (d, J=8 HZ, 3H, C1-CH3, 
side chain), 1.18, 1.20 (S, 6H, C5-CH3 side chain), 3.44, 3.94 
(m, 2H, —OCH2(THP)), 4.69 (d, J=4 HZ, 1H, —OCHO—), 
5.04 (d, J=16 HZ, 1H, C7a—C=CH), 5.20 (d, J=12 HZ, 1H, 
C7a—C=CH), 5.48-5.56(m, 1H, C7a—CH=C—). MS: m/Z 
376 (M+35), 359(14), 331 (19), 318 (100). 

[0082] [1R-[1[3(R*), 3210., 46, 7a[3]]-Octahydro-1-[5-[[tet 
rahydro-2H -pyran-yl]-oxy]-1,5-dimethyl-hexyl]—7a-ethyl 
4H-inden-4-one (10). To the stirred suspension of pyri 
dinium chlorochromate (28.5 mg, 0.132 mmol) and sodium 
acetate (22.6 mg, 0.28 mmol) in anhydrous CH2Cl2 (0.2 ml), 
Was added the compound (7) (24 mg, 0.063 mmol) in 
CHZCl2 (0.4 ml) in one portion at room temperation. It 
became dark broWn. After one and a half hour, the reaction 
Was complete, then Worked up as The solvent Was 
removed by rotary evaporation and the crude Was puri?ed by 
?ash chromatography (2.5% EtOAC in hexane) to give the 
product (10) (21 mg, 88% yield). 1H NMR (400 MHZ) 6: 0.9 
(t, J=8 HZ, 3H, C7a-CH3) 1.025.(d, J=4 HZ, 3H, Cl-CH3 side 
chain). 1.19, 1.21 (S, 6H, C5-H side chain), 2.28 (q, J=8 HZ, 
2H, C7a—CH2C—.), 3.44, 3.95(m, J=4 HZ, 2H, 
—OCH2(THP) ), 4.69 (m), 1H, —OCHO—). MS: m/Z 378 
(M", 4), 320 (M", 2.8), 294 (1.4), 277 (24), 247 (26), 85 
(100). 
[0083] 1a, [(tert-butyldimethylsily)-oxy], 25-[(tetrahydro 
2H-pyran-2-yl)-oxy]-19-nor-vitamin D3 tert-butyldimethyl 
silyl ether (11a). To the solution of the phosphine oxide (14) 
(25.6 mg, 0.045 mmol) in annhydrous THF (0.5 ml) Was 
treated dropWise under argon With 1.5 M n-butyllithium in 
hexane (0.04 ml, 0.06 mmol) at —25° C. over 2 min. The 
resulting deep red solution Was stirred for 20 min. Then the 
compound (8) (11 mg, 0.03 mmol) in anhydrotis THF (0.3 
ml) Was added sloWly at —75° C. The stirring Was continued 
at —75° C. for 3 h. then overnight. After the addition of 10% 
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sodium bicarbonate (2 ml) at —40° C., the reaction mixture 
Was allowed to come to room temperature and extracted 

With ethylacelate. The combined organic extracts Were dried 
over sodium sulfate. After removal of the solvent, the crude 
Was puri?ed by ?ash chromatography (2.5% EtOAC in 
hexane) to give the product (11a) (10.5 mg, 48.5% yield) and 
to recover the startinig material (8) (3.5 mg) (7% EtOAC in 
hexaane). 1H NMR (200 MHZ) 0: 0.5 (S, 3H, C18-CH3), 
0.81, 0.83 (S, 18H, —SiC(CH3)3 0.87 ( d, J=6 HZ, C21-CH3), 
1.14, 1.16 (S, 6H, C26)27-CH3), 3.4, 3.9 (m, 2H, —OCH2 
(THP)), 4.03 (m, 2H, C3)5—CHOH), 4.65 (m, 1H, 
—OCHO—), 5.76 (d, J=10 HZ, C7—H), 6.12 (d, J=10 HZ, 
C6—H). MS: m/Z 716 (M", 40), 632 (M+-C5H8O, 100), 614 
(M+-C5H8O-H2O, 77), 590 (15), 500 (47), 476 (18), 446 
(32). 
[0084] 101, [(tert-butyldimethylsily)-oxy], 25-[(tetrahy 
dro-2H-pyran-2-yl)-oxy]-13-vinyl-18,19-dinor-vitamin D3 
tert-butyldimethylsilyl ether (11b). To the solution of phos 
phine oxide (14) (52.7 mg, 0.092 mmol) in anhydrous THF 
(0.3 ml) Was treated dropWise under argon With 1.5M 
n-butyllithium in hexane (0.07 ml, 0.105 mml) at —20° C. 
over 2 min. The resulting deep red solution Was stirred 20 
min. Then the compound (9) (11.2 mg, 0.03 mmol) Was 
added sloWly at —75° C. over 5 min. The stirring Was 
continued at —75° C. 2 h and at —40° C. 6 h. After the 
addition of 10% sodium bicarbonate (1.5 ml) at —40° C., the 
reaction mixture Was alloWed to come to room temperature 
and extracted With EtOAC. The combined ethylacetate Was 
dried over sodium sulfate. After removal of the solvent, the 
crmde Was puri?ed by ?ash chromatography (3% EtOAC in 
hexane) to give the product (11b) (12.3 mg, 56.73% yield). 
UV )t max (CZHSOH): 261.5 nm, 251.6 nm, 243.5 nm. 1H 
NMR (400 MHZ) 0: 0.052, 0.054 (S, 12H, 2Si(CH3)2 0.86, 
0.88 (S, 18H, 2 Si-But), 0.906 (d, J=5.6 HZ, 3H, C21-CH3), 
1.185, 1.200 (S, 6H, C26,27—CH3). 3.449, 3.951(m, 2H, 
—OCH 4.066 (m, J=3.6 HZ, 2H, C3,5—CHOH), 
4.695 (m, 1H, —OCHO—), 5.015 (d, J=18 HZ, 1H 
CH=C—), 5.12 (d, J=1.6HZ, CH=C—). 5.40, 5.444 (dd, 
J=18 HZ, 11.6 HZ, 1H, C=CH—), 5.858 (d, J=11.2HZ, 1H, 
C7—H), 6.12 (d, J=11.2 HZ). MS: m/Z 728 (M", 6.6), 644 
(M+-C5H8O, 64), 626 (M+-C5H8O—H2O, 70), 604 (28), 
587 (5), 569 (15), 547 (6), 512 

[0085] 101, [(tert-butyldimethylsily)-oxy], 25-[(tetrahy 
dro-2H-pyran-2-yl)-oxy]-13-ethyl-18,19-dinor-vitamin 
D3tert-butyldimethylsily ether (11c). To the solution of 
phosphine oxide (14) (6.25 mg, 0.011 mmol) in anhydrous 
THF (0.3 ml) Was treated dropWise under argon With 1.5 M 
n-butyllithium in hexane (0.1 ml, 0.15 mmol) at —20° C. The 
resulting deep red solution Was stirred for 20 min. Then the 
compound (10) (18 mg, 0.048 mmol) in THF (0.3 ml) Was 
added sloWly at —75° C. over 2 min and the stirring Was 
continued at —75° C. 2 h and at 40° C. 2 h. After the addition 
of 10% sodium bicarbonate (3 ml) at —40° C., the reaction 
mixture Was alloWed to come to room temperature and 
extract ed With EtOAC. The combined organic extracts Were 
dried over sodium sulfate. After removal of the solvent, the 
crude Was puri?ed by ?ash chromatography (3% EtOAC in 
hexane) to give the product (11c) (24.2 mg, 69.6%). 1H 
NMR (200 MHZ) 0: 0.75 (t, 3H, C18-CH3), 0.815, 0.824 (S, 
18H, 2SiBut), 0.948 (d, J=6 HZ, 3H, C21-CH3), 1.148, 1.16 
(S, 6H, Can-CH3), 2.75 (q,2H, C18-CH2) 3.4, 3.99 (m, 2H, 
—OCH2 (THP) ), 4.02 (m, 2H, C3)5—CHOH), 4.65 (t, J=4 
HZ, 1H, —OCHO—), 5.76 (d, J=12 HZ, 1H, C7-H), 6.12 (d, 
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[0086] 1ot-hydroxy, 25-[(tetrahydro-2H-pyran-2yl)-oxy] 
19 nor-vitamin D3 (12a). To a solution of compound (11a) 
(9.5 mg, 0.013 mmol) in anhydrous THF (0.4 ml) Was added 
1M solution of tetrabultylamnmonium ?uoride in THF (0.08 
ml). The mixture Was stirred under argon at 48-50° C. 
overnight. After removal of tle solvent, the crude Was 
puri?ed by ?ash chromatography (50% EtOAC in hexane) 
to give the product (12a) (5.6 mg, 86.6% yield). 1H NMR 
(200 MHZ) 6: 0.6 (s, 3H, C18-CH3), 0.925 (d, J=6 HZ, 
C21-CH3 ), 1.20, 1.21 (s, 6H, C26)27—CH3), 3.48, 3.95 (m, 
2H, —OCH2(THP) ), 4.13, 4.17 (m, 2H, c3)5 —CHOH—), 
4.7(m, 1H —OCHO—), 5.86 (d, J=12 HZ, C7—H), 6.33 (d, 
J=12 HZ, c?-H). MS: III/Z 488 (M", 4), 404 (M+-C5H8O, 40), 
386 (M+-C5H8O-H2O, 63), 371 (M+-C5H8O—H2O—CH3, 
9) 275 (19). 

[0087] 1ot-hydroxy, 25-[(tetrahydro-2H-pyran-2yl)-oxy] 
13-vinyl-18,19-dinor -vitamin D3 (12b). To a solution of 
compound (11b) (12.3 mg, 0.017 mmol) in anhydrous THF 
(0.2 ml), Was added 1 M solution of tetrabutylammonium 
?uoride in THF (0.2 ml). The mixture Was stirred overnight 
under argon at 50° C. After removal of the solvent, the crude 
Was puri?ed by ?ash clhromatography (50% EtOAC in 
hexane) to give the product (12b) (6.4 mg, 75.83% yield). 
UV )t max (CZHSOH): 261.1 nm, 251.2 nm. 243.5 nm. 1H 
NMR (200 MHZ) 6: 0.895 (d, J=6 HZ, 3H, C21-CH3), 1.185, 
1.198 (s, 6H, own-CH3), 3.44, 3.95 (m, 2H, 
—OCH2(THP) ), 4.14 (m, 2H, C3)5—CHOH), 4.68 (m, 1H, 
—OCHO—), 4.97-5.17(m, 2H, CH2=C—), 5.36-5.51(m, 
1H, C=CH—), 589(61, J=12 HZ, 1H, C7-H), 6.28 (d, J=12 
HZ, 1H, C6—H). MS: III/Z 500 (M", 6), 4.82 (M+-H2O, 2), 
4.16 (M+-C5H8O, 19), 398 (M+-2H2O—C5H8O, 67), 380 
(M+-3H2O-C5H8O, 14) 
[0088] 1ot-hydroxy, 25-[(tetrahydro-2H-pyran-2yl)-oxy] 
13-ethyl-18,19 dinor-vitamin D3 (12c). To a solution of 
compound (11c) (22.5 mg, 0.031 mmol) in anhydrous THF 
(0.3 ml) Was added 1M solution of tetrabutylammonium 
?uoride in THF (0.2 ml). The mixture Was stirred overnight 
under argon at 50-54° C. Then an additional solution of 
tetrabutyammonium ?uoride (0.1 ml) and 0.2 ml THF Was 
added again. The mixture Was stirred until no starting could 
be detected by t.l.c. After removal of the solvent, the crude 
Was puri?edby ?ash chromatography (50% EtOAC in hex 
ane) to give the product (12c) (13.7 mg, 88.6%). UV )t max 
(CZHSOH): 261.2 nm, 251.2 nm, 242.6 nm. 1H NMR (400 
MHZ) 0: 0.83 (t, J=8 HZ, 3H, C18-CH3), 1.00 8 HZ, 3H, 
C21-CH3), 120, 1.21 (S, 6H, C26)27-CH3), 2.75 (q. 2H, 
C18-CH2) 3.45, 3.95 (m, 2H, —OCH2(THP)), 4.04, 4.12 (m, 
2H, Cls-CHOH), 4.70 (m, 1H, —OCHO—), 5.84 (d, J=12 
HZ, C7—H), 6.32 (d, J=12 HZ, C6—H). MS: m/Z 502 (M", 3), 
418 (M+-C5H8O, 27), 400 (M+-C5H8O -H2O, 50), 371 
(M+-C5H8O-H2O-C2H5-17). 
[0089] 101, 25-dihydroxy-19 nor-vitamin D3 (13a). To the 
solution of compound (12a) (5.6 mg, 0.011 mmol) in metha 
nol (0.1 ml) Was aided p-toluensulfonic acid monohydrate 
(0.5 mg) under argon at 0-5° C. The mixture Was stirred one 
hour. After addition of sodium carbonate (1.6 mg), the 
mixture Was stirred 15 min at 0° C., then concentrated under 
reduced pressure. The crude Was puri?ed by ?ash chroma 
tography (70% EtOAC in hexane) to give the product (13a) 
(4.2 mg, 91%) mp. 158-160° C., [ot]D+72.93 (c=0.25 
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CHCl3 ), UV max (EtOH) 260.2 nm, 250.4 nm, 242.2 nm. 
1H NMR (200 MHZ) a; 0.54 (s, 3H, C18-CH3), 0.93 (d, J=6 
HZ, C21-CH3), 1.21, 1.22 (s, 6H, Chm-CH3), 4.1 (m, 2H, 
ClS-CHOH), 5.83 (d, J=10 HZ, 1H, C7—H), 6.31 (d, J=10 
HZ, 1H, C6—H). MS: III/Z 404 (M", 100), 386 (M+—H2O, 
20), 371 (M+—H2O—CH3, 16), 275 (34). 
[0090] 10., 25-dihydroxy-13-vinyl-18,19-dinor-vitamin 
D3 (13b). To the solution of compound (12b) (6.4 mg, 
0.0128 mmol) in methanol (0.2 ml) Was added p-toluensul 
fonic acid monohydrate (1.2 mg) under argon at 0-5° C. and 
the mixture Was stirred one hour. After addition of sodium 
carbonate (1.1 mg), the mixture Was stirred 15 min at 0° C., 
then concentrated under reduced pressure. The crude Was 
puri?ed by ?ash chromatography (75% EtOAC in hexane) 
to give the product (13b) (4 mg, 75% yield). UV )LIIIZIX 
(CZHSOH): 260.7 nm, 251.4 nm, 242.6 nm. [ot]D-9.64 
(c=0.35, CHC13). 1H NMR (500 MHZ); a; 0.914 (d, J=6 HZ, 
3H, C21-CH3), 1.21(s, 6H, C2627-CH3), 4.045, 4.16 (m, 2H, 
C3)5—CHOH), 5.017 (d, J=17.5 HZ, 1H, CH=C—), 5.153 
(d, J=10 HZ, 1H CH=C—), 5.404-5.462(m, 1H, C=CH—), 
5.896 (d, J=11 HZ, 1H, C7—H), 6.27 (d, J=11 HZ, 1H, 
C6—H). HRMS: m/Z Calc. for C27H44 O3 (M+, 416.3290); 
Found (M+, 416.3321, 14.56), 398.3206(M+-H2O, 14.95), 
365.2974 (M+-2H2O—CH3, 1.695). 362.2892 (M+-3H20, 
1.023). 
[0091] 10., 25-dihydroxy-13-ethyl-18,19-dinor-vitamin 
D3 (13c). To the solution of compound (12 c) (13.4 mg, 
0.027 mmol) in methanol (0.2 ml) Was added p-toluensul 
fonic acid monohydrate (2.4 mg) at 0° C. and the mixture 
Was stirred 75 min under argon. After the reaction Was 
complete, sodium carbonate (1.6 mg) Was added and the 
mixture Was stirred 15 min at 0° C. again. Then tie solvent 
Was removed and the crude Was puri?ed by ?ash chroma 
tography (80% EtOAC in hexane) to give the product (13c) 
(7.7 mg, 69%), mp. 135-137° C., UV )tmax (EtOH), 260.9 
nm, 250.9 nm (Z=33612), 242.4 nm, [(X]D+40.45 (c=0.66, 
CHCl3). 1H NMR (400 MHZ) d: 0.83 (t, J=8 HZ, 3H, 
C18—CH3), 1.01 (d, J=8 HZ, 3H, C21-CH3), 1.22 (S, 6H, 
CNN-CH3), 2.75 (m, J=8 HZ, 2H, C18—CH2), 4.10, 4.14 
(m, J=8 HZ, 2H, C3_5—CHOH), 5.85 (d, J=12 HZ, 1H, 
C7—H), 6.32 (d, J=12 HZ, 1H, C6—H). HRMS: m/Z Calc. 
for C27H46O3 (M+, 418.3447); Found 418.3451 (M", 25.34), 
400.3346 (M+—H2O, 22.64), 382.3249 (M+-2H2O, 2.97), 
367.2968 (M+—2H2O—CH3, 2.56). 

BIOLOGICAL ACTIVITY OF 13-ETHYL AND 

13-VINYL-18,19-DINOR-1,25-(OH)2D3 
COMPOUNDS 

[0092] The introduction of an ethyl or vinyl group to the 
13-position of 18,19-dinor-1,25—(OH)2D3 increases bind 
ing to the porcine intestinal vitamin D receptor as compared 
to the standard 1,25—(OH)2D3 (FIG. 1). In fact, at loW 
concentrations the 13-ethyl and 13-vinyl 18,19-dinor-1ot, 
25-dihydroxyvitamin D3 compounds have approximately 
tWice the binding activity of 1,25—(OH)2D3. It might be 
expected from these results that the 13-ethyl and 13-vinyl 
compounds Would have greater biological activity than 
1ot,25—(OH)2D3. Surprisingly, hoWever, the 13-ethyl and 
13-vinyl substitutions produced analogs With no signi?cant 
change versus control in intestinal calcium transport activity 
or bone calcium mobiliZing activity. When given for 7 days 
in a chronic mode, the compounds tested resulted in little if 
any effects on calcium metabolism (Table 1), and in fact, the 
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activity of these tWo compounds on bone calcium mobili 
Zation (serum calcium) and intestinal calcium transport Was 
minimal and about equal to that of 19-nor-1,25—(OH)2D3. 
These results illustrate that the 13-ethyl and 13-vinyl deriva 
tives of 18,19-dinor-1,25—(OH)2D3 have minor if any 
action on the mobiliZation of calcium from bone or on 
intestinal calcium absorption. 

[0093] The results in FIG. 2 illustrate that the 13-ethyl and 
13-vinyl derivatives of 18,19-dinor-1,25—(OH)2D3 are 
extremely potent in inducing differentiation of HL-60 cells 
to the moncyte. The 13-ethyl and 13-vinyl derivatives of 
18,19-dinor-1ot,25—(OH)2D3 compounds had activity simi 
lar to 1,25—(OH)2D3. These results illustrate the potential 
of the 13-ethyl and 13-vinyl derivatives of 18,19-dinor-1ot, 
25—(OH)2D3 compounds as anti-cancer agents, especially 
against leukemia, colon cancer, breast cancer and prostate 
cancer, or as agents in the treatment of psoriasis. 

[0094] Competitve binding of the analogs to the porcine 
intestinal receptor Was carried out by the method described 
by Dame et al (Biochemistry 25, 4523-4534, 1986). 

[0095] The differentiation of HL-60 promyelocytic into 
monocytes Was determined as described by Ostrem et al (J. 
Biol. Chem. 262, 14164-14171, 1987). 

TABLE 1 

Response of Intestinal Calcium Transport and 
Serum Calcium (Bone Calcium Mobilization) Activity 

to Chronic Doses of 13-Ethyl and 13-Vinyl 
Derivatives of 18 19-Dinor-1 25-(OH) D 

Dose Intestinal Calcium 
(pmol/ Transport Serum Calcium 

Group day/7 days) (S/M) (mg/100 ml) 

Vitamin D De?cient Vehicle 3.34 r 0.33 3.57 r 0.07 

19-Nor-1,25-(OH)2D3 260 4.02 r 0.50 3.83 r 0.20 
13-Ethyl-18,19-Dinor- 260 4.30 r 0.20 4.39 r 0.53 
1,25- 500 4.40 r 0.27 3.99 r 0.33 

<OH>2D3 
13-Vinyl-18,19-Dinor- 260 4.02 r 0.24 3.32 r 0.21 
1,25- 500 4.25 r 0.55 3.52 r 0.12 

<OH>2D3 

[0096] Male Weanling rats Were obtained from Sprague 
DaWley Co. (Indianapolis, Ind.) and fed a 0.47% calcium, 
0.3% phosphorus vitamin D-de?cient diet for 1 Week and 
then given the same diet containing 0.02% calcium, 0.3% 
phosphorus for 3 Weeks. During the last Week they Were 
given the indicated dose of compound by intraperitoneal 
injection in 0.1 ml 95% propylene glycol and 5% ethanol 
each day for 7 days. The control animals received only the 
01ml of 95% propylene glycol, 5% ethanol. TWenty-four 
hours after the last dose, the rats Were sacri?ced and 
intestinal calcium transport Was determined by everted sac 
technique as previously described and serum calcium deter 
mined by atomic absorption spectrometry on a model 3110 
Perkin Elmer instrument (NorWalk, Conn.). There Were 5 
rats per group and the values represent mean :SEM. 

[0097] For treatment purposes, the novel compounds of 
this invention de?ned by formula I may be formulated for 
pharmaceutical applications as a solution in innocuous sol 
vents, or as an emulsion, suspension or dispersion in suitable 
solvents or carriers, or as pills, tablets or capsules, together 
With solid carriers, according to conventional methods 
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known in the art. Any such formulations may also contain 
other pharmaceutically-acceptable and non-toxic eXcipients 
such as stabilizers, anti-oxidants, binders, coloring agents or 
emulsifying or taste-modifying agents. 

[0098] The compounds may be administered orally, topi 
cally, parenterally or transdermally. The compounds are 
advantageously administered by injection or by intravenous 
infusion or suitable sterile solutions, or in the form of liquid 
or solid doses via the alimentary canal, or in the form of 
creams, ointments, patches, or similar vehicles suitable for 
transdermal applications. Doses of from 0.1 pg to 50 pg per 
day of the compounds are appropriate for treatment pur 
poses, such doses being adjusted according to the disease to 
be treated, its severity and the response of the subject as is 
Well understood in the art. Since the neW compounds exhibit 
speci?city of action, each may be suitably administered 
alone, or together With graded doses of another active 
vitamin D compound—e. g. 1ot-hydroXyvitamin D2 or D3, or 
1ot,25-dihydroxyvitamin D3—in situations Where different 
degrees of bone mineral mobiliZation and calcium transport 
stimulation is found to be advantageous. 

[0099] Compositions for use in the above-mentioned treat 
ment of psoriasis and other malignancies comprise an effec 
tive amount of one or more 13-substituted-18,19-dinor 
vitamin D compound as de?ned by the above formula I as 
the active ingredient, and a suitable carrier. An effective 
amount of such compounds for use in accordance With this 
invention is from about 0.01 pg to about 100 pg per gm of 
composition, and may be administered topically, transder 
mally, orally or parenterally in dosages of from about 0.1 
pig/day to about 100 pig/day. 

[0100] The compounds are advantageously administered 
in amounts suf?cient to effect the differentiation of promy 
elocytes to normal macrophages. The formulations of the 
present invention comprise an active ingredient in associa 
tion With a pharmaceutically acceptable carrier therefore and 
optionally other therapeutic ingredients. The carrier must be 
“acceptable” in the sense of being compatible With the other 
ingredients of the formulations and not deleterious to the 
recipient thereof. 

[0101] Formulations of the present invention suitable for 
oral administration may be in the form of discrete units as 
capsules, sachets, tablets or loZenges, each containing a 
predetermined amount of the active ingredient; in the form 
of a poWder or granules; in the form of a solution or a 
suspension in an aqueous liquid or non-aqueous liquid; or in 
the form of an oil-in-Water emulsion or a Water-in-oil 
emulsion. 

[0102] Formulations for rectal administration may be in 
the form of a suppository incorporating the active ingredient 
and carrier such as cocoa butter, or in the form of an enema. 

[0103] Formulations suitable for parenteral administration 
conveniently comprise a sterile oily or aqueous preparation 
of the active ingredient Which is preferably isotonic With the 
blood of the recipient. 

[0104] Formulations suitable for topical administration 
include liquid or semi-liquid preparations such as liniments, 
lotions, applicants, oil-in-Water or Water-in-oil emulsions 
such as creams, ointments or pastes; or solutions or suspen 
sions such as drops; or as sprays. 
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[0105] For asthma treatment, inhalation of poWder, self 
propelling or spray formulations, dispensed With a spray 
can, a nebuliZer or an atomiZer can be used. The formula 
tions, When dispensed, preferably have a particle siZe in the 
range of 10 to 100p. 

[0106] The formulations may conveniently be presented in 
dosage unit form and may be prepared by any of the methods 
Well knoWn in the art of pharmacy. By the term “dosage 
unit” is meant a unitary, ie a single dose Which is capable 
of being administered to a patient as a physically and 
chemically stable unit dose comprising either the active 
ingredient as such or a mixture of it With solid or liquid 
pharmaceutical diluents or carriers. 

We claim: 
1. A compound having the formula: 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroXy-protecting group, R6 is selected from an ethyl or 
vinyl radical, and Where the group R is represented by the 
structure: 

VKW/ Z 
N 

where the stereochemical center at carbon 20 may have the 
R or S con?guration, and Where Z is selected from Y, —OY, 
—CHZOY, —CECY and —CH=CHY, Where the double 
bond may have the cis or trans geometry, and Where Y is 
selected from hydrogen, methyl, —COR5 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 
C1_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 
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from deuterium, deuteroalkyl, hydrogen, ?uoro, tri?uorom 
ethyl and CL5 alkyl, Which may be straight-chain or 
branched, and optionally, bear a hydroXy or protected 
hydroXy substituent, and Where R1 and R2, taken together, 
represent an OX0 group, or an alkylidene group, =CR2R3, or 

the group —(CH2)p—, Where p is an integer from 2 to 5, and 
Where R3 and R4, taken together, represent an OX0 group, or 
the group —(CH2)q—, Where q is an integer from 2 to 5, and 
Where R5 represents hydrogen, hydroXy, protected hydroXy, 
or C1_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 —CH(CH3)—, 
—CH(R3)—, or —CH(R2)— at positions 20, 22, and 23, 
respectively, may be replaced by an oXygen or sulfur atom. 

2. The compound of claim I Where R is a side chain of the 
formula 

11,,” 

3. The compound of claim 1 Wher e R is a side chain of 
the formula 

4. The compound of claim 1 Where R is a side chain of the 
formula 

11],," \ ? 

MH 
5. The compound of claim 1 Where R is a side chain of the 

formula 

6. The compound of claim 1 Where R is a side chain of the 
formula 
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7. The compound of claim 1 Where R is a side chain of the 
formula 

2% 
8. The compound of claim I Where R is a side chain of the 

formula 

3 
9. The compound of claim 1 Where R is a side chain of the 

formula 

10. The compound of claim 1 Where R is a side chain of 
the formula 

11. The compound of claim 1 Where R is a side chain of 
the formula 

12. 13-ethyl-18,19-dinor-1ot,25-dihydroxyvitamin D3. 
13. 13-vinyl-18,19-dinor-1ot,25-dihydroXyvitamin D3. 
14. Apharmaceutical composition containing at least one 

compound as claimed in claim 1 together With a pharma 
ceutically acceptable eXcipient. 

15. The pharmaceutical composition of claim 14 contain 
ing 13-ethyl-18,19-dinor-1ot,25-dihydroxyvitamin D3 in an 
amount from about 0.1 pg to about 50 pg. 

16. The pharmaceutical composition of claim 14 contain 
ing 13-vinyl-18,19-dinor-1ot,25-dihydroXyvitamin D3 in an 
amount from about 0.1 pg to about 50 pg. 

17. A method of treating psoriasis comprising adminis 
tering to a patient With said disease an effective amount of 
a compound having the formula: 
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Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroXy-protecting group, R6 is selected from an ethyl or 
vinyl radical, and Where the group R is represented by the 
structure: 

wLLy/ Z 
N 

where the stereochernical center at carbon 20 may have the 
R or S con?guration, and Where Z is selected from Y, —OY, 
—CHZOY, —CECY and —CH=CHY, Where the double 
bond may have the cis or trans geometry, and Where Y is 
selected from hydrogen, rnethyl, —COR5 and a radical of 
the structure: 

R4 

Where In and n, independently, represent the integers from 0 
to 5, Where R1 is selected from hydrogen, deuteriurn, 
hydroXy, protected hydroXy, ?uoro, tri?uorornethyl, and 
C1_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 deuteriurn, deuteroalkyl, hydrogen, ?uoro, tri?uororn 
ethyl and C1_5 alkyl, Which may be straight-chain or 
branched, and optionally, bear a hydroXy or protected 
hydroXy substituent, and Where R1 and R2, taken together, 
represent an OX0 group, or an alkylidene group, =CR2R3, or 
the group —(CH2)p—, Where p is an integer from 2 to 5, and 
Where R3 and R4, taken together, represent an OX0 group, or 
the group —(CH2)q—, Where q is an integer from 2 to 5, and 
Where R5 represents hydrogen, hydroXy, protected hydroXy, 
or C1_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 —CH(CH3)—, 
—CH(R3)—, or —CH(R2)— at positions 20, 22, and 23, 
respectively, may be replaced by an oXygen or sulfur atom. 

18. The method of claim 17 Wherein the compound is 
13-ethyl-18,19-dinor-1ot,25-dihydroxyvitarnin D3. 

13 
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19. The method of claim 17 Wherein the compound is 
13-vinyl-18,19-dinor-1ot,25-dihydroXyvitarnin D3. 

20. The method of claim 17 Wherein said effective amount 
comprises about 0.01 pig/day to about 100 pig/day of said 
compound. 

21. A method of treating secondary hyperparathyroidisrn 
cornprising supressing parathyroid activity by administering 
to a patient With said disorder an effective amount of a 
compound having the formula: 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroXy-protecting group, R6 is selected from an ethyl or 
vinyl radical, and Where the group R is represented by the 
structure: 

VKW/ Z 
N 

where the stereochernical center at carbon 20 may have the 
R or S con?guration, and Where Z is selected from Y, —OY, 
—CHZOY, —CECY and —CH=CHY, Where the double 
bond may have the cis or trans geometry, and Where Y is 
selected from hydrogen, rnethyl, —COR5 and a radical of 
the structure: 

Where In and n, independently, represent the integers from 0 
to 5, Where R1 is selected from hydrogen, deuteriurn, 
hydroXy, protected hydroXy, ?uoro, tri?uorornethyl, and 
C1_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 deuteriurn, deuteroalkyl, hydrogen, ?uoro, tri?uororn 
ethyl and CL5 alkyl, Which may be straight-chain or 
branched, and optionally, bear a hydroXy or protected 
hydroXy substituent, and Where R1 and R2, taken together, 
represent an OX0 group, or an alkylidene group, =CR2R3, or 
the group —(CH2)p—, Where p is an integer from 2 to 5, and 
Where R3 and R4, taken together, represent an OX0 group, or 
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the group —(CH2)q—, Where q is an integer from 2 to 5, and 
Where R5 represents hydrogen, hydroXy, protected hydroXy, 
or C1_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 —CH(CH3)—, 
—CH(R3)—, or —CH(R2)— at positions 20, 22, and 23, 
respectively, may be replaced by an oXygen or sulfur atom. 

22. The method of claim 21 Wherein the compound is 
13-ethyl-18,19-dinor-1ot,25-dihydroXyvitamin D3. 

23. The method of claim 21 Wherein the compound is 
13-vinyl-18,19-dinor-1ot,25-dihydroXyvitamin D3. 

24. The method of claim 21 Wherein said effective amount 
comprises about 0.1 pig/day to about 50 pig/day of said 
compound. 

25. A method of treating a patient having renal osteod 
ystrophy While avoiding hyperphosphatemia comprising 
administering to a patient With said disease an effective 
amount of a vitamin D compound that has minimal effect on 
blood serum phosphorus of said patient, said vitamin D 
compound having the formula: 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroXy-protecting group, R6 is selected from an ethyl or 
vinyl radical, and Where the group R is represented by the 
structure: 

wLLI/ Z 
N 

where the stereochemical center at carbon 20 may have the 
R or S con?guration, and Where Z is selected from Y, —OY, 
—CHZOY, —CECY and —CH=CHY, Where the double 
bond may have the cis or trans geometry, and Where Y is 
selected from hydrogen, methyl, —COR5 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, 
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hydroXy, protected hydroXy, ?uoro, tri?uoromethyl, and 
C1_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 C1_5 alkyl, Which may be straight-chain or 
branched, and optionally, bear a hydroXy or protected 
hydroXy substituent, and Where R1 and R2, taken together, 
represent an OX0 group, or an alkylidene group, =CR2R3, or 
the group —(CH2)p—, Where p is an integer from 2 to 5, and 
Where R3 and R4, taken together, represent an OX0 group, or 
the group —(CH2)q—, Where q is an integer from 2 to 5, and 
Where R5 represents hydrogen, hydroXy, protected hydroXy, 
or C1_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 —CH(CH3)—, 
—CH(R3)—, or —CH(R2)— at positions 20, 22, and 23, 
respectively, may be replaced by an oXygen or sulfur atom. 

26. The method of claim 25 Wherein the compound is 
13-ethyl-18,19-dinor-1ot,25-dihydroXyvitamin D3. 

27. The method of claim 25 Wherein the compound is 
13-vinyl-18,19-dinor-1ot,25-dihydroXyvitamin D3. 

28. The method of claim 25 Wherein said effective amount 
comprises about 0.1 pig/day to about 50 pig/day of said 
compound. 

29. A method of treating a cancer selected from the group 
consisting of leukemia, breast cancer, colon cancer and 
prostate cancer comprising administering to a patient With 
said cancer an effective amount of a compound having the 

formula, 

Where Y1 and Y2, Which may be the same or different, are 
each selected from the group consisting of hydrogen and a 
hydroXy-protecting group, R6 is selected from an ethyl or 
vinyl radical, and Where the group R is represented by the 
structure: 

VKW/ Z 
N 

where the strohmclcenter at carbon 20 may have the R or S 
con?guration, and Where Z is selected from Y, —OY, 
—CHZOY, —CECY and —CH=CHY, Where the double 
bond may have the cis or trans geometry, and Where Y is 
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selected from hydrogen, methyl, —COR5 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 
C1_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 CL5 alkyl, Which may be straight-chain or 
branched, and optionally, bear a hydroXy or protected 
hydroXy substituent, and Where R1 and R2, taken together, 
represent an OX0 group, or an alkylidene group, =CR2R3, or 
the group —(CH2)p—, Where p is an integer from 2 to 5, and 
Where R3 and R4, taken together, represent an OX0 group, or 
the group —(CH2)q—, Where q is an integer from 2 to 5, and 
Where R5 represents hydrogen, hydroXy, protected hydroXy, 
or C1_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 —CH(CH3)—, 
—CH(R3)—, or —CH(R2)— at positions 20, 22, and 23, 
respectively, may be replaced by an oXygen or sulfur atom. 

30. The method of claim 29 Wherein the compound is 
13-ethyl-18,19-dinor-1ot,25-dihydroxyvitamin D3. 

31. The method of claim 29 Wherein the compound is 
13-vinyl-18,19-dinor-1ot,25-dihydroXyvitamin D3. 

32. The method of claim 29 Wherein said effective amount 
comprises about 0.1 pig/day to about 50 pig/day of said 
compound. 

33. A compound having the formula: 

XO 
R 

Fr 

Where R is as de?ned in claim 1 and X is an acyl group. 
34. The compound of claim 33 Where X is represented by 

QCO— Where Q represents hydrogen or a hydrocarbon 
radical of from 1 to 18 carbons that may be straight chain, 
cyclic, branched, saturated or unsaturated. 

35. The compound of claim 33 Where the acyl group is 
selected from the group consisting of an alkaynoyl group or 
an alkenoyl group. 

36. The compound of claim 33 Where the acyl group is 
CH3CO—. 

37. A method of making a ketone of the formula 

R 

Dec. 13, 2001 

Where R is as de?ned in claim 1 With R5 a protected-hydroXy 
group, Which comprises the steps of tosylating a diol of the 
formula 

HO 

to obtain a tosolyate of the formula 

OTS 

HO 

thereafter converting the tosylate to an acetylenic compound 
having the formula 

HO 

Where Y is as de?ned in claim 1 With R5 a protected-hydroXy 
group, catalytically hydrogenating the acetylenic bond to 
obtain a hydroXylated derivative of the formula 

R 

HO 

Where R is as de?ned in claim 1 With R5 a protected-hydroXy 
group, and oXidiZing the hydroXylated derivative to said 
ketone. 

38. The method of claim 37 Wherein the step of oXidiZing 
takes place With pyridinium chlorochromate in the presence 
of sodium acetate. 

39. The method of claim 37 Wherein the ketone made has 
the fomula 

OTHP. 
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40. The method of claim 37 wherein the acetylenic 41. The method of claim 37 Wherein the hydoXylated 
compound has the formula derivative has the formula 

HO 


