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FIELD OF THE I NVENTION This invention relates to the design, devel ddnitt205
conposi tion and use of novel nolecules able to nodulate the activity of
i norgani c ion receptor. BACKGROUND OF THE | NVENTION Certain cells Iml‘m“ﬂlﬁl
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the functional responses of these cells. One such
specialized celX is the parathyroid cell which secretes
parathyroid hormone (PTH). PTH is the principal endocrine

| factor regulating ca’' homeostasis in the blood and
extracellular fluids.

PTH, by acting on bone and kidney cells, increases
the level of cCa’" in the blood. This increase in [ca?*)

; then acts as a negative feedback signal, depressing PTH
secretion. The reciprocal relationship between [Ca?*]) and
PTH secretion forms the essential mechanism maintaining
bodily ca’* homeostasis. '

Extracellular Ca’" acts directly on parathyroid cells
to regulate PTH secretion. The existence of a parathyroid
cell surface protein which detects changes in [ca?*] has
been confirmed. Brown et al., 366 Nature 574, 1993. 1In
parathyroid cells, this protein acts as a receptor for
extracellular Ca?* ("the calcium receptor"), and detects

: changes in [Ca’]} and to initiate a functional cellular
response, PTH secretion.

Extracellular Ca?* can exert effects on different cell

functions, reviewed in Nemeth et al., 11 Cel) Calcium 319,

1990. The role of extracellular Ca’* in parafollicular (c-
cells) and parathyroid cells is discussed in Nemeth, 11
Cell Calcium 323, 1990. These cells have been shown to

express similar Ca?' receptor. Brown et al., 366 Nature
574, 1993; Mithal et al., 9 Suppl. 1 J. Bone and Mineral
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QQQXEiE@éytes, juxtaglomerular cells, trophoblasts,
pancreatic beta cells and fat/adipose cells all respond to
increases in extracellular calcium which likely reflects
activation of calcium receptors of these cells.

The ability of various compounds to mimic extra-
cellular Ca?* in vitro is discussed by Nemeth et al.,
(spermine and spermidine) in "Calcium-Binding Proteins in
Health and Disease,” 1987, Academic Press, Inc.,
pp. 33-35; Brown et al., (e.qg., neomycin) 128
Endocrinology 3047, 1991; Chen et al., (diltiazem and its
analog, TA-3090) 5 J. Bone and Mineral Res. 581, 1990; and
Zaidi et al., (verapamil) 167 Biochem. Biophys. Res.
Commun. 807, 1990. Nemeth et al., PCT/US93/01642,
International Publication Number WO 94 /18959, and Nemeth
et al., PCT/US92/07175, International Publication Number
WO 93/04373, describe various compounds which can modulate

the effect of an inorganic jion on a cell having an
inorganic ion receptor, preferably modulate the effects of
calcium on a calcium receptor.
The references provided in the background are not
admitted to be prior art.
SUMMARY OF_THE INVENTION
The present invention features molecules which can

modulate one or activities of an inorganic ion receptor.
Preferably, the molecule can mimic or block the effect of
extracellular Ca?* on a calcium receptor. The preferred
use of such molecules is to treat diseases or disorders by
altering inorganic ion receptor activity, preferably
calcium receptor activity.

Extracellular Ca?’’ is under tight homeostatic control
and controls various processes such as blood clotting,
nerve and muscle excitability, and proper bone formation.



Commun. 807, 1990. Neneth et al., PCT/US93/01642, International
Publ i cation Number WO 94/18959, and Neneth et al., PCT/Us92/07175, !1JUL 2006
I nternational Publication Nunber WD 93/04373, describe various conpounds
whi ch can nodul ate the effect of an inorganic ion on a cell having an

I norganic ion receptor, preferably nodulate the effects of calciumon a
calciumreceptor. The references provided in the background are not
admtted to be prior art. SUWARY OF THE | NVENTI ON The present invention
features nol ecul es which can nodul ate one or activities of an inorganic
ion receptor. Preferably, the nolecule can mmc or block the effect of
extracel lul ar Ca2+ on a calciumreceptor. The preferred use of such

nol ecules is to treat diseases or disosders by altering inorganic ion
receptor activity, Ipr eferably calciumreceptor activity. Extracellular
Ca2+ i s undEPICTYRIT SSRGSt BEPEe Bofitengloleaper tin soksiskizedcqilecesses
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Conpounds rrg?iu ating inorganicion receptor activity can be used to treat
di seases or di sdfRNgs meapdatiheg mrganigpienace¢eptdresacefivdryi nor gani ¢
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bone mass and increased rI sk ? inorganic lon receptor
resulting in a beneficial effect to the patient. For
example, osteoporosis is an age related disorder
characterized by loss of bone mass and increased risk of
bone fracture. Compounds blocking osteoclastic bone
resoxption either directly (e.g., a osteoclast ionmimetic
compound) or indirectly by increasing endogenous
calcitonin levels (e.g., a C-cell ionmimetic), and/or by
decreasing parathyroid hormone levels (e.g., a parathyroid
cell iommimetic) cam retard bone loss and, thus, result in
beneficial effects to patients suffering from
osteoporosis.

In addition, it is known that intermittent low dosing
with PTH results in an anabolic effect on bone mass and
appropriate bone remodeling. Thus, compounds and dosing
regiments evoking transient increases in parathyroid
hormone (e.g., intermittent dosing with a parathyroid cell
ionlytic) can increase bone mass in patients suffering
from osteoporosis.

Additionally, diseases or disorders characterized by
a defect in one or more inorganic ion receptor activities
may be treated by the present invention. For example,
certain forms of primary hyperparathyroidism are
characterized by abnormally high levels of parathyroiad
hormone and decreased parathyroid gland responsiveness to
circulating calcium. Calcium receptor modulating agents
can be used to modulate parathyroid cell responsiveness to

calcium.



bone fracture. Conpounds bl ocki ng osteocl astic bone resorption equQszwﬁ
directly (e.g., a osteoclast ionmnetic conpound) or indirectly by

i ncreasi ng endogenous calcitonin levels (e.g., a Ccell ionmnetic),

and/ or by decreasing parathyroid hornmone levels (e.g., a parathyroid cel
lonm netic) can retard bone |oss and, thus, result in beneficial effects
to patients suffering from osteoporosis. In addition, it is known that
intermttent |ow dosing with PTH results in an anabolic effect on bone
mass and appropriate bone renodeling. Thus, conpounds and dosing

regi ments evoking transient increases in parathyroid hornone (e.g.,
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increase or decrease in urinary excretion of calcium; (3)
an abnormal increase or decrease in bone calcium levels,
for example, as assessed by bone mineral density
measurements; (4) an abnormal absorption of dietary
calcium; and (5) an abnormal increase or decrease in the
production and/or release of circulating messengers or
hormones which affect calcium homeostasis such as
parathyroid hormone and calcitonin. The abnormal increase
or decrease in these different aspects of calcium
homeostasis is relative to that occurring in the general
population and is generally associated with a disease or
disorder. i

More generally, a molecule which modulates the
activity of an inorganic ion receptor is useful in the
treatment of diseases characterized by abnormal inorganic
ion homeostasis. Preferably, the molecule modulates one

. or more effects of an inorganic ion receptor. Inorganic
ion receptor modulating agents include ionmimetics,
ionlytics, calcimimetics, and calcilytics.

Ionmimetics are molecules which mimic the effects of
increasing ion concentration at an inorganic ion receptor.
Preferably, the molecule affects one or more calcium
receptor activities. Calcimimetics are ionmimetics which
affect one or more calcium receptor activities and
preferably binds to a calcium receptor.

Ionlytics are molecules which reduce or block one or
more activities caused by an inorganic ion on an inorganie

ion receptor. Preferably, the molecule inhibits one or



i ncrease or decrease in serumcalcium (2) an abnormal increase or 11 JUL 2006
decrease in urinary excretion of calcium (3) an abnormal increase or

. decrease in bone calciumlevels, for exanple, as assessed by bone m neral
density nmeasurenents; (4) an abnormal absorption of dietary calcium and
(5) an abnormal increase or decrease in the production and/or release of
circul ati ng nessengers or hornones which affect cal ci um honeostasi s such
as parathyroid hornone and cal citonin. The abnornal increase or decrease
in these different aspects of calcium honeostasis is relative to that
occurring in the general population and is generally associated with a

di sease or disorder. Mre generally, a nolecule which nodul ates the
activity of an inorganic ion receptor $s useful in the treatnent of
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a human. Considerations concerning forms suitable for

i

administration are known in the art and include toxic
effects, solubility, route of administration, and
maintaining activity.

Thus, a first aspect the invention features an
inorganic ion receptor modulating agent comprising a
molecule which either evokes one or more inorganic ion
receptor activities, or blocks one or more inorganic ion
receptor activity caused by an extracellular inorganic
ion. The molecule has the formula:

CHj
where each X is independently selected from the group

consisting of isopropyl, CH,0, CH,S, CF;0, an aliphatic ring
and anp attached or fused aromatic ring; and

each m is independently between 0 and 5 inclusive.

Preferably, the aromatic and aliphatic rings have 5
to 7 members. More preferably, the aromatic and aliphatic
rings contain only carbon atoms (i.e., the ring is not a
heterocyclic ring).

Preferably, the molecule either evokes one or more
calcium receptor activities, or blocks one or more calcium
receptor activities caused by extracellular calcium.



bind to a calciumreceptor. Inorganic ion receptor nodul ati ng agents can be
formul at ed as pharmacol ogi cal agents or conpositions to facilitatell JUL 2006
adm nistration in a patient. Pharmacol ogi cal agents or conpositions are
agents or conpositions in a formsuitable for admnistration into a
mammal , preferably a human. Considerations concerning fornms suitable for
adm nistration are known in the art and include toxic effects, solubility,
route of adm nistration, and maintaining activity. Thus, a first aspect
the invention features an inorganic ion receptor nodul ati ng agent
conprising a nolecule which either evokes one or nore inorganic ion
receptor activities, or blocks one or nore inorganic ion receptor activity
caused by an extracellul ar inorganic iéon. The nol ecul e has the fornula: Xm
Cx3 where each X is independently selected fromthe group consisting of

i sopropyl , CHSO&AEH§§?rC?g€fCEn°5IFBﬁaPY%S?WWmf"Yﬁﬂikﬂﬁ £fevzoned op fused
aromati c ri ngporxmadieachiom i secapependesntiyatisigieaiyehtanda®ihgc! gk ve.
Preferably, ddignaa@mati c and aliphatic rings have 5 to 7 nenbers. Mre
preferably, the aromatic and aliphatic rings contain only carbon atons
(i.e., thering is not a heterocyclic ring). Preferably, the nolecule

ei ther evokes one or _.n cal ciumreceptgemactivities, or blocks one or
nore cal cium receg A ™ racel lular calcium 11 JUL
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CH3

where each X independently is selected from the group
consisting of H, CH,, CH,0, CH;CH,0, methylene dioxy, Br,
Cl, F, CF,, CHF,, CH,F, CF,0, CH;S, OH, CH,0H, CONH,, CN, NO,,
CH,CH,, propyl, isopropyl, butyl, isobutyl, t-butyl,
acetoxy, aliphatic ring and an attached or fused aromatic
ring;

each R independently is selected from the group
consisting of hydrogen, methyl, ethyl, propyl, isopropyl,
butyl, allyl, isobutyl, t-butyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, indenyl, indanyl, dihydroindolyl,
thiodihydrpindolyl, and 2-, 3-, or 4- piperid(in)yl; and

each m is independently between 0 and 5 inclusive.

The molecule either evokes one or more inorganic ion
receptor activities, or blocks one or more inorganic ion
receptor activities caused by an extracellular inorganic
ion. Preferably, the molecule either evokes one or more
calcium receptor activities, or blocks one or more calcium
receptor activities caused by extracellular calcium.

In preferred embodiments R is either H, CH,, ethyl, or
isopropyl, and each X is independently selected from the
group consisting of isopropyl, CH;0, CH,S, CF;0, aliphatic
ring and an attached or fused aromatic ring. Preferably,
the aliphatic ring and attached or fused aromatic ring
have 5 to 7 members. More preferably, the aromatic and

aliphatic rings contain only carbon atoms.



where each X independently is selected fromthe group consisting ¢f g}?ﬂﬁ
CH31 CH3OL CH3CH2O, nethyl ene dioxy, Br, d, F, CF3, CHF2, CH2F, CF

CH3S1 OH, CH2OH, CONH21 CN, N2, CH3CH2, propyl, isopropyl, butyl,

i sobutyl, t-butyl, acetoxy, aliphatic ring and an attached or fused
aromatic ring; each R independently is selected fromthe group consisting
of hydrogen, nethyl, ethyl, propyl, isopropyl, butyl, allyl, isobutyl,
t-butyl, cyclopeptyl, cyclohexyl, cycloheptyl, cyclooctyl, indenyl,

i ndanyl , di hydroindolyl, thiodihydrpindolyl, and 2-, 3-, or 4-
piperid(in)yl; and each mis independently between O and 5 inclusive. The
nol ecul e either evokes one or nobre inorganic ion receptor activities, or

bl ocks one or nore inorganic ion receptor activities caused by an
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activity. Patients in need of such treatments can be
identified by standard medical techniques, such as routine
blood analysis. For example, by detecting a deficiency of
protein whose production or secretion is affected by
changes in inorganic ion concentrations, or by detecting
abnormal levels of inorganic ions or hormones which effect
inorganic ion homeostasis.

Therapeutic methods involve administering to the
patient a therapeutically effective amount of an inorganic
ion receptor modulating agent. In preferred embodiments
these methods are used to treat a disease or disorder
characterized by abnormal inorganic ion homeostasis, more
preferably a disease or disorder characterized by abnormal
calcium homeostasis. Diseases and disorders characterized
by abnormal calcium homeostasis include
hyperparathyroidism, osteoporosis and other bone and
mineral-related disorders, and the like (as described,
e.g., in standard medical text books, such as "Harrison’s
Principles of Internal Medicine®). Such diseases and
disorders are treated using calcium receptor modulating
agents which mimic or block one or more of the effects of
ca? and, thereby, directly or indirectly affect the levels
of proteins or other molecules in the body of the patient.

By "therapeutically effective amount” is meant an
amount of an agent which relieves to some extent one or
more symptoms of the disease or disorder in the patient;

or returns to normal either partially or completely one or
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of the thick ascending 1limb of - Henle’s loop and/or
collecting duct, keratinocyte in the epidernis,
parafollicular cell in the thyroid (C-cell), intestinal
cell, trophoblast in the placenta, platelet, vascular
smooth muscle cell, cardiac atrial cell, gastrin-secreting
cell, glucagon-secreting cell, kidney mesangial cell,
mammary cell, beta cell, fat/adipose cell, immune cell and
GI tract cell.

More preferably, the cell is a parathyroid cell and
the molecule reduces the level of parathyroid hormone in
the serum of the patient, even more preferably the level
is reduced to a degree sufficient to cause a decrease.in
plasma Ca?’, most preferably the parathyroid hormone level
is reduced to that present in a normal individual.

Thus, the present invention features agents and
methods useful in the treatment of diseases and disorders
by modulating imorganic ion receptor activity. For
example, the molecules of the present invention can be
used to target calcium receptors on different cell types
that detect and respond to changes to external calcium.
For example, molecules mimicking external calcium may be
used to selectively depress secretion of pafathyroid
hormone from parathyroid cells, or depress bone resorption
by osteoclasts, or stimulate secretion of calcitonin from
C-cells. Such molecules can be used to treat diseases or
disorders characterized by abnormal calcium homeostasis

such as hyperparathyroidism and osteoporosis.
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or disorder characterized by an abnormal |evel of one or nore cal mltjmuu
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can be uspbmtﬂmlgmmalzallmta'epngrg dranh Xy eoﬁnmmdmldultqq)ech;bhat

det ect andyesed hapge egpa. I ecul es
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par at hyr oi ghe,dnyentionom parathyroid cells, or depress bone resorption by

osteocl asts, or st i%@m %fmfpﬁﬂfﬁhﬁﬁﬂi g% Q@;@;I | s. Such

nol ecul es can be used to trea I Seases or sor cterized by
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receptor modulating agents able to mimic or block an

effect of an inorganic ion at an inorganic ion receptor.
The preferred use of inorganic ion receptor modulating
agents is to treat a disease or disorder by modulatlng
inorganic ion receptor activity. Preferably, the
molecules are used to treat diseases or disorders
characterized by abnormal ion homeostasis, more preferably
abnormal calcium homeostasis. Other uses of inorganic ion
receptor modulating agents, such as diagnostics uses, are
known in the art. Nemeth et al., PCT/US93/01642,
International Publication Number WO 94/18959,

' . UM _REC ORS

Calcium receptors and nucleic acid encoding calcium
receptors are described by Nemeth et al., PCT/US93/ 01642,
International Publication Number WO 94/18959. Calcium
receptors are present on different cell types such as
parathyroid cell, bone osteoclast, juxtaglomerular kidney
cell, proximal tubule kidney cell, distal tubule kidney
cell, central nervous system cell, peripheral nervous
system cell, cell of the thick ascending limb of Henle's
loop and/or collecting duct, keratinocyte in the
epidermis, parafollicular cell in the thyroid (C-celi),
intestinal cell, trophoblast in the placenta, platelet,
vascular smooth muscle cell, cardiac atrial cell, gastrin-



I 1 JUL 2006 9/1 O her features and advantages of the invention will be
apparent fromthe followi ng description of the preferred enmbodi mentlsl JUL 2006
thereof and fromthe clains. BRI EF DESCRI PTI ON OF THE DRAW NG Fi gs. 1A-D,
2A-D, 3A-E, 4A-E, 5A-D, 6A-E, 7A-E, 8A-E, 9A-F, I OA-E 11A-E, 12A-D, 13A-D
14A-D, 15A-D, 16A-DL 17A-D, 18A-E, 19A-D, and 20A-D show t he chemi cal
structures of nol ecul es derived from di phenyl propyl -a- phenet hyl am ne

illustrating a famly of nol ecul es whi were prepared and screened to
find the useful nolecules of the inv on. DESCRIPTICN OF THE PREFERRED
EVMBODI MENT IE% t I nvention descri nor on recept or
nDduIatlngghgenﬂ% i rﬁi#éa tﬁe%ﬁéﬁﬁPgeﬁ? %ﬁylﬂﬁﬁﬁgﬁFéllon at

an |norgannahhu1nammatprcelIhehuﬁ#enehn usat¢&dnposeaMé11Onxﬁﬁﬁﬁétor
nndulatlng en at IS e or. di sorder nDduIatln

i norgani c |o 3 &%rlt %"Iﬁ& %Fang’r %\b‘l’?/]'c’t% r?r%?@ ﬂFegnaFB'*ﬁ?ed to
treat di seases or di sorders characterlzed by abnormal ion honeostasis,
nore preferably abnornmal cal cium honeostasis. O her uses of inorganic ion
receptor nodul ati ng agents, such as diagnostics uses, are known in the
art. Nemeth et al., PCT/US93/01642, International Publication Nunber WO
94/ 18959. |. CALCI UM RECEPTORS CaIC|un1receptors and nucl ei c acid encodi ng
cal cium receptors are described by Nemeth et al., PCT/US93/01642,

I nternational Publication Nunber WD 94/18959. Calcium receptors are
present on different cell types such as parathyroid cell, bone osteocl ast,
j uxt agl onerul ar kidney «cell, proximal tubule kidney cell, distal tubule
ki dney cell, central nervous systemcell, peripheral nervous




systemcell, cell of the thick ascending linb of Henle's | oop and/o, 'WL 2006
collecting duct,. keratinocyte in the epiderms, parafollicular cell

the thyroid (Gcell), intestinal cell, trophoblast in the placenta,
platelet, vascular smooth nuscle cell, cardiac atrial cell, gastrin 11
JUL 2006 912 secreting cell, glucagon-secreting cell, kidney nesangi al
cell, mammary cell, beta cell, fat/adipose cell, imune cell, and G tract

cell. The calciumreceptor on these I 1 JUL 1006 10 cell types may be
different. It is also possible that a cell can have nore than one type of
cal ciumreceptor. Conparison of calciumreceptor activities and amno acid
sequences fromdifferent cells indicate that distinct calciumreceptor
types exist. For exanple, cal-cium receptors can respond to a variety of
di- and trivalent cations. The parathyroid cal ciumreceptor responds to
cal ci um and S&d3° EYRRFI @aﬁs’f’éoé{‘ﬁg?ée'ﬁe-spd‘ﬁd iso adispalpessibiat that auch as

cal ci um but c#ddscant haes pasik tthdid he t}bus;:ﬂ&mcpmxatﬂwe@t@rcal ci um

receptor 1S PNALBRER}POLE bk Ve Shi eddp ROl CJLELUTLE ECCRAGT oM 4 e

ost eocl ast . the ot hand sequences en®ot?hg cal ci um
receptors pPé’§8n'fe‘F‘?F't%ﬁ5atfﬁ§°PbFHfE%¥?%t C&ﬁésclwqastq Adakadéstirat t hese
receptors hmécaumerx;eceptmﬂ arypeknoexistd St rEeE UleSiamMee! t 881 €55m

cal ci m net | 9ec§8@9§n9§ne¥9§{?hﬁdd£%f grg Hg{ p%f\ gr?col o&;yﬁggd {&qul ate

different activities at parathyrol
phar macol ogP@&I‘%?oper”f'ﬁ“esP‘“tﬁaféaWﬂlﬂn?@&éﬁmr@mowmvmml ficant |y

dependi ng upalcite arlll caype Wiils Jasteddl abtisClrddpihaard exvLRSRI even
though the gatghil SLERCRIL &alBud 2BGe SulLLANY "MALMSS o car+.
Thus, the parathyroid calcium receptor is
pharmacologically distinct from calcium receptor on the
osteoclast.

On the other hand, the nucleic acid sequences
encoding calcium receptors present in parathyroid cells
and C-cells indicate that these receptors have a very
similar amino acid structure. Nevertheless, calcimimetic
compounds exhibit differential pharmacology and regulate
different activities at parathyroid cells and C-cells.
Thus, pharmacological properties of calcium receptors may
vary significantly depending upon the cell type or organ
in which they are expressed even though the calcium
receptors may have similar structures.

Calcium receptors, in general, have a low affinity
for extracellular Ca?* (apparent K, generally greater than
about 0.5 mM). Calcium receptors may include a free or
bound effector mechanism as defined by Cooper, Bloom and
Roth, "The Biochemical Basis of Neuropharmacology"”, Ch. 4,
and are thus distinct from intracellular calcium
receptors, e.g., calmodulin and the troponins.

Calcium receptors respond to changes in extracellular
calcium levels. The exact changes depend on the
particular receptor and cell line containing the receptor.
For example, the in vitro effect of calcium on the calcium
receptor in a parathyroid cell include the following:

1. An increase in internal calcium. The
increase is due to the influx of external calcium and/or
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dihydropyridines;

(c) The transient increase is abolished by
pretreatment for 10 minutes with 10 mM sodium fluoride;

{(d) The transient increase is diminished
by pretreatment with an activator of protein kinase C
(PKC), such as phorbol myristate acetate (PMA), mezerein
or (-)-indolactam V. The overall effect of the protein
kinase C activator is to shift the concentration-response
curve to calcium to the right without affecting the
maximal response; and

(e) Treatment with pertussis toxin (100
ng/ml for > 4 hours) does not affect the increase.

2. A rapid (< 30 seconds) increase in the
formation of inositol-1,4,5-triphosphate or
diacylglycerol. Treatment with pertussis toxin (100 ng/ml
for > 4 hours) does not affect this increase;

3. The inhibition of dopamine- and isopro-
terenol-stimulated cyclic AMP formation. This effect is
blocked by pretreatment with pertussis toxin (100 ng/ml
for > 4 hours); and

4. The inhibition of PTH secretion. Treatment
with pertussis toxin (100 ng/ml for > 4 hours) does not
affect the inhibition in PTH secretion.

Using technigues known in the art, the effect of
calcium on other calcium receptors in different cells can
be readily determined. Such effects may be similar in
regard to the increase in internal calcium observed in

parathyroid cells. However, the effect is expected to



(e) Treatnment with pertussis toxin (100 ng/m for > 4 hours) does qUU 006
affect the increase. 2. Arapid (< 30 seconds) increase in the for tlb#
of inositol-1,4,5-triphosphate or diacylglycerol. Treatnent with pertussis
toxin (100 ng/mM for > 4 hours) does not affect this increase; 3. The
I nhibition of dopam ne- and isopro- terenol-stinmulated cyclic AW
formation. This effect is blocked by pretreatnent with pertussis toxin
(100 ng/m for > 4 hours); and 4. The inhibition of PTH secretion.
Treatment with pertussis toxin (100 ng/m for > 4 hours) does not affect
the inhibition in PTH secretion. Using techniques known in the art, the
effect of calciumon other calciumreceptors in different cells can be
readily determ ned. Such effects nay bgasimlar in regard to the increase
in internal calciumobserved in parathyroid cells. However, the effect is
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extracellular Ca on a calcium receptor. Preferred
calcium receptor modulating agents are calcimimetics and
calcilytics. Generic and specific structures of inorganic
ion receptor modulating agents are provided in the Summary
supra, and in Figure 1.

Inorganic ion receptor modulating agents can be
identified by screening molecules which are modelled after
a molecule shown to have a particular activity (i.e., a
lead molecule). Nemeth et al., PCT/US93 /01642,
International Publication Number WO 94/18959.

Preferred inorganic ion receptor modulation agents
described by the present invention are compounds are 8J,
8U, 9R, 11X, 12U, 12V, 12Z, 14U, 16M, and 16P. These
compounds all have EC; values of less than 5 uM.

The ECy, is the concentration of the molecule which
evokes a half-maximal effect. The ICsq, 1is the
concentration of molecule which causes a half-maximal
blocking effect. The ECy, or IC,, can be determined by
assaying one or more of the activities of an inorganic ion
at an inmorganic ion receptor. Preferably, such assays are
specific to a particular calcium receptor. For example,
assays which measure hormones whose production or
secretion is modulated by a particular inorganic ion
receptor are preferred.

Increases in [Ca’'}, can.be detected using standard
techniques such as by using fluorimetric indicators or by
measuring an increase in Cl° current in a Xenopus oocyte
injected with nucleic acid coding for a calcium receptor.
Nemeth et al., PCT/US93/01642, International Publication
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vascular smooth muscle cell, cardiac atr1a1 cell, gastrin-

secreting cell, glucagon-secreting cell, kidney mesangial
cell, mammary cell, beta cell, fat/adipose cell, immune
cell, and GI tract cell. Preferably, the nucleic acid is
from a parathyroid cell, C-cell, or osteoclast. More
preferably, the nucleic acid encodes a calcium receptor
and is present on a plasmid or vector.

Preferably, the molecule is either a calcimimetic or
calcilytic having an EC,, or ICs, at a calcium receptor of
less than or equal to 5 uM, and even more preferably less
than or egual to 1 M, 100 nmolar, 10 nmolar, or 1 nmolar.
Such lower ECy’s or ICy’s are advantageous since they
allow lower concentrations of molecules to be used in vivo
or in vitro for therapy or diagnosis. The discovery of
molecules with such low ECy’s and ICs;’s enables the design
and synthesis of additional molecules having similar
potency and effectiveness.

In preferred embodiments the calcium receptor
modulating agent is a calcimimetic which inhibits
parathyroid hormone secretion from a parathyroid cell in
vitro and decreases PTH secretion in vivo; stimulates
calcitonin secretion from a C-cell in vitro and elevates
calcitonin levels in vivo; or blocks osteoclastic bone
resorption in vitro and inhibits bone resorption in vivo.

In another preferred embodiment the calcium receptor
modulating agent 1is a calcilytic which evokes the

secretion of parathyroid hormone from parathyroid cells in

* pl acent a,



vascul ar smooth nuscle cell, cardiac atrial cell, gastrin- secretinp!dél boos

gl ucagon-secreting cell, kidney nesangial cell, mammary cell, beta cell,
fat/adi pose cell, inmune <cell, and G tract cell. Preferably, the nucleic
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the nucleic acid encodes a calciumreceptor and is present on a plasmd or
vector. Preferably, the nolecule is either a calcimnetic or calcilytic
having an ECw or I1Cmat a calciumreceptor of less than or equal to 5 M
and even nore preferably less than or equal to 1 M 100 nnolar, 10 nnol ar,
or 1 nnolar. Such lower EC,0's or I1CwW s are advantageous since they allow
| ower concentrations of nolecules to be used in vivo or in vitro for
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By seleCt|V€1§P i Aal e 1s 10-fold or greater. Preferably,
the concentration refers to blood plasma concentration and
the measured effect is the production of extracellular
messengers such as plasma calcitonin, parathyroid hormone
or plasma calcium. For example, in a preferred
embodiment, the agent selectively targets PTH secretion
over calcitonin secretion.

In another preferred embodiment, the molecule has an
ECy or ICy less than or equal to 5 uM at one or more, but
not all cells chosen from the group consisting of
parathyroid cell, bone osteoclast, juxtaglomerular kidney
cell, proximal tubule kidney cell, distal tubule kidney
cell, cell of the thick ascending limb of Henle’s loop
and/or collecting duct, central nervous system cell,
peripheral nervous system cell, keratinocyte in the
epidermis, parafollicular cell in the thyroid (C-cell),
intestinal cell, trophoblast in the placenta, platelet,
vascular smooth muscle cell, cardiac atrial cell, gastrin-
secreting cell, glucagon-secreting cell, kidney mesangial
cell, mammary cell, beta cell, fat/adipose cell, immune
cell and GI tract cell.
Preferably, inorganic ion receptor modulating agents

mimic or block all of the effects of extracellular ion in
a cell having an inorganic ion receptor. For example,
calcium receptor modulating agents preferably mimic or
block all of the effects of extracellular ion in a cell
having a calcium receptor. Calcimimetics need not possess
all the biological activities of extracellular ca’?*, but,

rather, at least one such activity is mimicked.



that the nolecule exerts a greater effect on inorganic ion receptor
activity in one cell type than at another cell type for a given
concentration of agent. Preferably, the differential effect is 4d- J‘Uleggﬁor
greater. Preferably, the concentration refers to blood plasna
concentration and the neasured effect is the production of extracellular
nmessengers such as plasma calcitonin, parathyroid hornone or plasna
calcium For exanple, in a preferred enbodinent, the agent selectively
targets PTH secretion over calcitonin secretion. In another preferred
enbodi nent, the nolecule has an EC. or 1Cnless than or equal to 5 pM at
one or nore, but not all cells chosen fromthe group consisting of
parathyroid cell, bone osteoclast, juxtaglonerular kidney cell, proximal
tubul e kidney cell, distal tubule kidney cell, cell of the thick ascending
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all of the ePE&eessef extracel lular ionin a cell havi ng an inorganic ion
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or block all of &Qg e&jﬁcts of extracelTular tonin a cell having a
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activities ohcbikvitgebfukal® Gal icaluium refdpiorsaicaneasd M SHGRaaCtiVity
i's m m cked. uéind Lﬁrm:& known in the art and described by Nemeth

et al., PCT/US93/01642, International Publication Number

WO $84/18959. For example, calcimimetics possess one or

more and preferably all of the following activities when

tested on parathyroid cells in vitro:

1. The molecule causes .a rapid (time to peak
< 5 seconds) and transient increase in [ca’*); that is
refractory to inhibition by 1 uM La’* or 1 uM Ga&**. The
increase in [Ca?’); persists in the absence of extracellular
ca’ but is abolished by pretreatment with ionomycin (in
the absence of extracellular ca?’);

2. The molecule potentiates increases in [ca?*},
elicited by submaximal concentrations of extracellular
ca?*;

3. The increase in [Ca’™); elicited by
extracellular Ca’ is not inhibited by dihydropyridines;

4. The transient increase in [Ca’*)}, caused by
the molecule is abolished by pretreatment for 10 minutes
with 10 mM sodium fluoride;

5. The transient increase in [ca’*}, caused by
the molecule is diminished by pretreatment with an
activator of protein kinase C (PKC), such as phorbol
myristate acetate (PMA), mezerein or (-)-indolactam V.
The overall effect of the protein kinase C activator is to
shift the concentration-response curve of the molecule to
the right without affecting the maximal response;
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transient incréase in [Ca2+]; caused by
EhPEW seeretinnor of protein
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shift the co
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molecule on cyclic AMP formation but does not effect

increases in [ca’'},, inositol-1,4,5-triphosphate, or
diacylglycerol, nor decreases in PTH secretion;

10. The molecule elicits increases in Cl-
current in Xenopus oocytes injected with poly(A)*- enriched
mRNA from bovine or human parathyroid cells, but is
without effect in Xenopus oocytes injected with water, or
rat brain or liver mRNA; and

11. sSsimilarly, using a cloned calcium receptor
from a parathyroid cell, the molecule will elicit a
response in Xenopus oocytes injected with the specific
cDNA or mRNA encoding the receptor.

Different calcium activities can be measured using
available techniques. Nemeth et al., PCT/US93/01642,
International Publication Number WO 94/18959. Parallel
definitions of molecules mimicking Ca’* activity on other
calcium responsive cell, preferably at a calcium receptor,
are evident from the examples provided herein and Nemeth
et al., PCT/US93/01642, International Publication Number
WO 94/18959.

Preferably, the agent as measured by the bioassays
described herein, or by Nemeth et al., PCT/US93/01642,
International Publication Number WO 94/18959, has one or
more, more preferably all of the following activities:
evokes a tramsient increase in internal calcium, having a
duration of less that 30 seconds (preferably by mobilizing
internal calcium); evokes a rapid increase in [ca?*},,
occurring within thirty seconds; evokes a sustained
increase (greater than thirty seconds) in [ca?*);



the right without affecting the maxi mal response; 11 JUL 2006 16 6. The
nol ecul e causes a rapid (< 30 seconds) increase in the formation gf
inositol-1,4,5-tri phosphate and/or diacylglycerol; 7. The nol ecul 1Jut 2006
i nhi bits dopam ne- or isopro- terenol-stimulated cyclic AVP formation; 8.
The nol ecul e inhibits PTH secretion; 9. Pretreatnent with pertussis toxin
(100 ng/mM for > 4 hours) blocks the inhibitory effect of the nvolecule on
cyclic AWMP formation but does not effect increases in [Ca2+];,
inositol-1,4,5-triphosphate, or diacylglycerol, nor decreases in PTH
secretion; 10. The nolecule elicits increases in C1" current in Xenopus
oocytes injected with poly(A) +- enriched nRNA from bovine or human
parathyroid cells, but is wthout effggt in Xenopus oocytes injected with
water, or rat brain or liver mMRNA, and 11. Simlarly, using a cloned

cal ci um r ecefpoefexalgiy abpacanhingi dncelnlf lukhe modacddma v ¢d1&dmit a

response in XeHEES HPChnesehBbecied W e.spegif] C or NMRNA
encodi ng the_ receptor. Di ffg!ragﬁt %:xgl c]*iMu&n%%'tg{ii \%i’t??gsg%g%h%%taesur"é'd usi ng
avai | abl e te%h?ﬁ%f%’é'.cﬁﬁé’r’ﬁet%ﬁ‘éﬁl%l . Preferyalsys/ githan  lesmscr hhan 068!

Publ i cati on $kedels,\\O 8rd 189hBibPasal ladpandaéi-ni loronsi dp Y 3EHAS
m m cki ng Cagy fiiliatdday c‘}%lgtzhﬁﬁ? fﬂﬁ%"r esponsive cell, preferably at a
i dent from (

calciumreceptor, are évi e eXanpl es_provided herein and Neneth
et al., PCT/ Us93/Mfea3rapsiePhat 1emefassublincat Cafi Iuner prabe3ablg959.
Preferably, albmeliajed bgspreaseaadity othendi@aasays tapseimhad hgegi n, or by
Nerret Ssgf al; }? Qﬁé s}&iaﬁwl@ia.magz erdiat LROale RYRli LGt | Ol Nuher ;Y0
iminished by brief pretreatment (not more than ten
minutes) of the cell with an activator of protein kinase
C, preferably, phorbol myristate acetate (PMA)}, mezerein
or (-} indolactam V.
B. Calcilytics
The ability of a molecule to block the activity of
external calcium can be determined using standard
techniques. Nemeth et al., PCT/US93/01642, International
Publication Number WO 94/18959. For example, molecules
which block the effect of external calcium, when used in
reference to a parathyroid cell, possess one or more, and
preferably all of the following characteristics when
tested on parathyroid cells in vitro:

1. The molecule blocks, either partially or
completely, the ability of increased concentrations of
extracellular ca?* to:

(a) increase [cCa?"},

(b) mobilize intracellular ca?*,

(c) increase the formation of inositol-
1,4,5-triphosphate,

(d) decrease dopamine- or isoproterenol-
stimulated cyclic AMP formation, and

(e} inphibit PTH secretion;

2. The molecule blocks increases in Cl current
in Xenopus oocytes injected with poly(A)* mRNA from bovine
or human parathyroid cells elicited by extracellular ca?*
or calcimimetic compounds, but not in Xenopus oocytes
injected with water or liver mRNA;




nore, nore preferably all of the following activities: evokes a't
I ncrease in internal calcium having a duration of less that 30 s
(preferably by nmobilizing internal calciun); evokes a rapid incre
(Ca2+]" occurring within thirty seconds; evokes a sustained incr
(greater than thirty seconds) in [Ca2*]; 11 JUL 2006 17 (preferab
causing an influx of external calcium; evokes an increase in

inositol-1,4,5-tri phosphate or diacylglycerol levels, preferably
| ess than 60 seconds; and inhibits dopam ne- or isoproterenol- st
cyclic AWMP formation. The transient increase in [Cat+); is preferably
abol i shed by pretreatnent of the cell for ten mnutes with 10 mM
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herein and Nemeth et al., PCT/US93/01642, International
Publication Number WO 94/18959..
I1Y. TREATMENT OF DISEASES OR DISORDERS
A preferred use of the compounds described by the

present invention is in the treatment or prevention of
different diseases or disorders by modulating inorganic
ion receptor activity. The inorganic @ ion receptor
modulating agents of the present invention can exert an
affect on a inorganic ion receptor causing one or more
cellular effects ultimately producing a therapeutic
effect.

Different diseases and disorders can be treated by
the present invention by targeting cells having .an
inorganic ion receptor, such as a calcium receptor. For
example, primary hyperparathyroidism (HPT) is
characterized by hypercalcemia and elevated levels of
circulating PTH. A defect associated with the major type
of HPT is a diminished sensitivity of parathyroid cells to
negative feedback regulation by extracellular Ca’?*. Thus,
in tissue from patients with primary HPT, the “set-point"
for extracellular Ca?’* is shifted to the right so that
higher than normal concentrations of extracellular Ca?* are
required to depress PTH secretion. Moreover, in primary
HPT, even high concentrations of extracellular ca?' often
depress PTH secretion only partially. In secondary
(uremic) HPT, a similar increase in the set-point for
extracellular Ca’* is observed even though the degree to
which Ca?’* suppresses PTH secretion is normal. The changes
in PTH secretion are paralleled by changes in [Ca’};: the

éungossess one or

ested on
ly or



(c) increase the formation of inositol- 1,4, 5-triphosphate, (d) dg?rlﬁf‘?ﬁ]ﬁ
dopam ne- or isoproterenol- stinmulated cyclic AMP formation, and ( .

i nhibit PTH secretion; 2. The nol ecul e bl ocks increases in - current in
Xenopus oocytes injected with poly(A)+ nRNA from bovine or hunan
parathyroid cells elicited by extracellular Cat+ or calcimmetic
conpounds, but not in Xenopus oocytes injected with water or |iver nRNA
11 JUL 2006 18 3. Sinilarly, using a cloned calciumreceptor froma
parathyroid cell, the nolecule will block a response in Xenopus oocytes
injected with the specific cDNA nRNA or cRNA encoding the cal cium
receptor, elicited by extracellular Cali or a calcimnmetic conpound.

Paral l el definitions of nolecules blockjng Ca2+ activity on a calcium
responsive cell, preferably at a calciumreceptor, are evident fromthe
exanpl es provedgsbimer €or aébdtfd&fﬂ]:in%? ab%_%+-EGI(aL§l§8D?/S%AA§%Sé§1E?%nat i %gala\
Publ i cation N:gtb T 59,.. o ORDE!
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ion recept Orﬁyp%'{%g1%215?3(:&',;%1[{@0';?%:?8},8 rdanExcc))I;: achieve and, thereby,
help to relieve the hypercalcemic condition. Molecules
with greater efficacy than extracellular ca?' may overcome
the apparent nonsuppressible component of PTH secretion
which is particularly troublesome in adenomatous tissue.
Alternatively or additionally, such molecules can depress
synthesis of PTH, as prolonged hypercalcemia has been
shown to depress the levels of preproPTH mRNA in bovine
and human adenomatous parathyroid tissue. Prolonged
hypercalcenia also depresses parathyroid cell
proliferation in vitro, so calcimimetics can also be
effective in limiting the parathyroid cell hyperplasia
characteristic of secondary HPT.

Cells other than parathyroid cells can respond
directly to physiological changes in the concentration of
extracellular Ca’. For example, calcitonin secretion from
parafollicular cells in the thyroid (C-cells) is regulated
by changes in the concentration of extracellular ca?*.

Isolated osteoclasts respond to increases in the
concentration of extracellular ca?* with corresponding
increases in [Ca’'}], that arise partly from the mobilization
of intracellular Ca?*. Increases in [ca’*); in osteoclasts
are associated with the inhibition of bone resorption.
Release of alkaline phosphatase from bone-forming
osteoblasts is directly stimulated by calcium.

Renin secretion from juxtaglomerular cells in the
kidney, like PTH secretion, is depressed by increased
concentrations of extracellular Ca?'. Extracellular ca?*
causes the mobilization of intracellular ca? in these

cells. Other kidney cells respond to calcium as follows:



exanpl e, primary hyperparathyroidism (HPT) is characterized by
hypercal cem a and el evated | evels of <circulating PTH A defect associ ated
with the major type of HPT is a dimnished sensitivity of parathyrojg oL g
cells to negative feedback regul ati on by extracellular Ca2+. Thus, |A 008
tissue frompatients with primary HPT, the "set-point" for extracellular
Cali is shifted to the right so that higher than normal concentrations of
extracellular Cali are required to depress PTH secretion. Mreover, in
primary HPT, even high concentrations of extracellular Ca2+ often depress
PTH secretion only partially. In secondary (uremc) HPT, a simlar
increase in the set-point for extracellular Ca2+ is observed even though
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intestinal goblet cells, mammary cells, and skin cells;
inhibits atrial natriuretic peptide secretion from cardiac
atria; reduces cAMP accumulation in platelets; alters
gastrin and glucagon secretion; acts on vascular smooth
muscle cells to modify cell secretion of vasoactive
factors; and affects cells of the central nervous system
and peripheral nervous system.

Thus, there are sufficient indications to suggest
that ca’', in addition to its ubiquitous role as an
intracellular signal, also functions as an extracellular
signal to regulate the responses of certain specialized
cells. Molecules of this invention can be used in the
treatment of diseases or disorders associated with
disrupted Ca?’ responses in these cells.

Specific diseases and disorders which might be
treated or prevented, based upon the affected cells, also
include those of the central nervous system such as
seizures, stroke, head trauma, spinal cord injury,
hypoxia-induced nerve cell damage such as in cardiac
arrest or neonatal distress, epilepsy, neurodegenerative
diseases such as Alzheimer’s disease, Huntington’s disease
and Parkinson’s isease, dementia, muscle tension,
depression, anxiety, panic disorder, obsessive-compulsive
disorder, post-traumatic stress disorder, schizophrenia,
neuroleptic malignant syndrome, and Tourette’s syndrome;
diseases involving excess water reabsorption by the kidney

such as syndrome of inappropriate ADH secretion (SIAH),




proliferation in vitro, so calcimnetics can also be effective inlifj@ﬁﬁ&
the parathyroid cell hyperplasia characteristic of secondary HPT. ée

ot her than parathyroid cells can respond directly to physiol ogical changes
in the concentration of extracellular Ca2t. For exanple, calcitonin
secretion from parafollicular cells in the thyroid (Ccells) is regul ated
by changes in the concentration of extracellular Cali. Isol ated osteocl asts
respond to increases in the concentration of extracellular Cali with
corresponding increases in [Ca2+]; that arise partly fromthe nobilization
of intracellular Cali . Increases in [Cali ]; in osteoclasts are
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gobl et cells B ry ggLL§ and kin cells; hi rial n uretic
pepti de secrgtlo ¥r0n1c e 17 typica11y be used in therapy for
human pat1ents they may be used to treat similar or

identical diseases or disorders - in other warm-blooded
animal species such as other primates, farm animals such
as swine, cattle, and poultry; and sports animals and pets
such as horses, dogs and cats.

IV. ADMINISTRATION

The molecules of the invention can be formulated for

a variety of modes of administration to treat patients by
modulating inorganic ion receptor activity. Technigues
and formulations for administration of compounds generally
may be found in Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, PA. Administration of ionmimetics
and ionlytics is discussed by Nemeth et al.,
PCT/US93/01642, International Publication Number WO
94/18959.

Suitable forms, in part, depend upon the use or the
route of entry, for example oral, transdermal, or by
injection. Such forms should allow the agent to reach a
target cell whether the target cell is present in a
multicellular host or in culture. For example,
pharmacological agents or compositions injected into the
blood stream should be soluble in the concentrations used.
Other factors are known in the art, and include
considerations such as toxicity and forms which prevent
the agent or composition from exerting its effect.

Agents can also be formulated as pharmaceutically
acceptable salts (e.g., acid addition salts) and complexes
thereof. The preparation of such salts can facilitate the



atria; reduces cAMP accunulation in platelets; alters gastrin and gl ucagon
secretion; acts on vascular snooth nuscle cells to nodify cell secretion
of vasoactive factors; and affects cells of the central nervous scyﬂt ?J{n
and peripheral nervous system Thus, there are sufficient indications/Utdi06
suggest that Ca2+, in addition to its ubiquitous role as an intracellular
signal, also functions as an extracellular signal to regulate the
responses of certain specialized cells. Mlecules of this invention can be
used in the treatnment of diseases or disorders associated with disrupted
Ca2+ responses in these cells. Specific diseases and di sorders which m ght
be treated or prevented, based upon the affected cells, also include
those of the central nervous systemsugh as seizures, stroke, head traunm,
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intramuscular, intravenous, intraperitoneal, and
subcutaneous. For injection, the molecules of the
invention are formulated in liquid solutions, preferably
in physiologically compatible buffers such as Hank’s
solution or Ringer’s solution. In addition, the molecules
may be formulated in solid form and redissolved or
suspended immediately prior to use. Lyophilized forms can
also be produced.

Systemic administration can also be by transmucosal
or transdermal means, or the molecules can be administered

» orally. For transmucosal or transdermal administration,
penetrants appropriate to the barrier to be permeated are
used in the formulation. Such penetrants are generally
known in the art, and include, for example, for
transmucosal administration, bile salts and fusidic acid
derivatives. In addition, detergents may be used to
facilitate permeation. Transmucosal administration may be
through nasal sprays, for example, or using suppositories.
For oral administration, the molecules are formulated into
conventional oral administration dosage forms such as
capsules, tablets, and tonics.

For topical administration, the molecules of the
invention are formulated into ointments, salves, gels, or
creams, as is generally known in the art.

Generally, a therapeutically effective amount is
between about 1 nmole and 3 pumole of the molecule,
preferably 0.1 nmole and 1 pmole depending on its ECy or

ICy, and on the age and size of the patient, and the



VWil e inorganic ion receptor nodul ati ng agents of the present invention
will typically be used in therapy for human patients, they nay be ﬁiﬁg
treat similar or identical diseases or disorders in other warmblb ZWE
ani mal species such as other primates, farmanimals such as swi ne, cattle,
and poultry; and sports animals and pets such as horses, dogs and cats.

| V. ADM NI STRATI ON The nol ecul es of the invention can be fornulated for a
vari ety of nodes of adm nistration to treat patients by nodul ating

i norganic ion receptor activity. Techniques and fornulations for

adm ni strati on of compounds generally may be found in Rem ngton's

Phar maceutical Sciences, Mack Publishing Co., Easton, PA. Adm nistration
of ionmnetics and ionlytics is discugsed by Neneth et al.
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from 16P are provided below. Compounds 4L, 8J, 8U, 11X and 16M
were prepared from the condensation of a primary amine
with an aldehyde or ketone in the presence of titanium(IV)}
isopropoxide. The resulting intermediate imines were then
reduced in situ by the action of sodium cyanoborohydride,
sodium borohydride, or sodium triacetoxyborohydride. The
intermediate enamine for the synthesis of compound 8U was
catalytically reduced using palladium hydroxide.

Synthesis of compounds 9R, 14U, and 16P were prepared
by reductive amination of a commercially available
aldehyde or ketone with a primary amine in the presence of
sodium cyanoborohydride or sodium triacetoxyborohydride.
It was found for the syntheses of these three compounds
(9R, 14U, and 16P) that sodium triacetoxyborohydride
afforded the desired diastereomers with greater
diastereoselectivity than using sodium cyanoborohydride.
The enrxiched mixtures were further purified to a single
diastereomer by normal-phase HPLC or by recystallization
from organic solvents.

Compounds 12U, 12V and 12Z were prepared by a
diisobutylaluminum hydride (DIBAL-H) mediated condensation
of an amine with a nitrile. The resulting intermediate
imine is reduced 1in situ by the action of sodium
cyanoborohydride or sodium borohydride. The intermediate
alkenes (compounds 12U and 12V) were reduced by catalytic
hydrogenation 1in EtOH using palladium on carbon.

Compounds which were converted to their corresponding



exerting its physiological effect. Exanples of useful alterations in
physical properties include |owering the nelting point to faC|I|tate
transnucosal administration and increasing the solubility to facillli {lkt2808
adm ni stering higher concentrations of the drug. For systemc
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may be used, e.g., intranmuscular, intravenous, intraperitoneal, and
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A mixture of 3-phenyl- l-propylamine (135 mg, 1 mmol),
1’-acetonaphthone (170 mg, 1 mmol), and titanium (IV)
isopropoxide (355 mg, 1.3 mmol) was stirred at room
temperature for 1 hour. The reaction was treated with 1
M ethanolic sodium cyanoborohydride (1 mL) and stirred at
room temperature for 16 hours. The reaction was diluted
with ether and treated with water (0.1 mL). The reaction
was centrifuged and the ether layer removed and
concentrated to a milky oil. A small portion of this
material (10 mg) was purified by HPLC {Phenomenex, 1.0 x
25 cm, 5 pM silica) using a gradient of dichloromethane to
10% methanol in dichloromethane containing 0.1%
isopropylamine. This afforded the product (free base) as
a single component by GC/E1-MS (R= 10.48 min) m/z (rel.
int.) 289 (M*,11), 274 (63), 184 (5), 162 (5), 155 (100),
141 (18), 115 (8), 91 (45), 77(5).

Example 2: Synthesis of Compound 8J

N-(3-pheny1propy1)-1—(3-thiomethy1pheny1)ethylamine
hydrochloride

3’-Aminoacetophenone (2.7 g, 20 mmol) was dissolved
in 4 mL of concentrated HCl, 4 g of ice and 8 mL of water.
The solution was cooled to 0°C, and sodium nitrite (1.45
g, 21 mmol) dissolved in 3-5 mL of water was added over 5
minutes while maintaining the temperature below 6°C.
Sodium thiomethoxide (1.75 g, 25 mmol) was dissolved in 5
mL of water and cooled to O°C. To this solution was added
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3-Phenylpropylamine (0.13 g, 1 mmol), 3’-
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thiomethylacetophenone (0.17 g, 1 mmol), and titanium (IV)
isopropoxide (0.36 g, 1.25 mmol) were mixed together and
allowed to stand for 4 hours. Ethanol (1 mL) and sodium
cyanoborohydride (0.063 g, 1 mmol) were added and the
reaction was stirred overnight. The reaction was worked
up by the addition of 4 mL of ether and 200 pL of water.
The mixture was vortexed and then spun in a centrifuge to
separate the solids. The ether layer was separated from
the precipitate, and the solvent removed in vacuo. The
oil was redissolved in dichloromethane and the compound
purified by preparative TLC on silica gel eluted with 3%
methanol/dichloromethane to yield the title compound as a
pure oil: GC/EXI-MS(R=7.64 min) m/z (rel. int.)285 (M*,18),
270(90), 180(17), 151(100), 136(32), 104(17), 91(54),
77(13).

Example 3: Synthesis of Compound_8U

N—3-(2—metboxyphenyl)-1-propy1—(R)-3—methoxy-a—
methylbenzylamine hydrochloride

A mixture of (R)—(+)—3—methoxy—a-methylbenzylamine
(3.02 g, 20 mmol), 2-methoxycinnamaldehyde (3.24 g, 20
mmol}, and titanium (IV) isopropoxide (8.53 g, 30 mmol,
1.5 Egq.) was stirred 2 hours at room temperature and
treated with 1 M (20 mL) ethanolic sodium
cyanoborohydride. The reaction was stirred overnight (16
hours), diluted with diethylether, and treated with water
(1.44 mL, 80 mmol, 4 Eq.). After mixing for 1 hour the



imne is reduced in situ by the action of sodium cyanoborohydride or
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reduced by catalytic hydrogenation in EtOH using palladium on carbon
Conpounds whi ch were converted to their corresponding 11 JUL 2006 24
hydrochl ori de were done so by treatnent of the free base wth ethereal HCl
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propyl ) - 1- (3aphyQpﬁgq“nng§§yppephyboggn¢uand concentrated to an oil.
This material was dissolved in ether and treated with 1 M
HCl in Qiethylether. The resulting precipitate (white
solid) was collected, washed with diethylether, and air
dried. GC/El1-MS (R, = 9.69 min) of this material (free
base) showed a single component: m/z (rel. int.) 299 (M+,
21), 284 (100), 164 (17), 150 (8), 135 (81), 121 (40), 102
(17), 91 (43), 77 (18).

Example 4: Synthesis of Compound 9R
{R)-N-(1-(2—naphthyl)etbyl)—(R)~1—(l-naphthyl)ethylamine
hydrochloride .

A mixture of (R)-(+)-1-(1l-naphthyl)ethylamine (10.0
g, 58 mmol), 2’-acetonaphthone (9.4 g, 56 mmol), titanium
(IV) isopropoxide (20.7 g, 73.0 mmol), and EtOH (abs.)

(100 wL) was heated to 60°C for 3 hours. Sodium
cyanoborohydride (NaCNBH;) (3.67 g, 58.4 mmol) was then
added. The reaction mixture was stirred at room

temperature for 18 hours. Ether (1 L) and H,0 (10 mL) were
added to the reaction mixture and the resulting
precipitate was then removed by centrifugation. The
supernatant was evaporated under vacuum and the crude
product was recrystallized four times from hot hexane, to
provide 1.5 g of pure (98+3%) diastereomer. The free base
was dissolved in hexane, filtered, and then ethereal HC1
was added to precipitate the product as a white solid (1.1
g, 6 ¥ yield), m.p.: softens 200-240 °C (dec.).
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of concentrated HO, 4 g of ice and 8 nL of water. The solution wa$1ddbl2gg
to OC, and sodiumnitrite (1.45 g, 21 nmmol) dissolved in 3-5 nL of water
was added over 5 mnutes while naintaining the tenperature bel ow 6C.

Sodi um t hi onmet hoxide (1.75 g, 25 mml) was dissolved in 5 nL of water and
cooled to OC. To this solution was added 1 1 JUL 2006 25 the diazonium salt
over 10 mnutes while maintaining the tenperature bel ow 10C. The reaction
was stirred for an additional hour while allowing the tenperature to rise
to anbient. The reaction m xture was partitioned between ether and water.
The ether |ayer was separated and washed w th sodi um bi carbonate and
sodium chloride, and dried over sodiunesul fate. The ether was evaporated
to give a 74@6y|eld of 31 thlonethylacetophenone The crude material was
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removed by centrifugation. The Supernatant was evaporated
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under vacuum and the crude product was chromatographed on
silica gel (50 mm X 30 cm column) (elution with 1%
MeOH/CHC1,) . The chromatographed material was then
@issolved in hexane and ethereal HCl was added to
precipitate the product as a white solid (0.67 g, 35 3
yield), m.p.; 257-259°cC.

Example 6: Synthesis of Compound 12U

N-3-(2-methy1pbeny1)—1-propy1—(R)—3-methoxy—a—
methylbenzylamine hydrochloride

A solution of 2-methylcinnamonitrile (L.43 g, 10
mmol) in dichloromethane (10 mL) was cooled to 0°C and
treated dropwise (15 minutes) with 1 M diisobutylaluminum
hydride (10 mL, dichloromethane). The reactlon was
stirred at 0°C for 15 minutes and treated dropwise (15
minutes) with a 1 M solution of (R)- (+)-3-methoxy-a-
methylbenzylamine (1.51 g, 10 mmol) in dichloromethane (10
mL). The reaction was stirred 1 hours at o°cC and poured
into a solution of ethanol (100 mL) containing sodium
cyanoborohydride (1 g, 16 mmol). The reaction mixture was
stirred 48 hour at room temperature. The reaction was
diluted with ether and neutralized with 1 N NaOH. The
ether layer was removed, dried over anhydrous potassium
carbonate and concentrated to an oil. This material was
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N- 3- ( 2- met hoxyphenyl ) - 1- propyl - (R) - 3- net hoxy- a- net hyl benzyl am ne
hydrochl ori de A m xture of (R)-(+)-3-nethoxy-a-nethyl benzylam ne (3.02 g,
20 mmol ), 2-met hoxyci nnamal dehyde (3.24 g, 20 mmol), and titanium (1V)

| sopropoxide (8.53 g, 30 mol, 1.5 Eq.) was stirred 2 hours at room
tenperature and treated with 1 M (20 nL) ethanolic sodi um

cyanobor ohydri de. The reaction was stirred overnight (16 hours), diluted
with diethylether, and treated with water (1.44 ni, 80 mmvol, 4 Eq.). After
m xing for 1 hour the 11 JUL 2006 26 reaction m xture was centrifuged and
the ether layer renoved and concentrated to an oil. This material was
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this reaction was converted to the hydrochloride salt by

treatment with 1 M HC1l in diethylether. GC/E1-MS (R, =

9.31 min) of this material (free base) showed a single

component: m/z (rel. int.) 283 (M+, 21), 268 (100), 164

(12), 148 (8), 135 (85), 121 (12), 105 (49), 91 (23), 77

(21).

Example 7: Synthesis of Compound 12V
N-3-(3-methylphenyl)-l1-propyl-(R)-3-methoxy-a-
methylbenzylamine hydrochloride

The compound was prepared following the procedure
described in Example 6, but using 2-methylcinnamonitrile.
The unsaturated intermediate was a single component by
GC/EI-MS (R, = 10.21 min) m/z (rel. int.) 281 (M+, 57), 266
(86), 146 (98), 135 (88), 131 (100), 115 (43), 102 (26),
91 (43), 77 (18). Reduction of this material and
hydrochloride formation using the procedure described
Example 6 afforded the product. GC/EI-MS (R, = 9.18 min)
of this material (free base) showed a single component;
m/z (rel. int.) 283 (M+, 19), 268 (100), 164 (11), 148
(8), 135 (76), 121 (16), 105 (45), 91 (23), 77 (21).

Example 8: Svnthesis of Compound 123

N-3-(2-chlorophenyl)-1-propyl-(R)-1-(1-naphthyl)ethylamine
hydrochloride

The compound was prepared following the procedures
described in Example 6, but using 2-
chlorohydrocinnamonitrile and (R)-(+)~-1-(1-



A mxture of (R -(+)-1-(21-naphthyl)ethylam ne (10.0 g, 58 mmol),

2' -acet onaphthone (9.4 g, 56 mmol),
and EtOH (abs.) (100 nL) was heated to 60C for 3 hours.

cyanobor ohydri de (NaCNBH3) (3.67 g, 58.4 mmol) was then added. The
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times fromhot hexane, to provide 1.5 g of pure (98+4) diastereoner. The
free base was dissolved in hexane, filtered, and then ethereal HCl1L was
added to precipitate the product as a [te solid (1.1 g, 6 1 vyield),
m p.: softens 200-240 C (dec.). 11 JUL 06 27 Exanple 5: Synthesis of
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A mixture of (R)-(+)-1—(1-naphthyl)ethylamine (1.1 g,
6.2 mmol), 4’-methoxyacetophenone (0.93 g, 6.2 mmol),
titanium (IV) isopropoxide (2.2 g, 7.7 mmol), and EtOH
(abs.) (1 mL) was heated to 60°C for 3 hours. Sodium
cyanoborohydride (NaCNBH,) (0.39 g, 6.2 mmol) was then
added, and the reaction mixture was stirred at room
temperature for 18 hours. Ether (200 mL) and H,0 (2 mL)
were added to the reaction mixture and the resulting
precipitate was then removed by centrifugation. The
supernatant was evaporated under vacuum and the crude
product was chromatographed on silica gel (25 mm X 25 cm
column) (elution with 1% MeOH/CHCl,). A portion of this
material was HPLC chromatographed [Selectosil, 5 uM silica
gel; 25 cm x 10.0 mm (Phenomenex, Torrance, CA), 4 mL per
minute; UV det. 275 nM; 12% ethyl acetate-88% hexane
(elution time 12.0 min)]. The HPLC purified diastereomer
was then dissolved in hexanes and ethereal HCl was added
to precipitate the product as a white solid (20 mg), m.p.:
209-210°C{dec.}.

Example 10: Synthesis of Compound 16M

N-(3-cbloro—4—metboxybenzyl)—(R)»1~(l—naphthyl)ethylamine
hydrochloride

A mixture of (R)-(+)-1-(1-naphthyl)ethylamine (6.6 g,
39 mmol), 3’-chloro-4’-methoxybenzaldehyde (6.6 g, 39
mmol), and titanium (IV) isopropoxide (13.8 g, 48.8 mmol),
and EtOH (abs.) (30 mL) was heated to 80°C for 30 minutes

HC1 was



precipitate the product as a white solid (0.67 g, 35 % yield), mp.;
257-259C. Exanple 6: Synthesis of Conmpound 12U N- 3- (2- net hyl 11 JUL 2006
phenyl ) -1-propyl - (R) - 3-net hoxy-a- nethyl benzyl am ne hydrochl oride A
solution of 2-methylcinnanonitrile (1.43 g, 10 nmol) in dichloronethane
(10 m.) was cooled to OC and treated dropwise (15 mnutes) with 1 M

di i sobutyl al um num hydride (10 nlL, dichloronethane). The reaction was
stirred at OC for 15 mnutes and treated dropwise (15 mnutes) with a 1 M
solution of (R)-(+)-3-nethoxy-a.. nmethylbenzylamne (1.51 g, 10 mmol) in
di chl oronet hane (10 nl). The reaction was stirred 1 hours at 0OC and poured
into a solution of ethanol (100 nL) containing sodium cyanoborohydride (1
g, 16 mmol). The reaction m xture was 3csl‘E;irred 48 hour at roomtenperature.
The reaction was diluted with ether and neutralized with 1 N NaOH The
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164 column} (elution with CH,C1,) . The chromatographed

material was then dissolved in hexane {500 mL), .
decolorized with Norit® filtered (0.2 uM), and then
ethereal HCl was added to precipitate the product as a
while solid (10.2 g, 56 % yield), m.p.: 241-242°C (dec.).

Example 11: Synthesis of Compound 16P

4-Methoxy-3-methylacetophenone [16P Precursor)

A mixture of 4’-hydroxy-3’-methylacetophenone (5.0 g,
33.3 mmol), iodomethane (5.7 g, 40.0 mmol), K,CO,
(granular, anhydrous) (23.0 9, 167 mmol), and acetone (250
mL) was refluxed for 3 hours. The reaction mixture was
then cooled to room temperature, filtered to remove ‘the
inorganic salts, and evaporated under vacuum. The crude
product was dissolved in ether (100 mL) and washed with H,0
{2 x 20 mL). The organic layer was dried {Na,S0,) anaq
evaporated to yield 4.5 g, 82.4% yield. The ketone was
used in the following reaction without further
purification.

(R)—N—{l—{4—Metboxy-3-methylphenyl)ethyl)-(R)—1—(1—
naphthyl)ethylamine hydrochloride [Compound 16pP)

A mixture of (R)-(+)-1-(1-naphthyl)ethylamine (4.24
g, 24.8 mmol), 4‘-methoxy-3‘-methylacetophenone (4.06 g,
24.8 mmol), and titanium (IV) isopropoxide(8.8 g, 30.9
mmol), and EtOH (abs.) (1 mL) was heated to 100°C for 2
hours. Isopropanol (45 mL) was added and the reaction was
then cooled to 10°C in an ice bath. Sodium
triacetoxyborohydride (NaHB (0,CCH;),) (10.5 g, 49.5 mmol)



(12), 148 (8), 135 (85), 121 (12), 105 (49), 91 (23), 77 (21). Example 7:
Synt hesi s of Conmpound 12V N- 3-(3-nethyl phenyl)-1-propyl-(R)-3-nethoxy-o-
net hyl benzyl ani ne hydrochl ori de The conpound was prepared fol | ow nigl diHe2006
procedure described in Exanple 6, but using 2-nethylcinnanonitrile. The
unsaturated internmedi ate was a single conmponent by GCJEI-M (R = 10.21
mn) mz (rel. int.) 281 (M+, 57), 266 (86), 146 (98), 135 (88), 131
(100), 115 (43), 102 (26), 91 (43), 77 (18). Reduction of this materi al
and hydrochloride formation using the procedure described Exanple 6
afforded the product. GZJE-M5 (R, =9.18 mn) of this material (free
base) showed a single conmponent; mz (rel. int.) 283 (M, 19), 268 (100),
164 (11), 148 (8), 135 (76), 121 (16),,,05 (45), 91 (23), 77 (21). Exanple
8: Synthesis of Conpound 12Z

N- 3- ( 2- chl or opfsenylel- hapeapyh -fadtibrisl oaphi BYh)Swd amigpe rgXQEQ@E' oride
The conpound ug@egggeg}érplﬂe%\@epgtt h_;aopcéofcedures descri bed I'n anpl e 6,
but using 2- chi orohydroci nnanmonitrife’ and fOXR) 1g+Ho4rs1 The pixtepes 29
napht hyl ) et h2Sni®RE1EA EO 1Deemdiemperiagur ehandrep@yreaphiyntot kithegh (506 ca

usi ng a gradimant. ofrhdi shépéwsrdaag h@nég/ifﬁ%ci‘?%eaiﬁglp%%?xgt%g& n%:?ﬁgﬁol in

Lo oot LR o8, 5P Sk, 55 el e st S

in diethyl et F8€. eEmhbred 9:organiceswesbin@onpourd Bldporated under

(RN (1- (4 webhawypheny| yesiid wdSaiksotveRanht Brhi! E\Xb@’?%il‘)e and

hydrochl ori dg, 8,8 G 10E Pl (iBa)O-H( -&-l-%-é&-mr}%pg%gyhzoet(gy anOnSL) . 1Tr9é
organic layer was dried (Na,S0,), filtered and evaporated
under vacuum. EtOH (abs.) was added to the wet residue
which was then dried thoroughly on a rotary evaporator to
provide an o0il. The mixture was then chromatographed on
silica gel (50 mm x 30 cm) [elution with (1% MeOH:1%
IPA:CHCl;} to give 4.8 g of an oil].

The desired diastereomer was further purified by HPLC
chromatography [SUPELCOSIL™ PLC-Si, 18 uM silica gel; 25
cm x 21.2 mm (Supelco, Inc., Bellefonte, PA), 7 mL per
minute; UV det. 275 nM: 20% EtOAc-80% hexane (elution time
9.5 - 11.0 min)). Injections (800 L aliquots) of the
mixture (100 mg/mL solution in eluent) provided 65 mg of
the desired isomer. Multiple HPLC injections provided 1.0
g of purified material. The HPLC chromatographed material
was dissolved in hexane (50 mL) and the hydrochloride salt
was precipitated with ethereal HCl. The salt was
collected on fritted glass and washed with hexane to
provide 1.0 g of a white solid, mp 204-205°C.
Other embodiments are within the following claims.



6.2 mol), 4'-nethoxyacetophenone (0.93 g, 6.2 nmol), titanium (I )T JUL 2006
i sopropoxide (2.2 g, 7.7 mol), and EtOH (abs.) (1 nL) was heated to 60C
for 3 hours. Sodium cyanoborohydride (NaCNBH3) (0.39 g, 6.2 nmol) was then
added, and the reaction m xture-was stirred at room tenperature for 18
hours. Ether (200 nL) and H20 (2 nL) were added to the reaction m xture
and the resulting precipitate was then renoved by centrifugation. The
super nat ant was evapor ated under vaculud and the crude product was

chromat ographed on silica gel (25 nm X 25 cm colum) (elution with It

McOH CHC13). A portion of this material was HPLC chromat ographed

[ Sel ect osiTLABMISM silica gel; 25 cmx 10.0 nm (Phenonenex, Torrance, CA),

4 m. per mnute; UV det. 275 nM 12% et hyl acet at e-88% hexane (el ution
tine 12.0 nmmn)]. AkempPlud javingthetbroiukest er eoner was t hen di ssolved in
hexanes and et hereal HCl was added to precipitate the product as a white
solid (20 ng), mp.: 209-210C(dec.). Exanple 10: Synthesis of Conpound 16M
N- ( 3- chl or o- 4- met hoxybenzy R) 1- (1- napht hyl ) et hyg~qmi ne hydrochl oride A
m xture of (R)-(+)-1-(1- ’ I)ethylamne(66

3' -chl or0-4' - net hoxylyes 39 dhol
i sopropoxide (13.8 g, 48
80C for 30 m nutes | ‘

for 3 hours. Sodi um cyanoborohydride (NaCNB mmol ) was then
added. The reaction mxture was stirred at ro dre for 18 hours.
Et her (100 nL) and H20 (2 nL) were added to the reactlon m xture and the
resul ti ngwhHRfSsi pitate was then renoved by centrifugation. The supernatant

was evapor ated under vacuum and the c
P each Y is independently sesected from ﬁqe group consisting of isopropyl, CH30,

9,

tltanl um (1'V)
M) was heated to
room t enperature

CH;S and a fused aromatic ring; and
n is independently an integer between 0 and 5 inclusive;

or a pharmaceutically acceptable salt or complex thereof.

2. The compound, salt or complex according to claim 1, wherein n is 0.

3. The compound, salt or complex according to claim 1, whereinn is 1.

4, The compound, salt or complex according to claim 3, wherein Y is CH30.

5. The compound, salt or complex according to claim 3, wherein Y is isopropyl.
6. The compound, salt or complex according to claim 3, wherein Y is CH3S.

7. The compound, salt or complex according to claim 1, wherein

Yn |
Q\ is | Z or



product was chromat ographed on silica gel (50 mm X 30 cm columm) (elution
with CHZA z). The chronat ographed material was then dissol ved i n heXdn#06
(500 nL), decolorized with Norit(r) filtered (0.2 SM, and then ethereal
HCl1 was added to precipitate the product as a while solid (10.2 g, 56 %
yield), mp.: 241-242C (dec.). Exanple 11: Synthesis of Conpound 16P
4-N@thoxy-3-nethy|acetophenone [ 16P Precursor] A m xture of

- hydr oxy- 3' - net hyl acet ophenone (5.0 33 33.3 nmol ), iodonethane (5.7 g,
40 0 mol ), K2CO3 (granular anhydrous) (23.0 g, 167 mmol ), and acetone
(250 L) was. r ef Ausesepduad havingthedormia’ r eaction mixture was then cool ed
to roomtenperature, filtered tgoyenove the |noro ic salts, and
evapor at ed under vacuum The ved in ether (100 nl)
and washed with HZ0 (2 xvR0 ~ The organlﬁ | & as dried (Na2SO4) and
evaporated to yield 4.5 g, ¢ d 2 el ong used in the
follow ng reaction w thout furth- f|caf|on. h (1-
(4- Met hoxy- 3- et hyl phenyl ) ethyl) - (RE -1- et hyl am ne
hydr ochl ori de [ Conpound 16P) A m xt ur eRof (F&H(+)-I apht hyl ) et hyl am ne
(4.24 g, 24.8 mol ), 4'-nethoxy-3' -nethylacetophenoné (4.06 g, 24.8
nmml ), and titanium (I1V) isopropoxide(8.8 g, 30.9 nmmmol) , and EtCH (abs.)
(1 n) was heafeggn:to 100 C for 2 hours. Isopropanol (45 nl) was added and
the reaction was then cooled to 10C in an ice bath. Sodium

tri acet oxybor ohsaghiYdis ipdeapBleatthosyipoie) fremdhagrgup ﬂ@l55§tlﬂﬂﬁf Hp1CHe®: 2006 31
was then add i ] IMsSbidh§l, Was then
heated to 708%@? é‘thh%kﬁlse(ayo%ﬁeéﬁldﬂlﬂg ggsé]?)}gl &B }(I)o%]tge%%erature
and pour ed i butyl,@sdbatyl(t4fdy! and p fusEHergumsipeing; on was centrl fuged, the
super nat ant was

R is hydrogen or methyl; and

each n is independently an integer between 0 and 5 inclusive;

provided that when R is H and n is 2, Y is not CH30 and Br; or when R isHandn
is 2, Y is not CH;CH,O and CI;

or a pharmaceutically acceptable salt or complex thereof.

9. The compound, salt or complex of claim 8, wherein R is H.

10.  The compound, salt or complex of claim 9, wherein R is methyl.

11.  The compound, salt or complex of claim 8, 9 or 10, wherein Y is isopropyl,
CH30, CHsS or a fused aromatic ring.

12. The compound, salt or complex of claim 8, 9, 10 or 11 wherein n is1,2or3.



collected and the pellet was washed with ether (400 nL). The conbi ned
organi ¢ washi ngs were evaporated under vacuum The residue was di ssol ved
in ether (400 nL) and washed with | N NaOH (4 x 50 nlL) and H20 (21X Bib 2006
m.). The organic |layer was dried (Na2SO4), filtered and evaporated under
vacuum EtOH (abs.) was added to the wet residue which was then dried

thoroughly on a rotary evaporator to provide an oil. The m xture was then
chromat ographed on silica gel (50 rrm3(430 cm [elution with (1% MOH 1%
| PA: CHC13) to _give 4.8 g of, an oil] esired diastereomer was further

purified by WMPLC T@ﬁﬂ@‘ﬂ?ﬁ@% sphe ‘{OSIHIEEL Py WhErsns; 18 M silica gel; 25
cmx 21.2 mm (Supelco, Inc., Bellefonte, PA), 7 nL per mnute; UV det. 275
nM 20% Et QAc- 80% hexane (eI ution timfe 9.5 - 11.0 min)]. Injections (800
pL aliquots) of t i xture (100 ng/ L solution in eluent) provided 65 ng
of the desired i Mul tiple HPLC injections provided-1.0 g of
purified mat€rTal The {HPLC chromat ogr aphed material was dissolved in
hexane (50 nlL) an r S precipitated with ethereal
HC1. The salt was collect elgcégk%érgﬁpg ﬁow}x\% and washed wi th hexane to
provide 1.0 g of a white solid, np 204- 205C O her enbodinents are within
the followng claims. 11 JUL 2006 32 CLAIMS: 1, A conpound having the
formul a: Yn wherein: each : ed fromthe group

consi sting of isg fr omatic ring; and n is

i ndependently a pger ¢ or a pharmaceutically
accept abl e sal onpl ex\they eof . 2. e , salt or conplex
according to i

H,CO
N AN
moo—__~ L~ | \ /



3. The compound, salt or conplex according to claiml1, wherein nis 1. 4.
The conpound, salt or conplex according to claim3, wherein Y is 0543 5.
The conpound, salt or conplex according to claim3, wherein Y is i dpﬂﬂ)dﬂﬂb’.
6. The conpound, salt or conplex according to claim3, wherein Y is CH3S.

7. The conpound, salt or conplex according to claim1, wherein 1 1 JUL 2006
33 8. A conpound having the fornula: Y' wherein: each Y is independently
sel ected fromthe group consisting of &43, CH30O, CH3CH2O, nethyl ene di oxy,
Br, d, F, CF3, CH3S, OH, et 0 i sopropyl, butyl, isobutyl,
t-butyl and é4fuséH°%WM%ﬁ9?%VmgH hﬁgﬁélﬁyﬂP@gen or nethyl; and each nis

i ndependently an integer between 0 and 5 inclusive; provided that when Ris
Hand nis 2, Yis not or when Ris Ekand n is 2, Y is not

CH3CH20 and O or a pharna i | y accept ablé or conpl ex thereof.
9. The conpound salt or cong | claip84 Ris H 10. The
conpound, salt or conpl ex of €reEn k ptyl. 11. The

conmpound, salt or conplex
CH3O, CH3S or a fused ar ofrat i ¢ r|ng '12. Th
claim8, 9, 10 or 11 wherein nis 1, 2 or 3cCHl1l JUk >? 34 13, The

conpound, salt or conplex of claim8, wherein is any>~0ne of the foll ow ng:
HzC H3CO H3CO 11 JUL 2006 35 14. A conpound having the chem cal fornula:

Y{ i s isopropyl,
It or conpl ex of

H3CO or a pharmaceutically acceptable salt or complex thereof.
15. A compound having the chemical formula:
HsCO

HaC

Ol

or a pharmaceutically acceptable salt or complex thereof.

16. A pharmaceutical composition comprising:
the compound, salt or complex of any one of claims 1 to 15, and

a pharmaceutically acceptable carrier.

17. The pharmaceutical composition of claim 16, which is for treating a disease or
disorder characterized by abnormal calcium homeostasis.

18.  The pharmaceutical composition of claim 17 wherein the disease or disorder
characterized by abnormal calcium homeostasis is primary or secondary
hyperparathyroidism, Paget’s disease, hypercalcemia, osteoporosis or
hypertension.

19. Use of the compound, pharmaceutically acceptable salt or pharmaceutically

acceptable complex of any one of claims 1 to 15 for the manufacture ofa



Cl CH3 or a pharnmaceutically acceptable salt or conplex thereof. 15, A
conpound having the chem cal fornula: H3Co H3C or a pharmaceuticall ;1'], JUL 2006
acceptabl e salt or conplex thereof. 16. A pharmaceutical conposition
conprising: the conmpound, salt or conplex of any one of clains 1 to 15, and
a pharmaceutically acceptable carrier. 17. The pharmaceutical conposition
of claim16, which is for treating a disease or disorder characterized by
abnormal cal ci um honeostasis. 18. The ¥harmaceutical conposition of claim
17 wherein the di sease or_ djsorder. characterized gy abnormal cal.ci ym
honmeostasi s i s prPRHUFIRFCEHICGEOGIPAIIPN fon iFRating p REHSA F‘Hi‘gﬁ]d’%étr'adés%‘iééease,
hypercal cem a, 0StRORALDRIGSHyUbnoMAPBAILBAShReosthSis. Use of the conpound,
pharmaceutically acceptable’salt or pharnaceutically acceptable conpl ex of
any one of cR@i nmsUsepbthtsompound;phammanéwtically acceptable balt og pharmeositigdly

phar maceuti cal conposjtjon for treatin pati ent. hayi ng a.disease or

di sorder charact g?‘iegéhiwnﬁ’g%?{r?ﬁp' OE%ggﬁﬁﬁshfowglésfgﬁ\é\egg@f&a%8?5f t he
conpound, phar mac guirasbiltitaPéoniidkRidh Sorstedatin® b deadeRARdtdeE 8dlbited BEMEPL abl e
conpl ex of any one of clains 1 to 15 for the manufacture of a

phar maceut i cal coHiSEPYR eAnsisirg of mimeni r secondeni dupoparaihyridien, BageEet ed from
the group consistyng,afy, eHIﬁ:re%ia?roségﬂb‘?&ﬁ%ryh){}&\éﬂgx{s%f athyroidism Paget’s
e

di sease, hypercal cema, "O0steoporodsis ‘or hypertension.



