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Signature FIELD OF THE INVENTION

This invention relates to the design, development,
composition and use of novel molecules able to modulate
the activity of inorganic ion receptor.

BACKGROUND OF THE INVENTION -

Certain cells in the body respond not only to
chemical signals, but also to ions such as extracellular
calcium ions (cCa?'). Changes in the concentration of
extracellular Ca’* (referred to herein as "[ca?*}") alter
the functional responses of these cells. One such
specialized cell is the parathyroid cell which secretes
parathyroid hormone (PTH). PTH is the principal endocrine
factor regulating cCa?* 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, Qdepressing 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 Cell 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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Res. s282, 1994; Rogers et al., 9 Suppl. 1 J. Bone and
Mineral Res. s409, 1994; Garrett et al., 9 Suppl. 1 J.
Bone and Mineral Res. s409, 1994. The role of
extracellular Ca?* on bone osteoclasts is discussed by

5 Zaidi, 10 Bioscience Reports 493, 1990. In addition
keratinocytes, 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.

10 The ability of various compounds to mimic extra-
cellular cCa?* 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

15 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
20 et al., PCT/US92/07175, International Publication Number
WO 93/04373, describe various compounds which can modulate
the effect of an inorganic ion on a cell having an
inorganic ion receptor, preferably modulate the effects of
calcium on a calcium receptor.
25 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.
30 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.
35 Extracellular Ca?* is under tight homeostatic control
and controls various processes such as blood clotting,
nerve and muscle excitability, and proper bone formation.
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specialized cell is the parathyroid cell which secretes parathyroid hornone
(PTH). . PTH is the principal endocrine factor regulating Ca[err] honeostasis
in the bl ood and extracellular fluids. PTH, by acting on bone and ki dney
cells, increases the level of CaJerr] in the blood. This increase in
[Ca[err]]

3

Calcium receptor proteins enable certain specialized cells
to respond to changes in extracellular ca?* concentration.
For example, extracellular Ca?* inhibits the secretion of
parathyroid hormone from parathyroid cells, inhibits bone

5 resorption by osteoclasts, and stimulates secretion of
calcitonin from C-cells. _

Compounds modulating inorganic ion receptor activity
can be used to treat diseases or disorders by affecting
one or more activities of an inorganic ion receptor

10 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
resorption either directly (e.g., a osteoclast ionmimetic

15 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 ionmimetic) can retard bone loss and, thus, result in
beneficial effects to patients suffering from

20 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

25 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

30 may be treated by the present invention. For exanmple,
certain forms of primary hyperparathyroidism are
characterized by abnormally high levels of parathyroid
hormone and decreased parathyroid gland responsiveness to
circulating calcium. Calcium receptor modulating agents

35 can be used to modulate parathyroid cell responsiveness to

calcium.
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Preferably, the compound modulates calcium receptor
activity and is used in the treatment of diseases or
disorders which can be affected by modulating one or more
activities of a calcium receptor. Preferably, the disease
or disorder is characterized by abnormal bone and mineral
homeostasis, more preferably calcium homeostasis.

Abnormal calcium homeostasis is characterized by one
or more of the following activities: (1) an abnormal
increase or decrease in serum calcium; (2) an abnormal
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.

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 anad
preferably binds to a calcium receptor.

Ionlytics are molecules which reduce or block one or
more activities caused by an inorganic ion on an inorganic
ion receptor. Preferably, the molecule inhibits one or
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cell surface protein which det eﬂs\dwlges\in\@%grr]] has been confirned.
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response, PTH secretion.
5

more calcium receptor activities.. Calcilytics are
ionlytics which inhibit one or more calcium receptor
activities evoked by extracellular calcium and preferably
bind to a calcium receptor.

5 Inorganic ion receptor modulating agents can be
formulated as pharmacological agents or compositions to
facilitate administration in a patient. Pharmacological
agents or compositions are agents or compositions in a
form suitable for administration into a mammal, preferably

10 a human. Considerations concerning forms suitable for
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

15 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
recéptor activity caused by an extracellular inorganic
ion. The molecule has the formula:

CH3
20 where each X is independently selected from the group

consisting of isopropyl, CH,0, CH,S, CF,0, an aliphatic ring
and an attached or fused aromatic ring; and
each m is independently between 0 and 5 inclusive.
Preferably, the aromatic and aliphatic rings have 5
25 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
30 receptor activities caused by extracellular calcium.
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Extracel lular Ca[err] can exert effects on different cell functions,
reviewed in Neneth et al., 11 Cell Calcium 319, 1990. The rol e of
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di scussed in Nenmeth, 11 Cell Calcium 323, 1990. These cells have been shown
to express simlar Ca[err] receptor. Brown et al., 366 Nature
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Another aspect of the present invention features an
inorganic ion receptor modulating agent having the
formula:

L[

where each X independently is selected from the group

5 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;

10 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}
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and

15 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

20 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

25 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.
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Another aspect of the present invention features an
inorganic ion receptor modulating agent comprising a
molecule selected from the group consisting of compound
4L, compound 8J, compound 8U, compouhd 9R, compound 11X,
compound 12U, compound 12V, compound 12%, compound 14U,
compound 16M and compound 16P.

Other aspects of the present invention feature
methods for using the agents described herein for treating
diseases or disorders by modulating inorganic ion receptor
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

s282,

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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M neral Res. s409, 1994; Garrett et al., 9 Suppl. 1 J. Bone and M neral

Res. + 5409, 1994. The role of extracellular Ca[err] on bone
osteoclasts is discussed by Zaidi, 10 Bioscience Reports 493, 1990. In
addi ti on keratinocytes, j uxt agl omer ul ar cells, trophoblasts,
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with or causative of the disease or disorder.
In a preferred embodiment, the patient has a disease
or disorder characterized by an abnormal level of one or
5 more calcium receptor regulated components and the
molecule is active on a calcium receptor of a cell
selected from the group consisting of parathyroid cell,
bone osteoclast, juxtaglomerular kidney cell, proximal
tubule kidney cell, distal tubule kidney cell, central

10 nervous system cell, peripheral nervous system cell, cell
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

15 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

20 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.

25 Thus, the present invention features agents and
methods useful in the treatment of diseases and disorders
by modulating inorganic ion receptor activity. For
example, the molecules of the present invention can be
used to target calcium receptors on different cell types

30 that detect and respond to changes to external calcium.
For example, molecules mimicking external calcium may be
used to selectively depress secretion of parathyroid
hormone from parathyroid cells, or depress bone resorption
by osteoclasts, or stimulate secretion of calcitonin from

35 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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1987, Academic Press, I nc.,
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Other features and advantages of the invention will
be apparent from <the following description of the

preferred embodiments thereof and from the claims.

F _DESCRI (o) ' THE DRAW

’ 5 Figs. 1A-D, 2A-D, 3A~-E, 4A-E, 5A-D, 6A-E, 7A-E, 8A-E,
9A-F, 10A-E, 11A-E, 12A-D, 13A-D, 14A-D, 15A-D, 16A-D,
17A-D, 18A-E, 19A-D, and 20A-D show the chemical
structures of molecules derived from .diphenylpropyl-a-

phenethylamine illustrating a family of molecules which
10 were prepared and screened to find the useful molecules of
the invention. ,
SCRIPTION O F 0D
The present invention describes inorganic ion
receptor modulating agents able to mimic or block an
15 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 modulating
inorganic ion receptor activity. Preferably, ' the
molecules are used to treat diseases or disorders
20 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.
25 . CALC 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

. 30 parathyroid cell, bone osteoclast, juxtaglomerular kidney
cell, proximal tubule kidney cell, distal tubule kidney
R cell, central nervous system cell, peripheral nervous

system cell, cell of the thick ascending limb of Henle's
loop and/or collecting duct, Xkeratinocyte in the
35 epidermis, parafollicular cell in the thyroid (C-cell),
intestinal cell, trophoblast in the placenta, platelet,
vascular smooth muscle cell, cardiac atrial cell, gastrin-
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pp. 33-35; Br own et al ., (e.qg., neomnyci n) 128 Endocri nol ogy
3047, 1991; Chen et al., (diltiazemand its anal.og, TA-3090) 5 J. Bone and
M neral Res. 581, 1990; and Zaidi et al., (verapaml) 167 Bi ochem

Bi ophys. Res. Commun. 807, "~ 1990. Neneth et al., PCI/US93/01642,
I nternational Publication Nunmber WD 94/ 18959, and Neneth
9/2

secreting cell, élucagon-secreting cell, kidney mesangial
cell, mammary cell, beta cell, fat/adipose cell, immune
cell, and GI tract cell. The calcium receptor on these
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et al., PCT/US92/07175, International Publication Nunmber WD 93/04373,
descri be vari ous conpounds whi ch can nodul ate the effect of an inorganic
ion on a cell having an inorganic ion receptor, preferably nodul ate the
effects of calciumon a calciumreceptor. The references provided in the
background are not

10

cell types may be different. It is also possible that a
cell can have more than one type of calcium receptor.

Comparison of calcium receptor activities and amino

acid sequences from different cells indicate that distinct

5 calcium receptor types exist. For example, calcium

receptors can respond to a variety of di- and trivalent

cations. The parathyroid calcium receptor responds to

calcium and Ga@%*, while osteoclasts respond to divalent

cations such as calcium but does not respond to Ga&t.

10 Thus, the parathyroid calcium receptof is
pharmacologically distinct from calcium receptor on the
osteoclast. ‘

on the other hand, the nucleic acid sequences
encoding calcium receptors present in parathyroid cells

15 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

20 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

25 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.

30 Calcium receptors respond to éhanges 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:

35 1. An increase in internal calcium. The
increase is due to the influx of external calcium and/or
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mobilization of internal calcium. Characteristics of the
increase in internal calcium include the following:

(a) A rapid (time to peak < 5 seconds) and
transient increase in [ca’*]; that is refractory to
inhibition by 1 uM La’* or 1 uM Gd** and is abolished by
pretreatment with ionomycin (in the absence of
extracellular ca’t);

(b) The increase is not inhibited by
dihydropyridines;

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

(d) The transient increase is diminisheaq
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 techniques 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
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differ in other aspects, such as causing or inhibiting the
release of a hormone other than parathyroid hormone.
II. INORGANIC TON RECEPTOR MODULATING AGENTS
Inorganic ion receptor modulating agents either

5 evokes one or more inorganic ion receptor activities, or
blocks one or more inorganic ion receptor activities
caused by an extracellular inorganic ion. Calcium
receptor modulating agents can mimic or block an effect of
extracellular Ca?* on a calcium receptor. Preferred

10 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

15 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

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

The EC;, is the concentration of the molecule which
evokes a half-maximal effect. The ICsqp 1is the

25 concentration of molecule which causes a half-maximal
blocking effect. The ECQ or ICy;, can be determined by
assaying one or more of the activities of an inorganic ion
at an inorganic ion receptor. Preferably, sﬁch assays are
specific to a particular calcium receptor. For example,

30 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

35 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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Number WO 94/18959. For example, poly(A)* mRNA can be
obtained from cells expressing a calcium receptor, such as
a 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, keratinocyte in the
epidermis, parafollicular cell in the thyroid (C-cell),
intestinal cell, central nervous cell, peripheral nervous
system 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, 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 ECy, or ICs; at a calcium receptor of
less than or equal to 5 xM, and even more preferably less
than or equal to 1 M, 100 nmolar, 10 nmolar, or 1 nmolar.
Such lower ECs’s or IC,’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 EC;’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 is a calcilytic which evokes the
secretion of parathyroid hormone from parathyroid cells in
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vitro and elevates the level of parathyroid hormone in
vivo.
Preferably, the agent selectively targets inorganic
ion receptor activity, more preferably calcium receptor
5 activity, in a particular cell. By "selectively" is meant
that the molecule exerts a greater effect on inorganic ion
receptor activity in one cell type than at another cell
type for a given concentration of agent. Preﬁerably, the
differential effect is 10-fold or greater. Preferably,
10 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
15 over calcitonin secretion.
In another preferred embodiment, the molecule has an
ECsy or IC,, 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
20 cell, proximal tubule kidney cell, distal tubule kidney
cell, cell of the thick ascendihg limb of Henle’s loop
and/or collecting duct, central nervous system cell,
peripheral nervous system cell, Xkeratinocyte in the
epidermis, parafollicular cell in the thyroid (C-cell),
25 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.
30 Preferably, inorganic ion receptor modulating agents
minic 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
35 having a calcium receptor. Calcimimetics need not possess
all the biological activities of extracellular ca?*, but,
rather, at 1least one such activity is mimicked.




one or nore activities of an inorganic ion receptor resulting in a
benefi.cial effect to the patient. For exanple, osteoporosis is an
rel ated disorder characterized by | oss of bone nass and increased risk of
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Similarly, calcilytics need not reduce or prevent all of
the activities caused by extracellular calcium.
Additionally, different calcimimetics and different
calcilytics do not need to bind to the same site on the
calcium receptor as does extracellular Ca?* to exert their
effects.
A. Calcimimetics '

The ability of molecules to mimic or block the
activity of ca?* at calcium receptors can be determined
using procedures known in the art and described by Nemeth
et al., PCT/US93/01642, International Publication Number
WO 94/18959. For example, calcimimetics possess one or
more and preferably all of the following activities when
tested on parathyroid cells in v1tro.

1. The molecule causes a rapid (t1me to peak
< 5 seconds) and transient increase in {Ca?*};, that is
refractory to inhibition by 1 uM La** or 1 uM Gd**. The
increase in [Ca“dipersists in the absence of extracellular
ca’* but is abolished by pretreatment with ionomycin (in
the absence of extracellular ca’t);

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

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 phbrbol
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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6. The molecule causes a rapid (< 30 seconds)
increase in the formation of inositol-1,4,5-triphosphate
and/or diacylglycerol;

7. The molecule inhibits dopamine-~ or isopro-

5 terenol-stimulated cyclic AMP formation; '

8. The molecule inhibits PTH secretion;

9. Pretreatment with pertussis toxin (100
ng/ml for > 4 hours) blocks the inhibitory effect of the
molecule on cyclic AMP formation but does not effect

10 increases in [cCa?'];, inositol-1,4,S-triphosphate, or
diacylglycerol, nor decreases in PTH secretion;

10. The molecule elicits increases in C1-
current in Xenopus oocytes injected with poly(A)*- enriched
mRNA from bovine or human parathyroid cells, but is

15 without effect in Xenopus oocytes injected with water, or
rat brain or liver mRNA; and

11. similarly, using a cloned calcium receptor
from a parathyroid cell, the molecule will elicit a
response in Xenopus oocytes injected with the specific

20 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

25 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 94718959,

Preferably, the agent as measured by the bioassays

30 described herein, or by Nemeth et al., PCT/US93/01642,
International Publication Number WO 94718959, has one or
more, more preferably all of the following activities:
evokes a transient increase in internal calcium, having a
duration of less that 30 seconds'(preferably by mobilizing

35 internal calcium); evokes a rapid increase in ([Ca?!)],,
occurring within thirty seconds; evokes a sustained
increase (greater than thirty seconds) in [ca?);
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(preferably by causing an influx of external calcium);
evokes an increase in inositol-1,4,5-triphosphate or
diacylglycerol levels, preferably within less than 60
seconds; and inhibits dopamine- or isoproterenol-~
stimulated cyclic AMP formation.

The transient increase in [ca’*), is preferably
abolished by pretreatment of the cell for ten minutes with
10 mM sodium fluoride, or the transient increase is
diminished 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 cCa?* to:

(a) increase [ca?*};

(b) mobilize intracellular ca’t,

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

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

(e) inhibit 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?t
or calcimimetic compounds, but not in Xenopus oocytes
injected with water or liver mRNA;

i ncreases in parathyroid
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3. Similarly, using a cloned calcium receptor
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from a parathyreoid cell, the molecule will block a
response in Xenopus oocytes injected with the specific
cDNA, mRNA or cRNA encoding the calcium receptor, elicited
by extracellular Ca?* or a calcimimetic compound.

Parallel definitions of molecules blocking ca?*
activity on a 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..

III. 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 1levels 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“'qften
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
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set-point for extracellular Ca’'-induced increases in
[ca’*}; is shifted to the right and the magnitude of such
increases is reduced.

Molecules that mimic the action of extracellular ca?t

5 are beneficial in the long-term management of both primary
and secondary HPT. Such molecules provide the added
impetus required to suppress PTH secretion which the
hypercalcemic condition alone cannot achieve and, thereby,
help to relieve the hypercalcemic condition. Molecules

10 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

15 shown to depress the levels of preproPTH mRNA in bovine
and human adenomatous parathyroid tissue. Prolonged
hypercalcemia also depresses parathyroid cell
‘proliferation in vitro, so calcimimetics can also be
effective in limiting the parathyroid cell hyperplasia

20 characteristic of sécondary 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

25 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

30 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

35 concentrations of extracellular Ca?*'. Extracellular ca?*
causes the mobilization of intracellular ca?* in these
cells. Other kidney cells respond to calcium as follows:
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elevated Ca’ inhibits formation of 1,25(OH),~vitamin D by
proximal tubular cells, stimulates production of calcium-
binding protein in distal tubular cells, and inhibits
tubular reabsorption of ca?’* and Mg?* and the action of

5 vasopressin on the medullary thick ascending limb of
Henle’s loop (MTAL), reduces vasopressin action in the
cortical collecting duct cells, and affects vascular
smooth muscle cells in biood vessels of the renal
glomerulus.

10 Calcium also promotes the differentiation of
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

15 muscle cells to modify cell secretion of vasocactive
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

20 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.

25 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

30 arrest or neonatal distress, epilepsy, neurodegenerative
diseases such as Alzheimer’s disease, Huntington’s disease
and Parkinson’s disease, dementia, muscle tension,
depression, anxiety, panic disorder, obsessive-compulsive
disorder, post-traumatic stress disorder, schizophrenia,

35 neuroleptic malignant syndrome, and Tourette’s syndrome;
diseases involving excess water reabsorption by the kidney
such as syndrome of inappropriate ADH secretion (SIAH),

—
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cirrhosis, heart failure, and nephrosis; hypertension;
preventing and/or decreasing renal toxicity from cationic
antibiotics (e.g., aminoglycoside antibiotics); gut
motility disorders such as diarrhea, and spastic colon; GI
5 ulcer diseases; GI absorption diseases such as
sarcoidosis; and autoimmune diseases and organ transplant
rejection.
While inorganic ion receptor modulating agents of the
present invention will typically be used in therapy for
10 human patients, 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.
15 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. .Techniques
and formulations for administration of compounds generally
20 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.

25 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,

30 pharmacological agents or compositions injected into the
blood stream should be soluble in the concentrations used.
Other factors are known in the art, and 1include
considerations such as toxicity and forms which prevent
the agent or composition from exerting its effect.

35 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
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pharmacological use by altering the physical
characteristics of the agent without preventing it from
exerting its physiological effect. Examples of useful
alterations in physical properties include lowering the
5 melting point to facilitate transmucosal administration
and increasing the solubility to facilitate administering
higher concentrations of the drug.
For systemic administration, oral administration is

preferred. Alternatively, injection may be used, e.g.,
10 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

15 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

20 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 aciad

25 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

30 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

35 between about 1 nmole and. 3 umole of the molecule,
preferably 0.1 nmole and 1 umole depending on its EC;, or

IC, and on the age and size of the patient, and the
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disease or <disorder associated with the patient.
Generally it is an amount between about 0.1 and 50 mg/kg,
preferably 0.01 and 20 mg/kg, animal to be treated.

V. EXAMPLES

The compounds described herein can be synthesized
using standard techniques such as those described by
Nemeth et al., PCT/US93/01642, International Publication
Number WO 94/18959. Examples describing the syntheses of
compounds 4L, 8J, 8U, 9R, 11X, 12U, 12V, 12Z, 14U, 16M and
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 cyanoborochydride or sodium triacetoxyborohydride.
It was found for the syntheses of these three compounds
(SR, 14U, and 16P) that sodium <triacetoxyborohydride
afforded the desired diastereomers with greater
diastereoselectivity than using sodium cyanoborohydride.
The enriched 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 in situ by the action of sodium
cyanoborohydride or sodium borohydride. The intermediate
alkenes (compounds 12U and 12V} were reduced by catalytic
hydrogenation in EtOH using palladium on carbon.
Compounds which were converted to their corresponding
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hydrochloride were done so by treatment of the free base
with ethereal HCl to afford white solids.
The amines in these syntheses were (1) purchased from

24

Aldrich Chemical Co., Milwaukee, WI, (2) purchased from
Celgene Corp., Warren, NJ, or (3) prepared synthetically
using standard techniques. All other reagent chemicals
were purchased from Aldrich Chemical Co.

Example 1: Synthesis of Compound 4L
N-3~-Phenyl-1-propyl-1-(l-naphthyl)ethylamine

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 (Phénomenex, 1.0 x
25 cm, 5 puM 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 Compbgnd 8J
N-(3-phenylpropyl)-1-(3-thiomethylphenyl)ethylamine
hydrochloride

3/-aminoacetophenone (2.7 g, 20 mmol) was dissolved
in 4 mL of concentrated HCl, 4 g of ice and 8 nL 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 0°C. To this solution was added
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the diazonium salt over 10 minutes while maintaining the
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temperature below 10°C. The reaction was stirred for an
additional hour while allowing the temperature to rise to
ambient. The reaction mixture was partitioned between
ether and water. The ether layer was separated and washed
with sodium bicarbonate and sodium chloride, and dried
over sodium sulfate. The ether was evaporated to give a
74% yield of 3’-thiomethylacetophenone. The crude
material was purified by distillation at reduced pressure.

3-Phenylpropylamnine (0.13 g, 1 mmol), 37—
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 ulL 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/EI-MS(R=7.64 min) m/z (rel. int.)285 (M*,618),
270(90), 180(17), 151(100), 136(32), 104(17), 91(54),
77(13).

Example 3: Synthesis of Compound 8U
N-3-(2-methoxyphenyl)~1-propyl-(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 Eg.) 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
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reaction mixture was centrifuged and the ether layer
removed and concentrated to an oil. This material was
dissolved in glacial acetic acid, shaken with palladium
hydroxide and hydrogenatéd under 60 p.s.i. hydrogen for 2
hours at room temperature. The catalyst was removed by
filtration and the resulting solution concentrated to a
thick oil. This material was dissolved in dichloromethane
and neutralized with 1 N NaOH. The dichloromethane
solution was separated from the agqueous phase, dried over
anhydrous potassium carbonate and concentrated to an oil.
This material was dissolved in ether and treated with 1 M
HCl in diethylether. The resulting precipitate (white
solid) was collected, washed with diethylether, and air
dried. GC/E1-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)ethyl)—-(R)~-1~(1 -naphthyl)ethylamine
hydrochloride

A mixture of (R)-(+)-1-(l1-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 mL) 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+%) diastereomer.- The free base
was dissolved in hexane, filtered, and then ethereal HCl
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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Example 5: Synthesis of Compound 11X
N-(4-Isopropylbenzyl)-(R)-1-(1-naphthyl)ethylamine
hydrochloride

A mixture of (R)-(+)-1-(l-naphthyl)ethylamine (1.06
g, 6.2 mmol), 4-isopropylbenzaldehyde (0.92 g, 6.2 mmol),

27

and titanium (IV) isopropoxide (2.2 g, 7.7 mmol) was
heated to 100°C for 5 min then allowed to stir at room
temperature for 4 hours. Sodium cyanoborohydride (NaCNBH,)
{0.39 g, 6.2 mmol) was then added followed by EtOH (1 mL).
The reaction mixture was stirred at room temperature for
18 hours. Ether (100 mL) and H,0 (1 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 (50 mm X 30 cm column) (elution with 1%
MeOH/CHC1,) . The chromatographed material was then
dissolved in hexane and ethereal HCl was added to
precipitate the product as a white solid (0.67 g, 35 %
yield), m.p.; 257-259°C.

Example 6: Synthesis of Compound 12U
N~-3-(2-methylphenyl)-1-propyl-(R)-3-methoxy~-a-
methylbenzylamine hydrochloride

A solution of 2-methylcinnamonitrile (2.43 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 reaction 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 0°C 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 ma Téﬁ;S
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formul ated as pharnacol ogi cal agents or conpositions to facilitate
.adm nistration in a patient. Pharnacol ogi cal agents or conpositions are
agents or conpositions in a form suibis@héeeHfsBeenRpludeit st rati on i nto a nanmal

preferably a human. Consi der ati ons
adm nistration are known in the art i _
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chromatographed through silica using a gradient of
dichloromethane to 5% methanol in dichloromethane to
afford the unsaturated intermediate, a single component by
GC/E1-MS (R=10.06 min) m/z (rel. int.) 281 (M+, 17), 266
(59), 176 (19), 146 (65), 135 (73), 131 (100), 91 (21), 77
(13). '

The unsaturated intermediate in ethanol |was.
hydrogenated (1 atm H,) in the presence of palladium on}
carbon for 16 hours at room temperature. The product from
this reaction was converted to the hydrochloride salt by
treatment with 1 M HCl in diethylether. GC/El-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)-1-propyl-(R)-3-methoxy-a-
methylbenzylamine hydrochloride

The compound was preparéd 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: Synthesis of Compound 12%
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-
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effects, solubility, _route _of - admnistration, and mai ntai ni ng

activi-ty. Thus,

nore inorganic

recept or nDduIatlng h#ﬂtéfﬁnmmﬂ a nol ecul e which either evokes one or
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naphthyl)ethylamine on a 10 mmol scale. Chromatography
through silica using a gradient of dichloromethane to 5%
methanol in dichloromethane afforded the product as a
single component by TLC analysis (5% methanol in
dichloromethane). The hydrochloride was prepared by
treatment with 1 M HCl in diethylether.

Example 9: Synthesis of Cowmpound 14U
(R)-N-(1-(4-methoxyphenyl)ethyl)-(R)~1-(1-
naphthyl)ethylamine hydrochloride

A mixture of (R)-(+)-1-(1l-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 wvacuum 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-chloro-4-methoxybenzyl)-(R)—-1~-(1-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

i es, or blocks one or nore inorganic

i on

-REPLACED
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receptor activity caused by an extracellular inorganic ion. The nol ecul e
has the fornmula: [err] where each X is independently selected fromthe

group consisting of isopropyl, CHerr]O CHerr]S, CF[err]O anmatphatic—
ring and an attached or fused aromatic ring; and ThsmwafhsBumR

0 Illl

N

30

then allowed to stir at room temperature for 3 hours.
Sodium cyanoborohydride (NaCNBH,;) (2.45 g, 39 mmol) was
then added. The reaction mixture was stirred at room
temperature for 18 hours. Ether (100 mL) and H,0 (2 wL)
5 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 (50 mm X 30 cm
column) (elution with CH,Cl,). The chromatographed
10 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
15 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 g, 167 mmol), and acetone (250

nL) was refluxed for 3 hours. The reaction mixture was

20 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,SO,) and

evaporated to yield 4.5 g, 82.4% yield. The ketone was

25 used in the following reaction without  further
purification.

(R)-N~(1~(4-Methoxy—-3-methylphenyl)ethyl)-(R)-1-(1-
naphthyl)ethylamine hydrochloride [Compound 16P)

A mixture of (R)-(+)-1-(1-naphthyl)ethylamine (4.24

30 g, 24.8 mmol), 4’-methoxy-3’-methylacetophencne (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 Dbath. Sodium

35 triacetoxyborohydride (NaHB(O,CCH;);) (10.5 g, 49.5 mmol)

BEEN
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each mis independently between O and 5 inclusive. Preferably, the aromatic
and al.iphatic rings have 5 to 7 nenbers. Mre preferably, the aromatic and
al i phatic rings contain only carbon atons (i.e., the ring is not a
heterocyclic ring). Preferably, the nolecule either evokes one or nore
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was then added in portions over 15 minutes. The reaction
mixture was then heated to 70°C for 18 hours. The mixture
was cooled to room temperature and poured into ethexr (400
mL). The suspension was centrifuged, the supernatant was
collected and the pellet was washed with ether (400 mL).
The combined organic washings were evaporated under
vacuum. The residue was dissolved in ether (400 mL) and
washed with 1 N NaOH (4 x 50 mL) and H)0 (2 x 50 mL). The
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 cil. 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 uL 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 HC]. The salt was
collected on fritted glass and washed with hexane to
provide 1.0 g of a white solid, mp 204-205°cC. )

Other embodiments are within the following claims.
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calciumreceptor activities, or blocks one or nore cal cium receptor

activities caused by extracellular cal cium 6
This Sheet Has Been Rep
HHTET flll .
Clainms
1. An inorganic ion receptor modulating agent

comprising a molecule having the formula:

CH3

wherein each X is independently selected from the
5 group consisting of isopropyl, CH,0, CH,S, CF;0 an aliphatic
ring and an attached or fused aromatic ring; and
each m is independently between 0 and 5 inclusive;
wherein said molecule either evokes one or more inorganic
ion receptor activities, or blocks one or more inorganic
10 ion receptor activities caused by an extracellular
inorganic ion.

2. The agent of claim 1 wherein said molecule is a
calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

15 3. An inorganic ion receptor modulating agent
comprising a molecule having the formula:

him-

CHs

wherein each X independently is selected from the

group consisting of H, CH;, CH;0, CH;CH,O0, methylene dio 5 BEEN
H A
Br, Cl, F, CF,, CHF,, CH,F, CF;0, CH;S, OH, CH,0OH| ¥R ';:‘P CED
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* Anot her aspect of the present invention features an inorganic ion
receptor nmodulating agent having the fornula: R CH3 where each X
i ndependently is selected fromthe group tonsistittg of H CHerr],

CHerr]O CHerr]CHerr]Q nethyl ﬁ&%h@tﬁ%eeﬁeplaced

A
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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
5 consisting of hydrogen, methyl, ethyl, propyl, isopropyl,
butyl, allyl, isobutyl, t-butyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, indenyl, indanyl, dihydroindolyl,
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and
each m is independently between 0 and 5 inclusive;
10 wherein said 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.

4. The agent of claim 3 wherein said molecule is a
15 calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

5. The agent of claim 4 wherein each R is
independently selected from the group consisting of H, CH,,
ethyl, and isopropyl.

20 6. The agent of claim 4 wherein 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.

7. The agent of claim 5 wherein each X is
25 independently selected from the group consisting of
isopropyl, CH;0, CH,S, CF;0, aliphatic ring and an attached

or fused aromatic ring.

8. An inorganic ion receptor modulation agent

comprising a molecule selected from the group consisting

30 of compound 4L, compound 8J, compound 8U, compound 9R,

compound 11X, compound 12U, compound 12V, compound 12Z,
compound 14U, compound 16M, and compound 16P.

* [ L M S *
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a, F Crlerr], CHF[err], CHerr]F, CF[err]O CHerr]S OH CHerr]OH
CONH[err], CN, NJerr], CH30|—|2 propyl, isopropyl, butyl, isobutyl,
t-butyl, acetoxy, ali phat ic ring and an attached or fused aromatic ring;
each R independently is selected fromthe group consisting -of hvr*rngen.
met hyl , ethyl, propyl, isopropyl,

is:Sheet Has Been Replaced
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9. An agent of any claim 1-8 further comprising a

physiologically acceptable carrier.

10. A method for treating a patient comprising the

step of administering a therapeutically effective amount

5 of an inorganic ion receptor modulating agent to a patient

in need of such treatment, said agent comprising a
molecule having the formula:

S
L

wherein each X is independently selected from the
group consisting of isopropyl, CH,0, CH;S, CF,0 an aliphatic
10 ring and an attached or fused aromatic ring; anad
each m is independently between 0 and 5 inclusive;
wherein said molecule either evokes in one or more
inorganic ion receptor activities, or blocks one or more
inorganic ion receptor activities caused by an

15 extracellular inorganic ion.

11. The agent of claim 10 wherein said molecule is
a calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

12. A method for treating a patient comprising the

20 step of administering a therapeutically effective amount

of an inorganic ion receptor modulating agent to a patient

in need of such treatment, said agent comprising a
molecule having the formula:

) O s S
* [ L M s *
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butyl, allyl, isobutyl, t-butyl, cyclopentyl, cyclohexyl, cycloheptyl,

cycl-ooctyl, indenyl, indanyl, d|hVHTUrndoFyF——PhkgdLhydrp|ndonI and 2-,
3-, or 4- piperid(in)yl; and each ”T&éS'Qﬂﬁﬁ?nd ntIy between 0 and 5

i nclusive. The nol ecul e either evoke organlc i on receptor
activities, or blocks one or nore in " ”

35

ey

CH3
wherein each X independently is selected from the group

consisting of H, CH;, CH;0, CH;CH,0, methylene dioxy, Br,
Ccl, F, CF,, CHF,, CH,F, CF;0, CH;S, OH, CH,0H, CONH,, CN, NO,,
CH,CH,, propyl, isopropyl, butyl, isobutyl, t-butyl,
5 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,
10 cycloheptyl, cyclooctyl, indenyl, indanyl, dihydroindolyl,
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and
each m is independently between 0 and 5 inclusive;
wherein said molecule either evokes one or more inorganic
ion receptor activities, or blocks one or more inorganic
15 ion receptor activities caused by an extracellular
inorganic ion.

_ 13. The'method of claim 12 wherein said patient has
a disease or disorder characterized by abnormal calcium
homeostasis, said molecule is a calcimimetic and saiad

20 inorganic ion receptor activity is a calcium receptor
activity.

14. The method of claim 13 wherein each R is
independently selected from the group consisting of H, CH,,
ethyl, and isopropyl.

25 15. The method of claim 13 wherein 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.

AR




receptor activities caused by an extracellular inorganic ion. Preferably,
the hol ecul e either evokes one or nore calciumreceptor activities, or

bl ocks one or nore calciumreceptor activities caused by extracellul ar
calcium In preferred enbodiments Ris either H CHerr], ethyl, or

| sopropyl, and each X is independently selected fromthe

.

36

16. The method of claim 14 wherein 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.

5 17. A method for treating a patient by modulating
inorganic ion receptor activity comprising the step of
administering to said patient a therapeutically effective
amount of a molecule selected from the group consisting of
compound 4L, compound 8J, compound 8U, compound 9R,

10 compound 11X, compound 12U, compound 12V, compound 122,
compound 14U, compound 16M, and compound 16P.

18. The method of claim 17 wherein said patient has
a disease or disorder characterized by abnormal calcium
homeostasis.

15 19. The method of any claim 12-17 wherein said
patient has a disease selected from the group consisting
of primary and secondary hyperparathyroidism, Paget’s
disease, hypercalcemia malignancy, osteoporosis and
hypertension.

This Sheet Has Been Replaced
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group consisting of isopropyl, CHerr]O CHerr]S, CFlerr]O aliphatic ring
ahd an’ attached or fused aromatic ring. Preferably, the aliphatic ring
and attached or fused aromatic ring have 5 to 7 nmenbers. More preferably,
the aromatic and aliphatic rings contain only carbon atons.

37

Calcium Receptor-Active Molecules
Abstract of the Disclosure

The present invention features molecules which can

modulate one or activities of an inorganic ion receptor.
5 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.
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I nvention features an inorganic ion

7 Anot her aspect of the present it
nodul ati ng agent conprising a nol ecule selected fromthe group

recept or
consi sting of conpound
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4L, conpound 8J, conpound 8U, conpound 9R, conpound 11X, conpound 12U,
conpound 12V, conpound 12Z, conpound 14U, conpound 16M and conpound 16P.

O her aspects of the present invention feature nethods for using the agents
descri bed herein for treating diseases or disorders by nodul ating inorganic

I on receptor
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activity. Patients in need of such
standard nedi cal techni ques, such as
by detecting a deficiency of protein
affected by changes in inorganic ion
~abnormal |evels of inorganic ions or

treatnments can be identified by
routine bl ood anal ysis. For exanpl e,
whose production or secretion is
concentrations, or by detecting

hor nrones whi ch effect
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I norgani ¢ i on honeostasis. Therapéeutic nmethods involve adm nistering to the
patient a therapeutically effective anount of an inorganic ion receptor
nodul ating agent. In preferred enbodi nents these nmethods are used to treat
a di sease or disorder characterized by abnormal inorganic ion homeostasis,
nor e
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preferably a di sease or disorder tharacterized by abnormal cal ci um

honmeost asi s. Di seases and di sorders characteri zed by abnor mal cal ci um
honeost asi s i ncl ude hyper par at hyroi di sm osteoporosis and ot her bone and
mneral -rel ated disorders, and the |ike (as described, e.g., in standard

t ext books, such as "Harrison's
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Principles of Internal Medicine"): Such di seases and di sorders are
treated using cal cium.receptor nodul ati ng agents which mmc or bl ock one
or nore of the effects of Ca[err] and, thereby, directly or indirectly
affect the levels of proteins or other nolecules in the body of the
patient. By "therapeutically effective anount” is neant an ['/70
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FIG. 2A.
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amount of an agent which relieves to sone extent one or nmore synptons of
the di sease or disorder in the patient; or returns to normal either
partially or conpletely one or

7/494
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FIG.2B.
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8 nore physi ol ogi cal or biochem cal paranmeters associated with or causative
of the disease or disorder. In a preferred enbodi nent, the patient has a

di sease or disorder characterized by an abnormal |evel of one or nore
calcium receptor regulated conponents and the

ves
s
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nol ecule is active on a calciumreceptor of a cell selected fromthe group

consisting of parathyroid cell, bone osteocl ast, juxtaglonerular kidney
cell, proximal tubule kidney cell, distal tubule kidney cell, central
nervous systemcell, peripheral nervous systemcell, cell of the thick
ascending linb of Henle's I|oop and/or
9/90
H
N
H

ZT

FIG. 2D.
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col l ecting duct, keratinocyte in the - epiderms, parafollicular

cell in the thyroid (Ccell), intestinal cell, trophoblast in the placenta,
pl atel et, vascul ar snooth muscle cell, cardiac atrial cell,
gastrin-secreting cell, glucagon-secreting cell, kidney nesangial cell,
manmary cell, beta cell, fat/adipose cell, inmmune cell and
10190
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FIG. 3A.
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G tract cell. Mre preferably, the cell is a parathyroid cell and the
nol ecul e reduces the | evel of parathyroid hornone in the serumof the
patient, even nore preferably the level is reduced to a degree sufficient
to cause a decrease in plasma Ca[err], nost preferably the parathyroid

hor none | evel
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Is reduced to that present in a normal individual. Thus, the present

I nvention features agents and nethods useful in the treatnent of diseases
and di sorders by nodul ating inorgani-c ion receptor activity. For
exanple, the nolecules of the present invention can be used to target
calciumreceptors on different cell types
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that detect and respond to changes to external calcium For exanple,

nol ecul es m m cking external calciummy be used to sel ectively depress
secretion of parathyroid hornmone from parathyroid cells, or depress bone
resorption by osteoclasts, or stinulate secretion of calcitonin from
C-cells. Such nol ecules can be used to treat diseases or

rad
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di sorders characterized by abnornal cal ci um honeostasi s such as
O her features and advant ages of

hyper par at hyr oi di sm and ost eopor osi s.
the invention wll
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be apparent fromthe foll ow ng description of the preferred enbodi nents
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, 10A-E, 11A-E, 12A-D,
13A-D, 14A-D, 15A-D, 16A-D, 17A-D, 18A-E, 19A-D, and 20A-D show the

chem cal _
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structures of nol ecul es derived from di phenyl'propyl -[err]- phenethyl am ne
illustrating a famly of nol ecules which were prepared and screened to find
t he useful nol ecul es of the invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present invention describes inorganic ion
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receptor nodul ating agents able to mmc or block an effect of an inorganic
ion at an inorganic ion receptor Thifl3gee @E%wﬂ@ﬂmmée of inorganic

receptor nodul ating agents is to t or di sorder by nDduIatlng
inorganic 1ion receptor activity t he nol ecul es are used
to treat diseases or disorders
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characterized by abnormal ion honeostasis,

honeost asis. O her
as di agnostics uses,
PCT/ US93/ 01642

nore preferably abnornal

cal ci um

uses of inorganic ion receptor nodul atfing agents,
are knomn in the art. Nenet h

, Internatlonal Publ i cati on Nunmber WO 94/ 18959
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Cal cium receptors and nucleic acid encoding cal ciumreceptors are descri bed
by Nenmeth et al., PCT/US93/01642, International Publication Nunmber WO

94/ 18959. Calciumreceptors are present on different cell types such as
parathyroid cell, bone osteocl ast, juxtaglonerular kidney cell, proxim
tubul e ki dney cell, distal tubule kidney

Thls Sheet Has Been Rep

HIIIIIHIIIIHIIIIIHIII _ !

F3C '
@\/\/ N |
N
OCHs

4X
H
N
OCHj4
Cl
. : 4Y
/©\/\/H
N
Cl . : OCHg
4Z

FIG. 4E.

THIS SHEET HAS BEEN
REPLACED

[ THIS SHEET HAS BEEN |



cell, central ‘nervous system cel I', peripheral nervous systemcell, cell  of

t he thLQK,ascendpng—¥+ﬁh—0f Henle's loop and/or collecting duct,
keratlnocyte in |dern1s parafollicular cell in the thyroid

(G ceII) trophoblast in the placenta, platelet, vascular
snoot h nu “ |ac atrial cell, gastrin-
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9/ 2 secreting cell, glucagon-secreting cell, 'kidney nesangi al cell, mammary

cell, beta cell, fat/adipose cell, imune

5G
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cell, and G tract cell. The calciumreceptor on these - 10 cell types may
be different. It is also possible that a
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cell can have nore than one type of cal ciumr.eceptor. Conparison of cal cium
receptor activities and am no acid sequences fromdifferent cells indicate
that distinct calciumreceptor types exist. For exanple, calcium
receptors can respond to a variety of di- and trival ent cati ons. The

par at hyroi d cal ci umreceptor responds to
’ 73/70
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whil e osteoclasts respond to divalent cations such as

calciumand Gd[err],
t he par at hyr oi d

cal ci um but does not respond to Gd[err]. Thus,
cal ci um recept or i s pharmacol ogi cal |y distinct from cal ci umreceptor
on the osteoclast. On the other hand, - the nucleic acid sequences
: 14190
5Z

OCHj

O
o¥¥s

Ness
Qs
sas

b %

OCHj

6B

OCH,

OCHj

6D

OCHj

bb o

6E

N
iill"llii N
OCH;
6F

FIG. 6A.
I

et Has Been Replaced THIS SHEET HAS BEEN

T .



encodi ng cal ciumreceptors present in parathyroid cells and C-cells

I ndi cate that these receptors have a very simlar amno acid structure.
Nevert hel ess, cal cimnmetic conpounds exhibit differential pharmacol ogy and
regul ate different activities at parathyroid cells and C-cells. Thus,

phar macol ogi cal properties of calciumreceptors may
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vary significantly depending upon the cell type or organ in which they are
expressed even though the calciumreceptors may have simlar structures.
Calciumreceptors, in general, have a low affinity for extracellular

Ca[err] (apparent Klerr] generally greater than about 0.5 m\V). Cal cium
receptors may include a free or
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bound effector nmechani sm as defined by Cooper; Bloom and Roth, "The
Bi ochem cal Basis of Neuropharnmacol ogy", Ch. 4, and are thus distinct
from intracellular calciumreeeptors,—e. g, calnodulin and the troponins.

Cal cium receptors respond to Cha“@fs%héePHfs)ﬁeErﬁ&ppiaLédl ar calcium |evels.
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particular receptor and cell |ine containing the receptor. For exanple, the
in vitro effect of calciumon the calciumreceptor in a parathyroid cel

i nclude the follow ng: 1. An increase in internal calcium The
increase is due to I_nflux of external cal ci um-and/ or
This Sheet H:
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11 nobilization of internal calcium Characteristics of the increase in

internal calciuminclude the following: (a ATapid (time to peak < 5
seconds) and This Sheet Has Been Rep laced
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transi ent increase
by 1 [err]M La[err]
with iononycin

increase is

in [Ca[err]][err] that - is refractory to inhibit
or 1 [err]M&[err] and is abolished by pretreatnent
(|n t he absence of extracellular Ca[err]); (b)
nhi bi t ed ﬁy Rjiﬁml;
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(c) The transient increase is abol i shed by pretreatnment for 10 m nutes with
10 mM sodium fluoride; (d) The transient increase is dimnished by,
pretreatnment with an activator of protein kinase C (PKC), such as phorbol

nyristate acetate (PVA), mezerein or (-)-indolactamV. The overall effect
of the protein . ThisSheetHasBeen Replaced
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ki nase C activator is to shift the concentration-response curve to cal cium
response; and (e) Treatnment with

to the right wthout affecting the naxi mal
pertussis toxin (100 ng/m for—>4tours)y does not affect the increase. 2.
A rapid (< 30 seconds) 'ncreaﬁESh&tIII:Q@eenR laced
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formation of i nositol -1, 4,5-triphosphat.e or diacyl glycerol.
Treatnment with pertussis toxin (100 ng/m for > 4 hours) does not affect
this increase; 3. The inhibition of dopam ne- and i sopro-

terenol -stinulated cyclic AMP formation. This effect is blocked by
pretreatnment with pertussis toxin (100 ng/m
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for > 4 hours); and 4. The inhibition of PTH secretion. Treatnent 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
ot her calciumreceptors in different cells can
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be readily determ ned.

I ncrease i n—tnternat—calcirunrobserved in parathyroid cells.

Such effects may be simlar in regard to the
effect is eXpeI%;s%geeE as Been Replaced
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12 differ in other- aspects, such as causing or irnhibiting the rel ease of a
hor mone ot her than parathyroid hormone. 1. 1 NORGANIC | ON RECEPTOR
MODULATI NG AGENTS | norganic ion receptor nodul ating agents either evokes
one or nore inorganic ion receptor activities, or
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bl ocks one ‘or
extracel | ul ar

mmc or

Preferred cal ciumreceptor
calcilytics.
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I norganic ion.
bl ock an effect of extracell ul ar

Generic and specific structures of

Olln
L
w0

OCH; CH,
HsCO
H
N
HsCO
CHs
H
= N
OCH, CHs
Sheet Has Been Replaced

i

I norganic ion receptor activities caused by an
Cal ci um recept or
Calerr]

nodul ati ng agents

I nor ganl Cc

OCHs

8Q

Br
8R

OCH,
8s

OCH,3
8T

HEET HAS BEEN

S S
THi EPLACED

on a cal ciumreceptor.
nodul ati ng agents are cal cimnetics and

b}



I on receptor nodul ating agents are provided in the Summary supra, and in
Figure 1. Inorganic ion receptor nodul ating agents can be identified by
screeni ng nol ecul es which are rmdml e shown to Have a
particular activity (i.e., a |ead mlsggep Nerreth et al.
PCT/ US93/ 01642,
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| nternational Publication Nunber WO 94/18959. Preferred inorganic ion
recept or nodul ati on agents descri bed by the present invention are conpounds

are 8J, 8U, 9R 11X, 1 127, 14U, 16M and 16P. These conpounds
al | have E err] values of Iess than 5 [err]M The EC[err] is the
concentrat i Onnie
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evokes a half-maximal effect. The I1Cerr] is the concentration
of nol ecul e whi ch causes a hal f-nmaxi mal bl ocki ng effect. The EClerr] or

| Jerr] can be deternined by assaying one or nore of the activities of an

i norganic ion at an inorganic ion receptor. Preferably, such assays are
specific to a particular calciumreceptor. For exanple,

217
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assays which neasure hornones whose production or secretion is
nodul ated by a particular inorganic ion receptor are preferred. Increases
in [Ca[err]] can be detected using standard techni ques such as by using

fluorinetric indicators or by neasuring an increase in O current in a
Xenopus oocyte —
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injected with nucleic acid coding for a calciumreceptor. Neneth et al.,
PCT/ US93/ 01642, International Publication 13
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Nunmber WO 94/ 18959

For exanple, poly(A[err] nRNA can be obtained from

cells expressing a calciumreceptor, such as a parathyroid cell, bone
ost eocl ast, | uxtagl omerul ar

di st al
and/ or

t ubul e ki dney cel |,
col l ecting duct,

ki dney cell, proximl tubule kidney cell,
cell of the thick ascending linb of Henle's | oop

keratinocyte in the
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epiderms, parafollicular cell in the thyroid (GCcell), intestinal cell,
central nervous cell, peripheral nervous systemcell, trophoblast in the
pl acenta, platelet, vascular snooth nuscle cell, cardiac atrial cell,
gastrin- secreting cell, glucagon-secreting cell, kidney nesangial cell,
manmary cell, beta cell, fat/adi pose cell, inmune
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cell, and G tract cell. Preferably, the nucleic acid is froma parathyroid
cell, Gcell, or osteoclast. More preferably, the nucleic acid encodes a
calciumreceptor and is present on a plasmd or vector. Preferably, the

nol ecule is either a calcimmetic or calcilytic having an EClerr] or
ICerr] at a cal ci umrecept oL of
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| ess than or equal to 5 [err]M and even nore preferably |ess than or equal
to 1 [err]M -100 nnolar, 10 nnolar, or 1 nnolar. Such lower EClerr]'s or
ICerr]'s are advantageous since they allow | ower concentrations of

nol ecul es to be used in vivo or in vitro for therapy or diagnosis. The.

di scovery of nolecules with such | ow EC[err] s and Ierr]'s enables the
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ef fecti veness.
is acalcimmtic which inhibits

in vitro and decreases

and synthesis of additional
In preferred enbodi mntmgﬁeﬁﬂggwﬁ

par at hyr oi d ceII'

nol ecul es having simtar potency and
1Regpt or nodul ati ng

none secretion froma
|n vi vo; stinul ates
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calcitonin secretlon fron1a C-CE in vitro and el evates calcitonin | evels

I n vivo; or blocks € resorption in vitro and inhibits bone
resorption in vivo. I erred enbodi nent the cal ci umreceptor
nodul ati ng agent is a

hormone from parathyroid cells in

i ch evokes the secretion of parathyroid
m 7 \&
“
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14 vitro and el evates the | evel of parathyroid hornmone in vivo.
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Preferably, the agent selectively targets inorganic ion receptor activity,
nore preferably cal ciumreceptor activity, in a particular cell. By

"sel ectively"” is nmeant that the nolecule exerts a greater effect on

i norganic ion receptor activity in one cell type than at another cell type
for a given concentration of agent. Preferably, the

N
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differential effect is 10-fold or greater. Preferably, the concentration
refers to bl ood plasma concentration and the neasured effect is the
production of extracellul ar nmessengers such as plasna cal citonin,

par at hyroi d hornmone or plasma cal cium For example, in

preferred enbodi nent, the agent s Iectlvely targets PTH secr%b%ay
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over calcitonin secretion. In another preferred enbodi nent, the nol ecul e
has an EC50 or 1C50 less than or equal to 5 [err]Mat one or nore, but not
all cells chosen fromthe group consisting of parathyroid cell, bone
osteocl ast, juxtaglomerul ar kidney cell, proximl tubule kidney cell,

di stal tubul e kidney
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cell, cell of the thick ascending linb of Henle's loop and/or collecting

duct, central nervous systemcell, peripheral nervous systemcell,
keratinocyte in the epiderms, parafollicular cell in the thyroid (Crcell),
intestinal cell, trophoblast in the placenta, platelet, vascul ar. snooth
muscle cell, cardiac atrial cell, gastrin-
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secreting cell, glucagon-secreting cell, kidney nesangial cell, mammary

beta cell, fat/adipose cell, imune cell and G tract cell

Preferably, inorganic ion receptor nodul ating agents mmc or block all of
the effects of extracellular ion in a cell having an inorganic ion

receptor. 'For exanpl e,
| 54170
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cal ciumreceptor nodul ati ng agents preferably mmc or block all of the
effects of extracellular ion“in a cell having a cal ciumreceptor.
Cal.cim netics need not possess all the biological activities of
extracellular Ca[err], but, rather, at Ieast one such activity is

m m cked. QoanOCH 5519))
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15 Simlarly, calcilytics need not reduce or prevent all of the
activities caused by extracel | ul ar calcium Additionally,
different calcimnetics and different
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calcilytics do not need to bind to the sane site on the cal ciumreceptor as
does extracellular Ca[err] to-exert their effects. A Calcimmetics The
ability of nolecules to mmc or bl ock the act|V|ty of Ca[err] at cal cium
receptors can be det 1sSheetHasBeenR
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usi ng procedures known in the art and descrlbed by Nenet h et al .

PCT/ US93/ 01642, tnternational Publicatioft ' Beplagedo For exanpl e,
H l the follomnng
The nol ecul e

calcim nmetics possess one or nore and pref
causes a rapid (tine to eak
P a P 54/90
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< 5 seconds) and transient increase in [Ca[err]][err] that is refractory to
inhibition by 1 [err]M La[err’I]usmteetﬂi chn @ed err The increase in
[Ca[err]][err] persists in th traceIIuIar Ca[err] but is

abol i shed by pretreatnent vvit the absence of extracel | ul ar
Ca[err]); 2. The nolecule potentla es mcreases in [Ca[e ]5% j
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elicited by su on entr tions of extracellular Ca[err]; 3. The
| ncr ease |C|ted by extracellular Ca[err] is not
i nhibited by di ll . The transient increase in [Ca[err]][err]

caused by the |shed by pretreatnment for 10 m nutes
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with 10 nM sodi um fl uori de; 5. The tranﬁu%ﬂt

caused by the nolecule is dimnished by pr 1
protein ki nase C (PKC), such as phorbol nyruﬁ

or (-)-indolactam V. The overall effect of
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shift__the—eenc—em—r—aﬁ'—eﬁ-—response curve of the nolecule to the right w thout
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6. The nol ecul e causes a rapid (< 30 seconds) increase in the formation
of inositol-1,4,5-triphosphate and/or diacyl gl ycerol; 7. The nol ecul e

i nhi bits dopam ne- or isopro- terenol-stimulated cyclic AVP formation; 8.
The nol ecul e i nhibits PTH secreti on; '
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9. Pretreatment with pertussis toxin (100 ng/m for > 4 hours) bl ocks
the inhibitory effect of the nolecule on cyclic AMP formati on but does not
effect increases in [Ca[err]][err], inositol-1,4,5-triphosphate, or

di acyl gl ycerol, nor decreases in PTH secretion; 10. The nolecule elicits

I ncreases in CI [err]
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current in Xenopus oocytes injected with poly(A)[err]- enriched nRNA from
bovi ne or human parathyroid cells, but is wthout effect in Xenopus oocytes
injected with water, or rat brain or liver nRNA, and 11. Simlarly,

using a
cloned calciumreceptor froma parathyroid cell, the nolecule will elicit a
| L6790
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response in Xenopus oocytes injected with the specific cDNA or nmRNA
encodi ng the receptor. Different calciumactivities can be neasured using
avai |l abl e techni ques. Neneth et al., PCT/US93/01642, I|nternational
Publ i cati on Nunber WD 94/ 18959. Paral | el definitions of nolecules
m m cking CaJerr] activity on other 44/40
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cal ciumresponsive cell, preferably at a catcrum IEL,C}JLUT‘ are evident from

the exanpl es provided herein and Neneth &his gﬂeetHaE 3/(91642
| nt ernational Publication Nunber WD 94/ 18 t he agent as

measured by the bi oassays descri bed herel et al.
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| nt ernati onal Publ i cation—Narber—WO-94/18959, has one or nore, nore

preferably all of the fol o'qﬁ ﬁ|V|t|es evokes a transient incréase in

i nternal cal cium having a c s that 30 seconds (preferably by

mobi | i zing i nternal calciu H apid increase in [Ca[err])[err],
a sustai ned
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increase  (greater than thirty seconds) in [Ca[err]][err]
REPLACEMENT SHEET 17 This Sheet Has Béen Rep

IIIIIHIIIH i

L9/70
?Hs
O/\/N\CH;;
' 15T
O K
0/\/ \CH3
15U
O
0/\/ \CH3
o)
15V
oL
oy
15W
iiln “IED ?Hs-
O’A\V/NSCHa
15X
HaC
H3C ?Hs F’Gn 15D-
O/\/N\CH:;
15Y

/J::::L\ ?Hs
N
Ci O/\/ ~ CHs

152

i

e sen=

THIS

B par

‘,rw [ Xa



(preferably by causing an infl ux—of
in inositol -
| ess than 60 seconds; and |nh|b|t
stinmulated cyclic AVP formation.

Is preferably

exter nal

{HAFRRHED

calcium;
1,4,5-triphosphate or ﬂ{magﬁygtggsygagfgpla&eevel s,

I

evokes an increase
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|soproterenol
rease in [Ca[err]][err]
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abol i shed by pretreatnent of the celT for ten—rninutes with 10 mM sodi um

fluoride, or the transient mcreasqmssheg“fgs geﬁike b%/ brief pretreatnent
(not nore than ten mnutes) of the vator of protein kinase

C, preferably, phorbol nyristate ac zerein or (-) indolactam
V. =
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FIG. 16B.




B. Calcilytics The abiTiTy of a notecute—to bl ock the activity of external
cal ci um can be det er m neglssiRkiRfs .g; techniques. Neneth et al.,

PCT/ US93/ 01642, Internati on Nunmber WO 94/18959. For exanpl e,
mol ecul es whi ch bl ock the”"ﬂ ﬁﬁﬂ mer'nal cal cium when used in
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reference to a parathyroid cell, possess d preferably all of
the follow ng characteristics when tesmhgggHﬁﬂ

at r oi d cells in vitro: 1.
The nol ecul e bl ocks, .either partially o laged e api | | ty of
i ncreased concentrations of extracell uIHmW I ;I m
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(a) increase [Ca[err]][err]
I ncrease the formation of inositol- 1,4,5-triphosphate,
dopam ne- or
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(b) nmobilize intracellular Ca[err],

(c)

(d) decrease
i soproterenol - stinmulated cyclic AVMP formati on,
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(e) inhibit PTH secretion; 2. The nol ecul e bl ocks increases in C[err]
current in Xenopus oocytes injected with poly(A)[err] nRNA from bovi ne or
human parathyroid cells elicited by extracellular Ca[err] or calcimnetic
conmpounds, but not in Xenopus oocytes injected with water or |iver nRNA,
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18 3.

Simlarly,
cel I,

using a cloned cal ci umreceptor from a parathyroid
the nolecule wll Dblock a
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response in Xenopus oocytes |nJected with the specific cDNA, nRNA or cRNA
encodi ng the calciumreceptor, elicited by extracellular Ca[err] or a
calcim metic conpound. Parallel definitions of nolecul es blocking CaJerr]
activity on a calciumresponsive cell, preferably at a cal ciumreceptor,

are evident fromthe exanpl es provided
97/70
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herein and Neneth et al., PCT/US93/01642, International Publication Nunber
WD 94/18959.. I11. TREATMENT OF DI SEASES OR DI SORDERS A preferred use of

t he conpounds described by the present invention is in the treatnment or
preventlon of different diseases or disorders by -nodul ating inorganic
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lon receptor activity. The —inorgani-e—t+en— receptor nodul ating agents

of the present inventien can exert_ an affest on a I norgani c ion receptor

causing one or nore cellular ef produ0|ng a therapeutic
effect. Different diseases and d H ‘ treat ed by

79/9)

Haco: : I cl
17H
HsCO
JA *‘
171
FhCCt :: |

HsCO 17J
DVH

| 17|<

HSCODV FIG. 18B.
N

CHy Na. | A
| 17M
HsCO
D
HsC Z
| CH,
17N

THIS SHEET HAS BEEN
REPLACED




the present invention by targeting cells having an inorganic ion receptor,
such as a calciumreceptor. For exanple, primary hyper par at hyr oi di sm
(HPT) is characterized by hypercal cemi a and el evated | evel s of
circulating PTH. A defect associated with the major type of HPT is a
di m ni shed sensitivity of parathyroid cells to
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negati ve feedback regul ation by extracellular Ca[err].

patients with primary HPT, the“set-point" for e
shifted to the right so that
extracellular Ca[err]

are reqU|r
primary HPT, even high concentr

-poln

Thus, in tissue from
or extracellular Calerr] is

Lot biicBEeAREpEBYA CONCeENt T ati ons of

AR

PTH secretion. Mreover, in
cellular Ca[err] often
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‘depress PTH secretion only partially. In secondary (urenmic) HPT, a
simlar increase in the set-point for extracellular Caferr] is observed
even though the degree to which Ca[err] suppresses PTH secretion is nornal.
The changes in PTH secretion are paralleled by changes in [Ca[err]][err]:
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19 set - poi nt

for extrace [err]-induced increases in

[Ca[err]][err] |mssme{ﬁ£§egn the right and the magni tude of such increases.

i's reduced.
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Mol ecul es that mmc the action of extracellular Ca[err] are beneficial in

the | ong-term management of bottrprimary amd secondary HPT. Such

nol ecul es provide the added inp uppress PTH secretion
whi ch the hypercal cemic conditi gﬁgﬁcﬂtqﬁirﬁﬂaﬁrﬁm eve and, ther eby, hel p

to relieve the hypercal cenmic con les B4/9)
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with greater efficacy than extracellular Ca[err] may overcome the apparent
nonsuppr essi bl e conponent of PTH secretion which is particularly

troubl esonme in adenomatous tissue. Alternatively or additionally, such
nol ecul es can depress synthesis of PTH, as prolonged hyper cal cem a has been
shown to depress the | evels of preproPTH nRNA i n bovine
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and human adenonatous—_paLaLhyLGLd—P#ssue Pr ol onged hypercalcenia

depr esses parathyr0|d c oliferation in vitro,

al so SO
calcimmetics can al so ting the parathyroid cel
hyper pl asi a characteris PT Cell s other than parathyroid
cells can respond
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directly to physiological changes in the concentration of extracellular
Cal[err]. For exanple, calcitonin secretion fromparafollicular cells in the
thyroid (C-cells) is regulated by changes in the concentration of
extracellular Ca[err]. Isolated osteoclasts respond to increases in the
concentration of extracellular Ca[err] with correspondi ng
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increases in [Ca[err]][err] that arise partly fromthe nobilization of
intracellular CaJerr]. Increases in [Ca[err]][err] in osteoclasts are
associated with the inhibition of bone resorption. Release of ‘al kal i ne
phosphatase from bone-fornming osteoblasts is directly stimulated by
calcium Renin secretion fromjuxtaglonmerular cells in the

2650
Me
Me
Me
19E
Me
Me
Me
19F
Me
Me
O \/@kme
H
N
O Me Me 19G
R Me
Me
@\‘/ \'/QXMQ
Me Me 19H
This Sheet Has Been Replaced
R -
THIS Siskpy HA® ne



ki dney, |ike PTH secretion, is depressed by increased concentrations of .
extracellular Ca[err]. Extracellular Ca[err] causes the nobilization of
intracellular CaJerr] in these cells. Qher kidney cells respond to cal cium
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20 el evated Ca[err] inhibits formation of 1,25(OH)[err]-vitanin D by
proxi mal tubular cells, stimulates production of calcium binding protein
in distal tubular cells, and inhibits tubul ar reabsorption of Ca[err] and

My[err] and the action of
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_vasopre55|n on the nedullary t hi ck ascendi ng Ilnb of Henle's [oop (MIAL),
fyeduces vasopressin action in the cortical collecting duct cells, and

affects vascul ar smooth nuscle cells in bl ood vessels of thd
gIonerqusTﬂCaIC|un1aIso pronotes the differentiation of:
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DESCRIPTION

Calcium Receptor-=Active Molecules

FIELD OF THE INVENTION
This invention relates to the design,

REPPACEMENT SHEET

0 4 MAR 1997

development,

. composition and use of novel molecules able to modulate

the activity of inorganic ion receptor.

BACKGROUND OF THE INVENTION

Certain cells in the body respond not only to

chemical signals, but alsoc to ions such as extracellular
calcium ions (ca?*). Changes in the concentration of
‘extracellular ca?* (referred to herein as "[cal*]") alter

the functional responses of these  cells.

One such '

specialized cell 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 actlng 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,

1%893. In

parathyroid cells, this protein acts as a receptor for

extracellular cCa?* ("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 Cell 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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intestinal goblet cells, mammary cells, and skin cells; inhibits atrial
patriuretic peptide secretion fromcardiac atria;, reduces CcA accunul ation

in platelets; alters gastrin and glucagon secretion; acts of mags
snooth nuscle cells to nodify cell secretion of vasoactive ffag J?gkﬁﬂﬂﬂ'SHEET

affects cells of the central nervous system
04 MAR 1997
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Res. s282, 1994; Rogers et al., 9 Suppl. 1 J. Bone and
Mineral Res. s409, 1994; Garrett et al., 9 Suppl. 1 J.
Bone and Mineral Res. s409, 1994. The 1role of
extracellular Ca?* on bone osteoclasts is discussed by
Zaidi, 10 Bioscience Regorts. 493, 1990. In addition
'keratinocytes, juxtaglomerular célls, trophoblasts,
pancreatic beta cells and fat/adipose cells all respond to
increases in extracellular calcium which likely refledts
activation of calcium receptors of these cells.

The ability of wvarious compounds to mimic extra-
cellular ca?* in vitro is discussed by Nemeth et al.,
(spermine and spermidine) in "Calcium-Binding Prot;ins 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 94718959, and Nemeth
et al., PCT/US92/07175, International Publication Number
WO 93/04373, describe various compounds which can modulate
the effect of an inorganic ion 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.




and peripheral nervous system Thus, there are sufficient indications to
'suggest that Ca[err], in addition to its ubiquitous role as/aj.

intracel lular signal, also functions as an extracellul ar si *
t he responses of certain specialized cells. Mlecules of t
can be used in the : ‘

3

Calcium receptor proteins enable certain specialized cells
to respond to changes in extracellular Ca?* concentration.
For example, extracellular Ca?' inhibits the secretion of
parathyroid .aormone from parathyroid cells, inhibits bone
resorption by osteoclasts, and stimulates secretion of
calcitonin from C-cells.

Compounds modulating inorganic ion receptor activity
can be used to treat diseases or disorders by affecting
one or more activities of an inorganic ion receptor
resulting in a- beneficial effect to the patient. For
example, osteoporosis is én. age related disorder
characterized by loss of bone mass and increased f&sk of
bone fracture. Compounds blocking osteoclastic bone
resorption 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 iohmimetic) can 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 parathyroia
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  Thyperparathyroidism are
characterized by abnormally high levels of parathyroid
hormone and decreased parathyroid gland responsiveness to
circulating calcium. Calcium receptor moduiatihg agents
can be used to modulate parathyroid cell responsiveness to
calcium. '



treatnent of diseases or disorders associated with di srupted Ca[err]
responses in these cells. Specific diseases and di sorders which m ght be

treated or .prevented, based upon the affected cells, alsq lnclude {hose of
the central nervous system such as sei zures, stroke, ;
cord injury, ' '
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Preferably, the compound modulates calcium receptor
activity and is used in the treatment of diseases or
disorders which can be affected by modulating one or more
activities of a calcium receptor. Preferably, the disease
or disorder is characterized by abnormal bone and mineral
homeostasis, more preferably calcium homeostasis.

Abnormal calcium homeostasis is characterized by one
or more of the following activities: (1) an abnormal
increase or decrease in serum calcium; (2) an abnormal
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 éensity
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. .

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 inorganic
ion receptor. Preferably, the molecule inhibits one or



hypoxi a-i nduced nerve cell damage such as in cardiac arrest or neonat al
.distress, epilepsy, neurodegenerative di seases such as Alzheiner's di sease,

Huntington's di sease and Parkinson's disease, denentiajf=frsete
t ensi on, depression, anxiety, panic disorder, obsessive-C)dﬁéﬂﬁﬂﬂ§EMIS$EEr
di sorder, post-traunmatic stress disorder, schizOphrenia,
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more calcium receptor activities. Calcilytics are

ionlytics which inhibit one or more calcium receptor

activities evoked by extracellular calcium and preferably
~bind to a ‘calcium receptor.

Inorganic ion receptor modulating agents can be -
formulated as pharmacological agents or compositions to
facilitate administration in a patient. Pharmacological
agents or compositions are agents or compositions in a
form suitable for administration into a mammal, preferably
a human. Considerations concerning forms suitable for
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: '

CH3
where each X is independently selected from the group

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



neurol epti c malignant syndrone, and Tourette's syndrone; diseases involving

excess water

.Q

reabsorption by the kidney such as syndrone of Inappropt
ADH secretion (SIAH), - : : ﬁﬁ?fﬁﬁﬁﬁ%ﬁ!’
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_ Another aspect of the present invention features an
inorganic 1ion receptor modulating agent having the
formula: '

e

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
cohsisting of hydrogen, methyl, ethyl, propyl, isopropyl,
butyl, allyl,'isobutyl, t-butyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, indenyl, indanyl, dihydroindolyl,
thiodihydrgindolyl, 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.




21 cirrhosis, heart failure, and nephrosis; hypertension; preventlng and/or
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Another aspect of the present invention features an
inorganic ion receptor modulating agent comprising a
molecule selected from the group consistinq of compound
4L, compound 8J, compound 8U, compound 9R, compound 11X,
compound 12U, compound 12V, compound 12Z, compound 14U,
compound 16M and compound 16P.

Other aspects of the present invention feature
methods for using the agents described herein for treating
diseases or disorders by modulating inorganic ion receptor
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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more physiological or biochemical parameters associated
with or causative of the disease or disorder.

In a preferred embodiment, the patient has a disease
or disorder characterized by an abnormal level of one or
more calcium receptor regulated components and the
molecule is active on a calcium receptor of a cell
selected from the group consisting of 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 epiaermis,
parafollicular cell in the thyrdid (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 inorganic 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 parathyroid
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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Other features and advantages of the in
be apparent from the following description of the
preferred embodiments thereof and from the claims.

BRIEF DESCRIPTION OF THE DRAWING

Figs. 1A-D, 2A-D, 3A-E, 4A-E, 5A-D, 6A-E, 7A-E, 8A-E,
9A-F, 10A-E, 11A-E, 12A~D, 13A-D, 14A-D, 15A-D, 16A-D,
172a-D, 18A-E, 19A-D, and 20A-D show the chemical
structures of molecules derived from .diphenylpropyl-a-
phenethylamine illustrating a family of molecules which

. were prepared and screened to find the useful molecules of

the invention. _ _
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention describes inorganic ion
receptor modulating agents able to mimic or block an
effect of an inorganic ion at an inorganic ion ;:eceptor.
The preferred use of inorganic ion receptor modulating
agents is to treat a disease or disorder by modulating
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.

s ECEPTORS

" 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, pfoximal 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, Xkeratinocyte 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-
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secreting cell, glucagon-secreting cell, kidney mesangial
cell, mammary cell, beta cell, fat/adipose cell, immune
cell, and GI tract cell. The calcium receptor on these
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cell types may be different. It.is also possible that a
cell can have more than one type of calcium receptor.

Comparison of calcium receptor activities and amino
acid sequences from different cells indicate that distinct
calcium receptor types exist. For example, calcium
receptors can respond to a variety of di- and trivalent
cations. The parathyroid calcium receptor responds to
calcium and Ga**, while osteoclasts respond to divalent
cations such as .calcium but does not respond to Ga&**.
Thus, the parathyroid calcium receptor is
pharmacologically distinct from calcium receptor on the
osteoclast. . |

On the other hand, the nucleic acid seguences
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 cCa?* (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:

T 1. An increase in internal calcium. The
increase is due to the influx of external calcium and/or
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mobilization of internal calcium. Characteristics of the
increase in internal calcium include the following:

(a) A rapid (time to peak < 5 seconds) and
transient increase in [Ca’*}; that is refractory to
inhibition by 1 uM La3* or 1 uM Gd** and is abolished by
pretreatment with ionomycin (in the absence of
extracellular cCa?'); _

(b) The increase is not inhibited by
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 techniques knoﬁn 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
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differ in other aspects, such as causing or inhibiting the
release of a hormone other than parathyroid hormone.
II. INORGANIC ION RECEPTOR MODULATING AGENTS

Inorganic ion reéeptor modulating agents either

' evokes one or more inorganic ion receptor activities, or
blocks one or more inorganic ion receptor' activities
caused by an extracellular inorganic ion. Calcium
receptor modulating agents can mimic or block an effect of
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 %ummary
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 presént invention are compounds are 8J,
8U, 9R, 11X, 12U, 12V, 122, 14U, 16M, and 16P. These
compounds all have ECs; values of less than 5 uM.

The EC;, is the concentration of the molecule which
evokes a half-maximal effect. "The 1ICyq is the
concentratioh of molecule which causes a half-maximal
blocking effect. The EC; or ICs, can be determined by
assaying one or more of the activities of an inorganic ion
at an inorganic 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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Number WO 94/18959. For example, poly(A)* mRNA can be
~obtained from cells expressing a calcium receptor, such as
a 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, keratinocyte in the
epidermis, parafollicular cell in the thyroid (C-cell),
intestinal cell, central nervous cell, peripheral nervous
system 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, 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 ECy or ICs, at a calcium receptor of
less than or equal to 5 uM, and even more preferébly‘less
than or equal to 1 uM, 100 nmolar, 10 nmolar, or 1 nmolar.
Such lower ECy’s or ICg’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 EC4’s and ICy’s enables the design
and synthesis of additional molecules bhaving 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 is a calcilytic which evokes the
secretion of parathyroid hormone from parathyroid cells in
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vitro and elevates the level of parathyroid hormone in
vivo. .

Preferably, the agent selectively targets inorganic
ion receptor activity, more preferably calcium receptor
activity, in a particular cell. By "selectively" is meant .
that the molecule 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 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
EC;, or ICs, 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, Kkeratinocyte 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 cCa2?*, but,
rather, at 1least one such activity is mimicked.
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Similarly, calcilytics need not reduce or prevent all of
the activities caused by extracellular calcium.
Additionally, different calcimimetics and different
calcilytics do not need to bind to the same site on the
calcium receptor as does extracellular Ca’* to exert their
effects. | |
A. Calcimimetics
The ability of molecules to mimic or block the
activity of ca?* at calcium receptors can be determined
using procedures known in the art and described by Nemeth
et al., PCT/US93/01642, International Publication Number
WO 94/18959. 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 1is 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;



or transdernmal neans, or the nol ecules can be adm nistered oraIIy For
transnucosal or transdermal adm nistration, penetrants ap Ep..atb o
barrier to be perneated are used in the fornmul ation. PR bA@EMEHiTSSHEqu

general ly known in the art, and include, for exanpl e, for t prarmrsmreosead
m ni stration [ I di [
ad stration, bile salts and fusidic _aC|d - _ D& Mﬁ%ﬁ?ﬁﬁ?
16
6. The molecule causes a rapid (< 30 seconds)

increase in the formation of inositol-1,4,5-triphosphate
and/or diacylglycerol;

7. The molecule inhibits dopamine- or isopro-
terenol-stimulated cyclic AMP formation;

8. The molecule inhibits PTH secretion;

9. Pretreatment with pertussis toxin (100
ng/ml for > 4 hours) blocks the inhibitory effect of the
molecule on cyclic AMP formation but does not effect
increases in [Ca?’'};, inositol—l,4,5-triphosphate, or
diacylglycerol, nor decreases in PTH secretion;

10. The molecule elicits increases in CY
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. Similarly, 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 94718959, ' '

Preferably, the agent as measured by the bioassays
described herein, or by Nemeth et al., PCT/US93/01642,
International Publication Number WO 94718959, has one or
more, more preferably all of the following activities:
evokes a transient 1ncrease in internal calclum, having a
duration of less that 30 seconds (preferably by mobilizing
internal calcium); evokes a rapid increase in ([cCa%*'),,
occurring within thirty. seconds; evokes a sustained
increase (greater than thirty seconds) in [ca?);
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(preferably by causing an influx of external calcium);
evokes an increase in inositol-1,4,5-triphosphate or
diacylglycerol 1levels, preferably within less than 60
seconds; and inhibits ' dopamine- or isoproterenol-
stimulated cyclic AMP formation. _

The transient increase in ([Ca?'}; is preferably
abolished by pretreatment of the cell for ten minutes with
10 mM sodium fluoride, or the transient increase is
diminished 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. i

B. Calcilvytics

The ability of a molecule to block the activity of
external calcium can be determined wusing 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 [Ca?*];
(b) mobilize intracellular ca?*,
{(c) increase the formation of inositol-
1l,4,5-triphosphate,
{d) decrease dopamine- or isoproterencl-
stimulated cyclic AMP formation, and '
| (e) inhibit 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;
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3. Similarly, using a cloned calcium receptor
from a parathyroid cell, the molecule will block a
response in Xenopus oocytes injected with the specific
cDNA, mRNA or cRNA encoding the calcium receptor, elicited
by extracellular Ca?’' or a calcimimetic compound.

Parallel definitions of molecules blocking ca?*
activity on a 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..

III. 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 réceptor. 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’t. Thus,
in tissue from patients with primary HPT, the “get-point"
for extracellular cCa?* 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 [cCa’*};: the
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s o cpe et

set-point for extra.cellular' Ca**-induced increases in
{Ca’*]); is shifted to the right and the magnltude of such
increases is reduced.

Molecules that mimic the action of extracellular c.:a2+
are beneficial in the long-term management of both primary
and secondary HPT. Such molecules provide the added
impetus required to suppress PTH secretion which the
hypercalcemic condition alone cannot 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 .

hypercalcemia also depresses parathyroiad cell
proliferation in vitro, so calcimimetics can also be
effective in 1limiting the parathyroid cell hyperpla51a
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?’*. 1Increases in [Ca’*]; in osteoclasts
are associated with the inhibition of bone resorption.
Release of alkaline phosphatasé 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:
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elevated Ca? inhibits formation of 1,25{OH)2—vitamin D by
proximal tubular cells, stimulates production of calcium-
binding protein in distal tubular cells, and inhibits
" tubular reabsorption of Ca?* and Mg?’* and the action of
vasopressin on the medullary thick ascending limb of
Henle’s loop (MTAL), reduces vasopressin action in the
cortical collecting duct cells, and affects vascular
smooth muscle cells in blood vessels of the renal
glomerulus. :

Calcium also promotes the differentiation of
intestinal goblet cells, mammary cells, and skiq_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 disease, 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),
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cirrhosis, heart failure, and nephrosis; hypertension;
preventing and/or decreasing renal toxicity from cationic
antibiotics (e.g., aminogiycoside antibiotics); gut
motility disorders such as diarrhea, and spastic colon; GI
ulcer diseases; GI absorption diseases such as
sarcoidosis; and autoimmune diseases and organ transplant
rejection.

While inorganic ion receptor modulating agents of the
present invention will typically be used in therapy for
human patients, 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. Techniques
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 prevént
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
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pharmacological = use by altering the physical
characteristics of the agent without preventing it from
exerting its physiological effect. Examples of useful
alterations in physical properties include lowering the
melting point to facilitate transmucosal administration
and increasing the solubility to facilitate administering
higher concentrations of the drug.

For systemic administration, oral administration is
preferred. Alternatively, injection may be used, e.qg.,
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 tfansdermal 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 umole of the molecule,
preferably 0.1 nmole and 1 umole depending on its ECy oOr
IC;, and on the age and size of the patient, and the
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disease or disorder associated with the patient.
Generally it is an amount between about 0.1 and 50 mg/kg,
preferably 0.01 and 20 mg/ké, animal to be treated.
V. _EXAMPLES

The compounds described herein can be synthesized
using standard technigues ‘such as those described by
Nemeth et al., PCT/US93/01642, International Publication
Number WO 94/18959. Examples describing the syntheses of
compounds 4L, 8J, 8U, 9R, 11X, 12ﬁ, 12V, 12Z, 14U, 16M and
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 enriched 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
diisobutylaluminunihydride (DIBAL-H) mediated condensation
of an amine with a nitrile. The resulting intermediate
imine is reduced in situ by the action of sodium
cyanoborohydride or sodium borohydride. The intermediate
alkenes (compounds 12U and 12V) were reduced by catalytic
hydrogenation in EtOH wusing palladium .on carbon.
Compounds which were converted to their corresponding
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hydrochloride were done so by treatment of the free base
with ethereal HCl to afford white solids.

The amines in these syntheses were (1) purchased from
Aldrich Chemical Co., Milwaukee, WI, (2) purchased from
Celgene Corp., Warren, NJ, or (3) prepared synthetically
using standard techniques. All other reagent chemicals
were purchased from Aldrich Chemical Co.

Example 1: Synthesis of Cdmgound 4L
N-3-Phenyl-l-propyl-1-(l-naphthyl)ethylamine

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 uM silicaj 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-phenylpropyl)-1-(3-thiomethylphenyl)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 nmL 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 0°C. To this solution was added
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the diazonium salt over 10 minutes while maintaining‘the
temperathre below 10°C. ' The reaction was stirred for an
additional hour while allowing the temperature to rise to
ambient. The reaction mixture was partitioned between
ether and water. The ether layer was separated and washed
with sodium bicarbonate and sodium chloride, and dried
over sodium sulfate. The ether was evaporated to give a
74% yield of 3’-thiomethylacetophenone. The crude
material was purified by distillation at reduced pressure.

3~-Phenylpropylamine (0.13 q, 1 mmol), 37~
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 gL 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/EI-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: Svynthesis of Compound 8U
N-3-(2-methoxyphenyl)-l1l-propyl-(R)-=3-methoxy-a-
methylbenzylamine hydrochloride

A mixture of (R) - (+) -3-methoxy-a-methylbenzylamine
(3.02 g, 20 mwol), 2-methoxycinnamaldehyde (3.24 g, 20
mmol), and titanium (IV) isopropoxide (8.53 g, 30 mmol,
1.5 Eq.) was stirred 2 hours at room temperature and
treated with 1 M - (20 nmL) 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
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reaction mixture was centrifuged and the ether layer
removed and concentrated to an oil. This material was
dissolved in glacial acetic acidq, shaken with palladium
hydroxide and hydrogenated under 60 p.s.i. hydrogen for 2
hours at room temperature. The catalyst was removed by
filtration and the resulting solution concentrated to a
thick oil. This material was dissolved in dichloromethane
and neutralized with 1 N NaOH. The dichloromethane
solution was separated from the agueous phase, dried over
anhydrous potassium carbonate and concentrated to an oil.
This material was dissolved in ether and treated with 1 M
HCl in diethylether. - The resulting precipitatép(white
solid) was collected, washed with diethylether, and air
dried. GC/E1-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 SR
(R)-N-(1-(2-naphthyl)ethyl)-(R)-1~- (1 ~-naphthyl)ethylamine
hydrochloride .

A mixture of (R)-(+)-1-(l-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 mL) 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
superﬁatant was evaporated under vacuum and the crude
product was recrysﬁallized four times from hot hexane, to
provide 1.5 g of pure (98+%) 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.).



Al drich Chenicél Co., MIlwaukee, W, (2) purchased from Cel gene Corp.,

Warren, NJ, or (3) prepared synthetically using standard t} %@':_w_w_
ot her reagent chemnicals were purchased from Al drich Cheni dal “CO."EX:

Synt hesi s of Compound 4L N 3- Phenyl - 1-propyl -1- (1-napht hyl) ethylanine
04 MR ey

27

Example 5: Synthesis of Compound 11X
N-(4-Isopropylbenzyl)-(R)-1-(l-naphthyl)ethylamine
hydrochloride

A mixture of (R)-(+)-1-(l-naphthyl)ethylamine (1.06
g, 6.2 mmol), 4-isopropylbenzaldehyde (0.92 g, 6.2 mmol) ,
and titanium (IV) 'isopropoxide (2.2 g, 7.7 mmol) was
heated to 100°C for 5 min then allowed to stir at room
temperature for 4 hours. Sodium cyandborohydride (NaCNBH,)
(0.39 g, 6.2 mmol) was then added followed by EtOH (1 nL).
The reaction mixture was stirred at room temperature for
18 hours. Ether (100 mL) and H,0 (1 mL) were added to the
reaction mixture and the resulting precipitate Jés then
removed by centrifugation. The supernatant was evaporated
under vacuum and the crude product was chromatographéd on
silica gel (50 mm X 30 cm column) (elution with 1%
MeOH/CHCl,) . The chromatographed material was then
dissolved in hexane and ethereal HCl was added to
precipitate the product as a white solid (0.67 g, 35 %
yield), m.p.; 257-259°C. ' |

Example 6: Synthesis of Compound 12U
N-3-(2-methylphenyl)-i-propyl-(R)-3-methoxy-a-
methylbenzylamine hydrochloride .
A solution of 2-methylcinnamonitrile (1.43 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 reaction 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 0°C 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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chromatographed through silica wusing a gradient of
dichloromethane to 5% methanol in dichloromethane to
afford the unsaturated intermediate, a single component by
GC/El1-MS (R=10.06 min) m/z (rel. int.) 281 (M+, 17), 266
(59), 176 (1%9), 146 (65), 135 (73), 131 (100), S1 (21), 77
(13).

The unsaturated intermediate in ethanol was
hydrogenated (1 atm H,;) in the presence of palladium on
carbon for 16 hours at room temperatﬁre. The product from
this reaction was converted to the hydrochloride salt by
treatment with 1 M HCl 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)-1-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: Synthesis of Compound 122
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-
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naphthyl)ethylamine on a 10 mmol scale. Chromatography
through silica using a gradient of dichloromethane to 5%
methanol in dichloromethane afforded the product as a
single component by TLC analysis (5% methanol in
dichloromethane). The hydrochloride was prepared by
treatment with 1 M HC1l in diethylether.

Example 9: Synthesis of Compound 14U _
(R)-N-(1-(4-methoxyphenyl)ethyl)-(R)-1~(1-~
naphthyl)ethylamine hydrochloride

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 chromatogfaphed [Selectosil, 5 uM silica
gel; 25 cm x 10.0 mm (Phenomenex, Torrance, CA), 4 nmL per
minute; UV det. 275 nM; 12% ethyl acetate-88% heS:ane
(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-chloro-4-methoxybenzyl)-(R)-1-(1-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
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then allowed to stir-at room temperature for 3 hours.

‘Sodium cyanoborohydride (NaCNBH;) (2.45 g, 39 mmol) was

then'added. The reaction mixture was stirred at room

'temperature for 18 hours. Ether (100 mL) and H,0 (2 mL)

were added to the reaction mixture and the resulting
precipitate was then removed by centrifﬁgation. The
supernatant was evaporated under vacuum and the crude
product was chromatographed on silica gel (50 mm X 30 cm
column) (elution with CH,Cl,). The chromatographed
material was then dissolved in hexane (500 mL),.
decolorized with Norit® filtered (0.2 gM), apd 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 g, 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,SO,) and
evaporated to yield 4.5 g, 82.4% yield. The ketone was
used in the following 1reaction without further
purification.

{R)-N-{1-(4-Methoxy-3-methy1phény1)ethyl)—(R)-1—(1-
naphthyl)ethylamine hydrochloride [Compound 16P])

A mixture of (R)-(+)-1-(l1-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 210°C in an ice  Dbath. Sodium
triacetoxyborohydride (NaHB(O,CCH,;);) (10.5 g, 49.5 mmol)
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- was then added in portions over 15 minutes. The reaction
mixture was then heated to 70°C for 18 hours. The mixture
was cooled to room temperature and poured into ether (400
mL). The suspension was centrifuged, the supernatant was
collected and the pellet was washed with ether (400 mL).
The combined organic washings were evaporated under
vacuum. The residue was dissolved in ether (400 mL) and
washed with 1 N NaOH (4 x 50 mL) and H,0 (2 x 50 mL). The
organic layer was dried (Na,S0,), filtered and evaporated
under vacﬁum. EtOH (abs.) was added to the wet residue-
which was then dried thoroughly on a rotary evaporator to
provide an oil. 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 xL 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.
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Claims
1. An inorganic ion receptor modulatlng agent
comprising a molecule hav1ng the formula.

CH3

wherein each X is independently selected from the
group consisting of isopropyi, CH,0, CH,S, CF;0 an aliphatic
ring and an attached or fused aromatic ring; and

each m is independently between 0 and 5 inclusive;
wherein said 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.

2. The agent of claim 1 wherein said molecule is a
calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

3. An inorganic ion receptor modulating agent
comprising a molecule having the formula:

L[ TILT

wherein 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,
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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, cyclochexyl,
cycloheptyl, cyclooctyl, indenyl, indanyl, dihydroindolyl,
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and

each m is independently between 0 and 5 inclusive;
wherein said molecule either evokes one or more inorganic
ion receptor activities, or blocks one or more inorganic
ion receptor activities caused by an extraéellular
inorganic ion. '

4. The agent of claim 3 wherein said molecule is a
calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

5. The agent of claim 4 wherein each R is
independently selected from the group consisting of H, CH,,
ethyl, and isopropyl.

6. The agent of claim 4 wherein 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.

7. The agent of claim 5 wherein 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.

8. An inorganic ion receptor modulation agent
comprising a molecule selected from the group consisting
of compound 4L, compound 8J, compound 8U, compound 9R,
compound 11X, compound 12U, compound 12V, compound 122,
compound 14U, compound 16M, and compound 16P.

THIS SHEET HAS BBEN
REPLACED




over sodium sulfate. The ether was evmd*l—o—gl—ve—a——mo‘“
3' -t hi omet hyl acet ophenone. The  Crhi@Geclds 3L4,3 uf iRG

distillation at reduced pressure. 3-Phen lice (0. ;’.
nmol ), 3' - thionethyl acet ophenone (0. 1 lﬂ'ﬂﬂ! and t|t

| sopropoxide (0.36 g, 1.25 mml) were m

B
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9. An agent of any claim 1-8 further comprising a
physiologically acceptable carrier. '

10. A method for treating a patient comprising the
step of administering a therapeutically effective amount
of an inorganic ion receptor modulating agent to a patient
in need of such treatment, said agent comprising a
molecule having the formula:

CHj3

wherein each X is independently selected from the
group consisting of isopropyl, CH;0, CH;S, CF;0 an aiiphatic
ring and an attached or fused aromatic ring; and

each m is independently between 0 and 5 inclusive;
wherein said molecule either evokes in one or more
inorganic ion receptor activities, or blocks one or more
-inorganic ion receptor activities <caused by an
extracellular inorganic ion.

11. The agent of claim 10 wherein said molecule is
a calcimimetic and said inorganic ion receptor act1v1ty is
a calcium receptor act1v1ty.

12. A method for treating a patient comprising the
step of administering a therapeutically effective amount
of an inorganic ion receptor modulating agent to a patient
in need of such treatment, said agent comprising a

molecule having the formula:

AR O e
* ¢ L M § =* | ET HAS BEEN

REPLACED




allowed to stand for 4—-hoeurs—Ethanol {1 nl) and sodi um cyanobor ohydri de
(0.063 g, 1 mol) were d dandthe reaction was stirredpewesnight. The
reaction was wor ked up H cedf 4 nL of ether ahd®
water. The m xture vvasv n spun in a centri
the solids. The ether ted from

35
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gimene

CH3

wherein 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,
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and
each m is independently between 0 and 5 inclusive;
wherein said 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.

13. The method of claim 12 wherein said patient has
a disease or disorder characterized by abnormal calcium
homeostasis, said molecule is a calcimimetic and said
inorganic ion receptor activity is a calcium receptor
activity.

14. The method of claim 13 wherein each R is
independently selected from the group consisting of H, CH;j,
ethyl, and isopropyl. '

15. The method of c¢laim 13 wherein 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.

TTHIS SHEET HAS BEEN
REPLACED
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the precipitate, and the solvent renoved in vacuo. The oi
I n di chl oronet hane and the conpound purified by preparative_ILC on silica

gel
a

eluted with 3% nmethanol / di chl oronet hane to yield the ti

pure oil: GO EI-M5(Rerr]=7.64 mn) mz (rel. int.)285 (M
270(90), 180(17), 151(100), 136(32), 104(17), 91(54),

was redi ssol ved

AEPLABERET ST
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16. The method of claim 14 wherein

each X 1is

independently selected from the group consisting of

isopropyl, CH,0, CH,;S, CF;0, aliphatic ring and
.or fused aromatic ring.

an attached

17. A method for treating a patient by modulating

inorganic ion receptor activity comprising the step of
administering to said patient a therapeutically effective
amount of a molecule selected from the group consisting of
compound 4L, compound 8J, compound 8U, compound 9R,
compound 11X, compound 12U, compound 12V, compound 122,
compound 14U, compound 16M, and compound 16P. -

18. The method of claim 17 wherein said patient has
a disease or disorder characterized by abnormal calcium
homeostasis.

19. The method of any claim 12-17 wherein said
patient has a disease selected from the group consisting
of primary and secondary hyperparathyroidism, Paget’s

disease, hypercalcemia malignancy, osteoporosis and

hypertension.

This Sheet Has Been Replaced :
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77(13). Exanple 3: Synthesis of Conpound 8U N-3-(2-net hoxyphenyl)

-1-propyl -(R) -3-nethoxy-a- nethyl benzyl am ne- hydrochlorid

(R -(+)-3-nmethoxy-[err]-methyl benzyl amine (3.02 g, 20 mml)
2- met hoxyci nnarral dehyde (3.24 g, 20 '

35” AL UI'C UI

s,ﬁ%? THY SHEET
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Calcium Receptor-Active Molecules
Abstract of the Disclosure

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. |

This Sheet Has Been Replaced-
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mmol ), and titanium (1V) isopropoxide (8.53 g, 30 mmol, 1gb= ')
stirred 2 hours at roomtenperature and treated "wth - 1%2:? f»”(‘éﬁf SHEE?‘

)

et hanol i c sodi um cyanobor ohydri de. The reacti on was stilred=gvrernight L6
hours), diluted with diethylether, and treated with water} ({. é rdaan 4637

mol, 4 Eq.). After mixing for 1 hour the
. -1 -

@\/\/ W/Q\OCHS
Hs3  NPS 467
@\/\/ \(©\00H3
H; NPS R-467
©\/\/ \/©\OCH3
2 NPS S-467
Hs NPS 568
@\/ YQOCHS
Hs NPS R-568°
H\/@
N
- OCHj
ci s NPS S568

FIG. 1A.




26 reaction mxture was centrifuged and the ether |ayer renoved and

concentrat ed :t.'o an oil. This materi al was REPLACEMENT SHEET

04 MAR 1997
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di ssolved in glacial acetic acid, shaken with pal | adi um hydr pxt-—de -
hydrogenat ed under 60 p.s.i. hydrogen for 2 hours at roo_mterﬂ’hﬁbﬁﬂf« rﬁﬁ‘ﬁiﬁﬂ _
catal yst was renoved by filtration and the resulting solutioh gorcentTared

to athick oil. This material was dissolved in dichloronethapeia MAR 1997
neutralized with 1 NNaOH . The dichloromet hane o MAR 199

g
0
?.YQ '.




sol ution was separated fromthe agueous phase, dried over an
pot assi um car bonate and concentrated to an oil. This materia
in ether and treated with 1 MHO in diethylether. The res
precipitate (white solid) was col l'ected, washed wi th diethyl
dri ed. GC/El-M5 (Rlerr] = 9.69 mn) of 4thi s material (free

Rt GEeE

CET

il {1 ng -
bt %e@, 1 2MBR 4B97

ZT
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FiG. 1D.




. = P o Wl
i AR AT
base) showed a single conponent: mz (rel. int.) 299 (M, 21), ﬁ%‘B'Zf“‘(ETMT SHEET
164 (17), 150 (8), 135 (81), 121 (40), 102 (17), 91 (43), 771
4: Synthesis of Conmpound 9R (R). -N- (1- (2-naphthyl) ethyl) -
-napht hyl ) et hyl am ne hydrochl ori de .
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A nixture of (R)-(+)-1-(1-naphthyl)ethyl amine (10.0 g, 58 nmdl REPLACEMENT SHEET
2' -acetonaphthone (9.4 g, 56 mmol), titanium (1V) isopropoxide [(Z207 g,
73.0 mml ), and EtOH (abs.) (100 nl) was heated to 60[err]|C |f oy §3MARUISST
Sodi um cyanobor ohydri de (NaCNBH3) (3.67 g, 58.4 mmvl) was thgn jadded.

The reaction mxture was stirred at room ' ’ '

H

2E

2F

Z I

.
<

FIG.2B.




tenperature for 18 hours. Ether (1 L) and Herr]O (10 nL) we

the reaction mxture and the resulting precipitate was t

centrifugation. The supernatant was evaporat ed under vacuu$1e
0

crude product was recrystallized four times from hot hexane,
g of pure (98+% diastereoner. The free base

..:7__
N
( 2/ \S oA
N
H
H _ H
N‘\/’A\\/’N

2B

N
H
Q_Y\/\g/\/ | '
N .
H

2D

FIG. 2A.
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was di ssol ved in hexane; filtered, and then ethereal HC was added to

precipitate the product as a white solid (1.1 g, 6

200- 240 [err] C (dec.).

5
s

. H
N..
CO,H

2N

;g@
"8

FIG. 2C.

BER aoe e 8aeeT
0 & MAR 1097




27 Exanpl e 5: Synt hesis of Conpound 11X N (4- Isopropyl benzyl) A M S —
(1-naphthyl) ethylam ne hydrochlori.de A mxture of RE&J‘@L\;EM;E“‘] SHEET
(R -(+)-1-(1-naphthyl )ethylam ne (1.06 g, 6.2 mmovl),
4-i sopropyl benzal dehyde (0.92 g, 6.2 mmol), B4 MR 1Yy

-9 -

FIG. 2D.




and titanium (1V) isopropoxide (2.2 g, 7.7 mmol) was heatiefcgnrrascnT SHEE
100[err]C for 5 mn then allowed to stir at roomtenperature fgzr'i%‘ﬁ:mfrq; SHEET

Sodi um cyanobor ohydri de (NaCNBH err]) (0.39 g, 6.2 nmol) was it Hen gddﬁeag} e
followed by EtOH (1 nL). The reaction mixture was stirred at |rdofl & ¥aR 15937
temperature for 18 ‘hours. Ether (100 nL) .and Herr]O (1 n) re.added. t.o
t he ' - 10 -

' CF3

3D

CF;

3E

FIG. 3A.



reaction mxture and the resulting precipitate was then renov dﬁiﬁiﬁCﬁﬁ%%T QHEET

centrifugation. The supernatant was evapdrated under vacuum apd jthe—erude
product was chronmat ographed on silica gel (50 mm X 30 cmcolu ﬁﬁ% éh; no
with 1% MeOH CHCl [err]). The chromat ographed materi al S| nm 1857

di ssol ved in hexane and ethereal HO was added to
- . . - 11 -

FIG. 3B.



precipitate the product as a white solid (0.67 g, 35 %yield) 'n1p :

257-259[err]C. Exanple 6: Synthesis of Conpound 12U N-3 -

-1-propyl- (R -3-ne thoxy-[err]- methyl benzylam ne hydroc

solutlon of 2-methylcinnamonitrile (1.43 g, 10 °
..]:2_

5
Yol

3M

L
3
.

FIG. 3C.

(
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mol ) in dichloromethane (10 nL) was cooled to O[err]C and t; '

(15 nminutes) with 1 Mdiisobutylal um num hydride (10 mi, REPLACEMENT SHEEY
di chl or onet hane) . The reaction was stirred at O[err]C fbrrt5nmnutes
and treated dropwise (15 mnutes) with a 1 Msolution of 04 BMAR 189
(R -(+)-3-nethoxy-[err]- nethylbenzylanigg (1.51 g, 10 mmol )¢{ihp -

di chl or onet hane (10
OH
H
N

. T/Q |

) |
N
OCH3

O
(ISSSH

FIG. 3D.



m.). .The reaction was stirred 1 hours at O[err]C and poured into a solution
of ethanol (100 nlL) containing sodi um cyanoborohydride (1 g, 16 nmmol ). The
reaction mxture was stirred 48 hour at room tenperature. =Fre=T 0
was diluted with ether and neutralized with 1 N NaCH. ~ Thg REHSHG

renoved, dried over anhydrous potassi um

N
3w

eo¥<W

seu<W
0Q.

3Z

FIG. 3E.



‘carbonate and concentrated to an oi I Thi s mater'i al was 28
‘chr omat ographed through silica using a gradi ent of .
: ' REPLACEMENT SHE

T |

04 MR 1897
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di chl or onet hane to 5% net hanol

in dichloronethane to afford the unsaturat ed

internedi ate, a single conponent by GTJEl -M5 (Rlerr]=10.06 min) mz (rel.

int.) 281 (M+, 17), -266 (59), 176 (19), 146 (65), 135 (73).;
(21), 77 (13). The unsaturated i nt er nedi at e in et‘i hg‘ﬁéﬁh’“gx&%gﬁ %%‘%T

Cl
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hydrogenated (1 atmHerr])

hours at roomtenperature. The product fromthis reaction
t he hydrochloride salt by treatment with 1 M HC
GC/El-M5 (Rlerr]=9.31 min) of this materi al
component: nlz (rel. 268 (100), 164
' : 17 -

16

in the presence of palladiumon carbon for

in dieth LEEFEAGEW:N"' SHEET

(free base)
int.) 283 (M, 21), 04 MAR 1897
. H
N
OMe
- F - CHs
4M
F .
@\/\/H
" N, /( j\
OMe
CHj3
F | N -
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(12), 148 (8), 135 (85), 121 (12), 105 (49), 91 (23), 77 (21). Exanple 7:

Synt hesi s of Conpound 12V .
N- 3- (3- met hyl phenyl ) - 1- propyl - (R) - 3- met hoxy-[err] - met hyl REFLAGEMENT SHEET

D4 MR 1957

hydrochl ori de The conpound was prepared follow ng the pro edrre
| - 18 -

: I OCHS
cl 2
4

CF3



described in Exanple 6, but using 2-nethylcinnanonit rile. The unsaturated

internedi ate was a single conponent by GO EI-M5 (Rlerr] = 1Q
(rel. int.) 281 (M+, 57), 266 (86), 146 (98), 135 (88), 131
(43), 102 (26), 91 (43), 77 (18). Reduction of this
hydrochl ori de formation using the pr.ocedlugre descri bed

BT e i 2 a0 o LR
( EEB&%MT §’§*€§T
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N
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Exanpl e 6 afforded the product. GJE -M5 (Rlerr] = 9.18 mn) of this
material (free base) showed a single conponent; mz (rel. in

S e
19), 268 (100), 164 (11), 148 (8), 135 (76), 121 (16), 105 (4@%@@‘%&'2@ SHEET
77 (21). Exanple 8: . Synthesis of Conpound 12Z

N- 3- (2-chl orophenyl ) - 1- propyl - (R) - 1- (1- napht hyl ) et hyl am ne 4 §#49 1907
_ - 20 - o

H
N
X" 0CH,

5A

OCHg

OCHs

PEE%
bF

?
HhE

5

~ FIG. 5A.



hydrochl ori de The compound was prepared fol | ow ng the procedures described

in Exanpl e 6, but using - 2- chl orohydroci nnarmniﬁgﬂ_hgﬂ&m?rg};gg '

05 MAR 1897

- 21 -
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29 napht hyl ) et hyl am ne on a 10 mmol scal e. Chr omat ogr aphy through silica
using a gradient of dichloronethane to 5% nethanol in dichlgr t
5BnERnp ) (W' !Slr-]lEET

af forded the product as a single conmponent by TLC anal ysi s g

04 MAR 1397
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The hydrochloride was prepared by treatment with 1
LR N (]-

Exanpl e 9: Synthesis of Conpound 1
napht hyl ) et hyl am ng #Epi ROEFRT | SIEEEF

di chl or onet hane) .

M HCl in diethylether.
(4- nmet hoxyphenyl) ethyl) - (R -1- (1-
m xture of (R)-(+)-1-(1-naphthyl)ethylam ne (1. :

| - 23 - | 0% MAR B9

o8 s

sV
H .
N
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N
\\N\ g :: .

H

R\ N
| 52

FIG. 5D.



6.2 mol ), 4'-nethoxyacet ophenone (0.93 g, 6.2 mml ), titanium (1V)
i sopropoxide (2.2 g, 7.7 mol), and EtOH (abs.) (1 nmL) was heated to

60[err]C for 3 hours. Sodi um cyanobor ohydri de (NaCNBH3) (
mmol ) was then added, and the reaction mxture was stirred
tenperature for 18 hours. Ether (200 nﬁ%4and Herr]O (2 nm)

QO
QO
o

6B
H
OCH;
6C
@\/k/H
_ N _
Z OCHs
6D

000

FIG. 6A.
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were added to the reaction mxture and the resulting precipitate was then

renoved by centrifugation. The supernatant was evaporated M&m—m

and the crude product was chromat ogr aphed on silica gel (25 RLABEMBAT SHEET
colum) (elution with 1% MeOH CHC [err]) ‘A portion of th| S Warw"m'smﬂm

HPLC chr omat ogr aphed [ Sel ect osi |, err]Msilica seam £
omat ogr aphed | 5[ _]25_ 04 MAR 1997

(D

Cl | O 6l |

Cl 6K

Cl

aYe

FIG: 6B.



gel; 25 cm x 10.0 nm (Phenonenex, Torrance, CA), 4 nlL per W t-er—tVTIE],
275 nM 12% et hyl acet at e- 88% hexane (elution tinme 12.0 mi )iBEPmQ@Mﬁ’ﬁCéHEET
purified diastereoner was then dissol ved in hexanes and et hergeat—HC " Was :
added to precipitate the product as a white solid (20 ng), im T &ﬁ;ﬁgﬁm"
209-210[ err] C(dec.). o - ' o

-.26 -




- (R

Exanmpl e 10: Synthesis of Conpound 16M N-(3-chl oro-4- et hoxybenzyl)

-1- (1-naphthyl) ethylam ne hydrochloride A'mxture of - '
(R -(+)-1- (1- napht hyl et hyl ani ne (6.6 g, 39 mol ), REPLACEMENT SHEET
3'.-chl oro-4' - met hoxybenzal dehyde (6.6 g, 39 mmol ), and ti tjanf“tmttyy

|sopropOX|de(1389, 48.8 mmol ), a7 - rigqmwl

Qo
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Z I

OEt
6T

OEt
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FIG. 6D.



and EtOH (abs.) (30 nL) ﬁas heated to 80[err]C for 30 m nutes 30 then

allowed to stir at roomtenperature for 3 hours. _
: f 7
- 28 - : | :
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Sodi um cyanobor ohydri de (NaCNBH3) (2.45 g, 39 mmol) was then_added. The

reaction mxture was stirred at roomtenperature for 18 hotrﬁ;;piﬁgt{? “\i}(é [J
m.) and Herr]O (2 nL) were added to the reaction mxture gnd_the 'jg'-g | PRE
precipitate was then renoved by centrifugation. The supegrdat ant was
evapor at ed under vacuum and the crude 04 MAR 1397

E
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product was chr omat ogr.aphed on silica gel (50 mm X 30 cm col um) (elution
with CHerr]dJ[err]). The chromat ographed naterial was then

di ssolved in hexane (500 nlL), decolorized with Norit[f é,r
(0.2 [err]M, and then ethereal HJ was added to precipit i?’ﬁég%‘\@iﬁﬁﬂcﬁf‘m
a while solid (10.2 g, 56 %yield), mp.: 241-242[err]C (decj

- 30 - | M ViR 1997 ;
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Exanpl e 11: Synthesis of Conpound 16P 4-Met hoxy- 3- net hyl acgt-opherenre—ftoRe—
Precursor] A mixture of 4'-hydroxy-3'-nethyl acetophenone (5. ﬁ’*@tﬂfﬁﬁfﬂ‘ﬂ' SHEET
mol ), iodonmethane (5.7 g, 40.0 nmml), Kerr]CJerr] ( atrtt-a-;
anhydrous) (23.0 g, 167 mvol ), and acetone (250 nlL) was ref d b0k 2
hours. The reaction mi xture was : Xﬁ?% 5""“‘% %’ﬁ?
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then cooled to roomtenperature, filtered to renove the inorganic salts,

and evapor ated under vacuum The crude product was dissolved in ether (100

m.) and washed with Herr]O (2 x 20 nL). The organic | ay
(Na[err] S err]) and evaporated to yield 4.5 g, 82.4%vyie S{Epﬁé‘g@@g%@%s

used in the following = reaction \évlthout furthef

04 MAR 1997
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purification. (R -N (1- (4-Methoxy-3-nethylphenyl) ethyl) - (R -1- (1-
napht hyl ) et hyl am ne hydrochl ori de [ Conpound 16P] A m xt ur ef~e+

(R -(+)-1-(1-naphthyl)ethyl amine (4.24 g, 24.8 mmol), REF&ACWE&T SHEET
4' - met hoxy- 3' - met hyl acet ophenone (4.06 g, 24.8 mmol), and t}] t gttty

i sopropoxi de(8.8 g, 30.9 _ 33 - 04 MAR 1997
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mmol ), and EtOH (abs.) (1 nl) was heated to 100C for 2 hours. | sopropanol
(45 nmL) was added and the reaction was then <cooled to 10&.etr]r" Ln.__an

ice bath. Sodi um tri acet oxybor ohydri de REPLACEWENT
(I\laHB(qerr]CCI—I[err])[er_r]) (10.5 g, 49.5 mol) SHEEY

-'3g-' - 5['@41‘?@7’*’«;3'

[sWS<%
T Y@ |

8C

N OCHj

FIG. 8A.



31 was then added in portions over 15 mnutes. The reaction m xture was

then heated to 70[err]C for 18 hours. The m xture was cool e

tenperature and -poured into ether (400 nL) The suspensi on

t he supernatant was

b
o
Gl
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coll ected and the pellet was washed with ether (400 nL). The
organi ¢ washi ngs were evaporated under vacuum. The residue-

et her (400 nL) and washed with 1 N NaOH (4 x 50 nL) and Her
mL). The organic layer was dried (Na2SO4), filtefred and evap

vacuum EtOH (abs.) was added to the wet residue
: - 36 -
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whi ch was then dried thoroughly on a rotary evaporator to pr
The m xture was then chromat ographed on silica gel (50 mm x
with (1% MeOH: 1% | PA:CHC [err]) to glve48gof an oil]. Th

PLC-Si, 18 [err]Msilica gel; 25
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cmx 21.2 mm (Supelco, Inc., Bellefonte, PA), 7 nL per ninu. q [ :
M 20% Et OAC- 80% hexane (el ution tine 8.5 o 11.0 mm]. I nf SE RENiENT, SHEET

[err]L aliquots) of the m xture (100 ng/nlL solution in eluegnt Brovided 65
ng of the desired isoner. Miultiple HPLC injections providedf 1] 0

purified material. The HPLC chromat ographed materi al
- 38 -
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was di ssol ved i n hexane (50'nL) and the hydrochl oride salt was

precipitated with ethereal HQ. The salt was collected on fritted
gl ass and washed with hexane to provide 1.0 g of a white saof

204-205[err] C. Other embodinents are within the foll owing cf 5%HEA#%MENT SHEET
| - 39 -
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32 Cains 1.

A conpound having the formula: Yn

- 40 -

FIG. 9B.

! |

g




wherein each X is independently selected fromthe group cons
| sopropyl, CHerr]O CHerr]S, an aliphatic ring and an atta;ﬁi%ﬁ%ﬁgi%%oﬁﬁﬁf‘?
aromatic ring; each Y is independently selected fromthe grolpjconsisting !
of isopropyl, CHerr]O CHerr]S, CFlerr]Q an aliphatic rinfg an@ hr&”ﬁ% '!ﬂﬂ?
attached or fused aromatic ring; and

R | —
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CH
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m - CHg ‘

FIG. 9C.



each mand n is independently between 0 and 5 incl usive;

or a
phar maceuti cal ly acceptable salt or conplex thereof. 2. A eeRpotrt—ravtn
the formula: [err] wherein each X and-Y is independently sel§ m&mﬁﬂ’nﬁ%ﬁ
group consi sting of CH[err] CHerr]O CHerr]CHerr] O rreth_l re—dioxy;
o - - a2 - 0.4 MaR 1097
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d, F, CFlerr], CHF[err], CH[er'r]F; CFl[err]O CHerr]S, OH, CH[err]'O-l
CONH err], CN, Nerr], CHerr]CH err], propyl, isopropyl, butyl, |sobutyl

t-butyl, acetoxy, aliphatic ring and an attached or fused apomatic—rTirm
is selected fromthe group consisting of hydrogen, nethyl, ptREALAC @ISHEET
| sopropyl, butyl, allyl, isobutyl, t- butgl , cyclopentyl, cyc U'nexyl

cycl oheptyl, cycl ooctyl, - 43 - : ' 0 & MAR 1997
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and 2-, REPLACEMENT SHEET

g4 R Y
It 8 .

n .

' . ) 4
K \/@
I oW N
llll' 9z

FIG. 9F.



3-, or 4- piperid(i n)yl; and each mand n is independently between 0 and 5°
I ncl usi ve; provided that two of X together make up a fused grLonablcti-hg n
having 5 to 7 menbers which may be substituted; wherein sai ' ~@E’s§‘m
not (R R)-N-1-(1-naphthyl)ethyl)-1-phenyl ethyl am ne, ’
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(R R) N- (1- (2-napht hyl) et hyI ) - 1- phenyl et hyl am ne,
(R R-N(1-(1-naphthyl)ethyl)-1-(3-nmethoxyphenyl)ethylan ne,

(R R -N-(1-(2-napht hyl ) et hyl ) - 1- ( 3- met hoxyphenyl ) et hyl a . —
3&?%@§%@@WBSEEEE

pharmaceutically acceptable salt or conplex thereof. 3.
according to claim2, wherein the fused aromatic ring hgvijng 5 to /7 nemntger
formed by X contains only - 46 - DYy am ij7 i
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A conpound according to claim2, selected fromthe

carbon atons. 4.
follow ng formulae: [err]
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34 [err] or a pharmaceutically acceptable salt or conplex thereof. 5. The

conpound of claim2 wherein Ris selected fromthe group cq.ns.l_s-t-l-ngcf -
CH err], et hyI and i sopropyl . _ REPLACEMENT SHEEY
- a8 - 1| o4 MR 88
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6 The conpound of claim5 wherein each Y is independéntly sel ected from

oh isting of i |, CH O CH S, CF
he group consisting of isopropyl, CHerr]Q CHerr]S, [errhgkyﬂgﬁﬁﬁgtbﬁEET

ring and an attached or fused aromatic ring. 7. A conpoung
~chem cal fornula.or a pharnmaceutically acceptable salt or cqnyl ex thereof.
- | .0 04 MR 197
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8.

A conpound having the chenmical formula or a pharmaceutic

acceptabl e salt or conpl ex thereof. 35 :
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9. A conpound having the chem cal fornula [erri or a phar mgeeut

acceptabl e salt or conplex thereof. 10. A conpound having the
formula [err] or a pharmaceutically acceptable salt or conpl €
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11. A compound having the chem cal fornula or a pharnaceutlcally acceptable

salt or conplex thereof. 12 A pharnaceutical conposition cag
conpound of any one of clains 1 to 11 and a pharnmaceutically §
carrier. 13. Use of the conpound of claim1 for the nmanufact §
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of a pharmaceuti cal

conposition for treating a patient having a di sease or

di sorder characterised by abnormal cal ci um honeostasis. 14. Use of a
conmpound for the manufacture of a ' REPLACEMENT SHEEF
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36 pharnaceutical conposition for treating a patient wherei n.said conpound

has the fornula: [err] wherein each X independently is sel edt REPIAGIMH SHEET
group
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consisting of H CHerr], CHerr]O CHerr]CHerr]O nethylene dloxy, Br,
ad, F, CFHlerr], CHF[err], CHerr]F, CFlerr]O .CHerr]S, OH, 0

CONH err], CN, N(Jerr], CHerr]CHerr], propyl, isopropyl, b LA WTﬁ
t-butyl, acetoxy, aliphatic ring and an attached or fused arjonftTTCTTME L’
each R independently is selected fromthe group consisting gf y@@omm}? i
met hyl, ethyl, propyl, isopropyl, - 55 - ' e ‘

[T

FIG. 12B.
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butyl, allyl, isobutyl, t-butyl, cyclopentyl, cyclohexyl, cycloheptyl,

cyclooctyl, indenyl, indanyl, dihydroindolyl, thlodlhydr0| iy 0
3-, or 4- piperid(in)yl; and each mis |ndependently betme«ﬁﬁa*£W§§g$ﬁ#§H§ET
i ncl usive; and wherein sai d conpound i s not - '

(R) - N-(phenyl net hyl ) - 1- phenyl et hyl am ne 04 MAR 1997
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N-(1- (1-naphthyl)ethyl)-1-phenyl ethylamne, (RR -N

ht hyl ) et hyl ) - 1- phenyl et hyl am ne,

- napht hyl net hyl ) - 1- phenyl et hyl am ne, REPLACEMENT .SHEET
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(R R -N(1-(2--napht hyl )et hyl ) - 1- ( 3- met hoxyphenyl ) et hyl am nei or a
phar maceutical ly acceptable salt or conplex thereof. 15. The use of claim

14 wherein said patient has a disease or di sorder char act €] IWM%#

cal ci um honeost asi s.
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37 16. Use of the conpound of any one of claims 1-11 for the manufacture
of a pharmaceutical conposition for treating a disease or disorder selected

fromthe group consisting of
_REPLACEMENT SHEET
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primry or secondary'hyperpar at hyroi di sm Paget's disease, hypekcal cem a,

ost eoporosi s or hypertension. 17. The use of claim 14 or 15 %&
patient has a disease or disorder selected fromthe group cop ﬁé ;51‘»{{' SHEET

primary or secondary hyper parat hyr0| dism -Paget's disease, h/p«krcal cente;
ost eoporosi s or hyperten5| on. _ 04 MAR 1897
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Clajims

1. An inorganic ion receptor modulating agent
comprising a molecule having the formula:

CH3

wherein each X is independently selected from the
group cons:l.stlng of isopropyl, CH,0, CH,S, CF;0-an aliphatic
ring and an attached or fused aromatic ring; and

each m is independently between 0 and 5 inclusive;
wherein said 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.

he agent. of claim 1 wherein said molecule is a
calcimimetic and saia™%
a calcium receptor activity.

ic ion receptor activity is

2. An inorganic ion receptor modulating agent
comprising a molecule having the formula:

g

wherein each X independently is selected from the

group consisting of H, CH,, CH;0, CH;CH,0, methylene dioxy,

Br, C1, F, CF;, CHF,, CH,F, CF,0, CH;S, OH, CH,0H, CONH,, CN,
[ ——
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NO,, CH,CH,, propyl, isopropyl,. butyl, isobutyl, lt-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,
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and

each m is independently between 0 and $ inclusive;
wherein said 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. |

3. The agent of claim’l or 2 wherein said molecule is a
calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

4. The agent of claim. 3 wherein each R is
independently selected from the group consisting of H, CH;,
ethyl, and isopropyl,

5.. The agent of claim 4 wherein each X is
iﬁdependently selected from the group consisting of
isopropyl, CH;0, CH;S, CF,0, aliphatic ring and an attached
or fused aromatic ring. |

The agent of claim 5 wherein each X is
independently sel from the group consisting  of
isopropyl, CH;0, CH,S, CF;0, all i
.or fused aromatic ring. '

ring and an attached

6. An inorganic ion receptor modulation agent
comprising a molecule selected from the group consisting
of compound 4L, compound 8J, compound 8U, compound 9R,
compound 11X, compound 12U, compound 12V, compound 12Z,
compound 14U, compound 16M, and compound 16P.

o %* . C L L] $ *
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7. An agent of any claim’ | to 6 further comprising a
physiologically acceptable carrier.

8. Use of an agent for the manufacture of a
pharmaceutical composition for treating a patient
' comprising a therapeutically effective amount of an
inorganic ion receptor modulating agent, said agent
comprising a molecule haviﬁg the formula:

CH3

wherein each X is independently selected from the
group consisting of isopropyl, CH)O, CH,S, CF;0 an aliphatic
ring and an attached or fused aromatic ring; and

each m is independently between 0 and 5 inclusive;
wherein said molecule either evokes in -one or more
inorganic ion receptor activities, or blocks one or more

inorganic ion receptor activities <caused by an
extracellular inorganic ion.

9. The use of claim 8 wherein said molecule is
a calcimimetic and said inorganic ion receptor activity is
a calcium receptor activity.

10. Use of an agent for the manufacture of a
pharmaceutical composition for treating a patient
comprising a therapeutically effective amount of an
inorganic ion receptor modulating agent, said agent
comprising a molecule'having. the formula:

/

N 0 A



-_—

This Sheet Has Be ' BEPLACEMENT SHEET

M0 | [os renem

35

L LTI

CHj>

wherein each X independently is selected from the group
consisting of H, CH,, CH,0, CH,CH,0, methylene dioxy, Br,
Cl, P, 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'aromatié
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,
thiodihydroindolyl, and 2-, 3-, or 4- piperid(in)yl; and

each m is independehtly between 0 and 5 inclusive;

wherein said 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. '

11. The use of claim 10 .wherein said patient has
a disease or disorder characterized by abnormal calcium
homeostasis, said molecule is a calcimimetic and said
inorganic ion receptor activity is a calcium receptor
activity.

12. The  yse of claim 11 wherein each R is
independently selected from the group consisting of H, CH,,
ethyl, and isopropyl.

he method of claim 13 wherein each X is
independently se from the group consisting of
isopropyl, CH,0, CH,S, CF,0, aliphati
or fused aromatic ring.

and an attached

~—
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13. The .use of claim 11 or 12 wherein each X is
independently selected from  the group consisting of.
isopropyl, CH,0, CH,S, CF;0, aliphatic ring and an attached
or fus-ed ‘aromatic ring.

14. Use of an agent for the manufacture of a
pharmaceutical composition for treating a patient by
modulating inorganic ion receptor activity comprising a
therapeutically effective amount of a molecule selected
from the group consisting of compound 4L, compound 8J,
compound 8U, compound 9R, compound 11X, compound 12U,
compound 12V, compound 122, compound 14U, compound 16M,
and compound-16P.

15. The yse of claim 14 wherein said patient has
a disease or disorder characterized by abnormal calcium
homeostasis.

16. The use of any claim 10 to 14 wherein said
patient has a disease selected from the group consisting
of primary and secondary hyperparathyroidism, Paget’s
disease, h'ypercalcemia malignancy, osteoporosis _and
hypertension.

U

This Sheet Has Been Replaced

LT




CEPLACEMENT SHEET

L]

;1938

1 03 &

DESCRIPTION
CALCIUM RECEPTOR-ACTIVE ARYLALKYL AMINES

FIELD OF THE INVENTION

This invention relates to the design, development,
composition and use of novel molecules able to modulate

the activity of inorganic ion receptor.
BACKGROUND OF THE INVENTION

Certain cells in the body respond not only to
chemical signals, but also to ions such as extracellular
calcium ions (ca®*). Changes in the concentration of
extracellular ca’* (referred to herein as "[Ca?*]") alter
the functional responses of these cells. One such
specialized cell 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 célls, increases
the level of Ca?* in the blood. This increase in ([cCa’*)
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, 1%93. In
parathyroid cells, this protein acts as a receptor for
extracellular Ca?* ("the calcium receptor"), and detects
changes'in (Ca’*] and to initiate a functiocnal céllplar
response; PTH secretion.

Extracellular Ca“'can exert effects on different cell
functions, reviewed in Nemeth et al., 11 Cell 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?* receptdr. Brown et al., 366 Nature

574, 1993; Mithal et al., 9 Suppl. 1 J. Bone and Mineral
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bstract e Di sure

The present invention features molecules which can
modulate one or activities of an inorganic ion receptor.
Preferably, the molecule ¢an mimic or bleck the efféct 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.

[

heet Has Been Replaced
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1. A compound having Ehe_formula:

o
w1

wherein each X is independently selected from the group
consisting of isopropyl, CH,;0, CH,S, an'aliphatic ring and an
attached or fused aromatic ring; ' '

‘each Y is independently selected from the group
consisting of isopropyl, CH,0, CH,S, CF;0, an allphatlc r:Lng
and an attached or fused aromatic ring; and

each m and n is independently between 0 and 5 inclusive;
or a pharmaceutically acceptable salt or complex thereof.

2., A compound having the formula:

At

wherein each X and Y is independeni:ly selected from the
group consisting of CH,;, CH;0, CH,CH.0, methylene dioxy, Br,
€1, F, CF,, CHF,, CH.F, CF,0, CH.S, OH, CH.OH, CONH,, CN, NO,,
CH,CH,, propyl, isopropyl, butyl, isobutyl, t-butyl, acetoxy,
aliphatic ring and an attached or fused aromatic ring;

R is selected from the group censisting of hydrogen,
methyl, ethyl, propyl, isopropyl, butyl, allyl, isobutyl, t-
butyl, cyclopentyl, cyclchexyl, cycloheptyl, “cyclooctyl,

Tk [+ L L .1 * -
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indenyl' 1ndanyl d1hydr01ndolyl thlodlhydrclndolyl, and 2-,
3=, or 4- plperld(ln)yl and .

each m and n is lndependently between 0 and 5 lnclu51ve,
provided that twe of X together. make up a fused arcmatic ring
having 5 to 7 members which may be substltuted whereln said
compound is not
(R, RJ—N-(l-(l-naphthyl)ethyl)—l-phenylethylamlne,
(R,R) ~N~(1-(2~naphthyl)ethyl) -1-phenylethylamine, _
(R,R)=N=-(1-(1-naphthyl)ethyl) - 1-(3-methoxypheny1)ethylamlne,
(R,R)-N—-(1-(2-naphthyl)ethyl) -1-(3~-methoxyphenyl)ethylamine;
or a pharmaceutically acceptable salt or complex thereof.

3. A compound according to claim 2, wherein the fused

aromatic ring having 5 to 7 members formed by X contains only
carbon atoms.

4. A compound according to claim 2, selected from the
following formulae:

F3C0. N . oq—ls_
g H -

pﬁcf’\wﬁﬁ\\vfu
CHj SN
H-'.‘CC RS RS
. _ R | Z

HaC ' |

A \!I\f
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or a pharmaceutically acceptable salt or complex thereof.

5. The compound of claim 2 wherein R is selected from
the group consisting of H, CH;,. ethyl, and isopropyl.

6 The compound of claim 5 wherein each Y is
independently selected from the group consisting of
isopropyl, CH;0, CH,S, CF;0, aliphatic ring and an attached or

fused aromatic ring.

7. A compound having the chemical formula

H,c0 : '
N
et N _

or a pharmaceutically acceptable salt or complex thereof.

8. A compound having the chemical formula

HLCO
D\/H
N
Hl =H|

or a pharmaceutically acceptable salt or complex thereof,

* € - L - M S *x -

Qline
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9. A compound having the chemical formula

HiCa 5 ; Cl o
N
NyC .

or a pharmaceutically acceptable salt or complex thereof.
10. a compéund haﬁing the chemical formula

Hyco '

s
: N

HyC
CH,
!

or a pharmaceutically écceptable salt or complex thereof.
11l. A compound having the chemical formula

x

SCHy

or a pharmaceutically acceptable salt or complex thereof.

12 A pharmaceutical composition comprising the
compound of any one of claims 1 to 11 and a pharmaceutically
acceptable carrier. '

13. Use of the compound of claim 1 for the manufacture
of a pharmaceutical composition for treating a patient having
a disease or disorder characterised by abnormal calcium
homeostasis. |

14. Use of a compound for the manufacture of a

* C L M H *
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' pharmaceutlcal comp051tlon for treatlng a patlent whereln
said compound has the formula:

wherein each X independently is selected from the group
consisting of H, CH,, CH,0, CH,CH.0, methylene dioxy, Br, C1,
F, CF,, CHF,, CH.F, CF,0, CH;S, OH, CH.OH, 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, dihydroindelyl,
thiodihydroindelyl, and 2-, 3-, or 4-'piperid(in)yl; and
each m is independently between 0 and 5 inclusive; and

‘wherein said compound is not S
(R)-N-(phenylmethyl)-l-phenylethylamlne
(R,R)-N-(1-(1~naphthyl)ethyl) -1-phenylethylamine,

(R,R) -N-(1-(2-naphthyl) ethyl) ~1-phenylethylamine,

(R, ) -N~(1-naphthylmethyl)-1-phenylethylamine,

(R, ) ~N-(2-(naphthylmethyl-1-phenylethylamine,

(R,R) -N-(1-(1-naphthyl) ethyl)-1-(3-methoxyphenyl)ethylamine,
or '
(R,R)-N-(1-(2~naphthyl) ethyl)-1-(3-methoxyphenyl)ethylamine;
or a pharmaceutically acceptable salt or complex thereof.

15. The use of claim 14 wherein said patient has a
disease or disorder characterised by abnormal calcium
homeostasis.

TR DL
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16. Use of the compound of any one of claims 1-11 for

- the manufacture bf.a pharmaCQutical cbmpdsition for treating
':a disease or disorder selected from the grcup-ccnSisting'of

primary or secondary hyperparathyroidism, Paget's disease, -

hypercalcemia, osteoporosis or hypertension.

- 17. The use of claim 14 or 15 wherein said patient has
a disease or disorder selected from the group consisting of
primary or secondary hyperpa:athyrcidism, Paget's disease,
hypercalcemia; osteoporosis or hypertension. '

R A
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" CALCIUM RECEPTOR-ACTIVE ARYLALKYL AMINES

- '.3 present invention features molecules which can’

- MQuulai. one or activities of an inorganic ion receptor.

Preferably, the molecule &an mimic or black the effect of
‘extracellular Ca?" on a calcium receptor. The preferred
usa® of" such molecules is to treat diseases or disorders by
aftering inorganic ion receptor activity, preferably
Zalcium receptor_activity.



