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PHOSPHATE MANAGEMENT WITH SMALL MOLECULES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The benefit under 35 U.S.C. §119(e) of U.S. Provisional Patent Application Serial
No. 61/147,348 filed on January 26, 2009, is hereby claimed.

BACKGROUND

Field of the Disclosure

[0002] The disclosure relates generally to methods and small molecules that can be used to
inhibit phosphate transport. Particularly, the disclosure is directed to methods and small
molecules that can be used to treat or prevent diseases that are related to disorders in the
maintenance of normal serum phosphate levels. More particularly, this disclosure is directed

to methods and small molecules that can be used to treat or prevent hyperphosphatemia.
Brief Description of Related Technology

[0003] Phosphorus and inorganic phosphate (Pi) participate in numerous critical biological
processes including cell signaling, nucleic acid synthesis, energy metabolism, membrane
function, and bone mineralization. Thus, significant changes in serum Pi levels or an offset
Pi balance can have significant physiological consequences. Rapid decreases in serum Pi
concentrations can be manifested in a number of pathologies including myopathy, cardiac
dysfunction, abnormal neutrophil function, platelet dysfunction, and red-cell membrane
fragility. Chronic serum Pi deficiency can cause impairment in bone mineralization, which
can lead to osteomalacia and rickets. In contrast, elevated serum Pi concentrations contribute
to the pathogenesis of secondary hyperparathyroidism in patients with chronic renal failure.
Hyperphosphatemia and the consequent increase in calcium-phosphate (Ca x P) product
results in the calcification of soft tissues and blood vessel walls, and is associated with a

higher risk of mortality.

[0004] The plasma level of Pi is established mainly through: (1) the control of Pi
absorption in the small intestine, which is directly stimulated by vitamin D, (2) factors
controlling the rate of bone resorption, and (3) Pi excretion in the kidney, which is under the
influence of the parathyroid hormone (PTH) and phosphaturic factors such as fibroblast

growth factor-23 (FGF-23). Disturbances of signal pathways controlling phosphate
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homeostasis, such as inadequate renal function or hypoparathyroidism, often give rise to
hyperphosphatemia. Chronic hyperphosphatemia can lead to severe abnormalities in calcium
and phosphorus metabolism, which is often manifested by hyperparathyroidism, bone disease
and ectopic calcification in joints, lungs, eyes and vasculature. For patients who exhibit renal
insufficiency, an elevation of serum phosphorus within the normal range has been associated
with the progression of renal failure and an increased risk of cardiovascular events.
Conversely, reducing phosphate retention can slow the progression of kidney disease. Thus,
for renal failure patients who are hyperphosphatemic and for chronic kidney disease (CKD)
patients whose serum phosphate is within the normal range or is only slightly elevated,

therapeutic approaches to reduce phosphate uptake and retention are beneficial.

[0005] As chronic kidney disease progresses, serum phosphate levels become more
difficult to control. More than 60% of patients on hemodialysis were reported to have serum
phosphate levels exceeding 5.5 mg/dL. A normal physiological serum phosphorus
concentration is generally considered to be between about 2.5 mg/dl to about 4.5 mg/d]
(Block G & Port F, Am. J. Kidhey Dis. 2000, 35:1226-1237). Furthermore, hemodialysis
patients with serum phosphorus levels greater than 6.5 mg/dL were reported to have a 27%
higher mortality risk than patients with serum phosphorus between 2.4 and 6.5 mg/dL. Based
on these findings, the National Kidney Foundation - Kidney Disease Outcome Quality
Initiative (K/DOQI) Clinical Practice Guidelines for Bone Metabolism and Disease in
Chronic Kidney Disease have recently recommended more stringent actions for controlling
serum phosphorus and Ca x P product in order to improve patients' quality of life and

longevity.

[0006] Current therapeutic approaches to manage hyperphosphatemia include limiting
dietary phosphorus intake and employing phosphate binding matrices, both of which are
largely inadequate and often poorly tolerated. Early clinical emphasis was directed toward
limiting dietary phosphorus intake. Dietary phosphorus comes from three major sources, the
inherent phosphorus content in foodstuff, phosphate-containing additives for preservation,
and phosphate-containing dietary supplements. Because dietary phosphorus is mainly
derived from protein, significant restriction of phosphorus inevitably limits protein intake.

As a result, dialysis patients experience an increased risk of malnutrition and mortality.

[0007] Phosphate binding matrices initially used were aluminum and calcium compounds.
Calcium salts that have been utilized for phosphate binding include calcium carbonate,

acetate (such as PhosLo® calcium acetate tablets), citrate, alginate, and ketoacid salts. The
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advantages of using calcium as the primary phosphate complexing substance are inhibitory
effects on parathyroid hormone secretion, low cost, and good tolerability. However, this
class of therapeutics generally results in hypercalcemia because such binders can raise the Ca
x P index, leading to the manifestations of elevated phosphorus. Aluminum and magnesium
salts are available as non-calcium-based phosphate binders, but these compounds have a
number of potentially severe side effects. Prolonged used of aluminum gels leads to
accumulations of aluminum, and often to aluminum toxicity, accompanied by such symptoms

as encephalopathy, osteomalacia, and myopathy.

[0008] Polymeric resins, initially developed as bile acid sequestrants, are also being
studied or used clinically as Pi binders. Reduced progression or even improvement of
vascular calcifications was demonstrated with the use of these polymer-based phosphate
binders. However, inherent in their ability to bind cholesterol, these binders also complex
and therefore deplete vitamin D, among other important vitamins and nutrients. Lanthanum
chloride, a non-calcium-based phosphate binder has also been clinically investigated. The
effect on phosphate levels appears to be similar to those of polymer-based phosphate binders.
Iron-oxide, because of its ability to complex phosphate is also being used in the clinic. All of
the current therapies are based on the complexing of dietary phosphate to make it inaccessible

for cross-luminal transport into serum.

[0009] For the foregoing reasons, there remains a need for new methods and
pharmaceutical compositions to reduce phosphate absorption in the GI tract and to prevent or

to attenuate hyperphosphatemia.
SUMMARY

[0010]  One aspect of the disclosure provides a method for inhibiting the transport of
phosphate across the membrane of human epithelial cells, and hence the gastrointestinal
absorption of phosphate, by administering a small molecule having a phosphate group, or any

formulation comprising a small molecule having a phosphate group disclosed herein.

[0011]  Another aspect of the disclosure provides a method for preventing, stabilizing, or
reversing the progress of diseases associated with disorders in phosphate metabolism or
impaired phosphate transport by administering a small molecule having a phosphate group, or

any formulation comprising a small molecule having a phosphate group disclosed herein.

[0012]  Another aspect of the disclosure provides a method for the treatment or prevention

of diseases wherein the accumulation of phosphate in serum can occur by administering a
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small molecule having a phosphate group, or any formulation comprising a small molecule

having a phosphate group disclosed herein.

[0013]  Another aspect of the disclosure provides a method for treating, delaying, or
preventing hyperphosphatemia arising as a result of pharmaceutical intervention for the
treatment of diseases in need of such therapy by administering a small molecule having a
phosphate group, or any formulation comprising a small molecule having a phosphate group

disclosed herein.

[0014] Another aspect of the disclosure relates to small molecules having a phosphate
group represented by Compounds 001-029 and Structural Formulas I-XXXII. These
compounds can inhibit the transport of phosphate across the membrane of human epithelial
cells, and hence can inhibit the gastrointestinal absorption of phosphate. These compounds
can be used to treat or prevent diseases whose root cause or effect are related to disorders in

the maintenance of normal serum phosphate levels.

[0015] Another aspect of the disclosure relates to the administration of small molecules
having a phosphate group described herein. These small molecules can be administered

alone or in combination in an acceptable pharmaceutical formulation, orally or by injection.

[0016] For the compositions and methods described herein, preferred features, such as
components, compositional ranges thereof, substituents, conditions, and steps, can be selected

from the various examples provided herein.

[0017] Further aspects and advantages will be apparent to those of ordinary skill in the art
from a review of the following detailed description, taken in conjunction with the figures.
While the methods, compounds, and compositions are susceptible of embodiments in various
forms, the description hereafter includes specific embodiments with the understanding that
the disclosure is illustrative, and is not intended to limit the invention to the specific

embodiments described herein.

[0018] It should be understood that the phraseology and terminology used herein are for
the purpose of description and should not be regarded as limiting. The use of the terms
“including,” “having” and “comprising” and variations thereof herein is meant to encompass
the items listed thereafter and equivalents thereof as well as optional additional items and

equivalents thereof.
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BRIEF DESCRIPTION OF THE FIGURES

[0019] Figure I shows the effect of Compounds 001-029 on phosphate uptake inhibition in

Caco-2 human intestinal epithelial cells.

[0020] Figure 2 shows the dosage effect of Compounds 002, 004, 012, and 028 on

phosphate uptake inhibition in Caco-2 human intestinal epithelial cells.

[0021] Figure 3 shows the viability of Caco-2 human intestinal epithelial cells in the
presence of Compounds 002, 004, 012, and 028 using ALAMAR BLUE stain reduction.

[0022] Figure 4 shows the viability of Caco-2 human intestinal epithelial cells in the
presence of Compounds 002, 004, 012, and 028 using trypan blue exclusion.

[0023] Figure 5 shows the dosage effect of Compounds 002, 004, 012, 021, 022, 023, and

028 on male Sprague Dawley rats.

DETAILED DESCRIPTION

[0024] Without intending to be bound by any particular theory, a more effective approach
to limiting phosphate absorption (instead of restricting dietary intake of phosphate or using
phosphate binding matrices) is by directly blocking intestinal alkaline phosphatase activity
responsible for intestinal phosphate production and by inhibiting the cross-luminal transport
system (NaPi-2b) responsible for delivering phosphate into the serum. Phosphate absorption
in the small intestine can be carrier-mediated, coupling the transport of phosphate to that of
sodium in an energy-dependent mechanism. An example is the case of the NaPi-2b
Na/phosphate co-transporter. Other mechanisms, however, may also be important for
transport. The identification of small molecule inhibitors of phosphate transport can be used
therapeutically to limit intestinal phosphate absorption from nutritional sources. This

approach can be useful, for example, for the treatment or prevention of hyperphosphatemia in

patients with renal disease.

[0025] In describing the embodiments and claiming the invention, the following
terminology are used in accordance with the definitions set forth below, unless explicitly

characterized otherwise.

[0026] As used herein, the term “inhibiting” means reducing or preventing, in whole or in

part.
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[0027] As used herein, the term “preventing” means achieving a prophylactic benefit. For
example, a small molecule compound having a phosphate group is administered to a patient
at risk of developing hyperphosphatemia or to a patient reporting one or more of the
pathophysiological symptoms of hyperphosphatemia even though a diagnosis of
hyperphosphatemia may not have been made. Specifically, a small molecule compound
having a phosphate group can be administered to a patient with chronic kidney disease

wherein hyperphosphatemia has not been diagnosed.

[0028] As used herein, a “pharmaceutically acceptable formulation” refers to a molecular
entity or composition that is approved or approvable by the U.S. Food and Drug

Administration or a corresponding foreign regulatory agency for administration to humans.

[0029] As used herein, an “effective amount” is an amount that results in a beneficial
therapeutic outcome of the condition being treated. For example, an effective amount of a
small molecule having a phosphate group will have one or more effects such as lowering the
serum phosphorus levels in a subject having hyperphosphatemia, preventing serum '
phosphorus levels from rising in a subject having or at risk of having hyperphosphatemia, or
reducing the absorption of phosphorus from food which can be measured, for example, by

increased fecal phosphorus or by lowered or stabilized serum phosphorus level.

[0030]  As used herein “beneficial therapeutic outcome” includes amelioration or
eradication of the underlying disorder being treated, not withstanding that the subject may
still be afflicted with the underlying disorder. In a subject having hyperphosphatemia, a
beneficial therapeutic outcome includes amelioration or eradication of the underlying
hyperphosphatemia. For example, the subject having hyperphosphatemia would experience a
decrease in the severity of symptoms, including decreased levels of serum phosphate, or a
delay in the onset of symptoms associated with the cause or effect of elevated serum
phosphate levels. Such symptoms comprise soft tissue ectopic calcification, cardiovascular
calcification, cardiovascular events, renal deterioration, calciphalaxis, hyperparathyroidism,

uremic bone disease, renal bone disease, osteoporosis, and hyperphosphatemia.

[0031]  As used herein, “subjects in need of treatment” include subjects that currently have
or may develop diseases and or conditions that can be treated with phosphate transport
inhibitors to achieve a beneficial therapeutic outcome. A contemplated subset of such
subjects are subjects who have been diagnosed with a disease or condition that can be treated

with phosphate transport inhibitors to achieve a beneficial therapeutic outcome.
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[0032] As used herein, a “pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the therapeutic compositions, its use in
therapeutic compositions is contemplated. Supplementary active ingredients also can be

incorporated into the compositions.

[0033] As used herein, “excipient” refers to carriers, solvents, stabilizers, adjuvants,
diluents, etc., depending upon the particular mode of administration and dosage form, for

administration of a pharmaceutical agent, such as the compounds described herein.

[0034]  As used herein, “hyperphosphatemia” is used broadly to describe a condition in a
subject wherein serum phosphorus is present at a concentration above the medically accepted

normal range.

[0035] As used herein, the term “alkyl” refers to straight chained and branched saturated
hydrocarbon groups, nonlimiting examples of which include methyl, ethyl, and straight chain
and branched propyl and butyl groups. Alkyl groups can have, for example, from 1 to 20

carbon atoms, from 1 to 10 carbon atoms, and/or from 1 to 6 carbon atoms.

[0036] As used herein, the term “dialkyl” refers to alkyl groups that are attached to the
same atom. For example N-dialkyl refers to two alkyl groups that are each bonded to the

same nitrogen atom.

[0037]  As used herein, the term “aryl” refers to a monocyclic or polycyclic aromatic
group, preferably a monocyclic or bicyclic aromatic group. Unless otherwise indicated, an
aryl group can be unsubstituted or substituted with one or more, and in particular one to four,
groups independently selected from, for example, halo, alkyl, alkenyl, —OCF;, —NO,, —
CN, —NC, —OH, alkoxy, amino, —CO,H, —COy—alkyl, aryl, and heteroaryl groups.
Exemplary aryl groups include, but are not limited to, phenyl, naphthyl, tetrahydronaphthyl,
chlorophenyl, methylphenyl, methoxyphenyl, trifluoromethylphenyl, nitrophenyl, 2,4-
methoxychlorophenyl, and the like.

[0038]  As used herein, the term “heteroaryl” refers to a monocyclic or bicyclic ring system
containing one or two aromatic rings and containing at least one nitrogen, oxygen, or sulfur
atom in an aromatic ring. Unless otherwise indicated, a heteroaryl group can be unsubstituted

or substituted with one or more, and in particular one to four, substituents selected from, for
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example, halo, alkyl, alkenyl, —OCF;, —NO,, —CN, —NC, —OH, alkoxy, amino, —
CO,H, —CO,—alkyl, aryl, and heteroaryl. Examples of heteroaryl groups include, but are
not limited to, thienyl, furyl, pyridyl, oxazolyl, quinolyl, thiophenyl, isoquinolyl, indolyl,
triazinyl, triazolyl, isothiazolyl, isoxazolyl, imidazolyl, benzothiazolyl, pyrazinyi,

pyrimidinyl, thiazolyl, and thiadiazolyl.

[0039] As used herein, the term “benzyl” refers to an aromatic group attached to a
methylene. Unless otherwise indicated, a benzyl group can be unsubstituted or substituted
with one or more substituents, selected from, for example, halo, alkyl, alkenyl, —OCF;, —
NO,, —CN, —NC, —OH, alkoxy, amino, —CO,H, —CO,—alkyl, aryl, aromatic and
heteroaryl groups. An example of a benzyl group is —CH;-CgHs.

[0040] As used herein, the term “methylene” refers to a carbon that is attached to two

hydrogen atoms.

[0041]  As used herein, the term “halogen” refers to the halogens of Group VIIA of the
periodic table, including F, Cl, Br, and L.

[0042] As used herein, the abbreviations identified in Table 1 below designate the
corresponding chemical name identified in Table 1, unless explicitly indicated otherwise in

context :

Table 1
Abbreviation | Chemical Name
AcOH Acetic acid
n-BuLi n-Butyllithium
CaCl, Calcium chloride
CCl, Carbon tetrachloride
DCM Dichloromethane
DIPA Diisopropylamine
DIPEA Diisopropylethylamine
DMEM Dulbecco's Modified Eagle's Medium
DMF N,N-Dimethylformamide
DMSO Dimethyl sulfoxide
dppb 1,4-bis-(Diphenylphosphino)butane
EDTA Ethylenediaminetetraacetic acid
Et,O Diethy! ether
EtOAc Ethyl acetate
EtOH Ethanol
HPLC High performance liquid chromatography
KCI Potassium chloride
MeOH Methanol
MgS0O4 Magnesium sulfate
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NaBH4 Sodium borohydride

Na,SOq4 Sodium sulfate

NH,CI Ammonium chloride

NMR Nuclear magnetic resonance
PBS Phosphate buffered saline
PhMgBr Phenyl magnesium bromide
PMA Phosphomolybdic acid

It Room Temperature

R¢ Retention factor

TEA Triethylamine

THF Tetrahydrofuran

TLC Thin layer chromatography
TMS-Br Trimethylsilyl bromide
Tris-HCI 2-Amino-2-(hydroxymethyl)-1,3-propanediol, hydrochloride
uv Ultraviolet

Methods

[0043] A first method contemplated is a method for inhibiting phosphate transport across
the membrane of human epithelial cells and hence, gastrointestinal absorption of phosphate.
The method comprises the step of administering to a human subject in need of phosphate
transport inhibition, a small molecule having a phosphate group in an amount effective to
achieve a beneficial therapeutic outcome. Preferably, the small molecule having a phosphate

group will be in a pharmaceutically acceptable formulation.

[0044]  Another method contemplated is a method for inhibiting phosphate transport across
the membrane of human epithelial cells and hence, gastrointestinal absorption of phosphate.
The method comprises the step of administering to a human subject in need of phosphate
transport inhibition, a pharmaceutically acceptable formulation that includes a small molecule

having a phosphate group in an amount effective to achieve a beneficial therapeutic outcome.

[0045] Another method contemplated is a method for preventing, stabilizing, or reversing
the progress of diseases associated with disorders in phosphate metabolism or impaired
phosphate transport such as, but not limited to, hyperparathyroidism, metabolic bone disease,
uremic bone disease, renal bone disease, soft tissue calcification, cardiovascular calcification,
cardiovascular events, calciphylaxis, and osteoporosis. The method comprises the step of
administering to a human subject having a disease associated with disorders in phosphate
metabolism or impaired phosphate transport, a small molecule having a phosphate group, or

any formulation comprising a small molecule having a phosphate group disclosed herein, in
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an amount effective to prevent, stabilize, or reverse the progress of the disease associated

with phosphate metabolism or impaired phosphate transport.

[0046] Another method contemplated is a method for the treatment or prevention of
diseases wherein the accumulation of phosphate in serum can occur. Such diseases include
but are not limited to hyperphosphatemia, chronic kidney disease, secondary
hyperparathyroidism, hyperparathyroidism, and hypoparathyroidism. The method comprises
the step of administering to a human subject in need of serum phosphate reduction or serum
phosphate maintenance, a small molecule having a phosphate group, or any formulation
comprising a small molecule having a phosphate group disclosed herein, in an amount

effective to reduce or maintain serum phosphate levels.

[0047]  Another method contemplated is a method for treating, delaying, or preventing
hyperphosphatemia arising as a result of pharmaceutical intervention, such as vitamin D
based therapy, for the treatment of diseases in need of such therapy, such as secondary
hyperparathyroidism. The method comprises the step of administering to a human subject
having pharmaceutical intervention for the treatment of a disease in need of such intervention
a small molecule having a phosphate group, or any formulation comprising a small molecule
having a phosphate group disclosed herein, in an amount effective to treat, delay, or prevent

hyperphosphatemia.

[0048] For any of the methods disclosed herein, the small molecule having a phosphate
group can be administered alone, or alternatively can be administered in combination with

one or more additional small molecules having a phosphate group.

Small Molecule Compounds Having a Phosphate Group

[0049]  Yet another aspect of the present invention relates to small molecules having a
phosphate group. Examples of small molecules having a phosphate group include, but are

not limited to, Compounds 001-029 described in Table 2.

10
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[0050] In one embodiment, the small molecule having a phosphate group is selected from
Structural Formulas I-VII, wherein X = O, S, NH, or N-alkyl; R'= halogen, OH, O-alkyl, N-
dialkyl, or NHCO-alkyl at single or multiple positions; and R” = H, alkyl, or substituted

benzyl.
N N N
| g Y D g RICY Y
NG N Pz NG
HO-P-0OH HO—ﬁ—OH HO-P-OH HO-F—OH
O O
1 1l I v
2
N R
Z =X # .
HO-I?I—OH HO—ﬁ-OH HO—-||3|'-OH
O 0] O
v VI VII

[0051]  In another embodiment, the small molecule having a phosphate group is selected
from Structural Formulas VIII-XI, wherein R® = halogen, alkyl, substituted benzyl, OH, O-
alkyl, N-dialkyl, or NHCO-alkyl at single or multiple positions The position of the N-atom
can vary. For example, the N-atom is part of the aromatic ring that contains the phosphate
substituent in Compound IX, but is not part of the aromatic ring that contains the phosphate

substitutent in Compound XI.

Chy Gz, Chz., Chz
RS A S Z Py & Py
3 ;)N 3.0 ;N 3L ;N 3 ;N
R©/|:to R,(Nj/:to R HO © RK\N Ho ©
VIl X X XI

[0052] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formulas XII-XIII, wherein R* = H, halogen, O-alkyl, S-alkyl, N-dialkyl, or
NHCO-atkyl; andn=0, 1, or 2.

SN

y N
HO—ﬁ—OH HO-IIZ:*OH
) 0

X1 X1

13
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[0053] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formula XIV, wherein R' = halogen, OH, O-alkyl, N-dialkyl, or NHCO-

alkyl; R = alkyl, aryl, or substituted aryl; and m = 1 to 6 carbon atoms.

/\/R1
L 3
R5[/)\X =

[0054] In another embodiment, the small molecule having a phosphate group is selected

from Structural Formula XV, wherein R® = alkyl, benzyl, or.aromatic substituted benzyl.

OR®
0

6
Ho /N _OR
g o %

XV

[0055] In another embodiment, the small molecule having a phosphate group is selected

from Structural Formula XVI, wherein R’ = H, alkyl, benzyl, or aromatic substituted benzyl,

R7
N-R7
0
R7
N-R7
HO. /—N N-R
Po

g OH %

XVl
[0056] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formulas X VII-XVIII, wherein R® = H, alkyl, aryl, benzyl, or aromatic

substituted benzyl; and m = 1 carbon atom or higher, preferably 1 to 6 carbon atoms.

OR8
o}
b R®
8 8
Ho./ Ny PR Hoo /NG R
g SOH m 5 g \OH: ;m%
XVl XVIII
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[0057] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formulas XIX-XXI, wherein Y = O or §; R'= OH, O-alkyl, halogen, N-
dialkyl, or NHCO-alkyl; R’ =Hor alkyl; andn=0, 1, or 2.

XIX XX XXl

[0058] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formula XXII, wherein R'® = alkyl, O-alkyl, S-alkyl, aryl, NR'',, or
NCOR''; R'!is alkyl or aryl; and R'? = halogen.

AN
|

R12
= Y

[0059] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formula XXIII, wherein each Z is independently O, S, N, or CHp, and n =0,
1 or2.

Q
HO-P-OH

z z
@VH*@
0
1
P~oH
HO
XX

[0060] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formula XXIV, wherein R = halogen, OR', NR'>;, POsH,, SO;H, COOH,
or NH»; RY= methyl, ethyl, isopropyl, tert-butyl, allyl, or substituted benzyl, or
unsubstituted benzyl; R'® = methyl, ethyl, isopropyl, allyl, or benzyl, substituted benzyl, or

unsubstituted benzyl; and m = 1 to 6 carbon atoms.

CGrE G

1
P~oH
HO
XXIV
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[0061] In another embodiment, the small molecule having a phosphate group is selected

. Uk Xz
from Structural Formula XXV, wherein A =i‘{\}& le/\/\)l or & Y - X=0,

S, NH, or N-alkyl; and R'® = SO;H, COOH, or NH,.

A N
p\©R16
!
i: :P\ &

1] OH
HO

XXV
[0062] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formulas XXVI-XXVII wherein R' = methyl, ethyl, isopropyl, tert-butyl,
cyclohexyl, aryl, or heteroaryl, preferably benzene, pyridyl, or benzyl; and R' = methyl,
ethyl, isopropyl, tert-butyl, halogen, OH, O-alkyl, N-dialkyl or NHCO-alkyl at single or

multiple positions.

OO (N~
X R17 XN IS TR
o 1 o P//

P~0oH P~0oH
HO HO
XXVI XXVII

[0063] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formula XX VIII wherein R* = halogen, NR”z, NHCOR!!, SR" or heteraryl;
R* = halogen, methyl, ethyl, isopropyl, tert-butyl, N(CHz),, N(Et);, N(iPr);, NHCOCH;,
NHCOCF;, or NHCOPh; R'! = alkyl or aryl; and n = 0, 1, or 2.

0 R19
S \«%ﬁk/
R T 0O

i
P~0oH
HO

XXVIII

[0064] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formulas XXIX-XXXI, wherein RO = alkyl, O-alkyl, S-alkyl, aryl, NR”z, or
NCOR'; wherein R"' = alkyl or aryl.

R10
X A X
10 10U 100 _
i E:;l\é7\ppH i K<¢l\f¢\ppH i [:;I::j\éN4
Px, Px, Px
Ho © Ho © HO ©
XXIX XXX XXXI
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[0065] In another embodiment, the small molecule having a phosphate group is selected
from Structural Formula XXXII, wherein R*'= alkyl, halogenated alkyl, O-alkyl, substituted
aryl, or heteroaryl; R’ = alkyl, aryl, or substituted aryl; n =0, 1, or 2.

XXXII

[0066] The small molecules having a phosphate group, including Compounds 001-029 and
those represented by Structural Formulas [-XXXII, can be used to inhibit the transport of
phosphate across the membrane of human epithelial cells, and hence the gastrointestinal
absorption of phosphate. These small molecules having a phosphate group can also be used
to treat or prevent diseases whose root cause or effect is related to disorders in the

maintenance of normal serum phosphate levels as described herein.

Formulations and Dosing of the Small Molecule Having a Phosphate Group

[0067] The small molecule having a phosphate group, alone or in combination, can be
prepared for administration orally as a dietary formulation such as, but not limited to an
elixir, liquid, gel, syrup, slurry, or in the form of capsules, tablets, or pills. The compounds,
alone or in combination, can be injected in a formulation suitable for injection either

subcutaneously, intravenously or intraperitoneally.

[0068] The small molecule having a phosphate group can be administered in a
pharmaceutical formulation comprising one or more of the small molecules having a

phosphate group and a pharmaceutically acceptable carrier, diluent, or excipient.

[0069] The small molecule having a phosphate group can be administered alone or in
combination in an acceptable pharmaceutical formulation to reduce or limit the accumulation
of phosphate in a human subject by reducing the uptake of phosphate from the digestive tract
and/or increasing the rate of phosphate excretion in urine in subjects in need of such

intervention therapeutically or prophylactically.
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[0070] For purposes of the invention, the amount or dose of the small molecule having a
phosphate group administered, or pharmaceutical formulation thereof, should be sufficient to
effect, e.g., a therapeutic or prophylactic response, in the human subject over a reasonable
time frame. The dose will be determined by the efficacy of the particular small molecule
having a phosphate group and the condition of the human subject, as well as the body weight

of the human subject to be treated.

[0071] The dose of the small molecule having a phosphate group, or pharmaceutical
formulation thereof, will also be determined by the existence, nature, and extent of any
adverse side effects that might accompany the administration of a particular small molecule
having a phosphate group or pharmaceutical formulation thereof. Typically, the attending
physician will decide the dosage of the small molecule having a phosphate group with which -
to treat each individual patient, taking into consideration a variety of factors, such as age,
body weight, general health, diet, sex, the small molecule having a phosphate group to be
administered, route of administration, and the severity of the condition being treated. By way
of example and not intending to limit the invention, the dose of the small molecule having a
phosphate group or pharmaceutical formulation thereof can be about 0.0001 to about 1 g/kg
body weight of the subject being treated/day, from about 0.0001 to about 0.001 g/kg body
weight/day, or about 0.01 mg to about 1 g/kg body weight/day.

EXAMPLES

[0072] The following examples are provided for illustration and are not intended to limit

the scope of the invention.

Example 1. Effect of Compounds 001-029 on Phosphate Uptake Inhibition in Caco-2 Human
Intestinal Epithelial Cells

[0073] Caco-2 cells were cultured in DMEM medium containing 20% Fetal Bovine Serum.
Medium from the sub-confluent monolayer of Caco-2 cells was removed. The resulting cells
were washed with either a sodium free buffer (137 mM choline chloride, 5.4 mM K(l, 2.8
mM CaCly, 1.2 mM MgSOy4, and 14 mM Tris-HCI at pH 7.4), or with a buffer that contained
sodium (137 mM sodium chloride, 5.4 mM KCI, 2.8 mM CaCl,, 1.2 mM MgSO,, and 14 mM
Tris-HCI at pH 7.4). After the wash, sodium or sodium free buffer comprising 1 UM of
radiolabeled phosphate (K,H*PO,,1 uCi/ mL) and 100 uM of a small molecule having a
phosphate group that was selected from the group containing Compounds 001-029 was added

to the cells and they were incubated for 20 min at 37 °C. Phosphate uptake was terminated by
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removing the uptake media and washing the cells with an ice-cold solution of 14 mM Tris-
HCI, pH 7.4 that contained 137 mM of either choline chloride or sodium chloride. The
monolayers of the cells were solubilized by the addition of a 1% solution of Triton X-100 to
extract the radiolabeled phosphate. Aliquots of the radiolabeled phosphate were added to
scintillation fluid and the radioactivity was determined by liquid scintillation counting. The
difference between the assays using the two solutions with or without sodium represents the
sodium dependent transport of phosphate. Figure 1 shows that, with the exception of C-003,
014, 016, and 018, the small molecules having a phosphate group reduced or completely
inhibited the uptake of phosphate in Caco-2 human epithelial cells.

Example 2: Effect of the Dosage of Small Molecule Compounds Having a Phosphate Group
on Phosphate Uptake Inhibition

[0074] The procedure of example 1 was repeated using C-002, C-004, C-012, and C-028 at
concentrations from 1 to 100 uM. The results were recorded as the percent of phosphate
uptake inhibition versus concentration of the small molecule having a phosphate group.
Figure 2 shows that the percent inhibition of phosphate uptake in Caco-2 cells increased with
the concentration of the small molecule compound having a phosphate group until a limiting

concentration was reached.

Example 3. Determination of the Toxicity of Small Molecule Compounds Having a
Phosphate Group in the Phosphorus Transport Assay

[0075] Staining was performed with ALAMAR BLUE stain in the presence of 100 uM C-
002, C-004, C-012, and C-028 cells to exclude compound toxicity in the phosphorus transport
assay. Caco-2 cells were plated into a 96-well plate in concentrations which gave about
16,000 cells/well on the day of the test (e.g., 8000 cells/well for a 1 day growth, 4000
cells/well for a 2 day growth, 2000 cell/well for a 3 day growth). On the day of the test, old
media was replaced by 80 pL of fresh media per well with either a 100 uM final
concentration of the small molecule having a phosphate group in DMSO, or with 1% of
DMSO in the control wells. Testing was performed in duplicate. ALAMAR BLUE stain
(BioSource International, Inc., Cat #DAL1100) was added at a final concentration of 10%
into each well according to manufacturer instructions. The cells were then incubated at 37 °C
for another 18 or 24 hours, and the reduction of ALAMAR BLUE stain by vital cells was
measured spectrophotometrically at 570 nm and 600 nm. The results were calculated as the

percent of reduction using the formula in the manufacturer’s manual (TREK Diagnostic
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Systems, PI-DIAL 1025/1100 Rev 1.0). Figure 3 shows that the percent difference in
ALAMAR BLUE stain reduction after 18 and 24 hours was virtually unchanged, indicating
that the small molecules having a phosphate group were nontoxic to the Caco-2 human

epithelial cells.

[0076] Trypan blue exclusion was used to determine the effect of C-002, 004, 012, and 028
on cell viability. The cells were plated in the same way as the ALAMAR BLUE stain test
(see above). On the day of the test, media was removed, cells were washed with PBS and
incubated with 100 UM (final concentration) of C-002, C-004, C-012 and C-028 in either a
sodium free buffer (137 mM choline chloride, 5.4 mM KCl, 2.8 mM CaCl,, 1.2 mM MgSOsq,
and 14 mM Tris-HCI at pH 7.4), or with a buffer that contained sodium (137 mM sodium
chloride, 5.4 mM KCl, 2.8 mM CaCl,, 1.2 mM MgSOy, and 14 mM Tris-HCl at pH 7.4).
Testing was performed in duplicate. After 1 hour of incubation the cells were detached with
trypsin /EDTA, transferred to an Eppendorf tube, and their viability was counted using 0.4%
trypan blue stain (Invitrogen, Cat.#15250-061) in a 1:4 dilution with confocal microscopy.
Figure 4 shows that the small molecules having a phosphate group had no significant effect

on the viability of the Caco-2 human epithelial cells after one hour of incubation.

Example 4: Determination of the Maximum Tolerated Dose (MTD) of Small Molecules
Having a Phosphate Group for Male Sprague Dawley Rats

[0077] Male Sprague Dawley rats were given C-002, C-004, C-012, C-021, C-022, C-023,
and C-028 orally and daily at doses of 0.5, 5 and 10 mg per kg for twelve days. The
mortality and animal weight data were recorded. No death was accounted and no significant
effect on weight gain was observed (see Figure 5). These results suggest no or low toxicity

of these compounds when administered to up to 10 mg/kg.

Example 5: Efficacy of Compounds Represented by Structural Formulas I-XXXII on the

Reduction of Serum Phosphate

[0078] The efficacy of compounds represented by Structural Formulas I-XXXII on
reducing seram phosphate levels is tested in uremic rats. To induce kidney failure and
elevation of serum phosphate levels, male Sprague Dawley rats are administered orally and
daily, adenine (500 mg/kg/day), for a period of twelve days. In the same gavage solution,
compounds represented by Structural Formulas I-XXXII are administered orally and daily at
doses ranging from 0.5 to 10 mg/kg. During the study, 25 g of a high phosphate diet is

offered daily, immediately after oral gavage, for a restricted period of time (e.g., three hours).
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Blood is collected at days 1, 6 and 12. Intestines are collected at day 12. Serum phosphate
and FGF-23 levels are measured and the NaPi-2b transcript is quantified from the intestine.
Serum phosphate levels are expected to be reduced during the course of the study. Reduced
serum phosphate should result in an elevation of serum FGF-23 and elevation in intestinal

NaPi-2b transcription.

Example 6: Preparation of Compound 002 (Scheme 1).

Scheme 1.
OFt OH
Cl 0=P—OFEt 0=P-OH
Ch A _C P(OEt) O Cl HO Gl A cCl
— i
| » »
cI” N el I N7 el N el
A C-002

[0079] A 100 mL, 4-necked round bottom flask was charged with 2,3,4,5,6-
pentachloropyridine (10 g, 0.0397 mol) and triethyl phosphite (6.8 g, 0.0409 mol) under
nitrogen. The reaction mixture was heated to reflux, maintained for 24 h, and then brought to
25-30 °C. Water (50 mL) was added to the reaction mixture and extraction occurred with
EtOAc (2 x 50 mL). The combined organic extracts were dried over MgSO4 and
concentrated under vacuum to afford crude material. The crude material was purified by
column chromatography (Silicagel 100-200) with DCM (900 mL) as the eluent. The pure
column fractions were combined and evaporated under vacuum to give a cream colored solid
(3.8 g, 27% yield). 'H NMR was performed on the cream colored solid and the spectrum was

consistent with Compound A.

[0080] A 100 mL, 4-necked round bottom flask was charged with Compound A (1.5 g,
0.0042 mol) and 6 M hydrochloric acid (50 mL). The reaction mixture was heated to reflux,
maintained for 4 h, brought to 25-30 °C, and concentrated under vacuum. Water (30 mL)
was added to the reaction mixture and the solution was concentrated under vacuum. Acetone
(50 mL) was then added to the reaction mixture and the solution was concentrated under
vacuum. Dichloromethane (30 mL) was added to the reaction mixture and the solution was
stirred for 15 min at 25-30 °C. The compound was precipitated, filtered, and the slurry was
washed with n-hexane (30 mL) to give C-002 (1.2 g, 95% yield) as an off-white solid. C-002
was characterized by '"H NMR, °C NMR, and *'P NMR. 'H NMR (DMSO-d6): & 5.00-7.00
ppm (bs,2H). '>C NMR (DMSO-d6): 5 146.87, 146.76, 146.17, 144.85, 131.28, 131.26. *'P
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NMR (DMSO-d6): 8 0.65(s). The purity of C-002 was determined to be 98.3% by HPLC.
MS (m/z): caled. for CsH,CI4NO5P, 296.9; found (M-1), 295.9.

Example 7: Preparation of Compound-004 (Scheme 2).

Scheme 2.

HsCClg

0
PCi
CH, 3 ©)<F\OH —_— ©)L?\OH
CH3COOH -HClI

C-004

[0081] A 250 mL, 4-necked round bottom flask was charged with acetophenone (25 g,
0.208 mol) under nitrogen. Phosphorus trichloride (22.4 mL, 0.256 mol) and acetic acid (60
g, 0.999 mol) were added to the flask in sequence at 25-30 °C and stirred for 2 h. The
reaction mixture was cooled to 0-5 °C and dry hydrochloric acid gas was passed through the
reaction mixture at 0-5 °C for 1.5 h. The reaction mixture was brought to room temperature
and stirred for an additional 14 h. The precipitated compound was filtered off and the slurry
was washed with ether (100 mL). The compound was placed in a 100 mL round bottom
flask, heated to 190 °C, and maintained at that temperature for 15 min. The compound was
then cooled to 60 °C, chloroform (20 mL) was added to the flask, and the solution was stirred
for 15 min at 25-30 °C. The precipitated solid was filtered and dried at 50 °C to give C-004
(3 g, 8% yield) as on off-white solid. C-004 was characterized by 'H NMR, °C NMR, *'P
NMR, and FT-IR. 'H NMR (CD;0D): & 7.6 (m,2H), 7.35 (m,3H), 6.20 (s, 1H), 6.16 (s, 1H),
6.04 (s, 1H), 5.96 (s, IH). °C NMR (CD;0D): & 145.16, 143.77, 139.00, 138.90, 129.29,
129.12, 129.06, 129.04, 128.70, 128.65. *'P NMR (CD;OD): & 13.30, 13.10. The purity of
C-004 was determined to be 98.4% by HPLC. MS (m/z): calcd. for CgHoO3P, 184.13; found
(M- 1), 183.1.

Example 8: Preparation of Compound-012 (Scheme 3).

Scheme 3.
H
NN cl
T HO, 0 \)J\cH:, /©/ 1}1\/2
1‘3 P OH s P, —T=== ON
HO™ | H0. EtN, EIOH  O,N “OH  H,0, EtOH oH
OH OH HO HO.Q 3
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i P %
o HO HO F~OH
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[0082] Palmidronic acid (4.7 g, 0.021 mol) was dissolved in a mixture of water (10 mL),
triethylamine (12 mL) and ethanol (40 mL). The reagent, 4-nitrophenylisothiocyanate (3.96
g, 0.0219 mol) was added to the reaction mixture at 25-30 °C. The reaction mixture was
stirred for 16 h, heated to reflux, and maintained for 1 h. After the mixture was cooled to 5-
10° C, 20% hydrochloric acid (20 mL) was added and the reaction was stirred at 25-30° C for
14 h. The resulting solid precipitate was filtered and washed with water, ethanol, and
acetone. The precipitate was dried in a hot air oven at 60-65 °C for 4 h to give Compound B

(4.5 g, 50% yield). Compound B was characterized by 'H NMR.

[0083] A 100 mL, 4-necked round bottom flask was charged with Compound B (2.25 g,
0.0054 mol), ethanol (35 mL), and water (6 mL), under nitrogen. Triethylamine (1.2 mL)
was added to reaction mixture and stirred for 10 min at 25-30 °C. Chloroacetone (90%
solution, 0.74 g, 0.457 mL, 0.0056 mol) was added to the reaction at 25-30 °C. The reaction
mixture was heated to reflux, maintained for 1 h, and then brought to 25-30 °C. Hydrochloric
acid (20%, 1.2 mL) was added to the reaction mixture at 25-30 °C and stirred for 1 h. The
reaction mixture was cooled to 10-15 °C and stirred for an additional 1 h. The precipitate
was filtered, the slurry was washed with ethanol (15 mL) and acetone (20 mL), and the wet
compound was dried at 50-60 °C for 2 h to give C-012 (1.15 g, 47% yield) as a light yellow
solid. C-012 was characterized by 'HNMR. 'H NMR (CD;OD): & 8.4 (d,2H), 7.85 (d,2H),
6.8 (s, 1H), 4.65 (s, 2H), 2.6 (m, 2H), 2.45 (s, 3H). The purity of C-012 was determined to be
97.7% by HPLC. MS (m/z): calcd. for Ci3HisN3OoP,S", 454.31; found (M+), 454.2.

Example 9: Preparation of Compound-021 (Scheme 4).

Scheme 4.

OH OP(0)(OEt), OP(O)(OEt),
@ CCly, EtsN, P(OH)OEt, nBuLi, DIPA OH

L e i
c D
B
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[0084] To a stirred solution of phenol (15 g, 159.5 mmol) in anhydrous CCl4 (50 ml) was
added freshly distilled triethylamine (16.94 g, 24 mL, 167.48 mmol) followed by
diethylphosphite (23.129 g, 167.48 mmol) under an argon atmosphere. The reaction mixture
was stirred for 2 h at room temperature and the disappearance of the starting materials was
followed by TLC. Water was then added to the reaction mixture, which was subsequently
diluted with DCM. The DCM layer was separated out, dried with brine, dried over
anhydrous Na,;SOj filtered, and concentrated in vacuo to afford a colorless oil. This oil was
dissolved in DCM (20 mL), loaded onto a silica gel column (230 mesh, 275 g), and gradient
eluted with 0-50% EtOAc in hexane. Fractions were analyzed by TLC/UV, and the pure
fractions were combined and concentrated in vacuo to dryness to give pure Compound C
(30.40g, 89% vyield) as a colorless oil. TLC was performed in 30% EtOAc in hexane and
Compound C was visualized with UV and PMA at R¢ 0.40.

[0085] To a stirred solution of solution of DIPA (9.67 g, 95.53 mmol) in anhydrous THF
(200 mL) was added nBuLi (6.12 g, 95.53 mmol) at =20 °C, and the reaction was stirred for
an additional 30 min at -20 °C. Compound C (20 g, 86.88 mmol) in THF (50 mL) was then
added to the reaction mixture and it was stirred at rt for 2 h. When the starting materials had
disappeared (as monitored by TLC), water was added to the reaction mixture and then
EtOAc. The EtOAc layer was separated out, dried with brine, dried over anhydrous Na;SOs,
filtered, and concentrated in vacuo to afford a colorless oil. This oil was dissolved in DCM
(20 mL), loaded onto a silica gel column (230 mesh, 275 g), and gradient eluted with 0-100%
EtOAc in hexane. The column fractions were analyzed by TLC/UV. The pure fractions were
combined and concentrated in vacuo to dryness to give pure Compound D (16.12g, 75%
yield) as a colorless oil. TLC was performed in 30% EtOAc in hexane and Compound D was
visualized with UV and PMA at R¢ 0.30.

[0086] To a stirred solution of Compound D (5 g, 95.53 mmol) in anhydrous DMF (200
mL) was added K,COs (6.0 g, 43.44 mmol) and 1-bromo-1-chloroethane (3.11 g, 21.72
mmol) under an argon atmosphere at rt. The reaction mixture was stirred for 24 h and the
disappearance of the starting materials was monitored by TLC. Water was then added to the
reaction mixture, followed by EtOAc. The EtOAc layer was separated out, dried with brine,
dried over anhydrous Na,SOy, filtered, and concentrated in vacuo to afford a colorless oil.
This oil was dissolved in DCM (20 mL), loaded onto a silica gel column (230 mesh, 275 g)
and gradient eluted with 0-100% EtOAc in hexane. The column fractions were analyzed by

TLC/UV. The pure fractions were combined and concentrated in vacuo to dryness to give
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pure Compound E (16.12g, 75% yield) as a colorless oil. TLC was performed in 50% EtOAc
in hexane and Compound E was visualized with UV and PMA at R¢ 0.25.

[0087] To a stirred solution of Compound E (5 g, 16.19 mmol) in anhydrous DCM (50
mL) was added TBS-Br (15.69 g, 97.18 mmol) under an argon atmosphere at rt. The reaction
mixture was stirred for 2h and the disappearance of the starting materials was monitored by
TLC. Water was then added to the reaction mixture and then acetone. The organic solvent
was removed by rotary evaporation to give a water-insoluble, white precipitate. The solid
crystalline product was filtered, washed thoroughly with water, and dried under high vacuum
to give C-021 as an off-white crystalline solid (3.0 g, 75% yield). TLC was performed in
100% EtOAc and C-021 was visualized with UV and PMA at R;0.15. C-021 was
characterized by '"H NMR and *'P NMR. 'H NMR (300 MHz, DMSO-d6): 3.9 (dd, J=6.0,
5.7 Hz, 2H), 4.28 (dd, 5.4, 5.7 Hz, 2H), 7.0 (m, 1H), 7.10 (m, 1H), 7.45 (m, 1H), 7.65 (m,
1H). *'P NMR (300, DMSO-d6): 11.669 (s). MS (m/z): calcd. for CsH1gCI1OsP, 252.59;
found (M" - OH), 235.1.

Example 10: Preparation of Compound-022 (Scheme 5).

Scheme 5.
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[0088] To asuspension of 2-bromophenol (25 g, 0.144 mol) and potassium carbonate (60
g, 0.433 mol) in DMF (175 ml), 1,3-dibromopropane (7.0 ml, 0.069 mol) was added
dropwise at rt under a nitrogen atmosphere. The reaction mixture was stirred at rt for 5 h.
After completion of reaction (as monitored by TLC), the reaction mixture was diluted with
water (820 mL) and stirred for 15 min. The precipitated white solid was filtered, washed

with water, and air dried to afford Compound F (25 g, 89% yield). 'H NMR (200 MHz,
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DMSO-dg): §2.21 (p, J = 6.4 Hz, 2H), 4.24 (t, J = 6.4 Hz, 4H), 6.87 (dt, J = 7.4, 1.4 Hz, 2H),
7.14 (dd, J = 8.0, 1.4 Hz, 2H), 7.32 (dt, J = 8.0, 1.4 Hz, 2H), 7.55 (dt, J = 7.8, 1.4 Hz, 2H).

[0089] To a solution of Compound F (23 g, 59.0 mmol) in DMSO (160 mL), DIPEA (83
mL), dppb (4.05 g, 9.4 mmol), palladium(II) acetate (2.1 g, 9.4 mmol) and diethyl phosphite
(38.2 mL, 295 mmol) were added at rt under a nitrogen atmosphere. The reaction mixture
was heated overnight at 100 °C. The reaction mixture was then cooled to rt, diluted with 2N
HCI (300 mL), and extracted with ethyl acetate (2 x 300 mL). The organic layer was washed
with water (250 mL), dried with brine (200 mL), dried over sodium sulfate, and evaporated
under reduced pressure. The resulting crude mass was purified by column chromatography
using MeOH/DCM as the eluent to give Compound G (11.9 g, 40% yield). "H NMR (200
MHz, CDCls): § 1.24 (t, J = 7.4 Hz, 12H), 2.33 (p, J = 6.0 Hz, 2H), 3.96-4.17 (m, 8H), 4.34
(t, J = 6.0 Hz, 4H), 6.94-7.04 (m, 4H), 7.48 (t, J = 8.6 Hz, 2H), 7.80 (dd, J = 15.0, 7.6 Hz,
2H); Mass: 500.9 (M*+1).

[0090] To a solution of Compound G (10 g, 0.02 mol) in DCM (40 mL), TMS-Br (15.8
mL, 0.12 mol) was added slowly under a nitrogen atmosphere. The reaction mixture was
stirred at rt for 4 h. After complete disappearance of Compound G (by mass), volatiles were
removed under reduced pressure. Acetone-water (50 mL, 1:1) was added and the reaction
mixture was stirred at rt for 30 min. The precipitated solids were filtered, washed with
acetone, and re-precipitated from DMF-EtOH-EtOAc (1:3:4) to give C-022 (6.0 g, 77%
yield). A final precipitation was done using DMSO-water (1:3) to remove traces of DMF and
EtOH. '"H NMR (200 MHz, DMSO-de): & 2.16 (p, J = 6.0 Hz, 2H), 4.24 (t, J = 6.0 Hz, 4H),
6.94 (dt, J = 7.6, 3.2 Hz, 2H), 7.05 (1, / = 8.2 Hz, 2H), 7.43 (t, / = 8.0 Hz, 2H), 7.63 (dd, J/ =
14.2, 7.4 Hz, 2H); *C NMR (75 MHz, DMSO-d): 28.3, 64.7, 112.3, 1124, 119.6, 119.7,
120.5, 122.0, 133.1, 133.2, 133.3, 160.0; Mass: 388.9 (M*+1). The purity of C-022 was
determined to be 99.5% by HPLC.

Example 11: Preparation of Compound-023 (Scheme 6).

Scheme 6.
Ho Eto\g 0 oEt ﬁoa ﬁOH
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[0091] To a stirred solution of benzaldehyde (3.34 g, 31.50 mmol) and bis-
diethylphosphonate (9.08 g, 31.50 mmol) in anhydrous DCM (50 mL) was added 50%
aqueous NaOH under an argon atmosphere at rt for 2h. After the disappearance of the
starting materials (monitored by TLC), water was added to the reaction mixture followed by
additional DCM. The DCM layer was separated out, washed with dilute HCl, washed with
water, dried with brine, dried over anhydrous Na;SQOy, filtered and concentrated in vacuo to
afford crude product. The crude product was dissolved in DCM (10 mL), loaded onto a silica
gel column (230 mesh, 200 g), and gradient eluted with 0-75% ethyl acetate in hexane.
Column fractions were analyzed with TLC/UV, and the pure fractions were combined and
concentrated in vacuo to dryness to give pure Compound H (6.4g, 85% yield) as a colorless
oil. TLC was performed in 40% EtOAc/hexane and Compound H was visualized with UV
and PMA at R; 0.45,

[0092] To a stirred solution of Compound H (3 g, 12.48 mmol) in anhydrous DCM (50
mL) was added TMS-Br (11.47 g, 94.92 mmol) under an argon atmosphere at rt. The
reaction mixture was stirred for 2 h and the progress of the reaction was monitored by TLC.
Water was then added to the reaction mixture, followed by acetone. The organic solvent was
removed under reduced pressure to produce a water-insoluble, white precipitate. The
precipitate was filtered, washed thoroughly with water, and dried under high vacuum to result
in C-023 as a crystalline solid (1.83g, 80% yield). TLC was performed in 100% EtOAc and
C-023 was visualized with UV and PMA at R;0.15. C-023 was characterized by 'H NMR
and *'P NMR. 'H NMR (300 MHz, DMSO0-d6): 5 6.5 (dd, J = 18.0, 16.2 Hz, 1H), 7.2 (dd, J
=17.7,17.4 Hz, 1H), 7.4 (m, 3H), 7.6 (m, 2H), 9.6 (bs, 2H). *'P NMR (300 MHz, DMSO-
d6): 14.707 (s). MS (m/z): calcd. for CgHyOsP, 184.13; found (M+), 184.1.

Example 12: Preparation of Compound-28 (Scheme 7).

Scheme 7.
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[0093] To a stirred solution of heptafluorobutyric acid (17 g, 79.42 mmol) in anhydrous
THF (200 mL) was added PhMgBr (17.28 g, 95.30 mmol) under an argon atmosphere at -20
°C. The reaction was stirred for 1h at -20 °C and the disappearance of the starting materials
was monitored by TLC. A saturated NH4Cl solution was slowly added to the reaction
mixture and the mixture was subsequently diluted with Et,0. The Et,0 layer was separated
out, washed with dilute HCl, washed with water, dried with brine, dried over anhydrous
Na,SQO,, filtered, and concentrated in vacuo to afford a colorless oil. The oil was dissolved in
DCM (20 mL), loaded onto a silica gel column (230 mesh, 500 g) and gradient eluted with 0-
20% ethyl acetate in hexane. The column fractions were analyzed by TLC/UV. The pure
fractions were combined and concentrated in vacuo to dryness to give pure Compound I
(5.44g, 25% yield) as a colorless oil. TLC was performed in 15% EtOAc/hexane and
Compound I was visualized with UV and PMA at R; 0.70.

[0094]  To a stirred solution of Compound I (5.44 g, 19.84 mmol) in anhydrous MeOH (50
mL) was added NaBH, (0.9 g, 23.81 mmol) under an argon atmosphere at rt. The reaction
mixture was stirred for 15 min and the disappearance of the starting materials was monitored
by TLC. After the starting materials disappeared, a saturated solution of NH4Cl was added to
the reaction mixture, and it was subsequently diluted with EtOAc. The EtOAc layer was
separated out, dried with brine, dried over anhydrous Na,SOy, filtered, and concentrated in
vacuo to afford a colorless oil. This oil was dissolved in DCM (10 mL), loaded onto a silica
gel column (230 mesh, 100 g), and gradient eluted with 0-30% EtOAc in hexane. Column
fractions were analyzed by TLC/UV. The pure fractions were combined and concentrated in

vacuo to dryness to give pure Compound J (4.65g, 85% yield) as a colorless oil. TLC was

28



WO 2010/083613 PCT/CA2010/000111

performed in 15% EtOAc/hexane and Compound J was visualized with UV and PMA at R;
0.45.

[0095] To a stirred solution of Compound J (3 g, 10.86 mmol) in anhydrous THF (50 mL)
under an argon atmosphere at rt was added Et3N (1.64 g, 16.29 mmol) and tetrazole (0.91g,
10.03 mmol), followed by dichlorophenylphosphonate. The reaction mixture was stirred for
2 h and the disappearance of the starting materials was monitored by TLC. After the starting
materials disappeared, water was added to the reaction flask, stirred for 30 min, and the
reaction mixture was diluted with EtOAc. The EtOAc layer was separated out, washed with
water, dried with brine, dried over anhydrous Na,SQy, filtered, and concentrated in vacuo to
afford crude product. The crude product was purified by reverse phase column
chromatography (C18 mesh, 50 g) and gradient eluted with 0-100% acetonitrile in water.
Column fractions were analyzed by TLC using 75% ethyl acetate in hexane, and the product
was visualized with UV and PMA at R 0.15. The pure fractions were combined and
concentrated in vacuo to result in a water-insoluble crystalline solid. The solid was filtered
and dried over high vacuum to give C-028 as a pure crystalline white solid (3.7 g, 82% yield).
C-028 was characterized by 'H NMR and *'P NMR. 'H NMR (300 MHz, DMSO-d6): 7.2-
7.6 (m, 10H), 6.0 (m, 1H), 5.4 (bs, 1H). *'P NMR (300 MHz, DMSO-d6): 15.99 (s). MS
(m/z). caled. for Ci6H 2F,04P, 416.23; found 415.1.

[0096] The foregoing description is given for clearness of understanding only, and no
unnecessary limitations should be understood therefrom, as modifications within the scope of

the invention may be apparent to those having ordinary skill in the art.

[0097]  Throughout the specification, where compositions are described as including
components or materials, it is contemplated that the compositions can also consist essentially

of, or consist of, any combination of the recited components or materials, unless described

otherwise.

[0098]  The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of electronic equipment. Although processes have
been described with reference to particular embodiments, a person of ordinary skill in the art
will readily appreciate that other ways of performing the acts associated with the methods
may be used. For example, the order of various of the steps may be changed without

departing from the scope or spirit of the method, unless described otherwise. In addition,

29



WO 2010/083613 PCT/CA2010/000111

some of the individual steps can be combined, omitted, or further subdivided into additional

steps.

[0099] All patents, publications and references cited herein are hereby fully incorporated
by reference. In case of conflict between the present disclosure and incorporated patents,

publications and references, the present disclosure should control.
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What is claimed is:

1. A method for inhibiting the transport of phosphate across the membrane of
human epithelial cells, comprising administering to a human subject in need of phosphate
transport inhibition a small molecule having a phosphate group in an amount effective to

achieve a beneficial therapeutic outcome.

2. A method for preventing, stabilizing, or reversing the progress of a disease
associated with a disorder in phosphate metabolism or impaired phosphate transport
comprising administering to a human subject having a disease associated with a disorder in
phosphate metabolism or impaired phosphate transport a small molecule having a phosphate
group in an amount effective to prevent, stabilize, or reverse the progress of the disease

associated with phosphate metabolism or impaired phosphate transport.

3. The method of claim 2, wherein the disease is selected from the group
consisting of hyperparathyroidism, metabolic bone disease, uremic bone disease, renal bone
disease, soft tissue calcification, cardiovascular calcification, cardiovascular events,

calciphylaxis, and osteoporosis.

4. A method for the treatment or prevention of a disease wherein the
accumulation of phosphate in serum can occur comprising administering to a human subject
in need of serum phosphate reduction or serum phosphate maintenance a small molecule
having a phosphate group in an amount effective to reduce or maintain serum phosphate

levels.

S. The method of claim 4, wherein the disease is selected from the group
consisting of hyperphosphatemia, chronic kidney disease, secondary hyperparathyroidism,

hyperparathyroidism, and hypoparathyroidism.

6. A method for treating, delaying, or preventing hyperphosphatemia wherein the
hyperphosphatemia results or would result from pharmaceutical intervention for the
treatment of a disease in a human subject in need of such intervention, comprising
administering to said human subject a small molecule having a phosphate group in an

amount effective to treat, delay, or prevent hyperphosphatemia.

7. The method of claim 6, wherein the pharmaceutical intervention is vitamin D

based therapy.
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8. The method of claim 6, wherein the disease is secondary hyperparathyroidism.

9. The method of any of the preceding claims, further comprising administering

the small molecule having a phosphate group in combination with one or more additional,

different small molecules having a phosphate group.

10.  The method of any one of the preceding claims, wherein the small molecule

having a phosphate group is administered in a pharmaceutically acceptable formulation,

11.  The method of claim 10, wherein the pharmaceutically acceptable formulation

comprises a pharmaceutically acceptable carrier, a diluent, an exipient, or a mixture of any
of the foregoing.

12.  The method of claim 10, wherein the formulation is administered orally or by

injection.

13.  The method of claim 11, wherein the formulation is administered orally as an

elixir, liquid, gel, syrup, slurry, capsule, tablet, or pill.
14, The method of claim 11, wherein the formulation is administered by injection
subcutaneously, intravenously, or intraperitoneally.

15.  The method of any of the preceding claims, wherein the small molecule

having a phosphate group is administered in dose of about 0.001 to about 1 gram per
kilogram of body weight per day.

The method of any one of the preceding claims, wherein the small molecule

16.

having a phosphate group is selected from the group consisting of Formula:

N N N

| A 1 NI N ]! X R’ R1-+-\ AN R 1 X A

NS NG Z NG X
HO-P-OH HO-P-OH HO-P-OH HO-P-OH  HO-P-OH

o) 0O

v

I 1 , v , ,
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R1O
19
X O\/(/*/R /Q/
RZO_'_ 0 n R10_|_. OH R10——|—- OH
PN WL, NN
|I:,\OH /P\\O /P\\O
HO HO HO
XXVII , XXIX , XXX ,
R21
IR
R10_l_ OH
i o. 0
Px ~
\O /P\R5
HO HO
XXX1 , and XXX ; and a combination of any of the foregoing;
wherein

A :?‘LL/\/LL‘L’ '771/\/\/‘1‘(.’ or E{X\/\‘e”

X is O, S, NH, or N-alkyl;

YisOorS;

each Z independently is O, S, N, or CHy;

nis0, 1 or2;

mis 1to6;

R' is halogen, OH, O-alkyl, N-dialkyl, or NHCO-alkyl at single or multiple positions;
R? is H, alkyl, or substituted benzyl;

R* is halogen, alkyl, substituted benzyl, OH, O-alkyl, N-dialkyl, or NHCO-alkyl at single or
multiple positions;

R* is H, halogen, O-alkyl, S-alkyl, N-dialkyl, or NHCO-alkyl;

R’ is alkyl, aryl, or substituted aryl;

R® is alkyl, benzyl, or aromatic substituted benzyl;

R’ is H, alkyl, benzyl, or aromatic substituted benzyl;

R¥is H, alkyl, aryl, benzyl, or aromatic substituted benzyl;

R’isHor alkyl;

R'is alkyl, O-alkyl, S-alkyl, aryl, NR'';, or NCOR';

R'! is alkyl or aryl;

R"%is halogen;

R" is halogen, OR'*, NR'®;, PO;H,, SO3H, COOH, or NH;

R is methyl, ethyl, isopropyl, tert-butyl, allyl, substituted benzyl, or unsubstituted benzyl;
R s methyl, ethyl, isopropyl, allyl, substituted benzyl, or unsubstituted benzyl;

R is SOsH, COOH, or NHy;
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R" is methyl, ethyl, isopropyl, tert-butyl, cyclohexyl, aryl, or heteroaryl;

PCT/CA2010/000111

R'® is methyl, ethyl, isopropyl, tert-butyl, halogen, OH, O-alkyl, N-dialkyl or NHCO-alkyl at

single or multiple positions;

R" is halogen, NR'',, NHCOR'!, SR!' or heteroaryl;

R is halogen, methyl, ethyl, isopropyl, terr-butyl, N(CHz),, N(Et),, N(iPr);, NHCOCHs,

NHCOCEF;, or NHCOPh; and
R*' is alkyl, halogenated alkyl, O-alkyl, substituted aryl, or heteroaryl.

17.  The method of claim 16, wherein the small molecule having a phosphate

group is selected from the group consisting of:

/\/\/\/\/\/\
?\ CH3//O N7 Cl HyC /\p ~OH
Ho-p——r-oH A A ) ¢ on
Ho oH oH O Fon Ho-?
¢ O OH
C-001 C-002 C-003

.OH
// / \/ O OH ?\/\
@A p ‘)L . S

C-004 C-005 C-006 C-007
OH HO OH
/\N/\P
oH HO \\ g’ ~OH
OH HO \)=O
HO
HO 0
C-009 C-010 C-011
O,N
\@ S\ o)
\ v __OH AN
H CHs \/P\ j Q OH
OH NR
HsC OH
HO- P OH
HO OH OH
C-012 C-013 C-014
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/
id o o HO OH OH
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HO o_ cF,

P
A\
Ok

C-029 , and a combination of any of the foregoing.

18.  The method of claim 17, wherein the small molecule having a phosphate

group is selected from the group consisting of:

O;N
S
Qb 4
N\
] H*N* CHs N
NS CH, o o  0=P-OH
l OH 4 [\ ]
s P HO-P——R-oH  OH
o] //P\ Hd \OH / \
o ¢ ©H HO OH OH
C-002 . com4 Cc-012 , C-021
OH oH o FF
HO-P=0 0=P-OH %,-OH HO\P Fy
\ \
@/O\/\/O\ﬁ) ©/\/ OH ©/\O F F
C-022 , C-023 , C-028 anda

combination of any of the foregoing.

19. A small molecule having a phosphate group for use in inhibiting the transport

of phosphate across the membrane of human epithelial cells.

20.  The use of a small molecule having a phosphate group for the manufacture of
a medicament for inhibiting the transport of phosphate across the membrane of human

epithelial cells.

21. A small molecule having a phosphate group for use in preventing, stabilizing,
or reversing the progress of a disease associated with a disorder in phosphate metabolism or

impaired phosphate transport.
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22.  The use of a small molecule having a phosphate group for the manufacture of
a medicament for preventing, stabilizing, or reversing the progress of a disease associated

with a disorder in phosphate metabolism or impaired phosphate transport.

23.  The use of claim 21 or 22, wherein the disease is selected from the group
consisting of hyperparathyroidism, metabolic bone disease, uremic bone disease, renal bone
disease, soft tissue calcification, cardiovascular calcification, cardiovascular events,

calciphylaxis, and osteoporosis.

24. A small molecule having a phosphate group for use in the treatment or

prevention of a disease wherein the accumulation of phosphate in serum can occur.

25.  The use of a small molecule having a phosphate group for the manufacture of
a medicament for the treatment or prevention of a disease wherein the accumulation of

phosphate in serum can occur.

26.  The use of claims 24 or 25, wherein the disease is selected from the group
consisting of hyperphosphatemia, chronic kidney disease, secondary hyperparathyroidism,

hyperparathyroidism, and hypoparathyroidism.

27. A small molecule having a phosphate group for use in treating, delaying, or
preventing hyperphosphatemia, wherein the hyperphosphatemia is a result of pharmaceutical

intervention for the treatment of a disease in need of such therapy.

28.  The use of a small molecule having a phosphate group for the manufacture of
a medicament for treating, delaying, or preventing hyperphosphatemia, wherein the
hyperphosphatemia is a result of pharmaceutical intervention for the treatment of a disease

in need of such therapy.

29.  The use of claims 27 or 28, wherein the pharmaceutical intervention is vitamin

D based therapy.

30.  The use of claims 27 or 28, wherein the disease is secondary

hyperparathyroidism.

31.  The use of any one of claims 17-30, wherein the small molecule having the

phosphate group is comprised in a pharmaceutically acceptable formulation.
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32.  The use of claim 31, wherein the pharmaceutically acceptable formulation

comprises a pharmaceutically acceptable carrier, a diluent, an exipient, or a mixture of any

of the foregoing.

33.  The use of any one of the preceding claims, wherein the small molecule

having a phosphate group is selected from the group consisting of Formula:
N\
—— 1 ___R1 1 R1
N NG PN X
HOIl:I’OH HOPOH HOPOH HOPOH HOPOH

1 I I v v ,

N R?

CH, CH,
OH OH

P’ 7 P

HO-P-OH HOPOH s ,\\ 32 P
1 R HO Ho © R HO ©

VI . i , , X ,

RS[)\X \

4
/R
CH,
OH )m OH
o //P
O OH

P
R3-— S0 HO- P OH HO- P OH R—OH
H A\
K\N < O o O
X1 .oXu Xt , X1V ,
R
6 N__R7 RB

OR
&) 0 O
R{ ) R?
m

o, /N OR® o /N N-RT o N " OR® o /“N“ ;RB

dp \OH%O g OH Y ¢ TOH m¥y g TOH ‘mYy
XV XVl XVII XVII
= YQ ®YQ_ "
/ OOPOH / OOPOH OOPOH
XIX XX XXI ,
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O
o HO-P~-OH
R™S— 0 0]
(’)\O/\/R12 ©izov(/\)ﬁ/2© @[ \/H\/ \O 13
P ] 0
HO ﬁ OH P\OH P‘OH
0 HO
XXII XX XXV ,
OWO “R17 Ny O R17
16 giefl_ 18l
7 Y
F~0H P~OH
HO HO
XXV , XXVI , XXV ,
R10
O\/k\)\/R19 /\\
R20-— n 101 100
AP R A P R PN
P~oH Pxo F~o
HO HO HO
XXVII , XXX ,
(ON //
5
HO R
XXXI , and XXXII ; and a combination of any of the foregoing;
wherein

AN NN KA

Xis O, S, NH, or N-alkyl;

YisOorS;

each Z independently is O, S, N, or CHy;

nis0, 1 or2;

mis 1 to6;

R! is halogen, OH, O-alkyl, N-dialkyl, or NHCO-alkyl at single or multiple positions;
R? is H, alkyl, or substituted benzyl;

R? is halogen, alkyl, substituted benzyl, OH, O-alkyl, N-dialkyl, or NHCO-alkyl at single or
multiple positions;

R* is H, halogen, O-alkyl, S-alkyl, N-dialkyl, or NHCO-alkyl;

R’ is alkyl, aryl, or substituted aryl;

R%is alkyl, benzyl, or aromatic substituted benzyl,

R’ is H, alkyl, benzyl, or aromatic substituted benzyl;
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R® is H, alkyl, aryl, benzyl, or aromatic substituted benzyl;

R’ is H or alkyl;

R is alkyl, O-alkyl, S-alkyl, aryl, NR'',, or NCOR'"";

R' is alkyl or aryl;

R'?is halogen;

R'? is halogen, OR', NR"%,, PO3H,, SO3H, COOH, or NHy;

R' is methyl, ethyl, isopropyl, tert-butyl, allyl, substituted benzyl, or unsubstituted benzyl,
R" is methyl, ethyl, isopropyl, allyl, substituted benzyl, or unsubstituted benzyl;

R'® is SO;H, COOH, or NH;

R'7 is methyl, ethyl, isopropyl, tert-butyl, cyclohexyl, aryl, or heteroaryl;

R"is methyl, ethyl, isopropyl, ter-butyl, halogen, OH, O-alkyl, N-dialkyl or NHCO-alkyl at
single or multiple positions;

RYis halogen, NR'!,, NHCOR'"', SR or heteroaryl;

R% is halogen, methyl, ethyl, isopropyl, ferz-butyl, N(CHz)z, N(Et)z, N(iPr);, NHCOCHj,
NHCOCF;, or NHCOPh; and

R? is alkyl, halogenated alkyl, O-alkyl, substituted aryl, or heteroaryl.

34.  The use of claim 33, wherein the small molecule having a phosphate group is

selected from the group consisting of:

| _OH
Q CHy O N C HyC 2 N/\,/P\O
Ho-p——r-0H o A AL ), ) J on
HG oW oH F oH HO-P
cl O OH
C-001 , C-002 , C-003 ,
CH
o O 2 H Q,-on o on <N koM
y / N__P ‘B ~ N
Po ’P\OH H3;C ~ \OH N\/P\ OH
ug OH HO OH O
c004 C-005 , c-006 C-007 _ C-008
Q _OH HO OH

(I N )

R P N7 PS
o oH HOYy | g oM
W ,OH HO
N_F o}
OH

0 HO
HO

C-009 , C-010 , C-011
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Fo F
F HO. o CF4
F R
0 F F
H,e OH
C-026 , C-027 , C-028 ,
HO o cF,
P.
W\
e
F
C-029 , and a combination of any of the foregoing.

35.  The use of claim 34, wherein the small molecule having a phosphate group is

selected from the group consisting of:

O,N

¢ HO OH OH
C-002 . co04 C-012 , C-021
OH
HO-P=0 0= P OH
SRARe @ @ g
C-022 , C-023 , C-028 and

combinations of any of the foregoing.
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A CLASSIFICATION OF SUBJECT MATTER
IPC: A61K 31/66 (2006.01) , A61K 31/661 (2006.01) ., A61K 31/662 (2006.01), A61K 31/675 (2006.01) ,
AG61P 3/12 (2006.01)

According to International Patent Classitication (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K31/66, AGIK3/12

Documentation searched other than minimum documentation to the extent that such documents are mcluded in the fields searched

Electronic database(s) consulted during the mternational search (name of database(s) and, where practicable, search terms used)
Canadian Patent Database, Epoque, Medline

hvperphosphatemia, phosphate transport, alkaline phosphatase, inhibit*, renal failure, parathvroidism

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categorv* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO02006038719 Al (KOTOBUKI PHARMACEUTICAL CO.) 22-05-2008 (22 1-5, 19-26
X MAY 2008) 6-15, 16-18,27-32 , 33-35
claims; tables 3-10
X W02004085448 A2 (GENZYME CORP) 07-10-2004 (07 OCTOBER 2004) 1-5, 19-26
X examples 1-9; claims 6-15,27-32
X US4806532 A (MAYA FOUNDATION) 21-02-1989 (21 FEBRUARY 1989) 1-5, 17, 19-26, 34,
X table 1 6-15,27-32
X PEECE et al, “Inhibition of human intestinal brush border membrane vesicle 1-5, 1926
X Nat+-dependent phosphate uptake by phosphophloretin derivatives”, Biochem 6-15,27-32
Biophys Res Commun. 2003, 301(1), p. 8-12.
PMID: 12535632: 4'/2'-phosphophloretin
[ 1 Further documents are listed in the continuation of Box C. [X] See patent family annex.
* Special categories of cited documents =T later document published after the mternational filing date or priority
date and not in contlict with the application but cited to understand
“AT document defining the general state of the art which is not considered the principle or theory underlying t]he invention
to be of particular relevance ) ) ) )
X" document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published cn or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y”  document of particular relevance; the claimed mvention cannot be
cited to establish the publication date of another citation or other considered to mvolve an inventive step when the document 1s
special reason (as specitied) combined with one or more other such documents, such combination
being obvious to a person skilled in the art
“O” document referring to an oral disclosure, use, exhibition ar other means
) ) ) ) o “&”  document member of the same patent tamily
P document published prior to the international filing date but later than

the priority date claime

Date of the actual completion of the international search Date of mailing of the international search report

10 May 2010 (10-05-2010) 15 June 2010 (15-06-2010)

Name and mailing address of the ISA/CA Authorized ofticer
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 001-819-953-2476

Yong-Huang Chen (819) 956-4113
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [X] Claim Nos. :  1-18
because they relate to subject matter not required to be searched by this Authority, namely :
Claims 1-18 are directed to a method for treatment of the human or animal body by surgery or therapy which the International

Search Authority 1s not required to search. However, this Authority has carried out a search based on the alleged pharmacological
or therapeutic effects of the product defined in claims 1-18.

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

1. [ ] Asall required additional search fees were timelv paid by the applicant, this international search report covers all

searchable claims.

2. | ] Asall searchable claims could be searched without effort justifving additional fees, this Authority did not invite

pavment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. | ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant’s protest and. where applicable,

the pavment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the pavment of additional search fees.
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