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leukemias and lymphomas), tissue ulceration, restenosis, periodontal disease, epidermolysis
bullosa, osteoporosis, loosening of artificial joint implants, atherosclerosis (including
atherosclerotic plaque rupture), aortic aneurysm (including abdominal aortic aneurysm and brain
aortic aneurysm), congestive heart failure, myocardial infarction, stroke, cerebral ischemia, head
trauma, spinal cord injury, neuro-degenerative disorders (acute and chronic), autoimmune
disorders, Huntington's disease, Parkinson's disease, migraine, depression, periphéral
neuropathy, pain, cerebral amyloid angiopathy, nootropic or cognition enhancement,
amyotrophic lateral sclerosis, multiple sclerosis, ocular angiogenesis, comeal injury, macular
degeneration, abnormal wound healing, burns, diabetes, tumor invasion, tumor growth, tumor
metastasis, corneal scarring, scleritis, AIDS, sepsis, septic shock and other diseases
characterized by metalloproteinase activity and other diseases characterized by mammalian
reprolysin activity in a mammal, including a human, comprising an amount of a compound of
formula | or a pharmaceutically acceptable salt thereof effective in such tfreatments and a
pharmaceutically acceptable carrier.

The present invention also relates to a pharmaceutical composition for the inhibition of
(a) matrix metalloproteinases or other metalloproteinases involved in matrix degradation, or (b) a
mammalian reprolysin (such as aggrecanase or ADAM's TS-1, 10, 12, 15 and 17, most
preferably ADAM-17) in a mammal, including a human, comprising an effective amount of a
compound of formula | or a pharmaceutically acceptable sait thereof.

The present invention also relates to a method for treating a condition selected from the
group consisting of arthritis (including osteoarthritis and rheumatoid arthritis), inflammatory bowel
disease, Crohn's disease, emphysema, chronic obstructive puimonary disease, Alzheimers
disease, organ transplant toxicity, cachexia, allergic reactions, allergic contact hypersensitivity,
cancer, tissue ulceration, restenosis, periodontal disease, epidermolysis bullosa, osteoporosis,
loosening of artificial joint implants, atherosclerosis (including atherosclerctic plaque rupture),
aortic aneurysm (including abdominal aortic aneurysm and brain aortic aneurysm), congestive
heart failure, myocardial infarction, stroke, cerebral ischemia, head trauma, spinal cord injury,
neuro-degenerative disorders (acute and chronic), autoimmune disorders, Huntington’s disease,
Parkinson's disease, migraine, depression, peripheral neuropathy, pain, cerebral amyloid
angfopathy, nootropic or cognition enhancement, amyotrophic lateral scierosis, multiple
sclerosis, ocular angiogenesis, corneal injury, macular degeneration, abnormal wound healing,
burns, diabetes, tumor invasion, tumor growth, tumor metastasis, comeal scarring, scleritis,
AIDS, sepsis, septic shock and other diseases characterized by metallioproteinase activity and
other diseases characterized by mammalian reprolysin activity in a mammal, including a human,
comprising administering to said mammal an amount of a compound of formula 1 or a

pharmaceutically acceptable salt thereof effective in treating such a condition.

AQUESTIVE EXHIBIT 1007 page 2001



10

15

20

25

30

35

40

WO 99/52910 PCT/IB99/00503

-10-

The present invention aiso relates to a method for the inhibition of (a) matrix
metalloproteinases or other metalloproteinases involved in matrix degradation, or (b) a
mammalian reprolysin (such as aggrecanase or ADAM's TS-1, 10, 12, 15 and 17, preferably
ADAM-17) in a mammal, including a human, comprising administering to said mammal an
effective amount of a compound of formula 1 or a pharmaceutically acceptable salt thereof.

This invention also encompasses pharmaceutical compositions containing prodrugs of
compounds of the formula I. This invention also encompasses methods of treating or preventing
disorders that can be treated or prevented by the inhibition of matrix metalloproteinases or the
inhibition of mammalian reprolysin comprising administering prodrugs of compounds of the
formula |. Compounds of formula | having free amino, amido, hydroxy or carboxylic groups can
be converted into prodrugs. Prodrugs include compounds wherein an amino acid residue, or a
polypeptide chain of two or more (e.g., two, three or four) amino acid residues which are
covalently joined through peptide bonds to free amino, hydroxy or carboxylic acid groups of
compounds of formula . The amino acid residues include the 20 naturally occurring amino acids
commonly designated by three letter symbols and aiso include, 4-hydroxyproline, hydroxylysine,
demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine, gamma-aminobutyric acid,
citrulline, homocysteine, homoserine, ornithine and methionine suifone. Prodrugs aiso include
compounds wherein carbonates, carbamates, amides and alkyl esters which are covalently
bonded to the above substituents of formula 1 through the carbonyl carbon prodrug sidechain.

One of ordinary skill in the art will appreciate that the compounds of the invention are
useful in treating a diverse array of diseases. One of ordinary skill in the art will also
appreciate that when using the compounds of the invention in the treatment of a specific
disease that the compounds of the invention may be combined with various existing
therapeutic agents used for that disease.

For the treatment of rheumatoid arthritis, the compounds of the invention may be
combined with agents such as TNF-a inhibitors such as anti-TNF monoclonal antibodies and
TNF receptor immunogiobulin molecules (such as Enbrel®), low dose methotrexate,
lefunimide, hydroxychloroquine, d-penicilamine, auranofin or parenteral or oral gold.

The compounds of the invention can also be used in combination with existing
therapeutic agents for the treatment of osteoarthritis. Suitable agents to be used in
combination include standard non-steroidal anti-inflammatory agents (hereinafter NSAID's)
such as piroxicam, diclofenac, propionic acids such as naproxen, flubiprofen, fenoprofen,
ketoprofen and ibuprofen, fenamates such as mefenamic acid, indomethacin, sulindac,
apazone, pyrazolones such as phenylbutazone, salicylates such as aspirin, COX-2 inhibitors
such as celecoxib and rofecoxib, analgesics and intraarticular therapies such as

corticosteroids and hyaluronic acids such as hyalgan and synvisc.
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The compounds of the present invention may also be used in combination with
anticancer agents such as endostatin and angiostatin or cytotoxic drugs such as adriamycin,
daunomycin, cis-platinum, etoposide, taxoi, taxotere and alkaloids, such as vincristine, and
antimetabolites such as methotrexate.

The compounds of the present invention may also be used in combination with
cardiovascular agents such as calcium channel blockers, lipid lowering agents such as
statins, fibrates, beta-blockers, Ace inhibitors, Angiotensin-2 receptor antagonists and platelet
aggregation inhibitors.

The compounds of the present invention may also be used in combination with CNS
agents such as antidepressants (such as sertraline), anti-Parkinsonian drugs (such as
deprenyl, L-dopa, requip, miratex, MAOB inhibitors such as selegine and rasagiline, comP
inhibitors such as Tasmar, A-2 inhibitors, dopamine reuptake inhibitors, NMDA antagonists,
Nicotine agonists, Dopamine agonists and inhibitors of neuronal nitric oxide synthase), and
anti-Alzheimer's drugs such as Aricept, tacrine, COX-2 inhibitors, propentofylline or
metryfonate.

The compounds of the present invention may also be used in combination
with osteoporosis agents such as droloxifene or fosomax and immunosuppressant agents
such as FK-506 and rapamycin.

Detailed Description of the invention

The following reaction Schemes illustrate the preparation of the compounds of the
present invention. Unless otherwise indicated n, R', R%, Q and Z in the reaction Schemes and

the discussion that follow are defined as above.
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Scheme 1 refers to the preparation of compounds of formula |, wherein Z is CH,.
Referring to Scheme [, a compound of the formula | is prepared from a compound of the
formula Il by hydrogenolysis under an atmosphere of hydrogen in the presence of a catalyst in
a reaction inert solvent. Suitable catalysts include 5% palladium on barium sulfate or 5%
palladium on carbon, preferably 5% palladium on barium sulfate. Suitable solvents include an
alcohol such as ethanol, methanol or isopropanol, preferably methanol. The aforeSaid
reaction may be performed at a pressure from about 1 to about 5 atmospheres, preferably
about 3 atmospheres. Suitable temperatures for the aforesaid reaction range from about
20°C (room temperature) to about 60°C, preferably the temperature may range from about
20°C to about 25°C (i.e. room temperature). The reaction is complete within about 0.5 hours
to about 5 hours, preferably about 3 hours.

Compounds of the formula 1l can be prepared from compounds of the formula Hl by
reaction with an oxidant in a reaction inert solvent. Suitable oxidants include meta-
chloroperbenzoic acid, hydrogen peroxide or sodium perborate, preferably meta-
chloroperbenzoic acid. Suitable solvents include halogenated solvents such as methylene
chloride or chloroform, preferably methyiene chloride. Suitable temperatures for the aforesaid
reaction range from about 0°C to about 60°C, preferably the temperature may range from
about 20°C to about 25°C (i.e. room temperature). The reaction is complete within about 0.5
hours to about 24 hours, preferably about 16 hours.

The compound of formula 1l is prepared from a compound of formula IV by reaction
with O-benzylhydroxyamine hydrochloride, an activating agent, and a base in a reaction inert
solvent. Suitable activating agents include (benzotriazol-1-yloxy)tris(dimethylamino)
phosphonium  hexafluorophosphate or  1-(3-(dimethyiaminopropyl)-3-ethylcarbodiimide
hydrochloride, preferably (benzotriazol-1-yloxy)tris(dimethylamino) phosphonium
hexafluorophosphate.  Suitable bases include tertiary amines such as triethylamine,
diisopropylethylamine or 4-N,N-dimethylaminopyridine, preferably diisopropylethylamine. The
temperature of the aforesaid reaction may range from about 0°C to about 60°C, preferably
about 50°C. Suitable solvents include N,N-dimethyiformamide, halogenated solvents such as
methylene chloride or chloroform, or ethers such as THF or diethyl ether; preferably the
solvent is N,N-dimethylformamide. The reaction is complete in about 4 hours to about 48
hours, preferably about 16 hours.

Compounds of the formula IV, can be prepared from compounds of the formula V, by
reaction with a compound of the formula QSH, wherein Q is as defined above, in the presence
of a strong base in an aprotic polar solvent. Suitable bases include sodium hydride, lithium
diisopropylamide, potassium t-butoxide, sodium amide or potassium hydride, preferably
sodium hydride. Suitable solvents include ethers (such as THF, diethyl ether or 1,2-
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dimethoxyethane), or N, N-dimethyiformamide, preferably the solvent is THF. The aforesaid
reaction is conducted at about -78°C to about 0°C, preferably at about 22°C (i.e., room
temperature) for a period of 30 minutes to about 24 hours, preferably about 2 hours.

Compounds of the formula V are prepared from compounds of the formula V1 by
dehydration in the presence of a tertiary amine base, preferably triethylamine, optionally in the
presence of 4-dimethylaminopyridine, and a dehydrating agent in an inert solvent. Suitable
dehydrating agents include trifluoromethanesulfonic anhydride, methanesulfonic anhydride,
methanesulfonyl chioride, p-toluenesulfonyl chioride or benzenesulfonyl chiloride, preferably
benzenesulfony! chloride. Suitable solvents include diethyl ether or dichloromethane. The
reaction is performed at a temperature from about -80°C to about 0°C, preferably about 0°C.
The reaction is carried out for about 10 minutes to 4 hours, preferably about 1 hour.

The compounds of the formula VI are prepared from a compound of formula VII,
wherein PG' is methy! or ethyl, by saponification with a base, such as lithium hydroxide, in a
solvent mixture. Suitable solvent mixtures include water and methanol or water, methanol
and THF. The reaction is performed at a temperature from about 60°C to about 120°C,
preferably at about the reflux temperature of the solvent mixture used. The reaction is carried
out for about 30 minutes to 24 hours, preferably about 16 hours.

The exo-hydroxymethyl isomer of the compound of the formula VI is prepared from a
compound of formula VIIl. In general, a solution of a compound of formula Vil is dissolved in
an inert aromatic solvent, preferably benzene or toluene, and cooled at about -40° C to -20°C,
preferably about -40°C. To the cold solution is added a suitable hindered reducing agent,
preferably disobutylaluminum hydride, in an inert aromatic solvent, maintaining the
temperature below -25°C. After the addition is complete, the reaction is maintained below 0°C
for about 3 hours. At about -15°C, a protic solvent, preferably ethanol, is added. After stirring
at about -15°C for about 1 hour, sodium borohydride is added and the reaction is allowed to
warm to about room temperature while stirring for a period of 2 to 24 hours, preferably about
16 hours.

The endo-hydroxymethyl isomer of the compound of the formula VIl can be prepared
from the exo-hydroxymethyl compound of the formula VI by a series of steps which can invert
the sterochemistry about the carbon atom bearing the hydroxymethyl and carboxylic acid
groups. Specifically, the exo-hydroxymethyl isomer of formula VI is first converted to the
corresponding benzyl ester. Subsequent Jones oxidation of the alcohol to the carboxytic acid
and alky! ester formation (methyi or ethyl) provides an intermediate mixed benzyl alkyl ester (i.e.
the exo ester is methyl or ethyl and the endo ester is benzy!). The benzy! ester is then removed
by hydrogenolysis and the resulting carboxylic acid is reduced to the alcohol by diborane

reduction, providing the endo-hydroxymethyl isomer of the compound of the formula Vil.
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The compounds formula VIili, wherein PG' is ethyl or methyl, are prepared from
compounds of the formula IX, wherein L is methanesulfonyl, benzenesulfonyl or tosyl, by
reaction with dimethyl or diethyl malonate in the presence of a strong base, such as sodium
hydride, in a polar solvent, such as N,N-dimethylformamide, for a time period between about 4
hours to about 24 hours, preferably about 16 hours. The aforesaid reaction temperature is
between about 70°C to about 150°C, preferably about 140° C. -

Compounds of the formula IX are known or can be made by methods well known to
those of ordinary skill in the art.

Compounds of the formula QSH can be prepared by reaction of an alkyl or aryl halide
with sodium sulfhydride as described in Jerry March, Advanced Organic Chemistry, 360 and 589
(3rd ed., 1985). Alternatively, compounds of the formula QSH can also be prepared by reaction

of an aryl diazonium salt with sodium sulfhydride as described in March id. at 601. Altemnatively,
compounds of the formula QSH can also be prepared by reaction of a Grignard reagent with
suifur as described in March id. at 550. Alternatively, compounds of the formula QSH can also
be prepared by reduction of a sulfonyi chloride, sulfonic acid or disulfide as described in March
id. at 1107 and 1110.

Scheme 2 refers to the preparation of compounds of the formula I, wherein Z is >NR,
and R' is hydrogen. Referring to Scheme 2, compounds of formula | can be prepared from
compounds of the formula X by hydrogenolysis under an atmosphere of hydrogen in the
presence of a catalyst in a reaction inert solvent. Suitable catalysts include 5% palladium on
barium suifate or 5% palladium on carbon, preferably 5% palladium on barium sulfate.
Suitable solvents include an alcohol such as ethanol, methanol or isopropanol, preferably
methanol. The aforesaid reaction may be performed at a pressure from about 1 to about 5
atmospheres, preferably about 3 atmospheres. Suitable temperatures for the aforesaid
reaction range from about 20°C (room temperature) to about 60°C, preferably the temperature
may range from about 20°C to about 25°C (i.e. room temperature). The reaction is complete
within about 0.5 hours to about 5 hours, preferably about 3 hours.

The compound of formula X is prepared from a compound of the formula X| by
reaction with O-benzylhydroxylamine hydrochioride in the presence of a catalyst and a base
in a reaction inert solvent. Suitable catalysts include (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate or 1-(3-(dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, preferably (benzotriazol-1-yloxy)tris(dimethylamino)
phosphonium hexafluorophosphate.  Suitable bases include tertiary amines such as
triethylamine, diisopropylethylamine or 4-N N-dimethylaminopyridine, preferably
diisopropylethylamine. The aforesaid reaction temperature is from about 0° C to about 60°C,

preferably about 50° C. Suitable solvents include N,N-dimethylformamide or halogenated
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solvents such as methylene chloride or chioroform; preferably, the soivent is N,N-
dimethylformamide. The reaction is conducted over a period of about 4 hours to about 48
hours, preferably about 16 hours.

Compounds of the formula Xi are prepared from compounds of the formula Xil,
wherein PG? is methyl or ethyl, by saponification with a base such as sodium hydroxide in a
solvent mixture such as water and ethanol. The reaction is performed at a temperature from
about 60°C to about 100°C, preferably at about the reflux temperature of the solvent mixture
used. The reaction is carried out for about 1 day to 10 days, preferably about 6 days.

The compounds of the formula XlI, wherein PG? is methyl or ethyl, are prepared from
compounds of the formula XIli, wherein PG? is methyl or ethyl, by reaction with a compound of
the formula QSO,CI in the presence of a base, such as triethylamine, and a polar solvent.
Suitable solvents include N,N-dimethylformamide, tetrahydrofuran, 1,2-dimethoxyethane,
dioxane, water or acetonitrile, preferably N,N-dimethylformamide. The reaction mixture is
stired at room temperature for a time period between about 1 hour to about 24 hours,
preferably about 16 hours.

Compounds of the formula XIli, wherein PG? is methyl or ethyl, are prepared from
compounds of the formula XIV, wherein PG? is methyl or ethyl, by hydrolysis in the presence of
aqueous mineral acid and a solvent such as diethyl ether. Suitable mineral acids include
hydrochloric and sulfuric acid, preferably hydrochloric acid. The reaction is carried out at a
temperature ranging from about 0°C to 50°C; preferably the temperature may range from about
20°C to about 25°C (i.e. room temperature). The reaction is conducted over a period of about
2 hours to about 48 hours, preferably about 16 hours.

Compounds of the formula XIV, wherein PG? is methyl, ethyl or benzyl, are prepared
from compounds of the formula IX, wherein L is methanesulfonyl, benzenesulfony! or tosyl, by
reaction with N-diphenylmethylene glycine, methyl, ethyl or benzyl ester, in the presence of a
strong base, such as sodium hydride, in a polar solvent, such as N,N-dimethylformamide, for a
time period between about 4 hours to about 24 hours, preferably about 16 hours. The aforesaid
reaction temperature is between about 70°C to about 140°C, preferably about 100° C.
Compounds of the formula XIV, wherein PG? is methyl, ethy! or benzyl, are obtained as
mixtures of diastereomers which can be separated by chromatographic means.

Compounds of the formula QSO,C! and formula IX are known or commercially available
or can be made by methods well known to those of ordinary skill in the art.

Scheme 3 refers to the preparation of compounds of the formula |, wherein Z is NR' and
R' is (C-Celalkyl, (Ce-Cyo)aryl(C,-Ceglalkyl, (C,-Co)heteroaryl(C;-Celalkyl or a group of the
formula -(CH,),CO,R? whereinnis 1, 3, 4, 5, or 6 and R? is (C4-Cglalkyl.
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Referring to Scheme 3, compounds of the formula |, wherein Z is NR' and R' is (C;-
Celalkyl, (Ce-Ciolaryl(C,-Celalkyl, (C,-Cg)heteroary(C,-Ce)alkyl or a group of the formula
-(CH,),CO,R? wherein nis 1, 3, 4, 5, or 6 and R? is (C,-Ce)alkyl, are prepared from compounds
of the formula XV by hydrogenolysis under an atmosphere of hydrogen in the presence of a
catalyst in a reaction inert solvent. Suitable catalysts include 5% palladium on barium sulfate
or 5% palladium on carbon, preferably 5% palladium on barium sulfate. Suitable solvents
include an alcohol such as ethanol, methanol or isopropanoi, preferably methanol. The
aforesaid reaction may be performed at a pressure from about 1 to about 5 atmospheres,
preferably about 3 atmospheres. Suitable temperatures for the aforesaid reaction range from
about 20°C (room temperature) to about 60°C, preferably the temperature may range from
about 20°C to about 25°C (i.e. room temperature). The reaction is complete within about 0.5
hours to about 5 hours, preferably about 3 hours.

The compound of formula XV is prepared from a compound of the formula XVI by
reaction with O-benzylhydroxylamine hydrochloride in the presence of a catalyst and a base
in a reaction inert solvent. Suitable catalysts include (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate or 1-(3-(dimethylaminopropyl)-3-
ethylcarbodiimide  hydrochloride, preferably  (benzotriazol-1-yloxy)tris(dimethylamino)
phosphonium hexafiuorophosphate.  Suitable bases inciude tertiary amines such as
triethylamine, diisopropylethylamine or 4-N,N-dimethylaminopyridine, preferably
diisopropylethylamine. The aforesaid reaction temperature is from about 0° C to about 60°C,
preferably about 50° C. Suitable solvents include N,N-dimethylformamide or halogenated
solvents such as methylene chloride or chloroform, preferably the solvent is N,N-
dimethylformamide. The reaction is conducted over a period of about 4 hours to about 48
hours, preferably about 16 hours.

The compound of formula XVI is prepared from a compound of the formula XVII by
removal of the benzyl protecting group. Specifically, the benzyl protecting group is removed by
hydrogenolysis using palladium or palladium on carbon in a solvent such as methanol or
ethanol, for a period from about 30 minutes to about 48 hours, preferably 16 hours, at a
temperature of about 20°C to about 25°C (i.e., room temperature).

The compound of formula XVl is prepared from a compound of the formula Xil, wherein
PG? is benzyl, by reaction with a reactive derivative of an alcohol of the formula R'OH such as
the methanesulfonate, tosylate, chloro, bromo or iodo derivative, preferably the iodo derivative,
in the presence of a base such as potassium carbonate or sodium hydride, preferably sodium
hydride, and a polar solvent, such as N,N-dimethylformamide. The reaction mixture is stirred at
room temperature for a time period between about 60 minutes to about 48 hours, preferably
about 16 hours.
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The compounds of formula Xl, wherein PG? is benzyl, are prepared according to the
methods of Scheme 2. A

Scheme 4 refers to the preparation of compounds of formula I, wherein Z is >NR', R'is
a group of the formula -(CH,),CO,R? (i.e. n is 2) and R? is (C,-Cg)alkyl.

Referring to Scheme 4, compounds of said formula | are prepared from compounds of
the formula XVIII, wherein R? is (C4-Cg)alkyl, by reaction with oxalyl chloride or thionyl chicride,
preferably oxalyl chloride, and a catalyst, preferably about 2% of N,N-dimethylformamide, in an
inert solvent, such as methylene chioride, to form an in situ acid chloride that is subsequently
reacted with O-trimethylsilylhydroxylamine in the presence of a base, such as pyridine, 4-N,N-
dimethylaminopyridine or triethylamine, preferably pyridine. The reaction is performed at a
temperature of about 22°C (i.e., room temperature) for about 1 to about 12 hours, preferably
about 1 hour.

Compounds of the formula XVIlI, wherein R? is (C-Ce)alkyl, can be prepared from
compounds of the formula XIX, wherein R? is (C,-Cq)alky!, by reduction in a polar solvent.
Suitable reducing agents include hydrogen over palladium and hydrogen over palladium on
carbon, preferably hydrogen over palladium on carbon. Suitable solvents include methanol,
ethanol and isopropanol, preferably ethanol. The aforesaid reaction is performed at a
temperature of about 22°C (i.e., room temperature) for a period of 1 to 7 days, preferably about 2
days.

Compounds of the formula XIX, wherein R? is (C,-Cg)alkyl, can be prepared from
compounds of the formula Xil, wherein PG?is benzyl, by Michael addition of a propiolate ester
and a base in a polar solvent. Suitable propiolates are of the formula H-C=C-CO,R?, wherein R?
is (C4-C¢)alkyl. Suitable bases include tetrabutylammonium fluoride, potassium carbonate, and
cesium carbonate, preferably tetrabutylammonium fluoride. Suitable solvents include
tetrahydrofuran, acetonitrile, tert-butanol and N,N-dimethylformamide, preferably tetrahydrofuran.
The aforesaid reaction is performed at a temperature of about -10°C to about 60°C, preferably
ranging between 0°C and about 22°C (i.e., room temperature). The compounds of formula XIX
are obtained as mixtures of geometric isomers about the olefinic double bond; separation of the
isomers is not necessary.

Compounds of the formula XII, wherein PG? is benzyl, can be prepared according to the
methods of Scheme 2.

Compounds of said formula I, wherein Z is >NR', R' is a group of the formula
-(CH,),CO,R?, nis 1 to 6 and R? is hydrogen are prepared from compounds of formula I,
wherein Z is >NR’, R' is a group of the formula -(CH,),CO,R?, nis 1 to 6 and R? is (C,-Cg)alkyl,
by saponification using a base such as sodium hydroxide in a protic solvent such as ethanol,

methanol! or water or a mixture such as water and ethanol, water and toluene, or water and THF.
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The preferred solvent system is water and ethanol. The reaction is conducted for a period of 30
minutes to 24 hours, preferably about 2 hours.

The compounds of the formula | which are basic in nature are capable of forming a
wide variety of different salts with various inorganic and organic acids. Although such saits
must be pharmaceutically acceptable for administration to animals, it is often desirable in
practice to initially isolate a compound of the formula | from the reaction mixture as a
pharmaceutically unacceptable salt and then simply convert the latter back to the free base
compound by treatment with an alkaline reagent, and subsequently convert the free base to a
pharmaceutically acceptable acid addition salt. The acid addition salts of the base
compounds of this invention are readily prepared by treating the base compound with a
substantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent
medium or in a suitable organic solvent such as methanol or ethanol. Upon careful
evaporation of the solvent, the desired solid salt is obtained.

The acids which are used to prepare the pharmaceutically acceptable acid addition
salts of the base compounds of this invention are those which form non-toxic acid addition
salts, i.e., salts containing pharmacologically acceptable anions, such as hydrochloride,
hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate or acid phosphate, acetate,
lactate, citrate or acid citrate, tartrate or bitartrate, succinate, maleate, fumarate, gluconate,
saccharate, benzoate, methanesulfonate and pamoate [i.e., 1,1"-methylene-bis-(2-hydroxy-3-
naphthoate)] salts.

Those compounds of the formula | which are also acidic in nature, are capable of
forming base salts with various pharmacologically acceptable cations. Examples of such saits
include the alkali metal or alkaline-earth metal salts and particularly, the sodium and
potassium salts. These salts are all prepared by conventional technique§. The chemical
bases which are used as reagents to prepare the pharmaceutically acceptable base salts of
this invention are those which form non-toxic base salts with the herein described acidic
compounds of formula 1. These non-toxic base salts include those derived from such
pharmacologically acceptable cations as sodium, potassium, calcium and magnesium, etc.
These salts can easily be prepared by treating the corresponding acidic compounds with an
aqueous solution éontaining the desired pharmacologically acceptable cations, and then
evaporating the resulting solution to dryness, preferably under reduced pressure.
Alternatively, they may also be prepared by mixing lower alkanolic solutions of the acidic
compounds and the desired alkali metal alkoxide together, and then evaporating the resulting
solution to dryness in the same manner as before. In either case, stoichiometric quantities of
reagents are preferably employed in order to ensure completeness of reaction and maximum
product yields.
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The ability of the compounds of formula | or their pharmaceutically acceptable salts
(hereinafter also referred to as the compounds of the present invention) to inhibit
metalloproteinases or mammalian reprolysin and, consequently, demonstrate their effectiveness
for treating diseases characterized by metalloproteinase or the production of tumor necrosis
factor is shown by the following in vitro assay tests.

Biological Assay

inhibition of Human Collagenase (MMP-1)

Human recombinant collagenase is activated with trypsin. The amount of trypsin is
optimized for each lot of collagenase-1 but a typical reaction uses the following ratio: 5 u g trypsin
per 100 ng of collagenase. The trypsin and collagenase are incubated at room temperature for
10 minutes then a five fold excess (50 mg/10 mg trypsin) of soybean trypsin inhibitor is added.

Stock solutions (10 mM) of inhibitors are made up in dimethylsulfoxide and then diluted
using the following scheme:

10 mM ——> 120 pM ——> 12 yM ~—-> 1.2 uM

> 0.12 uM

Twenty-five microliters of each concentration is then added in triplicate to appropriate
wells of a 96 well microfiuor plate. The final concentration of inhibitor will be a 1:4 dilution
after addition of enzyme and substrate. Positive controls (enzyme, no inhibitor) are set up in
wells D7-D12 and negative controls (no enzyme, no inhibitors) are set in wells D1-D6.

Collagenase-1 is diluted to 240 ng/ml and 25 ml is then added to appropriate wells of the
microfluor plate. Final concentration of collagenase in the assay is 60 ng/ml.

Substrate (DNP-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is made as a 5 mM
stock in dimethylsulfoxide and then diluted to 20 uM in assay buffer. The assay is initiated by
the addition of 50 ml substrate per well of the microfluor plate to give a final concentration of 10
mM.

Fluorescence readings (360 nM excitation, 460 nm emission) are taken at time 0 and
then at 20 minute intervals. The assay is conducted at room temperature with a typical assay
time of 3 hours

Fluorescence versus time is then plotted for both the blank and collagenase containing
samples (data from triplicate determinations is averaged). A time point that provides a good
signal (at least five fold over the blank) and that is on a linear part of the curve (usually around
120 minutes) is chosen to determine ICg, values. The zero time is used as a blank for each
compound at each concentration and these values are subtracted from the 120 minute data.
Data is plotted as inhibitor concentration versus % control (inhibitor fluorescence divided by
fluorescence of collagenase alone x 100). ICg's are determined from the concentration of
inhibitor that gives a signal that is 50% of the control.
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If ICs's are reported to be less than 0.03 mM then the inhibitors are assayed at
concentrations of 0.3 mM, 0.03 mM, and 0.003 mM.
Inhibition of Gelatinase (MMP-2)
Human recombinant 72 kD gelatinase (MMP-2, gelatinase A) is activated for 16-18
hours with 1mM p-aminophenyl-mercuric acetate (from a freshly prepared 100 mM stock in
0.2 N NaOH) at 4°C, rocking gently. -

10 mM dimethylsulfoxide stock solutions of inhibitors are diluted serially in assay
buffer (50 mM TRIS, pH 7.5, 200 mM NaCl, 5§ mM CaCl, 20 uM ZnCl, and 0.02% BRIJ-35
(vol./vol.)) using the following scheme:

10 MM-— 120 uM--—-- 12 tM-——> 1.2 uyM—— 0.12 uM

Further dilutions are made as necessary following this same scheme. A minimum of
four inhibitor concentrations for each compound are performed in each assay. 25 pulL of each
concentration is then added to triplicate wells of a black 96 well U-bottomed microfiuor plate.
As the final assay volume is 100 puL, finai concentrations of inhibitor are the result of a further
1:4 dilution (i.e. 30 uM -—— 3 uM —— 0.3 pM ——> 0.03 uM, etc.). A blank (no enzyme, no
inhibitor) and a positive enzyme control (with enzyme, no inhibitor) are also prepared in
triplicate.

Activated enzyme is diluted to 100 ng/mL in assay buffer, 25 uL per well is added to
appropriate wells of the microplate. Final enzyme concentration in the assay is 25 ng/mL
(0.34 nM).

A five mM dimethylsulfoxide stock solution of substrate (Mca-Pro-Leu-Gly-Leu-Dpa-
Ala-Arg-NH,) is diluted in assay buffer to 20 uM. The assay is initiated by addition of 50 plL of
diluted substrate yielding a final assay concentration of 10 uM substrate. At time zero,
fluorescence reading (320 excitation; 390 emission) is immediately taken and subsequent
readings are taken every fifteen minutes at room temperature with a PerSeptive Biosystems
CytoFluor Multi-Weli Plate Reader with the gain at 90 units.

The average value of fluorescence of the enzyme and blank are plotted versus time.
An early time point on the linear part of this curve is chosen for IC5, determinations. The zero
time point for each compound at each dilution is subtracted from the latter time point and the
data then expressed as percent of enzyme control (inhibitor fluorescence divided by
fluorescence of positive enzyme control x 100). Data is plotted as inhibitor concentration
versus percent of enzyme control. 1Cg,'s are defined as the concentration of inhibitor that

gives a signal that is 50% of the positive enzyme control.
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Inhibition of Stromelysin Activity (MMP-3)
Human recombinant stromelysin (MMP-3, stromelysin-1) is activated for 20-22 hours
with 2 mM p-aminophenyl-mercuric acetate (from a freshly prepared 100 mM stock in 0.2 N
NaOH) at 37°C.

10 mM dimethyisulfoxide stock solutions of inhibitors are diluted serially in assay
buffer (50 mM TRIS, pH 7.5, 150 mM NaCl, 10 mM CaCl, and 0.05% BRIJ-35 (vol./vol.))
using the following scheme:

10 mM-—-—— 120 yM—— 12 uM—— 1.2 uyM-—-— 0.12 uM

Further dilutions are made as necessary following this same scheme. A minimum of
four inhibitor concentrations for each compound are performed in each assay. 25 uL of each
concentration is then added to triplicate wells of a black 96 well U-bottomed microfluor plate.
As the final assay volume is 100 ul, final concentrations of inhibitor are the resuit of a further
1:4 dilution (i.e. 30 pM ---— 3 M —— 0.3 uM -—-— 0.03 pM, etc.). A blank (no enzyme, no
inhibitor) and a positive enzyme control (with enzyme, no inhibitor) are also prepared in
triplicate.

Activated enzyme is diluted to 200 ng/mL in assay buffer, 25 pnlL per well is added to
appropriate wells of the microplate. Final enzyme concentration in the assay is 50 ng/mL
(0.875 nM).

A ten mM dimethylsulfoxide stock solution of substrate (Mca-Arg-Pro-Lys-Pro-Val-
Glu-Nva-Trp-Arg-Lys(Dnp)-NH,) is diluted in assay buffer to 6 uM. The assay is initiated by
addition of 50 uL of diluted substrate yielding a final assay concentration of 3 M substrate.
At time zero, fluorescence reading (320 excitation; 390 emission) is immediately taken and
subsequent readings are taken every fifteen minutes at room temperature with a PerSeptive
Biosystems CytoFluor Multi-Well Plate Reader with the gain at 90 units.

The average value of fluorescence of the enzyme and blank are plotted versus time.
An early time point on the linear part of this curve is chosen for IC5, determinations. The zero
time point for each compound at each dilution is subtracted from the latter time point and the
data then expressed as percent of enzyme control (inhibitor fluorescence divided by
fluorescence of positive enzyme control x 100). Data is plotted as inhibitor cencentration
versus percent of enzyme control. 1Csy's are defined as the concentration of inhibitor that
gives a signal that is 50% of the positive enzyme control.

Alternatively, inhibition of stromelysin activity can be assayed using Mca-Arg-Pro-Lys-
Pro-Val-Glu-Nva-Trp-Arg-Lys(Dnp)-NH, (3 uM) under conditions similar as in inhibition of human
collagenase (MMP-1).

Human stromelysin is activated for 20-24 hours at 37°C with 2 mM APMA (p-

aminophenyl mercuric acetate) and is diluted to give a final concentration in the assay of 50
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ng/ml. Inhibitors are diluted as for inhibition of human coliagenase (MMP-1) to give final
concentrations in the assay of 30 uM, 3 uM, 0.3 pM, and 0.03 uM. Each concentration is done in
triplicate.

Fluorescence readings (320 nm excitation, 390 emission) are taken at time zero and
then at 15 minute intervals for 3 hours.

ICsy's are determined as per inhibition of human collagenase (MMP-1). If ICg'S are
reported to be less than 0.03 uM, then the inhibitors are assayed at final concentrations of 0.03
uM, 0.003 M, 0.0003 uM, and 0.00003 uM.

ICs values were determined in the same manner as for collagenase.

Inhibition of MMP-13

Human recombinant MMP-13 is activated with 2mM APMA (p-aminopheny! mercuric
acetate) for 2.0 hours, at 37°C and is diluted to 240 ng/ml in assay buffer (50 mM Tris, pH 7.5,
200 mM sodium chioride, 5mM calcium chloride, 20mM zinc chloride, 0.02% brij 35). Twenty-

five microliters of diluted enzyme is added per well of a 96 well microfluor plate. The enzyme is
then diluted in a 1:4 ratio in the assay by the addition of inhibitor and substrate to give a final
concentration in the assay of 60 ng/ml.

Stock solutions (10 mM) of inhibitors are made up in dimethylsulfoxide and then diluted
in assay buffer as per the inhibitor dilution scheme for inhibition of human collagenase -1 (MMP-
1): Twenty-five microliters of each concentration is added in triplicate to the microfluor plate.
The final concentrations in the assay are 30 mM, 3mmM, 0.3m mM, and 0.03 mmM.

Substrate (Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is prepared as for
inhibition of human collagenase (MMP-1) and 50 ul is added to each well to give a final assay
concentration of 10 puM. Fluorescence readings (360 nM excitation; 450 nM emission) are taken
at time 0 and every 5 minutes for 1 hour.

Positive controls and negative controls are set up in triplicate as outlined in the MMP-1
assay.

ICsy's are determined as per inhibition of human collagenase (MMP-1). If ICsy's are
reported to be less than 0.03 mM, inhibitors are then assayed at final concentrations of 0.3 mM,
0.03 mmM, 0.003 mmM and 0.0003 mM.

Inhibition of TNF Production

The ability of the compounds or the pharmaceutically acceptable salts thereof to inhibit

the production of TNF and, consequently, demonstrate their effectiveness for treating diseases
involving the production of TNF is shown by the following in vitro assay:

Human mononuclear cells were isolated from anti-coagulated human blood using a one-
step Ficoll-hypaque separation technique. (2) The mononuclear cells were washed three times
in Hanks balanced sait solution (HBSS) with divalent cations and resuspended to a density of 2
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x 10° /ml in HBSS containing 1% BSA. Differential counts determined using the Abbott Cell Dyn
3500 analyzer indicated that monocytes ranged from 17 to 24% of the total cells in these
preparations.

180 pl of the cell suspension was aliquoted into flat bottom 96 well plates (Costar).
Additions of compounds and LPS (100 ng/ml final concentration) gave a final volume of 200 ul.
All conditions were performed in triplicate. After a four hour incubation at 37°C in an humidified
CO, incubator, plates were removed and centrifuged (10 minutes at approximately 250 x g) and
the supernatants removed and assayed for TNFa using the R&D ELISA Kit.

Inhibition of Soluble TNF-a Production
The ability of the compounds or the pharmaceutically acceptable salts thereof to inhibit

the cellular release of TNF-a and, consequently, demonstrate their effectiveness for treating

diseases involving the disregulation of soluble TNF-a is shown by the following in vitro assay:

Method for the evaluation of recombinant TNF-a Converting Enzyme Activity

Expression of recombinant TACE

A DNA fragment coding for the signal sequence, preprodomain, prodomain and
catalytic domain of TACE (amino acids 1-473), can be amplified by polymerase chain reaction
using a human lung cDNA library as a template. The amplified fragment is then cioned into
pFastBac vector. The DNA sequence of the insert is confirmed for both the strands. A
bacmid prepared using pFastBac in E. coli DH10Bac is transfected into SF9 insect cells. The
virus particles is then amplified to P1, P2, P3 stages. The P3 virus is infected into both Sf9
and High Five insect cells and grown at 27°C for 48 hours. The medium is collected and used
for assays and further purification.

Preparation of fluorescent quenched substrate:

A model peptidic TNF-a substrate (LY-LeucineAlanineGlutamineAlanineValine-
ArginineSerine-SerineLysing(CTMR)-Arginine (LY=Lucifer Yellow;
CTMR=Carboxytetramethyl-Rhodamine)) is prepared and the concentration estimated by
absorbance at 560 nm (Esgp, 60,000 M-1CM-1) according to the method of Geoghegan, KF,
"Improved method for converting an unmodified peptide to an energy-transfer substrate for a
proteinase." Bioconjugate Chem. 7, 385-391 (1995). This peptide encompasses the
cleavage cite on pro-TNF which is cleaved in vivo by TACE.

Expression of recombinant TACE

A DNA fragment coding for the signal sequence, preprodomain, prodomain and
catalytic domain of TACE (amino acids 1-473), is amplified by polymerase chain reaction
using a human lung cDNA library as a template. The amplified fragment is cloned into

pFastBac vector. The DNA sequence of the insert is confirmed for both the strands. A
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bacmid prepared using pFastBac in E. coli DH10Bac is transfected into SF9 insect celis. The
virus particles were amplified to P1, P2, P3 stages. The P3 virus is infected into both Sf9 and
High Five insect cells and grown at 27°C for 48 hours. The medium is collected and used for
assays and further purification.

Enzyme reaction

The reaction, carried out in a 96 well plate (Dynatech), is comprised of 70 ul of buffer
solution (25 mM Hepes-HCI, pH7.5, plus 20 uM ZnCl,), 10 pl of 100 uM fluorescent quenched
substrate, 10 pl of a DMSO (5%) solution of test compound, and an amount of r-TACE
enzyme which will cause 50% cleavage in 60 minutes - in a total volume of 100 ul. The
specificity of the enzyme cleavage at the amide bond between alanine and valine is verified
by HPLC and mass spectrometry. Initial rates of cleavage are monitored by measuring the
rate of increase in fluorescence at 530 nm (excitation at 409 nm) over 30 minutes. The
experiment is controlled as follows: 1) for background fluorescence of substrate; 2) for
fluorescence of fully cleaved substrate; 3) for fluorescence quenching or augmentation from
solutions containing test compound.

Data is analyzed as follows. The rates from the non-test compound containing
“control” reactions were averaged to establish the 100% value. The rate of reaction in the
presence of test compound was compared to that in the absence of compound, and tabulated
as “percent of non-test compound containing control. The results are plotted as “% of control”
vs. the log of compound concentration and a half-maximal point or IC5, value determined.

Ali of the compounds of the invention have ICs, of less than 1 uM, preferably less than
50nM. Most preferred compounds of the invention are at least 100 fold less potent against -
MMP-1 than in the above TACE assay.

Human Monocyte Assay

Human mononuclear celis are isolated from anti-coagulated human blood using a one-
step Ficoll-hypaque separation technique. (2) The mononuclear cells are washed three times in
Hanks balanced salt solution (HBSS) with divalent cations and resuspended to a density of 2 x
10° /ml in HBSS containing 1% BSA. Differential counts determined using the Abbott Cell Dyn
3500 analyzer indicated that monocytes ranged from 17 to 24% of the total cells in these
preparations.

180m of the cell suspension was aliquoted into flat bottom 96 well plates (Costar).
Additions of compounds and LPS (100 ng/mll final concentration) gave a final volume of 200 pl.
All conditions were performed in triplicate. After a four hour incubation at 37°C in an humidified
CO, incubator, plates were removed and centrifuged (10 minutes at approximately 250 x g) and

the supernatants removed and assayed for TNF-a using the R&D ELISA Kit.

AQUESTIVE EXHIBIT 1007 page 2022



WO 99/52910 PCT/IB99/00503

10

15

20

25

31-

Aggrecanase Assay

Primary porcine chondrocytes from articular joint cartilage are isolated by sequential

trypsin and collagenase digestion followed by collagenase digestion overnight and are plated

at 2 X 10° cells per well into 48 well plates with 5 pCi / mi 35S (1000 Ci/mmol) sulphur in type
| collagen coated plates. Cells are allowed to incorporate label into their proteoglycan matrix
(approximately 1 week) at 37°C, under an atmosphere of 5% CO,. -
The night before initiating the assay, chondrocyte monolayers are washed two times
in DMEM/ 1% PSF/G and then allowed to incubate in fresh DMEM /1% FBS overnight.
The following morning chondrocytes are washed once in DMEM/1%PSF/G. The final
wash is allowed to sit on the plates in the incubator while making dilutions.

Media and dilutions can be made as described in the Table below.

Control Media DMEM alone (control media)
IL-1 Media DMEM + IL-1 (5 ng/ml)
Drug Dilutions Make all compounds stocks at 10 mM in DMSO.

Make a 100 uM stock of each compound in DMEM in 96 well plate.
Store in freezer overnight.

The next day perform serial dilutions in DMEM with IL-1 to 5 uM,
500 nM, and 50 nM.

Aspirate final wash from wells and add 50 ul of compound from
above dilutions to 450 u! of IL-1 media in appropriate wells of the
48 well plates.

Final compound concentrations equatl 500 nM, 50 nM, and 5 nM.
All samples completed in ftriplicate with Control and IL-1 alone

samples on each plate.

Plates are labeled and only the interior 24 wells of the plate are used. On one of the
plates, severai columns are designated as IL-1 (no drug) and Control (no IL-1, no drug).
These control columns are periodically counted to monitor 35S-proteoglycan release. Control
and IL-1 media are added to wells (450 ul) followed by compound (50 ul) so as to initiate the
assay. Plates are incubated at 37°C, with a 5% CO, atmosphere.

At 40-50 % release (when CPM from IL-1 media is 4-5 times control media) as
assessed by liquid scintillation counting (LSC) of media samples, the assay is terminated (9-
12 hours). Media is removed from all wells and placed in scintillation tubes. Scintillate is
added and radioactive counts are acquired (LSC). To solubilize cell layers, 500 ul of papain
digestion buffer (0.2 M Tris, pH 7.0, 5 mM EDTA, 5 mM DTT, and 1 mg/ml papain) is added to
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each well. Plates with digestion solution are incubated at 60°C overnight The cell layer is
removed from the plates the next day and placed in scintillation tubes. Scintillate is then
added, and samples counted (LSC).

The percent of released counts from the total present in each well is determined.
Averages of the triplicates are made with control background subtracted from each weli. The
percent of compound inhibition is based on IL-1 samples as 0% inhibition (100% of total
counts).

For administration to mammals, including humans, for the inhibition of matrix
metalloproteinases or the production of tumor necrosis factor (TNF), a variety of conventional
routes may be used including oral, parenteral (e.g., intravenous, intramuscular or
subcutaneous), buccal, anal and topical. In general, the active compound will be administered
at dosages between about 0.1 and 25 mg/kg body weight of the subject to be treated per day,
preferably from about 0.3 to 5 mg/kg. Preferably the active compound will be administered oraity
or parenterally. However, some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, in any
event, determine the appropriate dose for the individual subject.

The compounds of the present invention can be administered in a wide variety of
different dosage forms, in general, the therapeutically effective compounds of this invention are
present in such dosage forms at concentration levels ranging from about 5.0% to about 70% by
weight.

For oral administration, tablets containing various excipients such as microcrystalline
cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be employed
along with various disintegrants such as starch (and preferably corn, potato or tapioca starch),
alginic acid and certain complex silicates, together with granulation binders like
polyvinylpyrrolidone, sucrose, gelation and acacia. Additionally, lubricating agents such as
magnesium stearate, sodium lauryl sulfate and talc are often very useful for tabletting purposes.
Solid compositions of a similar type may also be empioyed as fillers in gelatin capsules;
preferred materials in this connection also include lactose or milk sugar as well as high
molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are desired
for oral administration, the active ingredient may be combined with various sweetening or
flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or suspending
agents as well, together with such diluents as water, ethanol, propylene glycol, glycerin and
various like combinations thereof. In the case of animals, they are advantageously contained in
an animal feed or drinking water in a concentration of 5-5000 ppm, preferably 25 to 500 ppm.

For parenteral administration (intramuscular, intraperitoneal, subcutaneous and

intravenous use) a sterile injectable solution of the active ingredient is usually prepared.
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Solutions of a therapeutic compound of the presenf invention in either sesame or peanut oil or in
aqueous propylene glycol may be employed. The agqueous solutions should be suitably adjusted
and buffered, preferably at a pH of greater than 8, if necessary and the liquid diluent first
rendered isotonic. These aqueous solutions are suitable intravenous injection purposes. The

~ oily solutions are suitable for intraarticular, intramuscular and subcutaneous injection purposes.

The preparation of all these solutions under sterile conditions is readily accomplished by
standard pharmaceutical techniques well known to those skilled in the art. In the case of
animals, compounds can be administered intramuscularly or subcutaneously at dosage levels of
about 0.1 to 50 mg/kg/day, advantageously 0.2 to 10 mg/kg/day given in a single dose or up to 3
divided doses.

For topical ocular administration, direct application to the affected eye may be
employed in the form of a formulation as eyedrops, aerosol, gels or ointments, or can be
incorporated into collagen (such as poly-2-hydroxyethyimethacrylate and co-polymers thereof),
or a hydrophilic polymer shield. The materials can also be applied as a contact lens or via a
jocal reservoir or as a subconjunctival formulation.

For intraorbital administration a sterile injectable solution of the active ingredient is
usually prepared. Solutions of a therapeutic compound of the present invention in an aqueous
solution or suspension (particle size less than 10 micron) may be employed. The aqueous
solutions should be suitably adjusted and buffered, preferably at a pH between 5 and 8, if
necessary and the liquid diluent first rendered isotonic. Small amounts of polymers can be
added to increase viscosity or for sustained release (such as cellulosic polymers, Dextran,
polyethylene glycol, or alginic acid). These solutions are suitable for intraorbital injection
purposes. The preparation of all these solutions under sterile conditions is readily accomplished
by standard pharmaceutical techniques well known to those skilled in the art. In the case of
animals, compounds can be administered intraorbitally at dosage levels of about 0.1 to 50
mg/kg/day, advantageously 0.2 to 10 mg/kg/day given in a single dose or up to 3 divided doses.

The active compounds of the invention may also be formulated in rectal compositions
such as suppositories or retention enemas, e.g., containing conventional suppository bases
such as cocoa butter or other glycerides.

For intranasal administration or administration by inhalation, the active compounds of
the invention are conveniently delivered in the form of a solution or suspension from a pump
spray container that is squeezed or pumped by the patient or as an aerosol spray
presentation from a pressurized container or a nebulizer, with the use of a suitable propellant,
e.g., dichlorodiflucromethane, trichiorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit may be

determined by providing a valve to deliver a metered amount. The pressurized container or
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nebulizer may contain a solution or suspension of the active compound. Capsules and
cartridges (made, for example, from gelatin) for use in an inhaler or insufflator may be
formulated containing a powder mix of a compound of the invention and a suitable powder
base such as lactose or starch.

The foliowing Preparations and Examples illustrate the preparation of the compounds
of the present invention. Melting points are uncorrected. NMR data are reported in parts per
million (8) and are referenced to the deuterium lock signal from the sample solvent
(deuteriochloroform unless otherwise specified). Commercial reagents were utilized without
further purification. THF refers to tetrahydrofuran. DMF refers to N,N-dimethylformamide.
Chromatography refers to column chromatography performed using 32-63 mm silica gel and
executed under nitrogen pressure (flash chromatography) conditions. Room or ambient
temperature refers to 20-25°C. All non-aqueous reactions were run under a nitrogen
atmosphere for convenience and to maximize yields. Concentration at reduced pressure
means that a rotary evaporator was used.

4-(4-Fluorophenoxy)thiophenol

Lithium aluminum hydride (9.95 grams, 0.26 mole) was added in portions to a stirred solution
of 4-(4-fluorophenoxy)benzenesulfonylchloride (30 grams, 0.105 mole) in tetrahydrofuran (700
mL). The resulting mixture was heated at reflux for 1.5 hours, cooled in an ice bath and
quenched by addition of 10% aqueous sulfuric acid solution (100 mL). After stirring for 30

minutes, the mixture was filtered through Celite™ and the tetrahydrofuran was removed
under vacuum. The residue was diluted with water and extracted with diethyl ether. The
organic layer was washed with water and brine, dried over magnesium sulfate and

concentrated under vacuum to provide the title compound as a white solid (23 grams, 100%).

Preparation 2
4'-Fluorobiphenyl-4-thiol

Lithium aluminum hydride (0.95 grams, 25 mmole) was added in portions to a stirred

solution of 4'-fluorobiphenyl-4-suifonylchloride (2.7 grams, 10 mmole) in tetrahydrofuran (75
mL). The resulting mixture was heated at reflux for 4 hours, cooled in an ice bath and
quenched by addition of 10% aqueous sulfuric acid solution (100 mL). After stirring for 30

minutes, the mixture was filtered through Celite™ and the tetrahydrofuran was removed
under vacuum. The residue was diluted with water and extracted with diethyi ether. The
organic layer was washed with water and brine, dried over magnesium sulfate and

concentrated under vacuum to a solid. Trituration of the solid with diethyl ether, removal of
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insoluble material by filtration and concentration of the filtrate provided the title compound as a
yellow solid (1.4 grams, 69%).

Preparation 3
4-(4-Chlorophenoxy)thiophenol

Lithium aluminum hydride (6.5 grams, 0.17 mole) was added in portions, maintaining
gentle reflux, to a stirred solution of 4-(4-chlorophenoxy)benzenesulfonyl-chloride (20.5
grams, 68 mmole) in tetrahydrofuran (400 mL). The resulting mixture was stirred at room
temperature for 2 hours, cooled in an ice bath and quenched by addition of 10% aqueous
sulfuric acid solution (100 mL). After stirring for 30 minutes, the mixture was diluted with
water and extracted with diethyl ether. The organic layer was washed with water and brine,
dried over magnesium sulfate and concentrated under vacuum to provide the title compound
as a white solid (15.9 grams, 99%).

Example 1

3-EXO-[4-(4-FLUOROPHENOXY)BENZENESULFONYLAMINO]-8-OXA-
BICYCL.0{3.2.1]-OCTANE-3-CARBOXYLIC ACID HYDROXYAMIDE

A) 3-(Benzhydrylideneamino)-8-oxabicyclo[3.2.1]Joctane-3-carboxylic  acid
ethy! ester

To a suspension of sodium hydride (0.41 grams, 17.1 mmole) in N,N-
dimethylformamide (50 mL) at 0°C was added dropwise a solution of N-diphenylmethylene
glycine ethyl ester (2.07 grams, 7.8 mmole) in N,N-dimethylformamide (50 mL). After stirring
for 30 minutes at room temperature, a solution of cis-2,5-bis(hydroxymethyl)-tetrahydrofuran
ditosylate (4.1 grams, 9.3 mmole) in N,N-dimethylformamide (50 mL) was added dropwise.

The reaction mixture was gradually heated to 100°C in an oil bath and stirred at this
temperature overnight. The solvent was evaporated under vacuum and the residue was taken
up in water and extracted twice with diethyl ether. The combined organic extracts were
washed with brine, dried over magnesium sulfate and concentrated to a brown oil, from which
the title compound (1.42 grams, 51%, a 3:1 mixture of exo/endo diastereomers) was isolated
by chromatography on silica gel (20% ethyl acetate in hexane as eluant).

B) 3-Amino-8-oxabicyclo[3.2.1]Joctane-3-carboxylic acid ethyl ester

hydrochloride
A two-phase mixture of 3-(benzhydrylideneamino)-8-oxabicyclo[3.2.1]octane-3-

carboxylic acid ethyl ester (1.4 grams, 3.9 mmole) in aqueous 1N hydrochloric acid solution
(100 mL) and diethyl ether (100 mL) was stirred at room temperature overnight. The aqueous
layer was concentrated to provide the title compound (0.70 grams, 78%, a 3:1 mixture of
exo/endo diastereomers) as a pale yellow solid.
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C) 3-ex0-[4-(4-Fluorophenoxy)benzenesulfonylamino}-8-
oxabicyclo[3.2.1]octane-3-carboxylic acid ethyl ester

A solution of 3-amino-8-oxabicyclo[3.2.1)Joctane-3-carboxylic acid ethyl ester
hydrochloride (690 mg, 2.9 mmole), 4-(4-fluorophenoxy)benzenesulfonylchloride (923 mg, 3.2
mmole) and triethylamine (0.9 mL, 6.5 mmole) in N,N-dimethylformamide (45 mL) was stirred
at room temperature overnight. The solvent was removed under vacuum and the residue was
taken up in saturated aqueous sodium bicarbonate solution. After extracting twice with
methylene chloride, the combined organic layers were washed with brine, dried over
magnesium sulfate and concentrated to a brown oil. The title compound (492 mg, 38%) was
isolated by chromatography on silica using 1% methanol in methylene chloride as eluant.

D) 3-exo-[4-(4-Fluorophenoxy)benzenesulfonylamino]-8-

oxabicyclo[3.2.1]octane-3-carboxylic acid

Sodium hydroxide (1.5 grams, 38 mmole) was added to a solution of 3-exo-[4-(4-
fluorophenoxy)benzenesulfonylamino}-8-oxabicyclo[3.2.1Joctane-3-carboxylic acid ethyl ester
(492 mg, 1.09 mmole) in a mixture of ethano! (10 mL) and water (10 mL). The mixture was
heated at reflux for 6 days, cooled and acidified with aqueous 1N hydrochioric acid solution.
The mixture was extracted with ethy! acetate and the organic layer was washed with brine,
dried over magnesium suifate and concentrated to provide the title compound (411 mg, 89%)

as a tan foam.

E) 3-exo-[4-(4-Fluorophenoxy)benzenesulfonylamino]-8-

oxabicyclo[3.2.1]Joctane-3-carboxylic acid benzyloxyamide

To a solution of 3-exo-[4-(4-fluorophenoxy)benzenesulfonylamino]-8-oxabicyclo-
{3.2.1]octane-3-carboxylic acid (411 mg, 0.98 mmole) and triethylamine (0.19 mi, 1.36
mmole) in N,N-dimethylformamide (30 mlL) was added (benzotriazol-1-yloxy)tris-
(dimethylamino)phoshonium hexafluoroborate (474 mg, 1.07 mmole). After stirring at room
temperature for 1 hour, additional triethylamine (0.22 mlL, 1.58 mmole) and O-
benzylhydroxylamine hydrochloride (187 mg, 1.17 mmole) were added. The reaction mixture
was stirred for 1 day at room temperature and then for 1 day at 50°C. After concentration
under vacuum, the residue was dissolved in ethyl acetate and washed sequentially with
aqueous 1N hydrochloric acid solution, saturated aqueous sodium bicarbonate solution, and
brine. The solution was dried over magnesium sulfate and concentrated to an oil from which
the title compound, a white solid (237 mg, 46%) was isolated by chromatography (50% ethy!
acetate in hexane as eluant).
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F) 3—exo-[4-(4-FIuorophenoxy)benzénesulfonyIamino]-s-oxa-

bicyclo[3.2.1]octane-3-carboxylic acid hydroxyamide

A solution of 3-exo-[4-{4-fluorophenoxy)benzenesulfonylamino}-8-oxabicyclo-
[3.2.1]octane-3-carboxylic acid benzyloxyamide (237 mg, 0.45 mmole) in methanol (25 mL)
was treated with 5% palladium on barium sulfate (150 mg) and hydrogenated at 3

atmospheres pressure for 4 hours in a Parr T™ shaker. The catalyst was removecT by
passage through a 0.45 pm nylon filter and the filtrate was concentrated to a white foam.

Crystallization from methylene chioride provided the title compound as a white solid (62 mg,
32%). A second crop (62 mg, 32%) was obtained by crystallization from ethyi
acetate/hexane.

M.p. 138-141°C. 1H NMR (dg-DMSO): & 10.50 (br s, 1 H), 8.56 (br s, 1 H), 7.67 (d, J
= 8.7 Hz, 2 H), 7.66 (br s, 1 H, overlapped), 7.26-7.22 (m, 2 H), 7.16-7.12 (m, 2 H), 7.01 (d, J
= 8.5 Hz, 2 H), 4.09 (br s, 2 H), 2.32 (d, J = 14.1 Hz, 2 H), 1.68-1.63 (m, 4 H), 1.51-1.48 (m, 2
H). MS: 435 m/e (M—H). Further confirmation of structure and stereochemistry was carried
out by single crystal X-ray crystallography.

Example 2

3-EX0-[4-(4-FLUOROPHENOXY)BENZENESULFONYLMETHYL]-8-
OXABICYCLO-[3.2.1]-OCTANE-3-CARBOXYLIC ACID HYDROXYAMIDE

A) 8-Oxabicyclo[3.2.1]octane-3,3-dicarboxylic acid diethy! ester

Sodium hydride (2.28 grams, 95 mmole) was added in portions to a stirred solution of
diethyl malonate (15 mL, 99 mmole) in N,N-dimethylformamide (400 mL). The mixture was
stirred for 45 minutes at which time evolution of hydrogen was complete. A solution of cis-2,5-
bis(hydroxymethyi)tetrahydrofuran  ditosylate (19.0 grams, 43 mmole) in NN-
dimethylformamide (400 mlL) was then added dropwise. The mixture was heated in an oil
bath at 140°C overnight. After cooling to room temperature, the mixture was quenched by
addition of saturated agqueous ammonium chloride solution and concentrated under vacuum.
The residual oil was taken up in water and extracted with diethyl ether. The organic extract
was washed with water and brine, dried over magnesium suifate and concentrated to an oil.
Distillation under vacuum afforded the title compound (7.8 grams, 71%) as a clear oil.

B) 3-exo-Hydroxymethyl-8-oxabicyclo[3.2.1]octane-3-carboxylic acid ethyl

ester

A 1.2 M solution of diisobutylaluminum hydride in toluene (62.5 mL, 75 mmole) was
added dropwise to a solution of 8-oxabicyclo[3.2.1]octane-3,3-dicarboxylic acid diethy! ester
(7.8 grams, 30 mmole) in toluene (80 mL) at -40°C. The mixture was allowed to warm to 0°C

while stirring for a period of 3 hours. It was then cooled to -15°C and ethanol (8 mL) was
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added slowly while maintaining this temperature. After stirring at -15°C for 1 hour, sodium
borohydride (1.1 grams, 30 mmole) was added. The mixture was stirred at room temperature
overnight and was quenched by dropwise addition of saturated aqueous sodium sulfate
solution. Ethyl acetate was added and, after stirring for 20 minutes, the insoluble material was
removed by filtration through CeliteTM.  The filtrate was washed with brine, dried over
magnesium sulfate and concentrated to afford the title compound (5.1 grams, 80%) as a clear
oil.

C) 3-exo-Hydroxymethyl-8-oxabicyclo[3.2.1]Joctane-3-carboxylic acid

Lithium hydroxide hydrate (2.5 grams, 59.5 mmole) was added to a solution of 3-exo-
hydroxymethyl-8-oxabicyclo[3.2.1]octane-3-carboxylic acid ethyl ester (5.1 grams, 23.8
mmole) in a mixture of methanol (25 mL), tetrahydrofuran (25 mL) and water (2.5 mL). The

mixture was heated at reflux overnight, cooled and quenched by addition of Amberlite IR-

120™ jon exchange resin. After stirring for 20 minutes, the resin was removed by filtration,
washing with tetrahydrofuran. Evaporation of the solvents and trituration of the residue with
diethy! ether afforded the title compound (2.35 grams, 53%) as a white solid.

D) 3',8-Dioxaspirofbicyclo[3.2.1]Joctane-3,1'-cyclobutane}-2'-one

Benzenesulfonylchloride (1.7 mL, 13.5 mmole) was added dropwise to a solution of 3-

exo-hydroxymethyl-8-oxabicyclo[3.2.1]octane-3-carboxylic acid (2.3 grams, 12.3 mmole),
triethylamine (3.4 mi, 24.7 mmole) and 4-dimethylaminopyridine (300 mg, 2.5 mmole) in
methylene chloride (50 mL) at 0°C. The mixture was stirred at 0°C for 1 hour, diluted with
methylene chloride and washed with aqueous 1N hydrochloric acid solution, saturated
aqueous sodium bicarbonate solution and brine. After drying over magnesium sulfate, the
solvent was evaporated to provide the title compound as a white solid (1.8 grams, 90%).

E) 3-exo-[4-(4-Fluorophenoxy)phenyisulfanylmethyl}-8-oxabicyclo]3.2.1]octane-
3-carboxylic acid

A solution of 4-(4-fluorophenoxy)thiophenol (2.2 grams, 10 mmole) in tetrahydrofuran
(10 mL) was added dropwise to a slurry of sodium hydride (270 mg, 11.3 mmole) in
tetrahydrofuran (20 mL) at -10°C. The mixture was allowed to warm to room temperature
while stirring for 30 minutes. After cooling again to -10°C, a solution of 3'.8-
dioxaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane}-2'-one (1.8 grams, 10 mmole) in
tetrahydrofuran (20 mL) was added dropwise. The cooling bath was removed and stirring was
continued at room temperature for 2 hours after which the mixture was quenched with
aqueous 1N hydrochloric acid solution and extracted twice with methylene chloride. The
combined organic extracts were washed with water and brine, dried over magnesium suifate
and concentrated to a solid. Recrystallization from diethyl ether/hexane afforded the title
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compound (1.8 grams (47%) as a white solid. Concentration of the mother liquor followed by
chromatography on silica gel (2% methanol in chioroform as eluant) gave more of the the title
compound (500 mg, 13%).

F) 3-exo-[4-(4-Fluorophenoxy)phenylsuifanylmethyl]-8-oxabicyclo[3.2.1]octane-
3-carboxylic acid benzyloxyamide

To a solution of 3-exo-[4-(4-fluorophenoxy)benzenesulfanylmethyl]-8-oxabicyclo-
[3.2.1]octane-3-carboxylic acid (1.0 grams, 2.6 mmole) and diisopropylethylamine (0.5 mL, 2.9
mmole) in N,N-dimethylformamide (20 mL) was added (benzotriazol-1-yloxy)tris-
(dimethylamino)phoshonium hexafluoroborate (1.2 grams, 2.7 mmole). After stirring at room
temperature for 2.5 hours, additional diisopropylethylamine (0.86 mL, 4.9 mmole) and O-
benzylhydroxylamine hydrochloride (525 mg, 3.3 mmole) were added. The reaction mixture
was stirred for 16 hours at 50°C. After concentration under vacuum, the residue was
dissolved in ethyl acetate and washed sequentially with aqueous 1N hydrochloric acid
solution, saturated aqueous sodium bicarbonate solution, and brine. The solution was dried
over magnesium sulfate and concentrated to an oil from which the title compound, a white
foam (405 mg, 32%) was isolated by chromatography (30% ethyl acetate in hexane as
eluant).

G) 3-exo-[4-(4-Fluorophenoxy)phenylsulfonylmethyl]-8-oxabicyclo[3.2.1]octane-
3-carboxylic acid benzyloxyamide

Solid 57-85% meta-chloroperbenzoic acid (283 mg) was added to a solution of 3-exo-
[4-(4-fluorophenoxy)phenylsulfanylmethyl}-8-oxabicyclo[3.2.1]octane-3-carboxylic acid
benzyloxyamide in methylene chloride (15 mL). The resuiting mixture was stirred at room
temperature overnight, and was then quenched by addition of saturated aqueous sodium
bisulfite solution. After dilution with methyiene chioride, the organic layer was separated and
washed with saturated aqueous sodium bicarbonate solution, water and brine. The organic
layer was dried over magnesium sulfate and concentrated to give the title compound as a
white foam (390 mg, 90%).

H) 3-exo-[4-(4-Fluorophenoxy)benzenesulfonylmethyi]-8-oxabicyclo-[3.2.1]-
octane-3-carboxylic acid hydroxyamide

A solution of 3-exo-{4-(4-fluorophenoxy)benzenesulfonylmethyl]-8-oxabicyclo-
[3.2.1]octane-3-carboxylic acid benzyloxyamide (390 mg, 0.74 mmole) in methanol (20 mL)
was treated with 5% palladium on barium sulfate (195 mg) and hydrogenated at 3

atmospheres pressure for 3.5 hours in a Parr T™ shaker. The catalyst was removed by
passage through a 0.45 um nylon fiiter and the filtrate was concentrated to a white foam.
Crystaliization from a mixture of ethyl acetate and hexane provided the title compound as a
white solid (230 mg, 71%).

AQUESTIVE EXHIBIT 1007 page 2031



WO 99/52910 PCT/IB99/00503

10

15

20

25

30

35

-40-

M.p. 134-139°C. 1H NMR (de-DMSO): 6 8.55 (brs, 1 H), 7.76 (d, J = 7.5 Hz, 2 H),
7.30-7.26 (m, 2 H), 7.20-7.16 (m, 2 H), 7.09 (d, J = 7.5 Hz, 2 H), 4.13 (brs, 2 H), 3.40 (s, 2 H),
2.24 (d, J = 14.3 Hz, 2 H), 1.78-1.73 (m, 4 H), 1.57-1.55 (m, 2 H). MS m/e 434 (M-H).
Further confirmation of structure and stereochemistry was carried out by single crystal X-ray
crystaliography.

Example 3
3_-(4~PHENOXYBENZENESULFONYLMETHYL)-&-OXABICYCLO[3.2.1]OCTANE-3-

CARBOXYLIC ACID HYDROXYAMIDE
Prepared according to the same procedure as Example 2, using 4-

phenoxyphenylthiophenol in step E.

TH NMR (de-DMSO): 5 8.54 (br's, 1 H), 7.75 (d, J = 8.9 Hz, 2 H), 7.44-7.40 (m, 2 H),
7.237.21 (m, 1 H), 7.11-7.07 (m, 4 H), 4.11 (br s, 2 H), 3.38 (s, 2 H), 2.22 (d, J =143 Hz, 2
H), 1.80-1.70 (m, 4 H), 1.60-1.50 (m, 2 H). MS m/e 416 (M—H).

Example 4
3-EXO-(4'-FLUOROBIPHENYL-4$ULFONYLMETHYL)-8-OXABICYCLO[3.2.1]-
OCTANE-3-CARBOXYLIC ACID HYDROXYAMIDE

Prepared according to the same procedure as Example 2 using 4'-fluorobiphenyl-4-

thiol in step E.

'H NMR (dg-DMSO): 5 10.60 (br s, 1 H), 8.58 (br s, 1 H), 7.88-7.85 (m, 4 H), 7.81-
7.78 (m, 2 H), 7.36-7.31 (m, 2 H), 4.13 (br s, 2 H), 3.47 (s, 2 H), 2.25 (d, J = 14.5 Hz, 2 H),
1.80-1.76 (m, 4 H), 1.60-1.55 (m, 2 H). MS m/e 418 (M-H).

Example 5§
3-EXO-[4-(4-CHLOROPHENOXY)BENZENESULFONYLMETHYL]-s-OXA-

'BICYCLO[3.2.1] OCTANE-3-CARBOXYLIC ACID HYDROXYAMIDE

A) 3-exo—{4—(4~ChIorophenoxy)phenylsulfanylmethyl]-8-oxabicyclo[3.2.1]-

octane-3-carboxylic acid

4-(4-Chliorophenoxy)thiophenol (2.07 grams, 6.8 mmole) was added to a slurry of
sodium hydride (180 mg, 7.5 mmole) in tetrahydrofuran (50 mL) room temperature. The
mixture was allowed to stir at room temperature for 45 minutes. Solid 3',8-
dioxaspiro[bicycio[3.2.1 Joctane-3,1'-cyclobutane]-2'-one (1.04 grams, 6.2 mmole) was added
and the reaction was stirred at room temperature overnight The mixture was quenched with
aqueous 1N hydrochloric acid solution and extracted twice with methylene chloride. The
combined organic extracts were washed with brine, dried over magnesium sulfate and
concentrated to a solid. Trturation with diethyl ether afforded, after filtration, the title
compound as a white solid (1.47 grams, 59%).
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B) 3-exo-[4-(4-Chlorophenoxy)phenylsulfanylmethyi]-8-oxa bicyclo[3.2.1]-
octane-3-carboxylic acid hydroxyamide

To a slurry of 3-exo-{4-(4-chlorophenoxy)phenylsulfanylmethyl]-s-oxabicyclo-
[3.2.1]octane-3-carboxylic acid (1.47 grams, 3.63 mmole) in methylene chloride (20 mL) at
room temperature was added dropwise oxalyl chloride (0.8 mL, 9.2 mmole) and N,N-
dimethylformamide (1 drop). The mixture was stirred at room temperature overnight. TAfter
evaporation of volatiles under vacuum, the residue was dissolved in methylene chlioride (20
mL), cooled to 0°C and treated dropwise with O-trimethylsilylhydroxylamine (1.35 mL, 11.0
mmole). The resulting mixture was stirred at room temperature for 3.5 hours, cooled in an ice
bath and quenched by addition of aqueous 1N hydrochloric acid solution, stirring at 0°C for an
additional 30 minutes. Following dilution with ethyl acetate, the organic layer was separated,
washed with water and brine, dried over magnesium suifate and concentrated to afford the
titte compound as a white foam (1.52 grams, 100%),).

C) 3-exo-[4-(4-Chlorophenoxy)benzenesulfonylmethyl]-8-oxabicyclo[3.2.1]

octane-3-carboxylic acid hydroxyamide

Oxone ™™ (4.2 grams, 8.63 mmole) was added to a solution of 3-exo-[4-(4-
chlorophenoxy)phenyl-sulfanylmethyl]—e-oxabicyclo[3.2.1]octane-3-carboxy|ic acid hydroxy-
amide (1.52 grams, 3.63 mmole) in a mixture of water (30 mL), methanol (40 mL) and
tetrahydrofuran (12 mL). The resulting mixture was stirred at room temperature overnight,
diluted with water and extracted twice with ethyl acetate. The combined organic extracts were
washed with brine, dried over magnesium suifate and concentrated to a foam from which the
title compound (846 mg, 52%) was isolated by chromatography on silica gel (4% methanol in
chloroform as eluant).

TH NMR (dg-DMSO): 5 10.58 (br s, 1 H), 8.53 (br s, 1 H), 7.76 (d, J = 8.6 Hz, 2 H).

7.46 (d, J=86 Hz, 2 H), 7.15-7.11 (m, 4 H), 4.11 (br s, 2 H), 3.40 (s, 2 H), 2.22 (d, J = 14.3
Hz, 2 H), 1.76-1.71 (m, 4 H), 1.57-1.55 (m, 2 H). MS m/e 450 (M—-H).
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CLAIMS
1. A compound of the formula

O

HOHN \SOZ'Q I

wherein Z is >CH, or >NR";

R' is hydrogen, (C-Cg)alky!, (Ce-Cyplaryl(C,-Cg)alkyl, (C,-Co)heteroaryl(C,-Cglalky! or a
group of the formula

o)
é—(CHZ)ﬂ——Q—OR2

n is an integer from one to six;

R?is hydrogen or (C,-Cg)alkyl;

Q is (Cy-Celalkyl, (Ce-Cilaryl, (Cx-Co)heteroaryl, (Ce-Cop)aryloxy(C,-Ce)alkyl, (Ce-
Ciolaryloxy(Ce-Cio)aryl,  (Ce-Ciglaryloxy(C,-Co)heteroaryl,  (Cq-Cio)aryl(Ci-Celatkyl,  (Ce-
Cio)aryl(Ce-Crolamyl,  (Ce-Cio)aryl(Co-Co)heteroaryl,  (Ce-Cio)aryl(Ce-Cio)aryl(Cy-Celalkyl, (Ce-
C10)aryl(Ce-C10)aryl(Ce-Cip)aryl, (Ce-Cio)aryl(Ce-Co)aryl(C,-Co)heteroaryl, (C,-Co)heteroaryl(C,-
Celalkyl, (C,-Colheteroaryl(Ce-Cqolaryl, (C,-Cglheteroaryl(C,-Co)heteroaryl, (Ce-Cio)aryl(Cy-
Ce)alkoxy(C,-Cealkyl, (Ce-C1o0)anyl(C4-Ce)alkoxy(Ce-Coo)aryl,  (Ce-Cio)aryl(C,-Ce)alkoxy(C,-
Cg)heteroaryi, {C,-Cg)heteroaryloxy(C;-Cg)alkyl, (C,-Ci)heteroaryloxy(Ce-Cyolaryl, (Cs-

Co)heteroaryloxy(C,-Cg)heteroaryl, (C,-Co)heteroaryl(C;-Cq)alkoxy(C,-Cg)alky!, (C»-
Co)heteroaryl(C,-Cglalkoxy(Ce-Cyolaryl, (C,-Cs)heteroaryl(C,-Cg)alkoxy(C,-Cglheteroaryl, (Ce-
Cio)aryloxy(C,-Ce)alkyl(Ce-Co)aryi, (Ce-Co)aryloxy(C,-Ce)alky(C,-Co)heteroaryl, (Co-

Co)heteroaryloxy(C,-Cglalkyl{Ce-Cglaryl or (C,-Cg)heteroaryloxy(C,-Ce)alkyl(C,-Cq)heteroaryl,
wherein each (Ce-Cyplaryl or (Cx-Co)heteroaryl moieties of said (Ce-Ciglaryl, (C,-

Co)heteroaryl, (Cg-Cyolaryloxy(C,-Celalkyl, (Ce-Cio)aryloxy(Ce-Cioaryl, (Ce-Cyo)aryloxy(C,-

Coheteroaryl, (Ce-Cyolaryl(Cy-Celatkyl, (Cg-Cyplaryl(Ce-Cyolaryl, (Ce-Cyolaryl(Co-Colheteroaryl,

(Ce-Cp)aryl(Ce-C,p)aryl(C,-Cglalkyl, (Ce-Cio)aryl(Ce-Co)aryl(Ce-Cio)aryl, (Ce-Cro)aryl(Ce-

Cio)aryl(C,-Cglheteroaryl, (C,-Cg)heteroaryl(C,-Cglalkyl, (C,-Cg)heteroaryl(Cg-Cio)aryl, (C--
Cy)heteroaryl(C,-Co)heteroaryl, (Cs-Cro)aryl(C,-Cg)alkoxy(C,-Ce)alkyl, (Ce-Cio)aryl(C;-
Celalkoxy(Ce-Ciolaryl,  (Ce-Coo)aryKC,-Celalkoxy(C-Cg)heteroaryl,  (C,-Co)heteroaryloxy(C;-
Ce)alkyl, {C,-Co)heteroaryloxy(Cs-Ciolary!, (C,-Cg)heteroaryloxy(C,-Ce)heteroaryl, (C,-
Cs)heteroaryl(C,-Cg)alkoxy(C,-Cs)alky!, (C,-Cg)heteroaryl(C,-Cglalkoxy(Ce-Cio)aryl, (C,-
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5 Cg)heteroaryl(C,-Cg)alkoxy(C,-Cg)heteroaryl, (Ce-Co)aryloxy(C,-Ce)alkyl(Ce-Cg)aryl, (Ce-
C,o)aryloxy(C,-Ce)alkyl(C,-Co)heteroaryl, (C,-Cg)heteroaryloxy(C,-Ce)alky(Ce-Ciolaryl or (C,-
Cg)heteroaryloxy(C,-Ce)alkyl(C,-Ce)heteroaryl is optionally substituted on any of the ring carbon
atoms capable of forming an additiona!l bond by one or more substituents per ring independently
selected from fluoro, chloro, bromo, (C,;-Cglalkyl, (C,-C¢lalkoxy, perfluoro(C;-Cjlalkyi,

10 perfluoro(C,-Cs)alkoxy and (Ce-C,p)aryloxy; -
dr a pharmaceutically acceptable salt thereof.
2. A compound according to claim 1, with sterochemistry as depicted by the

formula

15 3. A compound according to claim 1, wherein Z is CH,.
A compound according to claim 2, wherein Z is CH,.
5. A compound according to claim 1, wherein Z is >NR' and R' is a group of the
formula

o)
é——(CHz)-n—g—ORz

20 and wherein n is 2.
6. A compound according to claim 2, wherein Z is >NR' and R’ is a group of the

formula

0
é—-(CHz)n—g—ORz

and wherein nis 2.

25 7. A compound according to claim 1, wherein Z is >NR ' and R is hydrogen.
8. A compound according to claim 2, wherein Z is >NR' and R’ is hydrogen.
9. A compound according to claim 1, wherein Q is (CgCyolaryl, (Co-

Co)heteroaryloxy(Ce-Cio)ary! or (Ce-Cyolaryloxy(Ce-Cio)aryl, wherein each aryl or heteroaryl
moiety of said (Ce¢-Cig)aryl, (C,-Co)heteroaryloxy(Ce-Cio)aryl or (Ce-Cyo)aryloxy(Ce-Cyglaryl

AQUESTIVE EXHIBIT 1007 page 2035



WO 99/52910 PCT/IB99/00503

10

15

20

25

30

40

-44-

groups may be optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C4-Cg)alkyl, (C-Cg)alkoxy or perfluoro(C,-Cy)alkyl.

10. A compound according to claim 2, wherein Q is (CgCiaryl, (C,-
Co)heteroaryloxy(Ce-Ciplaryl or (Ce-Cyplaryloxy(Cs-Cyo)aryl, wherein each aryl or heteroaryl
moiety of said (CeCyplaryl, (C,-Cg)heteroaryloxy(Ce-Cio)aryl or (Ce-Cyg)aryloxy(Ce-Cig)aryl
groups may be optionally substituted with one or more substituents independently selectedfrom
fiuoro, chiloro, bromo, (C4-Cg)alkyl, (C,-Cg)atkoxy or perfluoro(C,-Cy)alkyl.

11. A compound according to clam 3, wherein Q is (CgCyolaryl, (Ca-
Cgo)heteroaryloxy(Ce-Cglaryl or (Ce-Cig)aryloxy(Ce-Cig)aryl, wherein each aryl or heteroaryl
moiety of said (CeCio)aryl, (C,-Co)heteroaryloxy(Ce-Ciglaryl or (Ce-Cio)aryloxy(Ce-Cyp)aryl
groups may be optionally substituted with one or more substituents independently selected from
fluoro, chioro, bromo, (C-Cglalkyl, (C;-Csalkoxy or perfluoro{C,-C,)alkyl.

12. A compound according to claim 5, wherein Q is (CgCyplaryl, (Co-
Cg)heteroaryloxy(Ce-Cip)aryl or (Ce-Cig)aryloxy(Ce-Cyplaryl, wherein each aryl or heteroaryl
moiety of said (CgCiolaryl, (Cr-Colheteroaryloxy(Ce-Chglaryl or (Ce-Cyp)aryloxy(Ce-Cyp)aryl
groups may be optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C4-Ce)alkyl, (C,-Ce)alkoxy or perfiuoro(C:-C;)alkyl.

13. A compound according to claim 7, wherein Q is (CgCyolaryl, (Co-
Co)heteroaryloxy(Ce-Ci)aryl or (Cg-Ciolaryloxy(Ce-Cio)aryl. wherein each aryl or heteroary!
moiety of said (CgCio)aryl, (Cs-Co)heteroaryloxy(Cg-Cyg)aryl or (Ce-Cyg)aryloxy(Ce-Cyg)aryl
groups may be optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C-C¢)alkyl, (C,-Cg)alkoxy or perfluoro(C,-Cy)alkyl.

14. A compound according to claim 8, wherein Q is (CgCiaryl, (Co-
Co)heteroaryloxy(Ce-Cio)aryl or (Cg-Ciolaryloxy(Ce-Coo)aryl, wherein each aryl or heteroary!
moiety of said (CsCiolaryl, (C,-Cg)heteroaryloxy(Cs-Ciglaryl or (Ce-Cyp)aryloxy(Ce-Cio)aryl
groups may be optionally substituted with one or more substituerts independently selected from
fluoro, chioro, bromo. (C,-Celalkyl, (C,-Cs)alkoxy or perfluoro{C,-C;)alkyl.

15. A compound according to claim 1, wherein Q s phenyl, pyridyloxyphenyl or
phenoxypheny! optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C-Cg)alkyl, (C4-Cglalkoxy or perfluoro(C,-C;)alkyl.

16. A compound according to claim 2, wherein Q s phenyl, pyridyloxyphenyl or
phenoxypheny! optionally substituted with one or more substituents independently selected from
fiuoro, chloro, bromo, (C;-Cg)alkyl, (C;-Cg)alkoxy or perfluoro(C,-C,)alkyl.

17. A compound according to claim 3, wherein Q is phenyl, pyridyloxyphenyi or
phenoxyphenyl optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C,-Cg)alkyl, (C,-Cg)alkoxy or perfluoro({C,-C,y)alkyl.
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18. A compound according to claim 5, wherein Q is phenyl, pyridyloxyphenyl or
phenoxyphenyl optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C,-Cg)alkyl, (C4-Ce)alkoxy or perfluoro(C,-Cs)alkyl.

19. A compound according to claim 7, wherein Q is phenyl, pyridyloxyphenyl or
phenoxyphenyi optionally substituted with one or more substituents independently selected from
fluoro, chloro, bromo, (C+-Ce)alkyl, (C4-Ce)alkoxy or perfluoro(C,-C,)alkyl. -

20. A compound according to claim 8, wherein Q is phenyl, pyridyloxypheny! or
phenoxyphenyl! optionally substituted with one or more substituents independently selected from
fiuoro, chloro, bromo, (C,-Cg)alkyl, (C;-C¢)alkoxy or perfluoro(C,-C,)alkyl.

21. A compound according to claim 1, wherein said compound is selected from the
group consisting of:

3-exo-{4-(4-fluorophenoxy)benzenesulfonylamino}-8-oxabicyclo[3.2.1}-octane-3-
carboxylic acid hydroxyamide;

3-exo-[4-(4-flucrophenoxy)benzenesulfonylmethyl]-8-oxabicycio-[3.2. 1]-octane-3-
carboxylic acid hydroxyamide;

3—(4-phenoxybenzenesulfonyImethyl)-a-oxabicyclo[3.2.1]-octane-3-carboxylic acid
hydroxyamide;

3-exo-(4 -fluorobiphenyl-4-sulfonyimethyl]-8-oxabicyclo-{3.2.1}-octane-3-carboxylic
acid hydroxyamide; and

3-exo-{4-(4-chlorophenoxy)benzenesulfonylmethyi]-8-oxabicyclo[3.2. 1]octane-3-
carboxylic acid hydroxyamide.

22 A pharmaceutical composition for the treatment of a condition selected from the
group consisting of arthritis (including osteoarthnitis and rheumatoid arthritis), inflammatory bowel
disease, Crohn’s disease, emphysema, chronic obstructive pulmonary disease, Alzheimer's
disease, organ transplant toxicity, cachexia, allergic reactions, allergic contact hypersensitivity,
cancer, tissue ulceration, restenosis, periodontal disease, epidermolysis bullosa, osteoporosis,
loosening of artificial joint implants, atherosclerosis (including atherosclerotic plaque rupture),
aortic aneurysm (including abdominal aortic aneurysm and brain aortic aneurysm), congestive
heart failure, myocardial infarction, stroke, cerebral ischemia, head trauma, spinal cord injury,
neuro-degenerative disorders (acute and chronic), autoimmune disorders, Huntington's disease,
Parkinson's disease, migraine, depression, peripheral neuropathy, pain, cerebral amyloid
angiopathy, nootropic or cognition enhancement, amyotrophic lateral sclerosis, multiple
sclerosis, ocular angiogenesis, corneal injury, macular degeneration, abnormal wound healing,
bums, diabetes, tumor invasion, tumor growth, tumor metastasis, corneal scarming, scleritis,
AIDS, sepsis and septic shock in a mammal, including a human, comprising an amount of a

compound of claim 1 effective in such treatment and a pharmaceutically acceptable carrier.
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23. A method for treating a condition selected from the group consisting of arthritis
(including osteoarthritis and rheumatoid arthritis), inflammatory bowel disease, Crohn's disease,
emphysema, chronic obstructive pulmonary disease, Alzheimer's disease, organ transplant
toxicity, cachexia, allergic reactions, allergic contact hypersensitivity, cancer, tissue ulceration,
restenosis, periodontal disease, epidermolysis bullosa, osteoporosis, loosening of artificial joint
implants, atherosclerosis (including atherosclerotic plaque rupture), aortic aneurysm (including
abdominal aortic aneurysm and brain aortic aneurysm), congestive heart failure, myocardial
infarction, stroke, cerebral ischemia, head trauma, spinal cord injury, neuro-degenerative
disorders (acute and chronic), autoimmune disorders, Huntington's disease, Parkinson's
disease, migraine, depression, peripheral neuropathy, pain, cerebral amyloid angiopathy,
nootropic or cognition enhancement, amyotrophic lateral sclerosis, multiple sclerosis, ocular
angiogenesis, corneal injury, macular degeneration, abnormal wound healing, bums, diabetes,
tumor invasion, tumor growth, tumor metastasis, comeal scarring, scleritis, AIDS, sepsis and
septic shock in a mammal, including a human, comprising administering to said mammal an
amount of a compound of claim 1, effective in treating such a condition.

24. A pharmaceutical composition for the treatment of a condition which can be
treated by the inhibition of matrix metalloproteinases in a mammal, including a human,
comprising an amount of a compound of claim 1 effective in such treatment and a
pharmaceutically acceptable carrier.

25. A pharmaceutical composition for the treatment of a condition which can be
treated by the inhibition of a mammalian reprolysin in a mammal, including a human,
comprising an amount of a compound of claim 1 effective in such treatment and a
pharmaceutically acceptable carrier.

26. A method for the inhibition of matrix metalloproteinases in a mammal,
including 2 human, comprising administering to said mammal an effective amount of a
compound of claim 1.

27. A method for the inhibition of a mammalian reprolysin in a mammal, including
a human, comprising administering to said mammal an effective amount of a compound of

claim 1.
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METALLOPROTEASE INHIBITORS

This invention relates to a series of substituted a-aminosulphonyl-acetohydroxamic acids which are
inhibitors of zinc-dependent metalloprotease enzymes. In particular, the compounds are inhibitors of

certain members of the matrix metalloprotease (MMP) family.

Matrix metalloproteases (MMPs) constitute a family of structurally similar zinc-containing
metalloproteases, which are involved in the remodelling and degradation of extracellular matrix proteins,
both as part of normal physiological processes and in pathological conditions. Since they have high
destructive potential, MMPs are usually under close regulation and failure to maintain MMP regulation
has been implicated as a component of a number of diseases and conditions including pathological
conditions, such as atherosclerotic plaque rupture, heart failure, restenosis, periodontal disease, tissue
ulceration, cancer metastasis, tumour angiogenesis, age-related macular degeneration, fibrotic disease,
rheumatoid arthritis, osteoarthritis and inflammatory diseases dependent on migratory inflammatory

cells.

Another important function of certain MMPs is to activate various enzymes, including other MMPs, by
cleaving the pro-domains from their protease domains. Thus some MMPs act to regulate the activities of
other MMPs, so that over-production of one MMP may lead to excessive proteolysis of extracellular
matrix by another. Moreover, MMPs have different substrate preferences (shown in the following Table
for selected family members) and different functions within normal and pathological conditions. For
recent reviews of MMPs, see Current Pharmaceutical Design, 1996, 2, 624 and Exp. Opin. Ther. Patents,
1996, 6, 1305.

TABLE

Enzyme Other Names Preferred Substrates

MMP-1 collagenase-1; interstitial collagenase collagens I, II, III, VII, X; gelatins

MMP-2 gelatinase A; 72kDa gelatinase gelatins; collagens IV, V, VII, X;
clastin; fibronectin; activates pro-MMP-
13

MMP-3 stromelysin-1 proteoglycans; laminin; fibronectin;
gelatins

MMP-8 collagenase-2; neutrophil collagenase collagens I, IT, ITY

MMP-9 gelatinase B; 92kDa gelatinase gelatins; collagens IV, V; elastin

MMP-13 collagenase-3 collagens I, II, IIT; gelatins

MMP-14 MT-MMP-1 activates pro-MMP-2 & 13; gelatins

Excessive production of MMP-3 is thought to be responsible for pathological tissue breakdown which

underlies a number of diseases and conditions. For example, MMP-3 has been found in the synovium
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and cartilage of osteoarthritis and rheumatoid arthritis patients, thus implicating MMP-3 in the joint
damage caused by these diseases: see Biochemistry, 1989, 28, 8691 and Biochem. J., 1989, 258, 115.

L9,

MMP-13 is also thought to play an important role in the pathology of osteoarthritis and rheumatoid
arthritis: see Lab. Invest., 1997, 76, 717 and Arthritis Rheum., 1997, 40, 1391.

The over-expression of MMP-3 has also been implicated in the tissue damage and chronicity of chronic
wounds, such as venous ulcers, diabetic ulcers and pressure sores: see Brit. J. Dermatology, 1996, 135,
52. Collagenase-3 (MMP-13) has also recently been implicated in the pathology of chronic wounds (J
Invest Dermatol , 1997, 109, 96-101).

Furthermore, the production of MMP-3 may also cause tissue damage in conditions where there is
ulceration of the colon (as in ulcerative colitis and Crohn’s disease: see J. Immunol., 1997 158, 1582 and

J. Clin. Pathol., 1994, 47, 113) or of the duodenum (see Am. J. Pathol., 1996, 148, 519).

Moreover, MMP-3 is also thought to be involved in skin diseases such as dystrophic epidermolysis
bullosa (see Arch. Dermatol. Res., 1995, 287, 428) and dermatitis herpetiformis (see J. Invest.
Dermatology, 1995, 105, 184).

Rupture of atherosclerotic plaques by MMP-3 has also been described (see e.g. Circulation, 1997, 96,
396). Thus, MMP-3 inhibitors may find utility in the treatment of conditions caused by or complicated

by embolic phenomena such as cardiac or cerebral infarctions.

Studies of human cancers have shown that MMP-2 is activated on the invasive tumour cell surface (see J.
Biol.Chem., 1993, 268, 14033) and BB-94, a non-selective peptidic hydroxamate MMP inhibitor, has
been reported to decrease the tumour burden and prolong the survival of mice carrying human ovarian
carcinoma xenografts (see Cancer Res., 1993, 53, 2087).

Various series of MMP inhibitors have appeared in the literature which have a carbonyl moiety (CO) and
a sulphone moiety (SO,) with a two atom “spacer” interposed between them. For example, -
arylsulphonamido-substituted acetohydroxamic acids are disclosed in EP-A-0606046, WO-A-9627583
and WO-A-9719068, whilst EP-A-0780386 discloses certain related sulphone-substituted hydroxamic
acids.

The compounds of the present invention represent a new class of compounds, and are inhibitors of some
of the members of the MMP family. In particular, they are inhibitors of MMP-3 and/or MMP-13; with
certain compounds exhibiting varying degrees of selectivity over other MMPs, such as MMP-1, MMP-2,
MMP-9 and MMP-14. Thus they may be of utility in treating diseases and conditions mediated by
MMPs, in particular MMP-3 and/or MMP-13.

A series of substances related to the instant invention were disclosed in International Patent Application

number publication no. WO 99/29667, herein incorporated by reference in its entirety.
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According to one aspect of the present invention ("A"), there is provided a compound of formula (I):

M

and pharmaceutically-acceptable salts thereof, and solvates thereof,

wherein

the dotted line represents an optional bond,

X is a monocyclic aromatic linker moiety selected from phenylene, pyridinylene, pyrazolylene,
thiazolylene, thienylene, furylene, pyrimidinylene, pyrazinylene, pyridazinylene, pyrrolylene,
oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene, triazolylene, or tetrazolylene;
R is H, C, alkyl optionally substituted by C,, alkoxy, NR*R® or OH, or R is C, , alkoxy optionally
substituted by 1 or 2 substituents selected from (C, , alkyl optionally substituted by OH), C,_, alkoxy, OH
and NR*R?;

R' and R? are each independently H, C, ; alkyl optionally substituted by OH or C,_ alkoxy, or

C, ¢ alkenyl;

or R' and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR¢, and which 3- to 7-
membered ring is optionally substituted by one or more OH;

R? is H, halo, methyl, or methoxy;

R* and R are each independently H or C, to Cg alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R’ can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from O, S, SO, and NR7; and
R¢ and R are each independently H or C, to C, alkyl.

According to a further aspect of the invention ("B"), there is provided a compound of formula (I):
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M

and pharmaceutically-acceptable salts thereof, and solvates thereof,

wherein

the dotted line represents an optional bond;

X is a monocyclic aromatic linker moiety selected from pyrazolylene, thiazolylene, pyrazinylene,
pyridazinylene, pyrrolylene, oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene,
triazolylene, or tetrazolylene;

R is H, C, alkyl optionally substituted by C,, alkoxy or NR*R® or OH, or

C, 4 alkoxy optionally substituted by 1 or 2 substituents selected from (C,_, alkyl optionally substituted by
OH), C, alkoxy, OH and NR*R?

R! and R? are each independently H, C, 4 alkyl optionally substituted by OH or C,_, alkoxy, or

C,, alkenyl;

or R! and R? are taken, together with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NRS, and which 3- to 7-
membered ring is optionally substituted by one or more OH;

R? is H, halo, methyl, or methoxy;

R* and R® are each independently H or C, to C, alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R® can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from O, S, SO, and NR’; and
R® and R” are each independently H or C, to C, alkyl.

According to a further aspect of the invention ("C") there is provided a compound of formula (I):
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and pharmaceutically-acceptable salts thereof, and solvates thereof,

wherein

the dotted line represents an optional bond;

X is a monocyclic aromatic linker moiety selected from phenylene, pyridinylene, pyrazolylene,
thiazolylene, thienylene, furylene, pyrimidinylene, pyrazinylene, pyridazinylene, pyrrolylene,
oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene, triazolylene, or tetrazolylene;
R is C,, alkyl substituted by NR'R®, C, alkoxy substituted by NR*R?, or C, alkoxy substituted by 2
substituents selected from (C,_, alky! optionally substituted by OH), C, , alkoxy, OH and NR*R?;

R' and R? are each independently H, C, ; alkyl optionally substituted by OH or C, , alkoxy, or

C,¢ alkenyl;

or R! and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR®, and which 3- to 7-
membered ring is optionally substituted by one or more OH;

R? is H, halo, methyl, or methoxy;

R* and R? are each independently H or C, to C, alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R? can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from O, S, SO, and NR’; and
R¢ and R7 are each independently H or C, to C, alkyl.

According to a further aspect of the invention ("D") there is provided a compound of formula (I):

m

and pharmaceutically-acceptable salts thereof, and solvates thereof,
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wherein

the dotted line represents an optional bond,

X is a monocyclic aromatic linker moicty selected from phenylene, pyridinylene, pyrazolylene,
thiazolylene, thienylene, furylene, pyrimidinylene, pyrazinylene, pyridazinylene, pyrrolylene,
oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene, triazolylene, or tetrazolylene;
R is H, C,, alkyl optionally substituted by C, , alkoxy, NR*R® or OH, or

C, alkoxy optionally substituted by 1 or 2 substituents selected from (C, 4 alkyl optionally substituted by
OH), C,_, alkoxy, OH and NR*R?,

R' and R? are each independently C, 4 alkyl substituted by OH;;

or R! and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR, and which 3- to 7-
membered ring is substituted by one or more OH;

R? is H, halo, methyl, or methoxy;

R* and R® are each independently H or C, to Cq alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R® can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from O, S, SO, and NR’; and
R¢ and R’ are each independently H or C, to C, alkyl.

In all the above definitions A, B, C and D, unless otherwise indicated, alkyl, alkenyl, alkoxy, etc. groups

having three or more carbon atoms may be straight chain or branched chain.

All the compounds of formula (I) in aspects A, B, C and D above may contain one or more chiral centres
and therefore can exist as stereoisomers, i.e. as enantiomers or diastereoisomers, as well as mixtures
thereof. The invention includes both the individual stereoisomers of the compounds of formula (I) and
any mixture thereof. Separation of diastereoisomers may be achieved by conventional techniques, e.g. by
fractional crystallisation or chromatography (including HPLC) of a diastereoisomeric mixture of a
compound of formula (I) or a suitable salt or derivative thereof. An individual enantiomer of a
compound of formula (I) may be prepared from a corresponding optically pure intermediate or by
resolution, either by HPLC of the racemate using a suitable chiral support or, where appropriate, by
fractional crystallisation of the diastereoisomeric salts formed by reaction of the racemate with a suitable
optically active base or acid, as appropriate to the specific compound to be resolved. Furthermore,
compound of formula (I) which contain alkenyl groups can exist as cis- or trans- geometric isomers.
Again, the invention includes both the separated individual geometric isomers as well as mixtures
thereof. Certain of the compounds of formula (I) may be tautomeric and all possible tautomers are
included in the scope of this invention. Certain of the compounds of formula (I) may exhibit zwitterionic
behaviour and all possible zwitterions are included in the scope of this invention. Also included in the
invention are radiolabelled derivatives of compounds of formula (I) which are suitable for biological

studies.
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The pharmaceutically acceptable salts of all the compounds of the formula (I) include the acid addition
and the base salts thereof. The term "pharmaceutically acceptable” means suitable for use in human or

non-human animal medicine.

Suitable acid addition salts are formed from acids which form non-toxic salts and examples include the
hydrochloride, hydrobromide, hydroiodide, sulphate, hydrogen sulphate, nitrate, phosphate, hydrogen
phosphate, acetate, maleate, fumarate, lactate, tartrate, citrate, gluconate, succinate, benzoate,

methanesulphonate, benzenesulphonate and p-toluenesulphonate salts.

Suitable base salts are formed from bases which form non-toxic salts and examples include the
aluminium, calcium, lithium, magnesium, potassium, sodium, zinc, tris, meglumine, choline, olamine,
diolamine, ethylenediamine, benethamine, benzathene, glucosamine, nicotinamide, ornithine, guanidine,

guanine, arginine and procaine salts.
For a review on suitable salts see for example Berge et al, J. Pharm. Sci., 66, 1-19 (1977).

Solvates (e.g. hydrates) of the compounds and salts of aspects A, B, C and D of the invention are
included in the invention. In some cases, the solvate may be the direct product of a reaction to make a
compound or salt of the invention in a solvent, in which case no further transformation step would be
necessary. In other cases, solvates may be made by methods known in the art, such as by crystallisation

from a solvent.

Prodrugs of the compounds of aspects A, B, C and D of the invention, their pharmaceutically acceptable
salts and solvates thereof, are also envisaged by the invention. For reference as to how to prepare
prodrugs, see standard texts in this field, for example "Design of Prodrugs" ed. H.Bundgaard (1985,
Elsevier, Amsterdam / New York / Oxford).

For aspects C and D of the invention, X is preferably phenylene, pyridinylene, pyrazolylene or
thiazolylene.

For aspects C and D of the invention, X is more preferably 1,3-phenylene, 2,6-pyridinylene, 1,3-
pyrazolylene or 2,5-thiazolylene.

For aspect B of the invention X is preferably pyrazolylene or thiazolylene.
For aspect B of the invention X is more preferably 1,3-pyrazolylene or 2,5-thiazolylene.

For aspects B and D of the invention R is preferably H, methoxy, O(CH,),OH, O(CH,),OCH,,
0O(CH,),N(CH,),, O(CH,),NHCH,, O(CH,),NH,, CH,NHCH,, morpholinomethyl, 2-morpholinoethoxy,
2R-2,3-dihydroxy-1-propyloxy, 2S-2,3-dihydroxy-1-propyloxy or 1,3-dihydroxy-2-propyloxy.

For aspects B and D of the invention R is most preferably O(CH,),OH or O(CH,),NH,.
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For aspect C of the invention R is preferably O(CH,),N(CH,),, O(CH,),NHCH,, O(CIH,),NH,,
CH,NHCH,, morpholinomethyl, 2-morpholinoethoxy, 2R-2,3-dihydroxy-1-propyloxy, 28-2,3-
dihydroxy-1-propyloxy or 1,3-dihydroxy-2-propyloxy.

For aspect C of the invention R is most preferably O(CH,),NH,.

For aspects B and C of the invention preferably R' and R? are each independently C, 4 alkyl optionally
substituted by OH,

or R! and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR®, and which 3- to 7-
membered ring is optionally substituted by one or more OH.

For aspects B and C of the invention more preferably R' and R? are each CH,,

or R' and R? are taken together, with the C atom to which they are attached, to form a tetrahydropyran-4-
ylidene, piperidin-4-ylidene, 1-methylpiperidin-4-ylidene, or 3,4-dihydroxycyclopentylidene moiety.
For aspects B and C of the invention, yet more preferably R' and R? are taken together, with the C atom
to which they are attached, to form a tetrahydropyran-4-ylidene, cis-3,4-dihydroxycyclopentylidene,
trans-3 4-dihydroxycyclopentylidene or piperidin-4-ylidene moiety.

For aspects B and C of the invention, most preferably R' and R? are taken together, with the C atom to
which they are attached, to form a tetrahydropyran-4-ylidene, piperidin-4-ylidene, or cis-3,4-
dihydroxycyclopentylidene where the hydroxy substituents have a cis-relationship to the hydroxamate

moiety.

For aspect D of the invention, R' and R? are preferably taken together, with the C atom to which they are
attached, to form a 3,4-dihydroxycyclopentylidenc moiety.

For aspect D of the invention, most preferably R' and R? are taken together, with the C atom to which
they are attached, to form a cis-3,4-dihydroxycyclopentylidene group where the hydroxy substituents

have a cis-relationship to the hydroxamate moiety.
For aspects A, B, C and D of the invention R? is preferably methyl.

A preferred group of substances are those selected from the compounds of the Examples and the
pharmaceutically acceptable salts and solvates thereof, especially the compounds of Examples 3, 6 and

14 below, and salts and solvates thereof.

The invention further provides synthetic methods for the production of compounds, salts and sol¥ates of
the invention, which are described below and in the Examples. The skilled man will appreciate that the
compounds and salts of the invention could be made by methods other than those herein described, by
adaptation of the methods herein described and/or adaptation of methods known in the art, for example
the art described herein. Specific art which may be mentioned includes WO 99/29667, “Comprehensive
Organic Transformations” by RC Larock, VCH Publishers Inc. (1989), “Advanced Organic Chemistry” by J
March, Wiley Interscience (1985), “Designing Organic Synthesis” by S Warren, Wiley Interscience (1978),
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“Organic Synthesis - The Disconnection Approach™ by S Warren, Wiley Interscience (1982), “Guidebook to
Organic Synthesis” by RK Mackie and DM Smith, Longman (1982), “Protective Groups in Crganic
Synthesis” by TW Greene and PGM Wuts, John Wiley and Sons Inc. (1999), and PJ Kocienski, in
“Protecting Groups”, Georg Thieme Verlag (1994), references therein, and any updated versions of the

aforementioned standard works.

Where desired or necessary, the compound of formula (I) can be converted into a pharmaccutically
acceptable salt thereof, conveniently by mixing together solutions of a compound of formula (I) and the
desired acid or base, as appropriate. The salt may be precipitated from solution and collected by filtration,
or may be collected by other means such as by evaporation of the solvent. In some cases, the salt may be
the direct product of a reaction to make a compound or salt of the invention in a solvent, in which case no

further transformation step would be necessary.

It is to be understood that the synthetic transformation methods mentioned herein may be carried out in
various different sequences in order that the desired compounds can be efficiently assembled. The skilled
chemist will exercise his judgement and skill as to the most efficient sequence of reactions for synthesis

of a given target compound.

It will be apparent to those skilled in the art that sensitive functional groups may need to be protected and
deprotected during synthesis of a compound of the invention. This may be achieved by conventional
methods, for example as described in “Protective Groups in Organic Synthesis” by TW Greene and PGM
Wuts, John Wiley & Sons Inc (1999).

The following methods are illustrative of the general synthetic procedures which may be adopted in order

to obtain the compounds of the invention.

In the synthetic methods below, unless otherwise specified, the substituents are as defined above with

reference to the compounds of formula (I) as defined above with respect to aspects A, B, C and D.

A compound of formula (I) may be prepared directly from a corresponding acid or acid derivative of

formula (II):
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(i

where Z is chloro, bromo, iodo, C, , alkyloxy or HO.

When prepared directly from the ester of formula (II), where Z is C, ; alkyloxy, the reaction may be
carried out by treatment of the ester with hydroxylamine, preferably up to a 3-fold excess of |
hydroxylamine, in a suitable solvent at from about room temperature to about 85°C. The hydroxylamine
is conveniently generated in situ from a suitable salt such as its hydrochloride salt by conducting the
reaction in the presence of a suitable base such as an alkali metal carbonate or bicarbonate, e.g. potassium
carbonate. Preferably the solvent is a mixture of methanol and tetrahydrofuran and the reaction is

temperature is from about 65 to 70°C.

Alternatively, the ester (I, where Z is C, 5 alkyloxy) may be converted by conventional hydrolysis to the
corresponding carboxylic acid (11, Z is HO) which is then transformed to the required hydroxamic acid of
formula (I). [If the R, R' or R? moieties contain any free hydroxyl! groups, these should be protected with
groups inert to this functional group interconversion reaction sequence, and released following it, using

standard methodology.]

Preferably the hydrolysis of the ester is effected under basic conditions using about 2- to 6-fold excess of
an alkali metal hydroxide in aqueous solution, optionally in the presence of a co-solvent, at from about
room temperature to about 85°C. Typically the co-solvent is a mixture of methanol and tetrahydrofuran

or a mixture of methanol and 1,4-dioxan and the reaction temperature is from about 40 to about 70°C.

The subsequent coupling step may be achieved using conventional amide-bond forming techniques, e.g.
via the acyl halide derivative (II, Z is Cl, I or Br) and hydroxylamine hydrochloride in the presence of an
excess of a tertiary amine such as triethylamine or pyridine to act as acid-scavenger, optionally in the
presence of a catalyst such as 4-dimethylaminopyridine, in a suitable solvent such as dichloromethane, at
from about 0°C to about room temperature. For convenience, pyridine may also be used as the solvent.

Such acyl halide substrates are available from the corresponding acid via conventional methods.

In particular, any one of a host of amino acid coupling variations may be used. For example, the acid of
formula (II) wherein Z is HO may be activated using a carbodiimide such as 1,3-

dicyclohexylcarbodiimide or 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (often
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referred to as "“water-soluble carbodiimide™ or "WSCDI") optionally in the presence of 1-
hydroxybenzotriazole or 1-hydroxy-7-aza-1H-1,2,3-benzotriazolc (HOAt) and/or a catalyst such as 4-
dimethylaminopyridine, or by using HOAt or a halotrisaminophosphonium salt such as
bromotris(pyrrolidino)-phosphonium hexafluorophosphate. Either type of coupling is conducted in a

5  suitable solvent such as dichloromethane, N-methylpyrrolidine (NMP)or dimethylformamide (DMF),
optionally in the presence of pyridine or a tertiary amine such as N-methylmorpholine or N-
ethyldiisopropylamine (for example when either the hydroxylamine or the activating reagent is presented
in the form of an acid addition salt), at from about 0°C to about room temperature. Typically, from 1.1 to

2.0 molecular equivalents of the activating reagent and from 1.0 to 4.0 molecular equivalents of any

10  tertiary amine present are employed.

Preferred reagents for mediating the coupling reaction are HOAt, WSCDI and O-(7-azabenzotriazol-1-
yD-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU).

15  Preferably a solution of the acid (11, Z is HO) and N-ethyldiisopropylamine in a suitable solvent such as
anhydrous dimethylformamide or anhydrous 1-methylpyrrolidin-2-one, under nitrogen, is treated with up
to a 1.5-fold excess of HATU at about room temperature followed, after about 15 to 30 minutes, with up
to about a 3-fold excess of hydroxylamine hydrochloride and up to about a 4-fold excess of N-
ethyldiisopropylamine, optionally in the same solvent, at the same temperature.

20
More preferably the acid (II, Z is HO) is reacted with a carbodiimide, HOBt and hydroxylamine

hydrochloride in pyridine in a suitable co-solvent such as dichloromethane.

An ester of formula (II, Z is C, ; alkyloxy) may be prepared from an appropriate amine of formula (III)
25 by sulphonylation with an appropriate compound of formula (IV), wherein R' is C, , alkyloxy and Z'isa

leaving group such as Br, I or CL.

(m) (V)

Preferably, Z! is chloro.
30

The reaction may be effected in the presence of an appropriate base in a suitable solvent at from about

0°C to about room temperature. For example, when both R' and R? are hydrogen, an appropriate base is

AQUESTIVE EXHIBIT 1007 page 2054



10

15

20

25

30

35

40

WO 00/74681 12 PCT/IB00/00667

1,8-diazabicyclo[5.4.0Jundec-7-ene and a suitable solvent is dichloromethane. Alternatively, the base
can be sodium imidazolide. An alternative method is to make a N-trialkylsilyl dervative of (III), and mix
with (IV) at room temperature in tetrahydrofuran (THF) in the presence of a catalytic amount of
benzenesulphonic acid (BSA).

Certain esters of formula (I, Z is C,, alkyloxy) wherein at least one of R' and R? is other than hydrogen
may be conveniently obtained from the a-carbanion of an ester of formula (II) wherein at least one of R’

and R? is hydrogen by conventional C-alkylation procedures using an alkylating agent of formula (VA)
or (VB):

R'Z' or R?2Z' (VA)
Z{CH,)Z’ (VB),

where the (CH,), moiety of (VB) optionally incorporates a hetero- moiety selected from O, S, SO, SO,
and NRS, and is optionally substituted by one or more optionally protected OH, and which NR® group
may be optionally protected, wherein R' and R? are not hydrogen, Z? and Z* may be the same or different
and are suitable leaving groups such as chloro, bromo, iodo, C,-C, alkanesulphonyloxy,
trifluoromethanesulphonyloxy or arylsulphonyloxy (e.g. benzenesulphonyloxy or p-

toluenesulphonyloxy), and q is 3, 4, S, 6 or 7. Other conditions are outlined below - sections vii) and x).
Preferably, Z* and Z* are selected from bromo, iodo and p-toluenesulphonyloxy.

The carbanion may be generated using an appropriate base in a suitable solvent, optionally in the
presence of a phase transfer catalyst (PTC). Typical base-solvent combinations may be selected from
lithium, sodium or potassium hydride, lithium, sodium or potassium bis(trimethylsityl)amide, lithium
diisopropylamide and butyllithium, potassium carbonate, sodium or potassium t-butoxide, together with
toluene, ether, DMSO, 1,2-dimethoxyethane, tetrahydrofuran, 1,4-dioxan, dimethylformamide, N,N-
dimethylacetamide, 1-methylpyrrolidin-2-one and any mixture thereof.

Preferably the base is sodium hydride and the solvent is dimethylformamide, optionally with
tetrahydrofuran as co-solvent, or 1-methylpyrrolidin-2-one. For monoalkylation up to abouta 10%
excess of base is employed whilst, for dialkylation, from about 2 to about 3 molar equivalents are

generally appropriate.

Typically, the carbanion is generated at about room temperature, under nitrogen, and subsequently
treated with the required alkylating agent at the same temperature.
Clearly, when dialkylation is required and R' and R? are different, the substituents may be introduced in

tandem in a “one-pot reaction” or in separate steps.
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An amine of formula (III) may be obtained by standard chemical procedures.

Other amines of formula (III), when neither commercially available nor subsequently described, can be
obtained either by analogy with the processes described in the Preparations section below or by
conventional synthetic procedures, in accordance with standard textbooks on organic chemistry or

literature precedent, from readily accessible starting materials using appropriate reagents and reaction

conditions.

Another way of making compounds of formula (IT) where ZCO is an ester moiety, is via the reaction

sequence

1 1

R
>—-SOZCI — >—SOz—N
2 RZ

V)

R
R

V1)
The appropriate sulphonyl chloride (V) is reacted with compound (III - see above) optionally in the

presence of a base and in a suitable solvent. The resulting sulphonamide (VI) is reacted with a suitable

base such as n-butyllithium, sodium hydride or potassium t-butoxide in a suitable anhydrous non-protic
solvent to generate the carbanion o to the sulphonamide moiety, which is then reacted with for example
dimethyl carbonate or methyl chloroformate, in suitable conditions, either of which reagent would give

the compound (II) where Z is methoxy.

Compounds of formula (I) where R contains a free NH, NH, and/or OH group (apart from on the
hydroxamic acid moiety) may conveniently be prepared from a corresponding N- or O-protected species
(VII below). As such, compounds of formula (VII) where RP is a O- and/or N-protected version of a
corresponding compound of the formula (I), are included in the scope of this invention, with regard to
aspects A, B, C and D of the invention and the specific compounds of formula (I) mentioned herein, such
as those mentioned in the Preparations, as appropriate, below. Suitable protection / deprotection regimes
are well known in the art, such as those mentioned in “Protective Groups in Organic Synthesis” by TW
Greene and PGM Wauts, John Wiley & Sons Inc (1999).

Suitable OH-protecting groups and regimes include the ethers such as t-butyloxy, tri(C, )silyloxy, etc.,
and esters such as carbonates, sulphonates, C,_, acylates, etc. mentioned by Greene and Wuts, ibid.
chapter 2. Suitable NH-protecting groups and regimes can be found in Greene and Wauts, ibid. chapter 7,

and include amides such as "Boc", amines such as benzyl, etc.

Compounds of formula (VII) may be made by methods described herein and /or by variation of methods

described herein which the skilled man will appreciate are routine variations.
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(Vi)

An example of a suitable OH-protecting group is the trimethylsilyl (TMS) group and the protection,
reaction, deprotection sequernce can be summarised by steps a) to c) below:

a) CISiMe; (1.1 equiv per OH), WSCDI (1.1 to 1.2 equiv), HOBT or HOAT (1 to 1.1 equiv),

b) NH,OH.HCI (3 equiv) in DMF/pyridine or CH,Cl,/pyridine (3/1 to 1/1) at rt for between 4 and 20

hours.

¢} TMS group removed by acid work-up.

Another example of a suitable OH-protecting group is the t-butyl (Bu) group which can be carried
through the synthetic process and removed in the last step of the process. An example of the route is
outlined in the scheme below (in relation to the synthesis of the compound of Example 3 - via

compounds of the Preparations mentioned below).
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An example of a suitable NH-protecting group is the t-butoxycarbonyl (Boc) group. This group can be
introduced in standard ways, such as those delineated in the Examples and Preparations section below.
After the hydroxamic acid unit has been introduced, the Boc group can be removed for example by
treatment of the N-Boc compound in methanol or dichloromethane saturated with HCI gas, at room

temperature for 2 to 4 hours.

Compounds of formula (I) where R' and/or R?, either independently or together, contain a free NH, NH,
and/or OH group (apart from on the hydroxamic acid moiety) may conveniently be prepared from a
corresponding N- and/or O-protected species (XII below). As such, compounds of formula (XII) where
R'® and/or R% is a O- and/or N-protected version of a corresponding compound of the formula (I), are
included in the scope of this invention, with regard to aspects A, B, C and D of the invention and the
specific compounds of formula (I) mentioned herein, such as those compounds of formula (XII)
mentioned in the Preparations, as appropriate, below. Suitable protection / deprotection regimes are well
known in the art, such as those mentioned in “Protective Groups in Organic Synthesis” by TW Greene

and PGM Wuts, John Wiley & Sons Inc (1999).

Suitable OH-protecting groups and regimes include the ethers such as t-butyloxy, tri(C, )silyloxy, etc.,
and esters such as carbonates, sulphonates, C,, acylates, ctc. mentioned by Greene and Wuts, ibid.
chapter 2. Suitable NH-protecting groups and regimes can be found in Greene and Wuts, ibid. chapter 7,

and include amides such as "Boc", amines such as benzyl, etc.

Compounds of formula (XII) may be made by methods described herein and /or by variation of methods

described herein which the skilled man will appreciate are routine variations.

HONH

(Xin)

An example of a suitable OH-protecting group is the trimethylsilyl (TMS) group and the protection,
reaction, deprotection sequence can be summarised by steps a) to c¢) below:

a) ClSiMe, (1.1 equiv per OH), WSCDI (1.1 to 1.2 equiv), HOBT or HOAT (1 to 1.1 equiv),

b) NH,OH.HCI (3 equiv) in DMF/pyridine or CH,Cl,/pyridine (3/1 to 1/1) at rt for between 4 and 20
hours.

¢) TMS group removed by acid work-up.
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Another example of a suitable OH-protecting group is the t-butyl (‘Bu) group which can be carried
through the synthetic process and removed in the last step of the process. An example of the route is
outlined in the scheme below (in relation to the synthesis of the compound of Example 3 - via

5  compounds of the Preparations mentioned below).

An cxample of a suitable NH-protecting group is the t-butoxycarbonyl (Boc) group. This group can be
introduced in standard ways, such as those delincated in the Examples and Preparations section below.
After the hydroxamic acid unit has been introduced, the Boc group can be removed for example by

10  treatment of the N-Boc compound in methanol or dichloromethane saturated with HCI gas, at room

temperature for 2 to 4 hours.
An extension of the above is where the compound of formula (I) contains a free, OH, NH and/or NH,

group in R!, R? and R (e.g. some Examples below). In thos case a suitable precursor could be the

15 compound of formula (XIII) below:

HONH

(X11)

where the substituents are as previously defined
20 Compounds of formula (I) and appropriate intermediates thereto where R' and R? are taken together as

3,4-dihydroxycyclopentylidene can be made via the corresponding intermediacy of a corresponding

cyclopent-3-enylidene moiety, viz.:

O HO OH

25  Cyclopentylidene intermediates can be epoxidised to give the corresponding epoxide using standard

methods. The epoxide can be reacted in a number of different methods to give the diol product. By
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suitable choice of reagents, conditions etc., the skilled chemist can make diols with any desired

stereochemistry, using well-known methods.
As such, compounds of the formula (VIII) and (IX) below are included in the scope of the invention, with

regard to aspects A, B, C and D and also with respect to intermediates to appropriate individual

compounds of formula (I) mentioned herein.

HONH

Vi) (1X)

Also included in the invention are intermediates of formula (X) and (X1, where RP is defined as above for
compounds of formula (VII) wherein P and P! represent standard OH and 1,2-diol protecting groups
mentioned in Greene and Wauts, ibid., chapter 2. P and P' are preferably taken together and form an

acetonide moiety.

PO

X) 0

Certain specific compounds of formulae (VIII), (IX), (X) and (XI) are mentioned in the Preparations

below.

Moreover, persons skilled in the art will be aware of variations of, and alternatives to, those processes
described herein, including in the Examples and Preparations sections, which allow the compounds
defined by formula (I) to be obtained, such as carrying out certain bond-forming or functional group

interconversion reactions in different sequences.
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Examples of the preparation of a number of intermediates and final compounds are outlined in the
following synthetic schemes, where the abbreviations used are standard and well-known to the person

skilled in the art. Routine variation of these routes can give all the required compounds of the invention.
Route | (Pyridyl alcohols)

P //\l/OR >

N Br N~ O

L2
Bu,Sn” "N~ o/\(

R

11

q@—mq@
e
o

Br
i

MeO\n/\Sd\l

i=NaH (1.1 equiv), HOCH,CHR11’OR10 (1 equiv) in toluene, reflux for 2 to 5 hours

ii = n-BuLi (1.1 equiv), Bu,SnCl (1.1 equiv), THF, -70°C to room temperature.
Or, Pd(PPh,), (0.01 to 0.05 equiv), [SnMe;], (1.1 equiv), dioxan, reflux for 2 to 5 hrs.

iii = BSA (0.5 equiv), MeCO,CH,SO,Cl (1.2 equiv), THF, rt for 18 hours.
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iv = MeSQO,CI (1.2 equiv), Et;N (1.4 equiv), CH,Cl,, rt, for an hour.
v = Et,SiH (3 equiv), CF,SO,H (0.1 equiv), TFA:CH,CI, (1:1), rt, for 1-24 hrs.
vi = NaH (2 equiv), Me,CO, (4 equiv), toluene, reflux for 2 hours.

R10-alcohol protecting group- e.g. benzyl or dioxalane (for diols)

R11’-H or a protected alcohol

Br Br
= vii 1 RZK\ viii
Me —_———
MeO S
Ty ¥
\N O/\r(?Rm N \N O/\(OH
R R11

Me %22@12(\ MeOR\:l><sz\i
o o

vii = (VB), (1.3 equiv), K,CO; (3 equiv), DMSO, rt, 18-24 hours,
or KOtBu (2.5 equiv), (VA) or (VB) (excess), in THF, rt for 72 hours.

viii = Stille coupling-Pd(PPh,), (0.05 equiv), stannane (1.5 equiv), toluene, reflux for 4 to 20 hours.
OR PdCl,(PPh,), (0.05 equiv), stannane (1.1 equiv), THF, reflux for 17 hours.

ix = NH," HCO, (excess) Pd(OH),/C, AcOH, MeOH, reflux for 20 hours,

OR 10% Pd/C, in MeOH or EtOH, 3.3 atmospheres, room temperature, for 6 to 17 hours,-both methods
also deprotect any benzyl group. (2N HCI, dioxan (3:1), rt, 75 mins at rt- deprotects the dioxalane)

OR Pd(OH),/C, NH,* HCOy (excess), in MeOH:dioxan (2.5:1), 60°C for 2 hours.

R11 = H or deprotected alcohol

Similarly

when R1R2 when taken together, are a piperidine group:
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Br tl)n O@/Br
N
X viii
- —_—
Meojg(ldle
(@)

bn > OR,, N OH
y NTOTY T K NTOTY
S R, ———> R11
MeO sd‘; MeO s(ﬂ
(@]
]
R12 X OH
‘ N“To Y
. N R11
xi
MeO Sd\i
o]

x = NaH (3 equiv), tetra-nBuNH,Br (1 equiv), BnN(CH,CH,Cl), (0.95 equiv), NMP, 60°C for 6 hours.

10  xi = When R12 is Me, formaldehyde (4 equiv), Na(OAc);BH (2 equiv), CH,Cl,, 20 hrs at rt.
When R12 is Boc, (Boc),O (1.05 equiv), Et;N (1.1 equiv), CH,Cl,, rt for an hour.

Route 2 (Phenyl alcohols)

/@ xii
D ——
5 B OtBu B(OH); OtBu

C‘/@/Br < < OtBu
xiii
Meo\é/\scﬁ —_— Meo\(t)/\sdg

AQUESTIVE EXHIBIT 1007 page 2064



10

15

20

25

WO 00/74681 22 PCT/1B00/00667

O OtBu

vii R1_ R2
. MeO\“)< sd”;‘
o)

Br O OtBu

R1 R2 xiii MeO
Meo\n)ésdu - %Sd—j

o 2 O

Xiv R1_ R2 O/‘/‘\OOOH " O g %/.?\/Rh'
- R1. R2
S MeO\On)QSoB: 11

xii = nBuLi (1.1 equiv), BIOCH(CH,),]; (1.5 equiv), THF, -70°C to rt.

xiii = Suzuki coupling- arylboronic acid (1.2 to 1.5 equiv), CsF (2 to 2.6 equiv), P(o-tol); (0.1 equiv),
Pd,(dba), (0.005 equiv), DME, reflux for 6 to 50 hours.

xiv = Et,SiH (3 equiv), TFA:CH,Cl, (1:1), t for 2 to 24 hours.

xv = R/S glycidol (1 equiv), Et;N (catalytic), MeOH, reflux for 20 hours.

OR, Mitsunobu reaction -DEAD (1.5 equiv), PPh, (1.5 equiv), HOCH(R1 1"YCH,OR13’ (1.5 equiv) in
THEF, rt for 3 hours.

R11’ is H or optionally protected aicohot

and R13" is optionally protected alcohol

For preparation 50 to 51, requires Bn deprotection using the conditions described in ix.

Alternative route
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I R15

XXV

O O Ris’ O
———

Xiv OR1 de\]
R1 R2 —  »Me \ﬂ)<S
2
MeO\ﬂ)< s d\i o
o]

5  xxiv = i- NaH (2.2 equiv), Me,CO, (5 equiv), toluene, MeOH (catalytic), 90°C, overnight.
ii- O(CH,CH,Br), (1.3 equiv), NMP, 90°C, 20 hrs.

xxv = Grignard reagant (1.1equiv), THF, -78°C to 1t over approx hr.

10  RI15’-optionally protected alcohol, in prep 48 this is a t-butyl ether.
R15-0OH, for prep 48.

Route 3 (Phenyl aminoalcohols)

Br ~
O O~ TCH(OE),
S xiii
\[(]))436‘1 MeO sd‘i
15 o
O g 07 T CH(OEY),
ix R1 R2
——————
Meo\nxsd\i
o}
N
Br O O~ TCH(OEt),
xiii R1 R2
R1 R2 _ Meo\n)< A
S 2
Meo\n)QSd\i i

20
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O O/\//O O
O O O/\/NR14R15
. R2 xvii
xvi R1 — —
— e el s W
o ~ 8¢
0]

MeO
MeO

When R15 is a protecting group, eg. benzyl, deprotection, followed by protection using an alternative

5 group eg Boc, can be used as shown below:

10 xvi= 1IN HCI (I to 2.3 equiv), acetone:dioxan (1:1), 70°C for 2 to 6 hours.
xvii = Reductive amination-amine (5.5 equiv), Na(OAc),BH (3 to 4 equiv), CH,Cl,, rt, overnight.
xviii = Pd(OH),/C, MeOH, 50 psi, rt, 18 hrs.

15

xix = When R16 is Boc,
(Boc),0 (1 tol.1 equiv), Et;N (optional, 1 equiv), DMAP (optional, cat), CH,Cl,, rt, 3 hrs.

20 Route 4 (aminoalkyl phenyls)

Y § ~ L

R1 R2 ——-——»Meo R1 R2
Meo\n)QSd\J sl
o ©
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Xvii R1 R2
Meo\n)QSd\x

Route 5 (Heterocycles)

10 o
o} ~-0SO,CF,
xvi MeO 'C/r X . MeO
o)
N7 Q
N  Ri4
X IX
XX111 —_—
eo?(sd\i
15 o
N..7Q
N  R14
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xx = i50-PrSO,CI (1 equiv), Et;N (1.1 equiv), CH,Cl,, 3hours at rt.

xxi = n-BuLi (1.1 equiv), McOCOCI (1.2 equiv), THF -78° to rt.

5  xxit = 2,6-di-t-Bu-4-Me pyridine (2.5 equiv), (CF,580,),0 (2.5 equiv), CH,Cl,, 4°C to rt, 5 days.

xxiii = Pd,(dba), (0.02 equiv), vinyl triflate (1.1 equiv), PhyAs (0.21 equiv), Cul (0.1 equiv) in NMP,

75°C for 5 hrs.

10  Thiazoles

N
Br | N
S
viii

MeO\n>(Sd\i ¥Meo\n>(sd\:

O o)

15
Route 6 (Cyclopentanediols)
Br O/@Br
XXVi XXVii
—_  » MeO ——
Meo\n/\sc:)\i T:o SO,
20 o
HO OH Br
XXVIII Vll| or xiii
MeO SCS\‘
2
O
\ L&
(o )YiNe X~ 07
MeO Sd\l
2
O
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xxvi = NaH (1.1 equiv), tetra-nBuNH,Br (1 equiv), CICH,CHCHCH,CI (1.1 equiv), NMP, r.t for 3 hours,
then NaH (1.1 equiv), 2 days.

xxvii = NMO (1.1 equiv), OsO, (3 mol%), dioxan/water, r.t. 18 hours
OR
(a) AgOAc (2.3 equiv), AcOH, r.t for 18 hours (b) IN NaOH, dixoan/water

xxviii = 2,2-Dimethoxypropane (2 equiv), TsOH (0.1 equiv), DMF, 50°C for 4.5 hours.

Biological Test Methods

The biological activities of the compounds of the present invention were determined by the following test
methods, which are based on the ability of the compounds to inhibit the cleavage of various fluorogenic

peptides by MMPs 1, 2, 3,9, 13 and 14.

The assays for MMPs 2, 3, 9 and 14 are based upon the original protocol described in
Fed.Euro.Biochem.Soc., 1992, 296, 263, with the minor modifications described below.

Inhibition of MMP-1

Enzvme Preparation

Catalytic domain MMP-1 was prepared in Pfizer Central Research laboratories in a standard manner from
sources known to the skilled person, including some of the references mentioned herein. A stock solution
of MMP-1 (1uM) was activiated by the addition of aminophenylmercuric acetate (APMA), at a final
concentration of 1mM, for 20 minutes at 37°C. MMP-1 was then diluted in Tris-HCI assay buffer
(50mM Tris, 200mM NaCl, SmM CaCl,, 20uM ZnSO, and 0.05% Brij 35, pH 7.5) to a concentration of
10nM. The final concentration of enzyme used in the assay was InM.

Substrate

The fluorogenic substrate used in this assay was Dnp-Pro-f-cyclohexyl-Ala-Gly-Cys(Me)-His-Ala-Lys-
(N-Me-Ala)-NH, as originally described in Anal. Biochem., 1993, 212, 58. The final substrate

concentration used in the assay was 10pM.

Determination of Enzyme Inhibition

The test compound was dissolved in dimethyl sulphoxide and diluted with assay buffer so that no more
than 1% dimethyl sulphoxide was present. Test compound and enzyme were added to each well of a 96
well plate and allowed to equilibrate for 15 minutes at 37°C in an orbital shaker prior to the addition of
substrate. Plates were then incubated for 1 hour at 37°C prior to determination of fluorescence (substrate

cleavage) using a fluorimeter (Fluostar; BMG LabTechnologies, Aylesbury, UK) at an excitation

AQUESTIVE EXHIBIT 1007 page 2070



10

15

20

25

30

35

WO 00/74681 28 PCT/I1B00/00667

wavelength of 355 nm and emission wavelength of 440 nm. The potency of inhibition was measured
from the amount of substrate cleavage obtained using a range of test compound concentrations and, from
the resulting dose-response curve, an IC,, value (the concentration of inhibitor required to inhibit 50% of

the enzyme activity) was calculated.

Inhibition of MMP-2. MMP-3 and MMP-9

Enzyme Preparation

Catalytic domains MMP-2, MMP-3 and MMP-9 were prepared in Pfizer Central Research laboratories in
a standard manner from sources known to the skilled person, including some of the references mentioned
herein. A stock solution of MMP-2, MMP-3 or MMP-9 (1uM) was activated by the addition of APMA.
For MMP-2 and MMP-9, a final concentration of ImM APMA was added, followed by incubation for 1
hour at 37°C. MMP-3 was activated by the addition of 2ZmM APMA, followed by incubation for 3 hours
at 37°C. The enzymes were then diluted in Tris-HCI assay buffer (100mM Tris, 100mM NaCl, 10mM

CaCl, and 0.16% Brij 35, pH 7.5) to a concentration of 10nM. The final concentration of enzyme used in
the assays was 1nM.

Substrate

The fluorogenic substrate used in this screen was Mca-Arg-Pro-Lys-Pro-Tyr-Ala-Nva-Trp-Met-
Lys(Dnp)-NH, (Bachem Ltd., Essex, UK) as originally described in J.Biol.Chem., 1994, 269, 20952.
This substrate was selected because it has a balanced hydrolysis rate against MMPs 2, 3 and 9 (k. /k, of
54,000, 59,400 and 55,300 s M respectively). The final substrate concentration used in the assay was
SuM.

Determination of Enzyme Inhibition

The test compound was dissolved in dimethyl sulphoxide and diluted with assay buffer so that no more
than 1% dimethyl sulphoxide was present. Test compound and enzyme were added to each well of a 96
well plate and allowed to equilibrate for 15 minutes at 37°C in an orbital shaker prior to the addition of
substrate. Plates were then incubated for 1 hour at 37°C, prior to determination of fluorescence using a
fluorimeter (Fluostar; BMG LabTechnologies, Aylesbury, UK) at an excitation wavelength of 328nm and
emission wavelength of 393nm. The potency of inhibition was measured from the amount of substrate
cleavage obtained using a range of test compound concentrations and, from the resulting dose-response

curve, an ICs, value (the concentration of inhibitor required to inhibit 50% of the enzyme activity) was

calculated.

Inhibition of MMP-13

Enzyme Preparation
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Human recombinant MMP-13 was prepared by PanVera Corporation (Madison, Wisconsin) and
characterised at Pfizer Central Research laboratories. A 1.9 mg/ml stock solution was activated with
2mM APMA for 2 hours at 37°C. MMP-13 was then diluted in assay buffer (50mM Tris, 200mM NaCl,
SmM CaCl,, 20uM ZnCl, and 0.02% Brij 35, pH 7.5) to a concentration of 5.3nM. The final

concentration of enzyme used in the assay was 1.3nM.

Substrate

The fluorogenic substrate used in this screen was Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,.

The final substrate concentration used in the assay was 10uM.

Determination of Enzyme Inhibition

The test compound was dissolved in dimethyl sulphoxide and diluted with assay buffer so that no more
than 1% dimethyl sulphoxide was present. Test compound and enzyme were added to each well of a 96
well plate. The addition of substrate to each well initiated the reaction. Fluorescence intensity was
determined using a 96 well plate fluorimeter (Cytofluor II; PerSeptive Biosystems, Inc., Framingham,
MA) at an cxcitation wavelength of 360nm and emission wavelength of 460nm. The potency of
inhibition was measured from the amount of substrate cleavage obtained using a range of test compound
concentrations and, from the resulting dose-response curve, an IC,, value (the concentration of inhibitor

required to inhibit 50% of the enzyme activity) was calculated.

Inhijbition of MMP-14

Enzyme Preparation

Catalytic domain MMP-14 was prepared in Pfizer Central Research laboratories in a standard manner
from sources known to the skilled person, including some of the references mentioned herein. A 10pM
enzyme stock solution was activated for 20 minutes at 25°C following the addition of 5pg/ml of trypsin
(Sigma, Dorset, UK). The trypsin activity was then neutralised by the addition of 50pg/ml of soyabean
trypsin inhibitor (Sigma, Dorset, UK), prior to dilution of this enzyme stock solution in Tris-HCl assay
buffer (100mM Tris, 100nM NaCl, 10mM CaCl,, 0.16% Brij 35, pH 7.5) to a concentration of 10nM.
The final concentration of enzyme used in the assay was 1nM.

Substrate

The fluorogenic substrate used in this screen was Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH, (Bachem
Ltd., Essex, UK) as described in J.Biol.Chem., 1996, 271, 17119.
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Determination of enzyme inhibition

This was performed in the same manner as described for MMPs 2, 3 and 9.

For use in mammals, including humans, the compounds of formula (I) or their salts or solvates of such
compounds or salts, can be administered alone, but will generally be administered in admixture with a
pharmaceutically or veterinarily acceptable diluent or carrier sclected with regard to the intended route of
administration and standard pharmaceutical practice. For example, they can be administered orally,
including sublingually, in the form of tablets containing such excipients as starch or lactose, or in
capsules or ovules either alone or in admixture with excipients, or in the form of elixirs, solutions or
suspensions containing flavouring or colouring agents. The compound or salt could be incorporated into
capsules or tablets for targetting the colon or duodenum via delayed dissolution of said capsules or tablets
for a particular time following oral administration. Dissolution could be controlled by susceptibility of the
formulation to bacteria found in the duodenum or colon, so that no substantial dissolution takes places
before reaching the target area of the gastrointestinal tract. The compounds or salts can be injected
parenterally, for example, intravenously, intramuscularly or subcutaneously. For parenteral
administration, they are best used in the form of a sterile aqueous solution or suspension which may
contain other substances, for example, enough salt or glucose to make the solution isotonic with blood.
They can be administered topically, in the form of sterile creams, gels, suspensions, lotions, ointiments,
dusting powders, sprays, drug-incorporated dressings or via a skin patch. For example they can be
incorporated into a cream consisting of an aqueous or oily emulsion of polyethylene glycols or liquid
paraffin, or they can be incorporated into an ointment consisting of a white wax soft paraffin base, or as
hydrogel with cellulose or polyacrylate derivatives or other viscosity modifiers, or as a dry powder or
liquid spray or aerosol with butane/propane, HFA or CFC propellants, or as a drug-incorporated dressing
either as a tulle dressing, with white soft paraffin or polyethylene glycols impregnated gauze dressings or
with hydrogel, hydrocolloid, alginate or film dressings. The compound or salt could also be administered
intraocularly as an eye drop with appropriate buffers, viscosity modifiers (e.g. cellulose derivatives),
preservatives (e.g. benzalkonium chloride (BZK)) and agents to adjust tenicity (e.g. sodium chloride).
Such formulation techniques are well-known in the art. In some instances the formulations may
advantageously also contain an antibiotic. All such formulations may also contain appropriate stabilisers

and preservatives.

For veterinary use, a compound of formula (I), or a veterinarily acceptable salt thereof, or a veterinarily
acceptable solvate of either entity, is administered as a suitably acceptable formulation in accordance
with normal veterinary practice and the veterinary surgeon will determine the dosing regimen and route

of administration which will be most appropriate for a particular animal.

Reference to treatment includes prophylaxis as well as alleviation of established conditions, or the

symptoms thereof.

AQUESTIVE EXHIBIT 1007 page 2073



10

16

20

25

30

35

40

WO 00/74681 31 PCT/1IB00/00667

For oral and parenteral administration to animal (inc. human) patients, the daily dosage level of the
compounds of formula (I) or their salts will be from 0.001 to 20, preferably from 0.01 to 20, more
preferably from 0.1 to 10, and most preferably from 0.5 to 5 mg/kg (in single or divided doses). Thus
tablets or capsules of the compounds will contain from 0.1 to 500, preferably from 50 to 200, mg of

active compound for administration singly or two or more at a time as appropriate.

For topical administration to animal (inc. human) patients with chronic wounds, the daily dosage level of

the compounds, in suspension or other formulation, could be from 0.001 to 30mg/ml, preferably from

0.01 to 10 mg/ml.

The physician or veterinary surgeon in any event will determine the actual dosage which will be most
suitable for a an individual patient and it will vary with the age, weight and response of the particular
patient. The above dosages are exemplary of the average case; there can of course be individual instances

where higher or lower dosage ranges are merited, and such are within the scope of this invention.

Thus the invention provides a pharmaceutical composition comprising a compound of formula (I), ora

pharmaceutically acceptable salt thereof, or solvate thereof, together with a pharmaceutically acceptable

diluent or carrier.

The invention also provides a compound of formula (I), or a pharmaceutically acceptable salt thereof, or

solvate thereof, or a pharmaceutical composition containing any of the foregoing, for use as a human

medicament.

In yet another aspect, the invention provides the use of a compound of formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a human medicament for the treatment of a condition

mediated by one or more MMPs.

Moreover, the invention provides the use of a compound of formula (I), or a pharmaceutically acceptable
salt thereof, for the manufacture of a human medicament for the treatment of atherosclerotic plaquc
rupture, myocardial infarction, heart failure, restenosis, stroke, periodontal disease, tissue ulceration,
wounds, skin diseases, cancer metastasis, tumour angiogenesis, age-related macular degeneration, fibrotic
disease, rheumatoid arthritis, osteoarthritis and inflammatory diseases dependent on migratory

inflammatory cells.

Additionally, the invention provides a method of treating a medical condition for which a MMP inhibitor
is indicated, in an animal such as a mammal (including a human being), which comprises administering
to said animal a therapeutically effective amount of a compound of formula (I), or a pharmaceutically

acceptable salt thereof, or a pharmaceutically acceptable solvate of either entity, or a pharmaceutical

composition containing any of the foregoing.

AQUESTIVE EXHIBIT 1007 page 2074



10

15

20

25

30

35

40

WO 00/74681 32 PCT/IB00/00667

Still further, the invention provides a method of treating atherosclerotic plaque rupture, myocardial
infarction, heart failure, restenosis, stroke, periodontal disease, tissue ulceration, wounds, skin diseases,
cancer metastasis, tumour angiogenesis, age-related macular degeneration, fibrotic disease, rheumatoid
arthritis, ostcoarthritis and inflammatory discascs dependent on migratory inflammatory cells, in a animal
(including a human being), which comprises administering to said animal a therapeutically effective
amount of a compound of formula (I), or a pharmaceutically or veterinarily acceptable salt thereof, or a
pharmaceutically acceptable solvate of either entity, or a pharmaceutical composition containing any of

the foregoing.

Biological data

The compounds of Examples 3, 4, 5, 6, 7, 10 and 14 gave the following IC,, values (in nM
concentrations) in tests mentioned above:

MMP-3 MMP-2 MMP-1 MMP-14 MMP-9

<10 >100 >1000 >2000 >70

The syntheses of the compounds of the invention and of the intermediates for use therein are illustrated

by the following Examples and Preparations.

EXAMPLES AND PREPARATIONS

Room temperature (rt) means 20 to 25°C. Flash chromatography refers to column chromatography on
silica gel (Kieselgel 60, 230-400 mesh). Melting points are uncorrected. 'H Nuclear magnetic resonance
(NMR) spectra were recorded using a Bruker AC300, a Varian Unity Inova-300 or a Varian Unity Inova-
400 spectrometer and were in all cases consistent with the proposed structures. Characteristic chemical
shifts are given in parts-per-million downfield from tetramethylsilane using conventional abbreviations
for designation of major peaks: e.g. s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad.
Mass spectra were recorded using a Finnigan Mat. TSQ 7000 or a Fisons Intruments Trio 1000 mass
spectrometer. LRMS means low resolution mass spectrum and the calculated and observed ions quoted
refer to the isotopic composition of lowest mass. Hexane refers to a mixture of hexanes (hplc grade) b.p.
65-70°C. Ether refers to diethyl ether. Acetic acid refers to glacial acetic acid. 1-Hydroxy-7-aza-1H-
1,2,3-benzotriazole (HOAt), N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-ylmethylene]-N-
methylmethaninium hexafluorophosphate N-oxide (HATU) and 7-azabenzotriazol-1-
yloxytris(pyrrolidino)phosphonium hexafluorophosphate (PyAOP) were purchased from PerSeptive
Biosystems U.K. Ltd. “Me” is methyl, “Bu” is butyl, “Bn” is benzyl. Other abbreviations and terms are

used in conjunction with standard chemical practice.

Example 1
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N-Hydroxy 2-[(4- {4-[6-(2-hydroxyethoxy)pyridin-2-y1]-3-methylphenyl} piperidin- 1-yl)sulphonyl]-2-

methylpropanamide

sO
HOHNG <= =2

N,N-Dimethylformamide (10ml) was added to a solution of the acid from preparation 70 (430mg,
0.93mmol) in pyridine (5ml), followed by chlorotrimethylsilane (130ul, 1.03mmol) and the solution
stirred for 1 % hours. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (215mg,
1.11mmol) and 1-hydroxybenzotriazole hydrate (130mg, 0.93mmol) were added, and the reaction stirred
10  for a further 2 hours. Hydroxylamine hydrochloride (195mg, 2.8mmol) was then added, and the reaction
stirred at room temperature overnight. The reaction mixture was acidified to pH 1 using 2N hydrochloric
acid, stirred for an hour, and then the pH re-adjusted to pH 4. Water (50ml) was added, the resulting
precipitate filtered, washed with water and dried under vacuum. This solid was purified by column
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia (90:10:1) as eluant to

15  afford the title compound as a white solid, (220mg, 49%).
mp 137-140°C
'H nmr (DMSO-d, 300MHz) &: 1.50 (s, 6H), 1.61 (m, 2H), 1.80 (m, 2H), 2.36 (s, 3H), 2.68 (m, 1H),
20  3.05 (m, 2H), 3.72 (m, 4H), 4.25 (t, 2H), 4.79 (t, 1H), 6.76 (d, 1H), 7.05 (d, 1H), 7.17 (m, 2H), 7.35 (4,
1H), 7.76 (dd, 1H), 9.00 (s, 1H), 10.55 (s, 1H).
Example 2

N-Hydroxy 2-{[4-(4-{6-[2-(methoxy)cthoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-ylJsulphonyl}-2-
25 methylpropanamide

O _N

sO,
HOHNG, <2

O-(7-Azabenzotriazol-1-y1)-N,N,N’N’-tetramethyluronium hexafluorophosphate (425mg, 0.95mmol) and
30 N-ethyldiisopropylamine (150u1, 0.70mmol) were added to a solution of the acid from preparation 71
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(300mg, 0.63mmol) in N,N-dimethylformamide (10ml), and the solution stirred at room temperature for
30 minutes. Hydroxylamine hydrochloride (158mg, 1.9mmol) and additional N-ethyldiisopropylamine
(410ul], 1.9mmol) were added, and the reacton stirred at room temperature overnight. The reaction
mixture was diluted with water (20ml), and pH 7 buffer solution (20ml), and then extracted with ethyl
acetate (3x30ml). The combined organic extracts were washed with brine (3x), water (2x), then dried
(MgSQ,), filtered and evaporated in vacuo. The residue was triturated with di-isopropyl ether to afford
the title compound as an off-white solid, (220mg, 71%).

mp 134-138°C

'H nmr (DMSO-d,, 300MHz) &: 1.48 (s, 6H), 1.61 (m 2H), 1.80 (m, 2H), 2.36 (s, 3H), 2.66 (m, 1H), 3.05
(m, 2H), 3.28 (s, 3H), 3.62 (t, 2H), 3.78 (m, 2H), 4.38 (t, 2H), 6.78 (d, 1H), 7.06 (d, 1H), 7.16 (m, 2H),
7.35 (d, 1H), 7.76 (m, 1H).

Anal. Found: C, 59.65; H, 7.12; N, 7.69. C,,H;;N;0,S;0.2i-Pr,0 requires C, 59.59; H, 7.04; N, 8.04%.

Example 3
N-Hydroxy 4-{[4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulphonyl} tetrahydro-2H-pyran-4-carboxamide

Me = l
\N O/\/OH

HOHN SO,

Chlorotrimethylsilane (2.1ml, 16.46mmol) was added to a solution of the acid from preparation 72
(7.55g, 14.96mmol) in N,N-dimethylformamide (150ml), and pyridine (150ml), and the solution stirred
at room temperature under a nitrogen atmosphere for 1 hour. 1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (3.44g, 17.95mmol) and 1-hydroxy-7-azabenzotriazole (2.04g,
14.96mmol) were added, and stirring was continued for a further 45 minutes. Hydroxylamine
hydrochloride (3.12g, 44.8mmol) was then added and the reaction stirred at room temperature for72
hours. The reaction mixture was acidified to pH 2 using hydrochloric acid, stirred for 30 minutes, and the
pH then re-adjusted to pH 4 using 1N sodium hydroxide solution. The mixture was extracted with ethyl
acetate (3x), the combined organic extracts washed with brine, dried (MgSQO,), filtered and evaporated in
vacuo. The residue was purified by column chromatography on silica gel using ethyl acetate as eluant,
and recrystallised from methanol/ethyl acetate to afford the title compound as a white solid, (3.75g,
48%).
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mp 193-194°C

"H nmr (DMSO-d,, 400MHz) §: 1.61 (m, 2H), 1.79 (m, 2H), 1.92 (m, 2H), 2.36 (m 5H), 2.62 (m, 1H),
3.01 (m, 2H), 3.19 (m, 2H), 3.70 (m, 4H), 3.82 (m, 2H), 4.25 (t, 2H), 4.75 (br, t, 1H), 6.70 (d, 1H), 7.01
(d, 1H), 7.12 (m, 2H), 7.30 (d, 1H), 7.62 (dd, 1H), 9.10 (s, 1H), 10.94 (s, 1H).

LRMS : m/z 520 (M+1)*

Anal. Found: C, 57.73; H, 6.39; N, 7.99. C,H;;N;0,S requires C, 57.79; H, 6.40; N, 8.09%.

Alternative route: Hydrogen chloride gas was bubbled through a solution of the tert-butyl ether from
preparation 133 (3.0g, 5.22mmol) in anhydrous trifluoroacetic acid (30ml) and dichloromethane (30ml)
for 10 minutes, then stirred at room temperature overnight. Nitrogen gas was bubbled through the
reaction mixture for 1hour and then SN NaOH solution until the solution was pH6. The resulting
precipitate was cooled to 0°C, filtered and washed with cold water. The resulting solid was dissolved in
hot ethyl acetate (500ml) and the organic layer was washed with water (3x250ml) and brine (250ml) and
then dried (Na,SO,), filtered and concentrated in vacuo. On cooling to 0°C overnight a solid formed and
was filtered, washed with cold ethyl acetate and dried. The title compound was obtained as a beige solid
(1.6g, 60%).

Example 4
N-Hydroxy 4-{[4-(4-{6-[(2S)-2,3-dihydroxy-1-propoxy]pyridin-2-yl}-3 -methylphenyl)piperidin-1-
yl]sulphonyl} tetrahydro-2H-pyran-4-carboxamide

OH
OH

O _N

Ho. A s,
H

O

Chlorotrimethylsilane (168ul, 1.32mmol) was added to a solution of the acid from preparation 73
(318mg, 0.60mmol) in dichloromethane (6ml), and pyridine (2ml), and the solution stirred at room
temperature under a nitrogen atmosphere for 1 hour. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (138mg, 0.72mmol) and 1-hydroxy-7-azabenzotriazole (90mg, 0.66mmol) were added,
and stirring was continued for a further hour. Hydroxylamine hydrochloride (124mg, 1.80mmol) was
added and the reaction stirred at room temperature for 2 hours. The reaction mixture was evaporated in

vacuo, the residue dissolved in methanol, the solution acidified to pH 1 using hydrochloric acid (2ZM),
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then stirred for 10 minutes. The solution was diluted with water, the pH adjusted to 6, and the resulting
precipitate filtered and dried. The solid was purified by column chromatography on silica gel using
dichloromethane:methanol (90:10) as eluant, and recrystallised from methanol/di-isopropyl ether to give

the title compound as a white solid, (200mg, 60%).

'H nmr (DMSO-d, 400MHz) &: 1.61 (m, 2H), 1.79 (m, 2H), 1.92 (m, 2H), 2.36 (m, SH), 2.63 (m, 1H),
3.03 (m, 2H), 3.08-3.31 (m, 3H), 3.40 (m, 2H), 3.68-3.89 (m, 4H), 4.15 (m, 1H), 4.25 (m, 1H), 4.56 (br,
s, 1H), 4.80 (br, s, 1H), 6.75 (d, 1H), 7.04 (d, 1H), 7.14 (m, 2H), 7.34 (4, 1H), 7.75 (m, 1H), 9.14 (s, 11),
10.96 (s, 1H).

LRMS : m/z 550 (M+1)"
Anal. Found: C, 50.70; H, 6.00; N, 6.93. C,;H;;N,0,5;0.6H,0 requires C, 50.97; H, 6.21; N, 6.86%.
Example 5

N-Hydroxy 4-{[4-(4-{6-[(2R)-2,3-dihydroxy-1-propoxylpyridin-2-yl1}-3-methylphenyl)piperidin-1-
y1]sulphonyl}tetrahydro-2H-pyran-4-carboxamide

HO. SO

The title compound was prepared from the acid from preparation 74, following the procedure described
in example 4. The crude product was purified by crystallisation from ethyl acetate to give an off-white
solid (180mg, 58%).

mp 125-130°C

'H nmr (DMSO-d,, 400MHz) &: 1.60 (m, 2H), 1.78 (m, 2H), 1.90 (m, 2H), 2.36 (m, 5H), 2.64 (m, 1H),
3.02 (m, 2H), 3.20 (m, 2H), 3.40 (m, 2H), 3.72 (m, 2H), 3.78 (m, 1H), 3.83 (m, 2H), 4.14 (m, 1H); 4.24
(m, 1H), 4.55 (dd, 1H), 4.80 (d, 1H), 6.75 (d, 1H), 7.03 (d, 1H), 7.15 (m, 2H), 7.32 (d 1H), 7.75 (m, 1H),
9.14 (s, 1H), 10.95 (s, 1H).

LRMS : m/z 572 (M+23)*

Anal. Found: C, 55.32; H, 6.57; N, 7.28. C,;H;N,0,S;H,0 requires C, 55.02; H, 6.57; N, 7.40%.
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Example 6
N-Hydroxy 4-{[4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yllsulphonyl} -

piperidine-4-carboxamide dihydrochloride

Me = I

O N

rd
HOHN SO,
2HCH

N
H

Hydrogen chloride gas was bubbled through an ice-cold solution of the hydroxamic acid from
preparation 87 (135mg, 0.22mmol) in methanol (20ml), and the solution was stirred at room temperature.
The reaction mixture was evaporated in vacuo, and the residue azeotroped with methanol. The solid was

recrystallised from methanol/ether to afford the title compound as a white solid, (88mg, 64%).

'H nmr (DMSO-d,, 400MHz) &: 1.63 (m, 2H), 1.80 (m, 2H), 2.07 (m, 2H), 2.35 (s, 3H), 2.56-2.72 (m,
SH), 2.08 (m, 2H), 2.38 (m, 2H), 3.72 (m, 4H), 4.24 (t, 2H), 4.44-4.67 (br, s, 2H), 6.76 (d, 1H), 7.04 (d,
1H), 7.17 (m, 2H), 7.34 (d, 1H), 7.75 (m, 1H), 8.97 (m, 1H), 9.18 (m, 1H).

LRMS : m/z 519 (M+1)*

Example 7
N-Hydroxy 4- {{4-(4- {6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-ylJsulphonyl}-1-

methyl-piperidine-4-carboxamide

Me
The title compound was prepared from the acid from preparation 75 and hydroxylamine hydrochloride
following a similar procedure to that described in example 1. The reaction mixture was acidified to pH 2
using hydrochloric acid, this mixture stirred for 45 minutes, then basified to pH 8 using sodium

hydroxide solution (2N). This solution was extracted with ethyl acetate (3x), the combined organic
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extracts washed with water, then brine, dried (Na,SQ,), filtered and evaporated in vacuo. The residue was

dried at 60°C, under vacuum to afford the title compound (39mg, 8%).

'H nmr (DMSO-d, 400MHz) &: 1.60 (m, 2H), 1.78 (m, 4H), 1.86 (m, 2H), 2.8 (s, 3H), 2.35 (s, 311), 2.40
(m, 2H), 2.59-2.75 (m, 3H), 3.01 (m, 2H), 3.68 (m, 4H), 4.25 (t, 2H), 4.75 (t, 1H), 6.75 (d, 1H), 7.03 (d,
1H), 7.15 (m, 2H), 7.32 (d, 1H), 7.74 (m, 1H), 9.06 (br, s, 1H), 10.88 (br, s, 1H).

LRMS : m/z 533 (M+1)*
Anal. Found: C, 57.91; H, 6.82; N, 10.24. C,;H,(N,0,S;0.3H,0 requires C, 58.04; H, 6.86; N, 10.41%.

Example 8
N-Hydroxy 2-{4-(4-{3-[(25)-2,3-dihydroxy-1-propoxy]phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl}-2-methylpropanamide

)
OH
O N

-
HOHN S0,

Me Me
The title compound was prepared from the acid from preparation 77, following a similar procedure to that
described in example 3. The crude product was recrystallised from methanol/di-isopropyl ether, to give
the desired product (75mg, 24%) as a white solid. The mother liquors were evaporated in vacuo, and
purified by column chromatography on silica gel using an elution gradient of dichloromethane:methanol
(98:2 to 95:5) to give an additional (38mg, 12%) of the desired product.
mp 152-154°C

'H nmr (DMSO-d,, 400MHz) 8: 1.44 (s, 6H), 1.60 (m, 2H), 1.78 (m, 2H), 2.18 (s, 3H), 2.61 (m, 1H),
3.02 (m, 2H), 3.39 (m, 2H), 3.71 (m, 3H), 3.82 (m, 1H), 3.98 (m, 1H), 4.56 (m, 1H), 4.82 (m, 1H), 6.82
(m, 3H), 7.08 (m, 2H), 7.12 (s, 1H), 7.26 (m, 1H), 8.94 (s, 1H), 10.69 (s, 1H).

LRMS : m/z 529 (M+23)*
Anal. Found: C, 58.10; H, 6.70; N, 5.09. C,H,,N,0,5;0.5MeOH requires C, 58.60; H, 6.94; N, 5.36%.
Example 9

N-Hydroxy 4-{4-[4-(3-[(2R)-2,3-dihydroxy-1-propoxy]phenyl)-3-methylphenyl]-piperidin-1-
ylsulphonyl}-tetrahydro-(2H)-pyran-4-carboxamide
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te
SR

OH

Chlorotrimethylsilane (45ul, 0.37mmol) was added to a solution of the acid from preparation 79 (90mg,
0.17mmol) in dichloromethane (2ml), and pyridine (1ml), and the solution stirred at room temperature
under a nitrogen atmosphere for 1 hour. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(40mg, 0.21mmol) and 1-hydroxy-7-azabenzotriazole (26mg, 0.19mmol) were added, and stirring was
continued for a further hour. Hydroxylamine hydrochloride (36mg, 0.51mmol) was then added and the
reaction stirred at room temperature for a further 2 hours. The reaction mixture was diluted with
methanol (5ml), acidified to pH 1 using hydrochloric acid, and the mixture stirred vigorously for an hour.
The mixture was extracted with dichloromethane (3x30ml), the combined organic extracts dried
(Na,S0,), filtered and evaporated. The residue was purified by column chromatography on silica gel
using dichloromethane:methanol (90:10) as eluant to afford the title compound as an off-white solid,
(40mg, 43%).

mp 141-145°C

'H nmr (DMSO-dg, 400MHz) &: 1.60 (m, 2H), 1.78 (m, 2H), 1.90 (m, 2H), 2.20 (s, 3H), 2.38 (m, 2H),
2.62 (m, 1H), 3.03 (m, 2H), 3.20 (m, 2H), 3.42 (m, 2H), 3.66-3.90 (m, 6H), 4.01 (m, 1H), 4.60 (m, 1H),
4.90 (m, 1H), 6.84 (m, 3H), 7.14 (m, 3H), 7.30 (m, 1H), 9.18 (s, 1H), 10.98 (1H, s).

LRMS : m/z 571 (M+23)*

Anal. Found: C, 59.22; H, 6.80; N, 5.11. C,;H,,N,O,S requires C, 59.11; H, 6.61; N, 5.11%.

Example 10

N-Hydroxy 4- {4-{4-(3-{(2S)-2-hydroxy-2-hydroxymethyl}ethoxyphenyl)-3-methylphenyl]j-piperidin-1-
ylsulphonyl}-tetrahydro-2H-pyran-4-carboxamide

Je
OH
o] N

o)

HOHN
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The title compound was prepared, from the acid from preparation 80, following a similar procedure to
that described in example 9. The crude product was triturated with methanol/di-isopropyl ether, and the
resulting precipitate filtered and dried to afford the title compound as a buff-coloured solid, (158mg,
45%).

mp 132-134°C

'H nmr (DMSO-d,, 400MHz) &: 1.60 (m, 2H), 1.78 (m, 2H), 1.90 (m, 2H), 2.20 (s, 3H), 2.38 (m, 2I),
2.62 (m, 1H), 3.02 (m, 2H), 3.20 (m, 2H), 3.42 (dd, 2H), 3.68-3.90 (m, 6H), 4.00 (m, 1H), 4.60 (t, 1H),
4.97 (d, 1H), 6.81 (m, 2H), 6.90 (m, 1H), 7.08 (s, 2H), 7.15 (s, 1H), 7.29 (dd, 1H), 9.14 (s, 1H), 10.98 (s,
1H).

Example 11
N-Hydroxy 4-{4-[4-(3-{1,3-dihydroxy-2-propoxyphenyl)-3-methylphenyl}-piperidin-1-ylsulphonyl}-
tetrahydro-2H-pyran-4-carboxamide

Lo

[@] _N
HOHN)%ﬁSOz
o

The title compound was obtained (25%) as a white solid, from the acid from preparation 78 and

hydroxylamine hydrochloride, using a similar procedure to that described in example 9.

'H nmr (DMSO-d,, 400MHz) §: 1.60 (m, 2H), 1.79 (m, 2H), 1.90 (m, 2H), 2.20 (s, 3H), 2.39 (m, 2H),
2.62 (m, 1H), 3.02 (m, 2H), 3.20 (m, 2H), 3.57 (m, 4H), 3.70 (m, 2H), 3.84 (m, 2H), 4.24 (m, 1H), 4.78
(m, 2H), 6.82 (d, 1H), 6.90 (m, 2H), 7.14 (m, 3H), 7.28 (m, 1H), 9.18 (br, s, 1H).

LRMS : m/z 570 (M+23)"
Anal. Found: C, 56.98; H, 6.65; N, 5.15. C,;H,N,O;S;H,0 requires C, 57.22; H, 6.76; N, 4.94%.
Example 12

N-Hydroxy 2- {[4-(4- {3-[2-(methylamino)ethoxy]phenyl}-3-methylphenyl)-piperidin-1-yl}sulphonyl}-2-
methylpropanamide hydrochloride
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SO
@] _N

SO HCI
HO 2
HNMe Me

Dichloromethane saturated with hydrogen chloride (12ml) was added to a solution of the hydroxamic
acid from preparation 88 (120mg, 0.2mmol) in dichloromethane (1ml), and the reaction stirred at room
temperature for 4 hours. The resulting precipitate was filtered, then washed with, dichloromethane, ether,

then dried under vacuum at 60°C, to afford the title compound as a solid, (90mg, 85%).

mp 180-184°C

'H nmr (DMSO-d,, 400MHz) 6: 1.44 (s, 6H), 1.60 (m, 2H), 1.78 (m, 2H), 2.18 (s, 3H), 2.59 (m, 3H),
3.02 (m, 2H), 3.28 (m, 2H), 3.72 (m, 2H), 4.23 (t, 2H), 6.90 (m, 3H), 7.08 (s, 2H), 7.16 (s, 1H), 7.34 (m,
1H), 8.83 (br s, 2H), 10.80 (s, 1H).

LRMS : m/z 490 (M+1)*

Anal. Found: C, 54.25; H, 6.93; N, 7.44. C,;H,,N,0,S;HCI;H,0;0.1CH,CI, requires C, 54.56; H, 6.97; N,
7.60%.

Example 13
N-Hydroxy 2-[4-(4-{3-(2-aminoethoxy)phenyl}-3-methylphenyl)-piperidin-1 -ylsulphonyl]-2-
methylpropanamide hydrochloride

3

O _N
HOHN ”U$<Soz HCI
Me Me

The title compound was obtained as a solid (76%), from the hydroxamic acid from preparation 89,

following the procedure described in example 12.

mp 204-206°C
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'H nmr (DMSO-ds, 400MHz) : 1.48 (s, 6H), 1.60 (m, 2H), 1.80 (m, 2H), 2.20 (s, 3H), 2.64 (m, 2H),
3.06 (m, 2H), 3.20 (t, 2H), 3.75 (m, 2H), 4.20 (t, 2H), 6.94 (m, 3H), 7.12 (s, 2H), 7.18 (s, 1H), 7.38 (m,
2H), 8.01 (br s, 1H), 8.99 (s, 1H).

LRMS : m/z 476 (M+1)*
Anal. Found: C, 55.21; H, 6.74; N, 7.83. C,,H;,N,0,S;HCI;0.5H,0 requires C, 55.32; H, 6.77; N, 8.06%.

Example 14
N-Hydroxy 4- {{4-(-4-{6-[2-aminoethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulphonyl} tetrahydro-2H-pyran-4-carboxamide hydrochloride

Ml‘“’ 9
C)/\/NH2

HOHN%ﬁSOz HCl

A saturated solution of hydrogen chloride in dichloromethane (250ml) was added to a solution of the
hydroxamic acid from preparation 90 (4.5g, 7.28mmol) in dichloromethane (30ml), and the reaction
stirred at room temperature for 3 2 hours. The mixture was cooled in an ice-bath, the resulting
precipitate filtered off, and washed with dichloromethane, then ether. The solid was then dried under
vacuum at 70°C to afford the title compound (3.1g, 77%).

mp 208-210°C

'H nmr (DMSO-dy, 400MHz) 8: 1.60 (m, 2H), 1.78 (m, 2H), 1.90 (m, 2H), 2.19 (s, 3H), 2.38 (m, 2H),

2.62 (m, 1H), 3.02 (m, 2H), 3.19 (m, 6H), 3.70 (m, 2H), 3.83 (m, 2H), 4.18 (t, 2H), 6.92 (m, 3H), 7.06 (s,
2H), 7.17 (s, 1H), 7.35 (m, 1H), 9.12 (s, 1H).

LRMS : m/z 518 (M+1)*

Example 15
N-Hydroxy 2-[4-(4-{3-(2-N,N-dimethylaminoethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl]-2-methylpropanamide
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Me O Me
H‘D o ~N-ye

(@] _N
HOH &Soz
e Me

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (130mg, 0.68mmol) and 1-hydroxy-7-
azabenzotriazole (80mg, 0.59mmol) were added to a solution of the acid from preparation 83 (270mg,
0.55mmol) in pyridine (6ml) and dichloromethane (6ml) under a nitrogen atmosphere, and the
suspension stirred for 30 minutes. N,N-dimethylformamide (5ml), was added, and the reaction warmed to
50°C to obtain a solution. Hydroxylamine hydrochloride (115mg, 1.65mmol) was added and the reaction
stitred at room temperature for 18 hours. The reaction mixture was partitioned between ethyl acetate
(100m1) and pH 7 buffer solution (30ml), and the phases separated. The organic layer was washed with
water (2x30ml), brine (30ml), dried (Na,SO,), filtered and evaporated in vacuo. The residue was
azeotroped with toluene (3x), and ethyl acetate (2x), and dried under vacuum at 60°C, to afford the title

compound as a solid, (180mg, 65%).

'H nmr (DMSO-d,, 400MHz) 5: 1.48 (s, 6H), 1.60 (m, 2H), 1.78 (m, 2H), 2.19 (s, 9H), 2.60 (m, 3H),
3.03 (m, 2H), 3.76 (m, 2H), 4.05 (t, 2H), 6.80 (m, 2H), 6.86 (m, 1H), 7.06 (m, 2H), 7.12 (s, 1H), 7.28 (m,
1H).

LRMS : m/z 504 (M+1)"

Anal. Found: C, 60.43; H, 7.50; N, 8.08. C;(H,;N;0,S;0.75H,0 requires C, 60.38; H, 7.50; N, 8.12%.

Example 16
N-Hydroxy 4-{[4-(4- {3-(methyl)aminomethyl} -3-methylphenyl)piperidin-1-yljsulphonyl} tetrahydro-2H-
pyran-4-carboxamide hydrochloride

JOE:
Oy e
9] N

< HCI
HOHNHOz

O

A solution of dichloromethane saturatéd with hydrogen chloride (20ml) was added to a solution of the
hydroxamic acid from preparation 91 (347mg, 0.58mmol) in dichloromethane (10ml), and the solution
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stirred at room temperature for 4 hours. The reaction mixture was concentrated in vacuo, and the residuc

triturated with hot methanol/di-isopropyl ether to give the title compound as a white solid, (202mg, 64%).
mp 213-214°C

'H nmr (DMSO-d,, 400MHz) &: 1.60 (m, 2H), 1.78 (m, 2H), 1.97 (m, 2H), 2.20 (s, 3H), 2.38 (m, 2H),
2.46 (s, 3H), 2.62 (m, 1H), 3.01 (m, 2H), 3.18 (m, 2H), 3.70 (m, 2H), 3.82 (m, 2H), 4.12 (s, 2H), 7.10 (m,
3H), 7.35 (s, 1H), 7.43 (m, 3H), 9.10 (br, s, 1H), 10.92 (s, 1H).

LRMS : m/z 502 (M+1)"
Anal. Found: C, 57.16; H, 6.72; N, 7.64. C,JH;,N;0,S;HCIL;0.5H,0 reqires C, 57.08; H, 6.82; N, 7.68%.

Example 17
N-Hydroxy 4-{[4-(3-methyl-4-{3-[4-morpholinylmcthyl]} phenyl)piperidin- I -yljsulphonyl} tetrahydro-
2H-pyran-4-carboxamide

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (265mg, 1.38mmol) and 1-hydroxy-7-
azabenzotriazole (157mg, 1.15mmol) were added to a solution of the acid from preparation 86 (625mg,
1.15mmol) in pyridine (6ml) and N,N-dimethylformamide (6ml) under a nitrogen atmosphere, and the
suspension stirred for 1 hour. Hydroxylamine hydrochloride (210mg, 3.45mmol) was added and the
reaction stirred at room temperature for 18 hours. The reaction mixture was partitioned between ethyl
acetate and pH 7 buffer solution, the phases separated, and the aqueous layer extracted with ethyl
acetate. The combined organic solutions were washed with water, brine, then dried (MgSQ,), filtered and
concentrated in vacuo. The crude product was purified by column chromatography on silica gel using
dichloromethane:methanol (95:5) as eluant, and recrystallised from ethyl acetate to give the desired
product as a white solid, (398mg, 62%).

mp 177-179°C
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'H nmr (DMSO-d,, 400MHz) &: 1.60 (m, 2H), 1.78 (m, 2H), 1.88 (m, 2H), 2.17 (s, 3H), 2.36 (m, 6H),
2.60 (m, 1H), 3.00 (m, 2H), 3.19 (m, 2H), 3.46 (s, 2H), 3.53 (m, 4H), 3.70 (m, 2H), 3.81 (m, 2H), 7.06
(m, 7H), 9.10 (s, 1H), 10.92 (s, 1H).

LRMS : m/z 558 (M+1)"*

Anal. Found: C, 62.15; H, 7.01; N, 7.40. C,oH;,N;O(S requires C, 62.46; H, 7.05; N, 7.53%.

Example 18
N-Hydroxy 2-({4-[4-(3-methoxy-1H-pyrazol-1-yl)-3-methylphenyl]piperidin-1-yl}sulphonyl)-2-
methylpropanamide
Me =~
>0
N A
Me
O _N

HOHN;><pre’

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (129mg, 0.67mmol) and 1-hydroxy-7-
azabenzotriazole (76mg, 0.56mmol) were added to a solution of the acid from preparation 103 (235mg,
0.56mmol) in pyridine (1.5ml) and dichloromethane (3ml) under a nitrogen atmosphere, and the
suspension stirred for 30 minutes. Hydroxylamine hydrochloride (78mg, 1.12mmol) was added and the
reaction stirred at room temperature for 18 hours. The reaction mixture was poured into ethyl acetate
(100ml), washed with pH 7 buffer solution (2x50ml) then dried (MgSQO,), filtered and evaporated in
vacuo. The residual white solid was recrystallised from hot ethyl acetate, to afford the title compound as a

white solid, (156mg, 64%).
mp 172-173°C

'H nmr (CD,0D, 400MHz) &: 1.58 (s, 6H), 1.74 (m, 2H), 1.82 (m, 2H), 2.20 (s, 3H), 2.70 (m, 1H), 3.09
(m, 2H), 3.87 (m, SH), 5.84 (s, 1H), 7.16 (m, 1H), 7.20 (m, 2H), 7.48 (s, 1H).

Anal. Found: C, 55.04; H, 6.42; N, 12.77. C,0H,sN,O,S requires C, 55.03; H, 6.47; N, 12.83%.

Example 19
N-Hydroxy 2-[(4- {4-[3-(2-hydroxyethoxy)-1H-pyrazol-1-y1]-3-methylphenyl} piperidin-1-yl)sulphonyl]-
2-methylpropanamide
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Q N
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Pyridine (6ml) was added to a suspension of the acid from preparation 104 (325mg, 0.72mmol) in
dichloromethane (6ml), and the solution purged with nitrogen. Chlorotrimethylsilane (858mg, 0.79mmol)
was added, the solution stirred for an hour, then 1-hydroxy-7-azabenzotriazole (98mg, 0.72mmol) was
added, followed by 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (166.8mg,
0.87mmol), and the solution was stirred for a further hour. Hydroxylamine hydrochloride (150mg,
2.16mmol) was then added and the reaction stirred at room temperature for 17 hours. The reaction was
partitioned between ethyl acetate and pH 7 buffer solution, and the pH of the mixture carefully adjusted
to 3 using hydrochloric acid (2N). The layers were separated, the organic phase dried (MgSO,), filtered
and evaporated in vacuo, and the residue triturated with ether. The resulting white solid was filtered, then
dissolved in a solution of acetic acid (10ml), water (10ml), and methanol (10ml), and this mixture stirred
at room temperature for 45 minutes. The solution was poured into pH 7 buffer (300ml), extracted with
ethyl acetate (3x100ml), and the combined organic extracts dried (MgSQ,), filtered and concentrated in
vacuo. The residue was azeotroped with toluene and ethyl acetate, and triturated several times with ether

to give the title compound as a white solid, (141mg, 42%).

'H nmr (DMSO-d,, 400MHz) &: 1.43 (s, 6H), 1.59 (m, 2H), 1.77 (m, 2H), 2.19 (s, 3H), 2.62 (m, 1H),
3.00 (m, 2H), 3.66 (m, 4H), 4.05 (t, 2H), 4.72 (br, t, 1H), 5.84 (s, 1H), 7.15 (m, 1), 7.19 (m, 2H), 7.72
(s, 1H), 8.90 (s, 1H), 10.66 (s, 1H).

Anal. Fond: C, 53.85; H, 6.49; N, 11.86. C,;H;,N,O,S requires C, 54.06; H, 6.48; N, 12.01%.

Example 20
N-Hydroxy 2-methyl-2-( {4-[3-methyl-4-(1,3-thiazol-2-yl)phenyljpiperidin- 1-yl} sulphonyl)propanamide

Me r\f’\s

S
O _N
SO

The title compound was prepared from the acid from preparation 105, following the procedure described
in example 18. The crude product was crystallised from a minimum volume of methanol to give the

desired product as a white solid, (58mg, 35%).

mp 199-201°C
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'H nmr (DMSO-d,, 400MHz) 5: 1.45 (s, 6H), 1.60 (m, 2I1), 2.44 (s, 31), 2.65 (m, 1), 3.01 (m, 2I),
3.14 (s, 2H), 3.72 (m, 2H), 7.18 (d, 1H), 7.20 (s, 1H), 7.61 (d, 1H), 7.75 (s, 1H), 7.90 (s, 1H), 8.82 (br, s,
1H), 10.60 (s, 1H).

Anal. Found: C, 53.51; H, 5.92; N, 9.75. C,;H,;N,0,S, requires C, 53.88; H, 5.95; N, 9.92%.

Example 21
(la,3a,4a)-N,3,4-trihydroxy-1-[(4- {4-[6-(2-hydroxyethoxy)pyridin-2-yl]-3-methylphenyl} piperidin-1-

yD)sulfonyl]cyclopentanecarboxamide

Me i
Sy
N Ol\‘
O _N OH
HO.N S0,
H
HO OH

Hydrogen chloride gas was bubbled through a solution of the tert-butyl ether from preparation 121
(260mg, 0.412mmol) in trifluoroacetic acid (10ml) and dichloromethane (10ml) for 5 minutes, and the
reaction was stirred for 5 '/, hours at ambient temperature. The reaction mixture was evaporated in vacuo
and the resulting oil azeotroped with toluene (x2) before partitioning between ethyl acetate (50ml) and
pH7 phosphate buffer solution (40ml). The organic layer was separated and the aqueous layer was
extracted with ethyl acetate (2x50ml). The combined organic extracts were dried (Na,SO,), filtcred and
evaporated in vacuo. The resulting solid, which contained some of the starting compound, was
resubmitted to the reaction conditions. After 5 hours at ambient temperature nitrogen gas was bubbled
through the reaction mixture for 15 minutes. The reaction mixture was then evaporated in vacuo and the
resulting oil azeotroped with toluene (x2) before partitioning between ethyl acetate (50ml) and pH7
phosphate buffer solution (40ml). The organic layer was separated and the aqueous layer extracted with
ethyl acetate (2x50ml). The combined organic extracts were dried (Na,SO,), filtered and evaporated in
vacuo. The resulting solid was purified by column chromatography on silica gel using
dichloromethane/methanol (98:2 to 93:7) as eluant. The title compound was isolated as a white solid
(30mg, 15%).

'H nmr (DMSO-d,, 400MHz) 8: 1.59 (m, 2H), 1.76 (m, 2H), 2.22 (m, 2H), 2.32 (s, 3H), 2.39 (m, 2II),
2.60 (m, 1H), 2.99 (t, 2H), 3.64 (m, 4H), 3.90 (s, 2H), 4.23 (m, 2H), 4.54 (s, 2H), 4.75 (1, 1H), 6.72 (d,
1H), 7.03 (d, 1H), 7.15 (m, 2H), 7.31 (d, 1H), 7.73 (t, 1H), 8.95 (s, 1H), 10.69 (s, 1H).

LRMS :m/z 536 (M+1)*.
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mp 215-218°C

Anal. Found: C, 49.73; H, 5.67; N, 6.45. C,;H,,N,0,S;TFA, 0.5MeOH requires C, 49.62; H, 5.45; N,
6.31%.

Example 22
(1o, 30,40)-1-({4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-y1} sulfonyl)-N,3,4-

trihydroxycyclopentanecarboxamide

Me = |
Y
N Ok
0] _N
HO"N SO,
H
HO OH

2N Hydrochloric acid (2mi) was added to a solution of the dioxolane from preparation 122 in dioxan
(2ml) and tetrahydrofuran (2ml) and the reaction mixture was stirred at ambient temperature for 18 hours.
The reaction mixture was evaporated in vacuo and the resulting solid partitioned between pH7 phosphate
buffer solution (20ml) and cthyl acetate (20ml). The aqueous layer was extracted with ethyl acetate
(2x20ml) and the combined organic extracts were dried (Na,SO,) filtered and concentrated in vacuo. The
resulting solid was recrystalised from ethyl acetate to afford the title compound as a white solid (95mg,
70%).

'H nmr (DMSO-d,, 400MHz) 8: 1.25 (t, 3H), 1.58 (m, 2H), 1.76 (m, 2H), 2.22 (m, 2H), 2.35 (s, 3H),
2.38 (m, 2H), 2.60 (m, 1H), 2.99 (t, 2H), 3.66 (d, 2H), 3.85 (s, 2H), 4.25 (q, 2H), 4.61 (s, 2H), 6.71 (d,
1H), 7.03 (d, 1H), 7.12 (m, 2H), 7.31 (4, 1H), 7.72 (t, 1H), 9.00 (s, 1H), 10.78 (s, 1H).

LRMS :m/z 520 (M+1)".

mp 204-205°C

Anal. Found: C, 57.42; H, 6.36; N, 7.98. C,sH;3N,0;S; 0.25 H,O requires C, 57.29; H, 6.44; N, 8.02%.
Example 23

(1c,3B,4PB)-1-( {4-[4-(6-ethoxypyridin-2-yI)-3-methylphenyl]piperidin-1-yl}sulfonyl)-N,3,4-

trihydroxycyclopentanecarboxamide
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Me

2\

The title compound was prepared from the dioxolane from preparation 123 in a similar procedure to that

described in example 22. This afforded the title compound as a white solid (50mg, 55%).

'H nmr (DMSO0-d¢, 400MHz) &: 1.27 (t, 3H), 1.62 (m, 2H), 1.78 (m, 2H), 2.09 (m, 2H), 2.35 (s, 3H),

2.61 (m, 1H), 2.74 (m, 2H), 3.01 (t, 2H), 3.69 (m, 4H), 4.29 (q, 21I1), 4.49 (s, 2H), 6.69 (d, 1H), 7.02 (d,
1H), 7.12 (m, 2H), 7.31 (d, 1H), 7.73 (t, 1H), 8.92 (s, 1H), 10.71 (s, 1H).

LRMS :m/z 520 (M+1)",

mp 196-197°C
Anal. Found: C, 56.83; H, 6.32; N, 7.83. C,;H;,N,0,S; 0.5 H,O requires C, 56.80; H, 6.48; N, 7.95%.

Example 24
(1a,3a,40)-N,3,4-trihydroxy-1- {4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-

ylsulfonyl} cyclopentanecarboxamide

)
O OMe

O _N
HO.N SO,
H
HO OH

2N Hydrochloric acid (2ml) was added to a solution of the dioxolane from preparation 124 in dioxan
(3ml) and tetrahydrofuran (2ml) and the reaction mixture was stirred at ambient temperature for 4 hours.
The reaction mixture was evaporated in vacuo and the resulting solid was partitioned between water
(20ml) and ethyl acetate (20ml). The aqueous layer was extracted with ethyl acetate (2x20ml) and the
combined organic cxtracts were dried (Na,SO,) filtered and concentrated in vacuo. The resulting solid

was recrystalised from ethyl acetate to afford the title compound as a white solid (60mg, 46%).
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'H nmr (DMSO-d,, 400MHz) 8: 1.58 (m, 2H), 1.76 (m, 2H), 2.19 (s, 3H), 2.24 (m, 2H), 2.38 (m, 2H),
2.60 (m, 1H), 2.99 (t, 2H), 3.71 (m, SH), 3.79 (s, 2H), 4.54 (s, 2H), 6.82 (m, 3H), 7.11 (m, 3H), 7.32 (1,
1H), 8.97 (s, 1H), 10.70 (s, 1H).

LRMS :mv/z 527 (M+23)".

mp 201-202°C

Anal. Found: C, 58.85; H, 6.36; N, 5.51. C,sH;,N,0,S; 0.25 H,O requires C, 58.98; H, 6.43; N, 5.50%.
Example 25

(10,3B,4P)-N,3 ,4-trihydroxy-1-{4-[4-(3 -methoxyphenyl)-3-methylphenyl]piperidin-1-

ylsulfonyl} cyclopentanecarboxamide

Y
O OMe

re

HO. s0,

Iz

OH

T
O,

The title compound was prepared from the dioxolane from preparation 125 in a similar procedure to that

described in example 24. This afforded the title compound as a white solid (55mg, 50%).

'H nmr (DMSO-dg, 400MHz) &: 1.59 (m, 2H), 1.76 (m, 2H), 2.17 (m, 2H), 2.19 (s, 3H), 2.60 (m, 1H),
2.71 (m, 2H), 2.99 (t, 2H), 3.70 (m, 7H), 4.61 (s, 2H), 6.82 (m, 3H), 7.12 (m, 3H), 7.32 (t, 1H), 9.00 (s,
1H), 10.82 (s, 1H).

LRMS :my/z 503 (M-1)".

mp 188-189°C

Anal. Found: C, 58.97; H, 6.50; N, 5.49. C,;H,;N,0,S; 0.25 H,O requires C, 58.98; H, 6.43; N, 5.50%.

Preparation 1
2-[2-(Benzyloxy)ethoxy]-6-bromopyridine

J @\
BI’ \N O/\/OBH
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Sodium hydride (900mg, 60% dispersion in mineral oil, 22.5mmol) was added portionwise to an ice-
cold solution of 2-(benzyloxy)ethanol (3.0g, 20.0mmol) in toluene (100ml), and the solution stirred for
30 minutes. 2,6-Dibromopyridine (4.75g, 20.0mmol) was added, and the reaction heated under reflux for
2 hours. The cooled mixture was diluted with water (100ml), and extracted with ethyl acetate (3x100m]).
The combined organic extracts were dried (MgSO,), filtered and evaporated in vacuo to give the title

compound as a yellow oil, (quantitative).

' nmr (CDCl,, 300MHz) &: 3.82 (t, 2H), 4.52 (t, 2H), 4.62 (s, 2H), 6.75 (d, 1H), 7.05 (d, 1H), 7.22-7.46
(m, 6H).

Preparation 2
2-Bromo-6-{[(4R)-2,2-dimethyl-1,3-dioxolan-4-ylJmethoxy} pyridine
LI
N O Me
B N O X
O Me

Sodium hydride (1.62g, 60% dispersion in mineral oil, 40.5mmol) was added portionwise to an ice-
cooled solution of (R)-(-)-1,2-O-isopropylideneglycerol (4.86g, 36.8mmol) in toluene (100ml), and once
addition was complete, the solution was allowed to warm to room temperature and stirred for 30 minutes.
2,6-Dibromopyridine (8.72¢g, 36.8mmol) was added, and the reaction heated under reflux for 5 hours.
The cooled mixture was diluted with water, the layers separated, and the aqueous phase extracted with
ether. The combined organic extracts were dried (MgSQ),), filtered and evaporated in vacuo to afford the

title compound as a yellow oil (quantitative).

'H nmr (CDC),, 300MHz) &: 1.39 (s, 3H), 1.45 (s, 3H), 3.83 (dd, 1H), 4.16 (dd, 1H), 4.37 (m, 2H), 4.46
(m, 1H), 6.75 (d, 1H), 7.06 (d, 1H), 7.40 (dd, 1H).

Preparation 3
2-Bromo-6- {[(4S)-2,2-dimethyl-1,3-dioxolan-4-yljmethoxy}pyridine

J QN
Br SN” oy O Me

O Me

The title compound was obtained as a yellow oil (quantitative), from (S)-(-)-1,2-O-

isopropylideneglycerol and 2,6-dibromopyridine, following the procedure described in preparation 2.

'H nmr (CDCl,, 300MHz) &: 1.40 (s, 3H), 1.45 (s, 3H), 3.83 (dd, 1H), 4.16 (dd, 1H), 4.37 (m, 2H), 4.48
(m, 1H), 6.76 (d, 1H), 7.06 (d, 1H), 7.41 (m/dd, 1H).
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Preparation 4
2-[2-(Benzyloxy)ethoxy]-6-(tributylstannyl)pyridine

J QR
S O/\/OBn

Bu,Sn N

n-Butyllithium (13.8ml, 1.6M solution in hexanes, 22.0mmol) was added dropwise to a cooled (-78°C)
solution of the bromide from preparation 1 (20.0mmol) in anydrous THF (100ml), so as to maintain the
internal temperature <-70°C, and the solution stirred for 20 minutes. Tri-n-butyltin chloride (6.0ml,
22.0mmol) was added slowly to maintain the temperature <-70°C, and the reaction then allowed to warm
to room temperature over 1 hour. The reaction was diluted with water, the mixture extracted with Et,O
(2x100ml), and the combined organic extracts dried (MgSO,), filtered and evaporated in vacuo. The
residue was purified by column chromatography on silica gel using pentane:Et,0 (98:2) as eluant, to

afford the title compound as a colourless oil, (7.0g, 67%).

'H nmr (CDCL,, 300MHz) 8: 0.88 (t, 9H), 1.06 (m, 6H), 1.35 (m, 6H), 1.58 (m, 6H), 3.83 (t, 2H), 4.56 (t,
2H), 4.62 (s, 2H), 6.61 (d, 1H), 6.99 (d, 1H), 7.24-7.40 (m, 6H).

Preparation 5
2-{[(4R)-2,2-Dimethyl-1,3-dioxolan-4-ylJmethoxy}-6-(tributylstannyl)pyridine
L
X Me
Bu,Sn~ N O OX
o Me

The title compound was prepared as an oil (quantitative) from the bromide of preparation 2, using a

similar procedure to that described in preparation 4.

'H nmr (CDCl,, 300MHz) &: 0.88 (t, 9H), 1.06 (t, 6H), 1.25-1.40 (m, 9H), 1.45 (s, 3H), 1.50-1.70 (m,
6H), 3.83 (dd, 1H), 4.15 (dd, 1H), 4.40 (m, 2H), 4.52 (m, 1H), 6.60 (d, 1H), 7.00 (d, 1H), 7.40 (dd, 1H).

Preparation 6
2-{[(48)-2,2-Dimethyl-1,3-dioxolan-4-yllmethoxy}-6-(tributylstannyl)pyridine
LU
Me
Bu,Sn” "N” O -‘OX
O Me

The title compound was obtained as a colourless oil (71%), from the bromide from preparation 3,

following a similar procedure to that described in preparation 5.

'H nmr (CDCl,, 300MHz) 8: 0.89 (t, 9H), 1.07 (t, 6H), 1.35 (m, 6H), 1.40 (s, 3H), 1.48 (s, 3H), 1.58 (m,
6H), 3.83 (dd, 1H), 4.16 (dd, 1H), 4.40 (m, 2H), 4.52 (m, 1H), 6.60 (d, 1H), 7.00 (d, 1H), 7.40 (dd, 1H).
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Preparation 7

3-Bromo-1-(tert-butoxy)benzene

J QN
Br O/%Me

Me

Condensed isobutylene (100ml) was added via a dry ice/acetone cold finger, to dichloromethane (70ml)
at -30°C, followed by a solution of 3-bromophenol (21.5g, 125mmol) in dichloromethane (30ml).
Trifluoromethanesulphonic acid (1.5g, 10.0mmol) was added dropwise, the reaction cooled to -75°C, and
stirred for 2 hours. Triethylamine (1.4ml, 10.0mmol) was then added, the solution allowed to warm to
room temperature and then concentrated in vacuo to remove the isobutylene. The remaining solution was

washed with water, dried (Na,SO,), filtered and evaporated to give the desired product as a pale yellow
oil, (33g, slightly impure).

'H nmr (CDCl,, 400MHz) &: 1.37 (s, 9H), 6.89 (d, 1H), 7.04-7.20 (m, 3H).

Preparation 8
3-(tert-Butoxy)-phenylboronic acid

lo¥:
(HO),B o’F Me

Me

n-Butyllithium (40ml, 2.5M in hexanes, 100mmol) was added dropwise to a cooled (-78°C) solution of
the bromide from preparation 7 (23.9g, 90mmol) in tetrahydrofuran (300ml), so as to maintain the
temperature below -70°C. The resulting solution was stirred for 1 hour, and triisopropyl borate (30.6ml,
135mmol) was added dropwise over 10 minutes. The reaction was allowed to warm to room temperature,
diluted with ether (150ml) then extracted with sodium hydroxide solution (1N). The combined aqueous
layers were washed with ether and then re-acidified to pH 2 using hydrochloric acid (2N). This aqueous
mixture was extracted with dichloromethane (3x200ml), the combined organic extracts dried (Na,SO,),
filtered and concentrated in vacuo. The resulting white solid was stirred vigorously in pentane, filtered

(twice) then dried under vacuum to give the title compound as a white solid, (13.1g, 75%).
'H nmr (CDCl,, 400MHz) &: 1.39 (s, 9H), 7.19 (m, 1H), 7.37 (m, 1H), 7.79 (m, 1H), 7.88 (m, 1H).

Preparation 9
1-Bromo-3-(2,2-diethoxyethoxy)benzene
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A g om

OEt

A mixture of potassium carbonate (1.5g, 10.9mmol), 3-bromophenol (1.73g, 10.0mmol) and
bromoacetaldehyde diethyl acetal (1.5ml, 9.67mmol) in dimethylsulphoxide (10ml) was heated at 160°C
5 for 1 ¥ hours. The cooled reaction was partitioned between water (50ml) and ethyl acetate (100ml), and
the phases separated. The aqueous layer was extracted with ethyl acetate (50ml), the combined organic
solutions washed consecutively with 1N sodium hydroxide solution, water (2x), brine and then dried
(Na,S0,), filtered and evaporated in vacuo. The residue was purified by medium pressure column

chromatography on silica gel using an elution gradient of ether:pentane (0:100 to 5:95) to afford the title
10 compound (2.01g, 72%).

'H nmr (CDCL,, 400MHz) &: 1.22 (t, 6H), 3.60 (m, 2H), 3.75 (m, 2H), 3.97 (d, 2H), 4.80 (t, 1H), 6.82 (d,
1H), 7.07 (m, 3H).

15  Preparation 10
3-(2,2-Diethoxyethoxy)phenylboronic acid

(HO)ZBQO/\rOEt

OEt

n-Butyilithium (18.5ml, 2.5M in hexanes, 46.25mmol) was added dropwise to a cooled (-78°C) solution

20  of the bromide from preparation 9 (11.4g, 39.6mmol) in anhydrous tetrahydrofuran (100ml), so as to
maintain the internal temperature <-70°C. This solution was stirred for 1 hour, then triisopropyl borate
(1.13g, 6.0mmol) added slowly, and the reaction allowed to warm to room temperature over 3 hours. The
mixture was cooled in an ice-bath, acidified to pH 4 using 2N hydrochloric acid, and quickly extracted
with ethyl acetate (2x500ml). The combined organic extracts were washed with water and brine, dried

25 (Na,S0,), filtered and evaporated in vacuo. The residual oil was purified by medium pressure column
chromatography on silica gel using an elution gradient of ether:pentane (0:100 to 50:50) to afford the
title compound (8.24g, 82%).

'H nmr (DMSO-d,, 400MHz) &: 1.14 (t, 6H), 3.58 (m, 2H), 3.66 (m, 2H), 3.94 (d, 2H), 4.80 (t, 1 H), 6.98
30 (m, 1H), 7.22 (m, 1H), 7.37 (m, 2H), 8.00 (s, 2H).

Preparation 11
1-Methylsulphonyl-piperidin-4-one ethylene ketal
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Methanesulphonyl chloride (24.8g, 0.217mol) was addcd dropwise to a solution of 4-piperidone ethylene
ketal (28.2g, 0.197mol) and triethylamine (30.2ml, 0.217mol) in ether (280ml), and the reaction stirred at
room temperature for 3 hours. The mixture was washed consecutively with water (2x), hydrochloric acid
(IN), and saturated sodium bicarbonate solution, dried (MgSO,), filtered and evaporated in vacuo. The
residue was triturated with hexane, filtered and dried to give the desired product as an off-white solid
(41.6g, 95%).

mp 107-109°C
'H nmr (CDCL, 400M1iz) &: 1.78 (m, 4H), 2.75 (s, 3H), 3.32 (m, 4H), 3.92 (s, 4H).
Anal. Found: C, 43.23; H, 6.85; N, 6.23. C;H,,NO,S requires C, 43.42; H, 6.83; N, 6.33%.

Preparation 12
1-Isopropylsulphonyl-piperidin-4-one ethylene ketal

o
O
Me\('}S“'O\
MeO
Isopropyisulphonyl chloride (5.6ml, 50mmol) was added dropwise to an ice-cooled solution of 4-
piperidone ethylene ketal (6.4ml, 50mmol) and triethylamine (7.7ml, 55mmol) in dichloromethane
(100ml), and the reaction stirred at room temperature for 3 hours. The mixture was washed with water
(2x), dried MgS0,), filtered and evaporated in vacuo. The residue was crystallised from ether/pentane to
afford the title compound as a solid, (10.55g, 85%).

mp 66-67°C
'H nmr (CDCl,, 400MHz) &: 1.34 (d, 6H), 1.77 (m, 4H), 3.18 (m, 1H), 3.43 (m, 4H), 3.98 (s, 4H).
Anal. Found: C, 48.19; H, 7.74; N, 5.50. C,;H,,NO,S requires C, 48.15; H, 7.75; N, 5.56%.

Preparation 13
Methyl 2-(1,4-dioxa-8-azaspirof4.5]dec-8-ylsulphonyl)acetate
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-
Me. J’\/‘S’
0%

Potassium tert-butoxide (24.6g, 219mmol) was added portionwise to a solution of the ethylene ketal from
preparation 11 (32.3g, 146mmol) and dimethyl carbonate (61ml, 730mmol) in tetrahydrofuan (200ml),
and once addition was complete, the reaction was stirred at room temperature overnight under a nitrogen
atmosphere. The reaction was poured into a mixture of hydrochloric acid (1N) and cther and the layers
separated. The aqueous layer was extracted with ethyl acetate, the combined organic solutions washed
with brine, dried (MgSQ,), filtered and evaporated in vacuo. The residue was suspended in di-isopropy!

ether, the mixture heated to reflux, cooled, and filtered, to afford the title compound as a solid, (26.7g,
65%).

'H nmr (CDCL,, 400MHz) §: 1.77 (m, 4H), 3.42 (m, 4H), 3.78 (s, 3H), 3.92 (s, 2H), 3.95 (s, 4H).
Anal. Found: C, 42.69; H, 6.16; N, 4.93. C,;H,,NO,S requires C, 43.00; H, 6.14; N, 5.02%.

Preparation 14
Methyl 2-(1,4-dioxa-8-azaspiro[4.5]dec-8-ylsulphonyl)-2-methylpropanoate

O
Me Me [/\j\}
Me’o\n)Q,‘SjN
o 0O

N-Buty! lithium (28ml, 1.6M in hexanes, 44.1mmol) was added dropwise to a cooled (-78°C) solution of
the sulphonamide from preparation 12 (10g, 40.1mmol) in tetrahydrofuran (100ml), so as to maintain a
temperature below -45°C. Once addition was complete the solution was allowed to warm to 0°C, and
then recooled to -78°C. Methyl chloroformate (3.7ml, 48.1mmol) was added dropwise so as to maintain
the temperature below -45°C, the reaction stirred for 30 minutes, then allowed to warm to room
temperature. The reaction mixture was partitioned between ethyl acetate and water, and the layers
separated. The organic phase was washed with water, dried (MgSO,), filtered and evaporated in vacuo.

The crude product was triturated with ether to give the title compound as a solid, (9.88g, 80%).
'H nmr (CDCl,, 400MHz) &: 1.60 (s, 6H), 1.76 (m, 4H), 3.48 (m, 4H), 3.79 (s, 3H), 3.98 (s, 4H).
Anal. Found: C, 46.80; H, 6.87; N, 4.49. C,,H,,NOS requires C, 46.89; H, 6.89; N, 4.56%.

Preparation 15
Methyl 4-(1,4-dioxa-8-azaspiro[4.5]dec-8-ylsulphonyljtetrahydro-2H-pyran-4-carboxylate
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Sodium hydride (880mg, 60% dispersion in mineral oil, 22mmol) was added to a solution of the
sulphonamide from preparation 11 (2.21g, 10mmol) and dimethyl carbonate (4.2ml, 50mmol) in dry
toluene (40ml), and the mixture heated at 90°C for 90 minutes. Tlc analysis showed starting material
present, so methanol (2071) was added, and the reaction stirred at 90°C overnight. 1-Methyl-2-
pyrrolidinone (10ml) and bis(2-bromoethyl)ether (1.63ml, 13mmol) were added, and the reaction stirred
for a further 20 hours at 90°C, and at room temperature for 3 days. The reaction mixture was partititoned
between 1N citric acid solution and ether, and the layers scparated. The organic phase was washed with

water, dried (MgS0,), filtered and evaporated in vacuo. The residue was triturated with ether to give the

title compound as a white solid, (1.05g, 30%).

Alternative method

Potassium tert-butoxide (220ml, 1M in tetrahydrofuran, 220mmol) was added dropwise to a solution of
the acetate from preparation 13 (27.9g, 100mmol) and bis(2-bromoethyl)ether (16.3ml, 130mmol) in
tetrahydrofuran (200ml) and 1-methyl-2-pyrrolidinone (20ml), and the reaction stirred at room
temperature overnight. Tlc analysis showed starting material remaining, so tetrabutylammonium iodide
(3.7g, 10mmol) and sodium hydride (2.0g, 60% dispersion in mineral oil, 50mmol) were added, and the
reaction stirred for a further 72 hours. Additional 1-methyl-2-pyrrolidinone (100ml), sodium hydride
(4.0g, 60% dispersion in mineral oil, 100mmol) and bis(2-bromoethyl)ether (12.6ml, 100mmol) were
added, and the reaction continued for a further 24 hours. The reaction was poured into a mixture of ether
and 10% citric acid solution, and the layers separated. The aqueous phase was extracted with ether, the
combined organic solutions washed with water, dried (MgSO,), filtered and evaporated in vacuo.The
residue was suspended in ether, the mixture heated to reflux, cooled and the resulting precipitate filtered,

washed with ether and dried to give the title compound, (7.2g, 21%).

'H nmr (CDCl,, 400MHz) 5: 1.70 (m, 4H), 2.16 (m, 2H), 2.35 (m, 2H), 3.24 (m, 2H), 3.41 (m, 4H), 3.80
(s, 3H), 3.94 (m, 6H).

LRMS : m/z 372 (M+23)*

Preparation 16
Methyl 4-(4-oxo-piperidin- 1-ylsulphonyl)tetrahydro-2H-pyran-4-carboxylate
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Hydrochloric acid (20ml, IN) was added to a solution of the ethylene ketal from preparation 15 (7.1g,
20.3mmol) in acetone (20ml) and 1,4-dioxan (20ml), and the reaction stirred at 60°C for 6 hours, and
then left at room temperature overnight. The reaction was neutralised by adding sodium bicarbonate
portionwise, and this mixture concentrated in vacuo. The residue was diluted with water, then extracted
with ethyl acetate (3x). The combined organic extracts were dried (MgSO,), filtered and evaporated in
vacuo.The crude product was triturated with ether/di-isopropyl ether, to give the desired product as a

solid (4.1g, 66%).
mp 158-160°C

'"H nmr (CDCl,, 400MHz) §: 2.18 (m, 2H), 2.38 (m, 2H), 2.48 (m, 4H), 3.26 (m, 2H), 3.60 (br, m, 4H),
3.82 (s, 3H), 3.98 (m, 2H).

Anal. Found: C, 47.14; H, 6.28; N, 4.54. C,,H,(NOS requires C, 47.20; H, 6.27; N, 4.59%.

Preparation 17
Methyl 2-methyl-2-(4-oxo-piperidin- 1-ylsulphonyl)propanoate

(@]
Me‘o’u§< 0
Me Me

The title compound was obtained as a solid (98%) after trituration with pentane from the ethylene ketal

from preparation 14, following a similar method to that described in preparation 16.
'H nmr (CDCl,, 400MHz) &: 1.67 (s, 6H), 2.57 (m, 4H), 3.68 (m, 4H), 3.80 (s, 3H).
Anal. Found: C, 45.51; H, 6.52; N, 5.14. C,(H,;NOS requires C, 45.61; H, 6.51; N, 5.32%.

Preparation 18
tert-Butyl 4-[4-(4-bromo-3-methylphenyl)-4-hydroxypiperidine-1-carboxylate

Me
Br
HO

Me
(] N
Me’\/ \ﬂ/
Me O
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A 2.5M solution of n-butyl lithium in hexane (38ml, 94mmol) was added over about 10 minutes to a
stirred mixture of 2-bromo-5-iodo-toluene (28g, 94mmol) in anhydrous ether (500ml) under nitrogen, at
about -75°C. After a further 15 minutes, a solution of t-butyl 4-oxopiperidine-1-carboxylate (17 g, 85
mmol) in anhydrous tetrahydrofuran (50 ml) was added at such a rate that the reaction temperature was
maintained below -60°C.

The reaction mixture was stirred at about -75°C for 1 hour, and allowed to warm to 0°C and quenched
with aqueous ammonium chloride solution. The organic phase was separated, washed with water, dried
(MgS0)), filtered and evaporated in vacuo. The residue was dissolved in pentane and cooled to 0°C to
crystallise the title compound, which was collected by filtration as a colourless solid (20.1 g, 64%).

m.p. 102-103°C.

'H nmr (CDCly) 8: 1.48 (s, 9H), 1.51 (s, 1H), 1.70 (d, 2H), 1.96 (m, 2H), 2.40 (s, 3H), 3.22 (t, 2H), 4.02
(m, 2H), 7.15 (dd, 1H), 7.36 (d, 1H), 7.50 (d, 1H).

LRMS :nvz 369/371 (M+1)*
Anal. Found: C,55.14; H, 6.58; N, 3.76. C,,H,,BrNO, requires C, 55.14; H, 6.53; N, 3.78%.

Preparation 19
4-(4-Bromo-3-methylphenyl)-1,2,3,6-tetrahydropyridine

Me
Br

HN

Trifluoroacetic acid (100ml) was added to a stirred solution of the bromide from preparation 18
(20g, 54mmol) in dichloromethane (100 ml) at room temperature. After a further 18 hours, the reaction
mixture was evaporated in vacuo and the residue basified with 2M aqueous sodium hydroxide solution to
pH>12. The resulting mixture was extracted with ether, the combined extracts washed with water, dried

(MgSO0,), filtered and evaporated under reduced pressure to yield the title compound as a low melting
solid, (13.6 g, 100%).

'H nmr (CDCL,) 8: 1.60 (br, s, 1H), 2.40 (m, SH), 3.10 (t, 2H), 3.52 (m, 2H), 6.10 (b, s, 1H), 7.05 (dd,
1H), 7.22 (d, 1H), 7.46 (d, 1H).

LRMS vz 251/253 (M+1)".

Alternative Method -
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Para-toluenesulphonic acid (10.27g, S4mmol) was added to a stirred solution of the bromide from
preparation 18 (10g, 27mmol) in toluene (130ml) at room ternperature. The gelatinous mixture was
heated to reflux in a Dean-Stark apparatus for 90 minutes, and then cooled to room temperature which
resulted in a thick white precipitate. The mixture was basified with 2M sodium hydroxide solution, and
extracted with ethyl acetate (3x), then the combined extracts were washed with water, dried (MgSQ,) and

evaporated under reduced pressure to yield the title as a low melting solid, (6.8 g, 100%).

Preparation 20
4-(4-Bromo-3-methylphenyl)- 1-methylsulphonyl-1,2,3,6-tetrahydropyridine

Me
Br

SN
Q N

.S
Me O

Methanesulphonyl chloride (17.5ml, 227mmol) was added dropwise to an ice-cooled solution of
triethylamine (34.4ml, 247mmol) and the amine from preparation 19 (51.8g, 206mmel) in
dichloromethane (400ml), and the reaction then stirred at room temperature for 1 hour. Tlc analysis
showed starting material remaining, so additional methanesulphonyl chloride (1.75ml, 22.7mmol) and
triethylamine (5ml, 35.9mmol) were added, and stirring continued for a further hour. The reaction was
dituted with hydrochloric acid (200ml, 2N) and water (300ml), and the phases separated. The aqueous
layer was extracted with dichloromethane (2x250ml) the combined organic extracts washed with brine
(200ml), dried (MgSO,), filtered and concentrated in vacuo. The residual solid was triturated with iso-
propyl ether, filtered and dried to afford the title compound as a pale yellow solid, (65.1g, 96%).

'H nmr (CDCL,, 300MIiz) §: 2.40 (s, 3H), 2.62 (m, 2H), 2.85 (s, 3H), 3.54 (m, 2H), 3.95 (m, 2H), 6.04
(m, 1H), 7.04 (dd, 1H), 7.21 (m, 1H), 7.50 (d, 1H).

LRMS m/z 347, 349 (M+18)"

Preparation 21
Methyl 2-[4-(4-bromo-3-methylphenyl)-1,2,3,6-tetrahydropyridin-1-ylsulphonyljacetate

Me
Br

N

0] _N
Meo—~SO,
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N,O-Bis(trimethylsilyl)acetamide (0.9ml, 4.0mmol) was added to a stirred solution of the amine from
preparation 19 (2.0g, 7.9mumol) in anhydrous tetrahydrofuran (40ml), under nitrogen, at room
temperature. A solution of methy! chlorosulphonylacetate (1.64g, 9.5mmol) in anhydrous tetrahydrofuran
(15 ml) was added and the reaction mixture stirred at room temperature for 18 hours. The resulting
mixture was evaporated in vacuo, and partitioned between ethyl acetate and aqueous sodium bicarbonate
solution. The organic layer was separated and washed with water, dried (MgSO),), filtered and
evaporated in vacuo. The residue was purified by column chromatography on silica gel, using

dichloromethane as eluant, followed by crystallisation from diisopropyl ether, to give the title compound
as a colourless solid, (1.65 g, 55%).

m.p. 110-112°C.

'H nmr (CDCL,) 8: 2.40 (s, 3H), 2.60 (m, 2H), 3.60 (t, 2H), 3.80 (s, 3H), 4.01 (s, 2H), 4.07 (m, 2H), 6.02
(br, 5,11, 7.02 (dd, 1H), 7.21 (d, 1H), 7.50 (d, 1H).

LRMS m/z 404/406 (M+18)"
Anal. Found: C, 46.32; H, 4.62; N, 3.55. C,,H,;BINO,S requires C, 46.40; H, 4.67; N, 3.61%.

Preparation 22
Methyl 2-[4-(4-bromo-3-methyiphenyl)-1,2,3,6-tetrahydropyridin-1-ylsulphonyl]-2-methyl-propanoate

Me
Br

~N

(@] _N
MeO&SOZ
Me Me

Iodomethane (2ml, 32.1mmol) was added to a stirred mixture of the acetate from ptéparation 21 (5g,
12.9mmol) and potassium carbonate (5.4g, 39.1mmol), in anhydrous dimethylsulfoxide (50ml), under
nitrogen, at room temperature. After 24 hours the reaction mixture was partitioned between ether and
water, separated, and the organic layer was washed with water, dried (MgSO,), filtered and evaporated in
vacuo. The residue was purified by flash chromatography, using diethyl ether:pentane (40:60 to 100:0)

as eluant, followed by crystallisation from diisopropyl ether, to give the title compound as a colourless
solid, (4.7 g, 87%).

m.p. 100-101°C.
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'H nmr (CDCl,) & 1.67 (s, 6H), 2.40 (s, 3H), 2.58 (m, 2H), 3.60 (t, 2H), 3.80 (s, 3H), 4.08 (m, 2H), 6.00
(br, s, 1H), 7.03 (dd, 1H), 7.21 (d, 1H), 7.49 (d, 1H).

Anal. Found: C, 49.00; H, 5.33; N, 3.28. C;H,,BrNO,S requires C, 49.04; H, 5.33; N, 3.36%.

Preparation 23
Methyl 4-[4-(4-bromo-3-methylphenyl)-1,2,3,6-tetrahydropyridin-1-ylsulphonyl]tetrahydro-2H-pyran-4-
carboxylate

Br

@ N
sO

2

MeO

O

Bis-2-iodoethyl ether (3.9g, 12.0mmol) was added to a stirred mixture of the acetate from preparation
21 (3.6 g, 9.3mmol) and potassium carbonate (3.8g, 27.8mmol), in anhydrous dimethylsulfoxide (50ml),
under nitrogen, at room temperature. After 18 hours the reaction mixture was partitioned between dicthyl
ether and water, separated, and the organic layer was washed with water, dried MgSOQ,), filtered and
evaporated in vacuo. The residue was purified by flash chromatography, using a mixture of
dichloromethane and methanol (99:1) as eluant, followed by crystallisation from diisopropyl ether, to
give the title compound as a colourless solid, (3.43 g, 80%).

m.p. 128-130°C.

'H nmr (CDCL,) &: 2.23 (m, 2H), 2.40 (s, 3H), 2.42 (m, 2H), 2.58 (m, 2H), 3.30 (m, 2H), 3.58 (m, ZH),
3.87 (s, 3H), 4.00-4.10 (m, 4H), 6.00 (br, s, 1H), 7.02 (dd, 1H), 7.21 (d, 1H), 7.49 (d, 1H).

LRMS :m/z 477 (M+18)*
Anal. Found: C, 49.92; H, 5.40; N, 2.90. C,;H,,BiNO,S requires C, 49.78; H, 5.28; N, 3.06%.

Preparation 24
4-(4-Bromo-3-methylphenyl)- 1-(methylsulphonyl)piperidine
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Me
Br

N
Me‘SOZ

Triethylsilane (47.2ml, 296mmol), followed by trifluoromethanesulphonic acid (1.73ml, 19.7mmol) were
added to a solution of the sulphonamide from preparation 20 (65.0g, 197mmol) in dichloromethane
(300ml) and trifluoroacetic acid (300ml), and the reaction stirred at room temperature for an hour. Tlc
analysis showed starting material remaining, so additional triethylsilane (75.2ml, 47 lmmol) and
trifluoromethanesulphonic acid (0.86ml, 9.8mmol) were added and the reaction stirred for a further 20
hours at room temperature. The reaction was concentrated in vacuo, the residue poured into saturated
aqueous potassium carbonate solution, and the mixture extracted with dichloromethanc (3x650ml). The
combined organic extracts were washed with brine (500ml), dried (MgSO,), filtered and concentrated in
vacuo. The crude product was triturated with hot methanol/hexane, filtered and dried to give the title
compound (52.43g, 80%) as a buff-coloured solid.

'H nmr (CDCI,, 400MHz) 5: 1.78 (m, 2H), 1.90 (m, 2H), 2.37 (s, 3H), 2.52 (m, 1H), 2.77 (m, SH), 3.94
(m, 2H), 6.83 (m, 1H), 7.02 (s, 1H), 7.42 (m, 1H).

LRMS : m/z 354, 356 (M+23)"

Preparation 25
Methyl 2-[4-(4-bromo-3-methylphenyl)piperidin-1-ylsulphonyl]acetate

Me
Br

O N

Meo— SO,

Sodium hydride (12.2g, 60% dispersion in mineral oil, 305mmol) was added to a solution of the
sulphonamide from preparation 24 (50.61g, 152mmol) and dimethylcarbonate (63.8ml, 760mmol) in
toluene (600ml), and the reaction heated under reflux for 1 % hours. The reaction was partitioned
between ethyl acetate (1000ml), and cooled hydrochloric acid (600ml, 1N), and the layers separated. The
aqueous layer was extracted with ethyl acetate (500ml), the combined organic extracts washed with brine
(3x300ml), dried (MgS0,), filtered and concentrated in vacuo. The residue was triturated with hexane,
and the solid filtered. This was re-crystallised from di-isopropyl ether and dried in vacuo to give the title
compound as buff-coloured crystals, (40.9g, 69%).
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'H nmr (CDCl,, 400MHz) &: 1.77 (m, 2H), 1.84 (m, 2H), 2.37 (s, 311), 2.58 (m, 1H), 2.97 (m, 2H), 3.80
(s, 3H), 3.96 (m, 4H), 6.84 (m, 1H), 7.02 (s, 1H), 7.42 (d, 1H).

LRMS m/z 412, 414 (M+23)"

Preparation 26
Methyl 2-[4-(4-bromo-3-methylphenyl)piperidin-1-ylsulphonyl]-2-methyl-propanoate

Me
Br

0 N
MeO /u»( SO,
Me Me
Triethylsilane (1.43ml, 9.0mmol) followed by trifluoromethanesulphonic acid (0.02ml, 0.3mmol) were
10 added to a solution of the 1,2,3,6-tetrahydropyridine from preparation 22 (1.25g, 3.0mmol) and
triflucroacetic acid (15ml) in dichloromethane (15ml), and the reaction was stirred for an hour at room
temperature. The reaction mixture was concentrated in vacuo, the residue diluted with dichloromethane
(25ml), then partitioned between ethyl acetate (150ml) and saturated sodium bicarbonate solution
(150ml), and the layers separated. The aqueous phase was extracted with ethyl acetate (2x35ml), the
15  combined organic solutions dried (MgSQ,), filtered and evaporated in vacuo. The residual solid was
triturated with di-isopropyl ether to give the title compound as a white solid, (963mg, 77%).
mp 103-106°C

'H nmr (DMSO-d,, 400MHz) &: 1.52 (m, 8H), 1.77 (m, 2H), 2.28 (s, 3H), 2.63 (m, 1H), 3.00 (m, 2H),
20  3.70 (m, 5H), 6.98 (dd, 1H), 7.20 (s, 1H), 7.42 (dd, 1H).

Anal. Found: C, 48.42; H, 5.74; N, 3.27. C;H,,BINSO, requires C, 48.81; H, 5.78 N, 3.35%.

Preparation 27
25 Methyl 4-[4-(4-bromo-3-methylphenyl)piperidin-1-ylsulphonyl]tetrahydro-2H-pyran-4-carboxylate

Me
Br

Sodium hydride (60% dispersion in mineral oil, 1.16g, 29.0mmol) was added to a stirred solution of the

30 acetate from preparation 25 (10.14 g, 26.0mmol) in N-methyl pyrrolidinone (60 ml) at ambient
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temperature under nitrogen. After 45 minutes, bis-2-bromoethyl ether (4.26 ml, 33.8 mmol) was added
to the stirred mixture, and after a further 150 minutes an additional portion of sodium hydride (60%
dispersion in mineral oil; 1.16 g, 29 mmol) was added, and the mixture left stirring for 18 hours. The
solvent was removed under reduced pressure, and the residues was partitioned between ethyl acetate and
water. The organic layer was collected, washed with brine, dried (MgSQ,), and evaporated under
reduced pressure. The residue was crystallised from ethyl acetate and diisopropyl ether to give the title
compound as a colourless solid (7.34 g, 61%). The filtrate was evaporated and purified by flash
chromatography eluting with dichloromethane, and crystallisation from ethyl acetate and diisopropyl
ether to give an additional batch of the title compound as a colourless solid (1.86 g, 15%). A small

sample was recrystallised from ethyl acetate for further characterisation.

m.p. 162-163°C.

'"Hnmr (CDCL) &: 1.65-1.83 (m, 4H), 2.20 (m, 2H), 2.38 (s, 3H), 2.40 (m, 2H), 2.57 (m, 1H), 3.00 (m,
2H), 3.29 (m, 2H), 3.85 (s, 3H), 3.87-4.00 (m, 4H), 6.83 (d, 1H), 7.02 (s, 1H), 7.41 (d, 1H).

LRMS m/z 460/462 (M+1)*.
Anal. Found: C,49.49; H,5.68; N,2.93. C,,H,BrNO.S requires C,49.57; H,5.69; N,3.04%.

Alternative Route: Triethylsilane (50ml, 0.30mol) was added dropwise over 2 min to a solution of the
carbinol from preparation 130 (60g, 0.12mol) in dichloromethane (150ml) and trifluoroacetic acid
(150ml), at 0°C, under nitrogen. Triflic acid (0.53ml, 6.0mmol) was added dropwise over 10 min and the
resulting mixture was stirred at 0°C for 4h. Dichloromethane (300ml) and demineralised water (300ml)
were added and the aqueous phase was separated. The organic phase was washed with water (200ml),
saturated sodium bicarbonate solution (2x200ml) and demineralised water (200ml) and then concentrated
in vacuo to a colourless solid. The solid was slurried in hot ethyl acetate (300ml) for 20 min and the
mixture was cooled to G°C and then filtered. The residue was dried in vacuo to leave the title compound

as a colourless solid (53g, 92%).

Preparation 28
Methyl 1-benzyl-4-[4-(4-bromo-3-methylphenyl)piperidin-1-ylsulphonyl]-4-piperidinecarboxylate
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The acetate from preparation 25 (4.17g, 10.7mmol) was added portionwise to a suspension of sodium
hydride (994mg, 60% dispersion in mineral oil, 33.1mmol) in 1-methyl-2-pyrrolidinone (40mti), and the
resulting solution stirred for an hour. Tetra-butyl ammonium bromide (3.44g, 10.7mmol) and N-benzy!-
bis-(2-chloroethyl)amine (2.73g, 10.1mmol) were added portionwise, and once addition was complete,
the reaction was stirred at 60°C for 6 hours. The cooled reaction was partitioned between water and ethyl
acetate, the layers separated, and the aqueous phase extracted with ethyl acetate. The combined organic
extracts were washed with water, dried (Na,SO,), filtered and concentrated in vacuo. The crude product
was purified by column chromatography on silica gel twice, using an elution gradient of

dichloromethane:ether (100:0 to 90:10) to afford the title compound (3.04g, 52%).

'H nmr (CDCl,, 400MHz) &: 1.63-1.81 (m, 4H), 1.88 (m, 2H), 2.16 (m, 2H), 2.36 (5, 3H), 2.42 (m, 2H),

2.55 (m, 1H), 2.88 (m, 2), 2.98 (m, 2H), 3.40 (s, 2H), 3.82 (m, SH), 6.83 (d, 1H), 7.00 (s, 1H), 7.22 (m,
5H), 7.40 (d, 1H).

LRMS m/z 549, 551 (M+1)"

Preparation 29
Methyl 2-methyl-2- {4-[trifluoromethanesulphonyloxy]-1,2,3,6-tetrahydropyridin-1-
ylsulphonyl}propanoate

2,6-Di-tert-butyl-4-methylpyridine (3.7g, 18mmol) was added to a solution of the ketone from
preparation 17 (3.8g, 14.5mmol) in dichloromethane (50ml), and the solution then cooled to 4°C.
Trifluoromethane sulphonic anhydride (2.95ml, 17.5mmol) was added dropwise, and the reaction then
stirred at room temperature for 17 hours. Tlc analysis showed starting material remaining, so additional
2,6-di-tert-butyl-4-methylpyridine (3.7g, 18mmol) and trifluoromethane sulphonic anhydride (2.7ml,
16mmol) were added portionwise to the stirred reaction over the following 4 days. The mixture was then
filtered, the filtrate concentrated in vacuo, and the residue triturated with ether. The resulting solid was

filtered off, and the filtrate evaporated in vacuo. This crude product was purified by column
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chromatography on silica gel using an elution gradient of hexane:ethyl acetate (91:9 to 50:50) to afford
the title compound (4.25g, 74%) as a white solid.

'H nmr (CDCl,, 400MHz) 3: 1.64 (s, 6H), 2.56 (m, 2H), 3.60 (m, 2H), 3.79 (s, 3H), 4.06 (m, 2H), 5.80
(m, 1H).

Anal. Found: C, 33.62; H, 4.03; N, 3.43. C, H,(,F;:NO,S, requires C, 33.42; H, 4.08; N, 3.54%.

Preparation 30

Methyl 2-[4-(4-{3-formylphenyl}-3-methylphenyl)-piperidin- 1-ylsulphonyl]tetrahydro-2H-pyran-4-
carboxylate

A mixture of the bromide from preparation 27 (4.02g, 8.73mmol), 3-formylphenylboronic acid (1.83g,
11.56mmol), cesium fluoride (3.46g, 22.8mmol), tris(dibenzylideneacetone)palladium (0) (430mg,
0.47mmol) and tri(o-tolyl)phosphine (284mg, 0.93mmol) in 1,2-dimethoxyethane (70ml) was heated
under reflux for 6 hours. The cooled reaction was diluted with water and the mixture extracted with ethyl
acetate (3x). The combined organic extracts were washed with brine, dried (MgSO,), filtered and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
using an elution gradient of ethyl acetate:hexane (25:75 to 40:60), and triturated with di-isopropyl ether
to give the title compound as a solid, (2.69g, 63%).

'H nmr (CDCl,, 400MHz) 5: 1.75-1.95 (m, 4H), 2.20 (m, 5H), 2.40 (m, 2H), 2.62 (m, 1H), 3.03 (m, 2H),
3.30 (m, 2H), 3.82-4.02 (m, 7H), 7.07 (m, 2H), 7.16 (m, 1H), 7.56 (m, 2H), 7.81 (m, 2H), 10.02 (s, 1H).

LRMS : m/z 508 (M+23)"

Preparation 31

Methyl 2-[4-(4-{6-[2-benzyloxyJethoxypyridin-2-yl}-3-methylphenyl)-1,2,3,6-tetrahydropyridin-1-
ylsulphonyl]-2-methyl-propanoate
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\N O/\/OBn
N

o _N
Meo/l15<soz

Me Me

A mixture of the stannane from preparation 4 {2.8g, 5.4mmol) and the bromide from preparation 22
(1.5g, 3.62mmol), and tetrakis(triphenylphosphine)palladium (0) (205mg, 0.18mmo]l) in toluene (35ml)
was heated under reflux overnight. The cooled mixture was evaporated in vacuo and the residuc purified

by column chromatography on silica gel using pentane:ethyl acetate (75:25) as eluant, to afford the title

compound as a colourless oil, (1.7g, 83%).

'"H nmr (CDCL,, 300MHz) &: 1.69 (s, 6H), 2.42 (s, 3H), 2.64 (m, 2H), 3.62 (t, 2H), 3.82 (m, SH), 4.14 (m,
2H), 4.56 (t, 2H), 4.62 (s, 2H), 6.06 (s, 1H), 6.77 (d, 1H), 7.0 (4, 1H), 7.22-7.42 (m, 8H), 7.62 (m, 1H).

LRMS : m/z 565 (M+1)"*

Preparation 32
Methyl 4-[4-(4-{6-[2-benzyloxy]ethoxypyridin-2-yl}-3-methylphenyl)-1,2,3,6-tetrahydropyridin-1-
ylsulphonyl]tetrahydro-2H-pyran-4-carboxylate

Me = l
\N O/\,O-Bn

O _N
MeO SO,

0]

A mixture of the stannane from preparation 4 (1.74g, 3.36mmol) and the bromide from preparation 23
(1.1g, 2.4mmol) and tetrakis(triphenyiphosphine)palladium (0) (138mg, 0.14mmol) in toluene (16ml)
was heated under reflux for 4 hours. The cooled reaction was diluted with water, and the mixture
extracted with ether (3x). The combined organic extracts were washed with brine, dried (MgSO,),
filtered through Arbocel® and evaporated in vacuo. The residual yellow oil was purified by column

chromatography on silica gel using an elution gradient of pentane:ether (50:50 to 25:75) to afford the title
compound as a pale yellow oil, (1.18g, 81%).

'H nmr (CDCl,, 400MHz) : 2.22 (m, 2H), 2.42 (m, 5H), 2.62 (m, 2H), 3.34 (m, 2H), 3.60 (m, 2H), 3.82
(t, 2H), 3.88 (s, 3H), 4.01 (m, 2H), 4.09 (m, 2H), 4.55 (t, 2H), 4.61 (s, 2H), 6.05 (m, 1H), 6.76 (d, 1H),
6.99 (d, 1), 7.21-7.41 (m, 78H), 7.61 (m, 1H).
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LRMS : m/z 607 (M+1)"

Preparation 33
Methyl 1-benzyl-4-{[4-(4-{6-[2-benzyloxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulphonyl} -piperidin-4-carboxylate

Me = |
\N o/\,OBn

The stannane from preparation 4 (4.05g, 7.8mmol), followed by tris(triphenylphosphine) palladium (0)
(410mg, 0.35mmol) were added to a solution of the bromide from preparation 28 (3.91g, 7.1mmol) in
toluene (50ml), and the reaction de-gassed, then heated under a nitrogen atmosphere reflux for 7 hours.
Aqueous potassium fluoride solution (20ml, 25%) was added to the cooled reaction, the mixture stirred at
room temperature for 20 minutes, then filtered through Arbocel®. The filtrate was diluted with ethyl
acetate, washed with brine, dried (Na,SO,), filtered and evaporated in vacuo. The residue was purified by
column chromatography on silica gel twice, using an elution gradient of ethyl acetate:hexane (40:60 to

60:40) to give the desired product as a yellow crystalline solid, (2.77g, 56%).

'H nmr (CDCl,, 400MHz) &: 1.74-1.95 (m, 6H), 2.17 (m, 2H), 2.37 (s, 3H), 2.44 (m, 2H), 2.60 (m, 1H),
2.88 (m, 2H), 3.00 (m, 2H), 3.40 (s, 2H), 3.80 (m, SH), 3.88 (m, 2H), 4.52 (t, 2H), 4.59 (s, 2H), 6.70 (d,
1H), 6.95 (d, 1H), 7.03 (m, 2H), 7.18-7.37 (m, 11H), 7.58 (m, 1H).

LRMS : m/z 699 (M+1)*

Preparation 34
Methyl 2-[4-(4-{3-[2,2-diethoxyethoxy]phenyl}-3-methylphenyl)-1,2,3,6-tetrahydropyridin-1-
ylsulphonyl]-2-methyl-propanoate
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§ O OEt

A mixture of cesium fluoride (1.81g, 11.92mmol), tri-o-tolyl phosphine (180mg, 0.59mmol),
tris(dibenzylideneacetone)dipalladium (0) (280mg, 0.3 1mmol) and the boronic acid from preparation 10
(1.83g, 7.2mmol) and the bromide from preparation 22 (2.5g, 6.0mmol) in anhydrous 1,2-
dimethoxyethane (60ml), was heated under reflux for 5 % h. The cooled reaction mixture was partitioned
between water and ethyl acetate, and this mixture filtered through Arbocel®. The filtrate was separated,
the organic phase washed with water, then brine, dried (Na,SO,), filtered and evaporated in vacuo. The
residual green oil was purified by medium pressure column chromatography on silica gel using an elution

gradient of pentane:ethyl acetate (100:0 to 85:15) to afford the title compound, (3.04g, 93%).

'H nmr (CDCl,, 300MHz) 8: 1.24 (t, 6H), 1.69 (s, 6H), 2.28 (s, 3H), 2.64 (m, 2H), 3.62 (m, 4H), 3.80 (m,
5H), 4.04 (d, 2H), 4.12 (m, 2H), 4.84 (t, 1H), 6.06 (m, 1H), 6.92 (m, 3H), 7.14-7.38 (m, 4H).

LRMS : m/z 563 (M+18)*

Preparation 35

Methyl 2-[(4-{4-[6-(2-hydroxyethoxy)pyridin-2-yl}-3-methylphenyl}-piperidin- 1-yl)sulphonyl]-2-
methyl-propanoate

O N
Meo/u><soz

Me Me

A mixture of the benzyl ether from preparation 31 (1.7g, 3.0mmol), ammonium formate (3.0g,
50.0mmol), palladium hydroxide on carbon (500mg) and acetic acid (10ml) in methanol (30ml) was
heated under reflux overnight. Additional ammonium formate (1.5g, 25.0mmol} and palladium hydroxide
on carbon (1.5g) were added and the reaction heated under reflux for a further 72 hours. The cooled
mixture was filtered through Arbocel®, and the filter pad washed well with ethyl acetate. The combined
filtrates were neutralised using saturated sodium bicarbonate solution, the phases separated, and the
aqueous layer extracted with ethyl acetate (2x100ml). The combined organic extracts were dried
(MgS0)), filtered and evaporated in vacuo to give the title compound as a colourless solid, (1.2g, 84%).
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mp 108-111°C

'H nmr (CDCl,, 300MHz) &: 1.64 (s, 6H), 1.78-1.94 (m, 4H), 2.40 (s, 3H), 2.65 (m, 1H), 3.07 (m, 2H),

3.82 (s, 3H), 3.97 (m, 4H), 4.50 (t, 2H), 6.7 (d, 1H), 7.00 (d, 1H), 7.10 (m, 2H), 7.38 (d, 1H), 7.65 (m,
1H).

LRMS : m/z 477 (M+1)*

Preparation 36
Methyl 4-{[4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulphonyl} tetrahydro-2H-pyran-4-carboxylate

Me = I
\N O/\/OH

MeO 2

O

The title compound was prepared from the benzyl ether from preparation 32 in 93% yield, following a

similar procedure to that described in preparation 35.

'H nmr (CDCl,, 300MHz) &: 1.70-1.95 (m, 4H), 2.22 (m, 2H), 2.40 (m, 5H), 2.64 (m, 1H), 3.06 (m, 2H),

3.34 (m, 2H), 3.92 (m, 7H), 4.00 (m, 2H), 4.50 (1, 2H), 6.78 (d, 1H), 7.00 (d, 1H), 7.10 (m, 2H), 7.38 (d,
1H), 7.65 (m, 1H).

LRMS : mv/z 519 (M+1)*

Preparation 37
Methyl 4-({4-[4-(6-{[(4R)-2,2-dimethyl-1,3-dioxolan-4-ylJmethoxy} pyridin-2-yl)-3-
methylphenyl]piperidin-1-yl} sulphonyl)tetrahydro-2H-pyran-4-carboxylate

Me =

| OMe
o
O Me
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A mixture of the stannane from preparation 5 (2.0g, 4.97mmol) and the bromidc from preparation 27
(1.76g, 3.82mmol) and tetrakis(triphenylphosphine)palladium (0) (242mg, 0.21mmol) in toluene (50ml)
was heated under reflux for 7 hours. The cooled mixture was concentrated under reduced pressure and
the residue purified by column chromatography on silica gel twice, using an elution gradient of

ether:pentane (66:34 to 34:66) to give the title compound as a white solid, (1.29¢g, 57%).

'H nmr (CDCI,, 300MHz) 8: 1.40 (s, 3H), 1.46 (s, 3H), 1.77-1.95 (m, 4H), 2.21 (m, 2H), 2.40 (m, 5H),
2.64 (m, 1H), 3.04 (m, 2H), 3.34 (m, 2H), 3.81-4.04 (m, 8H), 4.15 (dd, 1H), 4.40 (m, 2H), 4.50 (m, 1H),
6.75 (d, 1H), 7.00 (d, 1H), 7.09 (m, 2H), 7.38 (d, 1H), 7.62 (m, 1H).

LRMS : m/z 611 (M+23)"

Preparation 38
Methyl 4-({4-[4-(6-{{(4S)-2,2-dimethyl-1,3-dioxolan-4-ylJmethoxy} pyridin-2-yl)-3-
methylphenyl]piperidin-1-yl}sulphonyl)tetrahydro-2H-pyran-4-carboxylate

Me =

| o Me
SNTToOTY k
(o) Me

MeO

O

The title compound was obtained as a white solid (65%), after recrystallisation from methanol, from the
stannane from preparation 6 and the bromide from preparation 27, following a similar procedure to that

described in preparation 37.

'H nmr (CDCL,, 300MHz) 5: 1.40 (s, 3H), 1.46 (s, 3H), 1.78-1.95 (m, 4H), 2.21 (m, 2H), 2.42 (m, 5H),
2.65 (m, 1H), 3.08 (m, 2H), 3.35 (m, 2H), 3.81-4.05 (m, 8H), 4.14 (dd, 1H), 4.40 (m, 2H), 4.50 (m, 1H),
6.76 (d, 1H), 6.99 (d, 1H), 7.08 (m, 2H), 7.38 (d, 1H), 7.62 (m, 1H).

LRMS : m/z 589 (M+1)*
Preparation 39

Methyl 4- {{4-(4- {6-[(2S)-2,3-dihydroxy-1-propoxy]pyridin-2-y1}-3-methylphenyl)piperidin-1-
yllsulphonyl}tetrahydro-2H-pyran-4-carboxylate
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OH
OH

A solution of the dioxolane from preparation 37 (799mg, 1.36mmol) in 1,4-dioxan (10ml) was added to
an ice-cooled solution of hydrochloric acid (30ml, 2N), and the reaction stirred for 75 minutes. The
solution was poured into saturated sodium bicarbonate solution (200ml), and the resulting precipitate

filtered and dried. The solid was recrystallised from ethy acetate/di-isopropyl ether, to afford the desired
product as a white powder, (642mg, 86%).

'H nmr (CDCl,, 300MHz) 8: 1.70-2.42 (m, 12H), 2.64 (m, 1H), 3.04 (m, 2H), 3.34 (m, 2H), 3.63 (m,

6H), 3.84-4.19 (m, SH), 4.50 (m, 2H), 6.77 (d, 1H), 7.00 (d, 1H), 7.09 (m, 2H), 7.35 (d, 11, 7.68 (m,
1H).

Preparation 40
Methyl 4- {[4-(-4-{6-[(2R)-2,3-dihydroxy-1-propoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yllsulphonyl}tetrahydro-2H-pyran-4-carboxylate

SN o™ OF

OH

The title compound was obtained as a white crystalline solid (86%), from the dioxolane from preparation

38, following the procedure described in preparation 39.

'H nmr (CDCl,, 400MHz) 8: 1.76-1.92 (m, 4H), 2.21 (m, 2H), 2.40 (m, 5H), 2.50 (t, 1H), 2.64 (m, 1H),
3.06 (m, 2H), 3.34 (m, 2H), 3.64 (m, 2H), 3.72 (m, SH), 4.00 (m, 3H), 4.12 (d, 1H), 4.50 (m, 2H), 6.78
(d, 1H), 7.01 (d, 1H), 7.10 (m, 2H), 7.36 (d, 1H), 7.68 (m, 1H).

LRMS : m/z 571 (M+23)"
Preparation 41

Methyl 4-{[4-(4- {6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin- 1-yljsulphonyl} -
piperidine-4-carboxylate
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A mixture of the benzyl piperidine from preparation 33 (3.32g, 4.76mmol), ammonium formate (3.0g,
47.6mmol) and palladium hydroxide on carbon (3.32g) in a solution of acetic
acid:methanol:tetrahydrofuran (2:2:1, 30ml) was heated under reflux for 2 hours. The cooled reaction
was filtered through Arbocel®, washing through with tetrahydrofuran, and the filtrate concentrated in
vacuo. The residue was partitoned between water and ethyl acetate, and the layers separated. The organic
phase was dried (Na,SO,), filtered and evaporated in vacuo. The crude product was purified by column
chromatography on silica gel using an elution gradient of dichloromethane:methanol (90:10 to 85:15) to

afford the title compound, (1.28g, 52%).

'H nmr (CDCl,, 400MHz) 5: 1.73-1.88 (m, 41), 2.00 (m, 2H), 2.38 (s, 3H), 2.42-2.64 (m, 5H), 3.02 (m,
2H), 3.16 (m, 2H), 3.85 (m, 7H), 4.46 (t, 2H), 6.73 (d, 1H), 6.98 (d, 1H), 7.05 (m, 2H), 7.34 (d, 1H), 7.60
(m, 1H).

LRMS : m/z 518 (M+1)"*

Preparation 42
Methyl 4-{[4-(4-{6-[2-hydroxyethoxy]pyridin-2-y1}-3-methylphenyl)piperidin-1-ylJsulphonyl}-1-
methylpiperidine-4-carboxylate

Me
Formaldehyde (0.49ml, 37 wt.% in water, 4.9mmol) was added to a solution of the piperidine from
preparation 41 (634mg, 1.22mmol) in dichloromethane (30ml), and the solution was stirred vigorously at
room temperature for 30 minutes. Sodium triacetoxyborohydride (519mg, 2.45mmol) was added and the

reaction was stirred at room temperature for 20 hours. The reaction was washed with water, dried
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(Na,S0,), filtered and evaporated in vacuo. The crude product was purified by column chromatography

on silica gel using dichloromethane:methanol (95:5) as eluant to give the title compound (559mg, 86%).

'H nmr (CDCL,, 400MHz) &: 1.76-1.95 (m, 6H), 2.20 (m, 5H), 2.38 (s, 3H), 2.50 (m, 2H), 2.62 (m, 1H),
2.90 (m, 2H), 3.03 (m, 2H), 3.84 (s, 3H), 3.94 (m, 4H), 4.48 (m, 2H), 6.76 (d, 1H), 6.99 (d, 1H), 7.06 (m,
2H), 7.35 (d, 1H), 7.63 (m, 1H).

LRMS : m/z 554 (M+23)"

Preparation 43
Methyl 1-(tert-butoxycarbonyl)- 4-{[{4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-
1-yl]sulphonyl}-4-piperidinecarboxylate

Me = I

boc
Triethylamine (175ul, 1.26mmol) was added to a solution of the amine from preparation 41 (594mg,
1.15mmol) in dichloromethane (100ml), followed by portionwise addition of di-tert-butyl dicarbonate
(262mg, 1.20mmol). The reaction mixture was stirred at room temperature for an hour, then concentrated
in vacuo to a volume of 20ml. The solution was diluted with ether (150ml), washed with hydrochloric
acid (0.5N), brine, then dried (MgSO,), filtered and evaporated in vacuo.
The residue was purified by column chromatography on silica gel using dichloromethane:methanol

(95:5) as eluant to give the title compound (653mg, 92%) as a white foam.

'H nmr (CDCl,, 400MHz) &: 1.42 (s, 9H), 1.75-1.90 (m, 4H), 2.01 (m, 2H), 2.38 (s, 3H), 2.45 (m, 2H),
2.63 (m, 3H), 3.02 (m, 21), 3.50 (m, 1H), 3.87 (m, 7H), 4.17 (m, 2H), 4.46 (m, 2H), 6.75 (m, 1H), 6.98

(m, 1H), 7.05 (m, 2H), 7.35 (m, 1H), 7.62 (m, 1H).

LRMS : m/z 640 (M+23)*

Preparation 44
Methyl 2-[4-(4- {3-tert-butoxyphenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]acetate
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)iy O /l\l/‘fMe
A O/N
MeO S0,

Nitrogen was bubbled through a mixture of cesium fluoride (3.71g, 24.44mmol), tri-o-tolyl phosphine
(34mg, 0.11mmol), tris(dibenzylideneacetone)dipalladium (0) (50mg, 0.05mmol) the bromide from
preparation 25 (4.27g, 11.0mmol) and the boronic acid from preparation 8 (3.2g, 16.5mmol) in
anhydrous 1,2-dimethoxyethane (40ml). The reaction was then heated at 90°C under a nitrogen
atmosphere for 50 hours. The cooled reaction mixture was diluted with ethyl acetate, the mixture washed
with water (3x), dried (MgSQ,), filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel using an elution gradient of hexane:ethyl acetate (95:5 to 50:50) to give the
title compound as an oil, that crystallised on standing, (3.15g, 62%).

'H nmr (CDCL,, 400MHz) &: 1.36 (s, 9H), 1.83 (m, 2H), 1.97 (m, 2H), 2.22 (s, 3H), 2.62 (m, 1H), 2.98
(m, 2H), 3.80 (s, 3H), 3.98 (m, 4H), 6.94 (m, 3H), 7.04 (m, 2H), 7.17 (d, 1H), 7.23 (m, 1H).

LRMS : m/z 582 (M+23)"

Preparation 45

Methy! 2-[4-(4- {3-tert-butoxyphenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-2-methyl-propanoate

ve Y e
O 0~ “Me
0O _N
MeOIU><SO2

Me Me

Potassium tert-butoxide (13.63ml, 1M in tetrahydrofuran, 13.63mmol) was added dropwise to a solution
of the acetate from preparation 44 (2.5g, 5.45mmol) and methyl iodide (3.4ml, 54.5mmol) in
tetrahydrofuran, and once addition was complete, the reaction was stirred at room temperature for 72
hours. The mixture was partitioned between ethyl acetate and water and the layers separated. The organic
phase was dried (MgSO),), filtered and evaporated in vacuo, to give the crude title compound, which was

used without further purification (3.1g).

'H nmr (CDCl,, 400MHz) &: 1.36 (s, 9H), 1.63 (s, 6H), 1.77-1.94 (m, 4H), 2.22 (s, 3H), 2.63 (m, 1H),
3.05 (m, 2H), 3.80 (s, 3H), 3.95 (m, 2H), 6.90-7.10 (m, 5H), 7.18 (m, 1H), 7.24 (m, 1H).
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Preparation 46
Methyl 4-[4-(4-{3-tert-butoxyphenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-tetrahydro-2H-pyran-4-

carboxylate
M
Yo 1L e
O Me

MeO SO

Nitrogen was bubbled through a mixture of cesium fluoride (2.19g, 14.43mmol), tri-o-tolyl phosphinc
(20mg, 0.065mmol), tris(dibenzylideneacetone)dipaliadium (0) (30mg, 0.032mmol) and the bromide
from preparation 27 (2.9g, 6.5mmol) and the boronic acid from preparation 8 (1.78g, 9.75mmol} in
anhydrous 1,2-dimethoxyethane (40ml). The reaction was then heated under reflux under a nitrogen
atmosphere for 24 hours. The cooled reaction was partitioned between ethyl acetate and water, the
organic phase dried (MgSO,), filtered and concentrated in vacuo. The residue was triturated with di-
isopropyl ether, the solid filtered and dried under vacuum, to give the desired product as a cream-
coloured solid, (2.0g, 58%). The filtrate was concentrated in vacuo and the residual oil purified by
column chromatography on silica gel using an elution gradient of hexane:dichloromethane:methanol

(50:50:0 to 0:100:0 to 0:99:1) to provide an additional (630mg, 18%) of the title compound.

'H nmr (CDCl,, 400MHz) &: 1.37 (s, 9H), 1.76-1.92 (m, 4H), 2.20 (m, 5H), 2.40 (m, 2H), 2.60 (m, 1H),
3.02 (m, 2H), 3.29 (m, 2H), 3.86 (m, 5H), 3.98 (m, 2H), 6.94 (m, 3H), 7.02 (m, 2H), 7.14 (m, 1H), 7.22
(m, 1H).

LRMS : m/z 552 (M+23)*

Preparation 47
Methyl 2-[4-(4- {3-hydroxyphenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl}-2-methyl-propanoate

OH

0 N
MeoJ%xsoz
Me Me
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Trifluoroacetic acid (25ml) was added to a solution of the tert-butoxy ether from preparation 45 (4.8g,
9.80mmol) in dichloromethane (50ml), and the solution stirred for 4 hours. The reaction mixture was
concentrated in vacuo, and the residue purified by column chromatography on silica gel, twice using an

elution gradient of dichloromethane :methanol (10:0 to 95:5) to give the desired product (536mg, 13%).

'H nmr (CDCl,, 400MHz) 5: 1.62 (s, 6H), 1.76-1.92 (m, 4H), 2.22 (s, 3H), 2.62 (m, 1H), 3.04 (m, 2H),
3.78 (s, 3H), 3.95 (m, 2H), 6.78 (m, 2H), 6.83 (m, 1H), 7.03 (m, 2H), 7.15 (m, 1H), 7.21 (m, 1H).

LRMS : m/z 454 (M+23)"
Anal. Found: C, 63.70; H, 6.70; N, 3.20. C,,H,;0NO,S requires C, 64.01; H, 6.77; N, 3.25%.

Preparation 48

Methyl 4-[4-(4-{3-hydroxyphenyl}-3-methylphenyl)-piperidin- 1-ylsulphonyl]-tetrahydro-2H-pyran-4-

carboxylate
Y
"

7

MeO SO

N

o

Triethylsilane (2ml, 13.05mmol), followed by trifluoroacetic acid (5ml) were added to an ice-cooled
solution of the tert-butyl ether from preparation 46 (2.3g, 4.35mmol) in dichloromethane (5ml) and the
reaction stirred for 2 hours. The mixture was concentrated in vacuo, and the residue azeotroped with
toluene. The resulting foam was triturated with di-isopropyl ether, filtered and dried to afford the title
compound as a solid, (1.94g, 94%).

Alternative method

Palladium (II) acetate (300mg, 1.34mmol) and triphenylphosphine (708mg, 2.70mmol) were suspended
in acetone (90ml), and sonicated for 2 minutes. The suspension was then added to a mixture of 5-bromo-
2-iodotoluene (7.9g, 27mmol), and the boronic acid from preparation 8 (5.7g, 29.4mmol) in aqueous
sodium carbonate (42ml, 2N). The reaction mixture was heated under reflux for 2 hours, then cooled and
diluted with water (300ml). This mixture was extracted with ether (2x250ml), the combined organic
extracts dried (MgSO),), filtered and evaporated in vacuo. The residue was purified by column
chromatography on silica gel using hexane:ether (99:1) as eluant to give 3-(4-bromo-2-
methylphenyl)phenyl tert-butyl ether, 7.9g.

A solution of this intermediate ether (480mg, 1.5mmol) in tctrahydrofuran (2ml), followed by a crystal of
iodine, were added to magnesium (45mg, 1.8mmol), and the mixture was heated under reflux for 2 hours.

The solution was diluted with tetrahydrofuran (3ml), cooled to -78°C, and a solution of the ketone from
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preparation 16 (425mg, 1.4mmol) in tetrahydrofuran (15ml) added dropwise.The reacton mixture was
stirred at -78°C for 30 minutes, then allowed to warm to room temperature. Aqueous ammonium chloride
was added, the mixture extracted with cthyl acetate (2x50ml) and the combined organic extracts were
dried (MgSQ),), filtered and evaporated in vacuo. The residue was purified by column chromatography on
silica gel using pentane:ethyl acetate (50:50) to afford methyl 4-[4-(4-{3-tert-butoxyphenyl}-3-
methylphenyl)-4-hydroxypiperidin-1-ylsulphonyl}-tetrahydro-2H-pyran-4-carboxylate as a clear oil,
280mg.

Triethylsilane (0.5ml, 3.14mmol), followed by trifluoroacetic acid (5ml) were added to a solution of this
intermediate (350mg, 0.64mmol) in dichloromethane (5ml), and the reaction stirred at room temperature
overnight. The reaction mixture was concentrated in vacuo, the residue azeotroped with toluene and the

resulting solid dried under vacuum to afford the title compound, (300mg).

'H nmr (CDCl,, 400MHz) 8: 1.74-1.90 (m, 4H), 2.20 (m, SH), 2.40 (m, 2H), 2.62 (m, 1H), 3.02 (m, 2H),
3.29 (m, 2H), 3.87 (m, 5SH), 3.98 (m, 2H), 6.77 (m, 2I), 6.83 (d, 1H), 7.02 (m, 2H), 7.15 (d, 1H), 7.21
(m, 1H).

Preparation 49
Methyl 2-[4-(4-{3-[(25)-2,3-dihydroxypropoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-2-

methyl-propanoate
£ O
H
OH

0O _N
Ho’u><soz

Me Me

A mixture of the alcoho! from preparation 47 (800mg, 1.86mmol), S-glycidol (0.12ml, 1.86mmol), and
triethylamine (10ul, 0.09mmol) in methanol (10ml) was heated under reflux overnight. Tic analysis
showed starting material remaining, so the mixture was concentrated to low volume, and heated under
reflux for a further 4 hours. The cooled reaction was evaporated in vacuo and the residue purified by
column chromatography on silica gel using an elution gradient of hexane:ethyl acetate (91:9 to 50:50).

The desired product was obtained as an oil, that gave a white foam on drying under vacuum, (391mg,
42%).

'"H nmr (DMSO-d,, 400MHz) 5: 1.50 (s, 6H), 1.58 (m, 2H), 1.80 (m, 2H), 2.18 (s, 3H), 2.67 (m, 1H),
3.02 (m, 2H), 3.40 (m, 2H), 3.74 (m, 6H), 3.83 (m, 1H), 3.98 (m, 1H), 4.55 (m, 1H), 4.80 (m, 1H), 6.80
(m, 2H), 6.84 (m, 1H), 7.05 (m, 3H), 7.26 (m, 1H).

LRMS: m/z 528 (M+23)"
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Prcparation 50
Methyl 4-[4-(4-{3-[1,3-dibenzyloxy-2-propoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-
tetrahydro-2H-pyran-4-carboxylate

OBn

Je
O o OBn

A mixture of the alcohol from preparation 48 (300mg, 0.63mmol), diethyl azodicarboxylate (150pl,
0.95mmol), triphenylphosphine (250mg, 0.95mmol), and 1,3-dibenzyloxy-2-propancl (260mg,
0.95mmol) in tetrahydrofuran (6ml), was stirred at room temperature for 3 hours. Tlc analysis showed
some starting material remaining, so additional 1,3-dibenzyloxy-2-prapanol (80mg, 0.3mmol), triphenyl
phosphine (80mg, 0.3mmol) and diethyl azodicarboxylate (50ul, 0.32mmol) were added, and stirring was
continued for an hour. The mixture was evaporated in vacuo, and the residue purified by column
chromatography on silica gel using pentane:ethyl acetate (66:34) as eluant to give the title compound as a
colourless oil, (400mg, 87%).

'H nmr (CDCL, 400MHz) &: 1.75-1.94 (m, 4H), 2.20 (m, SH), 2.40 (m, 2H), 2.62 (m, 1H), 3.04 (m, 2H),

3.30 (m, 2H), 3.75 (m, 4H), 3.89 (m, 5H), 3.99 (m, 2H), 4.57 (m, SH), 6.89 (m, 3H), 7.02 (m, 2H), 7.14
(d, 1H), 7.24 (m, 11H).

Preparation 51
Methyl 4-[4-(4-{3-[1,3-dihydroxy-2-propoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-
tetrahydro-2H-pyran-4-carboxylate

OH
L
o OH
o N
MeO SO,

0]

A mixture of the dibenzyl ether from preparation 50 (770mg, 1.06mmol}, ammonium formate (1.4g,
11.0mmol) and palladium hydroxide on carbon (400mg) in methanol (40ml) was heated under reflux for
2 hours. Tlc analysis showed some starting material remaining, so additional palladium hydroxide
(300mg) was added, and the reaction was heated under reflux overnight. The cooled mixture was filtered

through Arbocel®, and the filtrate evaporated in vacuo. The crude product was purified by column
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chromatography on silica gel using ethyl acctate:pentane (84:16) as cluant to afford the title compound as

a white foam, (375mg, 65%).

'H nmr (CDCl,;, 400MHz) §: 1.76-1.94 (m, 6H), 2.20 (m, 5H), 2.40 (m, 2H), 2.62 (m, 1H), 3.04 (m, 2H),

3.29 (m, 2H), 3.90 (m, 10H), 3.99 (m, 2H), 6.94 (m, 3H), 7.03 (m, 2H), 7.16 (d, 1H), 7.30 (m, 1H).

Preparation 52
Methyl 4-{4-(4-{3-[(2R)-2,3-dihydroxypropoxy]phenyl}-3-mecthylphenyl)-piperidin- I-ylsulphonyl]-
tetrahydro-2H-pyran-4-carboxylate

v O
S

OH
MeO

O

The title compound was obtained (17%) from the compound from preparation 48 and R-glycidol,

following a similar procedure to that described in preparation 49.

'H nmr (CDCl,, 400MHz) &: 1.75-1.97 (m, 4H), 2.20 (m, 5H), 2.40 (m, 2H), 2.61 (m, 1H), 3.02 (m, 2H),
3.28 (m, 2H), 3.58-4.14 (m, 12H), 6.84 (m, 3H), 7.02 (m, 2H), 7.15 (m, 1H), 7.26 (m, 1H).

LRMS: m/z 570 (M+23)"

Preparation 53
Methyl 4-[4-(4-{3-[(2S)-2,3-dihydroxypropoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-
tetrahydro-2H-pyran-4-carboxylate

The title compound was obtained as a white solid (52%) after recrystallisation from di-isopropylether,

from the alcohol of preparation 48 and S-glycidol, following a similar procedure to that described in

preparation 49.
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'"H nmr (DMSO-d,, 300MHz) 6: 1.50-1.66 (m, 2H), 1.81 (m, 2H), 1.99 (m, 2H), 2.19-2.34 (m, 5H), 2.70
(m, 1H), 3.06 (m, 2H), 3.20 (m, 2H), 3.43 (m, 2H), 3.70-3.98 (m, 9H), 4.00 (dd, 1H), 4.60 (t, 1H), 4.90
(d, 1H), 6.80-6.95 (m, 3H), 7.15 (m, 3H), 7.31 (m, 1H).

LRMS: m/z 570 (M+23)"

Preparation 54
Methyl 2-[4-(4-{3-(2,2-diethoxyethoxy)phenyl}-3-methylphenyl)-piperidin- 1-ylsulphonyl]-2-

methylpropanoate

g
O/\rOEt

O OEt
O N
Meo/UB<SOz

Me Me

20% Palladium hydroxide on carbon (250mg) was added to a solution of the 1,2,3,6-tetrahydropyridine
from preparation 34 (3.0g, 5.5mmol) and ammonium formate (1.04g, 16.5mmol) in methanol (70ml) and
1,4-dioxan (28ml), and the reaction was stirred at 60°C for 2 hours. Additional ammonium formate (1.0g,
15.8mmol) and palladium hydroxide on carbon (250mg) were added and stirring was continued for a
further 2 hours. The mixture was cooled, filtered through Arbocel®, and the filter pad washed well with
methanol. The combined filtrates were evaporated in vacuo and the residue partitioned between water
and ether. The layers were separated, the organic phase washed with water, brine, dried (MgSQO,), filtered

and evaporated in vacuo to give the title compound as a colourless oil, (2.8g, 93%).

'H nmr (CDCL,, 300MHz) 8: 1.22 (t, 6H), 1.68 (s, 6H), 1.78-1.96 (m, 4H), 2.25 (s, 3H), 2.64 (m, 1H),

3.08 (m, 2H), 3.60-3.82 (m, 7H), 3.94-4.05 (m, 4H), 4.84 (t, 1H), 6.90 (m, 3H), 7.09 (m, 2H), 7.18 (d,
1H), 7.29 (d, 1H).

Anal. Found: C, 63.43; H, 7.75; N, 2.46. C,jH,NO,S requires C, 63.60; H, 7.55; N, 2.56%.
Preparation 55

Mecthyl 4-[4-(4-{3-(2,2-diethoxyethoxy)phenyl}-3-methylphenyl)-piperidin- 1-ylsulphonyl]-tetrahydro-
2H-pyran-4-carboxylate
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e
OEt

A mixture of cesium fluoride (4.3g, 28.3mmol), tri-o-tolyl phosphine (352mg, 1.15mmol),
tris(dibenzylideneacetone)dipalladium (0) (535mg, 0.59mmol) and the boronic acid from preparation 10
(3.89g, 14.95mmol) and bromide from preparation 27 (5.0g, 10.86mmol) in anhydrous 1,2-
dimethoxyethane (70ml), was heated under reflux for 4 %2 h. The cooled reaction mixture was
concentrated in vacuo to half its volume, then partitioned between water and ethyl acetate. The layers
were separated, the aqueous phase extracted with ethyl acetate (3x), and the combined organic solutions
filtered through Arbocel®. The filtrate was washed with brine, dried (Na,SO,), filtered and evaporated in
vacuo. The residual green oil was purified twice, by column chromatography on silica gel using an
elution gradient of dichloromethane:methanol (100:0 to 97:3), then triturated with di-isopropyl ether, to
afford the title compound as a white solid, (2.38g, 37%).

'H nmr (CDCL,, 400MHz) &: 1.20 (t, 6H), 1.76-1.94 (m, 4H), 2.20 (m, SH), 2.40 (m, 2H), 2.61 (m, 1H),

3.02 (m, 2H), 3.31 (m, 2H), 3.61 (m, 2H), 3.74 (m, 2H), 3.90 (m, 5H), 4.00 (m, 3H), 4.80 (m, 1H), 6.85
(m, 3H), 7.03 (m, 2H), 7.16 (d, 1H), 7.24 (m, 2H).

LRMS: m/z 612 (M+23)*

Preparation 56
Methyl 2-methyl-2-[4-(4-{3-(2-oxoethoxy)phenyl}-3-methylphenyl)-piperidin- 1 -ylsulphonyl]propanoate

e O
o

O _N
Meo’uB<SOz
Me Me

Hydrochloric acid (19ml, 1N, 19mmol) was added to a solution of the diethyl ketal from preparation 54
(4.43g, 8.1mmol) in acetone (19ml) and 1,4-dioxan (22ml), and the reaction stirred at 70°C for 2 hours.
The cooled mixture was neutralised using sodium bicarbonate, concentrated in vacuo, and the residue
partitioned between ether and water. The layers were separated, and the organic phase was washed with
water, brine, then dried (N2,S0O,), filtered and evaporated in vacuo. The residue was azeotroped with

ethyl acetate, to afford the title compound (quantitative).
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'H nmr (CDCl,, 300MHz) &: 1.67 (s, 6H), 1.78-1.96 (m, 4H), 2.26 (s, 3H), 2.66 (m, 1H), 3.09 (m, 2H),
3.82 (s, 3H), 3.98 (m, 2H), 4.60 (s, 2H), 6.86 (m, 2H), 6.98 (d, 1H), 7.09 (m, 2H), 7.17 (d, 1H), 7.35 (m,
1H), 9.90 (s, 1H).

LRMS : m/z 491 (M+18)*

Preparation 57
Methyl 4-[4-(4-{3-(2-oxoethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-tetrahydro-2H-

pyran-4-carboxylate
v )
o~ 0]

MeO” ><S0,

The title compound was obtained as a white foam (quantitative), from the diethyl ketal from preparation
55, following the procedure described in preparation 56.

'H nmr (CDCl,, 400MHz) &: 1.77-1.93 (m, 4H), 2.21 (m, SH), 2.40 (d, 2H), 2.62 (m, 1H), 3.02 (m, 2H),

3.30 (m, 2H), 3.88 (m, SH), 3.99 (m, 2H), 4.57 (s, 2H), 6.83 (m, 2H), 6.94 (d, 1H), 7.03 (m, 2H), 7.15 (d,
1H), 7.30 (m, 1H), 9.83 (s, 1H).

Anal. Found: C, 61.79; H, 6.66; N, 2.46. C5,;H1,NO,S;0.25CH,CO,C,H;;0.4H,0 requires C, 61.72; H,
6.62; N, 2.57%.

Preparation 58

Methyl 2-methyl-2-[4-(4- {3-(2-methylaminoethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyljpropanoate

SO
O o ~~Nme

O _N
Meo/u§<soz
Me  Me

Sodium triacetoxyborohydride (1.5g, 7.08mmol) was added portionwise over 1 hour to a solution of the

aldehyde from preparation 56 (1.0g, 2.1mmol) and methylamine (5.8ml, 2N in tetrahydrofuran,
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11.6mmol) in dichloromethane (50ml), and once addition was complete, the reaction was stirred at room
temperature overnight. The reaction was partitioned between ethyl acetatc and saturated sodium
bicarbonate solution, and the layers separated, The organic phase was washed with water, brine, dried
(Na,S0,), filtered and evaporated in vacuo to give a colourless oil. This was purified by medium pressure

column chromatography on silica gel using an elution gradient of dichloromethane:methanol (100:0 to

90:10) to afford the title compound as a foam, (650mg, 63%).

'H nmr (CDCl,, 400MHz) &: 1.62 (s, 6H), 1.76-1.90 (m, 4H), 2.22 (s, 3H), 2.56 (s, 3H), 2.61 (m, 1H),
3.04 (m, 4H), 3.78 (s, 3H), 3.95 (m, 2H), 4.12 (t, 2H), 6.83 (m, 3H), 7.03 (m, 2H), 7.14 (d, 1H), 7.24 (m,
1H).

Anal. Found: C, 58.39; H, 6.90; N, 4.97. C26H36N205$;0.75CH2C12 requires C, 58.17; H, 6.84; N, 5.07%.

Preparations 59 to 63

The compounds of the general formula:

2
"
O _N
Me*o/u\fsoz
R1

were prepared from the corresponding aldehydes and amines, following similar procedures to those

described in preparation 58.

Prep | Aldehyd | Rl R2 Data

No. e

59 56 (Me), -0 ~N (Me) mp 83-85°C
2

'H nmr (CDCl,, 400MHz) &: 1.62 (s, 6H), 1.78-1.94 (m,
4H), 2.22 (s, 3H), 2.30 (s, 6H), 2.60 (m, 1H), 2.70 t, 2H),
3.02 (m, 2H), 3.79 (s, 3H), 3.96 (m, 2H), 4.06 (t, 2H),
6.83 (m, 3H), 7.02 (m, 2H), 7.15 (d, 1H), 7.22 (m, 1H).
LRMS : m/z 503 (M+1)*

Anal. Found: C, 63.82; H, 7.52; N, 5.45.
C,-H,eN,0,S;0.1CH,CI, requires C, 63.68; H, 7.53; N,
5.48%.

60 56 (Me), ~O~~Nnpn | 'Hnmr (CDCL, 400MHz) 8: 1.66 (s, 6H), 1.59-1.95 (m,
4H), 2.24 (s, 3H), 2.65 (m, 1H), 3.05 (m, 4H), 3.80 (s,
3H), 3.96 (m, 2H), 4.12 (t, 2H), 4.42 (d, 2H), 5.70 (br, s,
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1H), 6.85 (m, 3H), 7.07 (m, 21{;, 7.17 (d, 1H), 7.24-7.38
(m, 6H).
LRMS : m/z 565 (M+1)*
61 57 . ~O~NHEBn 'H nmr (CDCl,, 400MHz) ?: 1.75-1.92 (m, 4H), 2.20 (m,
[ j 5H), 2.40 (d, 2H), 2.62 (m, 1H), 3.00 (m, 4H), 3.28 (m,
o 2H), 3.88 (m, SH), 3.99 (m, 2H), 4.09 (m, 2H), 4.40 (m,
2H), 5.60 (br s, 1H), 6.82 (m, 3H), 7.02 (m, 2H), 7.16 (d,
1H), 7.19-7.35 (m, 6H).
LRMS : m/z 607 (M+1)*
62' 30 . NHMe mp 119-120°C
[ j '"H nmr (CDCl,, 400MHz) &: 1.50 (s, br, 1H), 1.75-1.92
0 (m, 4H), 2.20 (m, 5H), 2.40 (m, SH), 2.61 (m, 1H), 3.02
(m, 2H), 3.30 (m, 2H), 3.75-4.01 (m, 9H), 7.01 (m, 2H),
7.16 (m, 2H), 7.24 (m, 3H).
LRMS : m/z 501 (M+1)*
632 30 . ‘/\N/\ 'H nmr (CDCl,, 400MHz) &: 1.75-1.94 (m, 4H), 2.20 (m,
[ j K/o 5H), 2.40 (m, 6H), 2.61 (m, 1H), 3.02 (t, 2H), 3.30 (1,
o 2H), 3.50 (s, 2H), 3.66 (m, 4H), 3.87 (m, 7H), 7.02 (m,
2H), 7.16 (m, 2H), 7.26 (m, 3H).
LRMS : m/z 557 (M+1)*

1 = purified by crystallisation from ethyl acetate/dichloromethane/di-isopropyl ether.

2 = purified by column chromatography on silica gel using ethyl acetate:pentane (75:25) as eluant, and

recrystallised from ethyl acetate.

Preparation 64

Methyl 2-[4-(4-{3-(2-[(N-tert-butoxycarbonyl)}(N-methyl) aminoJethoxy)phenyl} -3-methylphenyl)-

piperidin-1-ylsulphonyl]-2-methyl-propanoate

0

boc
O/\/N'Me

(@] _N
MeOJ&SOZ
Me Me

A mixture of the compound from preparation 58 (640mg, 1.31mmol), triethylamine (180p1, 1.30motl), di-
tert-butyl dicarbonate (290mg, 1.33mmo}) and 4-dimethylaminopyridine (catalytic) in dichloromethane
(10ml) was stirred at room temperature for 3 hours. The reaction mixture was diluted with

dichloromethane (50ml), and washed with water, brine, dried (Na,SO,), filtered and evaporated in vacuo.
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The residual oil was purified by medium pressure column chromatography on silica gel using an elution

gradient of

pentane:dichloromethane:methanol (100:0:0 to 0:99.5:0.5) to afford the title compound as a gum,
(590mg, 77%).

'H nmr (CDCL,, 400MHz) 8: 1.42 (s, 9H), 1.62 (s, 6H), 1.77-1.90 (m, 4H), 2.22 (s, 3H), 2.63 (m, 1H),
2.97 (s, 3H), 3.03 (m, 2H), 3.58 (m, 2H), 3.78 (s, 3H), 3.95 (m, 2H), 4.08 (m, 2H), 6.82 (m, 3H), 7.04 (m,
2H), 7.16 (d, 1H), 7.25 (m, 1H).

LRMS : m/z 611 (M+23)*
Anal. Found: C, 60.51; H, 7.19; N, 4.47. C; H,,N,0,5;0.4CH,CI, requires C, 60.56; H, 7.25; N, 4.50%.

Preparation 65
Methyl 2-[4-(4-{3-(2-aminoethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl}-2-methyl-

propanoate

A mixture of the amine from preparation 60 (1.2g, 2.12mmol) and 20% palladium hydroxide on carbon
(250mg) in methanol (75ml), was hydrogenated at 50psi and room temperature for 18 hours. The reaction
mixture was filtered through Arbocel®, and the filter pad washed well with methanol. The combined
filtrates were evaporated in vacuo to give an oil. This was purified by medium pressure column

chromatography on silica gel using an elution gradient of dichloromethane:methanot (100:0 to 90:10) to

afford the title compound (610mg, 60%).

'H nmr (CDCL, 300MHz) &: 1.66 (s, 6H), 1.78-1.97 (m, 4H), 2.28 (s, 3H), 2.66 (m, 1H), 3.10 (m, 4H),
3.82 (s, 3H), 3.99 (m, 4H), 6.88 (m, 3H), 7.10 (m, 2H), 7.19 (d, 1H), 7.30 (m, 1H).

LRMS : m/z 475 (M+1)"

Anal. Found: C, 61.26; H, 7.09; N, 5.63. C,,;H,,N,0.,5;0.25dichloromethane requires C, 61.16; H, 7.01;
N, 5.65%.

Preparation 66
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Methyl 4-[4-(4-{3-(2-aminoethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-tetrahydro-2H-
pyran-4-carboxylate

The title compound was obtained as a solid (65%) from the compound from preparation 61, following the

procedure described in preparation 65.

'H nmr (CDCl,, 400MHz) &: 1.76-1.92 (m, 4H), 2.20 (m, SH), 2.40 (m, 2H), 2.62 (m, 1H), 3.04 (m, 4H),
3.30 (m, 2H), 3.88 (m, 5H), 3.98 (m, 4H), 6.82 (m, 3H), 7.03 (m, 2H), 7.16 (d, 1H), 7.22 (m, 1H).

LRMS: m/z 517 (M+1)*
Anal. Found: C, 62.30; H, 6.98; N, 5.40. C,,H;,N,0,S;0.05CH,CI, requires C, 62.37; H, 6.99; N, 5.38%.
Preparation 67

Methyl 2-[4-(4- {3-(2-[(tert-butoxycarbonyl)amino]ethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl]-2-methyl-propanoate

The title compound was obtained as a white foam (69%) from the amine from preparation 65, following a

similar procedure to that described in preparation 64.
'H nmr (CDCl,, 300MHz) 6: 1.44 (s, 9H), 1.65 (s, 6H), 1.78-1.95 (m, 4H), 2.25 (s, 3H), 2.64 (m, 1H),
3.08 (m, 2H), 3.55 (m, 2H), 3.81 (s, 3H), 3.97 (m, 2H), 4.04 (t, 2H), 4.99 (br, s, 1H), 6.80-6.94 (m, 3H),

7.08 (m, 2H), 7.18 (d, 1H), 7.32 (m, 1H).

LRMS : m/z 597 (M+23)"
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Anal. Found: C, 62.49; H, 7.46; N, 4.78. C;;H,,N,O,S requires C, 62.69; H, 7.37; N, 4.87%.

Preparation 68
Methyl 4-[4-(4-{3-(2-[(tert-butoxycarbonyl)amino]ethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl]-tetrahydro-2H-pyran-4-carboxylate

O _N
MeO™ ><50.

Di-tert-butyl dicarbonate (300mg, 1.37mmol) was added to a solution of the amine from preparation 66
(650mg, 1.26mmol) in dichloromethane (10ml), and the reaction stirred at room temperature for 18
hours. The reaction was diluted with dichloromethane (50ml), then washed with water (2x), brine, then
dried (Na,S0,), filtered and evaporated in vacuo. The residue was purified by medium pressure column
chromatography on silica gel using an elution gradient of dichloromethane:methanol (99.5:0.5 to 99:1) to
afford the title compound as a white foam, (710mg, 91%).

'H nmr (CDCI,, 400MHz) &: 1.40 (s, 9H), 1.78-1.92 (m, 4H), 2.20 (m, 5H), 2.40 (d, 2H), 2.61 (m, 1H),
3.02 (m, 2H), 3.30 (m, 2H), 3.50 (m, 2H), 3.88 (m, 5H), 4.00 (m, 4H), 4.86 (br s, 1H), 6.82 (m, 3H), 7.02
(m, 2H), 7.15 (d, 1H), 7.05 (m, 1H).

LRMS: m/z 639 (M+23)"

Anal. Found: C, 62.15; H, 7.20; N, 4.47. C,,H,,N,O,S requires C, 62.32; H, 7.19; N, 4.54%.

Preparation 69

Methyl 4-[4-(4- {3-([N-tert-butoxycarbonyl-N-methylamino Jmethyl)phenyl} -3-methylphenyl)-piperidin-
1-ylsulphonyl}-tetrahydro-2H-pyran-4-carboxylate

MeO SO,
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The title compound was prepared from the amine from preparation 62, using a similar procedure to that
described in preparation 64. The crude product was purified by column chromatography on silica gel
using an elution gradient of ethyl acetate:pentane (25:75 to 50:50) and triturated with di-isopropyl ether
to give the title compound as a white solid, (714mg, 65%).

mp 122-123°C.

'H nmr (CDCL,, 400MHz) &: 1.42 (s, 9H), 1.75-1.92 (m, 4H), 2.20 (m, 5H), 2.40 (m, 2H), 2.61 (m, 1H),
2.82 (s, 3H), 3.03 (m, 21), 3.30 (m, 2H), 3.85 (m, 5H), 3.9 (m, 2H), 4.42 (s, 2H), 7.03 (m, 2H), 7.17 (m,
10 4H), 7.35 (m, 1H).

LRMS : m/z 623 (M+23)"

Anal. Found: C, 63.92; H, 7.36; N, 4.57. C,,HN,0,S requires C, 63.98; I, 7.38; N, 4.66%.
15

Preparation 70

2-[4-{4-[6-(2-Hydroxyethoxy)pyridin-2-yl]-3-methylphenyl}-piperidin-1 -ylsulphonyl]-2-

methylpropanoic acid

Me = l
\N O/\/OH

Q N

HO d}jsz

20 A mixture of the methyl ester from preparation 35 (4.1g, 8.6mmol) and aqueous sodium hydroxide
(17ml, IN, 17.0mmol) in methanol (50ml), was heated under reflux for 30 minutes, then cooled. The
reaction was concentrated in vacuo, the residue dissolved in water (200ml), and the solution acidified to
pH 4. The resulting precipitate was filtered off, washed with water, dried under vacuum, and
recrystallised from ethyl acetate, to afford the title compound as a white solid, (3.15g, 79%).

25
'H nmr (DMSO-d,, 300MHz) &: 1.42-1.70 (m, 8H), 1.80 (m, 2H), 2.37 (s, 3H), 2.70 (¢, 1H), 3.06 (m,
2H), 3.68 (m, 2H), 3.80 (m, 2H), 4.25 (t, 2H), 4.80 (br, s, 1H), 6.77 (d, 1H), 7.06 (d, 1H), 7.17 (m, 2H),
7.35(d, 1H), 7.77 (m, 1H), 13.38 (br, s, 1H).

30 Anal Found: C, 58.35; H, 6.38; N, 5.83. C,3H;(N,0S;0.5H,0 requires C, 58.85; H, 6.62; N, 5.94%.
Preparation 71
2-(4- {4-[6-(2-Methoxyethoxy)pyridin-2-yl}-3-methyiphenyl}-piperidin-1 -ylsulphonyl)-2-

methylpropanoic acid
35
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Me = l

Sodium hydride (60mg, 60% dispersion in mineral oil, 1.5mmol) was addcd to a solution of the methyl
ester from preparation 35 (300mg, 0.63mmol) in tetrahydrofuran (10ml), and the solution stirred for 15
minutes. Methyl 10dide (200p], 3.3mmol) was added and the reaction heated under reflux for 45 minutes.
Aqueous sodium hydroxide solution (2ml, 1N, 2.0mmol) and methanol (Sml) were then added, and the
mixture heated under refux for a further 30 minutes. The reaction mixture was cooled to room
temperature, diluted with water (20ml), and acidified to pH 4. This solution was extracted with
dichloromethane (3x30ml), the combined organic extracts dried (Na,SO,), filtered and evaporated in

vacuo to afford the title compound as a pale yellow foam, (quantitative).
mp 142-146°C

'H nmr (CDCl,, 300MHz) 8: 1.68 (s, 6H), 1.78-1.96 (m, 4H), 2.41 (s, 3H), 2.66 (m, 1H), 3.09 (m, 2H),
3.43 (s, 3H), 3.78 (t, 2H), 4.00 (m, 2H), 4.52 (t, 2H), 6.78 (d, 1H), 6.98 (d, 1H), 7.08 (m, 2H), 7.38 (d,
1H), 7.61 (d, 1H).

LRMS : m/z 433 (M-CO,)*

Preparation 72
4-[4-(4-{6-[2-Hydroxyethoxylpyridin-2-yl}-3-methylphenyl)piperidin-1-ylsulphonyijtetrahydro-2H-
pyran-4-carboxylic acid

Aqueous sodium hydroxide (5.56ml, IN, 5.56mmol) was added to a solution of the methyl ester from
preparation 36 (720mg, 1.39mmol) in methanol (20ml), and the reaction heated under reflux for 3 hours,
and stirred for a further 18 hours, at room temperature. The mixture was concentrated in vacuo to remove

the methanol, and the solution acidified to pH 4 using acetic acid solution. This was extracted with ethyl
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acetate (3x), the combined organic extracts washed with brine, dried (MgSO,), filtered and evaporated in
vacuo. The residual solid was recrystallised from ethyl acetate/di-isopropyl ether to afford the title

compound as a solid, (517mg, 74%).

'H nmr (DMSO-d,, 300MHz) &: 1.62 (m, 2H), 1.82 (m, 2H), 1.98 (m, 2H), 2.24 (m, 2H), 2.36 (s, 3H),
2.74 (m, 1H), 3.09 (t, 2H), 3.22 (m, 2H), 3.64-3.82 (m, 4H), 3.94 (dd, 2H), 4.28 (t, 2H), 4.80 (br s, 1H),
6.78 (d, 1H), 7.06 (d, 1H), 7.16 (m, 2H), 7.36 (d, 1H), 7.78 (m, 1H), 13.82 (br s, 1H).

LRMS : m/z 527 (M+18)*

Preparation 73
4-[4-(4-{6-[(25)-2,3-dihydroxy-1-propoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-ylsulphonyl]-
tetrahydro-2H-pyran-4-carboxylic acid

OH
OH

Aqueous sodium hydroxide (3.5ml, 1M, 3.5mmol) was added to a solution of the methyl ester from
preparation 39 (640mg, 1.17mmol) in methanol (15ml) and 1,4-dioxan (15ml), and the reaction heated
under reflux for 2 hours. Tlc analysis showed starting material remaining, so additonal sodium hydroxide
(2ml, 1M, 2mmol) was added and the reaction heated under reflux for a further 3 hours. The cooled
reaction mixture was concentrated under reduced pressure, the residue dissolved in water, and the pH
adjusted to 4 using hydrochloric acid (2N). The resulting precipitate was filtered and dried, and the
filtrate extracted with dichloromethane (2x). The combined organic extracts were dried (MgSO,), filtered
and evaporated in vacuo, and the product combined with the filtered solid. This was recrystallised from

dichloromethane/ethyl acetate twice, to yield the title compound as a white solid, (579mg, 92%).

'H nmr (DMSO-d,, 400MHz) 5: 1.60 (m, 2H), 1.80 (m, 2H), 1.92 (m, 2H), 2.23 (d, 2H), 2.34 (s, 3H),
2.66 (m, 1H), 3.08 (m, 2H), 3.17-3.42 (m, 3H), 3.78 (m, 3H), 3.88 (m, 2I1), 4.14 (dd, 1H), 4.26 (dd, 1H),
4.60 (br, s, 1H), 4.85 (br, s, 1H), 6.76 (d, 1H), 7.04 (d, 1H), 7.15 (m, 2H), 7.34 (m, 2H), 7.74 (dd, 1H).

LRMS : m/z 557 (M+23)*

Preparation 74
4-[4-(4-{6-[(2R)-2,3-dihydroxy-1-propoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-ylsulphonyl]-
tetrahydro-2H-pyran-4-carboxylic acid
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S ~OH
OH

The title compound was obtained as a white solid (87%) from the methyl ester of preparation 40,

following a similar procedure to that described in preparation 73.

'H nmr (DMSO-d,, 300MHz) : 1.61 (m, 2H), 1.80 (m, 2H), 1.96 (m, 2H), 2.24 (m, 2H), 2.36 (s, 3H),
2.70 (m, 1H), 3.06 (m, 2H), 3.14-3.44 (m, 4H), 3.78 (m, 3H), 3.93 (m, 2I1), 4.14 (m, 1H), 4.26 (m, 11I),
4.59 (m, 1H), 4.84 (m, 1H), 6.76 (d, 1H), 7.06 (d, 1H), 7.15 (m, 2H), 7.35 (d, 1H), 7.76 (m, 1H), 13.80
(br, s, 1H).

LRMS : m/z 557 (M+23)"*

Preparation 75
4-[4-(4-{6-[2-Hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin- 1-ylsulphonyl]-1-
methylpiperidine-4-carboxylic acid

O _N
HO SO,

N

Me
A mixture of the methy! ester from preparation 42 (200mg, 0.38mmol) and aqueous sodium hydroxide
(1.5ml, IN, 1.5mmol) in methanol (8ml) and 1,4-dioxan (8ml) was heated under reflux overnight. The
cooled reaction was concentrated in vacuo, the residue acidified to pH 4 using acetic acid, and extraction
with ethyl acetate attempted. A precipitate formed in the organic layer, that was filtered off, and
combined with the residual solid in the separating funnel, to provide the desired compound as a white

powder, (quantitative).
LRMS : m/z 518 (M+1)*

Preparation 76
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1-(tert-Butoxycarbonyl)- 4-[4-(4- {6-[2-hydroxycthoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
ylsulphonyl]-piperidine-4-carboxylic acid

Me = I
\N O/\/OH

HO SO,

N
boc
The title compound was obtained as a white solid (87%), from the methyl ester from preparation 43,

5 following a similar procedure to that described in preparation 75.

mp 148-149°C

'H nmr (CDCL,, 300MHz) &: 1.42 (s, 9H), 1.80 (m, 4H), 2.00 (m, 2H), 2.36 (s, 3H), 2.41 (m, 21), 2.58-

10 2.79 (m, 4H), 3.02 (m, 4H), 3.92 (m, SH), 4.44 (m, 2H), 6.76 (m, 1H), 6.99 (m, 1H), 7.07 (m, 2H), 7.34
(m, 1H), 7.65 (m, 1H).

Preparation 77
2-[4-(4-{3-[(25)-2,3-Dihydroxy-1-propoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-2-
15  methyl-propanoic acid

O
! O/\[H

OH
O _N
HOJS<SO2
Me Me

Aqueous sodium hydroxide (1.55ml, 1M, 1.55mmol) was added to a solution of the methyl ester from
20 preparation 49 (391mg, 0.77mmol) in methanol (Smi), and the reaction stirred at room temperature
overnight. The mixture was partitioned between ethyl acetate and hydrochloric acid (2N), and the phases
separated. The organic layer was dried (MgSO,), filtered and concentrated in vacuo. The residual solid
was triturated with di-isopropyl ether, filtered and dried under vacuum, to give the title compound as a
white solid, (320mg, 85%).
25
'H nmr (DMSO-d,, 400MHz) &: 1.48 (s, 6H), 1.59 (m, 2H), 1.79 (m, 2H), 2.18 (s, 3H), 2.64 (m, 1H),
3.04 (m, 2H), 3.40 (m, 2H), 3.78 (m, 3H), 3.82 (m, 1H), 3.98 (m, 1H), 4.57 (br, s, 1H), 4.82 (br, s, 1H),
6.80 (m, 2H), 6.85 (m, 1H), 7.05 (m, 2H), 7.12 (m, 1H), 7.27 (m, 1H), 13.25 (b, s, 1H).
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Anal. Found: C, 60.77; I, 6.89; N, 2.78. C,sH,;;NO,S requircs C, 61.08; H, 6.77; N, 2.85%.

Preparation 78
4-[4-(4-{3-[2,3-dihydroxy-2-propoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]j-tetrahydro-2H-
pyran-4-carboxylic acid

OH

SN
S

7~

HO SO

0

A mixture of the methyl ester from preparation 51 (370mg, 0.68mmol), aqueous sodium hydroxide (3ml,
1M, 3mmol) in methanol (5ml) and 1,4-dioxan (5ml), was heated under reflux for 6 hours. The cooled
reaction was concentrated in vacuo, and then diluted with water. This aqueous solution was acidified to
PH 2 using hydrochloric acid (2N), and the resulting precipitate filtered, washed with water and dried
under vacuum, to give the desired product (270mg, 74%).

'H nmr (DMSO-dg, 400MHz) 8: 1.60 (m, 2H), 1.79 (m, 2H), 1.95 (m, 2H), 2.19 (m, 5H), 2.63 (m, 1H),

3.02 (m, 4H), 3.56 (m, 4H), 3.76 (m, 2H), 3.88 (m, 2H), 4.22 (m, 1H), 4.68 (m, 2H), 6.78-6.95 (m, 3H),
7.08 (m, 3H), 7.25 (m, 1H).

Preparation 79
4-[4-(4-{3-[(2R)-2,3-Dihydroxy-1-propoxylphenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl}-
tetrahydro-(2H)-pyran-4-carboxylic acid

SHaa

OH

HO SO,

O

A mixture of the methyl ester from preparation 52 (110mg, 0.20mmol), aqueous sodium hydroxide (1ml,
1M, 1mmol) in methanol (5ml) and 1,4-dioxan (5ml) was heated under reflux for 2 hours. The cooled
reaction was evaporated in vacuo, the residue dissolved in water and acidified to pH 1 using hydrochloric
acid (IN). The resulting precipitate was filtered, the solid washed with water, and dried under vacuum to

give the title compound (91mg, 85%) as a white solid.
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'"H nmr (DMSO-d,, 400MHz) &: 1.60 (m, 2H), 1.80 (m, 2H), 1.94 (m, 2H), 2.20 (m, 5H), 2.65 (m, 1H),
3.05 (m, 2H), 3.18-3.48 (m, 4H), 3.77 (m, 3H), 3.88 (m, 3H), 4.00 (m, 1H), 6.81 (m, 2H), 6.89 (m, 1H),
7.10 (m, 3H), 7.30 (m, 1H).

LRMS : m/z 556 (M+23)*

Preparation 80
4-[4-(4-{3-[(28)-2,3-Dihydroxy-1-propoxy]phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-
tetrahydro-(2H)-pyran-4-carboxylic acid

Saand

OH

SO

0
The title compound was obtained as a solid (66%) from the methyl ester from preparation 53, following

the procedure described in preparation 79.

'H nmr (DMSO-d,, 400MHz) &: 1.60 (m, 2H), 1.80 (m, 2H), 1.96 (m, 2H), 2.22 (m, 5H), 2.68 (m, 1H),
3.06 (m, 2H), 3.21 (m, 2H), 3.42 (d, 2H), 3.78 (m, 3H), 3.90 (m, 3H), 4.00 (m, 1H), 6.81 (m, 2H), 6.90
(d, 1H), 7.12 (m, 3H), 7.31 (dd, 1H).

Preparation 81
2-[4-(4-{3-(2-[N-tert-Butoxycarbonyl-N-methylamino]ethoxy)phenyl} -3-methylphenyl)-piperidin- 1-
ylsulphonyl}-2-methylpropanoic acid

Me O boc
O/\’N’Me

&

A mixture of the methyl ester from preparation 64 (540mg, 0.92mmol), and aqueous sodium hydroxide
(6ml, 1N, 6.0mmol) in 1,4-dioxan (2.3ml) and methanol (6ml) was heated under reflux for 3 'z h. The
cooled mixture was concentrated in vacuo to remove the organic solvents, and the residual aqueous
solution was acidified to pH 4 using acetic acid. This was extracted with ethyl acetate (2x), the combined

organic extracts washed with water, brine, dried (Na,S0O,), filtered and evaporated in vacuo. The residue
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was azeotroped with toluene, then cthyl acetate, and finally dichloromethane to afford the title compound

as a white foam, (520mg, 98%).

'H nmr (CDCl,, 400MHz) &: 1.41 (s, 9H), 1.64 (s, 6H), 1.78-1.94 (m, 4H), 2.22 (s, 3H), 2.63 (m, 1H),
2.97 (s, 3H), 3.06 (m, 2H), 3.59 (m, 2H), 3.98 (m, 2H), 4.08 (t, 2H), 6.83 (m, 3H), 7.04 (m, 2H), 7.16 (d,
1H), 7.26 (m, 1H).

LRMS : m/z 597 (M+23)"

Anal. Found: C, 61.17; H, 7.27; N, 4.65. C;,H,,N,0,5;0.2CH,Cl, requires C, 61.30; H, 7.22; N, 4.73%.

Preparations 82 to 86

The compounds of the general formula:

50

o N
HO SO,
R1
were prepared from the corresponding methyl esters, following similar procedures to those described in

preparation 81.

Prep | Starting | R1 R2 Data
No. ester
82 67 (Me), *’O\/\NHBOC ‘*H nmr (DMSO0-d,, 300MHz) &: 1.36 (s, 9H), 1.50 (s, 6H), 1.62

(m, 2H), 1.81 (m, 2H), 2.20 (s, 3H), 2.68 (m, 1H), 3.06 (m, 2H),
3.28 (m, 4H), 3.80 (m, 2H), 3.98 (1, 2H), 6.80-6.99 (m, 3H), 7.14
(m, 2H), 7.30 (m, 1H).

LRMS : m/z 583 (M+23)*

Anal. Found: C 58.94; H, 7.02; N, 4.64. C;;H,,N,0,S;0.4CH,Cl,
requires C, 59.02; H, 6.94; N, 4.68%.

83! 59 (Me), O~ mp 230-232°C

N(Me),
'"H nmr (DMSO-d,, 400MHz) &: 1.46 (s, 6H), 1.60 (m, 2H), 1.80
(m, 2H), 2.18 (s, 3H), 2.25 (s, 6H), 2.64 (m, 3H), 3.02 (m, 2H),
3.78 (m, 2H), 4.06 (t, 2H), 6.80 (m, 2H), 6.86 (d, 1H), 7.08 (m,
2H), 7.28 (dd, 1H).
Anal. Found: C, 62.70; H, 7.37; N, 5.53. C;6H3N,055;0.5H,0
requires C, 62.75; H, 7.49; N, 5.63%.
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84 68 . *'O\/\NHBOC mp 194-196°C
[ j 'H nmr (CDCl,, 400MHz) 5: 1.42 (s, 9H), 1.75-1.92 (m, 4H),
© 2.22 (m, 5H), 2.38 (d, 2H), 2.61 (m, 1H), 3.06 (m, 2H), 3.40 (m,
2H), 3.50 (m, 2H), 3.98 (m, 6H), 6.82 (m, 3H), 7.02 (m, 2H),
7.14 (4, 1H), 7.23 (m, 1H).
Anal. Found: C, 61.20; H, 7.05; N, 4.60. C,;H,;,N,0,S;0.25H,0
requires C, 61.32; H, 7.05; N, 4.61%.
85?2 69 " “NBoc mp 196-197°C
[ j Me 'H nmr (DMSO-d,, 400MHz) 5: 1.38 (s, 9H), 1.60 (m, 2H), 1.80
© (m, 2H), 1.95 (m, 2H), 2.19 (s, 3H), 2.20 (m, 2H), 2.64 (m, 1H),
2.76 (s, 3H), 3.02 (t, 2H), 3.18 (m/t, 2H), 3.77 (m, 2H), 3.86 (m,
2H), 4.38 (s, 2H), 7.12 (m, 6H), 7.37 (m, 1H).
LRMS : m/z 609 (M+23)"
86’ 63 * */\N/\‘ 'H nmr (DMSO-dq, 400MHz) 8: 1.59 (m, 2H), 1.80 (m, 2H),
[ j K/O 1.90 (m, 2H), 2.20 (m, 6H), 2.62-2.79 (m, 4H), 3.00-3.22 (m,
© 6H), 3.65 (m, 4H), 3.76 (m, 2H), 3.88 (m, 2H), 7.12 (m, 4H),
7.25 (m, 1H), 7.39 (m, 2H).
LRMS : m/z 543 (M+1)*

1 = isolated by filtration from aqueous acetic acid solution.
2 = recrystallised from ethyl acetate/methanol
3 = triturated with di-isopropy! ether

Preparation 87
N-Hydroxy 1-(tert-butoxycarbonyl)-4-{[4 -(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-
methylphenyl)piperidin-1-yljsulphonyl} -piperidine-4-carboxamide

Me = I

O N

-~

HOHN SO,

N

boc

Chlorotrimethylsilane (70pl, 0.55mmol) was added to a solution of the acid from preparation 76 (300mg,
0.50mmol) in dichloromethane (4ml), and pyridine (2ml), and the solution stirred at room temperature
under a nitrogen atmosphere for 1 hour. 1-(3-Dimethylaminopropyl)-3-ethylicarbodiimide hydrochloride
(115mg, 0.60mmol) and 1-hydroxy-7-azabenzotriazole (75mg, 0.55mmol) were added, and stirring was
continued for a further hour. Hydroxylamine hydrochloride (104mg, 1.50mmol) was added and the

reaction stirred at room temperature overnight. The reaction mixture was diluted with water, the solution
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acidified to pH 1 using hydrochloric acid (2M), then extracted with ethyl acetate. The combined organic
solutions were washed with brine, dried (MgSO,), filtered and evaporated in vacuo. The residue was
triturated with ethyl acetate, the resulting precipitate filtered and the filtrate evaporated in vacuo. The

residue was recrystallised from cthyl acetate to afford the title compound (148mg, 48%) as a white solid.

mp 180-181°C

'H nmr (DMSO-d,, 400MHz) 8: 1.39 (s, 9H), 1.55-1.81 (m, 6H), 2.36 (s, 3H), 2.42 (m, 2H), 2.62 (m,
3H), 3.03 (m, 2H), 3.70 (m, 4H), 3.95 (m, 2H), 4.24 (1, 2H), 4.78 (br, t, 1H), 6.75 (d, 1H), 7.04 (d, 1H),
7.15 (m, 2H), 7.34 (d, 1H), 7.75 (m, 1H), 9.16 (s, 1H), 11.00 (s, 1H).

LRMS : m/z 617 (M-1)*

Preparation 88
N-Hydroxy 2-[4-(4- {3-(2-[(N-tert-butoxycarbony-N-methyl)amino]ethoxy)phenyl} -3-methylphenyl)-
piperidin-1-ylsulphonyl}-2-methylpropanamide

Me O boc
O o ™~N-me

0] _N
HOHNJ&SOZ
Me Me

O-(7-Azabenzotriazol-1-y1)-N,N,N"N’-tetramethyluronium hexafluorophosphate (540mg, 1.42mmol)
was added to a solution of the acid from preparation 81 (520mg, 0.90mmol) and N-
ethyldiisopropylamine (193ul, 1.12mmol) in N-methyipyrrolidinone (10ml), and the reaction stirred at
room temperature under a nitrogen atmosphere for 40 minutes. Hydroxylamine hydrochloride (210mg,
3.02mmol) and additional N-ethyldiisopropylamine (730pl, 4.23mmol) were added, and the reaction
stirred at room temperature overnight. The mixture was partitioned between ethyl acetate and pH 7 buffer
solution, and the layers separated. The organic phase was washed consecutively with water, brine, then
dried (NaSO,), filtered and evaporated in vacuo. The crude product was purified by medium pressure
column chromatography on silica gel using an elution gradient of dichloromethane:methanol (99.5:0.5 to
98:2 to 80:20) to afford the title compound, (180mg, 34%).

'H nmr (CDCL,, 400MHz) 8: 1.40 (s, 9H), 1.63 (s, 6H), 1.78 (m, 2H), 1.86 (m, 2H), 2.22 (s, 3H), 2.61 (m,
1H), 2.97 (s, 3H), 3.03 (m, 2H), 3.58 (m, 2H), 3.94 (m, 2H), 4.08 (m, 2H), 6.60 (s, 1H), 6.64 (m, 2H),

7.02 (m, 2H), 7.17 (d, 1H), 7.26 (dd, 1H), 8.99 (s, 1H), 10.75 (s, 1H).

Anal. Found: C, 60.96; H, 7.33; N, 7.11. C;;H;N,O,S requires C, 61.10; H, 7.35; N, 7.12%.

AQUESTIVE EXHIBIT 1007 page 2142



10

15

20

25

WO 00/74681 100 PCT/IB00/00667

Preparation 89
N-Hydroxy 2-[4-(4-{3-(2-[(tert-butoxycarbonyl)amino]ethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl}-2-methylpropionamide

O
O O/\/N‘boc

O _N

SO

HO 2
HNMe Me

The title compound was obtained (49%) from the acid from preparation 82, following a similar procedure

to that described in preparation 88.

'H nmr (DMSO-d,, 400MHz) : 1.37 (s, 9H), 1.48 (s, 6H), 1.60 (m, 2H), 1.79 (m, 2H), 2.20 (s, 3H), 2.64
(m, 1H), 3.04 (m, 2H), 3.28 (m, 2H), 3.75 (m, 2H), 3.98 (t, 2H), 6.80-6.98 (m, 4H), 7.10 (s, 2H), 7.15 (s,
1H), 7.30 (dd, 1H), 8.99 (s, 1H), 10.55 (s, 1H).

LRMS : m/z 598 (M+23)"
Anal. Found: C, 59.25; H, 7.09; N, 7.38. C,oH,N,0,5;0.1CH,Cl, requires C, 59.83; H, 7.11; N, 7.19%.

Preparation 90
N-Hydroxy 4-[4-(4-{3-(2-[(N-tert-butoxycarbonyl)amino]ethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl]-tetrahydro-2H-pyran-4-carboxamide

SN
O o ™Nepoc

HOHN" ><50;

O
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (260mg, 1.36mmol) and 1-hydroxy-7-
azabenzotriazole (150mg, 1.1mmol) were added to a solution of the acid from preparation 84 (620mg,
1.03mmol) in pyridine (2ml) and dichloromethane (6ml), and the mixture stirred at room temperature for
30 minutes. Hydroxylamine hydrochloride (155mg, 2.25mmol) was added and the reaction stirred at
room temperature for 18 h. The reaction mixture was partitioned between ethyl acetate and pH 7 buffer

solution, and the layers separated. The aqucous phase was extracted with ethyl acetate, the combined
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organic solutions washed again with pH 7 buffer solution, then brine, dried (Na,SO,), filtered and
evaporated in vacuo. The residue was azeotroped with toluene, and then purified by medium pressure
column chromatography on silica gel using an elution gradient of dichloromethane:methanol (100:0 to

90:10). The product was recrystallised from ethyl acetate/pentane to afford the title compound as a solid,
(340mg, 53%).

mp 181-182°C

'H nmr (DMSO-d,, 400MHz) &: 1.35 (s, 9H), 1.60 (m, 2H), 1.78 (m, 2H), 1.90 (m, 2H), 2.19 (s, 3H),
2.28 (m, 2H), 2.61 (m, 1H), 3.02 (m, 2H), 3.20 (m, 2H), 3.22 (m, 2H), 3.70 (m, 2H), 3.84 (m, 2H), 3.98
(t, 2H), 6.79-6.95 (m, 4H1), 7.08 (s, 2H), 7.15 (s, 1H), 7.28 (m, 1H), 9.10 (s, 1H), 10.93 (s, 1H).

LRMS : m/z 640 (M+23)"
Anal. Found: C, 60.27; H, 7.04; N, 6.63. C;,H;N,0,S rcquires C, 60.27; H, 7.02; N, 6.88%.

Preparation 91
N-Hydroxy 4-[4-(4-{3-(N-tert-butoxycarbonyl-N-methyl)aminomethyl)phenyl}-3-methylphenyl)-
piperidin- 1-ylsulphonyl]-tetrahydro-2H-pyran-4-carboxamide

Me O Me
O N-poc

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (216mg, 1.12mmol) and 1-hydroxy-7-
azabenzotriazole (128mg, 0.94mmol) were added to a solution of the acid from preparation 85 (550mg,
0.94mmol) in pyridine (2ml) and N,N dimethylformamide (6ml), and the mixture stirred at room
temperature for 1 hour. Hydroxylamine hydrochloride (195mg, 2.82mmol) was added and the reaction
stirred at room temperature overnight. The reaction mixture was partitioned between ethyl acetate and pH
7 buffer solution, and the layers separated. The aqueous phase was extracted with ethyl acetate (x2), the
combined organic solutions washed with 2N hydrochloric acid, dried (MgSO,), filtered and evaporated in
vacuo. The residue was crystallised from methanol/ethyl acetate to afford the title compound as a solid,
(393mg, 70%).

'H nmr (DMSO-d,, 400MHz) 8: 1.36 (s, 9H), 1.59 (m, 2H), 1.78 (m, 2H), 1.88 (m, 2H), 2.18 (s, 3H),
2.27 (m, 2H), 2.61 (m, 1H), 2.76 (s, 3H), 3.00 (m, 2H), 3.18 (m, 2H), 3.68 (m, 2H), 3.82 (m, 2H), 4.38 (s,
2H), 7.09 (m, 3H), 7.18 (m, 3H), 7.38 (m, 1H), 9.10 (s, 1H), 10.92 (s, 1 H).
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LRMS : m/z 624 (M+1)"*

Preparation 92
1-(4-Bromo-2-methylphenyl)- IH-pyrazol-3-ol

Me

N@"OH
o
Br

Potassium tert-butoxide (20ml, 1M in tert-butanol, 20.0mmol) was added to 1-(4-bromo-2-
methylphenyl)hydrazine (J.Chem.Soc. 109; 1916; 582)(2.01g, 10.0mmol) to give a dark brown
suspension. Ethyl propiolate (1.02m}, 10mmol) was then added dropwise over 10 minutes, with cooling,
and once addition was complete, the reaction was heated under reflux for 4 hours. The reaction was
diluted with water (200ml) and this mixture washed with dichloromethane (2x50ml). The aqueous phase
was acidified using hydrochloric acid (2N), extracted with dichloromethane (5x100ml), these combined
organic extracts dried (MgSO,), filtered and evaporated in vacuo. The crude product was purified by
column chromatography on silica gel using dichloromethane:methanol (98:2) as eluant, and triturated

with ether/di-isopropyl ether to give the title compound (615mg, 24%) as a solid.
mp 208-210°C

'H nmr (DMSO-d,, 400MHz) 8: 2.26 (s, 3H), 5.75 (s, 1H), 7.22 (d, 1H), 7.44 (d, 1H), 7.57 (s, 1H), 7.74
(s, 1H), 10.00 (s, 1H).

LRMS : m/z 253, 255 (M+1)*
Anal.Found: C, 47.31; H, 3.52; N, 10.99. C,;H,BrN,O requires C, 47.46; H, 3.58; N, 11.07%.

Preparation 93
1-(4-Bromo-2-methylphenyi)-3-methoxy-1H-pyrazole

Me =
{2
N Me
Br

A mixture of the pyrazole from preparation 92 (1.52g, 6.0mmol), potassium carbonate (828mg,
6.0mmol), and dimethylsulphate (624ml, 6.6mmol) in 1-methyl-2-pyrrolidinone (15mi) was heated at
90°C for 5 hours. Tlc analysis showed starting material remaining, so additional potassium carbonate
(828mg, 6.0mmol) and dimethylsulphoxide (62471, 6.6mmol) were added, and stirring continued at 90°C
for a further 18 hours. The cooled reaction was poured into water (200ml), and the mixture extracted with

ethyl acetate (3x100ml). The combined organic extracts were washed with brine (3x100ml), dried
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(MgSQ,), filtered and concentrated in vacuo. The residue was purified by column chromatography on

silica gel using dichloromethane as the eluant, to give the desired product as a pale yellow oil, (970mg,
61%).

'H nmr (CDCl,, 400MHz) &: 2.30 (s, 3H), 3.95 (s, 3H), 5.30 (s, 1H), 5.85 (s, 1H), 7.19 (d, 1H), 7.38 (m,
1H), 7.43 (s, 1H).

LRMS : m/z 267, 269 (M+1)"

Preparation 94
1-(4-Bromo-2-methylphenyl)-3-(2-hydroxyethoxy)-1H-pyrazole

Me QO
Br OH
2-Bromoethanol (1.55ml, 21.8mmol) was added to a mixture of the alcohol from preparation 92 (2.76g,
10.9mmol) and potassium carbonate (3.01g, 21.8mmol) in N,N-dimethylformamide (50ml), and the
reaction stirred at 80°C for 5 hours. The cooled mixture was concentrated in vacuo, the residue suspended
in ethyl acetate (250ml), and the mixture washed with water (5x50ml). The organic phase was dried
(MgS0,), filtered and evaporated in vacuo. The crude product was purified by column chromatography

on silica gel using dichloromethane:ether (80:20) as eluant, and crystallised from di-isopropyl ether to

give the desired product as buff-coloured crystals, (1.61g, 50%).
mp 104-105°C

'H nmr (CDCl,, 400MHz) &: 2.24 (s, 3H), 2.58 (br, s, 1H), 3.92 (m, 2H), 4.36 (t, 2H), 5.84 (d, 1H), 7.15
(d, 1H), 7.35 (m, 2H), 7.40 (s, 1H).

Anal. Found: C, 48.38; H, 4.30; N, 9.34. C,H,,;BiN,0, requires C, 48.50; H, 4.41; N, 9.43%.

Preparation 95
3-(2-Benzyloxyethoxy)-1-(4-bromo-2-methylphenyl)- 1H-pyrazole

®)

Br

A solution of the alcohol from preparation 94 (1.55g, 5.2mmol) in tetrahydrofuran (12ml) was added to a
suspension of sodium hydride (229mg, 60% dispersion in mineral oil, 5.73mmol) in tetrahydrofuran

(10ml), and the resulting mixture stirred for 2 minutes under a nitrogen atmosphere. Benzyl bromide
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(681pl, 5.73mmol) was then added and the reaction heated under reflux for 16 hours. The cooled reaction

mixture was poured into brine (70ml) and extracted with ethyl acetate (3x50ml). The combined organic

solutions were dried (MgSQ,), filtered and concentrated in vacuo to give a yellow oil. The crude product

was purified by column chromatography oun silica gel using an clution gradient of hexane:ethyl acetate

(90:10 to 80:20) to give the title compound as a colourless oil, (1.93g, 96%).

'H nmr (CDCl,, 400MHz) 8: 2.24 (s, 3H), 3.80 (t, 2H), 4.38 (1, 2H), 4.60 (s, 2H), 5.66 (s, 1H), 7.12 (d,
1H), 7.21 (m, 2H), 7.32 (m, 5H), 7.40 (s, 1H).

LRMS : m/z 409, 411 (M+23)"

Preparation 96
3-Methoxy-1-[(2-methyl-4-trimethylstannyl)phenyl]-1H-pyrazole

M —
e
N Me
Me,Sn

Tetrakis(triphenylphosphine)palladium (0) (30mg, 0.026mmol) was added to a solution of the bromide
from preparation 93 (659mg, 2.47mmol), and hexamethylditin (889mg, 2.7 1mmol) in 1,4-dioxan (8ml),
and nitrogen bubbled through the resulting mixture. The reaction was heated under reflux for 4 1% hours,
then tic analysis showed starting material remaining. Additional tetrakis(triphenylphosphine)palladium
(0) (48mg) was added and the reaction heated under reflux for a further 16 hours. 50% Aqueous
potassium fluoride solution (5ml) was added to the cooled reaction, the mixture stirred for 15 minutes,
then filtered through Arbocel®, washing through with ether. The filtrate was washed with brine (30ml),
dried (MgSQ)), filtered and evaporated in vacuo. The crude product was purified by column
chromatography on silica gel using pentane:ether (90:10) as eluant to give the title compound as a pale
yellow oil, (598mg, 69%).

'H nmr (CDCY,, 400MHz) &: 0.27 (s, 9H), 2.26 (s 3H), 3.92 (s, 3H), 5.80 (s, 1H), 7.21 (m, 2H), 7.35 (m,
2H).

Preparation 97
3-(2-Benzyloxyethoxy)-1-[2-methyl-4-(trimethylstannyl)phenyl]-1H-pyrazole

Te ﬁ—o
“N \\\
Me,Sn

Tetrakis(triphenylphosphine)palladium (0) (286mg, 0.25mmol) was added to a solution of the bromide
from preparation 95 (1.92g, 4.96mmol), and hexamethylditin (1.78g, 5.45mmol) in 1,4-dioxan (18ml),

and nitrogen bubbled through the resulting mixture. The reaction was heated under reflux for 2 hours,
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then cooled. Potassium fluoride solution (5ml, 50%) was added, the mixture stirred for 30 minutes, and
filtered though Arbocel®, washing through well with ethyl acetate (150ml). The filtrate was washed with
brine (2x30ml), dried (MgSQ,), filtered and evaporated in vacuo. The residue was purified by column

chromatography on silica gel using hexane:ether (84:16) to afford the desired product as a crystalline
solid, (1.87g, 80%).

mp 50-52°C

'H nmr (CDCL,, 400MHz) 8: 0.28 (s, 911), 2.24 (s, 3H), 3.80 (t, 2H), 4.40 (t, 2H), 4.60 (s, 2H), 5.82 (s,
1H), 7.22 (m, 3H), 7.33 (m, 6H).

Anal. Found: C, 56.21; H, 5.97; N, 5.95. C,,H,;sN,0,5n requires C, 56.08; H, 5.99; N, 5.95%.

Preparation 98
Methyl 2-{4-[4-(3-methoxy-1H-pyrazol-1-yl}-3-methylphenyl}-1,2,3,6-tetrahydropyridin-1-
ylsulphonyl}-2-methyl-propanoate

Tris(dibenzylideneacetone)dipalladium(0) (30.7mg, 0.034mmol) was added to a solution of the vinyl
triflate from preparation 29 (727mg, 1.84mmol), the stannane from preparation 96 (590mg, 1.68mmol),
and triphenylarsine (104mg, 0.36mmol) in 1-methyl-2-pyrrolidinone (4ml), and the solution stirred under
a nitrogen atmosphere. Copper (I) iodide (16mg, 0.17mmol) was added, the solution de-gassed, and the
reaction then stirred at 60°C for 30 minutes, and at 75°C for a further 4 % hours. Potassium fluoride
solution (3ml, 50%) was added to the cooled reaction, stirring continued for 15 minutes, and the mixture
filtered through Arbocel®, washing through with ethyl acetate (150ml). The filtrate was washed with
water (30ml), brine (30ml), dried (MgSO,), filtered and evaporated in vacuo. The residual orange foam
was purified by column chromatography on silica gel using pentane:ether (50:50) to afford the title
compound as a pale yellow gum, (588mg, 81%).

'H nimmr (CDCl,, 400MHz) &: 1.63 (s, 6H), 2.30 (s, 3H), 2.59 (m, 2H), 3.60 (t, 2H), 3.79 (s, 3H), 3.94 (s,
3H), 4.08 (m, 2H), 5.81 (d, 1H), 6.00 (m, 1H), 7.21 (m, 3H), 7.36 (s, 1H).

LRMS : m/z 434 (M+1)"

Preparation 99
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Methyl 2-{4-[4-(3-{2-benzyloxyethoxy } - 1H-pyrazol-1-yl}-3-methylphenyl]-1,2,3,6-tetrahydropyridin- 1 -
ylsulphonyl}-2-methyl-propanoate

(@] _N
Meo&soz
Me Me

The title compound was obtained as a yellow oil (75%) from the triflate from preparation 29 and the

stannane of preparation 97, using a similar method to that described in preparation 98.

'H nmr (CDCl,, 400MHz) &: 1.64 (s, 6H), 2.27 (s, 3H), 2.58 (m, 2H), 3.59 (m, 2H), 3.78 (s, 3H), 3.80 (1,
2H), 4.09 (m, 2H), 4.39 (1, 2H), 4.60 (s, 2H), 5.85 (s, 1H), 6.00 (m, 1H), 7.21 (m, 4H), 7.34 (m, 5H).

LRMS : m/z 576 (M+23)"

Preparation 100
Methyl 2- {4-[4-(3-methoxy- 1H-pyrazol-1-yl}-3-methylphenyi]piperidin- 1-ylsulphonyl} -2-

methylpropanoate

(@] _N
Meo’u§<soz

Me Me

10% Palladium on charcoal (60mg) was added to a solution of the 1,2,3,6-tetrahydropyridinc from
preparation 98 (580mg, 1.38mmol) in methanol (20mi), and the mixture hydrogenated at 50 psi and room
temperature for 6 hours. Tlc analysis showed starting material remaining, so additional 10% palladium on
charcoal (50mg) was added, and the mixture hydrogenated for a further 18 hours. The reaction mixture
was filtered through Arbocel®, the filtrate suspended in dichloromethane (50ml), re-filtered through
Arbocel®, and the filtrate evaporated in vacuo, to give the desired product as a colourless solid, (365mg,
61%).

mp 109-110°C

'"H nmr (CDC,, 400MHz) &: 1.61 (s, 6H), 1.75-1.86 (m, 4H), 2.25 (s, 3H), 2.62 (m, 1H), 3.02 (m, 2H),
3.79 (s, 3H), 3.94 (m, 5H), 5.80 (d, 1H), 7.06 (m, 2H), 7.21 (m, 2H).
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LRMS : m/z 458 (M+23)*

Preparation 101
Methyl 2-{4-[4-(3-{2-hydroxyethoxy}-1H-pyrazol-1-yl}-3-methylphenyl}piperidin-1-ylsulphonyl}-2-

methylpropanoate

1 D
N L\

OH

(o] _N
MeO/U§<SO2

Me Me

A mixture of the benzyl ether from preparation 99 (790mg, 1.42mmol) and 10% palladium on charcoal
(160mg) in ethanol (35ml) was hydrogenated at 50 psi and room temperature for 17 hours. Tlc analysis
showed starting material remaining, so acetic acid (2ml), and additional 10% palladium on charcoal
(80mg) were added, and the reaction continued for a further 48 hours, with additional 10% palladium on
charcoal (160mg) added portionwise. The reaction mixture was filtered through Arbocel®, washing
through with ethanol, and the filtrate concentrated in vacuo. The residue was partitioned between ethyl
acetate (100ml) and saturated sodium bicarbonate solution (100ml), the layers separated and the organic
phase dried (MgSO,), filtered and evaporated in vacuo to give the title compound as a colourless oil,
(630mg, 95%).

'H nmr (DMSO-d,, 400MHz) 8: 1.46-1.62 (m, 8H), 1.80 (m, 2H), 2.19 (s, 3H), 2.71 (m, 1H), 3.02 (m,

2H), 3.10 (m, 2H), 3.62-3.79 (m, 5H), 4.10 (m, 2H), 4.60 (m, 1H), 5.84 (s, 1H), 7.12 (m, 1H), 7.19 (m,
2H), 7.69 (s, 1H).

LRMS : m/z 488 (M+23)*

Preparation 102
Methyl 2-methyl-2- {4-[3-methyl-4-(1,3-thiazol-2-yl)phenyl]piperidin-1-ylsulphonyl}-propanoate

Me l‘f’\s

S

O _N
Meo&soz

Me Me

Bis(triphenylphosphine)palladium (II) chloride (49mg, 0.07mmol) was added to a solution of the
bromide from preparation 26 (577mg, 1.38mmol) and 2-(trimethylstannyl)-1,3-thiazole (Synthesis, 1986,
757) (372mg, 1.5mmol) in tetrahydrofuran (3.5ml), and the resulting mixture was de-gassed, and placed
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under an argon atmosphere. The reaction was heated under reflux for 17 hours. Tlc analysis showed
starting material remaining, so additional 2-(trimethylstannyl)-1,3-thiazole (173mg, 0.8mmol) and
bis(triphenylphosphine)palladium (II) chloride (49mg, 0.07mmol) were added, the mixture was de-
gassed, and then heated under reflux for a further 17 hours. The cooled mixture was concentrated in
vacuo, and the residue purified by column chromatography on silica gel using an elution gradient of
hexane:ethyl acetate (91:9 to 66:34). The product was re-purified by column chromatography on silica

gel using ether as eluant to give the title compound as a buff-coloured solid, (240mg, 40%).
mp 111-114°C

'H nmr (DMSO-d,, 400MHz) 8: 1.52 (s, 6H), 1.58 (m, 2H), 1.81 (m, 2H), 2.45 (s, 3H), 2.74 (m, 1H),
3.04 (m, 2H), 3.74 (m, SH), 7.18 (d, 1H), 7.21 (s, 1H), 7.62 (d, 1H), 7.78 (d, 1H), 7.92 (d, 1H).

LRMS : m/z 445 (M+23)*
Anal. Found: C, 56.64; H, 6.19; N, 6.55. C,;H,:N,S,0, requires C, 56.85; H, 6.20; N, 6.63%.

Preparation 103
2-{4-[4-(3-Methoxy-1H-pyrazol-1-yl}-3-methylphenyl]piperidin-1-ylsulphonyl} -2-methylpropanoic acid

N Me
(o] _N
HO SO,
Me Me

A mixture of the methyl ester from preparation 100 (355mg, 0.82mmol), and aqueous sodium hydroxide
(5.9ml, 1M, 5.9mmol) in methano! (5ml) and 1,4-dioxan (5mli) was heated under reflux for 2 hours. The
cooled reaction was diluted with water and acidified to pH 3 using hydrochloric acid (2N). The resulting
precipitate was filtered off, washed with water, and dried under vacuum at 75°C to give the title

compound as a white powder, (281mg, 82%).

'H nmr (CDCl,, 400MHz) : 1.63 (s, 6H), 1.70-1.90 (m, 4H), 2.24 (s, 3H), 2.62 (m, 1H), 3.04 (m, 2H),
3.90 (s, 3H), 3.98 (m, 2H), 5.80 (s, 1H), 7.04 (m, 3H), 7.32 (m, 1H).

Anal. Found: C, 56.78; H, 6.40; N, 9.71. C,(H,,N,0,S requires C, 56.99; H, 6.46; N, 9.97%.

Preparation 104
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2-{4-[4-(3- {2-Hydroxyethoxy}-1H-pyrazol-1-yl}-3-methylphenyl]piperidin-1-ylsulphonyl }-2-
methylpropanoic acid

Me =
N-, 7 O
N L\
OH
o) _N
HO SO,
Me Me

A mixture of the methyl ester from preparation 101(520mg, 1.2mmol), and aqueous sodium hydroxide
(3.6ml, 1M, 3.6mmol) in 1,4-dioxan (5ml) was heated under reflux for 2 Y2 hours. The cooled reaction
was partitioned between water (100ml) and ethyl acetate (100ml), acidified to pH 2 using hydrochloric
acid (2N), and the phases separated. The aqueous layer was extracted with ethyl acetate (2x35ml), the
combined organic solutions dried (MgSO,), filtered and concentrated in vacuo. The residue was triturated

with ether twice, to afford the title compound as a white solid, (338mg, 62%).

'H nmr (DMSO-d,, 300MHz) 8: 1.47 (s, 6H), 1.59 (m, 2H), 1.79 (m, 2H), 2.19 (s, 3H), 2.70 (m, 1H),
3.02 (m, 2H), 3.64 (m, 2H1), 3.79 (m, 2H), 4.09 (t, 2H), 4.62 (m, 1H), 5.84 (s, 1H), 7.12 (m, 1H), 7.18 (m,

2H), 7.69 (s, 1H), 13.1 (br, s, 1H).

LRMS : m/z 474 (M+23)"

Preparation 105
2-Methyl-2- {4-[3-methyl-4-(1,3-thiazol-2-yl)phenyl]piperidin- 1-ylsulphonyl}-propanoic acid

The title compound was obtained as a white solid (92%) from the methyl ester of preparation 102,

following a similar procedure to that described in preparation 104,

'H nmr (DMSO-d,, 400MHz) &: 1.47 (s, 6H), 1.60 (m, 2H), 1.80 (m, 2H), 2.45 (s, 3H), 2.70 (m, 1H),

3.03 (m, 2H), 3.78 (m, 2H), 7.18 (d, 1H), 7.21 (s, 1H), 7.63 (d, 1H), 7.78 (s, 1H), 7.92 (s, 1H), 13.37 (br,
s, 1H).

Anal. Found: C, 55.28; H, 5.90; N, 6.70. C,;H,,N,0O,S, requires C, 55.86; H, 5.92; N, 6.86%.
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Preparation 106

Methy! 1-{[4-(4-bromo-3-methylphenyl)piperidin-1-ylJsulfonyl}-3-cyclopentenc-1-carboxylate

Me
Br

MeO SO

A suspension of sodium hydride (1.1g, 60% dispersion in mineral oil, 28mmol) was cooled to 0°C in
anhydrous N-methyl pyrrolidinone (30ml) under nitrogen. A solution of the ester from preparation 25
(10g, 26mmol) in N-methyl pyrrolidinone (70ml) was added dropwise with stirring and the reaction
mixture allowed to warm to ambient temperature over 50 minutes. 1,4-dichlorobut-2-ene (3.0ml,
28mmol) and tetrabutylammonium bromide (8.3g, 26mmol) were added to the reaction mixture and after
a further 3 hours an additional portion of sodium hydride (1.1g, 60% dispersion in mineral oil, 28mmol)
was added. The mixture was stirred for a further 2 days. The reaction mixture was partitioned between
ethyl acetate (300ml) and water (300ml) and the layers separated. The aqueous layer was extracted with
ethyl acetate (300ml) and the combined organic extracts were dried (Na,SO,), filtered and concentrated in
vacua. The residue was purified by flash chromatography cluting with dichloromethane to give the title

compound as a white solid (7.4g, 65%).

'H nmr (DMSO-d,, 400MHz) 5: 1.45 (m, 2H), 1.75 (m, 2H), 2.28 (s, 3H), 2.64 (m, 1H), 2.95 (m, 4H),
3.14 (d, 2H), 3.75 (s, 31), 3.78 (s, 2H), 5.63 (s, 2H), 6.98 (d, 1H), 7.21 (s, 1H), 7.43 (d, 1H).

LRMS :m/z 464/466 (M+23)".

Preparation 107
Methyl (1o, 3,40)-1-{[4-(4-bromo-3-methylphenyl)piperidin-1-yl]sulfonyl}-3,4-
dihydroxycyclopentanecarboxylate

Me
Br
O _N
MeO SO,
HO OH
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N-methylmorpholine N-oxide (580mg, 4.97mmol) and osmium tetroxide (2.5 weight % in tert-butanol,
1.1ml, 0.136mmol) were added to a solution of the cyclopentene from preparation 106 (2.0g, 4.52mmol)
in dioxan (20ml), water (0.1ml), and the solution stirred at room temperature for 18 hours. The reaction
mixture was partitioned between ethyl acetate (200ml) and water (300ml) and the layers separated. The
aqueous layer was extracted with ethyl acetate (2x200ml), and the combined organic extracts were dried
(Na,S0), filtered and concentrated in vacuo. The residuc was purified by column chromatography on
silica gel using dichloromethane/methanol (100:0 to 97:3) as eluant to afford the title compound as a

white solid (1.2g, 56%).

'H nmr (DMSO-dq, 400MHz) &: 1.47 (m, 2H), 1.77 (m, 2H), 2.28 (m, 5H), 2.42 (s, 2H), 2.63 (m, 1H),
2.91 (m, 2H), 3.75 (m, 5H), 3.85 (s, 2H), 4.62 (s, 211), 6.98 (d, 111), 7.21 (s, 111), 7.43 (d, 1H).

LRMS :m/z 498/500 (M+23)".

Preparation 108
Methyl (1c,3B,4B)-1-{{4-(4-bromo-3-methylphenyl)piperidin-1-yl]Jsulfonyl}-3,4-
dihydroxycyclopentanecarboxylate

Me
Br
@] _N
MeO SO,
HO  OH

Silver acetate (2.1g, 12.46mmol) and iodine (1.5g, 5.81mmol) were added to a solution of the
cyclopentene from preparation 106 (2.45g, 5.54mmol) in glacial acetic acid (125ml) and the mixture was
stirred at ambient temperature for 1 hour. Wet acetic acid (2.5ml of a 1:25 water/glacial acetic acid
mixture) was then added and the reaction was heated to 95°C for 3 hours and then stirred at ambient
temperature for 18 hours. Sodium chloride was added to the mixture and the resulting precipitate was
filtered through arbocel® and then washed with toluene. The resulting filtrate was concentrated in
vacuo, azeotroped with toluene to give a solid which was triturated with diisopropyl ether. This solid was
further purified by flash chromatography eluting with dichloromethane to give the intermediate
monoacetate compound as a beige solid (1.35g, 50%). IN sodium hydroxide (4ml) was added to a
solution of the monoacetate intermediate in dioxan/methanol (12ml/8ml) and the reaction was stirred at
ambient temperature for 1 hour. The solvent was removed under reduced pressure, and the residue was
partitioned between ethyl acetate (50ml) and water (75ml), and the layers separated. The aqueous layer
was extracted with ethyl acetate (2x50ml), and the combined organic extracts were dried (Na,SO,),

filtered and concentrated in vacuo to give the title compound as a white solid (875mg, 70%).
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'H nmr (DMSO-d,, 400MHz) &: 1.55 (m, 2H), 1.87 (m, 2H), 2.18 (m, 2H), 2.30 (s, 3H), 2.63 (m, 3H),
2.98 (t, 2H), 3.72 (m, 7H), 4.68 (s, 2H), 6.98 (d, 1H), 7.22 (s, 1H), 7.43 (d, 1H).

LRMS :m/z 498/500(M+23)".

Preparation 109
Methyl (3aa,5a,6aa)-5- {[4-(4-bromo-3-methylphenyl)piperidin-1-yl]sulfonyl}-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxole-5-carboxylate

Me
Br

2,2-Dimethoxypropane (0.74ml, 6mmol) and p-toluenesulfonic acid (60mg, 0.3mmol) were added to a
solution of the diol from preparation 107 (1.43g, 3mmol) in anhydrous dimethylformamide (10ml) under
nitrogen. The reaction was warmed to 50°C for 4.5hours. The mixture was diluted with ethyl acetate
(50ml) and water (40ml) and the layers separated. The aqueous layer was extracted with ethyl acetate
(2x50ml), and the combined organic extracts were dried (Na,SO,), filtered and concentrated in vacuo.
The resulting solid was recrystalised from ethyl acetate/di-isopropyl ether to give the title compound as a
white solid (1.05g, 70%).

'H nmr (DMSO-d,, 400MHz) &: 1.17 (s, 3H), 1.20 (s, 3H), 1.47 (m, 2H), 1.77 (m, 2H), 2.23 (m, 2H),

2.32 (s, 3H), 2.65 (m, 3H), 2.95 (t, 2H), 3.72 (m, 5H), 4.64 (s, 2H), 6.98 (d, 1H), 7.21 (s, 1H), 7.43 (4,
1H).

LRMS :m/z 538/540 (M+23)".

Preparation 110
Methyl (3aB,5a,6aB)-5- {[4-(4-bromo-3-methylphenyl)piperidin-1-yl]sulfonyl} -2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxole-5-carboxylate
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Br

MeO S0,

The title compound was prepared from the diol from preparation 108 in a similar procedure to that

described in preparation 109. The title compound was isolated as a pale yellow solid (1.3g, 75%).

5  'H nmr (DMSO-d,, 400MHz) &: 1.11 (s, 3H), 1.42 (s, 3H), 1.57 (m, 2H), 1.78 (m, 211), 2.18 (m, 2H),

2.30 (s, 3H), 2.62 (m, 1H), 2.78 (m, 2H), 2.98 (1, 2H), 3.72 (m, SH), 4.58 (m, 2H), 6.98 (d, 1H), 7.22 (s,
1H), 7.43 (d, 1H).

LRMS m/z 538/540(M+23)*.

10

Preparation 111

Methyl (3ac,5a,6a0)-5- {[4-(4- {6-[2-(tert-butoxy)ethoxy]pyridin-2-y1} -3-methylphenyl)piperidin-1-

yl]sulfonyl}-2,2-dimethyltetrahydro-3aH-cyclopenta{d][ 1,3 }dioxole-5-carboxylate

Me = |
SN0
o _N o)
MeO SO, '
o 7<O

15

A mixture of the stannane from preparation 127 (2.3g, 4.78mmol) and the aryl bromide from preparation
109 (1.9g, 3.68mmol), and tetrakis(triphenylphosphine)palladium (0) (213mg, 0.18mmol) in toluene

20  (25ml) was refluxed under nitrogen for 10 hours, then stirred at ambient temperature for 7 hours. The
mixture was evaporated in vacuo and to the resulting oil was added ethyl acetate (30ml) and aqueous
potassium fluoride solution (20ml) and stirred rapidly for 10 minutes. The resulting precipitate was
filtered off on arbocel® washing with ethyl acetate. The filtrate was allowed to separate, and the aqueous
layer extracted with ethyl acetate (30ml). The combined organic extracts were dried (Na,SO,), filtered

25 and concentrated in vacuo. The residue was purified by column chromatography on silica gel using
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pentane:ethyl acetate (98:2 to 60:40) as eluant. The resulting solid was recrystalised from ethyl acetate to
afford the title compound as a white solid, (1.4g, 60%).

'H nmr (DMSO-d,, 400MHz) 5: 1.13 (s, 9H), 1.17 (s, 3H), 1.20 (s, 3H), 1.57 (m, 2H), 1.80 (m, 2H), 2.23
(m, 2H), 2.32 (s, 3H), 2.69 (m, 3H), 2.95 (t, 2H), 3.60 (m, 2H), 3.72 (m, SH), 4.29 (m, 2H), 4.68 (s,
2H), 6.73 (d, 1H), 7.03 (d, 1H) 7.15 (m, 2H), 7.31 (d, 1H), 7.75 (t, 1H).

LRMS :m/z 654 (M+23)".

Preparation 112
Methyl (3aa,5a,6aa)-5-({4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-yl} sulfonyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta{d]{1,3]dioxole-5-carboxylate

Me = |

N O

N

MeO

The title compound was prepared from the aryl bromide from preparation 109 and the stannane from
preparation 129 in a similar procedure to that described in preparation 111. The title compound was

isolated as a white solid (1.1g, 50%).

'H nmr (DMSO-d,, 400MHz) &: 1.15 (s, 3H), 1.19 (s, 3H), 1.25 (t, 3H), 1.57 (m, 2H), 1.80 (m, 2H), 2.23

(m, 2H), 2.35 (s, 3H), 2.65 (m, 3H), 2.95 (t, 2H), 3.65 (m, 2H), 3.72 (m, 3H), 4.28 (q, 2H), 4.66 (d, 2H),
6.68 (d, 1H), 7.03 (d, 111), 7.15 (m, 2H), 7.33 (d, 1H), 7.72 (t, 1H).

LRMS :m/z 581 (M+23)*.
Preparation 113

Methyl (3aP,5a,6aP)-5-({4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-yl} sulfonyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxole-5-carboxylate
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MeO

]
"W

O
o\

The title compound was prepared from the aryl bromide from preparation 110 and the stannane from

preparation 129 in a similar procedure to that described in preparation 111. The title compound was

5 isolated as a white foam (413mg, 60%).

'H nmr (DMSO-dg, 400MHz) 8: 1.21 (s, 3H), 1.28 (t, 3H), 1.42 (s, 3H), 1.57 (m, 2H), 1.80 (m, 2H), 2.18
(m, 2H), 2.35 (s, 3H), 2.65 (m, 1H), 2.80 (m, 2H), 3.00 (t, 2H), 3.75 (m, 2H), 3.77 (s, 3H), 4.28 (g, 2H),
4.56 (m, 2H), 6.68 (d, 1), 7.03 (d, 1H), 7.15 (m, 2H), 7.35 (d, 1H), 7.72 (¢, 1H).

10

LRMS :m/z 559 (M+1)".

Preparation 114
Methyl (3act,5a,6aa)-5-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-ylsulfonyl}-2,2-
15  dimethyltetrahydro-3afH-cyclopenta{d][1,3]dioxole-5-carboxylate

i
O OMe

MeO SO,

0] )

A

A mixture of the aryl bromide from preparation 109 (1.03, 1.99mmol), 3-methoxyphenylboronic acid
(364mg, 2.40mmol), cesium fluoride (606mg, 4.00mmol), tris(dibenzylideneacetone)dipalladium {0)

20 (91mg, 0.1mmol) and tri(o-tolyl)phosphine (61mg, 0.2mmol) in 1,2-dimethoxyethane (25ml) was heated
under reflux under nitrogen for 9 hours. The cooled reaction was diluted with water and ethyl acetate,
filtered through arbocel®, which was washed with water and ethyl acetate. The organic layer was
separated, and washed with brine, dried (Na,SQ,), filtered and concentrated in vacuo. The residue was

purified by column chromatography on silica gel using pentane:ethyl acetate (95:5 to 60:40) as eluant.
25  The title compound was obtained as a white solid (630mg, 60%).
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'H nmr (DMSO-d,, 400MHz) &: 1.15 (s, 3H), 1.18 (s, 3H), 1.57 (m, 2H), 1.79 (m, 2H), 2.18 (m, SH),
2.65 (m, 3H), 2.95 (t, 2H), 3.65 (m, 8II), 4.64 (m, 211), 6.82 (m, 3H), 7.10 (m, 3H), 7.29 (m, 1H).

5 LRMS m/z 566 (M+23)".

Preparation 115
Methyl (3aB,5a,6aB)-5-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin- 1-ylsulfonyl}-2,2-
dimethyltetrahydro-3aH-cyclopenta[d]{1,3]dioxole-5-carboxylate

e
OMe

10
The title compound was prepared from the aryl bromide from preparation 110 in a similar procedure to

that described in preparation 114 and was isolated as a white foam (310mg, 45%).

15 'H nmr (DMSO-d,, 400MHz) &: 1.20 (s, 3H), 1.40 (s, 3H), 1.57 (m, 2H), 1.80 (m, 2H), 2.18 (m, 5H),
2.67 (m, 1H), 2.81 (m, 2H), 2.95 (t, 2H), 3.75 (m, 8H), 4.57 (m, 2H), 6.82 (m, 3H), 7.10 (m, 3H), 7.29
(m, 1H).

LRMS :m/z 566 (M+23)".

20
Preparation 116
(3aq,50,6a0)-5- {[4-(4- {6-[2-(tert-butoxy)ethoxylpyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulfonyl}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxole-5-carboxylic acid
Me [
S
N OI\I
0] N o]
HO SO, ; N
(0] ><O
25
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A mixture of the methyl ester from preparation 111 (1.4g, 2.22mmol) and aqueous sodium hydroxide
(5.5ml, 2N, 11.1mmol) in methanol (7ml) and dioxan (7ml) was heated under reflux for lhour, then
allowed to cool. The reaction was concentrated in vacuo, the residue dissolved in water (20ml), and the
solution acidified to pH 4 with glacial acetic acid. The aqueous was extracted with ethyl acetate (2x
50ml) and the collected organic layers dried (N2,SO,), filtered and concentrated in vacuo. The resulting
oily solid was azeotroped with toluene then triturated with cold ethyl acetate to afford the title compound
as a white solid (1.0g, 75%).

'"H nmr (DMSO-d, 400MHz) &: 1.13 (s, 9H), 1.16 (s, 3H), 1.28 (s, 3H), 1.57 (m, 2H), 1.75 (m, 2H), 2.26
(m, 5H), 2.59 (m, 3H), 3.05 (t, 2H), 3.60 (m, 2H), 3.72 (d, 2H), 4.28 (m, 2H), 4.58 (m, 2H), 6.73 (d, 1H),
7.03 (d, 1H), 7.15 (m, 2H), 7.31 (d, 1H), 7.75 (t, 1H) 12.9 (s, 1H).

LRMS :m/z 617 (M+1)*.

Preparation 117
(3aa,Sa,6ac)-5-({4-[4-(6-cthoxypyridin-2-yl)-3-methylphenyl]piperidin- 1-yl} sulfonyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d]{1,3]dioxole-5-carboxylic acid

HO SO

o O

A

A mixture of the methyl ester from preparation 112 (780mg, 1.40mmol) and aqueous sodium hydroxide
(3.5ml, 2N, 6.98mmol) were dissolved in methanol (5Sml) and dioxan (5ml) and were heated under reflux
for 1.5 hour, then allowed to cool. The reaction was concentrated in vacuo, the residue dissolved in water
(20ml), and the solution acidified to pH 4 with glacial acetic acid. The resulting mixture was extracted
with ethyl acetate (2x S0ml) and the collected organic layers dried (Na,SO,), filtered and concentrated in
vacuo. This afforded the title compound as a white solid (240mg, 85%).

'H nmr (DMSO-d,, 400MIHz) §: 0.93 (s, 3H), 1.14 (m, 6H), 1.41 (m, 2H), 1.58 (m, 2H), 2.01 (m, 2H),

2.13 (s, 3H), 2.43 (m, 3H), 2.78 (m, 2H), 3.50 (m, 2H), 4.08 (m, 2H), 4.43 (m, 2H), 6.48 (m, 1H), 6.80
(d, 1H), 6.91 (m, 2H), 7.10 (m, 1H), 7.51 (m, 1H) 13.10 (s, 1H).

LRMS :mv/z 545 (M+1)".
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Preparation 118
(3ap,50,6aB)-5- {4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-yl} sulfonyl)-2,2-
dimethyltetrahydro-3 aM-cyclopenta[d][1,3]dioxole-5-carboxylic acid

Me = l

Y

N O

N

The title compound was prepared from the methyl ester from preparation 113 in a similar procedure to

that described in preparation 117 and was isolated as a white foam (250mg, 65%).

'H nmr (DMSO-d,, 400MHz) 8: 1.21 (s, 3H), 1.28 (t, 3H), 1.42 (s, 3H), 1.61 (m, 2H), 1.80 (d, 2H), 2.18
(m, 2H), 2.35 (s, 3H), 2.65 (m, 1H), 2.80 (m, 2H), 3.00 (t, 2H), 3.78 (d, 2H), 4.28 (q, 2H), 4.56 (m, 2H),
6.68 (d, 1H), 7.01 (d, 1H), 7.15 (m, 2H), 7.35 (d, 1H), 7.72 (¢, 1H), 13.65 (s, 1H).

LRMS mmv/z 545 (M+1)".

Preparation 119
(3aa,50,6a0)-5- {4-[4-(3-methoxyphenyl)-3 -methylphenyl}piperidin-1-ylsulfonyl}-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxole-5 -carboxylic acid

OMe

O _N
HO SO,

O o

A

A mixture of the methyl ester from preparation 114 (630mg, 1.16mmol) and aqueous sodium hydroxide
(3.0ml, 2N, 5.80mmol) were dissolved in methanol (5ml) and dioxan (5ml) and heated under reflux for
1hour, then allowed to cool. The reaction was concentrated in vacuo, the residue dissolved in water
(20ml), and the solution acidified to pH 1 with 2N hydrochloric acid. The resulting mixture was
extracted with ethyl acetate (2x 50ml) and the collected organic layers dried (Na,SO,), filtered and
concentrated in vacuo. This afforded the title compound as a white solid (500mg, 83%).
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'H nmr (DMSO-d,, 400MHz) 8: 1.13 (s, 3H), 1.22 (s, 3H), 1.58 (m, 2I1), 1.79 (m, 2H), 2.18 (m, 5H),

2.62 (m, 3H), 2.97 (t, 2H), 3.71 (m, SH), 4.64 (m, 2H), 6.82 (m, 3H), 7.06 (m, 2H), 7.14 (s, 1H), 7.29 (t,
1H).

LRMS :mv/z 528 (M-1).

Preparation 120
(3aP,5a,6ap)-5-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-ylsulfonyl}-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxole-5-carboxylic acid

e )
O OMe

The title compound was prepared from the methyl ester from preparation 115 in a similar procedure to

that described in preparation 119 and was isolated as a white foam (250mg, 85%).

'H nmr (DMSO-d,, 400MHz) &: 1.20 (s, 3H), 1.40 (s, 3H), 1.58 (m, 2H), 1.80 (m, 2H), 2.15 (m, 2H),

2.18 (s, 3H), 2.65 (m, 1H), 2.78 (m, 2H), 2.99 (t, 2H), 3.77 (m, 5H), 4.56 (m, 2H), 6.82 (m, 3H), 7.10 (m,
3H), 7.29 (t, 1H), 13.78 (s, 1H).

LRMS :m/z 528 (M-1)..

Preparation 121
(3aq,50,6a0)-N-hydroxy-5-{[4-(4-{6-[2-(tert-butoxy)ethoxy]pyridin-2-yl} -3-methylphenyl)piperidin-1-
ylJsulfonyl}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxole-5-carboxamide
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HO. SO, <

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (190mg, 0.973mmol) and 1-hydroxy-7-
azabenzotriazole (121mg, 0.892mmol) were added to a solution of the acid from preparation 116

5  (500mg, 0.811mmol) in N,N-dimethylformamide (6ml) and pyridine (3ml) and the reaction was stirred
under nitrogen for SO minutes. Hydroxylamine hydrochloride (170mg, 2.43mmol) was then added, and
the reaction stirred at room temperature overnight. The reaction was diluted with ethyl acetate (50ml)
and washed with pH 7 phosphate buffer solution (30ml). The aqueous layer was extracted with ethyl
acetate (2x 50ml) and the combined organic extracts were washed with brine, then water, dried (Na,SO,),

10 filtered and concentrated in vacuo. The resulting solid was recrystallised from ethyl acetate to afford the

title compound as a white solid (260mg, 50%).

'H nmr (DMSO-d,, 400MHz) &: 1.15 (s, 9H), 1.16 (s, 3H), 1.20 (s, 3H), 1.59 (m, 2H), 1.75 (m, 2H), 2.17
(m, 2H), 2.31 (s, 3H), 2.59 (m, 1H), 2.66 (d, 2H), 2.9 (¢, 2H), 3.59 (m, 2H), 3.64 (d, 2H), 4.28 (m, 2H),

15 4.62 (m, 2H), 6.72 (d, 1H), 7.03 (d, 1H), 7.15 (m, 2H), 7.29 (d, 1H), 7.70 (t, 1H), 8.85 (s, 1H), 10.82 (s,
1H).

LRMS m/z 632 (M+1)".

20

Preparation 122

(3aa,5a,6act)-N-hydroxy-5-({4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1 -yl}sulfonyl)-2,2-

dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxole-5-carboxamide

Me I
NS
N CI)\
o _N
HO. N SO,
H
O 7<O

25

AQUESTIVE EXHIBIT 1007 page 2163



10

15

20

25

30

WO 00/74681 121 PCT/IB00/00667

The title compound was prepared from the acid from preparation 117 in a similar procedure to that

described in preparation 121, and was isolated as a white solid (150mg, 60%).

'"H nmr (DMSO-d,, 400MHz) &: 1.13 (s, 3H), 1.21 (s, 3H), 1.25 (t, 3H), 1.61 (m, 2H), 1.76 (m, 2H), 2.18
(m, 2H), 2.32 (s, 3H), 2.60 (m, 1H), 2.77 (d, 2H), 2.99 (t, 2H), 3.63 (d, 2H), 4.25 (q, 2H), 4.63 (m, 2H),
6.68 (d, 1H), 7.02 (d, 1H), 7.14 (m, 2H), 7.30 (d, 1H), 7.71 (t, 1H), 8.86 (s, 1H), 10.82 (s, 1H).

LRMS :m/z 560 (M+1)".

Preparation 123
(3aB,5a,6ap)-N-hydroxy-5-({4-[4-(6-ethoxy-pyridin-2-yl)-3-methylphenyl]piperidin-1-yl} sulfonyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta{d]{1,3]dioxole-5-carboxamide

Me = |

Y

N O

<

HO. SO

The title compound was prepared from the acid from preparation 118 in a similar procedure to that
described in preparation 121. The title compound was isolated after coelumn chromatography (using

dichloromethane/methanol 99:1 as eluant) as a white solid (107mg, 45%).

'H nmr (DMSO-d,, 400MHz) 5: 1.20 (s, 3H), 1.28 (t, 3H), 1.40 (s, 3H), 1.61 (m, 2H), 1.80 (4, 2H), 2.05
(m, 2H), 2.30 (s, 3H), 2.62 (m, 1H), 2.97 (m, 4H), 3.70 (d, 2H), 4.28 (q, 2H), 4.45 (m, 2H), 6.68 (d, 1H),
7.01 (d, 1H), 7.15 (m, 2H), 7.32 (d, 1H), 7.72 (t, 1H), 9.00 (s, 1H), 10.39 (s, 1H).

LRMS :m/z 560 (M+1)".

Preparation 124
(3ac,5a,6aa)-N-hydroxy-5-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin- 1-ylsulfonyl}-2,2-
dimethyltetrahydro-3aFf{-cyclopenta[d][1,3]dioxole-5-carboxamide
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)
OMe

The title compound was preparcd from the acid from preparation 119 in a similar procedure to that

described in preparation 121, and was isolated as a white solid (110mg, 43%).

'H nmr (DMSO-d,, 400MHz) 8: 1.13 (s, 3H), 1.22 (s, 3H), 1.58 (m, 2H), 1.77 (m, 2H), 2.18 (m, SH),
2.58 (m, 1H), 2.75 (d, 2H), 2.98 (t, 2H), 3.65 (d, 2H), 3.75 (s, 3H), 4.63 (m, 2H), 6.82 (m, 3H), 7.08 (s,
2H), 7.15 (s, 1H), 7.28 (t, 1H), 8.85 (s, 1H), 10.82 (s, 1H).

Preparation 125
(3aB,5a,6aB)-N-hydroxy-5-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-ylsulfonyl}-2,2-
dimethyltetrahydro-3aH-cyclopenta{d][1,3]dioxole-5-carboxamide

=
OMe

The title compound was prepared from the acid from preparation 120 in a similar procedure to that
described in preparation 121. The title compound was isolated after column chromatography (using

dichloromethane/methanol 98:2 as eluant) as a white solid (130mg, 50%).

"H nmr (DMSO-d,, 400MHz) 5: 1.20 (s, 3H), 1.40 (s, 3H), 1.58 (m, 2H), 1.78 (m, 2H), 2.05 (m, 2H),
2.18 (s, 3H), 2.60 (m, 1H), 2.95 (m, 4H), 3.67 (m, 2H), 3.74 (s, 3H), 4.42 (m, 2H), 6.82 (m, 3H), 7.08 (s,
2H), 7.13 (s, 1H), 7.29 (1, 1H), 9.09 (s, 1H), 10.49 (s, 1H).

LRMS :nm/z 543 (M-1).
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Preparation 126
2-[2-(tert-butoxy)ethoxy]-6-bromopyridine

=

Br \N O/\/Oﬂ/

Sodium hydride (6.8g, 60% dispersion in mineral oil, 0.169mol) was added portionwise to an ice-cold
solution of 2-(tert-butoxy)ethanol (20.0g, 0.169mol) in toluene (500ml) under nitrogen, and the solution
stirred for 30 minutes whilst warming to ambient temperature. 2,6-Dibromopyridine (40.0, 0.169mol)
was added, and the reaction heated under reflux for 3 hours. The mixture was allowed to cool to ambient
temperature and was diluted with water (1000ml), and extracted with ethyl acetate (2x400ml). The
combined organic extracts were dried (Na,SO)), filtered and evaporated in vacuo to give the title

compound as a yellow oil (quantitative).

'H nmr (CDCL,, 400MHz) &: 1.21 (s, 9H), 3.67 (t, 2H), 4.40 (t, 2H), 6.68 (d, 1H), 7.05 (d, 1H), 7.38 (1,
1H). ‘

LRMS :m/z 296/298 (M+23)".

Preparation 127
2-[2-(zert-butoxy)ethoxy]-6-(tributylstannyl)pyridine

=

o
Bu,Sn” N o’\/)(

n-Butyllithium (71ml, 2.5M solution in hexanes, 0.177mol) was added dropwise to a cooled (-78°C)
solution of the bromide from preparation 126 (46.3g, 0.169mol) in anhydrous THF (1000m1) under
nitrogen, so as to maintain the internal temperature <-70°C, and the solution stirred for 10 minutes. Tri-
n-butyltin chloride (48ml, 0.177mol) was added slowly to maintain the internal temperature <-70°C, and
the reaction was then allowed to warm to room temperature over 1 hour. The reaction was diluted with
water (1000ml), the mixture extracted with Et,O {2x1000m}), and the combined organic extracts dried
(Na,S0)), filtered and evaporated in vacuo. The residue was purified by column chromatography on

silica gel using pentane:Et,0 (100:1 to 98:2) as eluant, to afford the title compound as a colourless oil,
(45.5g, 55%).
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'H nmr (CDCl,, 400MHz) 8: 0.86 (t, 9H), 1.04 (m, 6H), 1.21 (s, 9H), 1.35 (m, 6H), 1.58 (m, 6H), 3.69 (t,
2H), 4.43 (t, 2H), 6.58 (d, 1H), 6.97 (m, 1H), 7.37 (m, 1H).

LRMS :m/z 506/508 (M+23)".

Preparation 128
2-bromo-6-cthoxypyridine

Sodium ethoxide (1.5g, 63mmol sodium, in ethanol (30ml)) was added to 2,6-dibromopyridine (15¢,
63mmol) in toluene (150ml) at ambient temperature under nitrogen, and the reaction heated under reflux
for 5 hours. The cooled mixture was diluted with water (100ml), and extracted with ethyl acetate
(2x100ml). The combined organic extracts were dried (Na,SQO,), filtered and evaporated in vacuo. The
residue was purified by column chromatography on silica gel using pentane/ethyl acetate (100:0 to 95:5)

as eluant to give the title compound as a yellow oil, (quantitative).

'H nmr (CDCI,, 400MHz) &: 1.37 (t, 3H), 4.35 (q, 2H), 6.62 (d, 1H), 7.01 (d, 1H), 7.38 (t, 1H).

LRMS :m/z 202/204 (M+1)*.

Preparation 129
2-ethoxy-6-(tributylstannyl)pyridine

The title compound was prepared from the bromide from preparation 128 in a similar procedure to that

described in preparation 127, and was isolated as a colourless oil (1.3g, 6%).

'H nmr (CDCl,, 400MHz) &: 0.86 (t, 9H), 1.04 (m, 6H), 1.36 (m, 9H), 1.57 (m, 6H), 4.38 (q, 2H), 6.52
(d, 1H), 6.95 (m, 1H), 7.37 (m, 1H).

LRMS :m/z 434/436 (M+23)".
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Preparation 130
Methyl 4- {{4-(4-bromo-3-methylphenyl)-4-hydroxy-1-piperidin-1-yljsulfonyl} tetrahydro-2 H-pyran-4-

carboxylate

Me
Br
OH

o N

O

Iso-propylbromide (20ml, 0.2 1mol) was added dropwise over 1h to a stirred mixture of magnesium (4.7g,
0.19mol) in THF (50ml) and toluene (50ml), under nitrogen. The mixture was stirred at room
temperature for 1 hour and then cooled to 0°C. A solution of 2-bromo-5-iodotoluene (57g, 0.19mol) in
toluene (50ml) was added dropwise over 30 min, between 0 and 5°C, and the mixture was stirred at 0°C
for 30min. The mixture was then added dropwise over 45 min to a stirred suspension the ketone from
preparation 16 (50g, 0.16mol) in toluene (250ml), between 0 and 5°C, under nitrogen. The resulting
mixture was stirred at 0°C for 1 hour and then citric acid solution (10%, 400ml) and ethyl acetate (200ml)
were added. The organic phase was separated and the aqueous phase was re-extracted with ethyl acetate
{2x200ml). The combined organic phases were washed with water (200ml) and concentrated in vacuo to
a solid which was purified by re-crystallisation from toluene (500ml) to give the title compound as a
colourless solid (66g, 84%).

'H nmr (CDCL,, 300MHz) &: 1.70-1.77 (m, 2H), 2.02-2.26 (m, 4H), 2.38-2.42 (m, 5H), 3.30 (t, 2H), 3.45
(t, 2H), 3.67-3.75 (m, 2H), 3.88 (s, 3H), 3.99 (dd, 2H), 7.14 (dd, 1H), 7.31 (d, 1H), 7.50 (d, 1H).

Preparation 131
Methyl 4-{[4-(4-{6-[2-(tert-butoxy)ethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulfonyl} tetrahydro-2 H-pyran-4-carboxylate

Me |

N o’\/oﬂ/

A solution of n-butyllithium in hexanes (2.5M, 3.1ml, 7.7mmol) was added dropwise over 5 min to a

solution of the bromopyridine from preparation 126 (2.0g, 7.3mmol) in THF (20ml) at —78°C, under
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nitrogen. The mixture was stirred at —78°C for 10 min and then tri-iso-propylborate (1.9ml, 8.0mmol)
was added dropwise over 10 min. The mixture was stirred at —78°C for 10 min and then allowed to warm
to Toom temperature over 1 hour. The aryl bromide from preparation 27 (2.7g, 5.8mmol), palladium
acetate (82mg, 0.36mmol), triphenylphosphine (191mg, 0.73mmol), ethanol (20ml) and aqueous sodium
carbonate (2M, 20ml) were added and the mixture was heated to reflux for 4 hours, under nitrogen, and
then cooled. Ethyl acetate (50ml) and demineralised water (50ml) were added and the organic phase was
separated. The aqueous phase was re-extracted with ethyl acetate (2x30ml) and the combined organic
phases were washed with demineralised water (50ml) and then concentrated in vacuo to a solid.
Purification by re-crystallisation from methanol (30mil) gave the title compound as a colourless solid
(2.0g, 60%).

'H nmr (CD,OD, 300MHz) &: 1.12 (s, 9H), 1.50-1.69 (m, 2H), 1.72-1.88 (m, 2H), 1.91-2.05, (m, 2H),
2.24-2.30 (m, 2H), 2.34 (m, 3H), 2.65-2.78 (m, 1H), 3.00-3.23 (m, 4H), 3.61 (t, 2H), 3.70-3.78 (m, 2H),
3.80 (s, 3H), 3.87-3.95 (m, 2H), 4.30 (t, 2H), 6.74 (d, 1H), 7.05 (d, 1H), 7.10-7.17 (m, 2H), 7.33 (d, 1H),
7.73 (t, 1H).

LCMS :m/z 575 (M+H)*

Preparation 132
4-{[4-(4- {6-[2-tert-butoxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yl]sulfonyl} -tetrahydro-2H-
pyran-4-carboxylic acid

0] N O

o 5 ~

O

A mixture of the methyl ester from preparation 131 (9.1g, 16.0mmol) and aqueous sodium hydroxide
(80ml, 1N, 80.0mmol) in dioxan (250ml) were heated under reflux for 2 hours. Methanol (100ml) and
aqueous sodium hydroxide (40ml, 1N, 40.0mmol) were added and the mixture refluxed for a further 2
hours, then allowed to cool to ambient temperature. The reaction was concentrated in vacuo, the residue
dissolved in water (200ml), and the solution acidified to pH 4 with glacial acetic acid. The aqueous layer
was extracted with ethyl acetate (2x 200ml) and the combined organic extracts were washed with brine
(200ml), then water (2x200ml), dried (Na,SO,), filtered and concentrated in vacuo. The resulting oily
solid was azeotroped with toluene then triturated with cold di-isopropyl ether to afford the title compound
as a pale yellow solid (7.66g, 85%).
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'"H nmr (DMSO-d,, 400MHz) &: 1.13 (s, 9H), 1.61 (1n, 2H), 1.79 (i, 2H), 1.95 (m, 2H), 2.22 (d, 2H),
2.32 (s, 3H), 2.66 (m, 1H), 3.05 (t, 2H), 3.20 (t, 2H), 3.60 (t, 2H), 3.76 (d, 2H), 3.88 (m, 2H), 4.28 (1,
2H), 6.73 (d, 1H), 7.03 (4, 1H), 7.12 (m, 2H), 7.31 (d, 1H), 7.75 (t, 1H), 13.77 (s, 1H).

LRMS :m/z 583 (M+23)*.

Preparation 133

N-Hydroxy-4-[(4-{4-[6-(2-tert-butoxycthoxy)pyridin-2-yl]-3-methylphenyl} piperidin-1-
yDsulfonyljtetrahydro-2 H-pyran-4-carboxamide
Me =~ l

~

)
~

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (3.15g, 16.0mmol) and 1-hydroxy-7-
azabenzotriazole (2.05g, 15.0mmol) were added to a solution of the acid from preparation 132 (7.66g,
14mmol) in anhydrous dichloromethane (80ml) and pyridine (80ml) and the reaction was stirred under
nitrogen for 1hour. Hydroxylamine hydrochloride (2.85g, 41.0mmol) was then added, and the reaction
stirred at room temperature overnight. The reaction was diluted with dichloromethane (200ml) and
washed with pH 7 phosphate buffer solution (200ml). The aqueous layer was extracted with
dichloromethane (2x 200ml) and the combined organic extracts were washed with dilute aqueous acetic
acid (150ml), brine (150ml), then water (150ml), dried (Na,SO,), filtered and concentrated in vacuo. The
resulting solid was azeotroped with toluene and then recrystallised from ethyl acetate and di-isopropyl

ether to afford the title compound as a white solid (6.3g, 75%).

'H nmr (DMSO-d,, 400MHz) 8: 1.13 (s, 9H), 1.61 (m, 2H), 1.78 (m, 2H), 1.91 (m, 2H), 2.37 (m, 5H),
2.62 (m, 1H), 3.05 (t, 2H), 3.20 (t, 2H), 3.60 (t, 2H), 3.73 (d, 2H), 3.83 (m, 2H), 4.28 (t, 2H), 6.73 (d,
1H), 7.03 (d, 1H), 7.12 (m, 2H), 7.31 (d, 1H), 7.72 (t, 1H), 9.05 (s, 1H), 10.90 (s, 1H).

LRMS :m/z 598 (M+23)".
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CLAIMS

1. N-Hydroxy 4- {[4-(4- {6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl}sulphonyl}tetrahydro-2H-pyran-4-carboxamide and the pharmaceutically acceptable salts thereof, and

solvates thereof.

2. A compound selected from :

N-hydroxy 2-[(4-{4-[6-(2-hydroxyethoxy)pyridin-2-yl]-3-methylphenyl} piperidin-1-yl)sulphonyl]-2-
methylpropanamide;

N-hydroxy 2-{[4-(4- {6-[2-(methoxy)ethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yl]sulphonyl}-2-
methylpropanamide;

N-hydroxy 4-{[4-(4- {6-[2-hydroxyethoxy]pyridin-2-yl} -3-methylphenyl)piperidin-1-
yl]sulphonyl}tetrahydro-2H-pyran-4-carboxamide;

N-hydroxy 4-{[4-(4-{6-[(2S)-2,3-dihydroxy-1-propoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulphonyl}tetrahydro-2H-pyran-4-carboxamidc;

N-hydroxy 4-{[4-(4- {6-[(2R)-2,3-dihydroxy- 1-propoxy]pyridin-2-y1}-3-methylphenyl)piperidin-1-
yllsulphonyl}tetrahydro-2H-pyran-4-carboxamide;

N-hydroxy 4-{[4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yljsulphonyl}-
piperidine-4-carb0xamidc\: dihydrochloride;

N-hydroxy 4-{[4-(4- {6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yl]Jsulphonyl}-1-
methyl-piperidine-4-carboxamide;

N-hydroxy 2-[4-(4-{3-[(25)-2,3-dihydroxy-1-propoxy]}phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl]-2-methylpropanamide;

N-hydroxy 4-{4-[4-(3-[(2R)-2,3-dihydroxy-1-propoxy]phenyl)-3-methylphenyl]-piperidin-1-
ylsulphonyl}-tetrahydro-(2H)-pyran-4-carboxamide;

N-hydroxy 4-{4-[4-(3-{(25)-2-hydroxy-2-hydroxymethyl} ethoxyphenyl)-3-methyiphenyl]-piperidin-1-
ylsulphonyl}-tetrahydro-2H-pyran-4-carboxamide;

N-hydroxy 4-{4-[4-(3-{1,3-dihydroxy-2-propoxyphenyl)-3-methylphenyl]-piperidin-1-ylsulphonyl}-
tetrahydro-2H-pyran-4-carboxamide;

N-hydroxy 2- {[4-(4- {3-[2-(methylamino)ethoxy]phenyl}-3-methylphenyl)-piperidin-1-yljsulphonyl}-2-
methylpropanamide hydrochloride;

N-hydroxy 2-[4-(4- {3-(2-aminoethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-2-
methylpropanamide hydrochloride;

N-hydroxy 4- {[4-(-4-{6-[2-aminoethoxy]pyridin-2-y1}-3-methylphenyl)piperidin-1-
yl]sulphonyl}tetrahydro-2H-pyran-4-carboxamide hydrochloride;

N-hydroxy 2-[4-(4-{3-(2-N,N-dimethylaminoethoxy)phenyl} -3-methyiphenyl)-piperidin- 1-ylsulphonyl]-
2-methylpropanamide;

N-hydroxy 4- {[4-(4- {3-(methyl)aminomethyl}-3-methylphenyl)piperidin-1-yl]sulphonyl}tetrahydro-2H-
pyran-4-carboxamide hydrochloride;

AQUESTIVE EXHIBIT 1007 page 2171



10

15

20

25

30

WO 00/74681 129 ) PCT/IB00/00667

N-hydroxy 4- {[4-(3-mcthyl-4-{3-[4-morpholinylmethyl]} phenyl)piperidin-1-yl]sulphonyl} tetrahydro-
2H-pyran-4-carboxamide;

N-hydroxy 2-({4-[4-(3-methoxy-1H-pyrazol-1-yl)-3-methylphenyl]piperidin-1-yl} sulphonyl)-2-
methylpropanamide;

N-hydroxy 2-[(4- {4-[3-(2-hydroxyethoxy)-1H-pyrazol-1-yl]-3-methylphenyl} piperidin-1-yl)sulphonyl]-
2-methylpropanamide;

N-hydroxy 2-methyl-2-({4-[3-methyl-4-(1,3-thiazol-2-yl)phenyl]piperidin-1-y1} sulphonyl)propanamide;
(1a,30,4)-N,3 4-trihydroxy-1-[(4- {4-[6-(2-hydroxyethoxy)pyridin-2-yl]-3-methylphenyl} piperidin-1-
yl)sulfonyl]cyclopentanecarboxamide;
(1a,30,40)-1-({4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-yi} sulfonyl)-N,3,4-
trihydroxycyclopentanecarboxamide;
(1,3B,4P)-1-({4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-yl} sulfonyl)-N,3,4-
trihydroxycyclopentanecarboxamide;

(lo,3a,4a)-N,3 4-trihydroxy-1- {4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-

ylsulfonyl} cyclopentanecarboxamide; and

(1,3B,4B)-N,3 4-trihydroxy-1- {4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-
ylsulfonyl}cyclopentanecarboxamide,

and the pharmaceutically acceptable salts thereof, and solvates thereof.

3. N-Hydroxy 4-{[4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yl]sulphonyl}-

piperidine-4-carboxamide and the pharmaceutically acceptable salts thereof, and solvates thereof.
4. N-Hydroxy 4-{[4-(-4- {6-[2-aminoethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl}sulphonyl}tetrahydro-2H-pyran-4-carboxamide and the pharmaceutically acceptable salts thereof, and

solvates thereof.

5. A compound of formula (I):

HONH

O]

and pharmaceutically-acceptable salts thereof, and solvates thereof,

wherein

the dotted line represents an optional bond;
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X 1s a monocyclic aromatic linker moiety selected from pyrazolylene, thiazolylene, pyrazinylene,

pyridazinylene, pyrrolylene, oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene,

triazolylene, or tetrazolylene;

R is H, C,_, alkyl optionally substituted by C,, alkoxy or NR*R® or OH, or

C,. alkoxy optionally substituted by 1 or 2 substituents selected from (C, , alkyl optionally substituted by
OH), C,, alkoxy, OH and NR*R?;

R' and R? are each independently H, C, 4 alkyl optionally substituted by OH or C,_, alkoxy, or

C, ¢ alkenyl;

or R! and R? are taken, together with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SC, SO, and NRS, and which 3- to 7-
membered ring is optionally substituted by one or more OH;

R? is H, halo, methyl, or methoxy;

R*and R® arc each independently H or C, to C; alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R® can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from Q, S, SO, and NR’; and
R® and R are each independently H or C, to C, alkyl.

6. A compound of formula (I):

(M

and pharmaceutically-acceptable salts thereof, and solvates thereof,

wherein

the dotted line represents an optional bond;

X is a monocyclic aromatic linker moiety sclected from phenylene, pyridinylene, pyrazolylene,
thiazolylene, thienylene, furylene, pyrimidinylene, pyrazinylene, pyridazinylene, pyrrolylene,
oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene, triazolylene, or tetrazolylene;
R is C, alkyl substituted by NR*R®, C,, alkoxy substituted by NR‘R?, or C,_ alkoxy substituted by 2
substituents selected from (C,_ alkyl optionally substituted by OH), C, , alkoxy, OH and NR‘R’;

R! and R? are each independently H, C, ¢ alkyl optionally substituted by OH or C,_, alkoxy, or

C, alkenyl;
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or R' and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR®, and which 3- to 7-
membered ring is optionally substituted by one or more OH;

R? is H, halo, methyl, or methoxy;

R*and R? are each independently H or C, to Cg alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R® can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from O, S, SO, and NR’,

and R® and R’ are each independently H or C, to C, alkyl.

7. A compound of formula (I):

)

and pharmaceutically-acceptable salts thereof, and solvates thereof,

wherein

the dotted line represents an optional bond,

X is a monocyclic aromatic linker moiety selected from phenylene, pyridinylene, pyrazolylene,
thiazolylene, thienylene, furylene, pyrimidinylene, pyrazinylene, pyridazinylene, pyrrolylene,
oxazolylene, isoxazolylene, oxadiazolylene, thiadiazolylene, imidazolylene, triazolylene, or tetrazolylene;
R is H, C, alkyl optionally substituted by C,_ alkoxy, NR‘R® or OH, or

C, alkoxy optionally substituted by 1 or 2 substituents selected from (C, 4 alkyl optionally substituted by
OH), C, , alkoxy, OH and NR‘R?;

R' and R? are cach independently C, ¢ alkyl substituted by OH;

or R' and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR®, and which 3- to 7-
membered ring is substituted by one or more OH;

R® is H, halo, methyl, or methoxy;

R* and R’ are each independently H or C, to C, alkyl optionally substituted by OH, C, to C, alkoxy or
aryl,

or R* and R® can be taken together with the N atom to which they are attached , to form a 3- to 7-
membered ring, optionally incorporating a further hetero- moiety selected from O, S, SO, and NR’, and
R® and R are each independently H or C, to C, alkyl.
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8. A compound, salt or solvate according to claim 6 or claim 7 where X is phenylene, pyridinylene,

pyrazolylene or thiazolylene.

9. A compound, salt or solvate according to claim 8 wherein X is 1,3-phenylene, 2,6-pyridinylene, 1,3-

pyrazolylene or 2,5-thiazolylene.

10. A compound, salt or solvate according to claim 5 wherein X is pyrazolylene or thiazolylene.
11. A compound, salt or solvate according to claim 10 wherein X is 1,3-pyrazolylene or 2,5-thiazolylene.

12. A compound, salt or solvate according to claim 5 or claim 7 wherein R is H, methoxy, O(CH,),OH,
O(CH,),0CH,, O(CH,),N(CHs,),, O(CH,),NHCH,, O(CH,),NH,, CH,NHCH,, morpholinomethyl, 2-
morpholinoethoxy, 2R-2,3-dihydroxy-1-propyloxy, 25-2,3-dihydroxy-1-propyloxy or 1,3-dihydroxy-2-
propyloxy.

13. A compound, salt or solvate according to claim 12 wherein R is O(CH,),OH or O(CH,),NH,.

14. A compound, salt or solvate according to claim 6 wherein R is O(CH,),N(CHj;),, O(CH,),NHCH,;,
O(CH,),NH,, CH,NHCH,, morpholinomethyl, 2-morpholinoethoxy, 2R-2,3-dihydroxy-1-propyloxy, 2S-
2,3-dihydroxy-1-propyloxy or 1,3-dihydroxy-2-propyloxy.

15. A compound, salt or solvate according to claim 14 wherein R is O(CH,),NH,.

16. . A compound, salt or solvate according to claim 5 or claim 6 wherein R' and R? are each
independently C, ¢ alkyl optionally substituted by OH,

or R! and R? are taken together, with the C atom to which they are attached, to form a 3- to 7-membered
ring optionally incorporating a hetero- moiety selected from O, S, SO, SO, and NR®, and which 3- to 7-

membered ring is optionally substituted by one or more OH.

17. A compound, salt or solvate according to claim 16 wherein R' and R? are each CH,,
or R' and R? are taken together, with the C atom to which they are attached, to form a tetrahydropyran-4-
ylidene, piperidin-4-ylidene, 1-methylpiperidin-4-ylidene, or 3,4-dihydroxycyclopentylidene moiety.

18. A compound, salt or solvate according to claim 17 wherein R' and R? are taken together, with the C
atom to which they are attached, to form a tetrahydropyran-4-ylidene, cis-3,4-
dihydroxycyclopentylidene, trans-3,4-dihydroxycyclopentylidene or piperidin-4-ylidene moiety.

19. A compound, salt or solvate according to claim 18 wherein R! and R? are taken together, with the C

atom to which they are attached, to form a tetrahydropyran-4-ylidene, piperidin-4-ylidene, or cis-3,4-
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dihydroxycyclopentylidene where the hydroxy substituents have a cis-relationship to the hydroxamate moiety.

20. A compound, salt or solvate according to claim 7 wherein R' and R? are taken together, with the C atom to which

they are attached, to form a 3,4-dihydroxycyclopentylidene moiety.

21. A compound, salt or solvate according to claim 20 wherein R' and R” are taken together, with the C atom to

which they are attached, to form a cis-3,4-dihydroxycyclopentylidene group where the hydroxy substituents have a
cis-relationship to the hydroxamate moiety.

22. A compound, salt or solvate according to any one of claims 5 to 21 wherein R’ is methyl and the optional double
bond depicted as a dotted line in formula (I) is absent.

23. A pharmaceutical composition comprising a substance according to any one of claims 1 to 22 and a

pharmaceutically acceptable diluent, adjuvant or carrier.
24. A substance according to any one of claims 1 to 22 for use as a medicament.

25. The use of a substance according to any one of claims 1 to 22 in the manufacture of a medicament for the

treatment of a MMP-mediated disease, condition or process.

26. A method of treatment of a MMP-mediated disease, condition or process comprising administration of an

effective amount of a substance according to any one of claim 1 to 22.

27. A compound selected from:
methyl 4-(4-oxo-piperidin- 1-ylsulphonyl)tetrahydro-2H-pyran-4-carboxylate;
methyl 4-{[4-(4-bromo-3-methylphenyl)-4-hydroxy-1-piperidin-1-yl]sulfonyl} tetrahydro-2 H-pyran-4-carboxylate;

methyl 4-{{4-(4-{6-[2-(tert-butoxy)ethoxy]pyridin-2-yl}-3-methylphenyl)piperidin- 1 -y!Jsulfonyl} tetrahydro-2 H-
pyran-4-carboxylate;

4-{[4-(4-{6-[2-tert-butoxyethoxy]pyridin-2-yl} -3-methylphenyl)piperidin- 1-yljsulfonyl} -tetrahydro-2H-pyran-4-
carboxylic acid; and

N-hydroxy-4-{(4-{4-[6-(2-tert-butoxyethoxy)pyridin-2-yl]-3-methylphenyl} piperidin- 1-yl)sulfonyljtetrahydro-2 H-
pyran-4-carboxamide.

28. A compound selected from:

N-hydroxy 1-(tert-butoxycarbonyl)-4- {[4-(4- {6-[2-hydroxyethoxy]pyridin-2-y1}-3-methylphenyl)piperidin-1-
yl]sulphonyl}-piperidine-4-carboxamide;

1-(tert-butoxycarbonyl)- 4-[4-(4- {6-[2-hydroxyethoxy]|pyridin-2-yl}-3-methylphenyl)piperidin- 1-ylsulphonyl}-
piperidine-4-carboxylic acid;

SUBSTITUTE SHEET (RULE
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methyl 1-(tert-butoxycarbonyl)- 4-{[4-(4- {6-[2-hydroxyethoxy]pyridin-2-y1}-3-methylphenyl)piperidin-
1-yljsulphonyl}-4-piperidinecarboxylate;

methyl 4-{[4-(4- {6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-yl]sulphonyl} -
piperidine-4-carboxylate;

methyl 1-benzyl-4-{[4-(4-{6-[2-benzyloxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yl]sulphonyl}-piperidin-4-carboxylate;

methy! 1-benzyl-4-[4-(4-bromo-3-methylphenyl)piperidin-1-ylsulphonyl]-4-piperidinecarboxylate; and
methyl 2-[4-(4-bromo-3-methylphenyl)piperidin-1-ylsulphonyl]acetate

29. A compound selected from:

N-hydroxy 4-[4-(4- {3-(2-[(N-tert-butoxycarbonyl)amino]ethoxy)phenyl} -3-methylphenyl)-piperidin-1-
ylsulphonyl]-tetrahydro-2H-pyran-4-carboxamide;

Preparation 84;

methyl 4-[4-(4- {3-(2-[(tert-butoxycarbonyl)aminoJethoxy)phenyl}-3-methylphenyl)-piperidin-1-
ylsulphonyl]-tetrahydro-2H-pyran-4-carboxylate;

methyl 4-[4-(4- {3-(2-aminoethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-tetrahydro-2H-
pyran-4-carboxylate;

Preparation 61;

methyl 4-[4-(4- {3-(2-oxoethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-tetrahydro-2H-
pyran-4-carboxylate; and

methyl 4-[4-(4-{3-(2,2-diethoxyethoxy)phenyl}-3-methylphenyl)-piperidin-1-ylsulphonyl]-tetrahydro-
2H-pyran-4-carboxylate.

30. A compound selected from:

4-[4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphcnyl)piperidin- 1-ylsulphonyl]tetrahydro-2H-
pyran-4-carboxylic acid;

methyl 4-{[{4-(4-{6-[2-hydroxyethoxy]pyridin-2-yl}-3-methylphenyl)piperidin-1-
yljsulphonyl}tetrahydro-2H-pyran-4-carboxylate;

methyl 4-[4-(4- {6-[2-benzyloxy]ethoxypyridin-2-yl}-3-methylphenyl)-1,2,3,6-tetrahydropyridin-1-
ylsulphonyl]tetrahydro-2H-pyran-4-carboxylate; and

methyl 4-[4-(4-bromo-3-methylphenyl)-1,2,3,6-tetrahydropyridin- 1-ylsulphonyljtetrahydro-2H-pyran-4-

carboxylate.

31. A compound of formula (VI):
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(Vi)

wherein the substituents R!, R?, R?, X and R are as defined above in relation to any one of claims 5, 6 or
7.

32. A compound of formula (VII):

(v

wherein R!, R?, R? and X are as defined in any one of claims 5, 6 or 7, and where RP is a NH- and/or OH-
protected version of the corresponding compound of formula (I) as defined in any one of claims 5, 6 or 7,

and where the corresponding compound of formula (I) as defined in any one of claims S, 6 or 7 contains
a free NH, NH, or OH group.

33. A process for making a compound of formula (I) as defined in any one of claims 5, 6 or 7 where R

contains a free NH, NH, or OH group, which comprises deprotecting a corresponding compound of
formula (VII) as defined in claim 32.

34. A compound of formula (VIII) or (IX):
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HONH

HONH

v (IX)

where R?, X and R are as defined in any one of claims 5, 6 or 7.

5 35. A compound of formula (X) or (XI) :

PO

HONH HONH

X) X1

wherein R?, X and R are as defined in any one of claims 5, 6 or 7, RP® is as defined in claim 32, and P and
P! are OH-protecting groups which may be taken independently or together.

10
36. A compound of formula (XII):
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HONH

(X1

wherein R?, X and R are as defined in any one of claims 5, 6 or 7 and R'? and R* is a N- and/or O-

protected precursor which, on deprotection would give a corresponding compound of formula (I) as

5  defined in the corresponding claim 5, 6 or 7.

37. A process for making a compound of formula (I) as defined in any one of claims 5, 6 or 7 where R
and/or R? contains a free NH, NH, or OH group, which comprises deprotecting a corresponding
compound of formula (XII) as defined in claim 36.

10
38. A compound of formula (I) :

(1)

15  where R', R%, R?, X and R are as defined in any one of claims 5, 6 or 7, and where Z is a leaving group

such as chloro, bromo, iodo, C, ; alkyloxy or HO.

39. A process for making a compound of formula (I) as defined in any one of claims 5, 6 or 7, which

comprises reaction of a compound of formula (II) as defined in claim 38 with hydroxylamine.
20

40. A compound of formula (XIII):

AQUESTIVE EXHIBIT 1007 page 2180



WO 00/74681 138 PCT/IB00/00667

HONH

X1y

wherein R?, X and R are as defined in any one of claims 5, 6 or 7 and R'", R* and R are independently a
N- and/or O-protected precursor which, on deprotection would give a corresponding compound of

formula (I) as defined in the corresponding claims 5, 6 or 7 where R', R? and R contain a free NH, NH,

and/or OH group.
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INTRANASAL BENZODIAZEPINE COMPOSITIONS

This application is a continuation-in-part of U.S. application Serial No.
10/418,260 filed April 15, 2003, which is a continuation application of U.S. application
Serial No. 09/790,199 filed February 20, 2001, now U.S. Patent Ne. 6,610,271, The

entire disclosure of these applications is herein incorporated by reference.

BACKGROUND

Benzodiazepines have been used to prevent or treat a wide variety of clinical
conditions based on their anxiolytic, hypnotic, anticonvulsani, and antispastic properties.
Some benzodiazepines have also demonstrated efficacy for their antipanic,
antidepressant, ammnestic, and anesthetic effects. |

Chiordiazepoxide and diazepam, the earliest benzodiazepines, have the classic
1,4-diazepine ring structure and also a 5-aryl substituent ring fused to a benzene ring. A
number of medifications to the 1,4-diazepine structure led to compounds such as
midazolam, which is a short-acting benzediazepine that has an imidazo ring fused to the
diazepine ring, and alprazolam and triazolam, which have a triazolo ring fused to the
diazepine ring. There are other compounds that do not have the classic benzodiazepine
structore, yet still have the anxiolytic or sedative effects associated with some of the
benzodiazepines. These other compounds include for example, zopiclone, zolpidem,
abecarnil, and bretazenil.

The therapeutic effects of benzodiazepines and other compounds, in part, result
from enhancing the actions of the inhibitory neurotransmiiter gamma-aminobutyric acid
(GABA) at its receptor. Benzodiazepines work at the GABA. receptor and cause GABA
to preduce a more rapid pulsatile opening of the chloride channel causing an influx of
chloride into the cell.

Benzodiazepines have different onset and duration of action, making them useful
in treating a vanety of different clinical conditions. Benzodiazepines with short onset
and duration of action may be useful when an immediate effect is needed (e.g., for

outpatient surgical and diagnostic procedures), although longer duration of action may be
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desired (e.g., in treatment of sleep-maintenance disturbances or for seizure control).
Some benzodiazepines have been used to treat anxiety, schizophrenia, phobias, sleep and
depressive disorders. Used alone or in combination with neuroleptics, benzodiazepines
have proved valuable for management of various psychiatric emergencies involving
agitation or hostility. Intravenous diazepam is frequently a life saving drug in various
convulsive emergencies, such as status epilepticus or tetanus spasms. Benzodiazepines
frequently bring substamtial relief of spasticity and involuntary movement disorders, such
as, choreas, myoclonus, and some dyskinesias and dystonias associated with use of
neuroleptic medications. Benzodiazepines are also effective in managing acute
withdrawal from alcohol. When administered prior to surgical procedures,
benzodiazepines reduce.anxiety, provide sedation, facilitate anesthetic induction, and
produce amnesia for the events surrounding induction. In the treatment of cancer,
lorazepam and other benzodiazepines can help to control nausea and vomiting associated
with chemotherapy.

Although benzodiazepines can be used to treat a wide variety of conditions, a
patient’s non-compliance or failure to take medication as prescribed, has been linked to
tnadequate treatment of many conditions. Some benzodiazepines are available by
injections {e.g., intravenous (IV), intramuscular (IM) or subcutaneous injection). The
intravenous route 1s normally regarded as one of the most in-convenient routes to
administer medication. Intravenous administration may cause non-compliance, because
not only do patients fear getting the injection, but unpleasant experiences such as pain,
wrritation and infection resulting at the injection site may also lead to non-compliance.

The intranasal route is currently receiving special interest for administering
benzodiazepines. When medication is administered via the intranasal route, the
medication is applied to the nasal mucosa where it is absorbed. The extensive network of
blood capillaries under the nasal mucosa is particularly suited to provide rapid and
effective systemic absorption of drugs. The intranasal route of administration should
achieve similar dose to plasma concentration (bioavailability) and efficacy to that of the
intravenous route,

Intranasal administration of medication provides numerous advantages over the

intravenous route. The principal advantages of intranasal route are non-invasive delivery,
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rapid drug absorption, and convenience. The intravenous route, unlike the iniranasal
route, requires sterilization of hypodermic syringes and, in the institutional setting, leads
to concerns among medical personnel about the risk of contracting disease if they are
accidentally stuck by a contaminated needle. Strict requirements for the safe disposal of
needles and syringes have also been imposed. |

In contrast, intranasal administration requires little time on the part of the patient
and attending medical personnel, and is far less burdensome on the institution than
injectable routes. ;I'here is no significant risk of infection of the patient or medical
personnel in the institutional setting when dealmg with the intranasal delivery of
medication.

A second important advantage of intranasal adminis€ration over intravenous is
patient acceptance of the intranasal delivery route. In some cases, the injections cause
burning edema, swelling, turgidity, hardness and soreness. XIn contrast, intranasal
administration is perceived as non-invasive, is not accompanied by pain, has no after-
effects and produces a prompt means of treating a wide variety of medical conditions.
This s of particular advantage when the patient is a child. Many, if not most, patients
experience anxiety and exhibit symptoms of stress when faced with hypodernmnic
injections via the IM or IV routes. Further, most people have some familiarity with nasal
sprays in the form of over-the-counter decongestants for alleviating the symptoms of
colds and allergies that they or a family member have used routinely., Another important
consideration is that the patient can self-administer the prescribed dosage(s) of nasal
spray without the need for trained medical persomnel.

There are different intranasal benzodiazepine compositions known in the
pharmaceutical arts. However, some intranasal benzodiazepine compositions have poor
absorption or delayed time to peak plasma concentration, which is not appropriate, for
prevention or treatment of some clinical conditions. Other prior art benzodiazepine
formulations do not enhance patient compliance. For example, some intranasal
midazolam formulations are produced at a pH that often cauises nasal irritation and
burning,

Based on the above, there is a need for intranasal benzodiazepine compositions

with improved properties, such as for example, rapid absorption and time to peak
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concentration. There is also a need for intranasal compositions that improve patient

compliance.

SUMMARY

In various emboediments, pharmaceutical compositions for intranasal
administration to 2 mammal are provided. The pharmaceutical composition comprises an
effective amount of a benzodiazepine or pharmaceutically acceptable salt thereof and a
nasal carrier. In various embodiments, the pharmaceutical composition, when
administered mtranasally, produce a rapid physiological response.

In various embodiments, a pharmaceutical composition is provided for intranasal
administration comprising: an effective amount of a benzodiazepine or pharmaceutically
acceptable salt thereof; a nasal carrier; and at least one or more sweeteners, flavoring
agents, or masking agents or combinations thereof. '

In various embodiments, a pharmacentical composition is provided for intranasal
administration to a mammal comprising: an effective amount of midazolam or
pharmaceutically acceptable salt thereof] polyethylene glycol, and propylene glycol.

In various embodiments, a method of treating a mammal in need of rapid
sedation, anxiolysis, amnesia, or induction of anesthesia is provided comprising
intranasally administering to the mammal an effective amount of a pharmaceutical
compdsition comprising midazolam or pharmaceutically acceptable salt thereof; and a
nasal carrier; wherein the rapid sedation, anxiolysis, amnesta, or induction of anesthesia
occurs within 5 minutes after intranasal administration.

In various embodiments, a method of treating a mammal in need of rapid
sedation, anxiolysis, amnesia, or induction of anesthesia is provided comprising
infranasally administering to the mammal an effective amount of a pharmmaceutical
composition comprising midazolam or pbarmaceutically acceptable salt thereof: a nasal
cmﬁer; and at least one or more sweeteners, flavoring agents, or masking agents or
combinations thereof.

In various embodiments, a method of making a pharmaceutical composition for
intranasal administration is provided comprising adding at least one or more sweeteners,

flavoring agents, or masking agents or combinations thereof to a pharmacentical
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composition comprising midazolam or pharmaceutically acceptable salt thereof, and a

nasal carrier so as to make the pharmaceuiical composition,

For a better understanding of various embodiments, reference is made to the
following description taken in conjunction with the examples, the scope of which is set

forth in the appended claims,

BRIEF DESCRIPTION OF THE FIGURES

Preferred embodiments have been chosen for purposes of illustration and

description, but are not intended in any way to restrict the scope of the claims. The

preferred embodiments are shown in the accompanying figures, wherein:

Figure 1 is a graphic representation of mean blood plasma concentration (n=12) of
midazolam in plasma versus time for three different midazolam compositions over a four-

hour period.

Figure 2 is a graphic representation of mean blood plasma concentration (n=12) of
midazolam in plasma versus time for three different midazolam compositions over a

twelve-hour period.

Figure 3 is a graphic representation of mean blood plasma concentration (n=17) of
midazolam in plasma versus time for three different midazolam compositions over a four-

hour period.

Figure 4 is a graphic representation of mean blood plasma concentration (n=17) of
midazolam in plasma versus time for three different midazolam compositions over a

twelve-hour period.
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DETAILED DESCRIPTTON

Various embodiments will now be described. These embodiments are presented
to aid in an understanding of the claims and are not intended to, and should not be
construed to, limit the claixms in any way. All altematives., modifications and equivalents
that may become obvious to those of ordinary skill on reading the disclosure are iracluded
within the spirit and scope of the claims. _

The pharmaceutical composition comprise benzodiazepine or other compounds.
Benzodiazepines, as used hierein, include but are not limited to alprazolam, brotizolam,
chlordiazepoxide, clobazepam, clonazepam, clorazepate, demoxepanm, diazepam,
estazolam, flurazepam, quazepam, halazepam, lorazepam, midazolam, nitrazepam,
nordazapam, oxazepam, prazepam, quazcpani, femazepam, triazolam, zolpidem, zaleplon
or combinations thereof. Other compounds that have anxiolytic or sedative effects of
some benzodiazepines include, for example, zopiclone, zolpidem, abecarnil, and
bretazenil.

In various embodinaents, the benzodiazepine may be in free form or in
pharmaceutically acceptable salt or complex form. Some examples of pharmaceutically
acceptable salts of benzodi azepines include those salt-forming acids and bases that do not
substantially increase the toxicity of the compound. Some examples of suitable salts
inchude salts of alkali metals such as magnesium, potassivm and ammonium. Salts of

mineral acids such as hydrochieric, hydriodic, hydrobromic, phosphoric, metaphosphoric,

nitric and sulfuric acids, as well as salts of organic acids such as tartaric, acetic, citric,

malic, benzoic, glycollic, gluconic, gulonic, succinic, arylsulfonic, e.g. p-toluenesulfonic
acids, and the like.

In various embodiments, pharmaceutical compositions are provided for intranasal
administration comprising midazolam or pharmaceutically acceptable salts thereof. In
various embodiments, the ppharmaceutical composition comprises midazolam
hydrochloride, Midazolamy includes 8-chloro-6-(2-fluorophenyl)-1-methyl- 4H-Imdidazo-
(1,5-a][1,4]benzodiazepine, [CAS 59467-70-8]. The molecular weight of midazolam is
325.8.
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Midazolam has the molecular formula: C;gH,3CIFN; and exhibits ibe following
general structure:

In various embodiments, the pharmaceutical compositions comprise a
benzodiazepine or pharmaceutically acceptable salt thereof and a nasal carrier. As used
herein, “nasal carrier” includes a2 solution, emulsion, suspension, or powder designed for
delivery of the benzodiazepine or other compound to the nasal mucosa. The nasal carrier
may include a diluent suitable for application to the nasal mucosa. Suitable diluents
include aqueous ar non-aqueous diluents or combinations thereof. Examiﬂes of aqueous
diluents include, but are not limited to, saliné, water, dextrose or combinations thereof.
Non-agueous diluents include, but are not limited to, alcohols, particularly polyhydroxvy
alcohols such as propylene glycol,- polyethylene glycol, glycerol, and vegeiable or
mineral oils or combinations thereof. These aqueous and/or non-aqueous diluents can be
added in various concentrations and combinations to form solutions, suspensions, oil~in-
water emulsions or water-in-oil emulsions.

In various embodiments, the nasal carrier comprises polyethylene glycol and
propylene glyccﬂ. In various embediments; the polyethylene glycol constitutes from
about 15% to about 25% by volume and the propylene glycol constitutes from about 75%
to about 85% by volume of the composition. In various embodiments, the polyethylene
glycol has an average molecular weight of about 400. In various embodiments, the ratio
of polyethylene glycol to propylene glycol is about one to about four.

The nasal carrier, in some embodiments, may also contain excipients such as

antioxidants, chemical preservatives, buffering agents, surfactants and/or agents that
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increase viscosity. Antioxidants are substances that prevent oxidation of the
fonmﬂations. Suitable amtioxidants for use in the pharmacentical composition, if one is
employed, includes but is not limited to, butylated hydroxytoluene, butylated
hydroxyanisole, potassium metabisulfite, and the like.

In various embodiments, the composition contains a preservative that is chosen in

quantities that preserve the composition, but preferably does not cause irritation to the

~ nasal mucosa. Suitable preservatives for use in some embodiments include, but is not

Jimited to, benzaikonium chloride, methyl, ethyl, propyl or butylparaben, benzyl alcohol,
phenylethyl alcohol, benzethonium, or combination thereof. Typically, the preservative
is added to the compositions in quantities of from abont 0.01% to about 0.5% by weight.

Tn some embodiments, the formulation is preservative-free. As used herein,
preservative-free includes compositions that do not contain any preservative. Thus, the
composition does not contain, for example, benzalkonium chloride, methyl, ethyl, propyl
or butylparaben, benzyl alcohol, phenylethy! alcohol, or benzethonium.

If a buffering agent is employed in the composition, it is chosen in quantities that
preferably do not irritate the nasal mucosa. Buffering agents include agents that rednce
pH changes. Some buffering agents that may be used in the pharmaceutical composition
include, but are not limited to, salts of citrate, acetate, or phosphate, for example, sodium
citrate, sodium acetate, sodium phosphate, and/or combinations thereof. Typically, the
buffer is added to the compositions in quantities of from about 0.01% to about 3% by
weight. ‘

When one or more surfactants are employed, the amount present in the
compositions will vary depending on the particular surfactant chosen, the particular mode
of administration (e.g. drop or spray) and the effect desired. Tn general, however, the
amount present will be in the order of from about 0.1 mg/ml to about 10 mg/ml, in
various embodiments, about 0.5 mg/ml to 5 mg/ml and, in various embodiments, about 1
mg/ml is used.

In various embodiments, the pharmaceutical composition may include one or
tore agents that increase viscosity, which are chosen in quantities that preferably do not
irritate the nasal mucosa and increase nasal retention time. Some agenfs that increase

viscosity include, but are not limited to, methylcellulose, carboxymethyleellulose sodium,
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ethylcellulose, carrageenan, carbopol, and/or combinations thereof. In various
embodiments, an agent used to increase viscosity and increase nasal retention time is
methylcellulose or carbopol. Typically, the agent that increases viscosity may be added
io the compositions in quantities of from about 0.1% to about 10% by weight.

. To reduce the bitter taste of the intranasal composition and/or enhance patient
compliance, in various embodiments, one or more sweeteners or flavoring agents of
masking agents are employed. The sweetener or flavoring agent or masking agent
includes any agent that sweetens or provides flavor to the pharmaceutical composition:
The sweetener or flavoring agent or masking agent will mask the bitter or bad taste that
may occur if the pharmaceutical composition drips back into the mouth after intranasal
administration. By addition of a sweetener or flavoring agent or masking agent to the

intranasal composition, any barrier that a patient may have to taking the intranasal

composition because of unpleasant taste is reduced. By adding a sweetener, flavoring

agent or masking agent to the intranasal pharmaceutical composition, patient compliance
is enhanced or improved.

As used herein, one or more sweeteners or flavoring agents or masking agents
include, but are not limited to, acacia syrup, anethole, anise oil, aromatic elixir,
benzaldehyde, benzaldehyde elixir, cyclodextrins, compound, caraway, caraway oil,
cardamom oil, cardamom seed, cardamom spirit, compound, cardamom tincture,
compound, cherry juice, cherry syrup, cinnamon, cinnamon oil, cinnamon water, citric
actd, citric acid syrup, clove oil, cocoa, cocoa syrup, coriander oil, dextrose, eriodictyon,
eriodictyon fluidexiract, eriodictyon syrup, aromatic, ethylacetate, ethyl vanillin, fennel
oil, ginger, ginger fluidextract, ginger oleoresin, dextrose, glucose, sugar, maltodextrin,
glycerin, glycyrrhiza, glycyrhiza elixir, glycyrrhiza extract, glycyrrhiza extract pure,
glycyrrhiza fluidextract, glycyrrhiza syrup, honey, iso-alcobolic elixir, lavender oil,
lemon oil, lemon tincture, mannitol, methyl salicylate, nutmeg oil, orange bitter, elixir,
orange bitter, oil, orange flower oil, orange flower water, orange oil, orange peel, bitter,
orange peel sweet, tincture, orange spirit, compound, orange syrup, peppermint, '
peppermint oil, peppermint spirit, peppermint water, phenylethyl alcohol, raspberry juice,
raspbeny syrup, rosemary oil, rose Oil,’ rose water, rose water, stronger, saccharin,

saccharin calcium, saccharin sedium, sarsaparilla syrup, sarsaparilla compound, sorbitol

AQUESTIVE EXHIBIT 1007 page 2194



10

15

20

25

30

WO 2005/089768 PCT/US2005/008090

solution, spearmint, spearmint ofl, sucrose, sucralose, syrup, thyme oil, tolu balsam, tolu
balsam syrup, vanilla, vanilla tincture, vanillin, or wild cherry synip, or combinations
thereof..

In various embodiments, the sweetener is saccharin, sodiwm saccharin, xylitol,
mannitol, glycerin, sorbitol, sucralose, maltodextrin, sucrose, aspartame, acesulfame
potassium, dextrose, glycosides, malfose, sweet orange oil, dexirose, glucose, or honey or
combinations thereof. Some flavoring agents to use in various embodiments include, but
are not limited to, glycerin, wintergreen oil, peppermint oil, peppermint water,
peppermint spirit, menthol, or syrup, or combinations thereof. In various embodiments,
the masking agents do not make contact with the taste buds. In various embodiments, the
masking agent includes, but is not limited to, cyclodextrins, cyclodextrins emulsions,
cyclodextrins particles, or cyclodexirin complexes, or combinations thereof.

To reduce buming, if it occurs, -the- composition may contain an anesthetic agent,
Some anesthetic agents include, but are not limited to, lidocaine, prifocaine, procaine,
benzocaine tetracaine, chloroprocaine, or pharmaceutically acceptable salts thereof or
combinations thereof.

The pharmaceuntical compositions, in different embodiments, may also include
additional ingredients, such as pharmaceutically acceptable surfactants, co-solvents,
adhesives, agents to adjust the pH and osmolarity. The pharmaceutical compositions are
not limited to any particular pH. However, geﬁerally for nasal administration a mildly
acid pH will be preferred. The pH ranges from about 3 to 6 in some embodiments, in
other embodiments, pH ranges are from about 3 to about 5, and in other embodiments pH
ranges are from about 4 to about 5. If the adjustment of the pH is needed, it can be
achieved by the addition of an appropriate acid, such as hydrochloric acid, or base, such
as for example, sodium hydroxide.

The pharmacentical composition in some embodiments can be made, for exam;ile,
by mixing the benzodiazepine with the nasal carrier and/or a sweetener, flavoring agent,
or masking agent or combinations thereof at, for example, room temperature ynder
aseptic conditions to form a mixture. In other embodiments, the mixture is filtered, for
example, by a 0.22 micron filter. It will be understood by those of ordinary skill in the

art that the order of mixing is not critical, and various embodiments include without
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limitation mixiﬁg of the composition in any order. In various emboadiments, the
pharmaceutical composition is a sterile solution or suspension.

Pharmaceutical compositions can be administered iniranasal 1y by nasal spray,
drop, solution, suspension, gel, and the Iike, Intranasal administraticon is an ari-
recognized term and includes, but is not limited to, administration o-f the composition into
the nagal cavity.

When the pharmaceutical composition is a liquid, volumes o £ the liquid that may
be absorbed through the nasal mucosa include, for example, from abrout 0.025ml to about
2mli or from about 0.25ml o 1ml, or from about 0.05ml to about 15tml in an adult and
smaller volumes for children. However, the pharmaceutical compositions are not limited
to any one particular volume.

Devices for intranasal delivery are known in the art. Some devices suitable for
use with the pharmaceutical compositions are available from, for example, Pfeiffer of
America of Princeton, New Jersey and Valois of America, Inc. of Greenwich,
Connecticut. These devices are preferred because they have the capability of consistently
delivering the pharmaceutical composition, These devicesl are easily” operable by the
patient, leave virtually no benzodiazepine remaining in the device afeer use and can
thereafter be discarded without concern that others may abuse the bemyzodiazepine or
other controlled substance..

In various embodiments, the intranasal delivery device miay be modified, for
example, by increasing the size of the dischargé orifice in the nose pi=ece of the applicator
to about 0.07 mm for non-aqueous compositions that comprise, for example,
polyethylene glycol and/or propylene glycol, in order to accommodate higher viscosity
compositions. For aqueous compositions, the diameter can be, for ex ample, from about
0.05 mm in diameter. The intranasal delivery device may also contaim a swirl chamber.
The applicator components may also be sterilized by methods well kraown in the art.

The intranasal delivery device may be filled with single or mutidose amounts of
benzodiazepines. In various embodiments, the device is filled with ome single dose of
benzodiazepine. In some embodiments, the container holding the pharmaceuticél
composition and its sealing means are sterilizable, in some embodiments, at least parts of

the device that are in contact with the pharmaceutical composition is constructed and

11
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assembled in a configuration that can be sierilized. Devices with one or more unii-
dose(s) can be sterilized either before or after packaging, employing methods and
technology that are well known in the art. Individual devices can be packaged, sterilized
and shipped; alternatively, entire shipping and storage packages can be sterilized at once,
and the devices removed individually for dispensing, without affecting the sterility of the
remaining units,

The amount of benzodiazepine or other compound that can be intranasally
administered in accordance with the composition and methods will depend on the
particular benzodiazepine chosen, the condition to be treated, the desired frequency of
administration and the effect desired. Some medical or veterinary symptoms, syndromes,
conditions or diseases that benzodiazepines or other compounds are useful in preventing
or treating include, but are not limited to, anxiety, panic attacks, schizophrenia, phobias,
sleep disorders {e.g. insomnia) and depressive disorders, agitation, hostility, epilepsy,
convulsion, spasticity, involuntary movements, or alcohol withdrawal or combinations
thereof, Benzodiazepines or other compounds may be used as adjuncts in medical and
dental procedures, such as for example, reducing anxiety before surgical anesthesia,
providing sedation, facilitating anesthesia induction, producing amnesia, or to conirol
nausea and vomiting.

In various embodiments, the pharmaceutical composition comprises midazolam
and is administered to a mammal in need of rapid sedation, anxiolysis, amnesia, or
anesthesia induction. As used herein, an effective amount of benzodiazepine or other
compound includes that amount effective to achieve the relief or palliation of symptoms,
condition and/or diseases that need benzodiazepine therapy. Maximal dosage of the
pharmaceutical composition for a mamimal is the highest dosage that eliciis the desirable
response, which does not cause undesirable or intolerable side effects. ‘The minimal dose
of the benzodiazepine is the lowest dose that achieves the desired result. In any event,
the practitioner is guided by skill and knowledge in the field, and the present invention
includes without limitation dosages that are effective to achieve the desired effect in the
mammal. Doses of benzodiazepines suitable for intranasal administration, include but

are not limited to, from about 0.1mg to about 30mg. For example, doses of midazolam
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HCL for intranasal administration include, but are not limited to, from about ¢.Imgto
about 20 mg.

Ini various embodiments, it has been surprisingly discovered that pharmaceutical
compositions comprising midazolam, when infranasally administered, have rapid
absorption and time to peak (T} leading to rapid onset than midazolam administered by
the IV route, For example, the T,y for intranasally administered midazolam was in some
cases abhout 5 minutes, while the T for midazolam administered IV was about 15
minutes. In various embodiments, the pharmaceutical composition comprising
midazolam achieves a maximum plasma concentration (Cpy) of about 40ng/ml from a
2.5mg dose or about 80ng/mL from a Smyg dose after intranasal administration. In
various embodiments, the ratio of the AUC for intranasal midazolam to AUC of for
midazolam after an equivalent dose of intravenous midazolam is at least about 1:1.7.

In various embodiments, the benzodiazepine is administered to a2 mammal
suffering from a condition and/or disease that requires benzodiazepine treatment.
Mammals include, for example, humans, as well as pet animals such as dogs and cats,
laboratory animals, such as rats and mice, and farm animals, such as horses and cows.

In various embodiments, a method of treat:ing a mammal m need of rapid
sedation, anxiolysis, amnesia, or induction of anesthesia is provided. The method
comprises intranasally administering to the mammal an effective amount of a
pharmaceutical composition comprising midazolam or pharmaceutically acceptable salt
theredf in a nasal carger. The pharmaceutical composition may also contain a sweetener,
masking agent or flavoring agent. In various embodiments, the pharmaceutical
composition comprising midazolam is iniranasally administered to fhe mammal and the
composition is metabolized by the mammal and achieves a I-hydroxymidazolam plasma
level of about 1 to about 8 nanograms/mi.

EXAMPLES

The examples below demonstrate improved absorption, rapid time to reached
peak concentrations, and good bioavailability of the various compositions. The examples
also show midazolam compositions that include, for example, sweeteners, which improve

patient compliance by reducing the unpleasant taste after intranasal administration.
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Example 1

This example compares 5.0 mg midazolam (MZ) after iniranasal (IN),
intramuscular (IM) and intravenous (TV) adminisiration in 12 healthy male and female
subjects. |
Subijects
Twelve, nonsmoking, healthy subjects (6 male, 6 female) between the ages of 20 and 29
years (mean 22.3 years) and weighing 132 to 202 Ibs. (mean 157 Ibs.) participated in this
inpatient study after giving informed consent. Eleven of the volunteers who enrolled in
the study were Caucasian and one was Asian. Study participants were selected based on
inclusion/exclusion criteria, medical history, physical and nasal exams, vital signs,
laboratory tests, and other procedures as outlined in the protocol. Subjects were within £
20% of ideal body weight in relation to height and elbow breadth and weighed at least 60
kg (132 Ibs). The subjects were in good health and had no clinically significant previous
nasal surgery or polyps or other physical abnormalities of the nose, cardiovascular,
gastrointestinal, renal, hepatic, pulmonary or hematological discase. Subjects whohad a
history of cerebral trauma with sequelae, hypotension, heart failure, cardiac conduction
defect, chronic respiratory disease, bleeding tendency, glaucoma, and a formal diagnosis
of sleep apnea or a history of alcohol or substance abuse were excluded. Subjects
abstained from alcohol and caffeine containing beverages 48 hours before the dosing
period and during the study. Subjects were asked to abstain from prescription and non-
prescription drugs that might interact with MZ metabolistm or nasal physiology from the
date of screening until the end of the study. Subjects had to demonstrate their ability to
perform the pharmacodynamic (PD) assessments during the screening evaluation.
Informed consent was obtained and this study was conducted according to the applicable

guidelines for Good Clinical Practice.

TV and IM Formulations

The intravenous (V) and intramuscular (IM) solutions were prepared for administration
in the University of Kentucky I—Ibspital Tnvestigational Drug Service Pharmacy using
commercially available MZ (Versed® Injection by Hoffman-LaRoche). MZ (5 mL of

1.0 mg/mL) sterile solution was diluied to 10 mL with normal saline for a total volume of
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10 mL to be infused over 15 minutes. The 5.0 mg M MZ (1 mL of 5.0 mg/1.0 mL) was

administered without dilution.

IN Formulation of MZ.

The 25 mg/mL IN MZ formulation was prepared under GMP conditions in the University
of Kentucky College of Pharmacy Center for Pharmaceutical Science and Technology
(CPST). The IN formulation comprised midazolam 25 mg; polysthylene glycol 400, USP
0.18 mL; butylated hydroxytoluene, NF 0.10 mg; saccharin powder, NF 1.00 mg;
propylene glycol, USP Q.8. to 1.00 mL. The formulation provided 2.5 mg of MZ in 0.1
mL spray from a modified version of the commercially available, single-dose, metered
sprayer (unit dose spray pumps, Pfeiffer of America, Princeton, NJ). Each subject

received a single spray in each nostril for a total of 5.0 mg.

Pratocol
An open-label, randomized, three-way crossover study design was used. Treatment

assignments were in the random order generated by a statistician. The three treatments
were: Treatment A: 5.0 mg {5 mL of 1.0 mg/ml.) IV MZ infused over 15 minutes,
Treatment B: 5.0 mg intramuscular MZ (5.0 mg/1.0 mL), and Treatment C: 5.0 mg
intranasal MZ solution (2.5 mg/100 pL per sprayer). The three treatments were separated
by six-day washout perieds. PK blood samples were drawn following each dose. MZ (5
mL of 1.0 mg/mL) sterile solution was diluted to 10 mL with normal saline for a total
volume of 10 mL and infused over 15 minutes by a nurse using a stopwatch. IN MZ
doses were administered by a physician using Pfeiffer modified unit dose sprayers
(Pfeiffer of America, Princeton NI). The 5.0 mg IM MZ (5.0 mg/1.0 mL) was
administered without dilution. Drug administration occurred in the morning following an
overnight fast of at least 8 hours, The subjects continued to fast for 2 hours after dosing,
Water was allowed except within two hours before or after drug administration. Subjects
were allowed juice, 360 ml, at least 2 hours prior to dosing for each dose. Subjects were
awakened 1 hour prior to dosing for performance of PD testing. Blood samples were
collected in 10 mL Vacutainer® tubes containing the anticoagulant sodium heparin.
Serial blood samples were obtained by venipuncture according to the following schedule:

0 (pre-dose), 5, 10, 20, 30, and 45 minutes, and 1, 1.5, 2, 3, 4, §, and 12 howurs following
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MZ adminisiration. Actual sampling times were used in PK analysis. Adfter collection,
the blood was centrifuged in a refrigerated centrifuge at 4°C to separate the plasma and
the cells, and the plasma was transferred to polypropylene tubes. The plasma was stored
at or below —20°C at the study site until shipped to Kansas City Analytical Services, Inc.
(KCAS) in Shawnee, Kansas.

LCMS[MS Assay fer MZ and g-hydroxyvmidazolam

The sample analysis was conducted for MZ and o-hydroxymidazolam using a PE/Sciex
API I+ LC/MS/MS system in MRM mode by KCAS in Shawnee, KS. Concentrations
less than 0.50 ng/m1. were reported as below quantitation limit (BQL). Samples with
concentrations greater than 500 ng/ml. were reanalyzed using a dilution so that the

assayed concentration was within the range of 0.50 to 500.0 ng/mL.

Pharmaceokinetic (PX) Data Analysis
PK parameters were determined using standard noncompartmental methods with log-

liniear least square regression analysis to determine the elimination rate constants
(WinNonlin, Pharsight Corp., Palo Alto, CA). The areas under the concentration versus
fime curves from time zero to infinity (AUCy ..} were calculated using a combination of
the linear and logarithmic trapezoidal rules, with extrapolation to infinity by dividing the
last measurable seruimn concentration by the elimination rate constant (A;) (Proost, 1985).
Values for the maximum concentration (C,) and time t0 Cpax (Tmax) Were determined
by WinNonlin. The elimination half-life was determined from 0.693/A,. Clearance
(CL/F) was determined by dividing the dose by AUCU.;.,. Volumes of distribution for
elimination (V,/F) and at steady state (V) were determined by moment curves (Gibaldi
and Perrier, 1982). V,/F was calculated as Dose/(A,* AUCj..). Vs was caleulated as CL
* MRT for IV data. The absolute bioavailability (F) for the IN and IM dosage forms was
determined by F = AUCN g/ AUCy p-. and F = AUCpy .o/ AUCy 0w, TESpECtivEly.
Relative bioavailability of the IN compared to the IM dose was calculated by AUC o.../
AUCp,0--. Mean plasma concentrations were calculated for graphical evaluation only.
The calculations inchuded data from samples with measurable concentrations drawn

within 5% of the expected sanmpling time.
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Statistieal Data Analysis
Statistical analyses were performed with Statistical Analysis System PC-SAS version

6.12. The statistical tests were 2-sided with a critical level of 0.05. An analysis of
variance (ANOVA) with factors sequence, subject(sequence), treatment and period was
performed for log-transformed AUC and Cyex. The least square geometric means from
the ANOVA were used to calculate the ratios and their 90% confidence intervals between
freatment groups for AUC and Cmax. The carryover effect for the three freatments was
analyzed using an ANOVA of log-transformed AUC and Cp.y. The difference in Ty
values between the IN and IM treatments was compared using an ANOVA of rank-
transformed Tya. The ANOVA model included factors sequence, subject(sequence),
treatment and period. The gender effect for all three treatments was analyzed using an
ANOVA of log-transformed AUC and C,., with factors gender, treatment and period.

Results of Example 1 -
Twelve subjects completed the study without clinically significant or serious adverse

events. There were no clinically relevant changes in physical examination, nasal
evajuations, or laboratory tests. The principal investigator’s review of the data indicated
that, in general, doses of the study drug were well tolerated and events were mild to
moderate and temporary (2-90 minutes). Two of twelve subjects noted mild dizziness
that lasted 35 and 50 minutes. Three of twelve subjects noted blurred vision that lasted 5-
90 minutes. No subjects experienced respiratory depression, apnea, laryngospasm,
bronchospasm or wheezing. The mean plasma concentration versus time curve profiles
over the first 4 hours and the entire 12 hours for the three doses are shown in Figures 1
and 2. Figure 1 shows that absorption of MZ following IN administration was very rapid.
MYZ concentrations reached a peak in 2 individuals at 5 min and in § of 12 individuals in
10 min or less. No secondary or late bumps indicating absorption from swallowing the
IN dose were observed in the plasma concentration time curves. Table 1 sumumarizes PK
data for the three treatments. Median Ty, values were 10 and 30 min for the IN and IM
doses, respectively. Cpygy values after the IN dose were higher than those after the IM
dose and occurred consistently earlier. Relative bioavailability of the IM to IN dose was

on average 79%. Unfortunately, the absolute bioavailability of MZ by the IN and IM
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routes in Table 1 is overestimated due to the underestitation of the AUCy-.. for the IV
dose. The AUC... given for the IV dose underestimates the true AUCq... because the area
around the Cumax (Which would have been at the end of the 15 minute infusion) was not
captured in this study. However, the data for the IM dose are accurate and acceptable for
making conclusions regarding the relative bioavailability of the IN dose compared to the
IM dose. The high relative bioavailability of the IN to IM dose confirms that
bioavailability was good for MZ administered by the IN route.

Table 1.
Mean (CV as a %) Single Dose MZ Pharmacokinetic (FK) Parameters Following
Administration of 5.0 mg Yntravenous (IV), Intramuscular (IM) and Intranasal
(IN) MZ in Healthy Subjects (n=12) -
1.1. v ™ ' IN

PK Paxameter (5.0 mg) (5.0 mg) (5.0 mg)
Trmax (in)Y* 10 {5-31) 30 (20-60) 10 (5-20)
Cinex (ng/mL) 167.3 (28.9) 58.7 (49.7) 80.0 (20.8)
ty2 (hr) 3.14 (23.0) 4.17 (50.2) 3.25 (29.8)
AUCy, (ngehr/ml) 178.1 (17.1) 152.3 (25.8) 126.7 (20.6)
AUCq... (ngshr/mL) 186.4 (16.5) 174.6 (22.1) 133.8 (19.4)
MRT (hr) _ 2.88 (20.2) 5.48 (48.9) 3.33 (27.4)
CL/F or CL&/F(L/hr) 27.5(17.8) 30.1 (24.6) 38.6 (19.2)

,__Ys_sLL) 78.8 (23.3) - -

V. /E (1) 123.4 (26.1) 177.9(51.7) 182.3 (39.0)
F (%0)** assume 100% 93.4(12.4) 72.5 (16.8)
Relative F (IM/IN) (%) - - 79.2 (23.7)
*median and range given for Ty
**¥gea above for discussion of F.-

No significant gender differences were formnd for AUCo... and Chax values (P >.1).
The gender effect was significant for AUCq, values (P=0.0452, M > F). Larger
differences in AUC,, between males and females were observed for the IM formulation.
The differences were smaller for the IN formulation (12%). Data were combined for
analysis of treatment effects. A significantly shortet Tax Was observed for the IN
formulation compared to the M formulation (p=0.0001). Tyex and Cypax were not

captured at the end of the infusion for the IV dose. Statistical analysis of carryover effect
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on log transformed AUCy..., AUCq and Cpax for the two IN treaiments was performed.
P-vatues from an ANOVA with factors sequence, subject (sequence), treatment and
period for sequence BC and CB were >0.1, so the carryover effects were not significant
and this implies the validity of the analyses in Table 2.

’ Table 2 summarizes the ratios and 90% confidence intervals (CI) of Cppay and AUCSs after
Treatments A, B and C. AUCy. and AUC,... were more comparable between the IM and
IV. treatments (B/A) than between the IV and IN (C/A) treatments. However, Cp,x values
were almost 50% higher after Treatment C (IN) compared to Treatment B (IM).
10 .
Table 2.
Summary of Ratios of Least Squares Geometric Means and 90% Confidence Intervals
1.1.2. Treatment B/A C/A C/B
Parameter | Group ‘ (IM/IV) (IN/IV) (IN:’IND
Geometric Means
SmgMZ | 5mgMZ | SmgMZ Ratio Ratio Ratio
IV (A) M (B) IN (C) (90%CT) ©0%CI) (90%C)
AUC... 184.01 170.51 131.58 0.93 0.72 0.77
(ag+hr/mL) (0.85-1.01) | (0.65-0.78) | (0.71-0.84)
AUCy. 175.72 147.81 124.29 0.84 0.71 0.84
(ngehr/mL) (0.77-0.92) | (0.65-0.77) | (0.77-0.92)
Crax 159.02 53.28 78.35 0.34 0.49 1.47
(ng/mL) (0.26-0.43) | (0.38-0.63) | (1.15-1.88)
CI = Confidence Intervals
Least squares geometric means are from au ANOVA with with factors sequence, subject{sequence), treatment and
period for log-transformed AUCSs and C,.

The 1-hydroxymidazolam metabolite concentrations were consistently lower than those

of the parent drug.
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Discussion

The pharmacokinetics of MZ were evaluated in 12 healthy male and female volmnteers
after single 5.0 mg doses of IV, IM and IN MZ. All subjects compileted the study without
clinically significant or serious adverse events. The pharmacokinetics of MZ were
consistent with rapid but relatively short duration of action. The mean absolute
bioavailability of IN MZ would be predicted to be around 65% assuming that about 7%
of the IV AUC was missed. The mean relative bioavailability compared to the IM dose
was 79%. Less than complete bioavailability after the IN administration may be
explained by metabolism during absorption across the nasal mucosa or simply incomplete
absorption and swallowing, There was no evidence of swallowing. Plasma clearance
and volumes of disiribution were high. The IN formulation of MZ had rapid absorption
(median peak times of 10 min). In comparison with IM administration, the IN

formulation had earlier and higher peak plasma concentrations.

Conclusion
Intravenously administered MZ distributes extensively and rapidly in the body. A total
systemic clearance of 28 L/hr indicates that MZ is a highly cleared drug. The IN
formulation of MZ had rapid absorption and reached peak concentrations significantly
more rapidly than the IM dose. Absolute bioavailability of MZ from the IN dosage form
was good and supports further investigation of this dosage form for clinical use. Relative
bioavailability compared to the IM dose was 79.2% (23.7 %CV). No tfeatment emergent
adverse events were observed during the conduct of this protocol that would preclude
further study of MZ in healthy subjects. Adverse evenis were mild and expected for this
drug. As evidenced by the lack of cardiovascular and respiratory adverse events, all the
subjects tolerated the drug well.
Example 2

This study compares the pharmacokinetics of midazolam (MZ) after
administration of 2.5 and 5.0 mg intranasal (IN) MZ and 2.5 mg intravenous (IV) MZ in
18 healthy male and female subjects.
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Subijects
Eighteen, nonsmoking, healthy subjects (9 male, 9 female) between the ages of 20 and 290

years (mean 22.3 years) and weighing 60 to 92 kg (mean 71 kg) participated in this

inpatient study after giving informed consent. Seventeen of the volunteers who enrolled

in the study were Caucasian and one was African-American. Seventeen subjects
completed the study. Study participants were selected based on inclusion/exclusion
criteria, medical history, physical and nasal ‘exams, vital signs, laboratory tests, and other
procedures as outlined in the protocol. Subjects were within £ 25% of ideal body weight
in relation to height and elbow breadth and weighed at least 60 kg (132 Ibs). The subjects
were in good health, between 18 and 45 years of age and had no clinically significant
previous nasal surgery or polyps or other physical abnormalities of the nose, vital signs,
cardiovascular, gastrointestinal, renal, hepatic, pulmonary, hematological or neurclogical
disease. Subjects who had a hiStOI'sf’ of a seizure disorder, cerebral trauma with sequelae,
hypotension, heart failure, cardiac conduction defect, chronic respiratory disease,
bleeding tendency, narrow-aﬁgle glaucoma, a formal diagnosis of sleep apnea, a current
formal diagnosis of depressive disorder or psychosis or a medical diagnosis of alcohol or
substance abuse were excluded. Subjects with a known history of Gilbert’s Syndrome or
with any other eticlogy for an increased serum total bilirubin level and subjects with am‘f
other clinical condition that might affect the absorption, distribution, biotransformation,
or excretion of the drug (e.g., acute respiratory illness, allergic rhinitis, etc.) or were
allergic to MZ or formulation components were excluded. Subjects who had a history of
regular sedative/hypnotic medication use (i.e., at least once per week) or who had taken
any sedative/hypnotic medications within the 2 weeks prior to study drug administration
were excluded. Subjects abstained from alcohiol and caffeine containing beverages 48
hours before the dosing period and during the study, Subjects were asked to abstain from
prescription and non-prescription medication, vaccines, herbal and nutritional
supplements that might interact with MZ metabolism or nasal physiology within 7 days
of dosing and during the study,
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1V Formulation

The intravenous (IV) solutions were prepared for administration in the University of
Kentucky-Hospital Investigational Drug Service Pharmacy using commercially available
MZ (Versed® Injection by I-Iofﬁnan—LaRoche). MZ (0.5 mL of 5.0 mg/mL) sierile
solution was diluted to 10 mL with normal saline for a total volume of 10 wl. to be

infused over 15 minutes.

IN Formulation of MZ

The 25 mg/mL IN MZ formulation was prepared under GMP conditions in the University
of Kentucky College of Phazmacy Center for Pharmaceutical Science and Technology
(CPST). The IN formulation contained midazolam 25 mg; polyethylene glycol 400, USP
0.18 mL; butylated hydroxytoluene, NF 0.10 mg; saccharin powder, NF 1.00 mg;
propylene glycol, USP Q.S. to 1,00 mL. The formulation provided 2.5 mg of MZ in 0.1
mL spray from a modified version of the commercially available, single-dose, metered
sprayer (unit dose spray pumps, Pfeiffer of Ameriéa, Princeton, NJ). Each subject
received a single spray in one nostril for a 2.5 mg dose or a single spray in each nostril

for a total of 5.0 mg.

Protocol
An open-label, randomized, three-way crossover study design was used. Treatment

assigmments were in the random order generated by a statistician. The three treatments
were: Treatment A 2.5 g (5 mL of 1.0 mg/mL) IV MZ infused over 15 minutes,
Treatment B: 2.5 mg intranasal MZ solution, one 2.5 mg/100 (L sprayer, and Treatment
C: 5.0 mg intranasal MZ solution, two 2.5 mg/100 uL sprayers, one sprayer per naris.
The three treaiments were separated by six-day washout periods. PK blood samples were
drawn following each dose. MZ (5 mL of 1.0 mg/mL) sterile solution was diluted to 10
mL with normal saline for a total volume of 10 mL and infused over 15 minutes by a
nurse using a stopwatch, IN MZ doses were administered by a physician using Pfeiffer
modified unit dose sprayers (Pfeiffer of America, Princeton NJ). Drug administration
occurred in the morning following an overmight fast of at least 8 hours. The subjects

continued to fast for 2 hours after dosing. Water was allowed except within two hours
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before or after drug administration, Subjects were allowed juice, 240 ml, at least 2 hours
prior to dosing for each dose. Grapefiuit juice was not allowed ciuring the study, Blood
samples were collected in 10 mL Vacutainer® tubes containing the anticoagulant sodium
hepatin. Serial blood samples were obtained by venipuncture according to the following
schedule: 0 (prejdose), 5,10, 15, 20, 30, and 45 mimues, and 1, 1,5, 2, 3, 4, 8, and 12
hours following MZ administration. Actual sampling times were used in PK analysis.
After collection, the blood was centrifuged in a refrigerated centrifuge at 4°C to separate
the plasma and the cells, and the plasma was transferred to polypropylene tubes. The
plasma was stored at or below —20°C at the study site until shipped to Kansas City
Analytical Services, Inc. (KCAS) in Shawnee, Kansas.

LC/MS/MS Assay for MZ and o-hydroxymidazolam
The sample analysis was conducted for MZ and o-hydroxymidazolam using a PE/Sciex

APLHI + LC/MS/MS system in MRM mode by KCAS in Shawnee, KS. Concentrations
less than 0.50 ng/mL were reported as below quantitation limit (BQL): Samples with
concentrations greater than 500 ng/mL were reanalyzed using a dilution so that the

assayed concentration was within the range of 0.50 to 500.0 ng/mL.

Pharmacekinetic (PK) Data Analysis

IN doses were determined by weighing the nasal spray pumps before and after dosing.
These weights and the concentrations of the IN solutions (2.5 mg/mL, density 1.056)
were used to confirm each subject’s dose and to evaluate delivery. The dose weights
were not used for PK analysis. PK parameters were determined using standard
noncompartmental methods with log-linear least square regression analysis to determine
the elimination rate constants (WinNonlin, Pharsight Corp., Palo Alto, CA). The areas
under the concentration versus time curves from time zero to infinity (AUCy...) were
calculated using a combination of the linear and logarithmic frapezoidal rules, with
extrapolation to infinity by dividing the Jast measurable serum concentration by the
elimination rate constant (?Lz) (Proost, 1985). Values for the maximum concentration
(Crax) and time to Cpay (Twmax) Were determined by WinNonlin. The elimination half-life
was determined from 0.693/A,. Clearance (CL/F) was determined by dividing the dose
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by AUCy.... Volumes of distribution for elimination (V,/F) and at steady state (V) were
determined by moment curves (Gibaldi and Perrier, 1982). V,/F was calculated as
.Dose/(?t%* AUC..). Vg was calculated as CL * MRT for IV data. The absolute
bioavéilability (F) for the IN dosage form was determined by F = AUCp o/ AUCHy g-co-
Mean plasma concentrations were calculated for graphical evaluation only. The
calculations included data from samples with measurable concentrations drawn within

5% of the expected sampling time.

FPharmacodynamic (PD) Data Analysis
Self-report measures were collected using Visual Analog Scales (VAS) and the Stanford

Sleepiness Scale (888). The VAS and SSS were administered at 0 (pre-dose), 10, 20, 30,
and 45 minutes, and 1, 1.5, 2, 3, 4, 6, 8, and 12 hours after initiation of the IV dose and

administration of the IN doses. Observer Sedation Rating was also performed. The
observer for each subject rated the degree of sedation using a qualitative categorical
measure of sedation at 0 (pre-dese), 5, 10, 20, 30, and 45 minutes, and 1, 1.5, 2, 3, 4, 6, 8,
and 12 hours after initiation of the IV dose and administration of the IN doses. The
Observer’s Assessment of Alertness/Sedation Scale was used to rate sedation at the above
time points. The OAA/S Scale is composed of the following categories: responsiveness,
speech, facial expression, and eyes. Subjects were evaluated in each category. The
OAA/S was scored in two ways. A composite score was documented as the lowest score
m any one of the four assessment categories. A sum score was calculated as the sum of
the four category scores. Dependent variables were analyzed as a function of treatmenit.
Analyses of peak_ effects, time to peak effects, and AUCs, using linear trapezoidal rules,
were also evaluated. Separate AUC analyses were completed for AUC between baseline
and 4 hours after dose (AUC4, over the duration of peak effects) as well as between
baseline and last measurable point and 12 hours after dbse (AUCall and AUC12,

respectively).

Statistical Data Analysis
Statistical analyses were performed with PC-SAS (version 6.12, SAS Institute, Cary,

North Carolina), The statistical tests for PK parameters were 2-sided with a critical level
of 0.05 unless specified otherwise. An analysis of variance (ANOVA) with factors '
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sequence, subject(sequence), treatment and period was performed for log-transformed
AUC and Cpux. The least square geomeiric means from the ANOVA were used to
calculate the ratios and their 90% confidence intervals between treatment groups for
AUC and Cpx. The carryover effect for the three treatments was also assessed using the
ANOVA. The gender effect for alt three treatments was analyzed using an ANOVA of
log-transformed AUC and Cpngy with factors gender, treatment and period.

One subject 216’s data for Treatment B was included in the summary statistics of PK
parameters. Bowever, Subjects 216 (with outlier for Treatment B) and 218 {early
withdrawal) were excluded from the PK. analyses for evaluable subjects.

Effects of treatment on each PD parameter were tested using ANOVA with factors
sequence, subject(sequence), treatment and period. The carryover effects for the
treatment PD effects were also assessed using ANOVA. In some cases, significant
carryover was found but this was expected because repetition of tests has been shown to

produce performance changes.

PK Results of Example 2 . .
Seventeen subjects completed the study without clinically significant or serious adverse

events. One subject received a single 2.5 mg IN dose and then did not return for
subsequent treatments. There were no clinically relevant changes in physical
examination, nasal evaluations, or laboratory tests. The principal investigator’s review of
the data indicated that, in general, doses of the study drug were well tolerated and events
were mild to moderate and temporary. There were 1, 2 and no reports of dizziness after
the 2.5 mg IV, 2.5 mg IN and 5.0 mg IN doses, respectively. Dizziness lasted up to 86
minutes. Three out of eighteen subjects noted blutred or double vision that lasted 5-40
minutes. No subjects experienced respiratory depression, apnea, laryngospasm,

bronchospasm or wheezing.
The mean plasma concentration versus time curve profiles over the first 4 hours and the

entire 12 hours for the three treatments are shown in Figures 3 and 4. Figure 3 shows that
the absorption of MZ following IN administration was very rapid.
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MZ concentrations reached a peak at 5 min in one-quarter to one-third of the individuals
for the two IN treatments. Median Ty, values were 10 min (range 5 to 20 min) for the
2.5 mg and-5.0 mg IN doses. Three individuals had Cyx values after the 5.0 mg IN dose
that were higher than the Cpyg, after the 15 minute, 2.5 mg IV infusion. One subject had
5  plasma concentrations that were low and they increased and decreased with no pattern.
His elimination rate constant was indeterminant as a resnlt. The concentrations ranged

“from 1.15 to 3.16 ng/mL over the 4 hour period and then dropped to below quantifiable
limits.

10 Table 3 summarizes PK data for the three treatments. Tpex values were not significantly
different for the two IN treatments (P>0.2).

Table 3.
Mean (CV as a %) Single Dose MZ Pharmacokinetic (PK) Parameters
Following Administration of Intravenous (IV) and Intranasal (IN) MZ in
Healthy Subjects
1.2, Treatment A Treatment B Treatment C

PK Parameter 25mg v 25mg IN 5.0 mg IN

Tax (in)* 15 10 10
{10-15) (5-20) {5-20)

Coax (Dg/mi) 108.5 (13.5) 44.5 (38.4) 83.9 (28.9)
ty (ha) 4.03 (33.8) 4.00 (33.4) 4,07 (34.2)
AUCy. (nghr/mL) 109.2 (12.1) 05.8 (31.9) 130.9 (24.7)
AUC (ngehr/mlL) 119.3 (14.1) 72.6 (30.6)) 143.6 {24.5)
MRT (hr) 3.70 (31.7) 4.18 (33.8) 4.18 (28.3)
CL or CL/F(L/tkr) 21.4 (14.3) 43.9 (93.9) 37.0 (26.6)
Vs (L) 77.3 (25.2) - -

15  'The actual doses administered presented were determined by weighing the pumps before
and after dosing. They were lower that the intended doses, on average, by about 16%

(Table 4). The range was from 38% below to 20% above the intended dose.

20
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Table 4.
Mean (CV as a %) Dose Weights Following Administration of Intranasal (IN) MZ
in Healthy Subjects
13)] N Mean %CV Min Max % of Dose
N Dose
2.5 mg 16 2,09 12.9 1.60 2.50 83.7
5.0 mg 17 4,22 7.98 - 3.77 5.21 84.4

Absoclute bioavai]ability of the MZ was, on average, 60-61% for the IN doses. However,
the absoluie bioavailability of MZ by the IN routes in Table 3 is underestimated due to
the less than expected dose delivery of the nasal sprayers. The dose weight data that are
given in Table 4 show that on average, the delivered dose in this study was about 84% of
the planned dose. Recalculating the bicavailability based on the actual doses .
administered (by weight) would make the bicavailability about 72% for the IN doses. No
significant gender differences were found for AUC... and Cypax values

r >0.])'. The gender effect was significant for dose-normalized AUC,., values (P=
0.0371, M > F). Data were combined for analysis of treatment effects. Statistical
analysis of carryover effect on log transformed AUCq..., AUCq. and Cpy for the two IN
treatments was performed. P-values from an ANOVA with factors sequence,
subject(sequence), treatment and period for sequence were >0.3, so the carryover effects

were not significant and this implies the validity of the analyses in Table 5.

Table 5 summarizes the ratios and 90% confidence intervals (CI) of Cpax and AUCs after
Treatments A, B and C. The ratio of dose normalized Cy,.x and AUC values were near

unity after Treatment C (IN) compared to Treatment B (IN), as expected.
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Table 5.
Summary of Ratios of Least Squares Geometric Means and 90% Confidence Intervals
{Dose Normalized Parameters)

Treatment Group B/A C/A C/B
Parameter ' Geometyic Means (IN/IV) (IN/V) (IN/IN)
2.5 mg 2.5 mg 5.0 mg Ratio Ratio Ratio
MZIV MZIN MZ IN (90%CT) (90%CI) (90%CY)
(A) @ 1 (O
AUC.., 47.80 29.13 28.42 0.61 0.59 0.98
{(ngrhr/mlL) (0.54-0.69) | (0.52-0.67) | (0.86-1.11)
AUCy., 43.67 | 2631 25.75 0.60 0.59 0.98
(ngehr/ml) (0.53-0.68) | (0.52-0.67) | (0.86-1.11)
Cinax 42,15 17.12 15.93 0.41 0.38 0.93
| (ng/mlL) ' (0.34-0.48) [ (0.32-0.45) | (0.78-1.11)

C1 = Confidence Intervals

Log-transformed data are analyzed using an ANOVA with factors sequence, subject{sequence), treatment and period.
Doge nommalized data are used (2.3 or 5.0 mg).

The o-hydroxymidazolam metabolite concentrations were consistently lower than those
of the parent drug,

5  PD Results of Example 2
Table 6 summarizes analyses of PD VAS ratings. Cmax (peak effects), time to peak

eifecis (T'max), and arcas under the ratings curves are given {AUC4, AUC12 and
AUCall) for the VAS ratings. VAS parameters that showed statistical significance and
their P values are listed in alphabetical order above the break in Table 6. These ratings

10 illustrate the typical effects of dose and route on MZ PD. On 30 out of 40 measures, the
order of magnitude of effects were identical with IV producing the greatest effects
followed by the higher IN dose and then the lower IN dose. There were many trends in
these data, however, only ratings of 10 parameters out of 40 reached significance. No
differences were obtained on Tmax. No parameters for “willing to take drug again,”

153 “anxious” or “stimulated” reached significance. Due to the large number of missing
values, the results from VAS ratings should be interpreted with caution. These statistical

comparisons are pres'enfed for their usefulness in future study design,

. 20
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Fable 6.
Mean (5D) midazolam PP parameters following Treatments A, B and C
Variable 25mgMZIV 25mg MZIN 5.0 mg MZ IN
Parameter Nante Treatment A Treatment B Treatment C P Value
P <0.05
fatigue AUCI12 158.88 (149.98) 73.24 (58.97) 8,71 ( 76.91) 0.0213
fatipue AUC4 86.24 ( 53.67) 43.47 ( 23.88) 7246 (46.95) 0.0054
fatigue AUCall 140,83 (137.18) 78.79 ( 57.56) 20.45 (71.32) 0.0200
fatipue Cmax 53.59(22.17) 36.72 (21.14) 48.29 ( 20.68) .0080
Feel AUCI12 87.58 { 53.23) 64.85 (44.60) 95.54 ( 54.92) 0.0430
Feel ALC4 64.88 { 33.38) 48.05 (34.88) 75.37 (47.54) 00211
Fecl Cmax 56,06 { 17.52) 40.22 (26 43) 5941 (21.11) 0.0083
High Ciax 46.35 ( 26.07) 27.39 ( 18.08) 38.53 (22.61) (.0053
Like Cmax 01.31(22.98) 4738 ( 22.75) 70.00 ( 19.47) 0.0264
Sedate Crrax 55.85 (19.27) 40.22 ( 22.70) 52.35 ( 13.60) 0.0157
P>005
anxious AUC12 54.79 { 66.56) 46.18 { 72.33) 54.76 ( 84.30) 0.4220
anxious AUC4Y 2978 {28.52) 18.64 ( 17.40) 25.95(32.12) (.0849
anxious AUCall 53.76 (61.44) 49,71 (72.20) 52.94 ( 77.28) 02931
anxions Cmax 26.79 (25.29) 1536 ( 15.71) 19.26 { 20.76) 0.1023
anxious Tmax 0.51( 0.56) 1.52 ( 2.89) 2.41( 3.55) 0.0978
fatigue Tmax 0.78 ( 0.50) 110 ( 1.58) 1.11{ 1,44} 0.6626
Feel AUCall 80.43 ( 53.96) 68.76 ( 46.02) 56.98 ( 54.25) 0.0046
Feel Tmax 0.72 ( 0.52) C 074 ( 0.92) 0.69 ( 0.50% (.9469
High AUcC12 66.81 (38.03) . 54.74 (42.79) 62.24 ( 51.11) 0.2549
High AUC4 48.28 ( 30.67) 32.82(2547) 45.52 (38.649) 0.1299
High AUCall 66.33 (41.50) 58.14 (45.62) 61.94 { 49.98) 03256
High Tmax 1.06 ( 2.85) 0.54 ( 0.69) 1.40( 2.83) 0.5662
Like AUCI12 339.54 (321.48) 270.93 (290.34) 309.07 (234.08) 0.66%6
Like AUC4 126.94 ( 78.08) 106.78 { 86.06) 119.62 { 64.44) 0.6350
Like AUCal] 288.98 (293.37) 246.16 (268.39) 253.80 (224.50) 0.8362
Like Tmax 2.52( 3.01) 1.08 ( 1.83) 207 2.81) 0.2344
Sedate AUCIZ2 95,76 (79.62) 68.43 ( 56.69) 09.77 ( 68.40) 0.0702
Sedate AUC4 71.42 { 46.70) 52.29 ( 45.44) 70.24 ( 40.68) 0.1273
Sedate ALCall 93.47(73.41) 73.15( 5543 92.02 ( 64.32) 0.0931
Sedate Tmax 0.75( 0.50) .53 ( 047 0.62( 0.37) 0.2946
Stim AUCI2 172,23 (195.40) 148.22 (182.23) 187.20 (201.87) 0.3108
Stim AUC4 67.07 (52.47) 56.53 (53.38) 67.09 ( 50.51) . 0.5830
Stim AUCall 18740 (196.21) 157.54 (177.94) 184.74 (192.46) 0.5364
Stim Crnax 40,00 ( 21.78) 33.36 ( 20.50) 4141 (22.03) 0.3008
Stim Tmax 162 ( 2.90) 1.74( 2.86) 2,69 ( 3.93) 0.3200
Wwill AUC12 739.92 (396.94) 690.63 (392.61) 714.86 (368.68) 0.5568
Wwill AUC4 241,16 (2102.12) 215.94 (122.09) 233.52 (108.09) 0.6826
. Will AUCall 699.79 (385.66) 638.61 (400.75) 704.00 (379.58) 0.5389
Will Cmax 79.44 ( 16.62) 76.25(25.26) 80.26 (20.05) 3.9669
Will Tmax 3.00 ( 4.068) 2.73( 3.37N 2.76 ( 3.90) 0.9608
P values from ANOVA. Note: These ratings are not the same as the similarly named PR parameters, Units for
parameters: Tmax {hr), Cmax (rating score), AUCA, AUC12 and AUCal! {rating*hour),
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Discussion _ _
The pharmacokinetics of MZ were evaluated in healthy male and female volunteers after

single 2.5 mg and 5.0 mg doses of IV and IN MZ. Seventeen ouf of eighteen subjects
completed the study without clinically significant or serions adverse events. One male
subject dropped out for scheduling reasons afier receiving one treatment. The
pharmacokinetics of MZ were consistent with rapid absorption (median peak times of 10
minutes after IN administration). but relatively short duration of action. The mean
absolute bioavatlability of IN MZ was approximately 60-61%. However, based on actual
dose delivery weights, bioavailability was about 72% for the IN doses. The 84% delivery
of doses was most likely because of under filling of sprayers during manufacturing. The
remainder of the incomplete bioavailability after the IN administration may be explained
by metabolism during absorption across the nasal mucosa or simply, incomplete
absotption and swallowing. There was no evidence of swallowing but that would be
expected due fo the low oral bioavailability of MZ. Plasma clearance and vﬁlumes of
distribution were high, as expected for MZ.

PD analyses indicated clearly that all three treatments produced changes in subjective
ratings of sleep scores, VAS ratings and observer ratings. The intensity of the PD effects
was greatest over the first 2 hours following dose administration. The oxder of magnitude
of effects on all PD outcome measures were not always identical but in most cases, IV
produced the largest or a similar duration/magnitude of effects compared to the high dose
of IN MZ which was followed by the low IN MZ dose. The peak time of effects did not
differ statistically between IV and IN doses. The onset did not vary with dose as much as
the duration of effect did, as determined through the AUC analyses.

Conclusion
Intravenously administered MZ distributes extensively and rapidly in the body. A total

systemic clearance of 21 L/hr indicates that MZ is a highly cleared drug. The IN
formulation of MZ bad rapid absorption with median times of 10 minutes to achieve peak
concentrations . The rise in plasma concentrations matched the IV infusion in some
cases. The o-hydroxymidazolam metabolite concentrations were consistently lower than

those of the parent drug, The absolute bioavailability of MZ from the IN dosage form
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was approximately 60% and supports further investigation of this dosage form for clinical
use. PD analyses indicated clearly that all three treatments produced changes in
subjective ratings of sleep scores, VAS ratings and observer ratings. The intensity of the

PD effects was greatest over the first 2 hours following dose administration.

No treatment emergent adverse events wete observed during the conduct of this protocol
that would preclude further study of MZ in healthy subjects. Adverse events were
unremarkable and expected for this drug. As evidenced by the lack of cardiovascular and
respiratory adverse events, all the subjects tolerated the drug well.

Having ‘now generally described the embodiments, the same may be more readily
understoed through the following reference to the following example, which is provided

by way of illustration and is not intended to limit the present invention unless specified.
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition for jntranasal administration comprising: an
effective amount of a benzodiazepine or pharmaceutically acceptable salt
thereof; a nasal carrier; and at least one or more sweeteners, flavoring agents,

or masking agents or combinations thereof.

2. A pharmaceutical composition according to claim 1, wherein the
benzodiazepine is alprazolam, brotizolam, chlordiazepoxide, clobazepam,
clonazepam, clorazepate, demoxepam, diazg:pam, estazolam, flurazepam,
quazepam, halazepam, lorazepam, midazolam, nitrazepam, nordazapam,
oxazepam, prazepam, quazepam, temazepam, triazolam, zolpidem, zaleplon

or combinations thereof.

3. A pharmacentical composition according to claim 2, wherein the

benzodiazepine is midazolam.

4. A pharmacentical composition according to claim 3, wherein the volume of

the composition is about 0.1 ml.

5. A pharmaceutical composition according to claim 3, wherein the composition

is preservative free.

6. A pharmaceutical composition according to claim 3, wherein the composition

contains a buffer,

7. A pharmaceutical composition according to claim 3, wherein the composition

is a sterile solution or suspension.
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8. A pharmaceutical composition according to claim 3, wherein the composition

contains an anesthetic agent.

9. A pharmaceutical composition according to claim 1, wherein the one or more
swecteners, flavoring agents or masking agents is saccharin, sodium
saccharin, xylitol, mannitol, sorbitol, sucrose, sucralose, maltodextrin,
aspartame, acesulfame potassium, dexirose, glycosides, maltose, sweet orange
oil, glycerin, wintergreen oil, peppermint oil, peppermint water, peppermint

spirit, menthol, or combinations thereof.

10. A pharmacevtical composition according to claim 1, wherein the composition
has a pH of about 5.0.

11. A pharmaceutical composition for intranasal administration to a marnmal.
comprising: an effective amount of midazolam or pharmaceutically acceptable

salt thereof, polyethylene glycol, saccharin powder, and propylene glycol.

12. A pharmaceuntical composition according to claim 11, wherein the
polyethylene glycol comprises from about 15% to about 25% by voluine and
the propylene glycol constitutes from about 75% to about 85% by volume of

the composition.

13. A phamacenfical composition according fo clamm 11, wherein the

composition contains a preservative.

14. A pharmaceutical composition according to claim 11, wherein the

composition is preservative-free.
15. A pharmaceutical composition according to claimm 11, wherein the

composttion contains an anesthetic agent.
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16, A pharmaceutical composition according to claim 11, wherein the
composition achieves a time to maximum plasma concentration (Tyay) within

about 5 minﬁtes to about 20 minutes after intranasal administration.

17. A pharmaceutical composition according to claim 11, wherein the
composition achieves a time to maximum plasma concentration (Tyy.y) within

about 5 minutes affer intranasal administration.

18. A pharmaceutical compositiont according to claim 11, wherein the
composition achieves a maximum plasma concentration (Cpay) of about
40ng/ml from a 2.5mg dose or about 80ng/mL from a 5mg dose after

intranasal administration,

19. A pharmaceutical composition according to claim 18, wherein the ratio of the
AUC for intranasal midazolam to AUC of for midazolam after an equivalent

dose of intravenous midazolam is at least about 1:1.7.

20. A method of treating a mammal in need of rapid sedation, anxiolysis,
amnesia, or induction of anesthesia comprising intranasally administering to
the mammal an effective amount of a pharmaceutical composition comprising
midazolam or pharmaceutically acceptable salt thereof: and a nasal carrier;
wherein the rapid sedation, anxiolysis, anmesia, or induction of anesthesia

occurs within 5 minutes after intranasal administration.

21, A method of treating a mammal in need of rapid sedation, anxiolysis,
amnesia, or induction of anesthesia comprising iniranasally administering to
the mammal an effective amount of a pharmaceutical composition comprising

midazolam or pharmaceutically acceptable salt thereof, a nasal carrier; and at

34
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22,

24,

25.

26,

least one or more sweeteners, flavoring agents, or masking agents or

combinations thereof,

A method according to claim 21 » wherein the at least one sweetener, flavoring
agent or masking agent is saccharin, sodium saccharin, xylitol, mannitol,
sorbitol, sucrose, aspartame, acesulfame potassium, dextrose, glycosides,
maltose, sweet orange oil, glycerin, wintergreen oil, peppermint oil,

peppermint water, peppermint spirit, menthol, or combinations thereof.

A method according to claim 21, wherein the rapid sedation, anxiolysis,
amnesia, or induction of anesthesia occurs within 5 minutes after intranasal

administration,

A method according to claim 21, wherein the rapid sedation, anxiolysis,
amnesia, or induction of anesthesia occurs at a time to maximum plasma

concentration (T, ) of within 5 minutes after intranasal administration.

A method according to claim 21, wherein the pharmaceutical composition
achieves a 1-hydroxymidazolam plasma level of about 1 to about 8

nanograms/ml after intranasal administration.

A method of making a pharmaceutical composition for intranasal
administration comprising adding at least one or more sweeteners, flavoring
agents, or masking agents or combinations thereof to a pharmaceutical
composition comprising midazolam or pharmaceutically acceptable salt

thereof, and a nasal carrier so as to make the pharmaceutical composition.
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AMENDED CLAIMS
received by the International Bureau on 30 August 2005 (30.08.05): original claims 1-26 have been replaced by
amended claims 1-20.

1. A pharmaceutical composition for intranasal administration comprising
midazolam or a pharmaceutically acceptable salt thereof and a non-aqueous
liquid nasal carrier, wherein upon intranasal administration of the composition
to a group of human subjects in an amount of the composition sufficient to
provide about 2.5 mg of midazolam per subject, the subjects exhibit a mean

maximum plasma midazolam concentration (Tpex) of at least about 40 ng/ml.

2. The pharmaceutica! composition of claim 1, wherein the non-aqueous liquid

nasal carrier comprises polyethylene glycol.

3. The pharmaceutical composition of claim 2, wherein the polyethylene glycol

hags an average molecular weight of about 400,

4. The pharmaceutical composition of claim 2, wherein the non-aqueous liquid

nasal carrier further comprises propylen¢ glycol.

5. The pharmaceutical composition of claim 4, wherein the polyethylene glycol
constitutes about 20% of the composition by volume and the propylene glycol
about 80% of the composition by volume.

6. The pharmaceutical composition of claiml further comprising a sweetener.

7. The pharmaceutical composition of claim 6 wherein the sweetener is selected

from saccharin, aspartame or mixtures thereof.
8. The pharmaceutical composition of claim 1 further comprising a preservative.

9. The pharmaceutical composition of claim 1 wherein upon intranasal
administration of the composition to a group of human subjects, the subjects
exhibit an average maximum plasma concentration (Cpx) of midazolam at any

time within about 5 minutes after administration.

10. The pharmaceutical composition of claim 9 wherein upon intranasal
administration of the composition to a group of human subjects, the subjects
exhibit an average AUC plasma concentration of midazolam of about 12
ng*hr/ml to about 100 ng*hr/ml.

11. The pharmaceutical composition of claim 1 wherein upon intranasal

administration of the composition to a group of human subjects, the subjects
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exhibit an average absolutc bioavailability of midazolam, as a percentage of

the total weight of midazolam delivered, of at least about 60%.

12. The pharmaceutical composition of claim 1 wherein upon intranasal
administration of the composition to a group of human subjects, the subjects
exhibit an average absolute bioavailability of midazolam, as a percentage of
the total weight of midazolam delivered, of at least about 70%.

13. The pharmaceutical composition of claim 9 wherein upon intranasal
administration of the composition to a group of human subjects, the subjects
exhibit an a-hydroxymidazolam plasma concentrations of about 1 to about 8
ng/ml.

14. A method of treating 2 mammal in need of rapid sedﬁtion, anxiolysis, amnesia,
or induction of anesthesia comprising intranasally administering to the
mammal an effective amount of a pharmaceutical composition comprising
midazolam or pharmaceutically acceptable salt thereof and a non-aqueous
liquid nasal carrier, wherein the rapid sedation, anxiolysis, amnesia, or
induction of anesthesia occurs within about 5 minutes after intranasal

administration.

15. A method of treating a mammal in need of rapid sedation, anxiolysis,
amncsia, or induction of anesthesia comprising intranasally administering to
the mammal an effective amount of a pharmaceutical composition comprising
midazolam or pharmaceutically acceptable salt thereof, a non-aqueous liguid
nasal carrier, and at least one sweetener, flavoring agent, masking agent or

combination thereof,

16. The method of claim 15, wherein the at least one sweetener, flavoring agent or
masking agent is selected from saccharin, sodium saccharin, xylitol, mannitol,
sorbitol, sucrose, aspartame, acesulfame potassium, dextrose, glycosides,
maltose, sweet orange oil, glycerin, wintergreen oil, peppermint oil,

peppermint water, peppermint spirit, menthol, or combinations thereof.
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17. The method of claim 15, wherein the rapid sedation, anxiolysis, amnesia, or
induction of anesthesia occurs within about 5 minutes after intranasal

administration.

18. The method of claim 15, wherein the rapid sedation, anxiolysis, amnesia, or
induction of anesthesia occurs within about 5 minutes after intranasal

administration.

15. The method of claim 15, wherein upon intranasal administration of the
pharmaceutical composition to a subject, the subject exhibits a mean o.-
hydroxymidazolam plasma concentration of about 1 to about 8 ng/ml.

20. A method of making a pharmaceutical composition for intranasal
administration comprising the steps combining midazolam or
pharmaceutically acceptable salt thereof, a non-aqueous liquid carrier, and one
or more sweeteners, flavoring agents, or masking agents or combinations

thereof to make the pharmaceutical composition.
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Figure 1. Mean (n=12) plasma midazolam concentration versus time profiles
following 5.0 mg midazolam treatments A, B and C (IV, IM and IN, respectively).
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Figure 2. Mean (n1=12) plasma midazolam concentration versus time profiles
following 5.0 mg midazolam treatments A, B and C (IV, IM and IN, respectively).
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Figure 3. Mean (n=17) plasma midazolam concentration versus time profiles
following treatments A, B and C (IV, IM and IN, respectively).

AQUESTIVE EXHIBIT 1007

page 2226



WO 2005/089768 PCT/US2005/008090
4/4

Midazolam Concentration (ng/mL)

Time (br)

Figure 4. Mean (r=17) plasma midazolam concentration versus time profiles
following treatments A, B and C
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