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PROCESSES FOR THE PREPARATION OF 1.2 4-OXADIAZOLE BENZOIC ACIDS

2.

FIELD

{002] Provided herein are processes for the preparation of compounds useful for the
treatment, prevention or management of diseases associated with a nonsense mutation,
More specifically, provided herein are processes for the synthesis of 1,2,4-oxadiazoles. In
particular, provided herein are processes useful for the preparation of 3-[5-(2-

fluorophenyl)-[1,2,4]oxadiazol-3-yl]-benzoic acid.

BACKGROUND

[003] 1,2,4-oxadiazole compounds useful for the treatment, prevention or
management of diseases ameliorated by modulation of premature translation termination or
nonsense-mediated mRNA decay are described in U.S. Patent No. 6,992,096 B2, issued
January 31, 2006. One such compound is 3-[5-(2-fluorophenyl)-[1,2,4}oxadiazol-3-yl]-
benzoic acid.

[004] Existing solution phase methods for synthesizing 1,2,4-oxadiazole benzoic
acids are described in U.S. Patent No. 6,992,096 B2, issued January 31, 2006 (see column

57, line 40, Scheme B, and Example 2). In particular, these methods comprise multiple
reactions steps, each followed by isolation of the desired intermediate.

j00S] While these methods are enabling and useful for preparing 1,2,4-oxadiazole
benzoic acids, there are possibilities for alterations that may result in a more efficient
synthesis. In particular, synthetic processes with fewer isolation steps and which may
comprise the use of fewer solvents can be more efficient and less expensive.

[006] Citation of any reference in Section 2 of this application is not to be construed

as an admission that such reference is prior art to the present application.
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3. SUMMARY

[007] Provided herein are processes useful for the production of 1,2,4-oxadiazole
benzoic acids that are efficient, cost effective and readily scaleable with commercial
reagents.

[008] In one embodiment, provided herein are processes useful for preparing a 1,2,4-
oxadiazole benzoic acid comprising the steps of: (1) reacting a cyanobenzoate ester with
hydroxylamine; (2) acylation with a halobenzoyl chloride; (3) condensation; and (4)

hydrolysis of the benzoate ester.

[009] In a particular embodiment, steps (1)-(3) are carried out in the same organic
solvent.
(010] In another particular embodiment, steps (1)-(3) are carried out in a single

organic solvent.

[011] In another embodiment, steps (1)-(4) are carried out in the same organic
solvent.

[012] In another embodiment, steps (1)-(4) are carried out in a single organic solvent.
[013] In another embodiment, steps (1)-(3) are carried out in the same aqueous
solvent.

[014] In another embodiment, steps (1)-(3) are carried out in a single aqueous
solvent.

[015] In another embodiment, steps (1)-(4) are carried out in the same aqueous
solvent.

[016]) In another embodiment, steps (1)-(4) are carried out in a single aqueous
solvent.

[017] In another embodiment, steps (1)-(3) are carried out without isolation of an
intermediate.

[018] In another embodiment, steps (1)-(4) are carried out without isolation of an
intermediate.

[019] In another embodiment, steps (1)-(4) are followed by a micronization step.
[020] In still another embodiment, the processes provided herein are useful for

preparing 1,2,4-oxadiazole benzoic acids and pharmaceutically acceptable salts, hydrates,

solvates, or polymorphs thereof. In yet another embodiment, the processes provided herein
- -
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are useful for preparing 1,2,4-oxadiazole benzoic acids and pharmaceutically acceptable
salts, hydrates, solvates, or polymorphs thereof useful for treating, preventing or managing
diseases or conditions associated with a nonsense mutation. In yet another embodiment,
the processes provided herein are useful for preparing 1,2,4-oxadiazole benzoic acids and

pharmaceutically acceptable salts, hydrates, solvates, or polymorphs thereof useful for

treating preventing or managing genetic diseases and disorders.

4. DETAILED DESCRIPTION OF THE INVENTION

4.1 Terminology

[021] As used herein and unless otherwise indicated, the term "halo", “halogen™, or
the like means -F, -Cl, -Br, or -I.
[022] Unless otherwise indicated, the compounds described herein, including

intermediates useful for the preparation of the compounds, which contain reactive
functional groups (such as, without limitation, carboxy, hydroxy, and amino moeties) also
include protected derivatives thereof. “Protected derivatives” are those compounds in
which a reactive site or sites are blocked with one or more protecting groups (also known
as blocking groups). Suitable protecting groups for carboxy moieties include benzyl, ¢-
butyl, and the like. Suitable protecting groups for amino and amido groups include acetyl,
t-butyloxycarbonyl, benzyloxycarbonyl, and the like. Suitable protecting groups for
hydroxy include benzyl and the like. Other suitable protecting groups are well known to
those of ordinary skill in the art. The choice and use of protecting groups and the reaction
conditions to install and remove protecting groups are described in T. W. Green,
“Protective Groups in Organic Synthesis”, Third Ed., Wiley, New York, 1999.

[023] As used herein and unless otherwise indicated, a composition that is
“substantially free” of a compound means that the composition contains less than about
20% by weight, more preferably less than about 10% by weight, even more preferably less
than about 5% by weight, and most preferably less than about 3% by weight of the

compound.
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[024] As used herein and unless otherwise indicated, the term “process(es)” refers to
the methods disclosed herein which are useful for preparing a 1,2,4-oxadiazole benzoic
acid compound.

[025] As used herein and unless otherwise indicated, the terms “adding” or
“addition” or the like mean contacting one reactant, reagent, solvent, catalyst, or the like
with another reactant, reagent, solvent, catalyst, or the like. Reactants, reagents, solvents,
catalysts, or the like can be added individually, simultaneously, or separately and can be
added in any order. They can be added in the presence or absence of heat and can
optionally be added under an inert atmosphere.

[026] As used herein and unless otherwise indicated, a reaction that is “substantially
complete” or 1s driven to “substantial completion” means that the reaction contains more
than about 80% by percent yield, more than about 90% by percent yield, more than about
95% by percent yield, or more than about 97% by percent yield of the desired product.
[027] As used herein and unless otherwise indicated, the term “without isolation
means that the reaction mixture resulting from one step is carried through to a subsequent
step without 1solating the desired product. In certain embodiments, performing multiple
reaction steps “without 1solation™ includes processes which comprise transferring the
reaction mixture resulting from one step into a new reaction vessel prior to beginning a
subsequent reaction.

[028] As used herein and unless otherwise indicated, the term “condensation” means
a chemical reaction in which two chemical moieties react and become covalently bonded
to one another with concurrent loss of a small molecule, for example, water.

[029] As used herein and unless otherwise indicated, the term “pharmaceutically
acceptable salt” retfers to a salt of compound of the present invention that is safe and
effective for use in a patient. Exemplary pharmaceutically acceptable salts are prepared
using metals, inorganic bases or organic bases. Suitable base salts include, but are not
limited to, aluminum, calcium, lithium, magnesium, potassium, sodium, ammonium and
zince salts. A suitable organic base salt is triethylamine.

[030] As used herein and unless otherwise indicated, the term ‘“hydrate” means a
compound of the present invention or a salt thereof, that further includes a stoichiometric

or non-stoichiometric amount of water bound by non-covalent intermolecular forces.

-4 -
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[031] As used herein and unless otherwise indicated, the term “solvate” means a
solvate formed from the association of one or more solvent molecules to a compound of
the present invention. The term “solvate’ includes hydrates (e.g., hemi-hydrate, mono-
hydrate, dihydrate, trihydrate, tetrahydrate, and the like).

[032] As used herein and unless otherwise indicated, the term “polymorph” means
solid crystalline forms of a compound of the present invention or complex thereof.
Different polymorphs of the same compound may exhibit different physical, chemical and
/or spectroscopic properties.

[033] As used herein and unless otherwise indicated, the phrase “diseases or
disorders associated with a nonsense mutation’ means diseases or disorders that would not
arise, endure, or cause symptoms if the nonsense mutation was not present.

[034] As used herein and unless otherwise indicated, the term “treat,” “treatment,”
“treating,” or the like refers to the reduction or amelioration of the progression, severity
and/or duration of a disease or disorder, or the amelioration of one or more symptoms
(preferably, one or more discernible symptoms) of a disease or condition resultirig from the
administration of one or more therapies (e.g., one or more therapeutic agents such as a
1,2,4-oxadiazole benzoic acid).

[035]) As used herein and unless otherwise indicated, the term “prevent,”

2% 66

“prevention,” “preventing,” or the like refers to the reduction in the risk of acquiring or
developing a given disease or disorder, or the reduction or inhibition of the recurrence,
onset, or development of one or more symptoms of a given disease or disorder.

[036] If there 1s a discrepancy between a depicted structure and a name given that
structure, the depicted structure is to be accorded more weight. Furthermore, if the
stereochemistry of a structure or a portion thereof is not indicated, e.g., with bold or dashed
lines, the structure or portion thereof is to be interpreted as encompassing all stereoisomers
of it.

[037] The embodiments provided herein can be understood more fully by reference

to the following detailed description and illustrative examples, which are intended to

exemplify non-limiting embodiments.
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4.2 Processes

[038] Provided herein are cost-effective and efficient processes useful for the

production of 1,2,4-oxadiazole benzoic acids.

[039] In one embodiment, the processes comprise the use of m-cyanobenzoic acid

methyl ester.

[040] In another embodiment, the processes comprise the use of fluorobenzoy]l
chlonde.

[041] In another embodiment, the processes comprise the use of o-fluorobenzoy!
chloride.

[042] " In another embodiment, steps (1)-(3) are carried out in a single organic solvent

or the same organic solvent and without isolation of an intermediate between the steps.
1043] In another embodiment, steps (1)-(4) are carried out in a single organic solvent
or the same organic solvent and without 1solation of an intermediate between steps (1)-(3).
[044] In another embodiment, steps (1)-(4) are carried out in a single organic solvent
or the same organic solvent and without isolation of an intermediate between steps (1)-(4).
[045] In another embodiment, steps (1)-(3) or steps (1)-(4) are carried out in a single
aqueous solvent or the same aqueous solvent and without isolation of an intermediate
between steps (1)-(3) or, in another embodiment, steps (1)-(4).

[046] In one embodiment, the solvent used in the processes described herein is a
polar solvent such as tetrahydrofuran, dioxane, 1sobutyl acetate, isopropyl acetate, and
ethyl acetate.

[047] In another embodiment, the solvent used 1n the processes described herein is a
alcoholic solvent such as methanol, ethanol, isopropanol, isobutanol, propanol, butanol,
and tert-amyl alcohol.

[048] In another embodiment, the solvent used in the processes described herein is
tert-butanol.

[049] In one embodiment, the processes described herein are useful for producing a
batch size of a 1,2,4-o0xadiazole benzoic acid of about SO0 mg or more, about 1 kg or more,
about 5 kg or more, about 10 kg or more, about 25 kg or more, about 50 kg or more, about
75 kg or more, about 100 kg or more, about 125 kg or more, about 150 kg or more, about

175 kg or more, about 200 kg or more, about 225 kg or more, about 250 kg or more, about
-6 -
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275 kg or more, about 300 kg or more, about 325 kg or more, about 350 kg or more, about
375 kg or more, about 400 kg or more, about 425 kg or more, about 450 kg or more about

475 kg or more, or about 500 kg, or about 600 kg, or about 700 kg, or about 800 kg or
about 900 kg, or about 1000 kg or more.

[050]) In one embodiment, the 1,2,4-oxadiazole benzoic acid is produced in one of the
above described batch sizes in an overall yield of about 50% or more, about 55% or more,
about 60% or more, about 65% or more, about 70% or more, about 75% or more, about
80% or more, about 85% or more, about 90% or more, or about 95% or more.

[051] In one embodiment, steps (1)-(4) are followed by a micronization step. In a
particular embodiment, the micronized 1,2,4-oxadiazole benzoic acid has a particle size
distribution of D(v,0.1): about 0.5 pm to about 1.0 um; D(v,0.$): about 1.5 um to about 5.0
pm; and D(v,0.9): about 5.5 pum to about 10.0 pmf.

[052] In one embodiment, provided herein are processes useful for preparing a

compound of formula I:

R, N-Q
1
Ra N/>‘Z

R4 Rs
O~ OR;
I
[053] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs,

polymorphs, stereotsomers, including enantiomers, diastereomers, racemates or mixtures
of stereoisomers, thereof, wherein:

[054] Z.1s substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyl, substituted or
unsubstitued alkenyl, substituted or unsubstituted heterocycle, substituted or unsubstituted
arylalkyl;

[055] R' is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -(CH,CH,0).R® or any biohydrolyzable group;

-7 -
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[056] R’. R’ , R4, R> and R® are independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl; substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, alkoxy, aryloxy, heteroaryloxy,
halogen, CF3, OCF3;, OCHF,, CN, COOH, COOR’, SO,R’, NO,, NH,, or N(R"),;

[057] each occurrence of R’ is independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl; substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, alkoxy, aryloxy, heteroaryloxy,

halogen or CF;; and

[058] n 1s an integer from 1 to 7,

[059] which comprises the steps of:

[060] (1) reacting an optionally substituted cyanobenzoate ester with hydroxylamine;
[061] (2) acylation with an acid chlonde;

[062] (3) condensation; and

[063)]  (4) optional hydrolysis of the benzoate ester.

[064] In one embodiment, steps (1)-(3) are carried out in a single organic solvent.
[065] In another embodiment, steps (1)-(3) are carried out 1n the same organic
solvent.

[066] In another embodiment, steps (1)-(4) are carried out in a single organic solvent.
[067] In another embodiment, steps (1)-(4) are carried out 1n the same organic
solvent.

[068] In another embodiment, steps (1)-(3) are carried out without i1solation of an
intermediate.

[069] In another embodiment, steps (1)-(4) are carried out without 1solation of an
intermediate.

[070] In another embodiment, steps (1)-(3) are carried out in a single organic solvent

or the same organic solvent and without 1solation of an intermediate between the steps.
[071]) In another embodiment, steps (1)-(4) are carried out in a single organic solvent

or the same organic solvent and without isolation of an intermediate between steps (1)-(3).

-8 -
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[072] In another embodiment, steps (1)-(4) are carried out in a single organic solvent

or the same organic solvent and without isolation of an intermediate between steps (1)-(4).

[073] In one embodiment, the solvent used in the processes described herein is rert-
butanol.
[074] In one embodiment, the processes provided herein are useful for preparing a

compound of formula I having the structure of formula II:
N-O

3 (X)m
av

[075] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs,

l
CO.R,

polymorphs, stereoisomers, including enantiomers, diastereomers, racemates or mixtures
of stereoisomers, thereof, wherein:

[076] R' is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -(CH,CH,0),R® or any biohydrolyzable group;

[077] X 1s at each occurrence independently F, Cl, Br or I; and

[078] m is an integer from 1 to S,

[079] which comprises the steps of:

[080] (1) reacting a cyanobenzoic acid methyl ester with hydroxylamine;
[081] (2) acylation with a halobenzoyl chloride;

[082] (3) condensation; and
[083] (4) hydrolysis of the methyl ester.

[084] In one embodiment, X is F.

[085] In another embodiment, m is 1.

[086] In another embodiment, X is F and m is 1.

(087]) In another embodiment, mi1s 1 and X 1s F in the ortho position.
[088] In another embodiment, m is 1 and X 1s F in the meta position.
[089] In another embodiment, m is 1 and X is F in the para position.

In another embodiment, R, 1s H.
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[090] In one embodiment, provided herein are processes for preparing compounds of

formula I, including compounds having the structure of formulas II and IIa, comprising the

~ ' (X
1 (X)m
l\{'OH Nl.,..0 ™
Q/CN step (1) NH, step (2) NH?

steps set forth 1n Scheme 1:
[091] Scheme 1

CO2R; CO2R; CO,R,
N-Q = (x) N-Q = x)
step (3 . |, A Nm step (4 I AN\ m
) P L ) 'aV.
COQR1 I - COZH lla
[092] wherein R, 1s hydrogen, substituted or unsubstituted alkyl, substituted or

unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, -(CH2CH20)nR6, any
biohydrolyzable group or any suitable blocking group know to one skilled in the art,

wherein step (4) 1s an optional hydrolysis step when R, 1s other than H;

[093] X 1s at each occurrence independently F, Cl, Br or I; and

[094] m 1s an integer from 1 to 5.

[095] In one embodiment of Scheme 1, X 1s F.

[096] In another embodiment of Scheme 1, m i1s 1.

[097] In another embodiment of Scheme 1, X 1s F and m is 1.

098] In another embodiment, m is 1 and X 1s F in the ortho position.
[099] In another embodiment, m1s 1 and X 1s F in the meta position.

[0100] In another embodiment, mis 1 and X is F 1n the para position.

[0101] In another embodiment of Scheme 1, R 1s methyl.
[0102] In another embodiment of Scheme 1, steps (1)-(3) are carried out 1n a single

organic solvent.

- 10 -
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[0103] In another embodiment of Scheme 1, steps (1)-(3) are carried out in the same
organic solvent

[0104] In one embodiment of Scheme 1, steps (1)-(4) are carried out in a single
organic solvent.

[0105] In one embodiment of Scheme 1, steps (1)-(4) are carried out in the same
organic solvent.

[0106] In another embodiment of Scheme 1, steps (1)-(3) are carried out without
1solation of an intermediate.

[0107] In another embodiment of Scheme 1, steps (1)-(4) are carried out without
1solation of an intermediate.

[0108] In another embodiment of Scheme 1, steps (1)-(3) are carried out in a single
organic solvent or the same organic solvent and without isolation of an intermediate
between the steps.

[0109] In another embodiment of Scheme 1, steps (1)-(4) are carried out in a single
organic solvent or the same organic solvent and without 1solation of an intermediate
between steps (1)-(3).

[0110] In another embodiment, steps (1)-(4) are carried out in a single organic solvent
or the same organic solvent and without isolation of an intermediate between steps (1)-(4).
[0111] In one embodiment of Scheme 1, the solvent used is tetrahydrofuran, dioxane,
1sobutyl acetate, 1sopropyl acetate, ethyl acetate, methanol, ethanol, 1sopropanol,
isobutanol, propanol, butanol or ferz-amyl alcohol.

[0112] In a particular embodiment of Scheme 1, the solvent used is rert-butanol.
10113] In one embodiment of Scheme 1, step (1) comprises reacting 3-cyanobenzoic
acid methyl ester with aqueous hydroxylamine in ferf-butanol. In a particular embodiment,
50% aqueous hydroxylamine 1s used in step (1). In another embodiment, molten tert-
butanol 1s used in step (1). In another embodiment, the aqueous hydroxylamine is added to
the 3-cyanobenzoic acid methyl ester and ferz-butanol at about 40-45°C. In another
embodiment, the reaction mixture of step (1) is stirred for about 2 hours.

[0114]  In another embodiment of Scheme 1, step (2) comprises reacting the product
from step (1) with a halobenzoyl chloride in triethylamine and tert-butanol. In a particular

embodiment, the halobenzoyl chloride is fluorobenzoyl chloride, more particularly, 2-

-11 -
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fluorobenzoyl chlonde. In another embodiment, the reaction mixture of step (2) is further
diluted with molten rerz-butanol. In another embodiment, the reaction of step (2) is carried
out at a temperature of less than 40°C, and in a particular embodiment, at about 30-35°C.
In another embodiment, the reaction mixture of step (2) is stirred for at least about 2 hours.
In certain embodiments, additional triethylamine or halobenzoyl chloride can be added to
the reaction mixture of step (2) to drive the reaction to completion.

[0115] In another embodiment of Schéme 1, step (3) comprises refluxing the produ-ct
from step (2) in fert-butanol. In a particular embodiment, step (3) comprises refluxing the
product from step (2) in fert-butanol at about 82°C. In another embodiment, step (3)
comprises crystallizing the ring-closed product by the addition of water at about 60-65°C.
In another embodiment, the resulting slurry is cooled to room temperature, filtered, washed
with fert-butanol/water (50/50 v/v) and dned in vacuo.

[0116] In another embodiment of Scheme 1, step (4) comprises hydrolyzing the
methyl ester of the product from step (3) into the corresponding sodium salt by the addition
of aqueous sodium hydroxide in tert-butanol. In one embodiment, hydrolysis of methyl
ester of the product from step (3) 1s carried out in aqueous sodium hydroxide and ter¢-
butanol at about 68-72°C. In a further embodiment, step (4) comprises converting the
sodium salt to the free acid by filtering hot sodium salt solution through an in-line filter
(e.2., a 5 micron in-line filter) and acidifying with sulfuric acid to about pH 1-3. In a still
further embodiment, step (4) comprises converting the sodium salt to the free z;cid by
filtering hot sodium salt solution through an in-line filter (e.g., a 1 micron in-line filter) and
acidifying with about 10-15% hydrochloric acid to about pH 1-3 followed by stirring at
about 70°C for about 1 hour. In a further embodiment, the free acid 1s 1solated using a
Rosenmund filter and washed with aqueous fert-butanol and water, followed by drying
(e.g., with a paddle dryer or double-cone dryer) or centrifuging.

[0117] The progress of reactions described herein can be monitored by any method
known to one skilled in the art including, but not limited to, thin-layer chromatography
(TLC), high-performance liquid chromatography (HPLC), or spectroscopic methods (e.g.,
'H-NMR, ""C-NMR, IR, Raman, MS).
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(0118} In one embodiment, provided herein are processes for preparing 3-[5-(2-
fluorophenyl)-[1,2,4]Joxadiazol-3-yl]-benzoic acid, comprising the steps set forth in

Scheme 2:

[0119] Scheme 2

|
CN O
step (1 step (2
©/ p( ) NH2 p( ) NH2
CO,Me CO,Me CO,Me
R R
N—-O N-O
step (3) | step (4) [ 4
— N S N
COzMQ COgH
[0120] In one embodiment, provided herein are processes useful for preparing a

compound of formula II, comprising performing the following steps:

[0121] (1) reacting the cyanobenzoic acid methyl ester:

>

CO,Me

(0122] with hydroxylamine, to give:
.OH

N
|

NH,

CO,Me

2

[0123]} followed by (2) acylation with a halobenzoyl chloride, to give:
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[0124]

[0125]

~ ] (X)
N"'o x~

O
NH,,

CO,Me and

followed by (3) condensation to give:

N-O =\ _(X
] N (K)m
Q/I\N/)\Q

CO,Me

In another embodiment, the processes provided herein further comprise (4)

hydrolysis of the methyl ester to give:

[0126]
[0127]
[0128]
[0129]
[0130]
[0131]
[0132]
[0133]
solvent.
[0134]
[0135]
solvent.

[0136]}

butanol.

/
m

In one embodiment, X is F.

In another embodiment, mis 1.

In another embodiment, X 1s F and m i1s 1.

In another embodiment, m1s 1 and X is F in the ortho position.
In another embodiment, m1s 1 and X i1s F in the mera position.
In another embodiment, m is 1 and X 1s F in the para position.
In another embodiment, steps (1)-(3) are carried out in a single organic solvent.

In another embodiment, steps (1)-(3) are carried out in the same organic

In another embodiment, steps (1)-(4) are carried out in a single organic solvent.

In another embodiment, steps (1)-(4) are carried out in the same organic

In another embodiment, steps (1)-(3) or steps (1)-(4) are carried out in tert-
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[0137] In another embodiment, steps (1)-(3) are carried out without isolation of an
intermediate.

[0138] In another embodiment, steps (1)-(4) are carried out without isolation of an
intermediate.

[0139] . In another embodiment, steps (1)-(3) or steps (1)-(4) are carried out in a single
organic solvent or the same organic solvent and without isolation of an intermediate.
[0140] In one embodiment, the solvent used is tetrahydrofuran, dioxane, isobutyl
acetate, isopropyl acetate, ethyl acetate, methanol, ethanol, isopropanol, isobutanol,
propanol, butanol or ferf-amyl alcohol.

(0141} In a particular embodiment, the solvent used 1s fert-butanol.

[0142] In one embodiment, the compound of formula II 1s 3-[5-(2-fluorophenyl)-
[1,2,4}oxadiazol-3-yl]-benzoic acid.

[0143] In another embodiment, the synthesis is carried out in a single reaction vessel
(i.e., a “one pot” synthesis).

[0144] In one embodiment, provided herein are processes useful for preparing a
compound of formula II, comprising performing the following steps in a single reaction
vessel:

[0145] reacting cyanobenzoic acid:

o

CO,H

[0146] with hydroxylamine, to give:
-OH

NH,

CO,H

2

[0147] followed by acylation with a halobenzoyl chloride, to give:
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@& (X)
N“'O -~

O
NH,

CO.H and

[0148] followed by reflux to give:

CO,H

[0149] In one embodiment, the compound is 3-[5-(2-fluorophenyl)-{1,2,4]oxadiazol-3-
yl]-benzoic acid.

[0150] The embodiments described herein are further illustrated by the examples set
forth below, which are not to be construed as limiting the scope of the embodiments
described herein.

[0151] Starting materials and reagents useful in the processes described herein can be
obtained from commercial sources or prepared using methods known to one skilled in the

art.
EXAMPLES

[0152] Methyl 3-[5-(2-fluorophenyl)-[1,2.4loxadi1azol-3-yl]-benzoate
[0153] Batch 1

[0154] Methyl 3-cyanobenzoate (105 kg) and molten rert-butanol were charged to a

dry reactor. 50% aqueous hydroxylamine (43L, 47.4 kg) was added to the clear solution of
methyl 3-cyanobenzoate in molten fert-butanol in an inert atmosphere over about 2 hours
and 48 minutes. The maximum batch temperature during the addition of 50% aqueous
hydroxylamine was about 43°C. The addition rate of 50% aqueous hydroxylamine varied
from about 9L per hour at the onset of addition to about 30L per hour. The batch
temperature was maintained by alteration of the jacket set point on the reactor. In

particular, the set point was changed from about 40.5°C at the beginning of the addition to
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about 29.6°C as the addition rate increased. The reaction was deemed complete (i.e., less
than about 0.5% ester) after stirring for about 4 hours at about 40-45°C.

[0155]} The batch was transferred to a dry reactor and chased through with about 10L
of molten rerr-butanol. The jacket set point was decreased from about 33°C when the
batch was received by the dry reactor to about 27°C after transfer was complete. Partial
crystallhization of the batch was observed which did not adversely affect stirring. The batch
was cooled to about 34.4°C and triethylamine (72.6 kg, 100L) was charged to the reactor.
The jacket temperature set point was raised from about 20.4°C to about 31.0°C to maintain
the batch temperature with the range of about 30-35°C. Following a line rinse with molten
tert-butanol (10L), the batch was charged with 2-fluorobenzoyl chloride (113.7 kg, 86.0L).
‘The addition rate over the first third of the charge was about 25L per hour. The jacket inlet
temperature was lowered to about 15°C during this period and the batch temperature
remained at about 34.6°C. The addition was complete after about 5.5 hours. The
maximum batch temperature during the addition was about 38.8°C. The addition rate was
slowed towards the end of the addition with the final 27 liters of 2-fluorobenzoyl being
added at about 11L per hour. The reaction was deemed complete (i.e., less than about
0.5% methyl 3-amidinobenzoate) after stirring for about 2 hours at 30-35°C.

[0156] The batch was then heated to reflux temperature (about 82°C) over about 1
hour and 42 minutes and stirred for about an additional 18 hours. During stirring, some
product partially crystallized to form a slurry. The slurry was cooled to bout 40°C to allow
for sampling, during which full crystallization occurred. The batch was reheated to reflux
temperature and stirred for about 1 hour and 50 minutes. The batch was then cooled over

about 2 hours to about 69°C and 630L of purified water was slowly added over about 4

hours and 15 minutes while the batch temperature was maintained at between about 66-
69°C. The slurry was cooled to about 22.4°C over about 3 hours and 14 minutes and
transferred to 2X200L ceramic filters fitted with 25-30u mesh polypropylene filter cloths.
Transter of the material from the vessel onto the filters was complete after about 55
minutes. The filter cakes were washed with 50% aqueous tert-butanol (210L), allowing
about 10 minutes for the wash to soak into each cake. The cakes were then dried in vacuo
over about 5-10 minutes. Purified water was applied to the filter cakes as a secondary

wash (158L per cake) to remove residual rerr-butanol and triethylammonium chloride salt.
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Liquors were removed after drying in vacuo for about 5 minutes. The cakes were dried in
vacuo for about an additional 2 hours and then sampled using liquid chromatography. The
purity of the cakes was determined to be about 99.6% by liquid chromatography.

[0157] After drying the cakes in vacuo for about 8 hours and 25 minutes, the wet cake
(207.4kg) was transferred to an air oven. Drying in the air oven was performed at about
50-55°C for about 52 hours. The overall yield of isolated product was about 89.9 %
(174.65kg), which can be adjusted to about 90.7% after accounting for material consumed
by sampling.

[0158] Batch 2

[0159] Methyl 3-cyanobenzoate (105 kg) and molten rerr-butanol were charged to a

dry reactor. 50% aqueous hydroxylamine (47.85 kg) was charged to the reactor in an inert
atmosphere over about 3 hours and 29 minutes. The temperature was maintained at about
40-45°C during addition. The reaction was deemed complete (i.e., less than about 0.5%
ester) after stirring for about 3 hours and 16 minutes at about 40-45°C.

[0160]) The batch was transferred to a dry reactor as described for Batch 1. The batch
was cooled to about 34.4°C and charged with triethylamine (72.6kg, 100L). The addition
was performed over a period of about 45 minutes while maintaining the batch temperature
at about 30-35°C. The jacket inlet temperature was raised from about 31.4°C to about
32.6°C during the addition. After line rinse with molten tert-butanol, the batch was
charged with 2-fluorobenzoyl chloride (113.7kg, 86.0L). The acid chloride was added
over about 3 hours and 27 minutes. After stirring for about 8 hours at 35°C, the reaction
was deemed not to be complete (i.e., more than about 0.5% of methyl 3-amidinobenzoate
remained). 1.5% by weight of the original charges of triethylamine and 2-fluorobenzoyl
chloride were then added to the batch. Each of the additional charges were accompanied
by a line rinse of rert-butanol (10L). No additional cooling was performed during the
addition of the acid chloride. The batch temperature was maintained at about 30-35°C
with the jacket inlet temperature ranging from about 30.3°C to about 33.0°C. The reaction
was deemed complete (i.e., less than about 0.5% methyl 3-amidinobenzoate) after stirring
for about 2 hours at 30-35°C.

[0161] The batch was heated to reflux temperature (about 83°C) over about 1 hour and
44 minutes and stirred for about 18 hours. As with Batch 1, solids fully crystallized during
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cooling for sampling. The batch was reheated to reflux temperature and stirred for about 1
hour and 2 minutes. The batch was then cooled over about 2 hours and 20 minutes to
about 69.2°C and 630L of puriﬁéd water was slowly added over about 4 hours and 30
minutes while the batch temperature was maintained at between about 65.6-69.2°C. The
slurry was cooled to about 23.4°C over about 3 hours and 30 minutes and the contents
were transferred to dual ceramic filters as described for Batch 1. The transfer of material
was complete after about 5 hours and 6 minutes. The filter cakes were washed with about
50% aqueous rert-butanol (2 volumes per cake) allowing 10 minutes for the wash to soak
into each cake prior to drying in vacuo. Filtration was complete after about 1 hour and 40
minutes. Purified water was applied to the cakes as the final wash. Liquors were removed
by drying in vacuo for about 10 minutes. The cakes were dried in vacuo for about an
additional 2 hours and 5 minutes and then sampled using liquid chromatography. The
purity of the cakes were determined to be about 99.5% and 99.6%, respectively, by liquid
chromatography.

10162] After drying the cakes in vacuo for about an additional 2 hours and 5 minutes,
the wet cake (191.5kg) was transferred to an air oven. Drying in the air oven was

performed at about 50-55°C for about 48 hours. The overall yield of isolated product was
about 92.5 % (179.7kg).

[0163] Batch 3
[0164] A reaction vessel was charged with 3-cyanobenzoic acid methyl ester (52.5 kg)

and molten rert-butanol (228 kg). The vessel was sealed and the batch temperature was set
to about 40-45°C and the agitator was started. 50% Aqueous hydroxylamine (24 kg) was
charged to the reactor in an inert atmosphere over 2 hours and 40 minutes. The
temperature was maintained at about 40-45°C during the addition. The reaction was
complete after stirring for about an additional 5 hours at about 42°C.

[0165] The batch was cooled to 30-35°C and charged with triethylamine (36kg) over
15 minutes. 2-Fluorobenzoyl chloride (57kg) was added over about 2 hours and 44
minutes. The batch temperature was maintained at about 30-35°C during the addition.

The batch was stirred for a further 2 hours and 10 minutes at 32°C and the reaction was

complete.
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[0166] The batch was heated to reflux temperature (about 83-86°C) over about 50

mtnutes and stirred for about 18 hours at about 81°C. The batch was then cooled over

about 2 hours to about 65-70°C and purified water (315 L) was slowly added over about 6
hours and 25 minutes while the batch temperature was maintained at between about 65-
70°C. The slurry was cooled to about 22°C over about 2 hours and 15 minutes and the
contents were transferred to a centrifuge filter (2 batches). Filtration was complete after
about 1 hours and 40 minutes. The filter cakes were washed with about 50% aqueous tert-
butanol (90 kg per cake) over about 20 minutes. Purified water (79 kg per cake) was
applied to the cakes as the final wash. The cakes were dried at‘about 900 rpm for about 1
hour and 5 minutes and then discharged in to a drum. The purity of the wet cake (91.5 kg,
LOD = 5% w/w) was determined to be about 99.75% area, by liquid chromatography.
[0167] 2-fluorophenyl)-[1,2.4]Joxadiazol-3-yl]-benzoic acid

[0168] Batch 1

[0169] A reaction vessel was charged with methyl 3-[5-(2-fluorophenyl)-
[1,2,4)oxadiazol-3-yl]-benzoate (74.0kg), the vessel was sealed, evacuated and purged.
The jacket set-point was set to about 35°C and the agitator was started 1n the vessel.
Molten tert-butanol (222L, 3 vol.) and purified water (355L, 4.8 vol.) were charged into
the vessel. These charges were followed by the addition of 25.1%w/w aqueous sodium
hydroxide solution (43.5kg, 1.1 mol equiv.) and a line rinse with additional purified water
(100L, 1.35 mol). The batch temperature dropped from about 39.0°C to about 38.8°C
during the addition. The batch temperature was raised to about 63-67°C over about 1 hour
and 54 minutes and then adjusted to about 68-72°C over about 30 minutes. The mixture
was stirred for about 3 hours at about 68-72°C. The solution was then cooled to about 40-
45°C over about 5 hours and 11 minutes. The solution was then reheated to about 68-72°C
following the above procedure over about 3 hours and 33 minutes.

[0170] The jacket temperature on the reaction vessel was set to about 60°C, the
agitator was started and the hot liquor was transferred through a 1 micron filter at about
70°C under slight positive pressure of nitrogen (1.5 to 5.6 psig). The product temperature
dropped to about 64.3°C during the transfer, which was completed in about 45 minutes.

The vessel was charged with purified water (61L, 0.82 vol.) and the contents were heated
to about 68-72°C.
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[0171] The batch temperature was adjusted to about 69.4°C and treated with
13.9%w/w sulfuric acid (100.7kg, 1.15 mol equiv.) over about 4 hours and 18 minutes.
The batch temperature was maintained at about 68.0-70.8°C during the addition. Acid
addition was followed by a line rinse with punfied water (S0L, 0.68 vol.) and stirring at
about 68-72°C was continued for about an additional 31 minutes.

[0172] The batch was cooled in a linear fashion from about 69.2°C to about 41.2°C
over about 4 hours and 10 minutes. The stirrer on a Rosenmund filter/dryer was raised to
the highest position and the jacket set point was set at about 40°C. The slurry was
transferred into the filter/dryer in two parts. Constant nitrogen pressure was applied to the
first part (less than about 15 psig). The pressure ranged from about 23.9 to about 28.8 psi
during the transter, which was completed in about 1 hour and 5 minutes. The second part
of the slurry was transferred on top of the filter cake and the composite was stirred briefly
to homogenize the batch. The second part was filtered using about 26.1 to about 29.1 psi
nitrogen pressure and the cake was pushed free of liquor after about 3 hours. The cake was
washed with hot aqueous fert-butanol solution (352kg, 5 vol.) at about 38-42°C and 3X hot
purified water (370L, 5 vol.) at about 65-70°C.

[0173] The filter/dryer jacket temperature was set to about 43°C and the product was
dried in vacuo with periodic stirring over about 26 hours. Purity was determined to be

about 99.7%. The overall yield of isolated product was about 74.4 % (52.45kg).
[0174] Batch 2

[0175] A reactor vessel was charged with methyl 3-[5-(2-fluorophenyl)-

[1,2,4]oxadiazol-3-yl]-benzoate (47 kg, wet cake) and molten ters-butanol (111.4 kg). The
vessel was sealed and the batch temperature was set to 30—40°C and the agitator was
started. Purified water (51.6 kg.) was charged into the vessel. This charge was followed
by the addition of 3.47% w/w aqueous sodium hydroxide solution (202.4 kg). The batch
temperature was raised to about 67-73°C over about 1 hour and then stirred for about 3
hours at about 70°C.

[0176] The batch was filtered with 1 micron polypropylene filter bag under slight
positive pressure of nitrogen and then transferred to a new reactor. The vessel was charged

with purified water (146 kg) and the batch was heated to about 68-72°C.
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[0177] The batch was charged with 10.7% aqueous hydrochloric acid over about 4
hours. The batch temperature was maintained at about 68-72°C during the addition. The
pH of the batch was determined to be about 2.2, by a pH meter and stirring at about 70°C
was continued for about an additional 1 hour.

[0178] The batch was cooled 1n a linear fashion from 70°C to about 60 °C over about
2 hours. The batch at about 60 °C was cooled in a linear fashion from 60°C to about 40 °C
over about 2 hours. The batch was stirred for further 2 hours at 40 °C and the slurry was
transferred into a centrifuge filter. Filtration was complete after about 30 minutes. The
filter cakes were washed with about 42% w/w aqueous rerr-butano! (165 kg) over about 30
minutes. Purified water (118 kg, 40°C) was applied to the cakes as the final wash. The
cakes were dried at about 900 rpm for about 1 hour and then discharged into a drum.
[0179] The wet cakes were transferred into a paddle dryer (a double-cone dryer is also
suitable for this step) and the jacket temperature was set to about 70°C. The product was
dried in vacuo at about 70°C with penodic stirring over about 48 hours. Purity was
determined to be about 99.8%. The overall yield of i1solated product was about 74% (68.5
kg).

[0180] Batch 3

(0181] A reaction vessel was charged with methyl 3-[5-(2-fluorophenyl)-
[1,2,4]oxadiazol-3-yl]-benzoate (10 g) and molten tert-butanol (128 mL). The batch
temperature was set to 30—40°C and the agitator was started. 4.48% w/w aqueous sodium
hydroxide solution (32.5 g) was charged into the vessel over about 30 minutes. The batch
temperature was maintained at about 40-50°C. The batch temperature was raised to about
78-82°C over about 1 hour and then stirred for about an additional 1 hour at about 78-
82°C. The batch was filtered with 5 um polyethylene filter under slight positive pressure
of nitrogen and then transferred to a new reactor. The batch temperature was maintained at
about 78-82°C.

[0182] A new vessél was charged with 37% aqueous hydrochloric acid (4 mL) and
molten fert-butanol (8 mL). The temperature was maintained at about 30-40°C and the
mixture was stirred for about 30 minutes.

[0183] The batch was charged with the hydrochloric acid in tert-butanol over about 4

hours using a meterihg pump. The first half of the charge was added over about 20-30
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minutes. The agitator speed was set to about 200 rpm. The remaining charge was added
over about 3.5 hours. The agitator speed was set to about 100 rpm. The batch temperature
was maintained at about 78-82°C during the addition. The pH of the final batch was
adjusted to be about 1.2, by a pH meter and stirring at about 78-82°C was continued for
about an additional 1 hour.

[0184) The batch was cooled in a linear fashion from 78-82°C to about 70°C over
about 1 hour. The batch at about 70 °C was cooled in a linear fashion from 70°C to about
50°C over about 4 hours and the agitator speed was set to about 80 rpm. The batch at
about 50°C was cooled in a linear fashion from 50°C to about 40°C over about 4 hours and
the agitator speed was set to about 60 rpm. The batch was stirred for further 4 hours at
40°C.

[0185] The filter temperature was set to about 40-45°C. The slurry was transterred
into a filter. Filtration was complete after about 1 minute. The filter cakes were washed
with tert-butanol (50 mL, 50°C) over about 2 minutes. Punfied water (100 mL x 2, 60°C)
was applied to the cakes as the final wash. The cakes were dried at about 60-70°C under
vacuum for about 12 hours and then discharged in to a container.

[0186] HPLC purity was determined to be about 99.9% area. The yield of 1solated
product was about 94% (9.0g).

[0187]) 3-[5-(2-fluorophenyl)-f1,2.4loxadiazol-3-vl]-benzoic acid: One pot process

N"O*" ,Om/Q
CN \

O F
NHZOH NH,
t-BUOH
OH
O OH
Reflux

N-O
[/
N
F
O~ OH
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10188] A reactor vessel was charged with 3-Cyancbenzoic acid (7.35 g) and molten
tert-butanol (100 mL). The vessel was sealed and the batch temperature was set to 60°C
and the agitator was started. The suspension was stirred for 1h and then the batch
temperature was set to 40°C. 50% aqueous hydroxylamine (3.63 g) was charged to the
reactor in an inert atmosphere over 3 hours. The batch temperature was maintained at 38-
41°C dunng the addition. The reaction was completed after stirring for 18 hours at 40°C.
[0189] The batch was cooled to 27°C and charged with triethylamine (5.56 g) over 2
minutes. 2-Fluorobenzoyl chloride (7.82 g) was added over 3 hours. The batch
temperature was maintained at 24-27°C during the addition. The batch was stirred for
further 4 hours at 40°C.

[0190] The batch was heated to 79°C over 30 minutes and stirred for 16 hours at about
79°C. To the white suspension was added water (100 mL) over 3 hours while the batch
temperature was maintained at 70°C. The batch was charged with 37% aqueous
hydrochloric acid over 20 minutes. The pH of the batch was determined to be about 2.2,
by a pH meter and stirring at about 70°C was continued for about an additional 1 hour.
{0191] The batch was cooled in a linear fashion from 70°C to 30°C over 3 hours and
the slurry was transferred into a filter. Filtration was complete after 5 minutes. The filter
cakes were washed with rfert-butanol (50 mL, 40 °C) over S minutes. Purified water (100
mkL, 60°C) was applied to the cakes as the final wash. The cakes were dried in a vacuum
oven at 70 °C for 18 hour and then discharged. Purity was determined to be about 98.68%.
The overall yield of 1solated product was about 76% (10.8 g).

[0192] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experirentation, many equivalents to the specific embodiments of the

invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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The embodiments of the present invention for which an exclusive property or

privilege 1s claimed are defined as follows:

1. A process for preparing a 1,2 4-oxadiazole benzoic acid or a
pharmaceutically acceptable salt thereof comprising the steps of:

(1)  reacting a cyanobenzoic acid methyl ester with hydroxylamine;

(2)  acylation with a halobenzoyl chloride;

(3)  condensation; and

(4)  hydrolysis of the methyl ester,

wherein each reaction step 1s carried out in the same alcoholic organic solvent.

2. The process of claim 1, wherein the alcoholic organic solvent 1s methanol,

ethanol, 1sopropanol, isobutanol, propanol, butanol or zer#-amyl alcohol.

3. The process of claim 1, wherein the alcoholic organic solvent is ferz-
butanol.
4. The process ot claim 1, wherein steps (1)-(3) are carried out without

isolation of an intermediate.

5. A process for preparing a compound of the formula:
N-O

'y _"'/ (x)m
'Y,

CO,R,

or a pharmaceutically acceptable salt thereof, wherein:

R1 1s substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, -(CH2CH20).R¢ or
any biohydrolyzable group;

R6 1s hydrogen or substituted or unsubstituted alkyl;

X 1s at each occurrence independently F, Cl, Br or I;
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n 1s an integer from 1 to 7; and

m 1s an integer from 1 to 5,

comprising performing the following steps n the same solvent:

(1) reacting the cyanobenzoic acid estet:

o

CO,R,

3

with hydroxylamine, to give:

OH

NH,
CO.R;

followed by

(2)  acylation with a halobenzoyl chlornde, to give:

3
1) (Mm
N"O SN
| o
NH-
COaR; ’
followed by

3) condensation.
6. The process of claim 5, wherein X 1s .
7. The process of claim 5, wherein m 1s 1.
8. The process of claim 5, wheremn X 1s F and m 1s 1.
9. The process of claim 5, wherein Ry 1s methyl.
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10.  The process of claim 5, wherein steps (1)-(3) are carried out without

isplaton of an intermediate.
11. The process of claim 10, wherein the solvent 1s Zr£-butanol.

12. The process of claim 5, wherein the halobenzoyl chloride 1s 2-

fluorobenzoyl chloride.

13.  The process of claim 5, further compzising:

(4) hydrolysis of the ester of a compound of the formula:

N-O
e (K)m
Q/&N%@

CO.R,

?

to give:

3y
N N\ /
CO,H

or a pharmaceutically acceptable salt thereof, wherein:

R 1s substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, -(CH2CH20),R6 or
any biohydrolyzable group;

R6 1s hydrogen or substituted or unsubstituted alkyl;

X 1s at each occurrence independently F, Cl, Br or I;

n is an integer from 1 to 7; and

m 1s an integer from 1 to 5.

14.  The process of claim 13, wherein the hydrolysis 1s carried out in fers-

butanol.
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15.  The process of claim 14, wherein Ry 1s methyl.

16. A process for preparing a compound of the formula:

CO,Me

or a pharmaceutically acceptable salt thereof, comprising performing the following steps

in the same alcoholic organic solvent:

(1)  reacting the cyanobenzoic acid methyl ester:

o

COQMB

3

with hydroxylamine, to give:

COQMB

followed by

(2)  acylation with 2-fluorobenzoyl chloride, to give:

O
NH,
C02M8
followed by
(3)  condensation.
17.  The process of claim 16, wherein the solvent 1s zert-butanol.
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18.  The process of claim 16, wherein steps (1)-(3) are carried out without

1solation of an intermediate.

19.  The process of claim 16, further comprising:

(4) hydrolysis of the methyl ester of the formula:

F
N-C
!,
N
COgM&
to give:
-

;?-%
ZE\ ;O

CO,H

or a pharmaceutically acceptable salt thereof.

20.  The process of claim 19, wherein the hydrolysis is carried out in zers-

butanol.
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