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SYNTHESIS OF (PHENYLALKYLOXY)PHENYL-OXOBUTANOIC ACIDS

BACKGROUND OF THE INVENTION

A synthesis of certain (phenylalkyloxy)phenyl-oxobutanoic acid compounds, including 4-
[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid and its ethyl ester, is described
in WO 02/100341 A2 (Wellstat Therapeutics Corp.). A different synthesis of 4-[3-(2,6-
dimethylbenzyloxy)phenyl]-4-oxobutanoic acid is described in U.S. Patent Application
No. 61/050,442 and No. 61/057,410. There is a need for an improved synthesis that does

not require low temperatures, uses inexpensive starting materials and gives a good yield.

SUMMARY OF THE INVENTION

This invention provides a method for synthesizing (phenylalkyloxy)phenyl-oxobutanoic
acid compounds. The corresponding (phenylalkyloxy)acylphenyl precursor is
halogenated, giving the alpha haloketone. The halide is displaced by the anion of diethyl
malonate to give a substituted malonic ester. Hydrolysis of the ester and decarboxylation

of the diacid gives the desired product.

DETAILED DESCRIPTION OF THE INVENTION

As used herein the abbreviation “DPE” means 3-(2,6-dimethylbenzyloxy)acetophenone.
As used herein the abbreviation “DPA” means 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-
oxobutanoic acid. As used herein the abbreviation “NBS” means N-bromosuccinimide.
As used herein the abbreviation “NCS” means N-chlorosuccinimide. As used herein
“THF” means tetrahydrofuran. As used herein “DMF” means dimethyl formamide. As
used herein “DMSO” means dimethyl sulfoxide. Asused herein “NMP” means N-

Methyl-2-pyrrolidone.
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As used herein the transitional term “comprising” is open-ended. A claim utilizing this

term can contain elements in addition to those recited in such claim.

This invention provides a method for producing a compound of Formula I

HO

(CH2)n

Z

—R'

¢

wherein nis 1, 2 or 3; R' and R? are each independently selected from the group
consisting of halo, alkyl having one or two carbon atoms, perfluoromethyl, alkoxy having

10 one or two carbon atoms, perfluoromethoxy, and hydroxy; comprising;:

(a) reacting the corresponding compound of Formula II with a halogenating agent in
an ethereal solvent to yield crude compound of Formula III, wherein X is fluoro, chloro,

bromo or iodo;



10

15

20

WO 2010/053910 PCT/US2009/063096

I 111

In an embodiment of this invention, in step (a) the halogenating agent is a brominating
agent and X is bromo, or the halogenating agent is a chlorinating agent and X is chloro.
In more specific embodiments, the brominating agent is bromine and the chlorinating
agent is sulfuryl chloride. The reaction of step (a) can be performed at any temperature
that is conventional for halogenations reactions. A temperature of from -30°C to +20°C,
for example a temperature of about 0°C is convenient. In accordance with this invention
any ethereal solvent or mixture of ethereal solvents can be utilized in step (a). Examples
of acceptable ethereal solvents include diethyl ether, dioxane, tetrahydrofuran (THF), and

di-n-butyl ether. The preferred solvent is a mixture of dioxane and di-n-butyl ether.

(a’)  Optionally triturating the crude compound of Formula III from step (a) to yield

solid compound of Formula III;

(b) reacting the compound of Formula III from the previous step (a or a’) with a
malonate ester represented by the formula R*OC(O)CH,C(O)OR? and a base in a solvent,
wherein the solvent comprises an alcohol represented by the formula R*OH, to yield a
crude preparation of the compound of Formula IV. R? is lower alkyl and is the same in
the malonate ester and in the alcohol. So, for example, the solvent comprises ethanol if

the ester is diethyl malonate, and the solvent comprises methanol if the ester is dimethyl
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malonate. As used herein “lower alkyl” means a straight or branched alkyl group having

from 1 to 5 carbon atoms.

(CH2)n

/ .
—R
J
v \ \
R2
5  Preferably the malonate ester is diethyl malonate, the alcohol is ethanol, and the base
used is sodium ethoxide or potassium cthoxide. Preferably, the solvent comprises ethanol
and a polar co-solvent. Examples of acceptable polar co-solvents include THF, dioxane,
DMF, DMSO, and NMP. Most preferably reaction step (b) is performed in THF/ethanol
as solvent. If the malonate ester is dimethyl malonate and the alcohol is methanol, then

10 preferably sodium methoxide or potassium methoxide is used as the base.

(©) hydrolyzing the compound of Formula IV from step (b) to yield the compound of

Formula V.

15 Remainder of page intentionally blank.
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In an embodiment of this invention the hydrolysis of step (c) is performed by treating the
compound of Formula IV with sodium hydroxide in water/ethanol and at a temperature
between ambient and reflux, for example from 30°C to 80°C, more specifically about

50°C.

(¢’)  Optionally, extracting the compound of Formula V from the solution produced in

step (¢);

(d) decarboxylating the compound of Formula V from the previous step (c or ¢’) to
yield the compound of Formula I. In an embodiment of this invention, the
decarboxylation of step (d) is performed by heating the compound of Formula V in

toluene at reflux;

(d’)  Optionally, crystallizing or extracting the compound of Formula I from step (d) to
yield isolated 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid.

When R' and/or R? are hydroxyl groups, their protection may be beneficial to the
execution of these synthetic operations. A wide variety of ether functionality can be used
to protect these groups. Methods for protection and subsequent de-protection of the

hydroxyl group are well known in the literature such as Greene's Protective Groups in
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Organic Synthesis, Fourth Edition by P. G. M. Wuts and T. W. Greene, Wiley-
Interscience, Hoboken, NJ, 2007.

In an embodiment of this invention, R' is methyl at the 2-position, and R? is methyl at the
6-position. In an embodiment of this invention, wherein n is 1. In an embodiment of this
invention, in Formula I the oxoacid group and the phenylalkyloxy group are in the meta
orientation with respect to one another around the central phenyl ring depicted. In a
specific embodiment of this invention, the compound of Formula I is 4-[3-(2,6-

dimethylbenzyloxy)phenyl]-4-oxobutanoic acid.

In one embodiment this invention provides a method for producing 4-[3-(2,6-

dimethylbenzyloxy)phenyl]-4-oxobutanoic acid, comprising the following steps:

(a) React 3-(2,6-dimethylbenzyloxy)acetophenone with a halogenating agent in an
cthereal solvent to yield crude 2-halo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone. As
used herein “halo” has its usual meaning and is selected from the group consisting of
fluoro, chloro, bromo and iodo. In a more specific embodiment of this method the
halogenating agent is a brominating agent, for example bromine, and the 2-halo-1-(3-
(2,6-dimethylbenzyloxy) phenyl)ethanone is 2-bromo-1-(3-(2,6-dimethylbenzyloxy)
phenyl)ethanone; or the halogenating agent is a chlorinating agent, for example sulfuryl
chloride, and the 2-halo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone is 2-chloro-1-(3-
(2,6-dimethylbenzyloxy) phenyl)ethanone. The reaction of step (a) can be performed at
any temperature that is conventional for halogenations reactions. A temperature of from

-30°C to +20°C, for example a temperature of about 0°C is convenient.

In accordance with this invention any ethereal solvent or mixture of ethereal solvents can
be utilized in step (a). Examples of acceptable ethereal solvents include diethyl ether,
dioxane, tetrahydrofuran (THF), and di-n-butyl ether. The preferred solvent is a mixture
of dioxane and di-n-butyl ether since it gave cleaner reactions and higher yields. The
yield of reaction step (a) is affected by the choice of solvent because 3-(2,6-
dimethylbenzyloxy)acetophenone (DPE) is naturally prone to halogenate at other sites
and/or decompose. Brominating DPE in certain other solvents such as di-n-butyl
ether/THF, dichloromethane, methanol, or acetic acid gave increased amounts of by-

products that are probably due to debenzylation of the starting material, or brominated
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product, by the HBr generated in the reaction. Some of the desired compound was also
observed when DPE was treated with bromine and aluminum chloride in di-n-butyl ether,
or with cupric bromide in ethyl acetate/chloroform. These reactions, however, were not
as clean as the reaction in dioxane/di-n-butyl ether. Treatment of DPE with NBS or NCS
in dichloromethane failed to give any halogenated product. Reaction of DPE with
sulfuryl chloride gave some of the desired alpha-chloro compound, but a number of by-
products were also produced. When DPE was reacted with 1,3-dibromo-5,5-
dimethylhydantoin, a brominated aromatic substitution product was produced. In this

case, the methyl ketone was not brominated.

(a’)  Optionally, triturate the crude 2-halo-1-(3-(2,6-dimethylbenzyloxy)phenyl)
ethanone from step (a) to yield solid 2-halo-1-(3-(2,6-dimethylbenzyloxy)phenyl)
cthanone. In a more specific embodiment the trituration is performed in methanol as

solvent;

(b) React the 2-halo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone from the previous
step with diethyl malonate and a base in a solvent, wherein the solvent comprises ethanol,
to yield crude diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate.
Preferably the base used is sodium ethoxide. Preferably, the solvent comprises ethanol
and a polar co-solvent. Examples of acceptable polar co-solvents include THF, dioxane,
DMF, DMSO, and NMP. Most preferably reaction step (b) is performed in THF/ethanol
as solvent. The sodium ethoxide base and ethanol solvent are useful in that they give high
yields. The use of ethanol as solvent avoids the trans-esterification that would occur in
other alcoholic solvents such as methanol. The co-solvent improves the solubility of the

substrate and thereby improves the yield.

() Hydrolyze the diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)
malonate from step (b) to yield 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)
malonic acid. In an embodiment of this invention, the hydrolysis of step (c) is performed
by treating the diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate with
sodium hydroxide in water/ethanol and at a temperature between ambient and reflux. In
more specific embodiments, the temperature between ambient and reflux is from +30°C

to +80°C, for example about +50°C;
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(¢’)  Optionally, extracting the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-

oxoethyl)malonic acid from the solution produced in step (c);

(d) Decarboxylate the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic
acid from the previous step to yield 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic
acid. In an embodiment of this invention, the decarboxylation of step (d) is performed by
heating the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid in toluene

at reflux;

(d’)  Optionally, crystallizing or extracting the 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-
oxobutanoic acid from step (d) to yield isolated 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-

oxobutanoic acid.

In preferred embodiments, this invention provides a method for producing 4-[3-(2,6-
dimethylbenzyloxy)phenyl]-4-oxobutanoic acid, comprising: (a) reacting 3-(2,6-
dimethylbenzyloxy)acetophenone with bromine in dioxane/di-n-butyl ether at about 0°C
to yield 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone; (a’) optionally,
triturating the crude 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone from step
(a) in methanol to yield solid 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone;
(b) reacting the 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone from the
previous step with diethyl malonate and a base in THF/ethanol to yield a crude
preparation of diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate; (c)
treating the diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxocthyl)malonate from
step (b) with sodium hydroxide in water/ethanol at about +50°C to yield a solution
comprising 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid; (d)
extracting the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid from the
solution produced in step (c); (¢) heating the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-
oxoethyl)malonic acid from step (d) in toluene at reflux to yield a solution comprising 4-
[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid; and (f) extracting the 4-[3-(2,6-
dimethylbenzyloxy)phenyl]-4-oxobutanoic acid from the solution to yield isolated 4-[3-
(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid. Preferably the base utilized in step

(b) is sodium ethoxide.
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Each of the reaction steps constitutes a separate invention. Accordingly, for example,
this invention provides a method for producing 2-halo-1-(3-(2,6-dimethylbenzyloxy)
phenyl) ethanone, comprising reacting 3-(2,6-dimethylbenzyloxy)acetophenone with a
halogenating agent in an ethereal solvent to yield crude 2-halo-1-(3-(2,6-
dimethylbenzyloxy)phenyl)ethanone. In a more specific embodiment of this method the
halogenating agent is a brominating agent, for example bromine, and the 2-halo-1-(3-
(2,6-dimethylbenzyloxy) phenyl)ethanone is 2-bromo-1-(3-(2,6-dimethylbenzyloxy)
phenyl)ethanone; or the halogenating agent is a chlorinating agent, for example sulfuryl
chloride, and the 2-halo-1-(3-(2,6-dimethylbenzyloxy) phenyl)ethanone is 2-chloro-1-(3-
(2,6-dimethylbenzyloxy) phenyl)ethanone. The reaction can be performed at any
temperature that is conventional for halogenations reactions. A temperature of from
-30°C to +20°C, for example a temperature of about 0°C is convenient. In accordance
with this invention any ethereal solvent or mixture of ethereal solvents can be utilized.
Examples of acceptable ethereal solvents include diethyl ether, dioxane, tetrahydrofuran
(THF), and di-n-butyl ether. The preferred solvent is a mixture of dioxane and di-n-butyl
cther. Preferably this reaction is performed in dioxane/di-n-butyl ether as solvent and at a
temperature of from —30°C to +20°C, for example at a temperature of about 0°C.
Optionally, the method further comprises triturating the crude 2-halo-1-(3-(2,6-
dimethylbenzyloxy)phenyl)ethanone to yield solid 2-halo-1-(3-(2,6-dimethylbenzyloxy)
phenyl)ethanone. In a more specific embodiment the trituration is performed in

methanol as solvent.

This invention provides a method for producing diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)
phenyl)-2-oxoethyl)malonate, comprising reacting 2-halo-1-(3-(2,6-dimethylbenzyloxy)
phenyl)ethanone with diethyl malonate and a base in a solvent, wherein the solvent
comprises ethanol, to yield a crude preparation of diethyl 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate. “Halo” is as defined above.
Preferably the “halo” compound is 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)
cthanone. Preferably the base is sodium ethoxide. Preferably, the solvent comprises
ethanol and a polar co-solvent. Examples of acceptable polar co-solvents include THF,
dioxane, DMF, DMSO, and NMP. Most preferably reaction step (b) is performed in
THF/ethanol as solvent.



10

15

20

25

WO 2010/053910 PCT/US2009/063096

This invention provides a method for producing 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-
2-oxocthyl)malonic acid, comprising hydrolyzing diethyl 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate to yield a solution comprising 2-(2-(3-
(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid. In an embodiment of this
invention, the hydrolysis is performed by treating the diethyl 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate with sodium hydroxide in
water/ethanol and at a temperature between ambient and reflux. In more specific
embodiments, the temperature between ambient and reflux is from +30°C to +80°C, for
example about +50°C. In a further embodiment, the 2-(2-(3-(2,6-dimethylbenzyloxy)

phenyl)-2-oxoethyl)malonic acid is extracted from the solution.

This invention provides a method for producing 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-
oxobutanoic acid, comprising: (a) decarboxylating 2-(2-(3-(2,6-dimethylbenzyloxy)
phenyl)-2-oxoethyl)malonic acid to yield a solution comprising 4-[3-(2,6-
dimethylbenzyloxy)phenyl]-4-oxobutanoic acid; and (b) crystallizing or extracting the 4-
[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid from the solution to yield isolated
4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid. In a more specific
embodiment of this invention, the decarboxylation of step (a) is performed by heating the

2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid in toluene at reflux.

The invention will be better understood by reference to the following examples, which

illustrate but do not limit the invention described herein.

Remainder of page intentionally blank.
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EXAMPLES

Experimental Procedures

2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone
o o}
Br

Br2
o

Dioxane/ Dibutyl Ether

A solution of 3-(2,6-dimethylbenzyloxy)acetophenone (5.0 g, 19.7 mmol) in dioxane (30
ml) and di-n-butyl ether (15 ml) was cooled to 0°C. Bromine (3.4 g, 21.3 mmol) was
added to the mixture in portions over 10 minutes. The red color due to bromine
decolorized rapidly, and the mixture was stirred for a total of 15 minutes at 0°C. The
reaction mixture was extracted with ethyl acetate (50 ml) and water (50 ml). The organic
layer was extracted again with water (50 ml) and then with brine (50 ml). Sodium sulfate
was added to dry the organic extract, and the mixture was filtered. Evaporation of the
solvent under vacuum gave a residue that was triturated with methanol to give a solid
suspension. The mixture was cooled to 5°C, and the solid was collected by filtration.
The collected solid was washed with cold methanol (3 ml) and dried under vacuum to
give 5.9 grams (90% yield) of 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone.
NMR (CDCls, 8) 7.62 (q, 1H), 7.58 (dt, 1H), 7.42 (t, 1H), 7.16-7.26 (m, 2H), 7.08-7.10
(2s, 2H), 5.09 (s, 2H), 4.45 (s, 2H), 2.4 (s, 6H). HPLC: Bromoketone- 11.58 minutes.

11
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4-[3-(2,6-dimethylbenzyloxy)-phenyl]-4-oxobutanoic acid

o CO,Et O
Br- EtO
o
Diethylmalonate
(o} o}
NaOEt
THF/ EtOH

5  To a solution of 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone (4.0 g, 12

mmol) in THF (20 ml) at 25°C was added over 5 minutes a solution of dicthyl malonate
(2.0 g, 25 mmol) and sodium ethoxide (0.95 g, 14 mmol) in ethanol (20 ml). After the
mixture was stirred at 25°C for 2 hours, the solvent was evaporated under vacuum. The
residue was extracted with ethyl acetate (100 ml) and aqueous 1M citric acid (100 ml).

10 The organic layer was washed with water and then brine and dried over sodium sulfate.
The extract was filtered, and the solvent was evaporated under vacuum to give 6.8 grams
of the crude product, diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-
oxoethyl)malonate, as an oil. NMR (CDCls, 6) 7.6-7.7 (m, 2H), 7.41 (t, 1H), 7.16-7.24
(m, 2H), 7.07-7.12 (2s, 2H), 5.08 (s, 2H), 4.23 (q, 4H), 4.06 (t, 1H), 3.63 (d, 2H), 2.39 (s,

15 6H). HPLC: Keto diester- 12.49 minutes.

CO,Et O CO,H O
o]

EtO HO
o)
S NaOH o
EtOH/ H,0

The crude diester (6.8 g) was dissolved in ethanol (70 ml), and a solution of sodium

20  hydroxide (4.0 g, 100 mmol) in water (35 ml) was added. The suspension was heated to

50°C for 2 hours and allowed to cool to room temperature overnight. Evaporation of the

12
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ethanol under vacuum gave a residue that was extracted with MTBE (50 ml) and water
(150 ml). The MTBE layer was washed with water, 50 ml, and the combined water
extract was acidified with hydrochloric acid to pH 2. The water suspension was extracted
with ethyl acetate (70 ml). The organic layer was washed with water (40 ml) and brine
(40 ml). The ethyl acetate extract was dried over sodium sulfate and filtered. The
solvent was evaporated under vacuum to give 4.8 grams of 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid as an oil. NMR (ds acetone, 0) 11.5
(bs, 2H), 7.69-7.71 (m, 2H), 7.49 (t, 1H), 7.29-7.32 (dq, 1H), 7.14-7.18 (dd, 1H), 7.08-7.1
(2s,2H), 5.23 (s, 2H), 4.03 (t, 1H), 3.68 (d, 2H), 2.39 (s, 6H), 1.29 (t, 6H). HPLC:

Diacid- 8.04 minutes.

CO,H O

0
HO HO
(0] (0]
Toluene
\ES)/ \5/

Reflux (-CO,)

DPA (PN2034)
The 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid (4.8 g) was
suspended in toluene (20 ml), and the mixture was heated to reflux for 7 hours. The
mixture was allowed to cool to room temperature overnight. The desired product
crystallized out, and the suspension was stored at 5°C for 4 hours. The solid was
collected by filtration and dried under vacuum to give 2.2 grams of 4-[3-(2,6-
dimethylbenzyloxy)-phenyl]-4-oxobutanoic acid. The mother liquor was evaporated and
the residue was triturated with saturated sodium bicarbonate solution (2 x 50 ml). The
aqueous solution was filtered, and the filtrate was acidified with hydrochloric acid to pH
1. The resulting suspension was extracted with ethyl acetate (100 ml), and the organic
layer was washed with brine. The ethyl acetate extract was dried over sodium sulfate,
filtered, and evaporated under vacuum to give an additional 0.4 grams of the desired
product. Total of 2.6 g (69% yield). NMR (CDCls, 8) 7.59- 7.65 (m, 2H), 7.40 (t, 1H),
7.15-7.23 (m 2H), 7.06-7.10 (2s, 2H), 5.09 (s, 2H), 3.32 (t, 2H), 2.82 (t, 2H), 2.39 (s, 6H).
HPLC: DPA-9.02 minutes.
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HPLC Conditions Summary

Agilent Zorbax SDCS, 4.6 x 100 mm, 3.5 micron, 35 °C
Agilent 1100 HPLC, UV detection at 254 nm, 1.25 mL/min throughout
C =0.1% TFA in acetonitrile; D = 0.1% TFA in water

Time (min) % C % D
0 20 80
15 90 10
16 20 80

Remainder of page intentionally blank.
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CLAIMS

What 1s claimed is:

1. A method for producing a compound of Formula I

HO

\(CHz)n
|
/ |
R
J
\ \
2
wherein
n isl,2or3;

R' and R are cach independently selected from the group consisting of halo, alkyl
having one or two carbon atoms, perfluoromethyl, alkoxy having one or
two carbon atoms, perfluoromethoxy, and hydroxy;

comprising:
(a)  reacting the corresponding compound of Formula II with a halogenating agent in

an cthereal solvent to yield crude compound of Formula III, wherein X is fluoro, chloro,

bromo or iodo;

15
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o
/
¢
X
/

\
\

/

i 111

(b)  reacting the compound of Formula III from the previous step with a malonate
ester represented by the formula R*0C(O)CH,C(O)OR’ and a base in a solvent, wherein
the solvent comprises an alcohol represented by the formula R*OH, wherein R is lower

alkyl, to yield a crude preparation of the compound of Formula IV;

COR® 0O

v N \J
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(¢)  hydrolyzing the compound of Formula IV from step (b) to yield the compound of

Formula V; and

COH 0

HO

(d)  decarboxylating the compound of Formula V from the previous step to yield the

compound of Formula I.

2. The method of claim 1, where in step (a) the halogenating agent is a brominating

agent and X is bromo, or the halogenating agent is a chlorinating agent and X is chloro.

3. The method of claim 2, wherein the brominating agent is bromine.

4. The method of claim 2, wherein the chlorinating agent is sulfuryl chloride.

5. The method of claim 1, where in the reaction of step (a) the ethereal solvent is

dioxane/di-n-butyl ether.

6. The method of claim 1, wherein the reaction of step (a) is performed at a

temperature of from -30°C to +20°C.

17
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7. The method of claim 6, wherein the reaction of step (a) is performed at a

temperature of about 0°C.

8. The method of claim 1, further comprising between steps (a) and (b), triturating

the crude compound of Formula III from step (a) to yield solid compound of Formula II1.

9. The method of claim 1, where in step (b) the malonate ester is diethyl malonate

and the alcohol is ethanol.

10.  The method of claim 9, where in step (b) the base is sodium ethoxide.

11.  The method of claim 9, wherein the reaction of step (b) is performed in

THF/ethanol as solvent.
12. The method of claim 1, wherein the hydrolysis of step (c) is performed by treating
the compound of Formula IV with sodium hydroxide in water/cthanol and at a

temperature between ambient and reflux.

13.  The method of claim 12, wherein the temperature between ambient and reflux is

from +30°C to +80°C.

14.  The method of claim 13, wherein the temperature between ambient and reflux is

about +50°C.

15.  The method of claim 1, further comprising between steps (¢) and (d) extracting

the compound of Formula V from the solution produced in step (c).

16.  The method of claim 1, wherein the decarboxylation of step (d) is performed by

heating the compound of Formula V in toluene at reflux.

18
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17. The method of claim 1, further comprising crystallizing or extracting the
compound of Formula I from step (d) to yield isolated 4-[3-(2,6-
dimethylbenzyloxy)phenyl]-4-oxobutanoic acid.

18.  The method of claim 1, wherein R' is methyl at the 2-position, and R” is methy! at
the 6-position.

19.  The method of claim 1, whereinn is 1.

20.  The method of claim 1, wherein the compound of Formula I is 4-[3-(2,6-
dimethylbenzyloxy)phenyl]-4-oxobutanoic acid.

21. A method for producing 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic

acid, comprising:

(a)  reacting 3-(2,6-dimethylbenzyloxy)acetophenone with bromine in dioxane/di-n-

butyl ether at about 0°C to yield 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone;

(b)  reacting the 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone from the
previous step with diethyl malonate and a base in THF/ethanol to yield a crude

preparation of diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate;
(¢c)  treating the diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate
from step (b) with sodium hydroxide in water/ethanol at about +50°C to yield a solution

comprising 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid;

(d)  extracting the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid

from the solution produced in step (c);
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(¢)  heating the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid
from step (d) in toluene at reflux to yield a solution comprising 4-[3-(2,6-

dimethylbenzyloxy)phenyl]-4-oxobutanoic acid;

(H extracting the 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid from the
solution to yield isolated 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic acid.

22.  The method of claim 21, further comprising triturating the crude 2-bromo-1-(3-
(2,6-dimethylbenzyloxy)phenyl)ethanone from step (a) in methanol to yield solid 2-
bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone.

23.  The method of claim 21, where in step (b) the base is sodium ethoxide.
24. A method for producing 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone,
comprising reacting 3-(2,6-dimethylbenzyloxy)acetophenone with bromine in an ethereal

solvent to yield crude 2-bromo-1-(3-(2,6-dimethylbenzyloxy)phenyl)ethanone.

25.  The method of claim 24, wherein the ethereal solvent is dioxane/di-n-butyl and

the reaction is performed at a temperature of from —30°C to +20°C.

26.  The method of claim 25, wherein the reaction is performed at a temperature of

about 0°C.
27.  The method of claim 24, further comprising triturating the crude 2-bromo-1-(3-
(2,6-dimethylbenzyloxy)phenyl)ethanone to yield solid 2-bromo-1-(3-(2,6-

dimethylbenzyloxy)phenyl)ethanone.

28.  The method of claim 27, wherein the trituration is performed in methanol as

solvent.
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29. A method for producing diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-
oxocthyl)malonate, comprising reacting 2-bromo-1-(3-(2,6-dimethylbenzyloxy)
phenyl)ethanone with diethyl malonate and a base in a solvent, wherein the solvent
comprises ethanol, to yield a crude preparation of diethyl 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate.

30.  The method of claim 29, wherein the base is sodium ethoxide.

31.  The method of claim 29, wherein the reaction is performed in THF/ethanol as

solvent.

32. A method for producing 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-
oxoethyl)malonic acid, comprising hydrolyzing diethyl 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate to yield a solution comprising 2-(2-(3-
(2,6-dimethylbenzyloxy)phenyl)-2-oxocthyl)malonic acid.

33.  The method of claim 32, wherein the hydrolysis is performed by treating the
diethyl 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonate with sodium

hydroxide in water/ethanol and at a temperature of from +30°C to +80 °C.

34.  The method of claim 33, wherein the hydrolysis is performed at a temperature of
about +50°C.

35.  The method of claim 32, further comprising extracting the 2-(2-(3-(2,6-
dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid from the solution.

36. A method for producing 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic

acid, comprising:
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(a)  decarboxylating 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic
acid to yield a solution comprising 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-oxobutanoic

acid; and

(b)  crystallizing or extracting the 4-[3-(2,6-dimethylbenzyloxy)phenyl]-4-
oxobutanoic acid from the solution to yield isolated 4-[3-(2,6-

dimethylbenzyloxy)phenyl]-4-oxobutanoic acid.
37.  The method of claim 36, wherein the decarboxylation of step (a) is performed by

heating the 2-(2-(3-(2,6-dimethylbenzyloxy)phenyl)-2-oxoethyl)malonic acid in toluene

at reflux.
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