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catalysts are Lewis acids. A preferred product of Formula 1 is
4- phenyl butyric acid, which is obtained by the reaction of benzene w

butyrol actone in the presence of
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SYNTHESIS OF 4-PHENYLBUTYRIC ACID
BACKGROUND OF THE INVENTION

This invention relates to a novel synthetic approach to compounds of Formula 1.
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Formulai

Phenylbutyric acid- and its pharmaceutically acceptable derivatives are particularly

~ preferred targets of the present invention. Sodium phenylbutyrate has been used extensively for
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the treatment of urea cycle disorders (Batshaw er al., Brusilow ef al. (Ped Research), Brusilow
et al. (New Eng. J. Med), Finkelstein et al., Maestn et al., Redonnet—Vernhet et al., Rowe ef al. )
Phenylbutyrate derivatives have also shown promising pharmaceutical properties in the treatment
of sickle cell anemia (Collins ef al., Dover et al. (New Eng. J. Med.), Dover et al. (Blood)). cystic
fibrosis (Bradbury ef al., Loffing et al.), A]'DS (Roberts et al), and several types of cancer
(Carducci ef al., Darmanunet al., Englehard ez al., Gorospe et al.).

In the past, phenylbutyrate derivatives have been prepared by the Arndt-Emstcrt reaction,
using diazomethane with silver oxide and sodium thiosulfate S Chem. Soc., 1997—99 (1938))

- Alternatively, thlanapthene—z-ace.tlc acid and thianapthene-3-acetic acid have been used to

20

prepare B-phenylbutyric acid (J. Am. Chem. Soc., 70, 3768 (1948)). The Gignard‘rcageht, benzyl

The

i th

magnesium chloride, has also been used in the synthesis of phenylbutyric acid, resulting in a -

_yleld 0f 16.1 % (J. Am. Chem, Soc 71, 2807-2808 (1949)).

- Tt would be advantageous 1o have a synthetic route to phenylbutyrate and denvatwes :

thereof that is not hindered by the synthetic restrictions, i.e., the necessity to vigorously exclude




al um num chl oride, followed by neutralization with base. 25 OCT 2005 WO
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5 Formula ]
wherein R is independently selected from hydrogen, halo, C1-C4 alkyl, -alkenyl, alkynyl, C3-C6,
cycloatkyl, Ci-C4 alkoxy, alkenoxy, alkynoxy; and X is hydrogen, an alkali metal cation, an

ammonium or a substituted amimonium ; ; the method comprising:

10 a) reacting a compound of Formula II;

15

Formula I
wherein R is as defined above, with a‘oompound of For_mﬁia TI; and |
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Hzi/ \0
b,

Formula IIT
- b) reacting the resulting compound with an aqueous solutlon of a base. The resultmg "
compeund in b) can a!so be reacted with a compound of Formula 1V:




- WD 02/094756 2 2 5 OCT 2085 PCT/ US02/ 13946 noi sture fromﬁ zonet hane and
. Gignard reagents, and that woul d give higher yields of cél @TQ'@? t he
react i ogs ¢amersgbed above. SUMVARY OF THE | NVENTI ON One pspeshyReRVI des a
met hod of preparing a conpound of Formula I: OCH2 912 ,d O X* 5 Formula
| wherein Ris independently selected from hydrogen, halo, Cl-C4 al kyl,

al kenyl ,. al kynyl, C3-C6. cycloal kyl, Cl1-C4 al koxy, al kenoxy, al kynoxy; and
X is hydrogen, an alkali netal catiors-an ammoniumor a substituted

amoni um ; the method conprising: to a) reacting a conpound of Fornula I1;
Formula Il wherein Ris as defined above, with a conpound of Formula II1;
and O !5 Fornmula Il reacting the resulting conpound with an aqueous

- solution of a base. The resulting _[Xo_?)ound in b) can also be reacted with
-a compound of Forrmula IV: 2 5 OC 5065 WD 02/ 094756 PCTI US02/ 13946 3

- Xb-Z1
Formula IV
where X is as defined above, and Z is hydroxy, sulfate, phosphate, bicarbonate, carbonate, or
alkoxy, and b and ¢ are independently 1-5. A particularly suitable compound of Formula IV is
5 sodium hydroxide.
- 7 According to one embodiment the reaction of a compound of Formula 1 W|th o )
the cornpound of Formula II is conducted in the presence of a catalyst. Particularly suitable
catalysts.can be Lewis acids, including, but not limited to aluminum chloride, zinc chloride, iron
- chlonde, stannous chloride, boron tribromide, boron trifluoride, or sulfuric acid.
Another aspect provides a method of preparing a 4-phenylbutyric

10
acid comprising: a) reacting henzene with butyrolactone; and reacting the resultant mixture with an acqueous

solution of the base._ ‘ 7
: DETAILED DESCRIPTION OF THE INVENTION

It will be recognized by one skilled in the art based on the following description and
illustrative examples that the present invention is a method of synthesizing compounds of

i5 Formulal:
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: Formula I _
wherein R is independently selected from hydrogen, halo, C1-C4 alkyl, alkenyl, alkynyl C3-C'6."
cycloalkyl, Ci-C4 alkoxy, alkenoxy, alkynoxy; and X is hydrogen an alkali metal cation, an |
ammonium or a substituted ammonium.

20 It will of course be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve .thé‘ developers® specific
| goals, sugh as compliance with system-related and business-related constraiﬁts; which will vary

‘from one implementation to 'another._ Moreover, it will be appreciated that such a development



Formula IV Ia where X is as defined above, and Z is hydr sul fate, '
phosphat e, bicarbonatge, carbonate, or al koxy, and b and Z[PQT\;)UUS
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of Formula I mnth t he conpound of Fornula 1|1 is conducted in the presence
of a catalyst. Particularly suitable Catalysts: can be Lew s acids,

i ncluding, but not limted to alunlguntchlorlde zinc chloride, iron

chl oride, stannous chloride, boron tribromde, boron trifluoride, or

sul furic acid. Another aspect provides a nethod of preparing a

4-phenyl butyric acid conprising: a) reacting benzene w th butyrol actone;

andgr eacthE% the resul tant m xture with an acqueous solution of the base.
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with a compound of Formula 11,

Formula 1
A part1cularly preferred compound of Formula II is benzene. According to one
10 embodiment of the present invention, the reaction is conducted in a solvent. According to an
alternative embodiment, the compound of Formula II 1s itself the solvent for the reaction.

A catalyst may be used to facilitate the reaction of the compound of Formula IT with the
compound of Formula III. One preferred class of eatalyéts is Lewis acids. Examples of
particularly prefen‘ed catalysts are .aluminum chloride, zinc chlorlde, iron chloride, stannous

15 chlonde boron tribromide, boron trifluoride, and sulfunc acid. _

Accordmg to one embodiment of the invention, the catalyst is added 10 a mixture of a
compound of Formula II and an appropnate solvent or to neat compound of Formula 11, if no
solvent 1s used T'hls mixture is ‘maintained, preferably with stxrnng, ata temperature between ,
about -80 °C and the b01lmg pomt of the solvent at amblent pressure. Preferably the mixture is

20 maintained between 0 °C and the bo1hng pomt of the solvent. The mixture of a compound of
‘Formula II and catalyst can be stnrred fot a time ranging from several seconds to several days

before a compound of Formula I is added to the mixture. Preferably, the mixture of a




-4 effort might be conplex and time-consum ng, but woul d neverthel ess be a

-routine undertaking for those of ordinary skill in the Qrﬁ @@\/T@Jr%iﬂe
I ses

benef i f j-S. di scl osure. The nmethod of the present iny C r

“the stte%go(z)@ma-{%re_acti ng a conpound of Fornmula Il; 5 Fo%r@r}'géowlh%eth a
~conmpound of Fornmula Ili. O Forrmula Il A particularly preferred conpound of
Formula .H is benzene. According to one io enbodi nent of the present

i nvention, the reaction is conductedsi.n a solvent. According to an

alternative enbodi ment, the conpound of Formula I:I is itself the solvent
~for the reaction. A catalyst nmay be used to facilitate the reaction of the
conpound of Fornmula Il with the conpound of Forrmula Il11. One preferred

cl ass _of cat sts, i.s Lew ci ds- anpl.es of .. articularly preferyed

cat sred & Eipmel and B RGe SEopd iR cfsing R wiobs Tt Bbaitile 1

chl omirfissfoRd &inpduh® bPRb &2 HPIdea] f 1 uoride; and sul furic acid. According
to one enbodi nent of the invention, the catalyst is. added to a m xture of

a conpouhbe esmprmmef Formuladl can bepsided e deanixsirg ofir compound efiFomudpbund of
- Fornmul ] i £ no, | vent i.s Us Thi s _m xture i s naintained
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‘is-stirred for atime ranging fromabout | mn to about 30 mn before a
conpeintciche Bovent] dheirfaction sefgbule can be so maintained for a time ranging from a few

16 seconds to about 24 hr. Preferably, the reaction mixture is maintained about 10 min to about 180 |
min, more preferably from about 60 min to about 120 min.
The reaction mixture can be quenched via the addition of a quenching agent. Suitable

guenching agents are of Formula [V:
Xb"Zc

T Formula iV

-where X is as defined above, and Z is hydroxy, sulfate, phosphate, bicarbonate, carbonate, of
alkoxy, and b and ¢ are independcntly 1-5. Quenching agent can be added neat or as a solution

in an appropriate solvent. A particularly preferable quenching agent is an aqueous solution of
base. A preferred base is sodium hydroxidé. Another preferred quenching égent is a mixture of

20 a solution of aqueous base and ice. | | '
The quenched solution can be maintained at a temperature from about 0 to about 50 °C

for a time ranging from a few minutes to about 10 hr, preferably from about 1 hr to about 3 hr.

The pH of the solution can be maintained from about 6.5 to about 10, preferably from about 9 to

about 9.5. The pH of the solution can be further raised by the addition of base. The quenched
25 solution can. be puriﬁed by filtration to remove any particulate that can be bresent. The

| quenched solution can be furthér ptin'ﬁ'ed by contacting it with an organic solvent to extract

remaining starting materials, side products, and impurities. Examples of suitable extraction

solvents include chloroform, dichcl_oro'meﬂaane, trichloromethane, carbontetrachloride, and

diethyl ether. The product' can be precipitated from the aqueous solution by the addition of acid.




The conpound of Forrmula Il can be added to the m xture of a corrpoundﬂof

Formula Il and catalyst as a neat reagent, or cap be addéd &a%@ﬂ]gtl on
in an 2£ ropriate solvent. The s conpound of Forrula Ill is adde :
dr opuWWEEY2947%nml | aliquots, or as a |arge portion. SubBEHEMM/119d6 t he

conplete addition of a conpound of Fornula 111, the reaction mxture is :
mai ntai ned, preferably with stirring, at a tenperature between about -80 C
and the boiling point of the sol vegst at anbi ent pressure. Preferably the
m xture i s maintained between 0 C and the boiling point of the solvent.
The reaction m xture can be so maintained for a tine ranging froma fewio
seconds to about 24 hr. Preferably, the reaction m xture is maintained
about 10 min to about 180. mnmin, nore preferably fromabout 60 mn to about
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present. The quenched solution can be further purified by contacting it
with an organic solvent to extract remaining starting materials, side
products, and inpurities. Exanples of suitable extraction solvents. include
chl orof orm dichcl oronet hane, trichl oronet hane, carbontetrachloride, and

di ethyl ether. The product can be precipitated fromthe aqueous sol ution by
the addition of acid. 25 CCT2005 WO 02/ 094756 PCTI US02/ 13946
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-6 The product can be isolated by filtration, or extract g,j]i nto a suitable
-organic solvent. If the product is extracted into an or§ i[EcCé}bIZ@@ﬁt, It

can bewseomweigd upon evaporation of the solvent. The fqld0MBgs6%anples
,are included to denonstrate preferred enbodi nents of the |nven%i on. It

shoul d be appreciated by those of skill in the art that the techniques
disclosed in the 5 exanples which follow represent techni ques di scovered
by the inventor to function well in-yhe practice of the invention, and thus
can be considered to constitute preferred nodes for its practice. However,
those of skill in the art should, in light of the present disclosure,
appreci ate that nmany changes can be nmade in the specific enbodi nents which

are disclosed and still obtain mmEr simlar result w thout departing
fromthe spirit and scope of the Inven |(§n. |0 WD 02/094756 7 EXAMPLE 1 2 5

benzene. (AT TAGRY CioRafaFore i Rag et Belen Fade el iR BT e
addeflini 5t SOBC. MyioRiRfone (B3Cg) SARSIAALYIA ¥AS]1 poRidHsal MR RRIWBRRe 3Pand 60

C for 90 min and then the reaction mixture was added, with 5'stirring, to a
m xtneaimtagfed beewemmdS® as8d 60 FiCLfor HBdmax ané thébhthet reagtmmainiNierenass added] alited

bel ow .35 C and the_  pH Jui nt ai ned het n 9 and 9.5 for,2 hr. The
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fi | tveatunan Phewylityde adid phﬂnyrleﬁ;ﬂtatedl €rome iticbdm&opﬁ ﬁhéﬁicf&d bigyhe/ addition og ice
distillation (.120-125C, | 9) .., Jhe aci S dissqQlved in 5 % sodi um
hydPB OSE‘éIg“é(j'F'tdaté‘a’Fiefﬁg]’ Ci‘c?“véa%dﬁ'%ﬁﬂy Hhagd gyasgselpigrhtey reBnde and
agi tskfhaw th carbon tetrachloride for 15 minutes. Carbon tetrachloride

was renoved and the 4-phenyl butyric solution was m xed with acetone,
met hanol Camdk ﬁ—pbﬁf@llﬂmtyriq acid was purified by vacuum distillation (120-125°C, Imm Hg).

The acid was dissolved in 5 % sodium hydroxide and agitated. The acid was dissolved in 5 %

sodium hydroxide and agitated with carbon tetrachloride for 15 minutes. Carbon tetrachloride
was removed and the 4-phenylbutyric solution was mixed with acetoné, methanol and a small
amount of activated charcoal for 15 minutes at ambient temperatt’:re.r The mixture was filtered
15 and acidified by the addition of HCL. Crystals of 4-phenylbutyric acid (81.15 % yield) were -
~ isolated and dried by lyophilization. HPLC analysis indicates 99.87 % purity of the final
product- ' o | . )

All of the methods disclosed and claimed herein can be made and executed without
undue experimentation in light of the present disclosure. While the compositions and methods of
2 this invention have been descr_ibcd in terms of preferred embddimenté, it will be apparent to
those of skill in the art that variations can be applied to the methods and in tﬁe'steps or in the
sequence of steps of the method described herein without departing from the concept, spirit and

scope of the invention. More specifically, it will be apparent: that certain agents which are botﬁ o
chemically and ph):r'siologically related can be substituted for the agents described herein while
25 the same or similar results would be achieved. All such similar substitutes and modifications
apparerit to those skilled in the art are deemed to be within the spirit, scope and concept of the

invention as defined By the appeﬁded claims
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product. Al of the nethods disclosed and cl ai ned herein can be nmade and
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More specifically, it will be g&g@%ﬁ&%t certain agents which are both
cheni calfhy ROSwRIY RIFGAsCH i dddiied Ué}&ﬁ £9 RRGnLS
descri bed herein while 253’the sane or tﬁ %&e esu ];g‘\ixogp‘de({%ﬂ ?/red
Al fletaiie pupplementarysa ithesetsat fostharedeinpate fspmﬁaailysncﬁpﬁﬁlt@fﬁerélﬁ Hyb@&&lﬁgkl | | ed
inthe art are deened to be within the spirit, scope and concept of the

i nvention as defined by the appended claims ?5 CCT2005 WO 02/ 094756 .8

5 Pcn:htaﬁw NBAG NRERFERENCES:-THOR K. OAy%gdms R,efs%seﬂﬁﬁs g}égg;f&ehep eN‘ef‘ng. \Ivhat

§y provi de exenpl areﬁ/jgprocedural ot her” detai | enent ar o f’hose
imeps h Fhepglbytyraedndpeasi Apepipsiy in dbonayo Paistade Iﬁbmeemegtapyshﬁd! 4 dore

Camﬁf“’am’@'fny A B R RhCy cpe G Dbl siapb et o Lok gses,

Prgst dt;ml,(]aﬂﬁﬁeClﬁfmf @ppcaResbarcWx 879-897 ergost han Phenyl acetate. Podium .
Presentation, American Urological Association, Las Vegas, NV. April, 1995.
Clinical Cancer Research 2: 379-387. 1996. io Darmanun D., Welch S, Rini

oDt SO YA A4S B A0 BN AR Sl o,

20

25

36

H EffeesworLeamcine Meabelasm Hm JRpeiol a74(3.PtIIDHERO L Dryaffibegt s of Phenyl butyrate
on the

Englchard_ H., Homer R.J., Dupcan H., Rozental J. Inhibitory Effects of Phenylbutyrate on the
Proliferation, Morphology, Migration and Invasiveness of Malignant Glioma Cells. J. Neuro-
Oncology. 37:97-108. 1998.

Roberts .I, McGregor W.G. Inhibition of Mouse Retroviral Disease by Bioactive Glutaminase-
asparaginase J. Gen. Virol. 72: 299-305. 1991.

Bradbury N A, Focus on “Sod:um 4—phenylbutyrate Dowmegulates Hsc70: Impllcauons for
Intraccllular Traﬁckmg of DF508-CFTR.” Am J Physzol Cell Physzol 278(7) C257-8. Feb 2000,

Lofﬁng J Moyer B.D, Reynolds D Stanton B A PBA Increases CFTR Expressmn but at

' H1gh Doses Inhibits C1(-) Secreuon in Calu-3 Airway Eplthehal Cells. Am J. Physzol 277(4 Pt

1): L700-8. Oct 1999.

Collins A.F., Pearson H.A., Giardina P., McDonagh KT., Brusilow SW., Dove__r G.l. Oral. : B
Sodium Phenylbutyrate Therapy in Homozygous b Thalassemia: A Clinical Trial. Blood. 85: 43-
49.1995. - ' -




Proliferation, Mrphology, Mgration and |nvasiveness of i oma
Cells. J. Neuro- i s Oncology. 37:97-108.1998. Roberts L%Zaggogl

I nhi bi tWor28947Mbuse Retroviral Di sease by Bioactive G utgrfus@s8eis

-asparagi nase J Gen. Virol. 72: 299-305. 1991 _ 20 Bradbury N. A, Focus on

"Sodi um 4- phenyl butyrate Downregul ates Hsc70: Inplications for

Intracel lular Trafficking of DF508-CFTR " Am J Physiol Cell Physi ol

278(2): C257-8. Feb 2000. Loffing J.:9%yer B D., Reynolds D., Stanton B. A ,

PBA | ncreases CFTR Expression but at High Doses Inhibits C1l (-) Secretion

in Calu-3 Airway Epithelial Cells. AmJ Physiol 277(4 Pt 2s 1):L700-8. Cct

1999. Collins A F., Pearson H A , Gardina P., McDonagh KT., Brusilow SW,

Dovef)o@:r.D , Bratlow Sodauitd P enerbhud Feal Heﬂabgro%ayini Fhu@ﬁ@%wg}\;\%% }ﬁt}@ assem a:
ni Trial Blood 85: 43- 49.1995 3 30 250CT2005 0? 094756

PCTI Q;LP%@IG ke ted. 137i869-6%0, Octolgahi 99D, | ncreased Fetal Henogl obi n

in Patients Receiving Sodi um 4- Phenyl butyrate. New Eng. J Med.

327:569-570, Cctoberl, 1992. Dover G J., Brusilow S Charache S.,

| ndueveni§i.).oBrusidda) S.Heharad et NinRuebncs fiFetal I %&hnﬁgﬂﬁ&@s Cel |

Anem%})g;/cgp(?sﬂ odi UBNF él hutyrate. Bl ood. 184( 1 33 -43. July 1994

Bf usty ]e‘%ﬁ laf edipmtdenply UR@ﬁF-a@QO@Jr@é(Hﬁﬁ-ﬁeﬁﬁﬂwllé% or Waste

Ni trogen Excretion. Ped. Research. 29(2):147-150. 1991. io Brusilow S.,

Danney M, Waber L., Batshaw M, et al. Treatnent of Episodic

Hy Brasilow SePlicaylacetylghithrdreMay thihnﬁd)Urda dsrarodtsicle forl Wage Biinb Rga.s New Eng.

Leon

d 310,,1630- 34. kel stein J. E., Hauser ard
ﬁﬂ?gl ﬁﬂ?\/ﬁ@e\ﬁd{é?@?déiggoéﬁqt hine Transcar banyl ase Defi ciency in
|va| e Patients. JPed 117(6):897-902. 1990. 15

o Brusilow S., Danney M., Waber L., Batshaw M., ef al, Treaﬁnent of Episodic Hyperammonemia
- 1n Children with Inborn Errors of Urea Synthesis. New Eng. J. Med. 310:1630-34. June 1984.

—

Finkelstein LE., Hauser ER., Leonard C.O., Brusilow S.W. Late-onset Ornithine
Transcarbamylase Deficiency in Male Patients. J Ped. 117(6):897-902. 1990.
15 .
~ Maestri N_, Hauser E., Bartholomew D., Brusilow S. Prospective Treatment of Urea Cycle
Disorders. J Ped. 119(6):923-928. 1991. '

- Redonnet-Vernhet 1., Rouanet F., Pedespan JM, Hocke, C., Parrot F., A Successful Pregnancy in
20 a Heterozygote for OTC Defi crency Treated with Sodium Phenylbutyrate. Neurology.
54(4):1008. Feb 2000.

| Rowe P., Newman S., Brusilow S. Natural History of Symptomatic Partial Omithine -
Transca_rbamylase Deficiency. New Eng. J. Med. 314:541-547. 1986.

25




II_O

Maestri N, Hauser E., .Barthol onmew D., Brusilow S. Prospe igvz}éhegb nt of :
Urea Cycle Disorders: JPed 119(6):923-928. 1991. {Redonnet - e 5% o
Rouangfg §xee4Pgdespan JM Hocke, C., Parrot F., A SuccesEéJIJ{ﬂSE&fsgngncy in 20
a Heterozygote for OTC Deficiency Treated wi th Sodi um Phén U y#ate. g
Neurol ogy. . 54(4):1008. Feb 2000. Rowe P., Newman S., Brusilow S. ‘Nat ur al
Hi story of Synptomatic Partial O nithine Transcarbanyl ase Deficiency. New
Eng_ J. Med. 3.14:541-547.-1986. 251 C T 2005 WD 02/ 094756 PCTI US02113946
-10 CLAIMs: 1. A method of preparing a compound of Fornmula I: OCH2 A C 2
'~ Cff 22 O X{ Formula | wherein Ris independently selected from

hydr ogen, halo, C 1-C4 al kyl, al kenyl, alkynyl, C3-C6 s cycloalkyl, C-C4

- al ﬁxixﬂﬁl kenoxy, al kynoxy; and X is hydrogen, an alkali netal cation, an

a or a substituted ammonium the nmethod conprising; a) reacting a
conpound of Forrmula Il; 10 Formula Il wherein Ris as defined above, with a

conpound\ ktHodr dNPréparink;a conthonR@ 37 284ddag: WO 02/ 0947556 -11 2 5 OC T 2°05

0 -

cn, M

cd, °CH, “o-x*

Formula I
wherein R 1s independently selected from hydrogen, halo, C1-C4 alkyl, alkenyl, alkynyl, C3-Cé6
cycloalkyl, C1-C4 alkoxy, alkenoxy, alkynoxy; and
X is hydrogen, an alkali metal cation, an ammonium or a substituted ammoniumn;
the method comprising; '

a) reacting a compound of Formula II;

.'For.mulla II

wherein R is as deﬁned above, with a compound of Formula 1iJ; and




, EPO - DG 1 H2GC- - -
e resulting conpo
. base. e met hod according to claim1, erein the conmpound of Formul a
IV is SOdI um hydr oxi de. The net hod according to claiml1, ?W @mgm)%ﬁ are
hydrogen. .4. The nethod of claim1, wherein the reacti on

- of Formul a {wowioblpostdse conpound of Formulgill is in the prasentso2oiles

catalyst. . The nethod of claim4, wherein the catalyst is a Lewis acid. 6.
The nethod of claimb5, wherein the catalyst is alum numchloride, zinc
chloride, iron chloride, stannous chloride, boron tribrom de, boron

trifluoride,. or sulfuric acid. 7. The nethod of claim6, wherein the
catal yst is alum num chloride. 52564](B91(o! |.boq it Repl gf;arsgs Sreet
AVENDED SHEET WD 02/ 0947556 -12 25 OCT 200! PCT/ USO02/ 13946 ﬁe hod
of claim?7, wherein a m xture conpri %II ng _the conpound of Fornula

14. G4 2003
Hzé\ Céz
Formula II1

b) reacting the resulting compound with a-cempeund-of Fermula-hV;

Xpo

an aqueous solution of base.

2. The method according to claim 1, wherein the compound of Formaula IV is -
sodium hydroxide.

3. The method according to claim 1, wherein all R are hydrogen.

4. The method of claim 1, wherein the reaction of the compound of Formula I with

-the compound of Formula IT is in the presence of a catalyst.
5. The method of claim 4, wherein the catalyst is a Lewis acid.

6. The method of claim 5, wherein the catalyst is aluminum chloride, zinc chloride, |

iron chloride, stannous chloride, boron tribromide, boron trifluoride, or sulfuric acid.

7. The method of claim 6, wherein the catalyst is aluminum chloride.
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® chloride are stir
sween about 40 C @

-of the conmpound of Formula Ill. 9. The nethod of claim8, wherein the
conmpound of Forrmula Ill is stirred with the mxture corrprigif;n@[grfrezg%
conmpound of Forrmula Il and alum num chloride for about 90 mn at a

t enper at ur eMi20@MV5860ut 50 C and about -82-C, fol |l owed by RGARUSOH 1396 of
sodi um hydroxi de. 10. A net hod of preparing a 4-phenylbutyric acid

conprising;_ a) reacting,benzen Lt h butyrol actone; and b)reacting the
resul ting mixt urﬁﬁw%ga&ﬁ? Qq%gu{%%m MyKtuEs cHBRISing heprmpeung, 6§ %am@ﬂai m
10, wher ei ny bAS ahfRfnirh @RloRlie RRIERRA Whdther ol YE 36 RS hSe ' ce
of a catalyst. 12. The m(e)t h%d of cl a?%n 11, wherein the ca%%?i%?ﬁ?gétg&ﬁgm S
aci d. 13. Hheurd*{dandodboot 60°16, Tallowdibbye ithe sduiticnadfahy stmpamalof Foruania 11,
chloride, zinc chloride, iron chloride, stannous chloride, boron
tribromde, boron trifluoride, or sulfuric acid. 14. The nmethod of claim

13, wherei p t he TRIALHS] of Saidfl908hERIL e BRHBEREPRLMIA @If(tié" gﬁnéc?ﬁ&i?itﬂg'
alyst. 15. The

“with butyrolactone to yield a mxture of benzene and cat
met hod of @hixfurg dompnsieg b gomheund oftHeormuly I bad alamemem ghlesite forstbouts G inin r ed

together for I, min to about 15 mp prior.to the reaction with, - .. .

but yr ol act ghg.teﬂpergé"ﬁ%%ﬁ%cﬁﬂ%uﬁ ;0 CE ﬂédpﬁg%’éhr@ntésf?ilgfveﬁ%N%&?@ﬁé@Tm? 4
QA4 20G WC Qedii@diarskidel 3 2 5 OCT 2005 PCT/ US02/ 13946 16. The method of
claim15, wherein the m xture of benzene and catalyst is stirred at

10. A method of preparing a 4-phenylbutyric acid comprising;

a) reacting benzene with butyrolactone; and

b) reacting the resulting mixture with an aqueous solution of base.
1i.  The method of claim 10, wherein the reaction of benzene with butyrolactone is in
the presence of a catalyst,

12.  The method of claim 11, wherein the catalyst is a Lewis acid.

13. The method of claim 12, wherein the catalyst is aluminum chloride, zinc chloride,

iron chloride, stannous chloride, boron tribromide, boron triflucride, or sulfuric acid.

14.  The method of claim 13, wherein the catalyst is added to the benzene prior to the

reaction with butyrolactone to yield a mixture of benzene and catalyst.

15.  The method of claim 14, wherein the mixture of benzene and catalyst is stirred

together for 1 min to about 15 min prior to the reaction with butyrolactone.
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tween about 50 C
: 7. The net hod of .
added to the mixture of benzene and catal yst to vyi eld a reaction_mxture
conpri sing benzene, catalyst, and butyrol actone. 18. The h&d of 260 m

17, wherein the reaction m xture conprising benzene, catalyst and

but yr ol act oW& 930247566ed for 30 nmin to abddt- 120 min. 19. THel/MS0ROEH3I M6
claim 18, wherein the reaction m xture conprising benzene, catalyst and

butyrol actone is_mai nt ai nfd between 50 C and abo t 60 C. 20. The nethod of
claim 19, fiot hethednrped € he Wherp Be mixture of bapengand caialystds siredet

step b) to | o] €@ & 0, o] tact e :

sol ution ofar Z%H? ciz b@ Jgh gﬂr’%deamisg ttglél@ntaﬁ&y%b o(é ﬂ%‘%rcgé' %%l %:&%%élsedand

an aqueous bptgaslactoﬁé separ ating the aqueous phase fromthe organi c phase,

f) adding acid to the aqueous phase to | ower the pH of the aqueous phase
by an anount sufficient to precipitate product fromthe aqueous phase, and

separati t 7. J
%VEN eparat ijgg ngglle gfégﬂng{gtbffcragg] 1V RILAHS RNASBCtolt i 23R4 HoBAE 3D

benzene and catalyst to yle]d a reaction mixture comprising benzene, catalyst, and

butyrolactone.

18. . Th_e method of claim 1 7, wherein the reaction mixture comprising benzene,
catalyst and butyrolactone is stirred for 30 min to about 120 min.

19.  The method of claim 18, wherein the reaction mixture comprising benzene,
catélyst and butyrolactone is maintained between 50 °C and about 60 °C.

20.  The method of claim 19, further comprising the steps of:

c) = filtering the solution of step b) to remove solids from the aqueous
solution,

d) contacting the solution of step c) with an organic solvent to yield
an organic phase and an aqueous ijhase, '

e) separating the aqueous phase from the organic phase,

) adding acid to the aqueous phase to Jower the pH of the aqueous
phase by an amdunt'sufﬁcient to précib_itate prdduct from the aqueous phase, and

g) separating the product from the aqueous phase.
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