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{54) Title: SYNTHESIS OF 4-PHENYLBUTYRIC ACID
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(57) Abstract: A meihod of synthesizing compoynds of
Formula (I): formula (1) by reacting aromatic compounds
with butyrolactone, followed by newtralization with base.
The reaction can be conducted in the presence of a catalyst,
Preferred catalysts are Lewis acids. A preferred product of
Formula T is 4-phenylbutyric acid, which is obtained by the
reaction of benzene with butyrolactone in the presence of
ajumminom chioride, followed by nemiralization with base.




Formula 1 is 4-phenyl butyric acid, which is obtained by t
.~ benzene with butyrolactone in the presence of al um num (ZSOU@?C%%I owed
by neumO#Z/®@atsson with base. 25 OCT 2005 WO 02/ 094756 P@Tas02i3:b3946 1
SYNTHESI S OF 4- PHENYLBUTYRI C ACI D BACKGROUND OF THE | NVENTI ON Thi s
i nvention relates to a novel synthetic approach to conpounds oTFornula I. 5
4 CHz d ,Cd O X+ Fornmula I Phenyl butyric acid and its pharmaceutically
acceptabl e derivatives are particularly preferred targets of the present
i nventi on. Sodi um phenyl butyrate hasl been used extensively for io the
treatnment of urea cycle disorders (Batshaw et al., Brusilow et al. (Ped
Research), Brusilow et al. (New Eng. J. Med), Finkelstein et al., Mestri

et- al ., Redonnet - VeSYNTHESH OF RPEERYIBUTYRIPhRQYhbuUt yrate derivati ves
have al so shown prom sing pharmaceutical properties in the treatnent of

sickl e cell anem a (CHACHEROUND O IRVENTIGNEW Eng. J. Med ), Dover
et al. (Blood)). cystic fibrosis (Bradbury et al, Loffing et aI.), Al DS

(Roberts el al.), and several types of cancer 15 (Carducci et al.
Darinanun-.et al., Englehard et a!., Gorospe et al.). In the past,

phenyl bufﬂirsatlémﬂ@rl irslates Lesnonel syihesic appeprah ¢ol ctppourels A FodbulEl.nst er t
reaction, wusing .diazonethane with silver oxide and sodiumthiosulfate (J.
_ em Soc., 1997- 99 (1938)). Alternatively, thianapthene-2-acetic acid and
"t hi anapt hene- 3-acetic acid have been used t prepare P-phenyl butyric acid
 (J. Am Chem Soc., 70, 3768 (1948)). The G’%narddreagent, benzyl

CH,
“cH, o-X*

CH,

Formulai

Phenylbutyric acid- and its pharmaceutically acceptable derivatives are particularly
- preferred targets of the present invention. Sodium phenylbutyrate has been used extensively for
10 the treatment of urea cycle disorders (Batshaw ef 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
15 (Carducci et al., Darmanun-et 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
prepare B-phenylbutyric acid (J. Am. Chem. Soc., 70, 3768 (1948)). The Gignard‘rcageht, benzyl
20 magnesium chloride, has also been used in the synthesis of phenylbutyric acid, resulting in a
| yield of 16.1 % (L. Am. Chem, Soc., 71, 2807-2808 (1949)). N
| - 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




20 magnesi um chl ori de, has al so been used in the synt he5| s of phenyl butyric

acid, resulting ina yield of 16.1 %(J Am Chem Soc. 510[)2$02@@§08

(1949)wo o2losymy! d be advant ageous to have a synthetic r&;&g{d @/13 p

phenyl butyrate and derivatives thereof that is not hin ﬁ]

synthetic restrictions, i.e., the necessity to. vigorously excl ude WO

02/ 094756 2 2 5 OCT 2085 PCT/ US02/ 13946 noi sture from di azonet hane and

Grignard reagents, and that would gi¥e higher yields of product than the

reacti ons descri bed above. SUMVARY OF THE | NVENTI ON One aspect provides a

rrethod of preparing a conpound of Formula I: OCH 912 ,d O X* 5 Fornula
wherein R is independently sel ected from hydr ogen, hal o, Ci- C4 aI kyI ,

! 50 L B8 o £ o T ST O
anmhan g reactidis dewiribed abevedr i sing: to a) reacting a conpound of For mula Il;

Formula Il wherein R is _as defined above, with a corrpound of Forrmula I1l1;
and 0 '5 Formula |11 SUMMARY OF THE INVENTION

_One aspect provides a method of preparing a compound of Formula k:

O

o, M

CH/ So-xr

cH,

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 |

O

!

HZI/ \0
Sy

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:




- reacting the resulting conpound with an aqueous sol ution f a base. The
. Tesulting conpound in b) can also be reacted with a Conp @ﬂ' Q
| V: 2 5w@ §2/0b44005 WO 02/ 094756 PCTI US02/ 13946 3 Xb-Z1 Fef/lbdi3b Ia vvhere
X i's as defined above, and Z is hydroxy, sulfate, phosphate, bicarbonate,
carbonate, or alkoxy, and b and c are independently 1-5. A particularly
sui tabl e conpound of Fornmula IV is sodium hydroxide. According to one
enbodi ment, the reaction of a conpoursd of Fornula | with the conpound of
Formula Il is conducted in the presence of a catalyst. Particularly
suitable Catalysts: can be Lewis acids, including, but not limted to
al um num chl oride, zinc chloride, iron chloride, stannous chloride, boron
- tribrom de, boron trifluoride, or s I@prlc aci d. Anot her aspect provides a
- met hod of preparing a 4- phenylbutyrlc acid conprising: a) reacting benzene
Wi th butyrol actone; and reacting the resultant m xture with an acqueous

sol ution of the base. DETAI LED DEHSGRUEITON OF THE I NVENTION It will be
recogni zed by one skilled in the art based on the fol I owi ng description and
iIIus rat ve ex s, t hat sent ventlo I s.a nethod of
Synt RESRAYS BBt gt nd 2ieBbATg: puliEopioahas SoaBonktss chhpate; or

wher gikpx{R dnd H adﬁ@mﬂéﬂeﬁda@llyelcs edy hueuRng 08Me cH3pSunddf FAnRIKI is

al kenyl, al kynyl , C3-C6
5 sgldium hyd1¥0x¥de

7 According to one embodiment the reaction of & compound of Formula 1 W|th o S
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.

0 Another aspect provides a method of preparing a 4-phenylbutyric

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

solution of the base.

DETAJLED 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:

O

CH, H

“CH, O X+

CH,

: 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, suah as compliance with system-related and business-related constraiats; which will vary

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



10 embodiment of the present invention, the reaction is conducted in a solvent. According to an

15

20

cycl oal kyl, C 1-C4 al koxy, al kenoxy, al kynoxy; and X is hydrogen, an al kal i
metal cation, an anmmoni um or a substituted anmmoni um ‘20 Et5\@)[}l'}"@@%ourse
be ap‘g; 062(0 f_g that in the devel opnent of any such actual enbodi ment’, :
nuner 8Us %’%) ment ati on-speci fic deci sions nmust be maddGBUSHI3RYe t he
devel opers' specific goals, such as conpliance with systemrel ated. and.
busi ness-rel ated constraints, which will vary fromone inplenentation to
anot her. Moreover, it wll be appreél ated that such a devel opnent 25
OCT2005 WO 021094756 PCT/ 11502/ 13948 -4 effort ni ght be conpl ex and
ti me-consum ng, but would neverthel ess be a routine undertaking for those
of ordi nary ski II in the art having the benefit of this disclosure. The

d of tp) ent |nvent|on conprises the steps of a) reacting a

Bl et Fd’f‘" c&[ M timecopsHmiag) butiivewrld nevenipdenscheod rdusineulnaletthlting O
Fo I f u f Formula H is benzene.
Acgﬁﬂd?sﬁgdqodﬁg%?%ﬁg{nggg}{h%%g%éE% 52@% 15 ﬂ%ﬁu on, the reaction is
c o nduct dleimethod of Wempresda daveitiog doﬁhlﬁﬁes et RERAGS Xﬁreﬁﬂﬁ%%jh Btipouhd &£

ourldygf Formula 1:1 is itself the solvent for the reaction. A cat al yst
dto facilitate the reaction of the conpound of Formula Il with
the ~conmpound of Fornmula Ill. One preferred class of catalysts is Lews

aci ds- Exanples of. particularl gsferred catal ysts are al um num

chloride, zinc chloride, irqn cl) stannous 15 chl oride, boron
tribrom de, boron trifluoride—j uric acid. According to one
enbodi nent of the invention, the a'yst is. added to a m xture of a
conpound of Fornmula Il and an a%%roprlate sol vent or to neat conpound of

>Formul a 1, if no. rmula I _..>

with a compound of Formula 11,

Formula i

A partrcularly preferred compound of Formula II is benzene. According to one

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 preferred catalysts are .aluminum chloride, zinc chlonde, iron chloride, stannous
chlonde boron tribromide, boron trifluoride, and sulfurrc acid. _

Accordmg to one embodiment of the invention, the catalyst is added 10 a mixture of a
compound of Formula II and an approprlate solvent or to neat compound of Formula 11, if no
solvent 1s used T'hls mixture is ‘maintained, preferably with strrnng, ata temperature between ,
about -80 °C and the b01lmg pomt of the solvent at amblent pressure. Preferably the mixture is
maintained between 0 °C and the bo1hng pomt of the solvent. The mixture of a compound of

‘Formula II and catalyst can be stnrred for 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




solvent is used. This mxture is nmaintained, preferably, with stirring, at
.an;t)errperature betweenf abgijt -ﬁo C and t he boiling point 90 @eTsZcﬂ nt St
anbi en r , . Preferably the mxture is 20 mai ntain C an
“the boitvlv{ar?gfa%glgﬁﬁt of the solvent. The...-mxture of a c% gﬁg@ﬁ For mul a
11 and catalyst can, be stirred for a tinme ranging fromseveral. seconds to
several .days before a conpound of Fornmula Ill is added to. the m xture.
Preferably,. the m xture of a 250CT2@Q5 WD 02/ 094756 PCTI US02/ 13946 5
conpound of Formula 11 and catalyst is stirred for a tine ranging from
~about | mn to about 30 nin before a conpound of Fornmula Il is added. The
conpound of Fornula |1l can be added to the m xture of a conpound of

Formula 11 C S .neat reagent, or .can be added as a,solytion
o capedesind SSpESd) i ey 0 SBhed G Rlpe oftaid Rartatir Traiegeat 4

dr opwirbBafoleh Sofpdund bf Hox@hla 1IPIs AJded. | arge portion. Subsequent to the
conplete addition of a conpound of Fornula 111, the reaction mxture is

mai nt ai nelibe compguad oif Fprmpladllsanrhe adged i the mixtye ofie gompouvndwet Rompdall - 80 C

- and e L1 0 i,.nt_of the ol vent, at._ anbj.ent. pressure. Prefera t he
i ieEestal i % BPk dbedle el pm g R B SRR i P bt
The dopgiuhdiof Forthuls 81 ¢oaided despwiss, ik sinaR dlifadts,2ortak BBarka PBHIRG. TubseqaedteW i O
seconds to about 24 hr. Preferably, the reaction mxture is maintalned
abodp the wmplete addion of gocompeynd ab Fermpylarlls dbe yeachommizsue ismamtained about

auerEkEEbly, sA UERE, f Miif 68085 AR FOCC Ehd bl lme\poifobieny o
1V WaReit & arhBiemSprei@ive g8 RROKE theafkudre i$ mAUHARY bethidbh 816 aRl@S %g}@g

‘bi carbonate, carbonate, or alkoxy, and b and c are independently
Querpoitg theg evlversaThogeantidn anirbue can baso anawhined dor a timeanngippfopn edte

| t . A Leul agl f bl g hi . t i luti
3 Shckngs B pE e SrefrlS B8 R oA GR Pl eiig el oPraP Bt dallne i ng
agehin] Sofe Pefdrable frof 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:
A 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.



20 a solution of.aqueous base and ice. The quenched solution can be -
mai ntai ned at a tenperature fromabout O°to about 50 C ﬂbﬁ éﬂﬁﬁhg @@nging'
froma few m nutes to about 10 hr, preferably fromabout 1 hr to about 3
hr. YEEO%845% t he sol ution can be maintained from abouPCEUSOY/39%Hout 10,
preferably fromabout 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 renove any, particulate that can be present. The
guenched sol ution can be further pdfTTied by contacting it with an organic
solvent to extract remaining starting materials, side products, and
inpurities. Exanples of suitable extraction solvents include chloroform
di chcl or onet hane, trichl oronet hane, carbontetrachl oride, and diethyl

et H&€. profuctprasdbe isobated be fPiradomiarapasictedaintd heuitablecorgasiol solvent 1§ thehe

ddjt i an: i d- 25 CCT2005 VD 02/ 094756 PCTLUS02/ 13946 -6 T duct
oo DS e eREef in A RO Ve f s B epyred en peoEtPR e slufont . | 1

the prdthectolieviagtexasiphd et BicRilel! BARbRoSH e p}efeﬁkd CHbREMERS YRR upon

evaporation of the solvent. The foll ow ng exanplfes are included to

defdisatiPRt & shouldde anpreciasesibyrthese obskillin the ary that thertechiiqudsaiisclosed in the

o : il . , h hni di s¢l di
PBRRGHEL S I el b Bt B B I B A0

i npeactioe dfothbuineesntion, wal| thi) chhebepeansiidezed @b doRStithify PRIt nididstBEStscan be
considered to cogﬁtiéﬁggiﬁreferred nodes for its practice. However, those
of PEACHIFE- HOWaYET, dpgse Iyin the art; gheuldsin {ight of the mesent disclosurecappipyinteci at e
t hgia & . i.n: i fi i t s which.,ane . )
i S BRAY AARRGRan R oo bR S ROR B AR PSR Fring 1 om
t ha bgpior simidardesdiopehmft deprating frent the Bpirkt And\E:dpR/F WM bfvehtienAVMPLE 1




25 OCT 2005 PCTIUS02/ 13946 Powdered al um num chl ori de (()[J’ZOO was added
to benzene (400 g) and stirred for 10 nin at 50 C. Buty? @@%%1@00@6 )
was adeggslodgessdgrl | portions.” The tenperature was maint 'mz}g?ﬁg\een 50
,and 60 C for 90 mn and then the reaction m xture was added, wth 5
stirring, to a mxture of ice and 5 % sodi um hydroxi de. The tenperature was
mai nt ai ned below 35 C and the pH was nai ntai ned between 9 and 9.5 for 2

hr. The m xture was filtered under -yacuum Phenylbutyric acid was
precipitated fromthe aqueous fraction by the addition of ice and

hydrochl oric acid. Crude (93.7 %- 943 9% 4-phenylbutyric acid was isol ated
by vacuum filtration. io Crude 4-phenylbutyric acid was purified by vacuum
distillation (120-125C, |nm Hg). :Xgﬂfﬁ’afﬁild was dissolved in 5 % sodi um

hydr oxi de and agitated. The aci cFvvas Issolved in 5 % sodi um hydroxi de and

vas. T emo P bEERET kAR Te0F B w5 el eRne FE Rl e RO g 10

met haiokt 80P Y lolachSHRUIES g wal Cidd¥atifds AR, fo HPg@H i

anbi ent tenperatur e.0 a"I;he m(gft %}r)e' was fi Ilt esr ed sﬁgélnc? ag}héiqfi d Lolgét‘ﬁées

addimdintaingfl HaGleenCr0/ sndh 68 °6F fof-Iheiy bhbdtthyen theaeactionSrhihreYvys eddbd, wite

I sol ated and dri ed PP/ I hilization HPLC analysis indicates 99.87 %

pur (ST 19 A SIXRFRpE 10 el & sofipm lydroxide. TP drdperriveq Was maimieined helawd

her gisre angLExe : _e'pﬁ@t ' La | iLght of

theggrg.ﬂ ﬁlgiﬂg:gﬁ%gure, ﬁ?%&%ﬁn%%%’p%glﬁd?gﬁg gfr‘]tga% . od‘g‘goﬁﬂer?gan{l%i S

i nventuunn [Rhereybepric deidowisbpreciphated fivsn die ppuebes Gadiebedhdreddison bf icsi | | be
t.to t f il in.t t hat i ati b lied to th

ot Ay SHREnHe Bri- <Pae (517 e "0 dhpesne burie raR VBTt Bt st

desgiddge herein without departing fromthe concept, spirit and scope of

the invention. Mre specifically, it wll be apparent that certain agents

whi ch ar €rdet f-phedydimtyad hyidand phifeddyogronatd distiBitidred 20a125b€, srbsHg).ut ed

for .t he ents descr.ibhed hetein while 25 the sang or _simlar results would

be J0RAEGNE %F%O?‘?tcﬂ‘dﬁ%s%’rﬁq%&}m Suidroride and eeiatednokiier 3idiwag déssolved 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




apparent to those skilled in the art are deened to be within the spirit, :
scope and concept of the invention as defined by(the ap?e@nc@@‘pl%}'gﬁs ?5.
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preparing a conpound 6f Formula |I: OCH2 AC2 '~/Cff 2'4@ Fa06DhI a 1

wher eighy Bsdeg7dsndependent |y sel ected from hydrogen, halo - al kyl,
al kenyl, al kynyl, C3-C6 s cycloal kyl, C-C4 al koxy, al Eg§@§0%3a9? ynoxy;

and X is hydrogen, an alkali netal cation, an amoni um or a substituted
ammoni un the nethod conprising; a) reacting a conpound of Formula I1; 10
Formula Il wherein Ris as defined. gpove, with a conpound of Formula II1;
and EP02729112.9. WD 02/0947556 -11 2 5 OC T 2 05 PCT/US02/ 13946 EPO - DG
1 G -- \ 14. G 4. 2003 H2~~ 0 B7 2

CLAIMS:

1. A method of preparing a compound of Formula I:

0 -

cn, M

cH, °“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




cting the resulti

2. 2. The nethod

.of Fornula I's sodi um hydroxi de. The net hod accori|ng to claim 1,
wherein all R are hydrogen. .4. The nmethod of claim1, when j éﬁ?h?gﬁﬁtion
of the compound of Fornmula I with the conpound of Fornul a D [

- presence. ofy@ogababssst. . The nethod of -qiiai m 4, wherein tﬁuﬂwugnayy§94g s a
Lewis acid. 6. The nmethod of claim5, wherein the catalyst is alum num —
chloride, zinc chloride, iron chloride, stannous chloride, boron
tribrom de, boron trifluoride,. or sulfuric acid. 7. The nethod of claim6,
wherein the catalyst is alum numchloride. 52564] (B91 So! |.boq it
Repl acenent Sheet AMENDED SHEET WO 02/ 0947356 -12 25 OCT ZOOEFEST
13946 8. The nethod of claim7, wherein a i xture conpri sing Jgﬁpound
of Formula 11 and al um num chl ori de_are irred together for about
at a tenperature between about 40 ctafd abQut 600 C, folloved Bkt
addi tion of the conpound of Fornula I1}. 9. @he nethod of claim wherein
the conpound of Formula |11 is stirr8dCaitly;the mixture conprlgéag t he
conmpound of Formula Il and al um num chl ori for about 90 mn

Formmla III

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.

: Replacement Sheet
- H: 525641(B9L501LDOC) ’

' AMENDED SHEET




bet ween about 5 60 C
I um hydroxide. 1 prepari
-aci d. conprising; a) reacting benzene w th butyrolactone; and b)reacting the

resulting mxture with an aqueous sol ution of base. 11.The %t WTO%Q@ﬁai m
10, wherein the reaction of benzene with butyrolactone is in the pr ce
of a catal yMO 02094751€ met hod of claim 1t12wherein t he cat AGEUSOZ BM6w s
acid. 13. The nethod of claim 12, wherein the catalyst is alum num

chloride, zjnc chloride i ron_ch|or{de, .stannous, chloride, boron_ _
tribroni de;%bor ethtgP@af Pl 70?&1%% B YixtUEE PQIPTISINE HhR SOPORBM O Fommula m

13, wherei ny bhe afalidb %Bloi}iﬁe a8 trel ot diRer 8P 26518 18 thifat Taq?&/lg't&au{{g ﬁ%gﬂ

with butyrolactone to yield a m xture of benzene and cata

met hod of cbaitdOP4; anshanet 60°t(dolinwedivie the adiitivnesfaha csnpmind| of FormsladIli r r ed
together for | mn to about 15 mn prior to the reaction wth,

butyrol actone. H 523541(69LSAO | X OC Repl acenent Sheet AMENDED SHEET 7 4

Q420G WC 02/ 094pfR5fethdBof daitn 8Hhe@RoihE of BStfid & if B&?m%é}f
claim 15, wherein the m xture of benzene and catalyst is stirred at a

t enper at ur enlisargeunprting the Sompundc i isguuladd ag! pluingirure chlohige fetdibouo) oin
b_Ut yrol act %p%'temperature between about 50° C and about 60° C, followed by the addition of

sodium hydroxide.
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.

Replacement Sheet

H: 525641 (BILS0ILDOC) .
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f claim 14, wher v
: ene and cat al yst ; I ong
benzene, catalyst, and butyrolactone. 18. The nethod of claim17. wherein
the reaction m xture conprising benzene, catalyst and but yf&l 846G ond)is
stirred for 30 mn to about 120 mn. 19. The nethod of claim 18, wherein

t he reacti oWh@3(@¥7856onpri si ng benzene, - 13at al yst and but y@I/AR02NE3946

mai nt ai ned between 50 C and about 60 C. 20. The nethod of claim 19, further
conprising the steps of; ¢) fi Iléﬁ‘;&lng_the sol utith of step b) to renove

f:
sol i ds fronk® he Hqyeghed Ogﬁlﬁi_éﬁi e incA mrxtarn gt benee GaHYBis sirepl &)
Wi th an 'Or%a?ézﬁpe?ﬁ’tlu}’ee%gﬁé%nybﬁ&ﬂ 59”°@rﬂﬂln'aBor?@%ﬁe"énﬁr)ic‘?rggg?t#goH@dig s&  ©)

separating the aqueous ase fromthe organi c phase, acl ot he
aqueous phameyrdlaciopsyer the pH of the aqueous phase by an amount sufficient
to precipitate product fromthe aqueous phase, and () separating the
product fromthe aqueous phase. H: 525647{B9L5C!. DO J AVMENDED SHEET

Repl acenmentj7Sheqihe method of claim 14, wherein the butyrolactone is added to the mixture of
benzene and catalyst to yield 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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