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OF PARA-BROMNATED HYDROXYAROMATIC COMPOUNDS
BACKGROUND OF THE INVENTION The present invention relates to the
oxybromination of hydroxyaromatic compounds in the para position using
WentaIBatalyst, and more particularly to increasing the yieP§ BUF3804/030304
desired brominated product and recycling the reagents. Monocyclic’

dihydroxyaromatic compounds such as hydroquinone and
dinycrox EHERIE QBCHRED ARAIRYIRR T BHERN PURHERBP) have

numerous uses in the chemical industry. For example, both compounds

can be used in poyiiER QXEpRaithT HoGONMROIEpFeparation of
polycarbonates, polysulfones and polyimides, especially polyetherimides.
There are various methods for the preparation of hydroquinone and
biphenol. As examples of such methods, each compound can be :
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y reductive coup the presence of a noble metal catalyst, a base
and a reducing.agent. Brominated hydroxyaromatic compounds, as
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comprises reacting the precursor hydraxyaromatic compound with a
simple ijonic  bromide in an acidic medium, such as hydrobromic acid, and
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compounds or complexes of Group IV-VIII transition metals of the Periodic
Tﬂg%gggy%&%e&%?ho D008 13083 SHRDAS SR nor. As
examples of such methods, each compound can be prepared from p-bromophenol,
hydroquinone by hydrolysis and biphenol by reductive coupling in the presence of a

noble metal catalyst, a base and a reducing agent.

Brominated hydroxyaromatic compounds, as exemplified by p-bromophenol, can be
prepared by the method disclosed in the related co-pending commonly assigned U.S.
Patent Application Serial No. 10/342,475 filed January 16, 2003. Briefly, the method
comprises reacting the precursor hydroxyaromatic compound with a simple ionic
bromide in an acidic medium, such as hydrobromic acid, and oxygen in the presence
of a copper catalyst. Furthermore, as disclosed in the related co-pending commonly
assigned U.S. Patent Application Serial No. 10/650,566 filed August 28, 2003,
elemental bromine may be used as the bromine source in the bromination reaction.
Also, related co-pending commonly assigned U.S. Patent Application Serial No.
10/650,567 filed August 28, 2003 discloses that a metal catalyst, such as one or more
compounds or complexes of Group IV-VIII transition metals of the Periodic Table of

Elements, may also be used to catalyze the bromination reaction.
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While the above approach provides additional efficiencies, synthesis of p-
bromophenol by reaction of brominating reagents with phenol is often
complicated by the formation of undesired byproducts, most notably
o-bromophenol. Thus, improved methods continue to be sought. Previous
approaches have involved altering the conditions of the oxybromination
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reuse, wherein the metal catalyst is selected from the group consisting of
thesepesdtal copper, copper compounds, and one or more compounds or
complexes of
SUMMARY OF THE INVENTION

The present disclosure provides an efficient method for producing brominated
hydroxyaromatic compounds, which virtually eliminates the need for high p-
selectivity in the reaction products. The method yields overall high process
selectivity through tsomeric equilibration and separation. The method also provides a
simple process for recycling of reagents used in the bromination reaction, and
therefore reduces costs. Furthermore, the disclosure provides a simple method for

recovering the metal catalyst for reuse, reducing costs even further.

Therefore, in one aspect, there is provided a method for recovering a metal catalyst
for reuse, wherein the metal catalyst is selected from the group consisting of elemental

copper, copper compounds, and one or more compounds or complexes of



2 Group IV-Vin transition metals of the Periodic Table of Elements,
wherein said method comprises: (a) providing a reaction product mixture
by contacting a hydroxyaromatic compound with oxygen and a bromine
compound selected from the group of hydrogen bromide, elemental
bromine,_ionic bromide salts, and mixtures thereof, in an acidic medium
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The aqueous phase comprises the metal catalyst, unreacted bromine
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employing oxygen and the' bromine comipound in the acidic medium. ln yet
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oatremaentignednydroxyaromatic compound, and unreacted hydroxyaromatic
compound. The aqueous phase comprises the metal catalyst, unreacted bromine
compound, and the acidic medium. In the method, the organic phase of the product
mixture 1s separated from the aqueous phase. At least a portion of water may
optionally be removed from the agqueous phase. At least a portion of the metal
catalyst in the aqueous phase. from which water has optionally been removed, is then
recycled to a further oxybromination reaction of additional hydroxyaromatic

compound employing oxygen and the bromine compound in the acidic medium.

In yet another aspect, a volatile organic solvent is also included in the aforementioned
reaction mixture for the oxybromination reaction. The resulting reaction product
mixture produced comprises the metal catalyst and a product-containing liquid
comprising the para-brominated hydroxyaromatic compound, a corresponding ortho-
brominated hydroxyaromatic compound, unreacted hydroxyaromatic compound,

unreacted bromine compound, the acidic medium, and the volatile organic solvent. A



reaction mixture for the oxybromination reaction. The resulting reaction
product mixture produced comprises the metal catalyst and a
product-containing liquid comprising the para-brominated

RElsmeREepmatic compound, a corresponding ortho- bromingted, .., 0.4/030304
hydroxyaromatic compound, unreacted hydroxyaromatic compound,
unreacted bromine compound, the acidic medium, and the volatile organic
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Serial No_ 10/342,475, filed January 16, 2003, co- pending commonly
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August 28, 2003, and co-pending commonly assigned U.S. Patent Application Serial
No. 10/650,567 filed August 28, 2003. '
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The common initial reactant for all products obtained according to this invention is a
hydroxyaromatic compound, such as a monocyclic monohydroxyaromatic compound.
It may be an unsubstituted hydroxyaromatic compound such as phenol, or a
substituted compound provided, however, that the 4-position is unsubstituted and thus
available for bromination. As one of skill would know, the 2-, 3-, and 4- positions
relative to the carbon attached to the hydroxy group are also known as and referred to
herein as ortho-, meta-, and para, respectively. Furthermore, o- refers to ortho-; m-
refers to meta-; and p- refers to para-. Note that a substituent may be located at any
position of the aryl ring other than the 1- or 4- carbons. Exemplary substituents {one
or more) are alkyl groups, particularly C;4 alkyl. Ilustrative compounds are those

having the formuia



substituted compound provided, however, that the 4-position is
unsubstituted and thus available for bromination. As one of skill would
know, the 2-, 3-, and 4- positions relative to the carbon attached to the
hydroxy group are also known as and referred to herein as ortho-, meta-,
2284825 ¥Spectively. Furthermore, o- refers to ortho-; in- rBfdr&/ $ePpwasasos
and p- refers to para-. Note that a substituent may be located at any
position Q; he aryl ring other than the 1- or 4- carbons. Exemplary
substituemts (one or more) are alkyl groups, particularly C14 alkyl.
|llustrative compoynds are those having the formula 4 WO 2005/028707

Q 4 OH R R R aR wherein each R is independently
8 substituent, preferably C1.. alkyl. Examples of
tic compounds include phenol, o-cresol, m-cresol; 2,6-
XHENoRZ 3-Kytenol; 2,3,5-xylenol; 2,3,6-xylenol; 2-ethylphenol,
p2-propylpheno|, 2-Rtert-butylphenol, 2-phenylphenol, and the like.
Typically, phenol, m-cresol, and o- cresol are preferred. Specific reference
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reaction, the hydroxyaromatic compound is contacted with oxygen and a
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bromine (Br2), and bromide salts. Mixtures may also be used in the
br minat{)on reaction.- Hydrogen, bromide may be employed in nﬁs{‘orm'
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brgmide and potassium bromide and alkaline earth metal bromidés such
the form of air or oxygen-enriched air. Contact may be with flowing oxygen or air or

under pressure, typically up to about 100 atm,

Suitable bromine compounds include hydrogen bromide, elemental bromine (Bry),
and bromide salts. Mixtures may also be used in the bromination reaction.. Hydrogen
bromide may be employed in any form; examples are gaseous HBr, aqueous HBr
(hydrobromic acid) and HBr in solution in a polar organic solvent, typically one of the
solvents described hereinafter. Bromide salts include alkali metal bromides such as
sodium bromide and potassium brormide and alkaline earth metal bromides such as
calcium bromide and magnesium bromide. Hydrobromic acid is generally the
_preferred bromine compoﬁnd. It may be employed at any concentration, including the

commercially available 48% by weight aqueous solution.

The contact is in an acidic medium. Aqueous acidic media including Bronsted acids

generally, and particularly including sulfuric acid, phosphoric acid and nitric acid,

may be employed; or, if hydrobromic acid is the bromine compound employed,r it may

serve as the acidic medium. Volatile organic solvents may also be present. These

include, but are not limited to, acetonitrile (bp 81-82° C), chloroform (bp 61° C), ethyl
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calcium bromide and magnesium bromide. Hydrobromic acid is generally
the preferred bromine compound. It maybe employed at any
concentration, including the commercially available 48% by weight

AW 8RYS:sAMtion. The contact is in an acidic medium. Aquepg;,gggdgmmm
media including Bronsted acids generally, and particularly including

sulfuric acid, phosphoric acid and nitric acid, may be employed,; or, if
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the acidic medium. Volatile organic solvents may also be present. These
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the reaction, copper compounds are generally used. Examples are cupric
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bromide. Of these, ric bromide (CuBr2) is often employed by reason of
Rl B PR O PRI GNP S SRS AU ARPORA FRIGRSic

cuapeichsvitomsédeal YL orvertgthie boupide $6itBit0 the fiomorghs yadielacamioo6f
it VHEANRI NG SOMRAUNEIQ G GPPST CaAl SR ARG, IR0 ;

' 10:1to §bout 206:l‘ﬁ’%ulr‘él[]c%‘en'ﬁ1 “9’ ? l{ﬁﬂ%ggommlc BQ%JWIH
usually convert other cupric sajts to the bromide. - A molar ratio of hydroxyaromatic
compound to the copper catalyst ranging from about 10:1 to about 200:1 is sufficient

to catalyze the reaction. A ratio of 30:1 is typical.

When a compound/complex of a transition metal from Group IV-VIII of the Periodic
Table of Elements is employed as the catalyst, suitable transition metals include
vanadium, titanium, molybdenumn, tungsten, and iron, for example. Vanadate salts,
such as sodium metavanadate having the chemical formula NaVOQ;, are often used. |
Other  suitable  transition  metal  catalysts  include, for  example,
bis(acetylacetonate)oxovanadiuvm  (VO(acac);),  bis(acetylacetonate)oxotitanium
(TiO(acac)y), sodium molybdenum oxide dihydrate (NaMoQ4 2H,0) , iron bromide
(FeBr2), and tungstic acid (H; WO, x1H,0). Bis(acetylacetonate)oxovanadium has the
chemical formula VO(CH;COCHCOCH;3),, and bis(acetylacetonate)oxotitanium has
formula TiO(CH3;COCHCOCH;);. In addition, the Group IV-VIIl transition metal
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to catalyze the reaction. A ratio of 30:1 is typical. When a
compound/complex of a transition metal from Group IV-VIII of the Periodic
Table of Elements is employed as the catalyst, suitable transition metals
include vanadium, titanium, molybdenum, tungsten, and iron, for
Berpie8r8hadate salts, such as sodium metavanadate h&GHE$H@4/030304
chemical formula NaVO3, are often used. Other suitable transition metal
catalysts include, for example, bis(acetylacetonate)oxovanadium
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The product of the oxybromination reaction is usually predominantly the p-bromo
compound, with minor amounts of o-bromo compound and dibromo and higher
compounds also being present. Conversion of phenol to bromophenols is usually at
least 40%, “conversion” being defined as total phenol in weight units or moles
consumed as a percentage of phenol originally present. Selectivity to 4-bromophenol
is usually at least 80% and often greater than 90%, “selectivity” meaning moles of the
specific product formed as a percentage of moles of hydroxyaromatic compound
consumed. Furthermore, “monobromoselectivity” is defined herein as moles of para-
brominatéd and ortho-brominated product formed as a percentage of moles of para-
brominated products, ortho- brominated products, dibrominated products, and more

highly brominated products formed.

Depending on the reagents used, the reaction product mixture is either one phase or

two-phases. For example, when excess hydroxyaromatic compound is the only



The product of the oxybromination reaction is usually predominantly the
p-bromo compound, with minor amounts of o-bromo compound and
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When a volatile organic solvent, such as one previously listed, is included in the
aforementioned oxybromination reaction mixture, a one phase reaction product
mixture may be produced. In this case, the metal catalyst may be recovered by
removing a portion of the product mixture, typically by distillation. The metal
catalyst in the remaining product mixture is ready for reuse, such as being recycled
into another oxybromination process. If desired, the remaining product mixture may

be concentrated into a solid, which contains the metal catalyst, prior to reuse.

As previously mentioned, the bromination reaction described herein produces mainly
the desired p-bromo hydroxyaromatic compound. However, undesirable by-products,
such as minor amounts of o-bromo compound are also produced. Minor amounts of
dibromo-products may also be present. Advantageously, the present method increases

the yield of the useful p-bromo product by isomerization of the corresponding o-

8



desirable to remove all the water. This can be done by concentrating the
aqueous phase into a solid, which comprises the catalyst, using ordinary
techniques such as distillation followed by drying. In either case, the
recovered metal catalyst is ready for reuse and can then be recycled into
SrdhEvdgliromination reaction. When a volatile organic salvenis suchsam
one previously listed, is included in the aforementioned oxybromination
reaction mixture, a one phase reaction product mixture may be produced.
bartisiseapetie Fvethdroatsysnnddy deirecdverdddsy crarbe vimyatabrtiohe

i dRaduet Bk Ricallypydisilatianchiameial, iRk inheis

remaining product mixture is ready for reuse, such as being recycled into

CEAER PGRYB YT Ao ROFBRKS PHERfESined 2R PEIRAIING DrotRc DRiRiDFe
efuayaléi. concentrated into a solid, which contains the metal catalyst, prior
to reuse. As previously mentioned, the bromination reaction described

ARLEIMPRAHES R BANNE dasired.-prate %Q_&%wm&‘%%&%@%ﬂd

However, undesirable by-products, such as minor amounts of o-bromo
RO RBYAR A e saEBep r U BB TSRFE RNt WsROERpY® didrdendle
palsGlamfirase iy Hovaitageously; shenprasenioneipadiingreasesrihtnsieid

of.the useful. p-bromo product by isomerizatipn of the corresponding o- s
Sy o L R RO T N ey
campadifitoriveitad prodessts Canrdetebhvamied iunbicises mirthtethetal
ERMROIMLISaMezalionds Jarsrihrdheseine. Brovideshtbere is

enough hydroxyaromatic compound present to accommodate the extra

Eoz[“{réguseg}‘%ié’gt‘%)%' Aseprding, o the present method, when ivo:ehas
reaction pr dUG T BtEined romthe prewous‘fy &gefhed
boyyimoermption s gz tiodicthed nganisl phasesidokl desctiveddardrdnomeimatied

YRR APRUC S AMROMREn s, srresponding ortho-brominated

hydroxyaromatic compound, and a major portion of the unreacted .
Tcoxyaromatic, compound, Tynicall, Uaces of unreacted bromine,

com u.nd,p IAces of the TRetar catarPys ) g Wall'adotier Bg%r%’au_c’fg?%]ll
tdsbniresesudh tsdimggaminiinadebTie dhaenisl phabetoritans thelwiajdrity
10 dh5- TS R LRI aBPBE AL RGP ACIEH another oxybromination reaction,
as previously described. In general, the unreacted bromine compound, the acidic
medium, and any residual hydroxyaromatic compound in the aqueous phase are also
recycled to another oxybromination reaction. Usually, a portion of the water is

removed prior to recycling.

After separating the organic and aqueous phases, it is preferable to wash the organic
phase with water at least one time, but preferably up to three times, to remove any
traces of the bromine compound, as well as any traces of the metal catalyst. The wash
water is then removed and may be combined with the aqueous phase for recycling to
another bromination reaction. Again, much of the water is typically removed prior to

recycling.

After separating the organic phase and optionally washing it with water, the organic
phase is typically separated into four fractions: a first fraction containing unreacted

hydroxyaromatic and any water present, a second fraction containing the o-
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bromine compound, the acidic medium, and any residual unreacted
hydroxyaromatic compound not present in the organic phase. The
organic phase is then separated from the aqueous phase using
%)Svoeﬂ@ti%]%l; techniques, such as those mentioned above. The metal
CREAIYSI"WAIEh is included in the aqueous phase, may thenfSa Ee4dd030+
for use in another oxybromination reaction, as previously described. In
eneral, the unreacted pbromine,compound, the acidic medium, and an
reSIC S%a tlhyE rog?f/{gﬁr)?ﬁnft% *com g%’ﬂ%ld %ﬁ"? i(énaq(ff’enct)filjg"ﬂﬁlagéear%'lgirl%’gmat‘;‘ﬁ
hsreyethenon othé e drybhofrictitiorondziniignadystibhynmpodtigradésthehich
h‘ﬁ@eﬁiﬁxefem%%i_Pﬂﬁ'istotﬁﬁffy@éngre%&ﬁﬁ SRR th@eﬁggﬂﬂkﬁ 3Pdpese

agueous phases, it is preferable to wash the organic phase with water at

CRIBRYE e bt e rdrBeipees e tRsteds restode BRstiqrates by
viguatomiRe1RmgMOUsdas ialiraiany tiasas.ef thesnmatalcatalisimbiien,

wash. water is then. remoy %}%ntgcmggubse combined with the aqueous

COhasefor Teeyling To  BAGIRAT BroMIRaTON st aRGAR MaSh BPTRHET
syghttachsigpsicallypiariby degitortdisiiafising . phéferrsb gmcting thecargaic
M@ﬁ%@f#&&%@raﬁﬂw@éﬁmﬂ%@?%@rﬁ_%&aﬁiﬁag%kﬁtaoaﬁﬁ%éadﬁx&a%ﬁﬂy

separated into four fractions: a first fraction containing unreacte

(Rt oy ashriheorehsny Waes GresEHE dos8u6hdipiEabeneotmigingyaihe

SOFFS MO BRARRINRE 1T RCTARR0MAFI3A BRURALSH minimize thermal
d%%r}og /aromatic, a third fraction containing the p-brominated

EPBmatic, and a fourth fraction containing any dibrominated
species, which have higher boiling points than the preceding fractions.

VEilsarliing fieza-dormpeiindl S vy reoatiéictadrhyoundr Swoy Mheeet ganic
phasiheds. BuRhmeAwctionatianuvavaeion distlation.steamsisilialions

a[gactive distillation, sublimation, crystallization, zone refinin% and like

SPIRITES, W EP SHBIHSHGH GPEHESH P bt EarHnes g aromatic
cdiypicatly, fldetional distiibtoomiistat cligdredydresatisecdarpexadnple, wibrssis
' r 4 boiling. points of .
BRSO TS TR RN S
PHISWH-GGEAS a}ymﬁse unreacted hydroxyaromatic compound.

In one embodiment the para-brominated hydroxyaromatic compound is not removed
as a separate fraction from the organic phase, and a stream comprising both the para-
brominated product and the ortho-brominated product may be coliected as the

distillate.

In order to increase the yield of the para-brominated product, the undesired ortho-
- bromo compound in the distillate stream may then be subjected to an isomerization
reaction to convert the ortho to the desired para-brominated product, as described in
U.S. Patent No. 3,293,309 to Zemba. Briefly, the stream, which contains the ortho-
bromo product, and optionally the para-bromo product, is contacted with additional
hydroxyaromatic compound and aqueous hydrogen bromide to form a pre-
equilibration mixture, which is then heated to a temperature ranging from about 25°C
to about 200°C, The ortho-brominated compound, and optionally the para-compound,

1s equilibrated to a mixture of p-bromo-compound:o-bromo-compound having an
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sufficient. Distillation may be conducted under reduced pressure to
minimize thermal decomposition. While isolating the para-brominated
hydroxyaromatic compound from the organic phase in the third fraction,
typically by distillation, a stream (i.e., second fraction) is also produced,
WeiehPrEeIRpises the corresponding ortho-brominated hydroxgancsnaiosesos
compound. However, para-brominated hydroxyaromatic compound, as
well as dibrominated product may also be included in the stream. The
equitiiosbno poirsteeidy picdiyciberedi(ana§046d chqupeisehyrregeotbebmide acts

LW RRIOMBLE GO TRk NE SRARdIRENL IR AR RIONINRIEen

hydroxyaromatic compound is not removed as a separate fraction from
bEpRIBRgRAR P, %@@éﬂﬁ@aﬁns%ﬁﬁﬁwsﬁﬁ&%@%ﬁlﬁ@ﬁa@ffm}‘ﬁa rxidigtle
agm@m@. ; tend Eh&:ﬁ)fél@q-@%)mﬁW@f}%@tﬂfﬂdﬁfﬁﬁﬁ%l@ﬁlgﬁu&ﬁﬁ@%ﬁt&%ployedh
istillate. In.arder tg jncrease the yield of the para-brominated product, the
Uﬁﬁélléfsi% 8&?%%5%?33 ESHRPTEA tﬂgt%e distillate stream may then be
subjected to an isomerization reaction to convert the ortho to the desired
TheermesirHetauqsrss i eoad gedcifeamreris e peremeN®ns 208t 368G do
abRIBEoBriefiyJgSUeampWhiGh coniains 156-erthcs RO mRRIdUCts fad
optionally the para-bromo product, is contacted with additional = -
henfithe BrapBrFaHt B Bt A d GUREiE R dTBgEn srobecdhfolioners,
gii@a ey il Romdbre, Yhighisdhen iratetHtasutieMParat L RGING
from abO{Jt 25% aboutt ZOOCD. Tthe ortha-brominated E%m oqu, anc{ d
SORtOh Ay THE Hara-Cdpothd. I e ifbTAted R kil Gpo-orominate
hpdbroraocsim poupdied porthe papbums rated iy dnox 1M 2 0058254 GiF
efiribiHR2004/039304 gauiiibum cepsiantiypicallyABOWLD- 6.8t JRAda)

queous hydrogen bromide acts as the acidic catalyst for the
hydepRenibEmoifeaction. The amount of aqueous hydrogen bromide is not
critical, so long as it is sufficient to be catalytically effective. As little as

AfH1B6 enalsbruch iasdtpictey theighit afilibracastiohitivixtuag heaydyeled to
2 SIRIGY 8y blHANL. B Aok e et A ieight i iaRIe: I8oound and

iIsomerization process is conducted at a temperature ran,?lng from about
adiltipopg! hydroxyaromatic compound employing the metal catalyst, oxygen, and

aqueous hydrogen bromide. However, it may often be desirable to isolate the para-
brominated product from the post equilibration solution prior to its being recycled in a
further bromination reaction. As previously mentioned, the para-brominated and
ortho-brominated compounds may be separated by vacuum distillation, for example,
and the ortho-brominated compound can then be returned to the remaining post

equilibration solution for recycling,

In one embodiment, when aqueous hydrogen bromide is employed in the initial
-oxybromination reaction as the bromine compound, as well as the acidic medium,
unreacted aqueous hydrogen bromide residing in the aqueous phase from the
oxybromination reaction may then be removed from the agueous phase, typically by

distilation, and recycled for use in the above-described isomerization reaction.

When a volatile organic solvent is included in the oxybromination reaction of the

hydroxyaromatic compound described, a one-phase product mixture may be
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about 200C. However, a temperature of about 150C is often employed.
After heating the pre-equilibration mixture for a sufficient time to
equilibrate the isomers, generally ranging from about 15 minutes to about
aﬁ? 8&45313?3905t equilibration solution is formed. The post elgg,wgg%ti%m o4
solution comprises the otho-brominated hydroxyaromatic compouna it o
the para-brominated hydroxyaromatic compound in equilibrium, as well
ungsed oxyaromatic compound, and agueous, hydroge
T T LB B o o
medybeoeinedivyia: flhherexyisromiitdtiviieasionaotbrmpurdcs well

By HOXY&ieERaLE S0 RGN AN Ha @ diiRnaL Y EROXNAr QRGO MARRLNGk g
emplo |n%the metal catalyst, oxygen, and aqueous hydrogen,b_romlde.
R P ERERT e AT FEORHE ST BBR A0br i FRAGEBFORER
atidthdhelpdist eguiib satiantsokutitupetd thohkéspheing-teaystfakiniquilurtager
RLYBARIeRSACIon. feRIRVIGKRlY 08 J@;%%Sdfath%,_gﬁf%; "aninated and
ortho- 'romlnatea comp hds may be separa ed DyPvaruum ditiation . for
thscnansien PapdP ehanbie- breinskatecdisoitsionnt cemdhehberfettmerdged

hRFEAIBHANG PsthRAHEIDEREORSQUANONORSREHENIRG. 1RONira-brominated
embodiment, when aqueous_hydrogen bromide is employed in the initial
BB ATON AR as AEPBRIRGInG RTm AR AOET, BB
empldited), thenveheledbagurotisipydrdg ervhreomiseviesidieg intbaaguedysn
hase from the. oxybromination reactjon.may then be removed from the
i C e R TR SRR TR e R
phensldiveng rilbweil inp pedntz2ftioh T €a ctibirel Wihe nemvetdtilerorg tridstliaionis

HoEded 1adheoxyRramiatigRrrasHRR RENE LY BXVAY, mgclﬂ%poim of

compound described, a one-phase product mixture may be |\ )
“PRIGBIDIEROT B CTAISI00HTEA0R THRRNS e BPTIHS SIS iatss nietire
ransvpiises thejaaialtatalisbasveltasiag Iigddcaonaming liguidafher
ebra-bro inated hydroxyaromatic compound, as well as the.

O TOIMNALIQE Teac . . .
c%rresponglng ortf o-brominated hydroxyaromatic compound, unreacted

hydroxyaromatic compound, any unreacted bromine compound, the acidic
HoWeNeim it is often beneficial to remove the volatile organic solvent from the

product-containing liquid, typically by distillation, prior to removing the portion
containing the brominated products. The volatile organic solvent can then-be recycled
to another oxybromination reaction. When aqueous hydrogen bromide is employed as
the bromine source in the acidic medium, unused aqueous hydrogen bromide will

often also be removed and recycled with the volatile organic solvent.

The metal catalyst, as well as any residual amounts of para-brominated
hydroxyaromatic compound and residual unreacted hydroxyaromatic compound
reside in the remaining reaction product mixture. Residual unreacted bromine
compound and residual acidic medium are typically included in the remaining
reaction product liquid also. The metal catalyst is then recycled to a further

bromination reaction, as well as the remaining product mixture, if desired.
In one embodiment, the removed portion of the product-containing liquid may be
washed with water, one to three times, to remove any bromine compound, any acidic
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liquid. After the bromination step, the majority of the product-containing
liquid is removed from the reaction product mixture, typically by

distillation, to remove the ortho-brominated hydroxyaromatic compound
WtPLRYEEIP A portion of the para-brominated hydroxyaromdf& 66586 A0+
Generally, when agueous hydrogen bromide is employed, the volatile
organic compound, most of the unreacted aqueous hydrogen bromide

meAYR ARt SFaeRS 6f the TR setyshy dRsxYaTBivalie BEnPen e, rsmends

afthenRgthavingamoilisgvprintheild 8216l ywilb alserne wavethausingtigon.
distillation. 'Howevﬁpr if desired Eﬂe untgfed aqueous hydrogen bromide

ORYIMRY A BBATRG IO AP SFaR HE R LA S eV eh PRI pgeycling
removed, typically by distillation, prior to removing the majority of the

Favbameerso afrhgeique aminsest rader hraniheriselajest drpim diprpmoved
i oot e T Al A,
solvent irom tne product-containing liquid, ICa Yy aistiiation, prior

R e B ARG IR KT A SR SEe P b e
patghnic scheptwahithdanbavgcyelad ato ianothieatdoy bearmimatioin aeaetione.

\ . S | “he.brom o
B e R R R T
sqBOY BradiaecYE I W ERE lrelioR aygasitoudventeriing niteaicystathet,
nRpwell & dﬁé}%@&%@k@ﬂ}%@l& ohparadiaminaigdo hdroyatemais, if

a

comd;oun nd residual unreacted hydroxgaromatic compound reside in

defizerb i RY S REIE BYOBIEE FARNPUCR AL JAF QRYRIRTEer BB Firgion is
ofieimgien nekadddresicheabiaeiat prive diu moareripgnieally Wirl dqdetutheydrogen
Liem injn% r actignﬂp[ﬁ)duq.li gid also. The nLetaI cata%st is the r%cgcled
11k 1 MHOYEQ 1 € tal. dronnaton reacyion, unus aqueo rogen
0 a Turther hromination reac ion, as well as the remaining pro‘ésuc?’
b enay dissibednpndekbiethp sdimmenndtigoregribodsbpeorizenopireaetion.
product-containing liquid may be washed with water, one to three times,

Figthemoye; afyrbiiaemenaial)nls gayacititnd2dVWe d20 o8y &LGiéolated
PC /U82004/0360304 egium .and an fraces of the metal catalyst. The
from olUfon c¥c ing.

Na LRSI PR e 52 e vy 0 T
The following examples are given by way of illustration and are not intended to be
limitative of the present invention. The reagents, reactants, and catalysts used in the
oxybromination reaction described herein are readily available materials. -Such
materials can be conveniently prepared in accordance with conventional preparatory

procedures or obtained from commercial sources.

In the following examples, phenol is the hydroxyaromatic compound, 48 wt. %
aqueous HBr is the bromine compound and acidic medium, and the metal catalyst is
-cupn'c bromide. However, the invention is not limited to the bromination of phenol,
and other hydroxyaromatic compounds, such as o-cresol, m-cresol, of any of the other
previously mentioned compounds, may be substituted for phenol. In addition, other
brominating compounds, acidic mediums, and metal catalysts, such as those
previously mentioned may be used instead. As used herein, the terms “eq.” and

“equivalent” mean molar equivalent.
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and recycled with the recovered metal catalyst to another oxybromination
reaction. Optionally, a portion of the water from the wash water is
removed prior to recycling. Furthermore, the desired para-brominated
roduct may be isolated from the removed major portion of the product
Qawa),ﬂtyﬁ 3§ liy by distillation followed by crystallization. The gfr’é) 4030304
containing the ortho-brominated product and any residual para-bromo

then su d tq an |s merization reaction to increase the
%éﬁgﬁ%e par'g B?Sﬂ?ﬁﬁ’i‘&ﬁ }f‘%ﬁfowed by recycling the post

equilibration solution to a further oxybromlnatlon reaction, as previously
Toos BB SHioHavrovaranBtri bty Betsdinenranieread Termat Py mstohd

madlergaqthewsm@kzh gdions H desikadd vaa@at?drfltay@ﬁ%y@x@rgzm% mmol,

rom the oxybrominati ofte o0 included in the

ream L?I‘IOI‘ %d’l%ﬂﬁ%?%&ff{ %\7 %% §que8{:%£m%’r8 @ﬁ Brofgaigs- The

rewipigyediphtise mikiairb romm eptiotedeattipm seusedy Squedumsmtpdebgpbase
PO A0 RAIACHICRAIQIE SRR T UMK IO ol UEAlAN

reaction. Furthermore, after the isomerization, the para-brominated

thir dplar gy heneb el b tam: é&ﬁﬁ.wanéh donnmBerpest @95 &
recyclingoll s follewing) examplesaphaivers by gvay.of itusbiagory and ane
CQSES'“te”dE;' o be  lipitative Ofotnh%Pr%Se“ inventon, the rea %gffg L
reactants nd cataly sts UsSed n the 6 romlnatlon reaction ribe
bhanephend redolidy mﬂ)ébi@mmeﬂaﬂsleeucw oiteAals, cad becanplemidintly

rRIGRANGILALAGEQ dRANGE, ‘é’ﬁg?ﬁgﬂk/@c%@i%afo?r&%@t%f REIEEAPRSSO The

obtained from commercial sources. In the following examples, phenol is

HRE SRIFBHSAI0 SIRoehRRRe Y A48t AT seprsatie s qeetris Bhassifem

O BIREMR G R, aridisdned pikeand thendetaloatadystds %Ltmtﬁdo&agmﬁ@
*ﬁ grir ihe avention s nat 1%'&%“390%% t%%s‘é 2 a?“O” oL phenol. and

déroxyaromaf}c comp oun cre58 cresol or an)yso)f

offehasth e m@emovskym@ﬂﬁm@hem}n ﬁ@md@uhayh@@mmnhmmmed

pRERN QoA dition: Qiles, BFARiDRERg &‘BFBHQBHQ%ISQ&#S %Q@WW

metal catalysts such as those prewousl mentione ¥ e used
Sihdiowt A HEbd RETERPHRIG G S Bl A2l G0AIBA he oo us

phapdivaleited ghenol (1.73 g, 18.39 mmol, 2.76 wt%); 4-bromophenol (0.31 g, 1.80
~mmol, 0.50 wt. %); 2-bromophenol (0.06 g, 034 mmol, 0.09 wt. %), copper (not

analyzed), and unreacted aqueous HBr (not analyzed).
EXAMPLE 2

The organic phase (83.56 g) from Example 1 is washed with water (10 g) to remove
traces of Cu and HBr, and the wash agueous phase (about 10 g) is separated from the
washed organic phase {about 83 g). The aqueous wash phase (about 10 g) is combined

with aqueous phase from Example 1 containing the bulk of the catalyst (about 62.68
g)-

EXAMPLE 3- Separation of Brominated Products and Isomerization

The organic phase from Example 2 is distilled into a low-boiling fraction (about 49

2), containing the majority (>98%) of the water and phenol present, and also
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WO 20051028107 PCT/US2004/030304 EXAMPLE I-Bromination of
Phenol-Two Phase To a Pair autoclave reactor fitted with a glass liner was
charged phenol (61.07 g, 650 mmol, | eq.), 48 % HBr (81.08 g, 480 mmol,
0.74 eq.) and CuBr2 (3.6 g, 1.6 mmol, 0.0025 eq.). The mixture was
eQaser&e@87’C under 34 atm of air for 30 minutes. The reswtim@s2004/030304
two-phase mixture was separated using a reparatory funnel, and each
phase was analyzed using standard GC techniques. The total mixture
corasfogrigetescantainn tieefo Hompogndsh enok 4 intbg; 1437 fidtomEhot® .9 k)

§ﬁb mg%é@ﬂmn@aedrg%%@@milz&%dr}%?'m%i 300k lgﬁe}n%{]%nd aigh;,

romophenol (5 mmol 7 Wt. %), corresponding to

b@dwef@mwsbf(ﬁh%&%ﬁh %thi%%él’éﬁﬁﬁ}cy fbb@%ﬁw@m@htﬂh &Histathe
pm@éaebmsaﬁhmambaﬂtggtﬁwz&i 233 Herizarh? tRBhpPRENQIE MaIebout 2

ba ance of sis was don per, but see Example 5.

RSN T mr e S e e
eqnga:mwlphmsenfwm iﬂﬁ)é é:qﬂbedﬂsnphrase thecomganiczehiasecnds faungddo
GO o2 i R PLARP G 0 WHD SRR HARS ATRPYTIR B %H&i”}s”aﬁout

agueous phase (containing most of the caftalyst) of which t e major
1ébmponent was phenol. In particular, the organic phase contained phenol
(39.40 g, 418.71 mmol, 47.15 wt. %); 4-bromophenol (29.45 g, 170.20
HX AR LB5t X3ty /d) paynde 2Boooriveiirenbhh (8:0819] PBeB& mmol, 6.07 wit.
%). The aqueous phase contained phenol (1.73 g, 18.39 mmol, 2.76

m&%)o&d%g?@m?%llg%ﬁ% @o/ai;m%@d R Qlaotmit P’é%)zﬁr@%‘?m@l?&@?ﬁém
mmo wt. %), co e ana unreacte

ol et S, S e B i P o b
(isotttExqrople doknivedhed \memmm reéddyg) taboantd/es gjaﬁemcﬁ:ﬁm;ﬂad
uh‘.ﬁﬁ angihges p%@&%l@% 69518“%%%’&&%8 r?&%f%}g‘iﬁﬁ%

washed organic phase (ab t83 The aqueous was ase out

TeAriOR GBIt GVt 1ad) Eﬂ@oﬁ@ﬁﬁh‘ﬁ@éffﬂf rﬁ@mp?e f%@mﬁﬁrﬁﬁgefﬁéomim&)f

aﬂaetcsaéalgsif(mbm»&& G8e Satbr 3o SRARMANANRP TRRP BRI Rting
oducts and Iso fizatjon The 0 n|c ase from. Examp}e% is disti I
m e gr?g\?\?sbsqo&lé?gcﬁoo tv LI R@? ced uring brormnation o1 phenol, an

g of water is added from the wash water of Example 2.
EXAMPLE 5

Seventeen (17) glass vials, each containing a magnetic stir bar, were each charged
with 3.6 grams (38.25 mmol, 1 equivalent} phenol, 5.1 grams 48% aq HBr (30.25
mmol, 0.79 eq.), and 0.34 grams (1.5 mmol, 0.040 eq.) CuBr;. Each vial was fitted
with a screw cap containing a hole to allow for pressure equilibration, and placed in a
separate fitted cavity in an aluminum block which was inserted into an autoclave
-adapied for magnetic stirming of multiple samples, The total amount charged to the
reaction was 61.2 grams phenol (650 mmol, 1 eq.), 86.7 grams (514 mmol, 0.79 eq.)
48% aq HBr , and 5.78 grams (25.9 mmol, 0.040 eq.} CuBry, of which 1.6341 grams
(25.71 mmol, 0.039 eq.) were copper. The mixtures were pressurized with 34 atm air
Iand heated to 65°C for 2 hrs. Upon cooling, the mixtures were combined in a

separatory funnel, and the resultant two phases were separated. The compositions of
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g), containing the majority (>98%) of the water and phenol present, and
also 14 WO 2005/028107 PCT/US2004/030304 containing traces of
brominated compounds, a medium-boiling fraction (about 8 g) containing
%gg%oc?ﬁgg%g-bromophenol and <10% of the 4-bromophenol, and a high-
OiAg TrAction (about 26 @), containing primarily 4-bromophEnblSEitipo304
exits the process. The medium-boiling fraction is isomerized by adding
ueous HBrﬁ(Baa?out 2 g of agueaous HBr, 48%) and, phenol (about 15 g)

aqg
AP R TG B g PR L R T AR EG By 4 ST e P e
Idthéingoctiesizatioplcesplisin appostsagiyiibratiomgxitirshydbered Feuratia of

2-br nol to 4-bromophenol is abo 1. EXAM -Catalys
o Bheror e hehdl o SRl 1
bremensad: @bl (Fadtissama e izrergate rEddorlibe eanegesdpivine thevpast
oA WiERtion TRixtuEe.froMuEXa5uRle té,@ﬂ%iﬁkomlepg%ﬁegpkk%&r (B8R148%8s4

aﬂue us solu |0anlj Snd f'ge copper C%é%! st (about ?a2.6 g). from Exampdle
e} A CRPRE BRI d b o‘?ﬁ“B’ii&Pw‘bWH YRR PR HOMRET Atlalr”
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‘to prevent water from accumulating in the process: about 3.63 g of water
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fitted with a screw cap containing a hole to allow for pressure

ERguiigration, and placed in a separate fitted cavity in an aluminum block
which was inserted into an autoclave adapted for magnetic stirring of

T

brofpideasd atel v aliis s 5. B with 0veED e upmbiBedyiith theaaueous

plgkRMSm Example 5, and a portion of the total amount of water is removed. The

resulting aqueous mixture is recycled to 2 subsequent reaction.
EXAMPLE 7-Separation of Brominated Products

Forty {40} grams of the organic phase from Example 5 containing 27.02 grams (287
mmol, 1 eq.) phenol, 0.72 grams {4.16 mmol, 0.014 eg.) 2-bromophenol, and 4.02
grams (23.24 mmol, 0.081 eq.} 4-bromophenol, and 0.013 grams (0.21 mmol, 0.0007
eq.} of copper were vacuum distilled at 0.1 mm Hg to ultimate pot and head
temperatures of 65°C and 53°C, respectively, to separate the brominated products.
The distillate was collected in two receivers connected in series, the second of which
was cooled in liquid nitrogen. As indicated by HPLC analysis, the first receiver was
found to contain 12.66 grams phenol, 0.23 grams of 2-bromophenol, and 1.07 grams
of 4-bromophenol. The material collected in the second receiver separated into two
phases. The aqueous phase, which had a total weight of 2.92 grams, was found to

contain 0.27 grams phenol and 0.01 grams 2-bromophenol, the remainder being

16



(25.71 mmol, 0.039 eq.) were copper. The mixtures were pressurized with
34 atm air and heated to 65C for 2 hrs. Upon cooling, the mixtures were
combined in a separatory funnel, and the resultant two phases were
separated. The compositions of 15 WO 2005/028107
PETISeBMy/030304 each phase were analyzed by HPLC gbigbs20e1/630304
performance liquid chromatography) and ICP (inductively coupled plasma
spectroscopy). The organic phase was found to contain 54.02 grams of
uphattiest HBA6 Grsrnbaod & rbsepishin oie 8180 tgramthef #adiiomdblsenginand
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weight of 74.32 grains, was found to contain 2.76 arams phenol and
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conversion. The Iovvp onversions Wgre due to limi edsoxygen supp?y.
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pressure to the moles of bromipated prqducts is about 100%. The reactor
oLt IR RIS HAE BT RSBl SIS AR BStame

depleted in 02 very rapidly. EXAMPLE 6 The organic phase from
EEAMRBIB S lhomersatigivith water to remove aqueous hydrogen bromide

and catalyst traces. The wash water is then combined with the aqueous
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R EPIORIFRGH, BB SH Bt oty 8 ARREh HiMad ari i
advierh HY _lt@nwlltiorﬂazwqaoteelmd Iﬁ%d?rctgﬂpaemlmas piBEG almjsﬁarﬁd receiver
of ISRERHYEY. 18 SeRAIalS the DISTIRAIGH PIAEHCIS nde dISHLRIe Was oo
collected in two receivers connected in series, the second of which
minutes to enrich the level of 4-bromophenol (by bromophenol equilibration), and the

entire post equilibration mixture is recycled to a subsequent bromination reaction.
EXAMPLE 9-Separation of Brominated Products

A mixture of the organic and aqueous phases (40.44 grams) in the same proportion as
that obtained in Example 5 was vacoum distilled at 0.04 mm Hg to ultimate pot and
head temperatures of 67°C and 50°C respectively. Prior to distillation, the mixture
contained 13.92 grams (148 mmol) of phencl, 0.35 grams (2.02 mmol) of 2-
bromophenol, 2.09 grams (12.08 mmol) of 4-bromophenol, and 0.44 grams (6.92
mmol) of copper. The distillate was collected in two receivers connected in series, the
second of which was cooled in liquid nitrogen. As indicated by HPLC analysis, the
first receiver was found to contain 3.14 grams phenol, 0.03 grams of 2-bromophenol,
and 0.47 grams of 4-bromophenol. The material collected in the second receiver

separated into two phases. The aquecus phase had a total weight of 21.55 grams, of
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was cooled in liquid nitrogen. As indicated by HPLC analysis, the first
receiver was found to contain 12.66 grams phenol, 0.23 grams of
2-bromophenol, and 1.07 grams of 4-bromophenol. The material

g@gg&g ;rﬂﬂtpe second receiver separated into two phases. The aqueous
phase, which had a total weight of 2.92 grams, was found t@ C(?é'ﬁﬁé%“@.’ﬂ;f”
grams phenol and 0.01 grains 2-bromophenol, the remainder being 16
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mmol) 4-bromophenol,”and 0.013 grams (0.21 mmqﬁ‘)ﬁo? coppér. To
torpngtheerracERfled 7.5 mmol of unreacted aq HBr from the aqueous phase

in the second receiver of Example 7. The resulting pre-equilibration
EXmiilieri$ (hisateeriattiB0C for -20 minutes to enrich the level of

4-bromophenol (by bromophenol equilibration), and the entire post

TEMHBRAIRNOKUAE: ISTIRE YIRSk xanfMb SeGURM byanMeation '8astions6
E E 9-Separation gf Brominated Products A mixture of the organic
R0 SGERBL oG T AR AR SRUpBH A (00
muobihivfos pncE xam pldi&dviias orgatiuphatistifgticate0odd racaivey 66 Extimgitedpot
whldl BAALERBRBHER YRS S il ¥SndRIP B0 Bl P27 3008l B 37
bromophenol, and 0.05 grams {0.29 mmol) of 4-bromophenol. To the resulting
mixture was added 1.03 grams (10.95 mmol) of phenol and 5.34 grams (31.68 mmol)
of unreacted aq HBr from the aqueous phase in the second receiver of Example 9, as
well as 10.32 additional grams (110 mmol} of phenol. The resulting pre-equilibration
mixture was heated at 150°C for 20 minutes, and the resulting post-equilibration
mixture was found by HPLC analysis to contain 18.64 grams phenol, 1.01 grams 2-
bromophenol, and 0.82 grams of 4-bromophenol. No analysis was done for Cu; but it .
is assumed that the 0.44 grams of copper was in the post-equilibration mixture, and
that the Cu balance is 100%. The ratio of 4-bromophenol/2-bromophenol of 0.81/1 is
comparable to that obtained under similar conditions following equilibration of
synthetic solutions that do not contain any Cu compounds. Thus, the copper catalyst

present that derive from the Examples 5 and 9 did not impede the isomerization.

EXAMPLE 11-Catalyst Recycle
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contained 13.92 grams (148 mmol) of phenol, 0.35 grams (2.02 mmol) of
2- bromophenol, 2.09 grams (12.08 mmol) of 4-bromophenol, and 0.44
grams (6.92 mmol) of copper. The distillate was collected in two receivers
connected in series, the second of which was cooled in liquid nitrogen. As
W CHEBBYHPLC analysis, the first receiver was found to E§A{Hf38 4080304
grams phenol, 0.03 grams of 2-bromophenol, and 0.47 grams of
4-bromophenol. The material collected in the second receiver separated
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the ab ueqQus phase in the second receiver of Example 9, as
cupric bromide as the catalyst.

EXAMPLE 12-Catalyst Recovery

48.24 Grams of the aqueous phase from Example 5 (containing 1.0 grams Cu) were
concentrated by vacuum distillation at 2.3 mm Hg to ultimate pot and head
temperatures of 35° C and 30° C, respectively. The distillate was collected in two
receivers connected in series, the second of which was cooled in liquid nitrogen. 43.8
Grams of white distillate were collected and shown by HPLC to contain 0.8 grams
(8.5 mmol) of phenol, and the balance was aq HBr (255 mmol). This distillate is
recycled in its entirety to another bromination reaction, as described in Example 5.
The pot contained of 3.57 grams of a dark solid, of which 1.0 grams is assumed to be
copper, and the balance was ~40:60 phenol:ag HBr mixture (via phenol mass balance

vs. pot and distillates). This copper rich sample was ready for recycling.

EXAMPLE 13-Catalyst Recycle
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well as 10.32 additional grams (110 mmol) of phenol. The resulting
pre-equilibration mixture was heated at 150C for 20 minutes, and the
resulting post-equilibration mixture was found by HPLC analysis to

ontain 18.64 grams phenol, 1.01 grams 2- bromophenol, and 0.82 grams
g?ﬁ%%%ﬁ%’gﬁenol. No analysis was done for Cu; but it .. is SIS

the 0.44 grams of copper was in the post-equilibration mixture, and that

the Cu balance 1s,100%.. The ratio of 4-bromophenql/2-br, phenol of
B R b OB R o O B
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did not impede the isomerjzation. EXAMPLE 11-Catalyst Recycle 18 WO
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ofAchmmal) ghADIIPIRhEAMN NG 79 S1aBenid 2AR sRRRPIRLABYahe
aqueous HBr. To this mixture was added 63.33 grams (673 mmgz of
RN P TR BT RIS B FhoTioT) BF IS A B0 B L g
ofmpkturd, WAS pressuciz2dmwithid8ratmead 02 hieated te-MoGdphcddrs The
iliIo,iing al 400 pmy Ehe, approximAle e adspage oyolume e S0P
mL. Upon cooling, the drgani¢ and aqueous phases were éepara¥e
bipsieghsnsdpbreadfaanBBHerestnpesitibhs ofaadchebieselweass hrlalezed
way $RLL TN SPRRIcPBASR Yéanfay DA I c HURAIR DEPI¢ gFamsedfonded
“pH:)n%Il', 4.17rt?rams of 2- bromophenol _r}d 21.35 grams of . .
F-bPOMEPRENGST THe R ﬁe‘é’&?ﬁ!ﬁ%@e‘: LBRRTRE CORBPTO S Gra R b1
thelvetablst0.04 grams of 2-bromophenol, and 0.12 grams of 4- broinophenol.
The mass balance was 95.6%; the phenol conversion was 22.5%; the

Exigldef biamephansiskasadendiBraharged was. 20.0 %, and the
phenol mass balance was 96.1%. The performance of the recycled

APR'YELIRNR FXEIRlG e iR Y SERONAGANEL W ATRAFHAN T ML Y1dShs
comparable conditions using virgin
mmol), 48 % aqueous HBr (40.2 g, 238 mumol), CuBr; (1.79 g, 8.01 mmol) and
acetonitrile (30.5 mL). The mixture was heated at 65° C under 34 atm of air for 1
hour. The resulting single phase mixture was analyzed using standard GC techniques.
The mixture was found to contain 5.44 g of phenol, 26.13 g of 4-bromophenol, and
5.00 g of 2-bromophenol, corresponding to 76.5 % conversion of phenol with 80 %
selectivity for 4-bromophenel, a total monobromopheno) selectivity of 95%, and a
total phenolic mass balance of 98%. The HBr conversion to bromophenols was 79%,
leaving 4.04 grams HBr in the mixture. In addition to the water added with the HBr
(aq) (20.9 g), 3.4 g of water was produced during the reaction (based on bromophenol
formed). The copper catalyst was also included in the product mixture, but no

analysis was conducted for it.

EXAMPLE 15-Recovery of Reagents
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cupric bromide as the catalyst. EXAMPLE 12-Catalyst Recovery 48.24
Grams of the aqueous phase from Example 5 (containing 1.0 grams Cu)
were concentrated by vacuum distillation at 2.3 mm Hg to ultimate pot
and head temperatures of 35 C and 30 C, respectively. The distillate was
dwflaeted2Ritivo receivers connected in series, the second eowhisivosasnivs
cooled in liquid nitrogen. 43.8 Grams of white distillate were collected and
shown by HPLC to contain 0.8 grams (8.5 mmol) of phenol, and the
Thalgingle ylas«angikiBre(Bom mk}tﬂhsﬂﬂﬁﬂl&t& i6 réﬁﬁwéadr%dtwe{aﬁhr@ﬁysto
Q&’oﬁ) E%ingr?sgtl?n%lreg I%ndfa eSC d]b T din Xam Sl%nse ﬁalc’:ltlog which dlsfo

cohtalne gra Fa dark grams’Is assume
thye fé@ﬁ&?}%ﬁ&@@@%ﬁ&@wmwmgnol.aq HBr mixture (via
phenol mass balance vs. pot and distillates). This copper rich sample was
HeanpPidt técyginrgid0ABRRNAa Cathlyst Recycle 19 WO 2005/028107
PCT/US2004/030304 A Parr autoclave reactor fitted with a glass liner

M@%ﬁh@rgef@rmmﬁg §f€e9 ftﬁé”&é@iﬁﬁoﬂ"'gb PR&nple 83 3okaMms WRadmmol)
of 48% a é} .49 mol and the 3.57 gram solid (containing used
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and 31.31 grams of 4-bromophenol. The aqueous phase, having a total

iR GRSy Paﬁ?é“%a%"ﬁi%d’fo ‘EBFﬂE’i?PE"E?’gF&‘?ﬁ% drsHaiiorio b
dijramepbébh eoih tiehenpdr end Bi22ngiams tled-semophenol. The mass
balance was 92.1%; the phenol conversion was 44.0%; the yield of

eeremPphanalshasestion aq. HBr charged was 44.1 %, and the phenol
mass balance was 88.6%. The performance of the recycled catalyst from

TR te SPHERRRNGRH,) t r.comparable.
oAl Gue 6 V‘T’?%‘?%u el N A SRR LR L TR AR ing
in the vessel after the dlstﬂiatwns of Example 16 is added aqueous HBr. The dried

phenol-water fraction from Example 16 is also added, as well as additional phenol.
. The resulting mixture is combined with the second fraction from Example 16
containing 2-bromopheno! and a major portion of 4-bromophenol, and the
combination mixture is heated at 150° C for ~20 minutes to enrich the level of 4-
bromophenol {by bromophenol equilibration). The amount of ag HBr needed for the
equilibration may be as little as 0.01% or as much as 10% by weight of the reaction
mixture. In practice, ag HBr is often added to the reaction mixture until no additional
improvement in the equilibration rate is observed. Usually, from 0.1% to 2% by
weight is suitable. However, in some cases it may be desirable to add enough aq HBr
to the equilibration reaction as is needed in the subsequent bromination. After the
equilibration, the entire mixture is recycled (with additional ag HBr if necessary) to a
subsequent bromination reaction, with equivalent activity and performance of the

recycied copper catalyst to that described in Example 11.



the catalyst. EXAMPLE 14-Bromination of Phenol-One Phase A Parr
autoclave reactor fitted with a glass liner was charged with phenol (23.7 g,
225 mmol), 48 % aqueous HBr (40.2 g, 238 mmol), CuBr2 (1.79 g, 8.01
nggo‘lz? %"ld aeetonitrile (30.5 mL). The mixture was heated at 65 C under
34 At Of ait for.l hour. The resulting single phase mixture WG&YrARI2RP04
using standard GC techniques. The mixture was found to contain 5.44 g
of phenol, 26.13 g of 4-bromophenol, and 5.00 g of 2-bromophenol,
FebpHtITTEPRST BB 9P RN bETRISH ST En&oiRit g sdiastutigriohe
férdgeom alehetitloss taial sxnenaky ehrahen dlesédenibdty 0k A5¥niatcnaodalal
hengliomass balance of 9834, Jhe HBE conversion o bromophendls ips
%, leaving 404 g'ramsocl-i)ér I the Mixture. m adartion 16 the Water 2
aliefdieid ovithathedaBrio(any (ROleigy Buag fitlhene derasipeotivioatedpimigetide
skgpchiondbased ardigmophenol formed). The copper catalyst was also
included in the product mixture, but no analysis was conducted for it.
EXAMPLE 15-Recovery of Reagents 20 WO 20051028107
PCT/US2004/030304 The single phase mixture from Example 14 is
distilled to remove unreacted aqueous HBr, acetonitrile, a minor portion of
water, and trace phenol as one fraction, which is then recycled to a
subsequent oxybromination reaction. EXAMPLE 16-Separation of
Brominated Products The mixture remaining after the distillation of
Example 15 contains phenol, 2- bromophenol, 4-bromophenol, the copper
catalyst, and water. This mixture is distilled at reduced pressure to
provide a phenol-water fraction, a second fraction containing
2-bromophenol and a major portion of 4-bromophenol, and a pure fraction
of 4-bromophenol, which exits the process. The phenol-water fraction is
sufficiently dried to prevent water build-up, and is ready for recycling.
After the distillations, a mixture containing a minor portion of
4-bromophenol, trace amounts of 2,4- dibromophenol, and the copper
catalyst remains in the vessel. :

S
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EXAMPLE 17-Isomerization To the mixture of 4-bromophenol,
2,4-dibromophenol, and copper catalyst remaining in the vessel after the
distillations of Example 16 is added aqueous HBr. The dried phenol-water
fraction from Example 16 is also added, as well as additional phenol. The
resulting mixture is combined with the second fraction from Example 16
containing 2-bromophenol and a major portion of 4-bromophenol, and the
combination mixture is heated at 150 C for -20 minutes to enrich the level
of 4- bromophenol (by bromophenol equilibration). The amount of aq HBr

whaerdedfedthRe equilibration may be as little as 0.01% or as much as 10%
by weight of the reaction mixture. In practice, aq HBr is often added to the
reaction mixture until no additional improvement in the equilibration rate is
observed. Usually, from 0.1% to 2% by weight is suitable. However, in
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equilibration, tire mixture is recyc g HBri
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of 1ABRBREIMANGE LI HemRCYSIgdcapper catalyst to that described in
Example 11. 21 WO 2005/028107 PCT/US2004/030303 While typical

embBHiRIEHEMAVE FESH ISR oM B rBY sEoBtanting ofioky dre yaromatic
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I|m| nonthe s of the invention, Accordingly, various
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the arbwiltioidt idedianingdianhéespikt anchigeopaiehthie present
invention. 22 What is claimed is: 1. A method for recovering a metal
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consisting of ef’em ntal copper, copper compounds, and one or more
conipdiaheriabrstomplexes of Group IV-VIII transition metals of the Periodic
Table of Elements, wherein said method comprises:

wherein said reaction product mixture comprises an organic phase and an aqueous phase,
said aqueous phase comprising said metal catalyst, and wherein said portion of said

product mixture being removed in step (b) is said organic phase.

2, The method of claim 1, further comprising after step (b) the step of removing at

least a portion of water from said aqueous phase without removing said metal catalyst.

P

3. The methed of claim 1, further comprising after step (b) the step of concentrating

said aqueous phase into a solid wherein said solid comprises said metal catalyst.

4. A method of preparing a para-brominated hydroxyaromatic compound by an

oxybromination reaction, said method comprising:

{a) contacting in a reaction mixture a hydroxyaromatic compound with oxygen
and a bromine compound seiected from the group of hydrogen bromide, elemental
bromine, ionic bromide salts, and mixtures thereof, in an acidic medium, in the

presence of a metal catalyst selected from the group consisting of elemental



(a) providing a reaction product mixture by contacting a hydroxyaromatic
compound with oxygen and a bromine compound selected from the group
of hydrogen bromide, elemental bromine, ionic bromide salts, and
mixtures thereof, in an acidic medium and in the presence of said metal
catalyst; and (b) removing a portion of said reaction product mixture
without removing said metal catalyst, wherein said reaction product
mixture comprises an organic phase and an aqueous phase, said
agueous phase comprising said metal catalyst, and wherein said portion

of saigp@radpetmixiseupangremayedhinsiepipbissais ergaixghaseroup

2. T thod of claim 1, further comprisi fter. step (b) the step of
oSt B ORI s Ut LEH oS Pt e -
remahasey isaddionepad datalyskiBe Thenmethad of olamid, fhstherrcbmpesgingus
aftepsiep () i en af coneeniraiing, said agusous Pase N0 258t req
whérein said soll comprisessaid m affllscatalys XA met odpofpreparl'ng
a paalioromivaséd hyaroxyakonvaticsompogmdtby-biremorgisibhyidiatiparomatic
reacfion, i metod.cemprising: @) SONBRING I HFBARIOIMNHIRR: said
hydroxyaromatic compound with oxygeh and a bromine compound
seldGEPHFIMHASCHRIFOT A rogEn Biishit clrsreaiehal doremine domieound,
brogjiglesalisiqang daixisres thereof, in an acidic medium, in the presence
of a metal catalyst selected from the group consisting of elemental 23

cop% r, co%)/%er compounds, and one.or more ompounds o comglgxes of
Gro 3 PR e rftich FHEta R 6T tHe PRIToBIR T ShIE o Efenidfts g aducous
progiee afthllowpthase spactiaiy pradocimixtucescamprising ahweganiom said
phaseuéacpud an aquequs phase, wherein said organic phase comprises

sai %ara-%?omlﬁgfled hydroxyaromatic compound, a corresponding
ortho-brominated hydroxyaromatic compound, and unreacted said
hydfokirsssHiat dershb BRE ah e wHErBIR dhatabnt db 5a pHaSR o Rl diom

saidymetakcatalysh yoreactstl saidbramingicemposd, ndwaidacidifirther
medium; (b) separating said organic. phase of said product mixture from
said’wﬁgwt]m reaction of additional said hydroxyaromatic compound

employing oxygen and said bromine compound in said acidic medium.

The method of claim 4, wherein said hydroxyaromatic compound is selected from

the group consisting of phenol, o-cresol, and m-cresol, wherein aqueous hydrogen

bromide is said acidic medium and said bromine compound, wherein oxygen in the form

of pressurized air is employed, and wherein said metal catalyst is cupric bromide
(CuBr:).

The method of claim 4, further comprising the step of removing said para-

brominated hydroxyaromatic compound from said organic phase.

The method of claim 4, wherein step (¢) further comprises the step of recycling

said unreacted said bromine compound, said acidic medium, and any residual said

unreacted said hydroxyaromatic compound in said aqueous phase to said further

oxybromination reaction.
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9.

10.

phase, followed by optionally removing at least a portion of water from
said aqueous phase; and (c) recycling at least a portion of said metal
catalyst in said aqueous phase from which at least a portion of water has
optionally been removed, to a further oxybromination reaction of
additional said hydroxyaromatic compound employing oxygen and said
bromine compound in said acidic medium. 5. The method of claim 4,
wherein said hydroxyaromatic compound is selected from the group
consisting of phenol, o-cresol, and m-cresol, wherein aqueous hydrogen
broffidenstisaich Acligie mdditizr ancsaithproinime sempotirdtspherein
oxygen in the form of pressurized air is employed, and wherein said metal
catalyst is CUBHir DIOMIGR (B ke S RS EthRd AL Clai fndUBNRMove any
comprising the step of removing said para- brominated hydroxyaromatic
conmfisanel erarsEid BRGARI OSSN R A dtisd of wisimdalwretest
steRif¢) fumﬁ%mguariﬁ%st}h%M&H@@Mﬁ@n&aﬁé&ereaﬂed said

bromine compound, said acidic medium, and any residual said unreacted
said Hydrosg/aPHIRI SEB M HF5 At R Ried LAt RASe b8gicPRdrARHonally
oxyseinationderetionwa4:Si-dhemethachplalaimcduiutaes SQMpsisingter;
prioszr}ntg step (c) the steps of: (i) washing said organic phase with water at
least One time to remove any traces of unreacted bromine compound and
any(tngcesmfy&ai_qgmvéﬂat@gbahyslt;@m)ammﬂmtgaﬁa_idzwa_svtfawat@hérem Satdtion
oraapic phase; () sombining said wash water with saidkagieous phase, o,
and-optionally removing & portion of wa erfrom said combired gqueous

phaseaind. wash water; and (iv) recycling said combined aqueous phase
and wash water, wherein a portion of water has optionally been removed,
in step (c) to said further oxybromination reaction. 9. The method of claim

4, firisencbpiprisikgrafciusiey (oppresstepasfstep (b) the steps of
(i) removing a stream from said organic phase comprising said corresponding

ortho-brominated hydroxyaromatic compound;

(ity  contacting said stream with additional said hydroxyaromatic compound

and aqueous hydrogen bromide to form a pre-equilibration mixture; and

(iti)  heating said pre-equilibration mixture at a temperature ranging from about
25°C to about 200°C to form a post equilibration solution comprising said
corresponding  ortho-brominated hydroxyaromatic compound, said para-
brominated hydroxyaromatic compound, unused said hydroxyaromatic

compound, and said aqueous hydrogen bromide.

The method of claim 9, further comprising the step of recycling said post-

equilibration solution to a further oxybromination reaction of said unused

hydroxyaromatic compound and additional said hydroxyaromatic compound employing

said metal catalyst, oxygen, and said aqueous hydrogen bromide as said bromine source

and said acidic medium.
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(i) removing a stream from said organic phase comprising said
corresponding ortho-brominated hydroxyaromatic compound; (ii)
contacting said stream with additional said hydroxyaromatic compound
and aqueous hydrogen bromide to form a pre-equilibration mixture; and
(i) heating said pre-equilibration mixture at a temperature ranging from
about 25C to about 200C to form a post equilibration solution comprising
said corresponding ortho-brominated hydroxyaromatic compound, said
para- brominated hydroxyaromatic compound, unused said
1 1. hydityatehatio fcomipoundyanttsaishalgueoas hiichiogendosprisiete s4i@. para-
v MERNC.of Slaim 2 durther comprising, (e step of recyeling said post-
equﬁﬁ)ratlon Solution to & further o%y%rc?mlnation reaction of said unused
hydroxyaromatic compound and additional said hydroxyaromatic

12. comipsurdtbadprdyitrims Qidhedeincerislystetny §EH A BRId ey Sedugreacted

hydRYErRgan iR QEHER @R SRIth REAMIRRSeWIERe and said acidic medium. 25
11. The method of claim 9, Wherfek% said stream further comprises said

.~ para: brominated_.hydroxyaromatic from said organic phase. 12. The , )
15 proth i DG, STHErein ST TG 08 d BorHR e et

brotwykexyardmaticorestip oomg fnarhisaidserganit ghekexali8n thietmethod of
claim 9, further comprising the step of removing said para- brominated

14, hydigxyaromatic compewnd,fremsaldurast equlivatiomsaliion o 1d. fhgiine

method of claim 9, wherein aqueous hydrogen bromide is said bromine
compstpbetisaitreisiy B mEuCEY AR s ibyARRSBUE Mo BeHep
bromide in step (ii) is provided by removing said unreacted aqueous
(ii) by pirog éad ivp raigevirersashichague d uguphasey dng se Oyctinde Saddhrerovedous
unreacted agqueous hydrogen bromide in step (ii). 15..A method of ...
P B b S SR oSNl e i
oxybromination reaction, said method comErising: (a) contacting in a

15. readtigRcthindusé ArARRIBRyArBHERERY ARy 26pgER appreund by an
oxyBrORIRRicAMARNY selestesbiierripssareup of hydrogen bromide,

(a) contacting in a reaction mixture a hydroxyaromatic compound with
oxygen and a bromine compound selected from the group of hydrogen bromide,
elemental bromine. ionic bromide salts, and mixtures thereof, in an acidic medium and in
a volatile organic solvent, in the presence of a metal catalyst selected from the group
consisting of elemental copper, copper compounds, and one or more compounds or
complexes of Group IV-VIII transition metals of the Periodic Tabie of Elements, to
produce a reaction product mixture comprising said metal catalyst and a product-
containing liquid comprising said para-brominated hydroxyaromatic compound, a
corresponding  ortho-brominated  hydroxyaromatic compound, unreacted said
hydroxyaromatic compound, unreacted said bromine compound, said acidic medium, and

said volatile organic solvent;

(b) removing a major portion of said product-containing liquid from said

reaction product mixture, wherein the removed major portion of said product-containing
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elemental bromine, ionic bromide salts, and mixtures thereof, in an acidic
medium and in a volatile organic solvent, in the presence of a metal
catalyst selected from the group consisting of elemental copper, copper
compounds, and one or more compounds or complexes of Group IV-VIII
transition metals of the Periodic Table of Elements, to produce a reaction
product mixture comprising said metal catalyst and a product- containing
liquid comprising said para-brominated hydroxyaromatic compound, a
corresponding ortho-brominated hydroxyaromatic compound, unreacted
liqusdidoypciraxysaio natiespompay rdthurseaciedshicy brominensaiopaunshund, at
a3 a0dic medium, and, said yolatle rganic.solvent (D) removing.8 oor
major 6ortlon of A pro@uc “eontainin iaufglﬁgﬁ{nfg reattiBABISaRRTen
of smiktuneavibd feidrtheaemeovedmmgjarpbrtichwiigaid produstieontanihge6on
prodiichSomerises seid corresRanding RhabramInAled NI YIOMANC:nin,
compound, at gast a portion of sal ara-brominated hy rc&yaromatlc
liquih aoputrtsel sty davidjol poribrenofistid uneasteontairoxymomaétind residual
sai ARG AR RGN BAIIngsaid reaction product mixture
comprises Said metal catalyst and remaining said product-containing
liquid. comprising any residual para-brominated hydroxyaromatic .
conPound SEYITEsTIUST S &id UHIEh Ao P AR} ar S St ic e SBidntRuHpme
readiédrepyeling ahleast agposticn-mksaic yheialicadaly sidiona:said reaiomy said

reaction r.oductmixtgre to a further %(é/bromin épr%reaction of addiﬁiqnal
e

YRSy ATBRIANE CORRpbUIRG SRYSHSYiAG oRf/de RaRE Sald BROHIIHe™ 21

e
acidsompdiund in said acidic medium. 16. The method of claim 15, wherein
said hydroxyaromatic compound is selected from the group consisting of

16. Phengl, e6regobrangd M-csesaleWhersin A0MeQYSBYAIRIESBIAMICE Slected

said acidic medium and said bromine compound, wherein oxygen in the
fronofhs BPPRSATHEEE i MERIpRYES A Ve FOSalh prBtapgREaN shIgrogen

bro®udRl i BERMiERi(RYBiA). shd shhievmethedeheleimlRnuberein saitn the form

agueous hydrogen bromide is said acidic medium and said bromine ‘
of RSHPEETY, 2n & WKL aiahSHRSEFtriid QBRbrisdia! pioistgupric bromide
(CuBr;).

17. The method of claim 15, wherein said aqueous hydrogen bromide is said acidic
medium and said bromine compound, and wherein said method further comprises prior to
step (b), the step of removing said unreacted said aqueous hydrogen bromide from said
product-containing liquid and recycling said removed unreacted said aqueous hydrogen

bromide to said further oxybromination reaction.

18.  The method of claim 15, further comprising after step (b) the step of removing at
least a portion of said para-brominated hydroxyaromatic compound from said removed

major portion of said product-containing liquid.
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step (b), the step of removing said unreacted said aqueous hydrogen
bromide from said product-containing liquid and recycling said removed
unreacted said aqueous hydrogen bromide to said further oxybromination
reaction. 18. The method of claim 15, further comprising after step (b) the
step of removing at least a portion of said para-brominated
hydroxyaromatic compound from said removed major portion of said
product-containing liquid. 27 19. The method of claim 15, further
comprising prior to step (c) the steps of (i) washing said removed major
portion of said product-containing liquid with water at least one time to
remove any said unreacted bromine compound, any said acidic medium,
1o, ncham eaReR-OL RN [eelalaaialyah i Emarina st wAsugler from
said removed major portion of said product-containi g(iqwd, and
optionally removing a portion of water from said wash water; and (i)
recyeling S¥AA s AatEm WREEIN A FUFIGR SHwiater HadushenaiRitediguid
witlferagyed,1bassteR:(gh o saiehibtthen wxyaromiRatigieatHERo AP TRE any said
. methaqd of clajm 15, wherein said VP|ati| organic solvent is selected from
ac“ﬁgfén%a% BB g st 8@@? T8’ eHidYskorm, ethyl acetate,
o-dithlorobenzene, atéticatidwand propienit aaichv23. MhApmedhiadh off said
lajm 15 .further comprising prigr to step (b) the step of.removing said
PO e B o0k L oA TRt SRt ach
watgaighdemoved polar organic solvent to said further oxybromination
reagtiqn. _ I rther comprising after st th
o T S Been
remgrgduict SEpntaitingifiduithenirerbinnsiai istreeasiioomprises said
corresponding ortho-brominated hydroxyaromatic compound; (ii)
contacting said stream with additional said hydroxyaromatic compound

20. andlagaesshedwicrisgan bromiednsaierrelatpressainsairion mpagrediierihe
grok}S NGk BRI PIREMIINEALQR FRA & AL A JMRE A IR IFRPSIAG: oM. ahoMtid,

and propionic acid.

21.  The method of claim 15, further comprising prior to step (b) the step of removing
said polar organic solvent from said product-containing liquid and recycling said

removed polar organic solvent to said further oxybromination reaction.

22.  The method of claim 15, further comprising after step (b) the steps of
(1) removing a stream from said removed major portion of said product-
containing liquid, wherein said stream comprises said corresponding ortho-brominated

hydroxyaromatic compound;

{(iiy  contacting said stream with additional said hydroxyaromatic compound

and aqueous hydrogen bromide to form a pre-equilibration mixture; and

1) heating said pre-equilibration mixture at a temperature ranging from about

25°C to about 200°C to form a post equilibration solution comprising said corresponding
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25C to about 200C to form a post equilibration solution comprising said
corresponding 28 ortho-brominated hydroxyaromatic compound and said
para-brominated hydroxyaromatic compound, unused said
hydroxyaromatic compound, and said agueous hydrogen bromide. 23.
The method of claim 22, further comprising recycling said
post-equilibration solution to a further oxybromination reaction of said
unused hydroxyaromatic compound and additional said hydroxyaromatic
compound employing said metal catalyst, oxygen, and said aqueous
ortHysi@gRRbBIOMidedas satthlipmine gepopeynd imaaid agidic ediwdmahied
h ClThe methad of claim 22, wherein said stream further comprises said para-
VOB SYATRBLEE By AT R ] BHTaCrErHEVRH e BIRSY o ATSY Siftiaqueous
hydpsgelubteaoidtaining liquid. 25. The method of claim 22, wherein said
stream further comprises said major portion of said unreacted

23, hydigxyaramaticcomnpeund fiem.said remeyed Rﬁ@%g&i@}8£t§%9iubraﬁon

product-containing liquid. 26. The method of claim 22,"wherein sa
solginide isiipD SR BrR-E TsTeaaH Broffing wormRsouriaryssenaiédiempound
and PGS PREMBRESIN SRIC A Eeam YIS L SAMRHRE SRS HNEROIRH $Rithen,
aqueous hydrogen bromide from said product-containing liquid. 27. Th_e
and SRIY SIS BT 22 T BFHRINE i SRS REP TRE S 8 BPYBBVIAY deidipmatdium.

brominated hydroxyaromatic compound from said post equilibration
solytjon. 2 . .
24. U]Ilm method of claim 22, wherein said stream further comprises said para-
brominated hydroxyaromatic from said removed major portion of said product-containing

liguid.

25.  The method of claim 22, wherein said stream further comprises said major portion
of said unreacted hydroxyaromatic compound from said removed major portion of said

product-containing liguid.

26.  The method of claim 22, wherein said aqueous hydrogen bromide is said bromine
compound in said acidic medium, and wherein said stream further comprises said

unreacted said aqueous hydrogen bromide from said product-containing liquid.

27.  The method of claim 22, further comprising the step of removing said para-

brominated hydroxyaromatic compound from said post equilibration solution.
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