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polﬁﬁﬁ(ﬂ)&r e@é&@hy%lyetﬁgﬁ&hﬁgmr e, as disclosed in the
rel ated co-pending commonly assigned U.S. Patent

Application Serial No. 10/650,566 filed August 28,
Thepp@g; vapusnesthers Berofiererepergtions of dwdrogginope and drphsaol. As
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that a netal cat al such as one or nore conpounds

nobdsy meighpAtalyels 2 Basedn l?rﬁ“i‘\?“‘ﬂqgiemtranmtl on netals of the
Periodic Table of Elenents, nay al so be used to
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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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selectivity through isomeric 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 invention provides a simple method for

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

Therefore, in one aspect, the invention relates to 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
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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
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unsubstituted and thus available for brom nation. As
Noph@/660.56k filad Awawst2&RO03- the 2-, 3-, and 4- positions

relative to the carbon attached to the hydroxy group
Th@rcgmﬁ{o‘?Hnﬁﬁpmcﬁﬁt /4 Cillgﬁ&ﬁfc'ise@otéﬁed boidifle 853 fdition is a

neta-, and para, respectively. Furthernore, o- refers
hydoxgarbimatic compoundf euch dsa met@ycliamdnghydrefyarsndt® compound.

ara-. Note that a substituent, may be | ocated at, an
It Fl)nay be an unsubs%tuted S'hydroxyaroma‘uc compound such as phenoK 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. Illustrative compounds are those

having the formula
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calcium bromide and magnesium bromide. Hydrobromic acid is generally the
preferred bromine compound. 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 Brensted acids

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

may be employed; or, if hydrobromic acid is the bromine compound employed,ﬁ 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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Vantaaﬁlm, titanium, molybdenum, tungsten, and iron, for example. Vanadate salts,
such as sodium metavanadate having the chemical formula NaVOs, are often used.
Other  suitable  transition  metal  catalysts include, for  example,
bis(acetylacetonate)oxovanadium  (VO(acac),),  bis(acetylacetonate)oxotitanium
(TiO(acac),), sodium molybdenum oxide dihydrate (NaMoO4 2H,0) , iron bromide
(FeBr,), and tungstic acid (H;WO4 xH,0). Bis(acetylacetonate)oxovanadium has the
chemical formula VO(CH;COCHCOCH;3),, and bis(acetylacetonate)oxotitanium has
formula TiO(CH;COCHCOCHj3),. In addition, the Group IV-VIII transition metal
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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-
brominated 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
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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-
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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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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,

is equilibrated to a mixture of p-bromo-compound:o-bromo-compound having an
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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 aqueous phase, typically by

distillation, 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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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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chpric bromide. However, the invention is not limited to the bromination of phenol,
and other hydroxyaromatic compounds, such as o-cresol, m-cresol, or 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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limtative of the present invention. The reagents,

reactants, and catal ysts used in the oxybrom nation
woeeistesin’ descri bed herein are readily avai | abPeT/US2004/030304

materials. Such materials can be conveniently

prepared in accordance with conventional preparatory

ool obt connerC|aI sources. In the
Exg‘m&]r% Pegbﬂ éﬁ%‘fo ¥ he hydr oxyar omati c
compound, 48 wt. % aqueous HBr is the brom ne

To ammuruilaedem:dﬁt&dmmh w@Flasatiflert igs ¢hrigdd phehell ($$107igs 650
cupric_brom.d ver, the inventjion is not |limted

mmob | #)- S IR (&irp%& 4Rermpl, 0-%hen binbfuBr (3.6 g 1.6 mmol,
0.0605¢ aqulq%; %ﬁ(‘iéd € QBN Qt%soﬂﬁmem Sk 5@@9 kor 3@&&3&9' The

or er previously nentioned conpounds,
resutyg bzeo-shémtlhixmre avak gepgpitedobing larsepatdioty @umnebtahé reach phase

R AR e I e Rt a”?w”ea%#agp ggatain
the %1%1hg8tp%ﬁol A3. 1%@@7*1@&@1&161 4I9f9%1 WEINP 4-8@mophtith] (29.8 g,

equi val ent” nmean nol ar equi valent. 13 WO 2005/ 028107
17270Thu81 00470 30304) aXAnrerEopheBpb(f. ha i28r0 Tomnrehdl -Windo),

O T
broﬂq%p?{éﬂdBra fcﬁell #8nébroh8Pheion @électﬁllt?/dofe% 2 %8nghdCulB5td] Hidenblic

mmol, 0.0025 eq.). The m xture was heat ed at
maﬁdoe@n@ﬂ @€P8IL0atMe enalusiy ey dompiaricappasbutiee Example 5. The

HBtE %S'IW& it %rﬂ%@ﬁ&%l%ést M % V\ﬁﬁelss%Bglraﬁhg auo?ggkgc @g?sﬁgﬁom

separa ory eac hase

the Sijaeuia pthadd the olpanigugase Wae fdxmﬁado avinkdin €9 TeE of thenslgdrmics,
contain the follow n phenol (41,1 fq 437.10 [,
with gnky{irage amg}lnts Aprqﬁegtnlgg Wowszl@age g,‘on ajipge Hys e catalyst)

of \glﬁilgﬁlv\eﬁ%aj(%fjt ﬁ'@&)e%f %Qﬁlgeﬂt}?n a@cu]ra the?? eﬁlzc iR ?ntained

orrespondi ng td % Conver s
phenbk(36140vg, 4R 8 g1. rﬁm% Slé‘lléom Vo)t §- bf@nolzhenb}r @8viPhei@D.20ammol,

55,158 "B PEEREROL Bt b1 el 7N SAL  of gaueous

phad@ RN pRnof gp@ﬁg 183 mBRE XA B /e Poroht¥PheddB(0.31 g, 1.80

conversion to ﬁhenol s was 42 After se(Par ating

mntohe0.50 g’etnl‘yfc) ; Phlarsmophennl (006 @dliEbmmelh &8, wi. hé))@@Qj’@ﬁli (ot
f th
e B85 iR dReiRPETRsanliz<d) ! ne aqueous phase

(contai ning nost of the catalyst) of which the mgjor

EXeompioment was phenol. In particular, the organic phase
contai ned phenol (39.40 g, 418.71 mol, 47.15 w. 9;

The4 orbgrar?lrgop ggen(o83 5(62 g% fromqi‘xar:% € %?s meﬂ with water (10 g) to remove
traces of Cu and HBr, and the wash aqueous 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

g), containing the majority (>98%) of the water and phenol present, and also
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35.23 wt. % ; and 2-bronophenol (5.08 g, 29.33 mmol,
6.07 wt. 9% . The aqueous phase contai ned phenol (1.73
wQ 200582897 nmol , 2. 76 wt % ; 4-bronophenol (0. 31PgT/us2@d/030304
nmmol, 0.50 wt.. %; 2-bronophenol (0.06 g, 0.34 mmol,
0.09 wt. 9%, copper (not anal yzed), and unreacted

HB t EXAVBELE
conftige Toegs. SO ERAMBIS & UM ORLT Al et § ©
confaiiin@>98R JrEROYBrorhbReRs! £d <10vRBe B broﬁ{@héﬂlﬂ M@Sd"fhlgh

aqueous phase (about” 10 g) is separated-fromth
boilivegs fredionr @heitc2(lighseonfabog prigsuidy 4- blrhmoahﬁmbu\thbmlts the

proRsg o i At Sk e B st QBSOS B8 about 2
g of abhsdus G2BH8I8Y)) akXAMRJE (boubapagitand rhe@fm@ﬁmmltm@ pre--

Products and Isonerization The organi c phase from
equitibainm @ixturestog] 20 ¢ [ferg2¢ miputss.| a“\hc Bﬁﬂmw@tlw deuftyan a post

equ‘h%?aﬁ}'gn 1%%(turg)wh Qq}rléggé;npgf % %go so lilgr%v\%%g%gl%%g % about
1:1.PCT/ USZOO4/ 030304 containing traces of broininated

compounds, a medi umboiling fraction (about 8 0)

cont ai ni hg.>98% of 0% of th
EX SR 3BRERET Retrrle BIRmaHtion gy RUARPREIRPSh ( about | 36

g), containing primarily 4-bronophenol, mhlch exits

The PRced¥hr® %?%(am-ﬂlke 1B dioHBW P |ekd:dgg thdt aBé IPaR hL&oclave reactor is
I'sonerized by addi ng aqueous (about 2

chaqu editfs therost a@nbibraiien prighis fr@ra@mnpl%?’gyddlﬁwl pBenrol.ngBr
(as u{{qzlgcl)'llllst.rslr@\% 0215), ne'lsnd e IcloI by bl L}H{ @385@65 88 éf Brofn ﬁ)(?z{mglg 2,

' Zat' n res

whiHl Lils |gbediadd B9 dBnibing t\h%%fqaedidﬁeplﬁ&élﬂﬁorﬁftha 1hftﬂhﬂﬂd§tﬁmahon
to 4-bronophenol is about EXAMPLE _ 4- Cat a

readtibenyel BEATBNG i st for Ve etar pi BABRPIH A OVRE bY Svaporating
abog{ 8 %?%Lt{ v afel 2TRE Syater!iS retr&L\JeQ Ve A8 iERhtel H@Ltnsalc@@mulatmg

ave reactor is arged wth the

in tRepiocedar ﬁiiduol.6ﬁ1 xofwetef mm@c&hﬂhm@broaﬂdaﬁonqujhenol and 5

heno) (as 48% aque sol.ution and t he copper
go 9‘5{%@d%<£%8@ttﬁ%2’a§3‘”@‘)ﬂ o Eramels A, Ie)2 which is "

obt ai ned by conbi ni ng the aqueous phase fromthe
ExARifEi@k brom nation reaction of Exanple 1 and the

wash water of Exanple 2, followed by evaporating

about 8.63 g of the water. The water is renoved to
Sevenigor it 7)vglassr vikkso ﬁ@c@cgqpmmlagan@agnetlc 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
adapted for magnetic stirring 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.) CuBr,, of which 1.6341 grams
(25.71 mmol, 0.039 eq.) were copper. The mixtures were pressurized with 34 atm air
‘and 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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in the process: about 3.63 g of water is produced

during brom nation of phenol, and 5 g of water is
wadadisd28wom t he wash wat er of Exanple 2. EXAMPRETAIS2004/030304

Seventeen (17) glass vials, each containing a magnetic

stir bar, were each charged wth 3.6 grans (38.25

eachl( }%gfs)!? gvererm\%lf}llz\éal enhg&&h&n%hgerg)r@&lg f,ﬁ}gé frcgnq%%%rlaphy) and
ICP Qn@iﬂ@clv%gy Lodp8H %lasﬁﬁcibeﬁﬂr@écoﬁ%s frhé toeghmd/\fphé‘maw% fRivd to

containing a hole to allow for pressure
contemu54 Obrgaanoof I&mdolplla%aram af 251@9@%1@@@0;,, 2 6@cgréla$u0tfy4

ot BB SpATO S, LRl 5 1P T b i s

totalsﬁ'l%i%hﬁﬁf 74he % @ind] wasgbitd t‘oh&ﬁ@ﬁd 176 tgh&ns peaol |and] a4
grai ns enol 8)6 50 mmol

e copDeTIGy dGT). The ceprigrol 2ahiamaphencl sl b ava 611, and

l" 0,
s B0 b SHEL sl W S RSt
pheriy] Qf@ﬁt}lérblz)ﬁ dari& 1 to43HBat gvnacrsionan@hé déaw ecbnvers®BE wae due to

hrs. Upon cooling he m xtures re conbi ned
limited sy &EH SYPIYin rTe}fpwailbfd QTSI Sef Patesting Bh %é%@gm 8f the

t fd
S i 0 PO 2001015, U0 RS
preséinic g theanbles Uﬁhmamhatqdl prbdotis anatouty | @@y Thgneactaramed in this

tivel | ed Ias ctros T e 9l gan
exalﬁﬂlgg’ég R s wisy W gh SEntr PR Gt AU,
.45 granms of 2-bronophenol, 8.60 grans of 4-
Xgm@qpppenol and 0. 0258 grains of copper (by ICP). The
aque?us ghase havi ng a total wei ght of 74.32 grains,
was found to contain 2.76 grans ph I
Thegprganic plfase gggeExWe ﬁ@pyvashpﬁémth \E\)/at%rn too rer%%gze :allquse%%s hydrogen
bromrd%n&)r%h%{t]ﬁgétztr?d’eg' ' Dﬁlke%éhb %{eﬁ? QE 'tl‘{ént ¥o e@/ vaith @Hédaqueous
and co alances were all high (at
phabeei6in E;ﬁﬁﬁple Sopané agﬂmmm of the toed aploentobf watmx & smmveé nthe
11% HBr conyver si on. Jﬁf IOM/converS| ns were due to
resuliing ABEOB GO SUBHIYT RATDSFAST 1E8AG8r oi on of 02
based on an estimation of the head space vol une and
EXARIAF 7-88pdrigod St ﬁ%nﬁﬁatQ@Pfoﬂu&tQ at volume at the
starting " pressure to the noles of brom nated products

is about 100% The reactor used in this exanple ha g
Fortyi (#0) emmeefdbpae@nmpm froph Example daerntaiaine e/l Fﬁ“’@i 87

mmo?rly eq. ?%h c)f OWI%E (9 16 mmol, 0.014 eq.) 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
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The organi c phase from Exanple 5 is washed wi th water

to renove aqueous hydrogen brom de and cat al yst
wonesaes10The wash water is then conbi ned with PO®US2004/030304

aqueous phase from Exanple 5, and a portion of the

total amount of water is renoved. The resulting

unreESUEREE ThE S [Sub UGS RIA SRt RALIRE TN S
phas@rifirtie @écdnldereoelgaﬂwas Ffdnasletof coriExHhA grﬁnsc phenal,nandg0.09
27.02 287 hen%l

sraneas 1 bFRRP P ReBR T BT O SCa i 5B g3 11
n%s%bl%ﬁ}%g%ol @Iooﬁl%ly‘%ﬂ v)a)s‘h’oﬁé %T%Bﬁé}% thex@6kiPerd® %Bp@r ARFas

of copper were vacuum
assunhleétthditl atl the cOp}lerrmaﬂ-lgl the pott i wette of ghe dsmmericabromophenol

erat 53C. pe t| I r
balaf 53 (o o AR EEM b AL e ooy el A e LB RRURE )
mdléa'ﬁné\f@ 16806 éﬁ%ﬂﬁnr&tﬂﬁi‘ﬁ&ﬁ‘ﬁ%@hé Qissillati@s , Adbgioasicdistiilacibns are

which was cooled in liquid nitrogen., As . indicated by
perfosnied ta iralaje  pure frastipn of f-brerenhgarl, Which gxdis te pracess.
contain 12. 66 grans phenol, 0.23 grains of
- ophe nd 1.07 granms of 4-bronmophenol. The
fpgﬁg?é@ﬂ?ﬁ %%5?%d in the second receiver separated
into two phases The aqueous phase, which had a total
The \6entgits of theXirSPr egﬂmrsfromlﬁsampwnﬂcqrmalnmgritzaﬁ&gr@mg 1135 mmol)

of e AR TS5 AORTOARER TS ) TRt Bsipod of

-erﬁ]l()?lﬁéHo? 4 BombiES V\lea% 'c§nt§1lrtb Sl%ﬂidtﬁﬁﬁé Vin' th@:ypd)te dftérothe
ano reaction. The organic phase in the se

dlstlﬂle’camsmf Exaepld @ured 0% groms 48.H0 1@11@3 Phsntrang ﬁéﬂ!(ﬂr amSaH& 98

S 23w BB PURTRRIRTO OB D T

add&p7 8 RAMYBbBuMeSctEP Af HBR Mfrai® iteaquicbud pitase &iC dlevgebmd)fecelver
it was assuned that_ all the cop

of ﬁa@mplesat hTlast reshlding s eneAvibbIHORTPREHS 1S %g%tm@.%ééo G ?95 720
mmk\@§ E‘E %H«? Lea?@%%h%&%%ﬂ?&@ zﬁ%ﬁro ﬁF&L %gﬁh%ﬁatfggf I‘%ﬁg the

entifd @ sOéiilibrhtadn Miktudsidcydadto a:lmﬁnbecldeat bhrongnaiiog reaction.

performed to isolate a pure fraction of 4-bronophenol,

which exits the ocess. I\/PLE 8-1sonerization The
EXAMPLER-ScRATa pe0lf rpg}ma[tgj: BFS £ r om Exanpl e 7

containing 12.66 grans (135 mmvl) of phenol, 0.23
A H(Hﬁﬁf@sof(tﬂie %?gam'@eiﬁd RedsPhasR ISP lgrandd) Gn ﬂheosﬁrr@rp’;tbmﬁ'tion as

that obtained in Example 5 was vacuum 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 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 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 aqueous phase had a total weight of 21.55 grams, of
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4- br onophenol are conbined with the contents renaining
in the pot after the distillations of Exanple 6,
w0 .2e05/020080 granms (8.50 mMml ) phenol and 3. 11 gCams2004/030304
(17.98 mmuol) 4-bronophenol, and 0.013 grans- (0.21
nmol ) of copper. To this nixture is added 7.5 mml of

Whlc:;’hmi 3 \éﬁgs Uhs %%ren(glr Oﬁ]et H;%he . es rgmeuﬂr&cﬁé?leaqil%WﬂBr

ecei
TheWrgari¢ phase hh ahé @éhbdmﬁ xbeeieedi \sashﬁﬂdné do a:bnﬂaﬁi)6168 ogram@ @henol,
mnutes to enrich the |evel af 4-bro eno
0.3BG GO P BRI TE R A o AP PREPIEIN | REMBsEAe in the pot
werE Yl B8 Qﬁblrgn)ﬂtluglegfaﬁlsrﬁﬁ%%(ﬁﬂeﬁ& a§ %Qﬁ?ﬁk‘%ﬂfs done for
ati

romi n reaction. 9-'Separ ati on of
copjiRir dmiheatced vérs @d pot; St \Aasnasxdlmcdethaf ali te epgen(Octdagrdms) was in-

ue 40. 44 [ th
the d Bl SoBE arorbiins HoERaiL Pelofae Tacionm B R GESR
1nd19at% rﬂT‘To’s’Q of qulibiafBh AuRRs tRNWstiingRd, bRMNAraE Yresndefof all
C and 50C reéespectively. Prior to di stillation, the

the (ﬁumcurmelly essucHiteewith3he brcgmlaatwn( reagtiomndhy shghtbhlower total

o S35 S Pl 65 ST DS R G e

singl@BlyhidoN, 6FIBE vessthat Bightvdchahe VRS ag@dousphesh imt}ievm:cond
receivers connected in series, the second of

recaiegs, esobiiviee pRmardyerentted egpeAus HBTiand ety PBQHHFSLrecycled
V. the first receiver was found to contain
toa &ﬁ%jé?ipﬁs phenol, 0.03 grans of 2-bronophenol, and
0.47 grains of 4- brormphenol. The material collected
EXANRAR] GEoartizatteei ver separated into two phases. The
aqueous phase had a total meight of 21.55 grans, of 17

2005/ 028107 P 030 ich.1 0
To R a BRI BH DS POV BLH & ‘TP Sordacdg T anam Brse
mmUBfo dphléﬂ& q’rSQaél"aﬁlS RBa3S enih8l) i ey- &@ﬁ%ﬁeﬂo@CzﬁidV@M Wedins (6.92
found to contain 68 grams phenol, 0.30 grans

mmRlfeeppirewes addm]dthg owngrﬁrme of the.sseentbrskaivel of Example 9,
h
i R 08 A SR b oA H AT aBREne ) 7 b

bromBplhdhel,r fEe0\sr graﬁfs @)019, mnhdl) \@%-Bﬁﬁwphdndlh aToathk mm}tmg
copper (O. 4493 in Bat h of 2
MiXtue NS mﬁ@%(loé?él raW@Bé)f&hénQ!laaéé HoSreps b7 |68 mmol)

of Lﬁlzegac%,lé S%q ]r%f p% C@lte' gecﬂllg Rhtg%%n%e &ahd 'r&reﬁlter QPEgMﬁbIQ@ as

e presence of a
welhay b2 yddigemt |geetrﬁml( MO tfmd 1 ef phanwi. n%ﬁhe oultieg piré- ethlTﬂaBon

lightly | | d ph | crer
misgure i beed ot 1605 e S aRiEbem iy PRERIMER Blgailipation
mixhBH £ bhatby HEL.E ‘aﬁélggs YEeSRAin AR 4l GRAMHEHN 1.00&rams 2-

aqueous phase in the second
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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receiver, containing primarily unreacted aqueous HBr

and -5 wt % PhOH, is recycled to another reaction.
wexdsRRE010- | sonmeri zation To the remai ni ng conPEMUS2M#/030304

the pot of Exanple 9, which contained 0.74 grans (7.86

i nnol ) of phenol, 1.51 granms (8. 73 nmol ) of

A Pfé‘g ZILEE%Q EFe{neI%cfor %nted w1ﬂ1 %%{asﬁlpg as ché]rﬂQA l)vlt% a BOMBE roi,f the

e organi ¢ pnhase O sec recetver

posEs@iiib@atiSn miwhire le .08 tgaalﬂ@ dfr@mGExaﬁﬁ@b nlS) 6(ﬁﬁalﬁﬁlgmm17 )grams
of phenal, 0.30 grans (1. of 2- bronop

(7. %n@mlbéiu&ra(mtae@na@ WS) (3o¥4 %nra@la) R S d - 57T§amﬁ d134

mn{oﬁsdﬁﬁg and%yﬁznn@gﬂgﬁ%bégmwof Lﬁﬁrrg ea t'ed}na{rthoD

of HBrorﬁas@asnblhemaqlJ%Lgﬁanpmaﬁaa mrhéi ofetBohdquemsi NBt. dfo this

miXTHROT HebALA T3 SBUDD Rg B LT b PRESIALS minol
of MstidhEovaaBheatRd el Bix Ry W%Q tp%sﬁ‘&ﬁz%&wﬁ‘l‘i‘@ﬁﬁ% air and

resulting post-equilibration ure was found
heaH@Liﬁ Hiel §0$|28htso whalatsdinmgl 8. B‘kDOgrmms Eheapprqmma@lheadSpace

Vol s 0L v G te A e s P R erated

usitd'® s&hatftod" @h%el OfThe RBRGbsiNBSs dfeabh §hiRSiere aHAll &I & HPDC.
r#xtﬁ}ae Ig{]d t hat thg@Cu bal ance ?s 100% Thg ral?}lto

Thez)brgmn@rldw@@rv@acfpmd br comspinetfod7 grangs efi pheriod, 4.17 grams of 2-
brop%nﬁ g 2 %5 %Ilhs %Ph%rolggp}ge%gﬁrhg’gé %ue% E)BQS%' \;/{1 R)‘End to

rrati on Ions

contin NAS gr@.ﬁisaiﬂ’ph@ﬁyl @omgﬁm@wf@sbroﬂupﬁendlha@opp@ams of 4-
cat al yst pr esent_ that derive fromthe Exanples 5 and

brogroghefioho {The fprsa dalanee Wanepys dhe BhenoEpmsEon was 22. 39%; the
N o
vielicd TIPS P it AL eRal NI 26, and o phepol mass
balarck hwas 96 a%s ITlnepserfmmamdeao@ﬂré wicytled cpatytst dronofExtinple 10
conpfgp 8 ﬂi Iagfl;za mlﬂgwnetlé&éggc%}s %n%élrﬁgl’rlg %)S(l?lgp \llll'gll’l
cupﬁ‘é%rﬁid@'a@%@ca?al tanms (3. 14 nmol) of Cu), 12.57 grams
of p enol, 0.68 grans (3.93 mmol) of

brom) henol 55 granms (3.18 mmol) of
EXAMRI@Eré ystR@n@vesym grams (22.48 mmol) of 48%
aqueous HBr. To this mxture was added 63. 33 grans

s RIS a0 1) B D T
con‘déﬂti‘htéﬁ b3t Fh@ium aﬁdﬂlahe@ta&dZBOﬂﬁ)Q{gOt’o Z‘llth’ﬂste péti bed head
stirring_at,6 1400 r(ggm The appr oxj mate headsp ?
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:aq 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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vol ume was 500 nlL. Upon cooling, the organic and
aqueous phases were separated using a separatory

wobumsaks10The conpositions of each phase were arargRe@4/030304

by HPLC. The organi c phase was found to contain 56.07
granms of phenol, 4.17 grans of 2- bronophenol and

A Pﬁﬂ' aﬁg %Rf"é"f‘?ac?({ fAttek&r\QiglgQ%ﬁg%ngf@%&qg%ﬁq%ﬂgg%? g‘@ﬁ (066
mol® pheroit§ e gedms @194 HmdD «Fr4des agHBE-(OkionoPhanicthe 3T3egram

mass bal ance was 95. 6% .t he _phenol nver si on was
solig X coutpining usgq equpriss bl@%ﬁ@piﬁr@ﬁb@<aaa§%dl 2on T meEgeepas

pres#ﬁlzz Sy 9‘6 %8 8%t }%Qfeﬁ Qb 76%S For f’ﬁfsa%ﬂe ‘fé?%m%ﬁat LY 4‘00 1pm.

rmance o e recycl ed cataf yst anmpl e
Thel@pr@nmaeskmﬂd;mdem@ﬂumwwtab 0rmbct Upon rcoolingydbe organic and

rabl e condi tions. u3| r b d
oauE MBIt SeskrptEnd 3. oGSttt ol Somee Pl hrach
pha®f wkReinaBkePys HINas e The erbakeaimbe was fGriattdicohiath 33.8 grams

grans Cu) were concentrated by vacuumdistillation at

of @e@olnﬁﬁlaggrams wift3-esrespbenol aind Meﬂdgran@anef} hmmm%leml 3Ehe

ti.v di st | I
soo oy pint SR LR oo LB UBb UGB 3 s
of pHeh&IhN OWBSg@aRl & bForhdhehsl, Bhd omegranéso&-bfaame@él The
white distillate were coll ected and shown b

massohelanes V@& §Ralts; tb@ Bherph AONVespioph &es| 44 Qé/{‘d ﬂwe ywld of

B Thip
broggé%éﬁﬁc}yﬁ%d I%ﬁ a'é' | " e? W 461&:: dstfrlr{a tﬁ;gté}?og rrllllaQSs balance
wasl 8869%] Qhe pﬁﬁoﬂﬁe&&é lolf gk rled:ycll:'edam‘lilﬁt 51:0m FEkamplet]2 corresponded
cont ai ned, of 3.57 granms of rk solid,. of whi c&@l..g
wel i reé"t%’slﬂz‘ﬁéﬁldﬁloc%’épa“g% %rrda THONSPISVIREN SHRTAC Rrognide as
theé9d99 phenol : ag HBr m xture (via phenol mass bal ance
pot and distillates). This copper rich sanple was

ready for recycling. EXAMPLE 13- Catal yst Recycle 19 WO
EX2005/H M8 Boampaiipiusl BilenobOng GhaseA Parr aut ocl ave

reactor fitted wth a gl ass i ner was charged wth

62. 3 I
A P81r:r a&éﬁgava r?_zfésor(fﬁ%gévnﬁqo% ass ?r? r%ﬁ% %ggrggtﬁ I‘Plﬁlé (ﬁ (% 9%' i25
mmoDP A8 AsNAdiGots BIBCURI ¢, m&ﬁlﬂuﬂ@l) CuBm ﬁX’EQTgl 8. Olme'lail)s and

m xture was__pressurized w 38 atmair_ and heated to
acetppitrifeg30 mﬁé Wsi m@tlgﬁuwasm@teétat 0206 pegr 34mat@ of air for 1
hou? PPLO %(ésm%g S gﬁlytﬁ}e% HER7=d gmﬂ% stahP28 éf@@chﬂi nes.

he organi aqueous phases “were separated usin

Thesmpamat\cusyfoﬁmﬂ ne IcontTdﬂmeS 40 lg'pJ:fSp}Iencan6dB gaaﬁ:h—bromophenol and
5.00 g of 2-bromophenol, corresponding to 76.5 % conversion of phenol with 80 %
selectivity for 4-bromophenol, a total monobromophenol 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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phase were anal yzed by HPLC. The organi c phase was

found to contain 33.6 grans of phenol, 5.78 grans of
wa-2tsonephenol and 31. 31 grams of 4- br onophenoPCT/TiS2004/030304

aqueous phase, having a total weight of 57.80 grans,

was found to contain 1.27 grans of phenol 0. 05 grans

of 2-byonophenol, and 0.22 grapn brono henol, The
Therfifge B PRI g g Ei%mk% X %re é% AYBPYS Geqied aqueous
HBf %cé}oﬁlgﬁ@ea Mﬁﬁdr%o?tﬁon Reigratste Qﬁd‘ﬁ‘bée ﬁfbﬁgﬂasodheafﬂactlbﬁrwhlch is

har ge .1 % and thé phenol” mass bal ance was

ther&&cﬁ%d threesubeefuentnanybmnohatidvereadionc| ed cat al yst from

Exanmpl e 12 corresponded well with a reaction run

bIe ndrt ng virgin cupric
Exém%ﬁggg I'—_rﬁi E 14- Brom nati on of
Phenol - One Phase A Parr aut ocl ave reactor fitted with

Theangktaﬁes rérh#iging\aercihar (ggt@llaﬂohhoﬁ)Mmble( 23 &mgamszgﬁenol 2-
, 48 % aqueous HBr (40 , 238

bromp}mor; 4@r<@moph@apl> the oc0pa%re9@ﬁli.\/§ﬁs i arné (’V@Eﬁls r%f‘)s mpfyre is
dist e)étzﬂr eé}%?stu%j t(@ eca g)ﬁgl%l ~vohtePETtRSn, 8 §ect)19({ fradtion
our”, e resu

_ |ng ase mxture was anal yzed
contaning 2Qirallﬁdp]ﬁeiloﬁﬁhd eniaj‘dl qpuﬂmn oﬂzhbromopham(ﬂ amisa pwe diciction
to contain 5, 44 phenol 4- br.ono
of 43prgmaphesepl wbrchfgﬁr srrdﬁﬂ%q%m Tﬁe Bﬁ?@i EH; Hies 15?%%@@@@
dnegorﬁ Evidn Qva%{r lelﬂﬁri% afd 1sveBB) %6r 188)cBAET tet th@Histillations, a
onopheno t ot al nonobr omophienol sel ectivity of
mix®5e canaing aotrmhorppmrm«)hr of rfalsrontophende teate ogneuIthef 2,4-

onver si n to br henol s.was 79% | eaving 4.04
dlb’iﬁ’%?g‘ ar}dnt P AZPRIT §4 gg'g[ TEINAIS i evgﬁsei o the water
‘added with the HBr (aq) (20.9 g), 3.4 g of water was

EXANMIEUE erlishmndridgtibde reacti on (based on bronopheno
fornmed). The copper catalyst was al so incl uded in the
roduct mxture, but no _analysis was_ conducte

To fhe mpxgpof E-brsorebenpbriA-gforeaarfisnels a0é cogyes 6eis Yétz@fb*‘rmng
in tEg;\;jﬁsgﬁléQ@j/tgg gr“gﬂatlcﬂgeoé%ﬁﬂ{ o POES 8ddBdqHESs HIBM The dried

enove unreacted aqueous
phehiB-watec ditaotior fiiolre Exampiie rir is mibot adsied ods well @ ,additignalr pheeol.

T Seelhnse it By U7 GTCoN holiet MeAhe EhegepLos Exfnle 16
contfining P2Libin®ph&lol Bufim Hahgdr Pp&eBRt 8f 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 needed for the
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 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 aq HBr if necessary) to a
subsequent bromination reaction, with equivalent activity and performance of the

recycled copper catalyst to that described in Example 11.
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The m xture remaining after the distillation of

Exanpl e 15 contai ns phenol, 2- bronophenol,
wo-2bsprephenol , the copper catal yst, and wat er PCThIS2004/030304

mxture is distilled at reduced pressure to provide a

phenol water fraction, a second fraction containing

- bronpphenqgl and_a nmjor porti f 4-brono no
Whlémévpac Fmbofimetts BAVC Benasch o 3% |Purm>ﬁec?f @W?ff@l% the
fore%&ﬁéﬁi%&n plicfs BEEBLAHYB oufcf RSt BOfeehasy el achﬁl'?tﬁﬁé/n on the

ri to prevent water -up, and is ready f
scopree ©f Clhie nguvertidrer lAlceordlngty,I V&nqus ngodiicandng ua-chptatlons and

contai nin nor of 4- henol, tr.ace
alieuaEeb o ogr sRgrbphiart VHRH RS e (B iy pnd
chkgﬂﬁhgﬁmﬁﬁnhh%nﬁ&§se| EXANPLE 17- Isonerlzatlon To the
m xture of 4-bronophenol, 2, 4-dibronophenol, and
copper catalyst remaining in the vessel after the
distillations of Exanple 16 is added aqueous HBr. The
dried phenol-water fraction from Exanple 16 is al so
added, as well as additional phenol. The resulting
m xture is conbined with the second fraction from
Exanpl e 16 containing 2-bronophenol and a nmgj or
portion of 4-bronophenol, and the conbination m xture
is heated at 150 C for -20 mnutes to enrich the |evel
of 4- bronophenol (by bronophenol equilibration). The
anmount of aq HBr needed for the equilibration may be
as little as 0.01%or as nuch as 10% by wei ght of the
reaction mxture. In practice, aq HBr is often added
to the reaction mxture until no additiona
i mprovenent in the equilibration rate is observed.
Usual ly, fromO0.1%to 2% by weight is suitable.
However, in sone cases it may be desirable to add
enough aq HBr to the equilibration reaction as is
needed in the subsequent brom nation. After .the
equilibration, the entire mxture is recycled (wWwth
additional ag HBr if necessary) to a subsequent
brom nation reaction, with equivalent activity and
performance of the recycled copper catalyst to that
descri bed in Exanple 11. 21 WD 2005/ 028107
PCT/ US2004/ 030304 Wil e typical enbodi nents have been
set forth for the purpose of illustration, the
foregoi ng descriptions and exanpl es should not be
deened to be a limtation on the scope of the
i nvention. Accordingly, various nodifications,
adaptations, and alternatives nmay occur to one
skilled in the art without departing fromthe spirit
and

22



scope of the present invention. 22 WO 2005/ 028107
PCT/ US2004/ 030304 What is clainmed is: 1. A nethod for
woeemesiong a nmetal catal yst for reuse, wherei RCTAISL04/030304
nmetal catalyst is selected fromthe group consisting
of elenental copper, copper conpounds, and one or
re_coppounds or conpl exes of Goup IV-VIII
Wh F%%gl %%ﬁ netals of the Periodic Table of Elenents,
wherei n said nethod conprises: (a) providing a
reacti on product m xture by contacting a
hydr oxyaromati c conpound w th oxygen and a bronine

onpou sel ected fromth r.ou of h dro e, .
1 B RHaH e o RIinG 2 ORI LD Buse MBI 0 TR A i
seleEt'%@ rﬁ%% thé grofp c@ﬁélgin% dfeeqjérﬂéﬁtzﬁ%pb& EHSp P e fﬁ&ﬁisoﬁnd one

netal - catal yst, (b) renoving a portion of
or nscac @om@amudsmr q@rrmémt@s Ofrﬁmupr B -MIHHoamsitiog mostals @f thealPetiodic

Th t hod. of cl 1, wh d
Tth%ﬁ???BW“&P@%ﬁ@PSW#Q?%PQF%%ﬁ%F$§eg gkn]organsgebﬂa::

and an aqueous phase, sai d aqueous phase conpri sing
sai d mWtbvidi@tadei&ion BOusihERRIODLS abﬁka@tﬁfgta Rydrotyas@nstic
product m xture being rempved. in step is. said
or ganFRMpIHSEVIts 0x g8 e EHyemiTe IERIwn Selﬁa‘r@@ g the group
conpr | si e f t
Toaot Oh A b B, Einhllf Bfing iGET bR Salts, and
wi t honﬂxmﬂamheregf S ianl anﬂﬁcamedhmalamnn the. pr'EkmoﬂE)f lsaid moétal
claim 2, er conprising after step (b) the step of
conceft Pléf‘ ﬁ‘@‘r sai d aqueous phase into a solid wherein
said solid conprises said netal catalyst. 5. The

et hog)abmelRig Jorti¥h 6F &iid ré@iish BfoRIdBIChixRrs twiEtut removing
further conprises a volatile organic solvent. 6. The
met hoshidinetdlaptalysf. further conprising the step of
concentrating the remai ning product mxture into a

2 eS0T o BR 60l 9 Bk GR DR b BBl cgmises en

orgzﬁﬁé thdsegaré@ ra@Pafueb@s phidel dailir yvicowd @Hadey et 8t i Metal
conpoun an
catalys[crpand whergln said portion of said product mixture being removed in step (b) is

said organic phase.

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

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

4. The method of claim 2, further comprising after step (b) the step of concentrating

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

5. The method of claim 1, wherein said product mixture further comprises a volatile

organic solvent.

6. The method of claim 1, further comprising the step of concentrating the remaining

product mixture into a solid wherein said solid comprises said metal catalyst.
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oxybrom nation reaction, said nethod conprising: (a)

contacting in a reaction mxture a hydroxyaronmatic
woaopmasid7wi t h  oxygen and a brom ne conpound Berask@d030304

fromthe group of hydrogen bronide, elenental

brom ne, ionic brom de salts, and m xtures thereof, in

a S

7. 28, BEOSHELb s L S BEEREAIR b AR ISy o
oxyboppmeatior cppisn, csadpodindkscongndingne or nore conpounds

or con‘pl exes of Goup IV-VIII transition netals of the

Perio Tabl e of Ele nts 0 produce a t

react i @n e A ?Ié n@éf’r‘ﬁ?l s]il’f‘ffso@'ﬁr%??%ohcnp%mﬁm with
and arRx3PHLaRS aPhBithe WHBPAINA Sedctbd BO68RMHeCarBRRSE hydrogen:
conpri ses said para-brom nated hydroxyaromatic

conpobremidg, elsmerishbiediing ioric hpohidsrsilintaad mixtures thereof, in
hydr oxya tic. conp r i
v oy aeaer Eafbtdtesstte oha AR CaPd Sissisg from e

phase gouPEinsREng af elemeital copptglcysier cuﬂﬁpemts eghds@ietbr more
brom ne co ound and sai d acidic nedi

separ £OMRGURM QT FOGHAFES pfasEowt 1¥aV HI ﬁra@awf@p mictalsiod the
from sajdg;a ?hﬁg Y Eféﬂfe‘ﬁtsb r‘gQ O{#:BH\@& Y% pﬂﬂag’@%eia‘)flon product

renmoving at [east a port r om's
aqueo Uﬁixp.hasempandg @n Jorgamixy phasa gnditan lagasdus phpse; twbereiwkaid
said netal cataly i n sai da%gueous hase _fro

ot | odEEie pPEn COTPSE o1 SHihe TOFPBRARISA pAgHrox romati

remvedmgofn®, faur tBREsRIRIRLO Mob@b e aRaA! | Q@dﬁfxyaromatlc
addi ti onal said hydroxyaromatic conpound enpl oyi hg

oxygercommtusdau ahdbmperctesl Smﬂrbmmayammsac dompou,hdc and wherein

di . hod of cl
Ry ST FoPaSTEmR<F Saa it St AR g ppomine

consi sbhipgufd, lnBenalacidi- me@sM,, and mcresol, wherein
aqueous hydrogen bromde is said acidic medi um and

sai d brom ne conpound, wherein oxygen in the form of

pr essub) searasing sad crpaneg athase g w&m@%amf%t fpm said

e

conpr ifeom gaitl hquatie phask; arehovi ng sai d par a-

(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.

| 8. The method of claim 7, 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

(CUBI‘Q).
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brom nat ed hydroxyaromatic conpound from said organic

phase. 10. The nethod of claim 7, wherein step (c)
wouodasiesioconpri ses the step of recycling sai dPCT/US2004/030304

unreacted said brom ne conpound, said acidic nedium

and any residual said wunreacted said hydroxyaromatic

ound . n.said us phase tq,said furfher. .

9. b RHRAaPr M AT cBRPAGRE e A b bEF Yipg, spid parer
bromit{at ey de@YRFdngdtiRGoipbaid fremSdaRPorgaic phgsest eps of (i)

washi ng said organic phase with water at |east one

time to renpve any traces of unreacted brom ne )
10. B BasHedofcFlaimy 7 tyheees stip (c Rirtherspmprisesithe yiep .of epqypling
soid EHRNLED B0 MR L ARMELT (AT aPRAL pROGED (ol Rsidual said
unr¢deesle saidrig/droqybronraic | gonmpemmod i ingsadd pgoedus phake watserd further

rom sai d combi ned aqueous phase and wash water; and

mq%?%?“@%@&%?ﬁﬁ@*said conbi ned aqueous phase and wash

water, wherein a portion of water has optionally been

11. "EfEMEHod biclaing ﬁ ﬁlﬁheﬂ&mp‘iﬁirﬁ% Frivh ki step QI @B | oN
C

reaction. 12. The net hod of aim?7 further conprising

after step (b) the steps of (i) renoving a streamfrom
sai d or gahi c whHing sidprealiagphsss withcwptee spderst wge time to

or t ho- bﬂ%%"o@@.tag9 ey W?%%ﬂaxfbpﬁgm?xﬂgg%ng( Add any traces of

contacting sai d’ stream oha
hydr oxy agaidriiktat catglgstpound and aqueous hydrogen broni de
to forma pre-equilibration mxture; and (iii)

heatin aid pre-equiljbration xture at .a
terrpergt (siSe r’g’ﬁﬁﬁ"ﬁ& sayd a‘ﬁ%ﬁ?g‘%éa‘@d)rﬁ%%f’haf%c to

.forma post equilibration solution conprising said

corres poqﬁj%ngc&ﬁﬁiﬂigg bg:adn Wahe dakty Ao K Y i @ R Sus2phad€) and
2005/ 028107 PCT/ US2004/ 030304 conpound, said

par a- br ooptivankyl rénpeling parastien iof vederpbem daidieerskiged sapepus

Eydrp)éyalg}?agggﬁé:wg&rrvgﬁgrn%hdand sai d aqueous hydrogen
rom de. ’

@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.
12. The method of claim 7 further comprising after step (b) the steps of

) removing a stream from said organic phase comprising said

corresponding ortho-brominated hydroxyaromatic compound;

(i1) contacting said stream with additional said hydroxyaromatic
compound and aqueous hydrogen bromide to form a pre-equilibration

mixture; and

(iii)  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
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13. The nethod of claim 12, further conprising the
step of recycling said post- equilibration solution to

wa 200froeéi@r oxybrom nation reaction of said unuBem/US2004/030304
hydr oxyar omati ¢ conpound and additional said
hydr oxyar omati c conpound enploying said netal
cat al yst Ny, saj d . us h roni de.as
cai d  br SRR 8 B S R LR SO e
met hod ofaig hadiox aomatie c@hpoiid] shdsdaieaqvebuy hijiigsgen bromide.
conpri ses said para- broininated hydroxyaromatic from
sai.d organic. phase, 15. The nethod_of clajm 12, .

13 o Bieeristod; of deinedih %‘HTl’ceﬁé?Pmé’&ﬁﬁgi SeStPaPl riHFRg 6494 post-
equidGaBy AEQFR CtoC AMREMRAY f&?ﬁ?oﬁﬁh&’tioﬁr GefttionP s gaid1§1nlflsed
The nethod of claim 12, further conprising the step o
hydreryaromgtic acanpamd- dodormddditoeal hsadt okydroxymatmatic compound

C ound, fr sai d, post equilibyration solutiop. 17. .
e g R TGl B R LB et BiRsE0L SOy B Biogride as said
bro2difEtElRcd sdSRAldadii®@Meafim.compound and said acidic

medi um and wherei n sai d agueous hydrogen brom de in

st e&)(ii is provided by renoving said unreacted
14.a 0 lleo meethgdd pb gtatimb b nvherchy sifl suieam Biiled Gemprsese sadh dpara-

oo I A RSl BRRL BB 07 v  mg

par a- br om nat ed hydroxyaromati c conpound by an
15.0x8hermeathod bt olhim da¢ wiherein sad dtreihfodherosopiprises gaid (@yeacted

ontacting in a reactiqon m xture a hydroxyaromatic
hycgrsﬁ%@ﬁatlwaﬁpouaﬂ Bhsadh areanisibashe conpound sel ect ed

fromthe group of hydrogen brom de, el enental

1607 PHE ARtholi O Gaik 9] ﬁ_ﬁtlﬁ:@'cbﬁlipriﬁ_ﬁg £ %t SRR Eaid | fara-
an acidic nediumand in a volatile organic solvent, in

bronfipatpd bydmsyarematic compaind deoma baid pog eleidibeadion solwtivhe

- group consisting of elenental copper, copper

. . £
17RO B 7 GRS AL BT B B0 S
cor@poundesm@ndaid adidicphediune avd whesst k40 aguemhd dtydfogeh Wrémide in

conprising said netal catalyst and a product 26, WO .
step GisiF OrRieer BOPMosPEraIhwrsted aanseus idieeen; tyeimige from said

i e . . . o
e e Ca T S
stepyidl oxyar onat i c

18. 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 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 Table of Elements, to produce a

reaction product mixture comprising said metal catalyst and a product-
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conmpound, unreacted said hydroxyaromati c conpound,
unreacted said brom ne conpound, said acidic nedium
wandsyas7vol atil e organi c sol vent; (b) renovi RGTAIS2004/030304
maj or portion of said product-containing liquid from:
said reaction product m xture, wherein the renoved
maj or ti.on of .gai d pr.oduct-.contai,ning |igui .
conpr i CBEulR Pofr sEwBHPHG S RbPoPaRmdddroryaromatic
hydr oXy6MpiBd,i C aCorgeiessbndaly | erdo-brémpitdd OMmyRko:Satdiatic
par a- br oni nat ed hydr oxyar omati c conpound, and a maj or
port i ownmoun@,auwe@m?(éé@tdehyq}rpdyamlylah@ reenipeUBG npwEadied said
and e d
kvl ‘S’;‘% ik o an gﬁg}a@ 4k éﬁ{eﬂl ﬁ%%& fe,a% voftiite &rlgamﬁ solvent;
said product-containing liquid conpr|3|ng any
(b es mimhng)amajdﬂfpnmmbﬁ@hmpdrdmyammmhg cthumm‘mursdld @action
reS|duaI aj d unreacted hydroxyaro npound; n?
Qg %wa ¥ e the eaaqved PPk PEHORP %aéff HrOREtgontaining liquid
coﬂ:lgﬁ?ésysﬁfd {] r% SRR Hate & ﬁ?&ﬂo?fﬁaroﬁﬁf?g %81588&1?@ Ut feast

a further oxy rom nation reaction of addit
a p@mmh oﬂsyxdlrpmyhromaatmt hy«hmpwnnha&crpnbmmum@ md/@amjcmp@rtmn of

s gL as ROR e RIS AL < 8 bytie B Sbiipe gaid resction

PréREPRIErel BnpBkeCiatfmeldl @MalyREardl féﬁﬁnﬁﬂ@ §4i8 tréticREontaining
phenol, o-cresol, and mcresol, wherein aquéous

hthyld c@gpmsmg ony dissidals pare-taemiiatedbyfiroryaserdatiaicgmpound, and
ere n.in . the form of
resbc{ugg'%%f %’Q%qurgxyean%rp% ce%orxﬁ)%ad\/\%lg rein said netal
catalyst is cupric bromde (CuBr2). 20. The nethod of

(c)cl airgaytiBng mtiedse pofiindofagidensal batalysdesim baid rreldemnrg reaction
said acidic nedi n1and sai d braom ne caqnpound,

Progyst emctangi o ek higthetr 9W01emﬁml s&actigp | gf @ 1§P’<¥B said
t
hy Sk yorbliip Lo Gind GHRIVTHE GBoén 4R SAH AERE COrAHERLIY said

acidivdnediumc| i ng sald renmoved unreacted said aqueous .
hydrogen brom de to said further oxybrom nation
m 18, furthe

190 o mehiog S LR BT Bpmit b0 haud is selected

froh£aBé @olP chhQ&im of PiénbRr AckESManat #deresol, wherein aqueous
hydr oxyaromati c _conpound from sai d removed maj or

hy@f@g@m drorpfdesisi shighragtitic tmedivmagndd sgjd| brquiiee compymd, wherein

OXX% Sl.é’lqgft‘s ﬁogm opfgrésg§%ge%4c/up§s C?flg 41?%6%5 f'il’lér Q’?j g&]{ Ea%j g%eftalccla% }r& 18

g pri orr
cupric bromide (CuBry).

20. The method of claim 18, 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.

21. The method of claim 18, 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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(i) washing said renoved maj or portion of said
product-containing liquid with water at |east one

wORoBs/ee10r enove any sai d unreacted brom ne conmpoumg2004/030304
any said acidic nmedium and any traces of said netal
catalyst; (ii) reaning sai d wash water from said
r 270V t of said prod a|n n

22 B ol il I PR on BTG ep S P et
fromsaid wash water; and (iii) recycling said wash

(i) wat emshing edidi emaved mdj@ﬂpcﬁflomatfe;aldhmdwtdoﬁmahhg ligerinwith
renmoved, in step (c) to said further. oxybrom nati_on

wates Jb1638hone e T CREYH 3EY Sfid napastetigbropiig e9TRPQHIdy any said

IR ddid é?{dgl? G eSO MERmbEl SRIfgL ed from the group
amcon3|sfﬁng o 5}acf:jtonitrilPe, c%}%goforn] ethyl acetate,
o-di chl orobenzene, acetic acid, and propionic acid.

(i)24. remwimsdﬁd)ﬁvaelﬁ vt fron Spidfremoked megmrr§om gf p’ﬂiﬂ q»roduct-
cos et gnl SRS PR o PRARR g TG G S o water

and ecycling said renoved polar organic solvent to said
further oxybrom nation reaction. 25. The nethod of
claim 18, further conprising after step (b) the steps
(iiipf fqeyc Iingnesid s veatere ateraim i Rosiion OF e chayegmsionally  been

ren?oq/reg ﬂmteg ér‘f ISgld%P[H&‘C&X b ANhHdN R !anI d, wherein

nprises s corresp ona I'ng or t ho-
br om nat ed hydroxyaronatlc conpound (ii) contacting
23 sdihd rs¢thedof viatrh 18ddihtieimadid yalatildhyganicysahenatsi elected from
de tao for

ound .and ueous .hydr.o br o
theiy VB ORFS Wa O e Pk EhloH ey thlyl fieeften §-dShlerobenzenc,

ace@@%cﬁq&ﬂdﬂ,rgf)@hicq&ldﬂ xture at a tenperature ranging
from about ~ 25C to about 200C to form a post

equi I'i bration solution conprising said corresponding

240 hemetrodrmf w@al@dl Shiutthex yemprising priefoestapr®) thedstepadfgemoving
salﬁ )p ?arxorgr e S V%gt %dr ?%1 prgg@ Ef] §gt%glnf90llllggid E[HP %ecgrclél?g %iald

conpou us

renlammpdar oﬁg%nié@o%ﬁﬁio%aﬁih@?tha@wybm&ﬂéﬁ&ﬁ%&fbn 26. The
nmet hod of claim25, further conprising recycling said

post - equi | i brati gn olution to a further
250X YomsHiod &f FHn B o serdbhpassRyaf omat i ¢

conmpound and additional said hydroxyaromatic conmpound
(i) eMPldVAY SAisHedRt B#bm said removed major portion of said product-

containing liquid, wherein said stream comprises said corresponding ortho-

brominated hydroxyaromatic compound;

(i1) contacting said stream with additional said hydroxyaromatic compound and

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

(iii)  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 and said para-
brominated hydroxyaromatic compound, unused said hydroxyaromatic compound,

and said aqueous hydrogen bromide.
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cat al yst, oxygen, and said aqueous hydrogen brom de,

as said brom ne conpound in said acidic nedium 27.
woheosrmegiood of claim 25, wherein said stream f BCTS2004/030304

conpri ses said para- brom nated hydroxyaromatic from

said renmoved maj or portion of said product- containing
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solutisieact edfulttelr oxyeoaiidtion caopeUNd EdidMiERed HyardXy@fbmatic
maj or. portion of said product-containing liquid. 29.
comppendpiih gddtiopal asard Jnydraxprasioialic sEIEPORRE e OYipe r Bifk metal

) o eaj : hoeai Pt .
co RO Sy TR SRR INIC ol ol o i
saidacidmohetiuimai d aqueous hydrogen broni de from said

product -containing liquid. 30. The nethod of claim 25,
furt her c i si.ng.the step of renoving said para- .
27, Bl mistacd Ry &f%%y%{e»owﬁ?ﬁe@ Ethposd SqmgHigeteid pare-
brodgithted Hyakdx9Broneltidt 8 s@8 removed major portion of said product-

containing liquid.

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

portion of said product-containing liquid.

29. The method of claim 25, 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.

30. The method of claim 25, further comprising the step of removing said para-

brominated hydroxyaromatic compound from said post equilibration solution.
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