WD 01/ 64617 PCT/ USO /00839 METHOD AND CATALYST SYSTEM FOR PRODUCI NG
AROVATI C CARBONATES BACKGROUND 5 1. Field of the Invention The present
invention is directed to a nethod and catal yst system for producing
aromat i cWblAHt es and, nore specifically, to a nethod aRdTA&891AI0§3x
system for producing diaryl carbonates through the carbonyl ation of

aromati ¢ hydroxy conpounds. 10 2. Di | rt: Aromatic
carbonat es find UMET @ﬁW@%LX%M%@%?ﬁ&b@j%@he prepar ati on
of pol ycarbonates. For exanygo)vaRERUARBOREATIES of pol ycarbonate
preparation is the nelt transesterification of aromatic carbonates with

bi sphenols. This nethod has been 15 shown to be environnentally superior to
previ ouslﬁ/ used nmet hods whi ch enpl oyed phosgene, a toxic gas, as a reagent
and chl orAarERAYNEhat i ¢ hydr ocar bons, such as nethylene chloride, as

sol vgnts. Varipus mgiRedselateogpari ng aromati c carbonates have been
previously 20 described in the literature and/or utili ze(% by industry. A
met hod that h&thegmgssyeidvensiopds diseates toggpethed and catalyst ABNERT at ure i nvol ves

e o G RO Rl Aol RTRERhbE pBALANY ORRAYATAL Miblyscar Do

monoxi de Fafl ngeneral,” practrition ave found that the

car bony! ay/item foepeidicing tiaalicatenates tirdiggh thoopbeny lgmnalf psimaiedtydrxyFor
exanple, in U S. Patent No. 4,187,242, which is assigned to the assi ghee of
the 25 preeswetndsavention, Chal k reports that a carbonyl ation catal yst
sys?&m should contain a Goup VIII B netal, such as ruthenium rhodi um
pal ladium osmum iridium platinum or a conplex thereof. Further

refi nements t@.t he RiacussioylofiRetedrAdcti on i nclude the identification of

organi ¢ co-catalysts, such as terpyridines, . |4 A4bpol i nes
and i soqui nol i 3lify <y %‘?Qaaﬁ%#ﬁ‘t‘mﬁ%’. mge,rfgi’, agéﬁégﬁ%ﬁ%ﬁiﬁ?ﬁ}@g?gaop certain
hal i de C%f%&g:@ﬁ)on%é? FopExAathisE &f piplujar avetin ofipobycasbboatp poapatation iathedes i n

U. S. Patent . 5,399,734, both patents al ﬁ% bﬁl n al.%mrgncﬁd ho t he assignee
of the prmsletransjestq@ﬂ@qti@n_of arpmatic carbonates with bisphenols. This met od has been

15 shown to be environmentally superior to previously used methods which employed

phosgene, a toxic gas, as a reagent and chlorinated aliphatic hydrocarbons, such as

methylene chloride, as solvents.

Various methods for preparing aromatic carbonates have been previously

20 described in the literature and/or utilized by industry. A method that has enjoyed
substantial popularity in the literature involves the direct carbonylation of aromatic
hydroxy compounds with carbon monoxide and oxygen. In general, practitioners have
found that the carbonylation reaction requires a rather complex catalyst system. For
example, in U.S. Patent No. 4,187,242, which is assigned to the assignee of the

25 present invention, Chalk reports that a carbonylation catalyst system should contain a
Group VIII B metal, such as ruthenium, rhodium, palladium, osmium, iridium,
platinum, or a complex thereof. Further refinements to the carbonylation reaction
include the identification of organic co-catalysts, such as terpyridines,
phenanthrolines, quinolines and isoquinolines in U.S. Patent No. 5,284,964 and the

30 use of certain halide compounds, such as quaternary ammonium or phosphonium
halides in U.S. Patent No. 5,399,734, both patents also being assigned to the assignee

of the present invention.



WO 01/ 64617 PCT/ US01/ 00839 Unfortunately, due to the significant expense
of using a Goup VIII B netal as the primary catalyst in a bulk process,

t he econom cs of the aforenentioned carbonylation systens is strongly
dependenW@il/@dbe nunber of noles of aromatic 5 carbonate PFHHEELSIer nol e
of Goup VIIl B netal utilized (i.e. "catalyst turnover"). Consequently,
much work has been directed to the identification of efficacious co-

catal yst conbinations that increase primary catal yst turnover. For exanple,
in US. Pate . 23 I i §l hubOo/TTHE nppta sent

assi gnee, Joygintg&“%%ly’ %ﬂgéér eS\t{gyéﬁ%gleéxo%%i&%%%algtgf%en?adent ate conpl ex as
an i nor gapd friMeryCatays $i a bilk @ageys, titGcomoriicsof gageremrtionsd 498, 789, Takagi

et al. report the use of |ead . as an.l 1N : e . 5, 543, 547,
| wane et catbonylafien sYSi¢BS §SHORFY a?I?WQTlér?P t%ee?lil%&r)ﬁ%)sf ngoﬁésl 6&%&&9?%05 U.S. Patent

No. o, 726,34 | Able of RN VIINE Hael @flizeé dict. derdalglminovad). a bi nary
I systdé‘%ogit’g%ﬁ?‘%:ed?ﬁe vvgrok underlying the teachin of .t he present

_ s
di scl osur@onsbqwenlgr muct workdras heerr ditested de Sherigdeificalon Bg‘i)fﬁﬁ%ﬁ‘%‘ﬁ %o

identifying effective supst.itutes f V Bt & U(S.ypi cal |y
pal | adi urﬁa%éf’és" Pﬂ%‘i’ﬁ’lap?r%?r atdﬁ?ﬁ%??flm%b éeﬁgysétgl gﬁ?/rl' gétn: on Treaction. G ven

the recenpy.sukstantizab, whick @asesaskignédie thoptesaft apagricadioyas ctedlen

substitutes exhibiting conparatively | ow acti.vi t%/ .ca(r)l_cg 1 gg&f@@ts)al |y

vi abl e. 2@pumfterusawie éphalt Reptadpntple CRMRIE FSIARYTEFHE FYGET Ve regardi ng t he

rol e of Lal NSt NeNLS; &l trBsore ARyt Rhd anarf ERCCilarUGi . e. the

reaipi onnﬁ’gﬁﬁag?%%}g&éh?%%éﬁ% %‘ul J%dance regarding the_jdentification
' fog

of ef f ect puento@i3i 3431940 nBvant ecalt @by the @y@tf i EYHER £S5 21 rsory at

best . Acoordingl v, a0, hey gk ol Gy daneerindune Bl dsaiayr e, e

i denti fi cHtS- BAteB ‘dtal yst ‘systens has become a
ser endi pi sbxenci se. As the demand for high performance plastics has
continued 16 gfow, new and inproved nethods of providing product nore
econom cally are needed to supply the 30 market. In this context, various

progesses and gatalyst. SYSIER ALS (EONSLAGH by pRENTiscRkaelRs eelerhowever

the lPdentities nomcalTy effective catal yst systens for
these proggsses foirtauave bedl dedzatetieo idedufing cffating eehstRtiesfor 8¢l ong fel t,
-2 WD 01/64617 PCTI USO /00839 ) , .
Group VIII B metal (typically palladium) as the primary catalyst in the carbonylation
reaction. Given the recent, substantial increases in the cost of palladium, even
substitutes exhibiting comparatively low activity can be economically viable.
20
Unfortunately, the literature is not instructive regarding the role of many
catalyst components in the carbonylation reaction (i.e. the reaction mechanism), and
meaningful guidance regarding the identification of effective combinations of catalyst
system components is cursory at best. Accordingly, due to the lack of guidance in the

25 literature, the identification of effective carbonylation catalyst systems has become a

serendipitous exercise.

As the demand for high performance plastics has continued to grow, new and
improved methods of providing product more economically are needed to supply the
30 market. In this context, various processes and catalyst systems are constantly being
evaluated; however, the identities of additional economically effective catalyst

systems for these processes continue to elude the industry. Consequently, a long felt,

_2-



yet unsatisfied need exists for econom cally superior nethods and catal yst
systens for producing aromatic carbonates and the |ike. SUMVARY OF THE

| NVENTI ON 5 Accordingly, the present invention is directed to a nethod and
cat al yst wQet/et617 f or produci ng aromatic carbonates. |n on8CEMSBHIMEht, t he
met hod i ncludes the step of contacting at | east one aromatic hydroxy
conpound with oxygen and carbon nonoxide in the presence of

car bony| aydtansatafied pestd @mf@ﬁgwmllgﬁugqrf%eﬁ?wga %ﬁ%ﬁt"mosfys%ﬁlsif?ron sour ce
in the absence of an eff Cﬁaixté{ea qpﬁﬂ;(eof a Goup VIIl B 10 netal source. In
vari ous aPioSPHae APEAHTBT HER S, e carbonyl ation catal yst system can

i nclude catalytic anounts of at |east one inorganic co-catalyst, as well as
effective anounts of a halide osition and/or a base. 15 BRI EF

DESCRI PTI SISIWA'R%EOIBWN@V@&'ﬁIé&pf eatures, aspects, and advantages of the

present invention will, RRGABRIt ARERIGAAPETENE Widihethed endoaalysicysihe
foll ow ng descfA’ip(fl ﬁ S‘g i [

nded cl ai ns, and acconpanyi.n r aw wher ei n
t he FI GURBrigsoduciipreambiiccarbanatesf Ineongewmbodineeibahe E‘eg‘@‘yié‘i‘cq‘bcgeﬁ%&er%g an
aspect of an enbodi nent of the pre i i BHeESCRI PTI ON OF
PREFERREDC MBI RTSFR8C B?O&aélﬁthy?ﬁ)\%r?to ?%)ﬁ&?ds‘g P OER gﬁ?h? E a method and
cat al yst ﬁ%’oﬁgﬁﬂ‘efi fhe pREsRAMECI MG aficRRtiba camlybioyatemshaving aorréfeshiiddi ment, t he
met hod i ncludes the step of 25 cont agti ng at Ieastt gne\Gr%lrl rﬁhifg hydr oxy
conpound winiohnioofiagarensaurce i HeFbpnee Rf BCHFWRBMBPESEAcE6F “a car bonyl ati on
catal yst system having an effective anmount of an iron source in the
abs e oPYeé?} S8¥F&cti ve amount of a Goup VIII B netal source. 30 For
conveni ence, the constituents of the catal yst system described herein are

cal |l ed "conponents" irrespectiv f et her {i Ragpecific
conponents -3 IWMWS@%T?UW%TF%{%B%@%arabg?}agﬁhydagac%&%?%%%?t ﬁer bef ore or
during t h%&&&?&%{%@é ArRBuh EGCH 168t onENBsRhsit €o-chialyst, eawall ps effsgtscem may

npon

include the co nts and any reaction products thereof. Unless otherw se
noted, thenicunts ofeftfbidt camepasitivurand/ons based herein incl udes
15

BRIEF DESCRIPTION OF THE DRAWING

Various features, aspects, and advantages of the present invention will become
more apparent with reference to the following description, appended claims, and
accompanying drawing, wherein the FIGURE is a schematic view of a device capable

20 of performing an aspect of an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention is directed to a method and catalyst system for
producing aromatic carbonates. In one embodiment, the method includes the step of
25 contacting at least one aromatic hydroxy compound with oxygen and carbon
monoxide in the presence of a carbonylation catalyst system having an effective

amount of an iron source in the absence of an effective amount of a Group VIII B

metal source.

30 For convenience, the constituents of the catalyst system described herein are

called “components” irrespective of whether a reaction between specific components
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5 that anount of a conponent capable of either increasing (directly or
indirectly) the vyield of the carbonylation product or increasing
selectivity toward an aronmatic carbonate. Optinmum anounts of a given
conponent ween/ed@ry based on reaction conditions and the ipgenusdyoss ot her
conponents, yet can be readily determned in light of the discrete
circunstances of a given application. 10 Aromatic hydroxy conpounds which
may be usactblly odverpritsebtfopracessg therrerhenglation mectien. ibatsfere. 61 yhydr oxy

conmpounds, such as phenol resol , xyl enol [ Cl qui none, and
bi sphenol Cﬁ?lyA?%’ﬁﬁP{) @aﬁ?rb’gﬂ%ég%?{%pﬁﬂﬁsg% hn}é?ﬁ%@%“né@%ﬁtseﬁ%% ‘erred, with
phenol being nore preferred. 15 The carbonyl ati on catal yst system contains

an effective anount of an iron source _as the pri,naéé gst a{%st éonponent.
Suitabl e iron dbuessethervist ndiedi the termalefiggive amquat asdsed perepideidiSes oxi des
and ifon conpl exes contajni : j AN %Sr ifesiithes or

ol ef ié;]s. kaqggmgant}.'cgfaeqorr{}poﬁ %Ig%ta é@%gg’fg%{r%{]g%teqlgﬁ%l(udgs§2(r)l coordi nation or
conpl ex cgiRN@uUnge cedhlatibmproducen incadasingrselertidtyolewaikhan aomgliexes may be

noni oni ¢, cationic, or anionic,. depending on the charges rried by the
central &E@Wﬁﬁ@?%u@&ﬁ?%‘flﬁ&fé&%ﬁwwgnaq &P V%’BH%% n %nagerrggndfno r these
conpl exes | ngliHgde,  dGRERleRtty! FABehel cdmBbRats! y&ahh e ehndilgddiermited etight

conpl exes, and-coor di nat | oR conpl exes. In various applications, it may be

pr ef er abl eftle disdréte zacumsiancabf 8 giyen epRjieatien. 25 aci ds, incl udi ng
carboxylates wwth C2_6 aliphatic acids. Suitable iron sources include iron
(Il K I11) acetylacetonate and iron (Il or I1l) acetate, as well as iron

(111) bromde gphudeaYdroxy toMpéinds Whidhl iy beé tigedtie thef reseot proegss

acetyl ferrocene, tris(2,2,6,6-tetranmethyl- 3,5-heptanedion te%)1 iron (111),
and iron (indlydevromptic jnone geRelyBYEAYY cOMPPURAS SP?‘b?f I%*{?BP‘e&feﬁglyx gl

non- supported .i r,0 - | Ine mohd ByE@k

"non- supp(fﬁoé%mli ﬁr}éﬁgg‘%lrelgl{ef %‘gyglggﬁgﬁg@&bélﬁjﬁ%é%g{r% ally co%veng} onal catal yst
supports haggpduds aapiefaredevithphtnadbegsnorepeafemed. car bi des or el ement salts
in -4 WO 01/64617 PCT/USO /00839 various presentations. Exanpl es of
suppd?ts containing carbon are coke, graphite, carbon black and activated

carbon. Exanpl eg,QbrthGRBOA c%%@@ﬁ@ﬁﬁdoﬁ&ﬁnmﬁbﬁﬁe aneuntSf @R irbnat ur al  or
synthetie sf)ilrlcle Z?tsﬁe p?'ilﬁarr; igthlyétlco?r?po(ngﬁt’. St)lli-tab'lbéli%gr? gduréaelslfrrlglgc?esi’ronn l?gh%%sa | and
nitrates, carboxylates, oxides and iron complexes containing carbon monoxide,
amines, phosphines or olefins. As used herein, the term “complex” includes
20 coordination or complex compounds containing a central ion or atom. The complexes
may be nonionic, cationic, or anionic, depending on the charges carried by the central
atom and the coordinated groups. Other common names for these complexes include
complex ions (if electrically charged), Werner complexes, and coordination

complexes. In various applications, it may be preferable to utilize iron salts of organic

25 acids, including carboxylates with C_g aliphatic acids. Suitable iron sources include

iron (11 or III) acetylacetonate and iron (II or III) acetate, as well as iron (III) bromide
anhydrous, iron (II or III) nitrate, ferrocene, acetylferrocene, tris(2,2,6,6-tetramethyl-

3,5-heptanedionate) iron (III), and iron (II) methylcyclopentadienyl.

30 The iron source may be a non-supported iron salt or complex. As used herein,
the term “non-supported” indicates the absence of industrially conventional catalyst
supports based on carbon, element oxides, element carbides or element salts in
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synthetic alumnosilicates (zeolites), TiOQ2 (rutile, anatase), ZrQ2 and
ZnO. Exanples 5 of elenent carbides and salts are SiC, ALPO4, BaSO4, and
CaC33. The present iron based catal yst system does not require a conponent
chosen fWOM/646¢7 G oup VIII B netals (i.e., Ru, Pt, Pd, RECTUS01/04839 or a
conmpound thereof. Surprisingly, the presently disclosed catal yst system
effectively, catal é/zes t 10 cgrgbon | ation.reactjon in the absence of a
cost |y G VHHGUSPIEFCTHEAHIE P XAUFS SURIOER SR A10h S bR AF YOk nSAPRFng t he

process fr et fisckvaidaictil fedBirk&it. Ex@hpled 68 EleRbf®BRdScatd Ikt \appRdaral ternative
enbodi nents, the carbonyl ation catal yst systemcan include a catalytic

armount of Sigk (hatarsl orpgyathetio pidiaas, quars).calb@l (st v-(AleRQ) aluminaaeatyrekand 15

di scovered that ICanCi:g . 1] . L ONS, . Qf a i catal yze
t he car bosﬁ’f/lfhgﬁlc Slﬁl r e%szlfﬁ%g‘% (?e%ﬂ?ﬁ%gagér)é@tﬁ%éa%%ﬁ?g? %ﬁcﬁiﬁr&(ﬁf@ %#gégsl ron- based
cat af yst ofsyati@ncarbidel ahd¥dlissreadid, a0Pb), BalOgmdiuude copper, |ead, copper
and zirconium titaniumand cerium lead and titanium |ead and zirconium
copper and titanium copper and |lead, and titanium and zirconi um

Addi tional | ' ' stem
provi ded t heofaﬁfi%trlg%%\ﬁg{?g? l%g&iﬁégglg TStrr:ggts t%gle(gogg ?\Sl]giégﬁﬁ ngrﬁﬁé%g?/c;ﬁgﬁ t he
ori gi nal fr@CGecGrrmpridil B metaAn(ileQBD, €5MPdbRhj O¢, Indueedmpoundtheraf.bonyl at i on

reaction jn various fornms, ..inclyding salts d.canmpl exes, .such as

t ot r adent SRS Beaieatly dilesdsnr ety s JEciirGRADERE Mol exes.

| '] ygt r atdayonlREGE réd@Mon Rcthel Bfsefdd sfRScost GrélgsVIIE BrheldoatRStherelyket ones

(i ncludi ng beta-di ketones), nitrates, conpl exes containing carbon nonoxi de

or ol ef i redfectiyrdy insulating the progesafip@ theveladiciearkeidsr thags dereenthose known in
the art as ligands for the 10OCC netals of the present system Exanples

include, but are not I|imted to, acetyl acetone, benzoyl acetone,

di benzoyl met hdnearicid Armatiye yinbedihens, thd @aboRyldiioretdiyllitepitamean, 5- di one,
2,2,6-trinethyl hept ane- 3, 5-di i pi val oyl net hane

, d
t et r anet HP$IHEL? satelytieAmount 'ag@gﬂtop"f og$aniq epspafaly st %Q%&gﬂalaweﬁ%t such t hat

It 14 nt erdighesretiaR 100 CAKRBMBALbA O MERTE s 0 bta@ivbly Malfbelte 1ol ation
or purification of -5 WD 01/64617 PCT/US01/ 00839 the product m xture, or

Wi t h t he cedhwoyletign madtioreingbe plesange of thetaforomputnensdsrondas¢d3a@lystay be used in
e surface area can.be provided. It
regeags

its el emsnttal %Ocr r?[CLé ’Ssuf cfii Gl "ﬁ%t'cgneacéli deco copper and zireo
may be preéfEPaprd {GGSaRdf POROR- U PePE ARSI 8Ve relative
to the itft&fluBQ@uE ¢€rium, lead and titanium, lead and zirconium, copper and titanium,
copper and lead, and titanium and zirconium. Additional IOCC’s may be used in the
20 carbonylation catalyst system, provided the additional IOCC does not deactivate (i.e.

“poison”) the original IOCC combination.

An IOCC can be introduced to the carbonylation reaction in various forms,

including salts and complexes, such as tetradentate, pentadentate, hexadentate, or

25 octadentate complexes. Illustrative forms may include oxides, halides, carboxylates,
diketones (including beta-diketones), nitrates, complexes containing carbon monoxide
or olefins, and the like. Suitable beta-diketones include those known in the art as
ligands for the IOCC metals of the present system. Examples include, but are not
limited to, acetylacetone, benzoylacetone, dibenzoylmethane, diisobutyrylmethane,

30 2,2-dimethylheptane-3,5-dione, 2,2,6-trimethylheptane-3,5-dione, dipivaloylmethane,
and tetramethylheptanedione. The quantity of ligand is preferably not such that it

interferes with the carbonylation reaction itself, with the isolation or purification of
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510CC s are included in the carbonylation catal yst systemin catal ytic
anopunts. In this context a "catalytic amount” is an anmount of | OCC (or
conmbination of 10CC s) that increases the nunber of noles of aronmatic
car bonat gydpéiadeeed per nole of iron utilized; increases poeuRuiddeso of
nol es of aromatic carbonate produced per 10 nole of halide conposition
utilized; or increases selectivity toward aromatic carbonate production
beyond t hth¢ pmineti medureortvigh thb sesoveryahd réuse bOSEalystreompondsith gt KHCOf

| OCC s). ti mum.anounts o n_|l. in i,ven licatiqn wl.l, ., depend on
vari ous f‘é%f g&? useddp iR egglefl{?}eﬁi@é%ﬁftle{ﬁre%g&s&ﬁ?% THLP ISR PUA%ondi ti ons.
For exanpk fay$a@heieAPRANatias 100J is 268-sagpored hOPsciRed fdve eeletiverd,thé he nol ar
ratio of 15 copper relative to iron at the initiation of the reaction is
pr ef er ablyong@uig€en about 1 and about 100. The carbonyl ati on catal yst
system may further contain an effective anount of a halide conposition,
such”as an organic halide salt. In various preferred 20 enbodi nents, the
hal i de conposilOQTs esminbledehinahe earbenytatomi cdealyst syshdnom calgad 4modie  sal t

may be a quaternary ammoni um or .phosphoni u such. as
tetraet h}Pél?’l‘ﬁﬁﬂ‘?tﬁ%‘g%rC@ :’fr‘?)ﬁlé:,anioélﬂ a‘éf‘ﬁgﬁnﬁmd’:ﬁ@ﬁéw S?Iflg‘é‘?tl?‘b?t} abut yl anmoni um
chl ori de,joRIC ENBal ihkiRasel hAAMIRS Sf HGRYOMhonticlcBBBhAL Pratucens@misie al kal i

metal or alkaline earth nmetal salts may be preferable in certain
appl i cat iddion utiized; dheseasesithe Humbboef melas of arometie aarboraid produeedaer al yst

system can .co LN between about. 5 an a . 200 . halide per nole
of 5 on MFS?@%}&&%‘}PO “Pgudir)l%a":fdéréﬁglc%? Seﬁggf\%étéﬁ%tgggﬁdtaﬁéﬂgé%d about 1000
ol ar  equaMheRtprodictibabeyimdaha obattd il ke aaedeny et IOTCT @at al yst system can
al so include an effective anpunt of a 30 base, Any desired. basges or

mi xt ur es ORBIREGEN ofHaERey- @pyRRRAmAuNIS ISR ARCE LI anpegfionavill

non- excl ysj [ St i I : i i kali netal

ydlr ot dRPdPr 2|ohe £ ors YRR, Ge LML e ERE I R IRTIAB e

aci ds; arfbr eGanifle WMhEHGPPeRCTilUBAIFsGRIRCC nethe maastic, el nolaetagio ofal t s of
aromati ¢ hydroxy.conpounds, such as.al kali. net al henpol at es.. dr at es of
Al KbT i meOBPeTIREN BT B 3hibe Bitagop af fediction Splesttly BhiRe AR dr gani ¢
bases i ncghudgodtanbi ary amnes and the like. Preferably, the base used is
an alkali netal salt incorporating an aromatic hydroxy conpound, nore
preferably

The carbonylation catalyst system may further contain an effective amount of

a halide composition, such as an organic halide salt. In various preferred

20 embodiments, the halide composition can be an organic bromide or chloride salt. The
salt may be a quaternary ammonium or phosphonium salt, such as
tetraecthylammonium bromide, tetraethylammonium chloride, tetrabutylammonium
chloride, or the like. To address economic or regulatory concerns, alkali metal or
alkaline earth metal salts may be preferable in certain applications. In preferred

25 embodiments, the carbonylation catalyst system can contain between about 5 and
about 2000 moles of halide per mole of iron employed, and, more preferably, between

about 50 and about 1000 molar equivalents of halide are used.

The carbonylation catalyst system can also include an effective amount of a
30 base. Any desired bases or mixtures thereof, whether organic or inorganic may be
used. A non-exclusive listing of suitable inorganic bases include alkali metal

hydroxides and carbonates; C,-C,, carboxylates or other salts of weak acids; and
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5 an alkali netal salt incorporating the aromatic hydroxy conpound to be
carbonyl ated to produce the aromatic carbonate. Suitable bases include

sodi um phenoxi de and sodi um hydroxide. In preferred enbodi nents, between
about 5 apgdopb@ut 1000 nol ar equival ents of base are enpboyedofdmgkati ve to
iron), and, nore preferably, between about 50 and about 700 nol ar

equi val ents of base are used. 10 The carbonyl ation reaction can be carried
out in ahabohalkaaokett sats of aronoticihydoeus compotmls, 8y breatkalDmeetdln part to the

| ow sol ubility of_carbon noxi de .in r.gani drao conpounds, such as
phenol , iHheP%IXtﬁ?'ébéﬁ%fﬁﬁ %fagl??éltm?tﬁgp}}%g@?eé?n@'eagssoge %Sé'yE PO Y zed. In

pr ef er r edupahIe BigaR T BasesdAdudARrey SRS bedlihedike herdf@abllothebassededi N 15
proportions of between about 2 and about 50 nol e percent oxygen, with the

bal ance iban alal sreld salhinserepEriing an arasestisi ldroxgipopponRd, moss preder@biyner t gas
and gar bagn noxi [ . i i e for
safety realgsatljlg% rg%&fi Fsledlste}g%g%(%r%rl%q éf gi}é)%gth‘}gioéggﬁm@gﬁmﬁgmg %ﬁ%@%@ diatom c
form or fto prodacethearomatigarbonarnSatablaigaseointinde sediah phenpadoaidles and t he

| i ke. Additjonal gases may be present in 20 anmpunts that d ot

del et eri #gdiun lé)qu%fie-tlﬁéreé%{?woﬁrpﬁﬁ&%é%e@& 9”t1$?é"dgf§§1étsﬁw@>}n%l§r

| nt rOduceeguﬁﬁféﬁfs%tf%hé’e HE e logecmréfaH(/@to #ort) Odridl nﬂf@?r%fé"rﬁ)ly,rbem&nr ange of

bet ween about 10 and abou 50 atnospherés is preferred. Drying agents,

t ypi cal | yabnut Hearidaabosti BPanqlar gpuyvabamtpeidwenareiused-he reacti on vessel .

Reaﬁi)i on tenperatures in the range of between about 60 C and about 150 C
are preferred. Gas sparging or m xing can be used to 25 aid the reaction.
I'n order that tHeeamosiatibettattion d@ bardarridd dut bea batl eactabbea t o practice the

present invention reference is made to the FlI GURE, which shows an exanpl e
of a contCORURHLS r9agtos SYTLerByRYcaim PRFo Hred@WcoMpiliy 9h61IPeN BNAYIHEERs. The

synbol "V _1ndj 0 he : N = W aaf essure
gauge. T?léégésngg%%%)ﬁ%ﬁ}}@égg S%%r%ﬁg%hgif%ggg%sle ﬁlﬁ} éeht? qﬁég?érgﬁs%keégen i nl et

11, a - priuiiedbuGiéfcRET LdBAlinRO838as amn b Suprdiedémthek@gctemvgssehin nl et 13 for
a gas, such as carbon dioxide. A reaction mxture can b \%ﬁ jnto a | ow
pr eg ur e RN qflf’ﬁ@,’eeB Fi’(%’r‘tﬁi 4 ab?‘gtété)dpglerp&%?\/%ylgelﬁ ™ ith :%8 &N be
oper at ed RfnodkaficitBéndRIRTE WIcBnibiifioh B af [82€ bAE inkArgal Bed eitb@t i on of the
reaction. The systemfurther includes a reservoir oqutlet 22 and a reservoir
i nl et 23.monoxide and, in any event, outside the explosion range for safety reasons. It is

contemplated that oxygen can be supplied in diatomic form or from another oxygen

containing source, such as peroxides and the like. Additional gases may be present in

20 amounts that do not deleteriously affect the carbonylation reaction. The gases may be

introduced separately or as a mixture. A total pressure in the range of between about

10 and about 250 atmospheres is preferred. Drying agents, typically molecular sieves,

may be present in the reaction vessel. Reaction temperatures in the range of between

about 60° C and about 150° C are preferred. Gas sparging or mixing can be used to

25 aid the reaction.

In order that those skilled in the art will be better able to practice the present
invention reference is made to the FIGURE, which shows an example of a continuous
reactor system for producing aromatic carbonates. The symbol “V” indicates a valve

30 and the symbol “P” indicates a pressure gauge.

The system includes a carbon monoxide gas inlet 10, an oxygen inlet 11, a
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5 The gas feed pressure can be adjusted to a value greater than the desired
reactor pressure with a pressure regulator 30. The gas can be purified in
a scrubber 31 and then fed into a mass flow controller 32 to regulate flow
rates. TReobparior feed gas can be heated in a heat exchaagarsofgsbavi ng
appropriate conduit prior to being introduced to a reaction vessel 40. The
reacti on vessel pressure can be controlled by a back 10 pressure regul at or
41. Aft er mpaigsld wontt 12, endyim mlatdddensgas, @sh as bebordiokole. §asaatfonl uent nay be
either sanpled for further analysis at valye 42.qr vented to t at nosphere
at val ve“%‘.‘re'ﬁﬁ’éE’F éeé{;‘fl@ra MWqEﬁ%SUEQa[ﬁS%OIE é\%ﬂré’ﬁn% PRG3R AZYOA ?’addi ti onal

val ve 44 GaRh cBY BY bp@afeld bt NBIghEY St QB he reactthfor the Ui RIIGAIOF YheCl 0Sed
during the gas flow reaction. 15 In the practice of one enbaodi nent of the

i nvent i onreactina. The bysten Authsn inchidsh g seservoyouteh Brandar SHIY 9 MgidPoxy conpound
are ¢har ggg, {9 A0COLEAR! O RYShENG (A%t S ¥3kETS BEALGHY LRidron monoxi de
nty odu n appropr

and oxygen afe€ | cedinto’ a ifate” reservoir until a preferred
pressure fsufy with aysdsyurdeégudad) 30. Thaghd emed. pu€ified it atérobbarf31 andndenser

water is 1nitiated, and_ the tenperature of fi?he hea,t exchan9er 33 (e.g., oil
20 bat h) e faenio ag oy sonferlier e toseplaieifiny fatpihatsarer Sedean et « 46

bet ween hEaf.a.&ih aRIeIxcRahgdN 93 hedfi !ﬁ;ﬁﬁgoﬁ&%é@dndﬁg pFidPtPiRERu@duded Mai ntain

the desired operating tenperature. pressure in reaction vessel 40 can
be cont r ofol 2adadsiontuesset o heataasion vessek prdssuieragn e esstmeltedrtsbaskor 30 and

back pressure requl atqr 41. Upan r.eaching the I [ r { nperature,
al i ggot s U&?Fubeereggﬂl?&ﬁg' OAﬁBrn‘?a?SPg fifQu eaa%mdglhs.e r %ﬁgﬁgﬁﬁﬁg& #ﬁg&ﬁol | owi ng
exanpl es k¢ bk Bithdtdaepled for Ritheleanalidistat 0418¢ 4D b wameiotte hfiaspherski | | ed in
the art in practicing the clainmed inventiaon. The exanpl es aE)rovi ded are

merely replesehileircaststliquisecapdicisampled at walve thufBddifoppleatvetfitRg of the
3 | i di . i ded
rore Rl e SERAE o I S AR o e

limt the“invention, e’ appen I n any nmanner.
Unl ess otherw se specified, all parts are by weight, and all equival ents

are relative to iron. .Reaction products were verified, -8 W 01/64617
PCT/8S01/ 0083911 thg P@ﬁec%ﬁf%ﬁﬁﬂ%ﬂaﬁ% of W roatichay S&rB%“yA%tE‘B’oﬁat% ¥

reacti Qnssy)é%r?alﬁpdfr()fn@ﬁlg RifrokNcémp@nd e ciddedlo HRAGAA6Tr SHstekThe 1N an
approxi mately 6-9% 02 in CO at nosphere. The glass reactor was sealed with

a seni - pesystzabisscatedrfiasban manopdeasidxygemere anfrasiiced @to an appropriate

reservoir until a preferred pressure (as previously defined) is achieved. Circulation of
condenser water is initiated, and the temperature of the heat exchanger 33 (e.g., o1l
20 bath) can be raised to a desired operating temperature. A conduit 46 between heat
exchanger 33 and reaction vessel 40 can be heated to maintain the desired operating
temperature. The pressure in reaction vessel 40 can be controlled by the combination
of reducing pressure regulator 30 and back pressure regulator 41. Upon reaching the

desired reactor temperature, aliquots can be taken to monitor the reaction.

25
EXAMPLES
The following examples are included to provide additional guidance to those
skilled in the art in practicing the claimed invention. The examples provided are
merely representative of the work that contributes to the teaching of the present
30 application. Accordingly, these examples are not intended to limit the invention, as

defined in the appended claims, in any manner. Unless otherwise specified, all parts

are by weight, and all equivalents are relative to iron. Reaction products were verified

-8-



containing the reaction atnosphere at a pressure of approximtely 110

at nosphere 5 (i.e., negligible pressure differential across the walls of
the glass reaction vessel). Reaction tinme was 3 hours for each run. In the
fol |l ow nweraepies, the aromatic carbonate produced is dephesyl/@asdbonat e
(DPC). For conveni ence, the nunber of noles of DPC produced 10 per nole of
iron utilized is referred to as the iron turnover nunber (Fe TON). EXAMPLE
1 Di phenyly geselvomatographs. Prieshateerwise nethdi alhreagtionsriire GUITiedndl idons, a

ci ther 1 2 PtBRARR BB TERE Bies B 520 65 B OB BRI THE) T T o e

(" Fe( NO3)%:Risd reabto b Yeulcnkish @ FerhilfeiieaiTe hitnithnel Mdplakd i drbditbblakel V) oxi de
acetyl acetonate ("Ti Qlacac)2"), 2 equivalents of ceriumin the form of
ceri um ( FeRtpingedhe regebenatatospiercea @ awsys of apprgiximetelynd Oatrosphereof hal i de

Cot Pact nyraneeneb¥TERAPS Qe Bollfbeo e RFh L AREBer B0 88 Nort 1o e

gl ass r eRehdtion timseed 3 homsdordavignmhenol . The conmponents were heated to
100C for 3 hours in a reaction atnosphere conprised of 3% oxygen, 6%
nitrogen, and 91 % carbon nonoxi de. Total pressure in the reaction zone

was appr oxi majeint foll@#in@RmJlee thodbRMiOBarbEsdit pdweddas obser ved: Experi ment
Fe source Halide Halide Fe No. 1 mm source Equivalents 1 Fe acac 3

TEAC 200dipheizyleasbowes) ORGABos@ngeniggeTthe niebar sfoales REDPE rredurall at | east
as Y 90 B8 o6 RS uBRb A RFH MLl ARy SRR B R hge present

cat'al yst ts o € experinents,” it is evident
that a catal yst systemcontaining Fe, Ce, Ti, an onium halide, and a base
can effecti veIgEEcat al yze the carbonylation reaction. -9 WO 01/ 64617

PCTI USO1FB@8dBLERXAVPLE 2 The general procedure of Exanple 1 was repeated
(L0 L5y 21 DAIRPRUF P E it ot
substantially homogeneous catalyst system containing iron in the form of either iron
15 (ITI) acetylacetonate (“Fe(acac);”) or iron (III) nitrate (“Fe(NO3)3”), 5 equivalents of
titanium in the form of titanium (IV) oxide acetylacetonate (“TiO(acac),”), 2
equivalents of cerium in the form of cerium (III) acetylacetonate (“Ce(acac);”),
differing amounts of halide compositions in the form of either tetraethylammonium
bromide (“TEAB”) or tetraethylammonium chloride (“TEAC”), and 50 equivalents of
20 NaOH to a glass reaction vessel containing phenol. The components were heated to
100°C for 3 hours in a reaction atmosphere comprised of 3% oxygen, 6% nitrogen,

and 91% carbon monoxide. Total pressure in the reaction zone was approximately

102 atm. The following results were observed:

Experiment | Fe source Halide Halide Fe TON
No. 1 mM source Equivalents
1 Fe(acac); TEAC 200 2
2 Fe(NOs); TEAB 50 3

25
The data show that a Fe TON at least as high as 3 can be obtained utilizing an
embodiment of the present catalyst system. Based on the results of these experiments,
it is evident that a catalyst system containing Fe, Ce, Ti, an onium halide, and a base

can effectively catalyze the carbonylation reaction.

-9.



5iron (I1) nethylcycl opentadi enyl ("Fe(Cp)2" Vari ous inorganic

co-catal yst conbinations were enployed in the) presence of 509equi val ent s of
various halide conpositions, including TEAB and tetrabutylanmoni um

chlori de WOPBAG1]. Sonme experinental runs were carried olCTYUPUAB3Presence
of a base. Al reactions were carried out in a 7.4% oxygen in carbon
nonoxi de atnbsphere at a total pressure of 10 approxi mately 109 atm to
produce the follow ng results: Experiment No. Fe I OCC | OCC #1 | OCC | OCC #2

NaOH Hal i A our #1 Equiv. #2 Equi [
VL . quiv. Equiv. source TON ce 1l mm 1
Fe(a Pb ?g%‘ ? gé TEAB 3 cac 3 2 Fe(a Pb 5 Ti 1 50 TEAB 2 caC 3 3 Fe(a Pb

207 TR Al s ov-mm S R o 2
QA )2 gudhep Hetacacir e 01 seie (5 e QA0S b rof (RDEreies CreBTh. andlp JEA%L 5
5 iron (II) methylcyclopentadienyl (“Fe(Cp),”). Various inorganic co-catalyst
combinations were employed in the presence of 50 equivalents of various halide
compositions, including TEAB and tetrabutylammonium chloride (“TBAC”). Some
experimental runs were carried out in the presence of a base. All reactions were
carried out in a 7.4% oxygen in carbon monoxide atmosphere at a total pressure of

10 approximately 109 atm. to produce the following results:

Experiment No. Fe ] IOCC | IOCC#1 | IOCC | IOCC#2 | NaOH | Halide Fe
sour #1 Equiv. #2 Equiv. Equiv. | source | TON
ce
1
mM

1 Fe(a Pb 5 Ti 1 50 TEAB 3
cac)y

2 Fe(a Pb 5 Ti 1 50 TEAB 2
cac);

3 Fe(a Pb 5 Zr 5 50 TBAC 3
cac);

4 Fe(a Cu 1 Ti 5 50 TEAB 3
cac)s

5 Fe(a Cu 5 Zr 5 50 TEAB 2
cac);

6 Fe( Pb 1 Cu 5 - TEAB 5
OAc
)

7 Fe( Pb 5 Ti 5 50 TEAB 5
OAc
)2

8 Fe( Cu 1 Ti 5 50 TEAB 3
OAc
)

9 Fe( Cu 5 Zr 1 - TEAB 2
OAc
)

10 Fe( Ti 5 Zr 5 50 TBAC 2
OAc
)7

11 Fe(C | Pb 5 Cu 5 50 TEAB 3
ph

12 Fe(C| Pb 5 Cu 5 50 TEAB 2
Pl

13 Fe(C| Pb 1 Ti 1 50 TEAB 6
p)

-10-



10 Fe( Ti 5 Zr 550 TBAC 2 OAc )2 11 Fe(C Pb 5 Cu 5 50 TEAB

Pb 5 Cu’550 TEAB2 13 Fe(CPb 1 Ti 1 50(TEAB 6 z -10 WO 01/246:2L712 Fele
PCT/ US01/ 00839 14 Fe(C Pb 1 Ti 1 50 TEAB 2 A 15 Fe(C Cu 5 Ti 1 50 TBAC 3
A 16 Fe(@dmdeshi 5 50 TEAB 3 A 17 Fe(C Cu 5 Ti 5 50 TEABcRusi)@sihs Fe(C
Cub52r 150 TBAC2 A19 Fe(CCu 5 2r 1 50 TBAC4 A 20 Fe(CTi 1 zr 1 50

TEAB 4 P)2 21 Fe(C Ti 1 Zr 1 50 TEAB 2 z 22 FeBr Pb 1 Cu 50 TBAC 3 3

23 FeBr T Tiz 5 50 8kAB B8 3 24 FeBr TPb{5 Zr 1} 580 TBACEAB |32
P)2

15 Fe(C Cu 5 Ti 1 50 TBAC 3
p)

16 Fe(C Cu 5 Ti 5 50 TEAB 3
)7

17 Fe(C Cu 5 Ti 5 50 TEAB 2
P

18 Fe(C Cu 5 Zr 1 50 TBAC 2
P

19 Fe(C Cu 5 Zr 1 50 TBAC 4
Pl

20 Fe(C Ti 1 Zr 1 50 TEAB 4
p)

21 Fe(C Ti 1 Zr 1 50 TEAB 2
p)

22 FeBr Pb 1 Cu 5 50 TBAC 3
3

23 FeBr Pb 1 Ti 5 50 TEAB 3
3

24 FeBr Pb 5 Zr 1 50 TBAC 3
3

25 FeBr Pb 5 Zr 1 50 TBAC 3
3

26 FeBr Cu 5 Ti 5 50 TEAB 3
3

27 FeBr Ti 5 Zr 1 50 TEAB 6
3

28 FeBr Ti 5 Zr 5 50 TEAB 2
3

The results show that various combinations of Fe, IOCC, onium halide, and

base can effectively catalyze the carbonylation reaction.

5 EXAMPLE 3

The general procedure of Examples 1 and 2 was repeated with 1 mM of
various iron sources, 100 equivalents of TEAB, and various amounts of either lead or
copper. Lead was provided as lead (II) oxide (“PbO”) and copper as copper (1)
acetylacetonate (“Cu(acac),”). Iron sources used for these experimental runs include

10 Fe(acac)s, Fe(OAc),, FeBrs, ferrocene (“F e(CsHs),”), and iron (II) nitrate

(“Fe(NOs),”). Reactions were carried out in a 7.8% oxygen in carbon monoxide
atmosphere at approximately 110 atm. total pressure. The following results were

observed:
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25 FeBr
Zr

Pb 5 Zr

1 50 TBAC 3 3 26 FebBr
1 50 TEAB 6 3 28 FeBr Ti
vari ous conbi nati ons of Fe,
cat al yze VRIEHMbBonyl ati on reacti on.

5 Zr
| OCC, onium halide,

Cu 5 Ti

5 50 TEAB 3 3 27 FeBr Ti
5 50 TEAB 2 3 The results show t hat

and base can effectively
5 EXAMPLE 3 The generBIT/¢y00e80r e of

5

Exanples 1 and 2 was repeated with 1 nMof various iron sources, 100
equi val ents _of TEAB, —and variousampuynt-s—ef—etther—e v € ‘p;:r. Lead
was provi de@xperimenid| (1 Fy sewrele (|" PBERRCHNd ¢ t%r s copBer| (L)
acetyl acetjonat¥o( " Cuf acad)2M . | rloRdwienties haesgd ¥ d iiment al
runs include 10 Fe(acac)3., Fe(QAd)2, FeBr3l| ferroce ("Fe(@5H5)2"), and
iron (I'l1) |nitrate ([ FeERB33A3). ReactSi ons [wer e-carri edl@9ut i 7 7.,8%
oxygen in carbon nmonoxi ge(OAEpDspher e 5at _approximatel y W00 atnd tlot al
pressure. [The Tl 'OW NO FLRIAEES Vere sobser{ved: -- 11 MO 0y 6461¢
PCTI USO/O?";EHA}":?’EPE TTETRHFE SEEIICEA@_(aCEC)Z PbO Bigee No.31 |nm
Equi val ent s—Eguivatents B,y TANTsea ac 3.5 - [00[@ F¢ QAc 2 5 -
100 3 3 FRe—QAc25 100 r34FB."3’5-1C03 5—Fe 005 6
Fe(C5H5) 2 5 - 100 6 |7 E5(GHsk 3 1091003 8 Fo-ere a0 1d %605 o Femra
- 10 100 4 7 Fe(acac)s - 10" 7" 100 74 737 =

8 Fe(OAc), - 10 100 S

9 FeBr; - 10 100 4

10 FeBr; - 10 100 11

11 Fe(CsHs), - 10 100 4

12 Fe(CsHs), - 10 100 3

13 Fe(NO3), - 10 100 11

14 Fe(NO:), - - - 16

The results show that various combinations of Fe alone, as well as in

combination with an IOCC and onium bromide can effectively catalyze the

carbonylation reaction.

5
EXAMPLE 4
The general procedure of Examples 1-3 was repeated with 1 mM of various
iron sources, 100 equivalents of either TEAB or TBAC, and various amounts of either
PbO or Cu(acac),. Reactions were carried out in a 7.8% oxygen in carbon monoxide
10 atmosphere at approximately 56 atm. total pressure. The following results were
observed:
Experiment Fe source Cu(acac), PbO Halide Fe
No. 1 mM Equivalents | Equivalents | 100 eq. | TON
1 Fe(acac)s - 10 TEAB 2
2 Fe(OAc) - 10 TEAB 4
3 Fe(acac); 5 - TBAC 4
4 FeBrs 5 - TBAC 4
5 Fe(NO3)» 5 - TBAC 3
6 Fe(NO3), 5 - TBAC 3
The results show that various combinations of Fe, IOCC, and onium halide
15 can effectively catalyze the carbonylation reaction at lower pressures.
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10 FeBr3 - 10 100 11 11 Fe C5H5 2 - 10 100 4 12 Fe C5H5 2 - 10 100 3 13
Fe(N03)2 - 10 100 11 14 Fe(N03)2 - - - 16 The results show that various
conbi nati ons of Fe alone, as well as in conbination with an | OCC and oni um
brom de Gapopédsecti vely catal yze the carbonyl ati on react ipef/usd/bo$f9VPLE 4
The general procedure of Exanples 1-3 was repeated with 1 nmM of vari ous
iron sources, 100 equivalents of either TEAB or TBAC, and various anobunts
of either PbO or Cu(acac)2. Reactions were carried out in a 7.8% oxygen in
carbon nonoxi de 10 at nosphere at approxinmately 56 atm total pressure. The
foll OWI nQXlAééﬁlEé were observed: Experinent Fe source Cu(acac)?2 PbO Halide
Fe - f@pealddNwith vinGowddesh 3 - 10 TEAB 2
2 Fe OAC 2 - f@é’#%%gﬁi&?&:gg%g o\ggg%ﬁglés 1L-MV%A 4 4 FeBr3 5 - TBAC 4 5

Fe( NO3) 2sdurces TNBAGUS indbgdmiq d0@)tdyS combpagons rd [08sarvaleatiafeithelt vari ous

nbi nat i f Fe i t al th
Cor Bony| BEAG o BB, I Gso iR R RS 8D 0Bl C BadacfR ) Y oEa0 ™
EXAMPLE g, ég‘éxﬁé?ﬂﬁér@ell rQﬁsOsF}&Glééﬁw@fouE)ﬁam)blesenJ:e 4f whaser Aﬂieaacemnwtﬁ var| ous

iron solrces, various inorganic co-catal yst combinations . and
equi val endrsiedbuigintatid OSYQEEAEC@POWEJQBOXIF%E%‘%SBGWEé&aM%llﬂﬁﬁséﬂreﬁ Q acac) 2,

PbG, ZF(CBU8 18}3?633’Bégg%iﬁp%duc%w%lw%%ﬁ%al runs were carried out in

the pres react’ons were

Experiment No. Fe | IOCC | IOCC#1 [ IOCC | IOCC#2 | NaOH | Halide Fe

sour #1 Equiv. #2 Equiv. Equiv. | source | TON
ce
1
mM

1 FeBr | Ti 2 Pb 2 50 TEAC 2
3

2 FeBr | Ti 2 Pb 2 50 TEAC 2
3

3 Fe(C Zr 5 Pb 2 - TBAB 2
p)

4 Fe(C Zr 5 Pb 2 - TEAB 2
p)

5 Fe(C| Cu 5 Ti 5 - TEAB 2
p)

6 Fe( Pb 2 Cu S 50 TEAB 3
OAc
)3

7 Fe( Pb 2 Cu 5 50 TEAB 2
OAc
)3

8 Fe(a Cu 5 Ti 2 50 TEAB 1
cac)

9 Fe(a Pb 5 Cu 2 - TEAC 2
cac)

10

The results show that various combinations of Fe, IOCC, onium halide, and

base can effectively catalyze the carbonylation reaction.

15 EXAMPLE 6
The general procedure of Examples 1-5 was repeated with an iron source
selected from either acetylferrocene (“CH3COCsHsFeCsHs™) or tris(2,2,6,6-
tetramethyl-3,5-heptanedionate) iron (III) (“Fe(TMHD);”). The remainder of the
-13 -



carried out in a 9% oxygen in carbon nonoxi de atnosphere at a total
pressure of approximtely 102 atm to produce the follow ng results:
Experiment No. Fe 10CC | OCC #1 |1 OCC | OCC #2 NaOH Halide Fe sour #1 Equiv.
#2 Equi vVWEERJ(HE17 source TON ce 1 nm 1 FeBr Ti 2 Pb 2 SBCTEAQ/®3Y 2 FeBr
Ti 2 Pb 250 TEAC2 3 3 Fe(CZr 5Pb 2 - TBAB2 Ph 4 Fe(CZr 5 Pb 2 -

TEAB 2 z 5 Fe(C Qu 5 Ti & - TEAB 2 6 Fe( P
Fe( Pb 2catlys srsemrpsied TEAR, and et ?feé‘é(aﬁﬁf%r%g(% Rﬁﬁtﬁ%e{e%%é% 303(: F)e?a7
Pb 5 Qu 2tat ;5@ ?rﬁt%g%anép 10 7985 4e3n $NOW dthdéphéas to@pusduee i nat i ons of

Fe, _ base can effectively catal yze the
car bonylﬁﬂlbwmglealdtslzon. 15 EXAMPLE 6 The general procedure of Exanples 1-5
was repeated with an iron source

Experiment Iron source Cu(acac), PbO TEAB | Fe
No. Equivalents | Equivalents | Equiv. | TON
1 CH3COC5H4FGC5H5 5 75 2
2 CH3COC5H4F€C5H5 - 75 3
3 Fe(TMHD); - 75 3
4 Fe(TMHD);3 - 75 4

(R AV, RAV, R

The results show that various combinations of Fe, IOCC, and onium bromide

can effectively catalyze the carbonylation reaction.

It will be understood that each of the elements described above, or two or

10 more together, may also find utility in applications differing from the types described
herein. While the invention has been illustrated and described as embodied in a
method and catalyst system for producing aromatic carbonates, it is not intended to be
limited to the details shown, since various modifications and substitutions can be
made without departing in any way from the spirit of the present invention. For

15 example, additional effective IOCC compounds can be added to the reaction. As such,
further modifications and equivalents of the invention herein disclosed may occur to
persons skilled in the art using no more than routine experimentation, and all such
modifications and equivalents are believed to be within the spirit and scope of the

invention as defined by the following claims.
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selected fromeither acetylferrocene ("CH3COC5H4FeC5H5") or tris(2,2,6,6-
tetranet hyl - 3, 5- hept anedi onate) iron (Il11) ("Fe(TMHD)3"). The renuai nder of
the -13 WD 01/64617 PCTIUSO /00839 catal yst systemincluded TEAB, and

ei ther CWQOHEHY or PbO. Reactions were carried out at apBEdliSEHPWPYy 107
atm in a 7.79% oxygen in CO atnosphere to produce the following results:
Experinent lron source Cu(acac)2 PbO TEAB Fe No. Equivalents E uivalents
Equi v. TEWA IMSCH3COC5HAFeC5HE 5 - 75 2 2 CH3COCS5HAFeC5HS - 5 75 3 3 Fe
TMD 3 - yhal ] Gainfedi® TMHD 3 - 5 75 4 5 The results show that various
conbi nations of Fe, I0CC, and onium brom de can effectively catalyze the
carbonyl ation reaction. It wll be understood that each of the el enents

described abomie],c f g?\ rﬁ& P&ggﬂ%‘aghgrprlﬁl a%es*&%ticblg@(o@ &%Johﬂ&hﬁd ity in

applications typ s descri e t he

i nvent i omefas déﬂ%ﬁsinb'th@ité@bﬁﬁbn@d&dngiQ!Sl@iislt bﬁda@&aﬁlﬂh@dﬂo&gj compaundret hod and
catal yst syste produci ng_ aromatic carbonates IS not i ntended to be
linited t\"@t t%g@b@% qasbogrpoRpxids if dlee RIgHINERIS ?T%P‘Priyé%ﬁqn(ﬁﬁ‘éa WAYLUBst it uti ons

can be é@&%&%ﬁ%&%% ifto in &9%&4?1%%951{ bffe@fvet he present

|nvent|on exa tional effective I OCC conpounds can be added
to the reﬁmhmnﬁa(kgupuﬁﬁEBnkﬁMBMﬂcenDdlflcations and equival ents of the

i nvention herein disclosed may occur to persons skilled in the art using
no nore than routine experinmentation, and all such nodifications and

equjgval ents ape belrheuRehdddrRBimi It Rihbreih@e eRibohylatitdcasi9naySbmt he
i nvention as defined by the follomﬁng clainms. - 14 WD 01/64617

PCT/ USOl foggssomplisss msatahdic ampust of anegonggnic £o-catalst-nod of car bonyl ating an
aromati ¢ hydroxy conpound, said

3. The method of claim 2, wherein the inorganic co-catalyst is a copper

source.

15

4. The method of claim 2, wherein the inorganic co-catalyst is a lead

source.

5. The method of claim 1, wherein the carbonylation catalyst system

20 further comprises a combination of inorganic co-catalysts.

6. The method of claim 5, wherein the combination of inorganic co-
catalysts comprises a catalytic amount of a copper source and a catalytic amount of a
zirconium source.
25
7. The method of claim 5, wherein the combination of inorganic co-
catalysts comprises a catalytic amount of a titanium source and a catalytic amount of a

cerium source.

30 8. The method of claim 5, wherein the combination of inorganic co-
catalysts comprises a catalytic amount of a lead source and a catalytic amount of a

titanium source.
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5 nmethod conprising the step of contacting at |east one aromatic hydroxy
conpound w th oxygen and carbon nonoxide in the presence of a

carbonyl ati on catal yst system conprising an effective anount of an iron
source i WA#4blisence of an effective anount of a G oup YATUSH/EI%]
source. 10 2. The method of claim 1, wherein the carbonylation catal yst
system further conprises a catalytic anount of an inorganic co-catalyst.
3. The method of claim2, wherein the inorganic co-catalyst is a copper
source. 15 4.9The mRt Arthodlofeladh® dheidhifthe cBmbhatibMer dfiagicc@-cat al yst is a
| ead source. 5. The nethod of claim11, wherein the carbonyl ati on catal yst
system p@alysis comprisesretabaie anqahpl nlged sonres andvoeaialmiic ameunafal ysts. 6.

The net h%‘?co%fiu ls{i\;r?% 5, wherein the conbination of inorganic co- catal ysts
conpriseS a catalytic anount of a copper source and a catal ytic anount of a
zi rgoni um source. 25 7. The nethod of claimb5, wherein the conbination of

i norgani ¢ co-, catalysts conprjses a.catalytic, amunt _of a titanium source
and a cat al ytifc an% fimegodp CLaé‘F‘SsquhgrSH“r é?o@@“ét.‘oq'ﬂ@nﬁﬁ&aﬁt?c?oéf claimb5,
wher ei n the 6o pAlds Atalily MK ARNDLa EpefRudlelis QIR S8Surd ofat al ytic
anount of a’lead source and a catalytic anount of a titaniumsource. -15
WO 01/ 6466AIWRCIOUWS8OL/ 00839 9. The nethod of claimb5, wherein the

conbi nati on of inorganic co catalysts conprises a catalytic anmount of a

| ead source and a catalytic anmbunt of a zirconiumsource. 5 10. The net hod
of 1¢l ai m 5, wher ei Th¢ hettwdfichahisQwherdein the cgabinatieef @atd@hicsdos conpri ses a

catal yti c anount of a COPE)e_I’ source_and a catalytic anount of a_ titanium
sour ce. catalysts comprises a catalytic amount of a copper source and a catalytic amount of a

lead source.

12. The method of claim 5, wherein the combination of inorganic co-
15 catalysts comprises a catalytic amount of a titanium source and a catalytic amount of a

zirconium source.

13. The method of claim 1, wherein the carbonylation catalyst system

further comprises an effective amount of a halide composition.

20
14. The method of claim 13, wherein the halide composition is an onium
bromide composition.
15. The method of claim 13, wherein the halide composition is an onium
25 chloride composition.
16. The method of claim 1, wherein the aromatic hydroxy compound is
phenol.
30 17. The method of claim 2, wherein the carbonylation catalyst system

further comprises an effective amount of a base.
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10 11. The nethod of claimb5, wherein the conbination of inorganic co-
catal ysts conprises a catalytic anount of a copper source and a catalytic
amount of a |ead source. 12. The nethod of claim5, wherein the

conbi nat iwg oPbaeiNOr gani ¢ co 15 catal ysts conpri ses a cat alpeiusogossgnt of a
titanium source and a catalytic amount of a zirconiumsource. 13. The

nmet hod of claim 1, wherein the carbonylation catalyst system further
conpri ses an I&f f ectA methadwo(icdrbofylaingainiadenatontpolsdty @mpoR0d,s4id The net hod of
claim 13%? ein the H‘?al i de.conposition is an onium brom de conposition.
15. The FOBPIESi thY §15P Ofher ei n the hali de conposition is an onium 25
chl ori de conposi ti edntadifhg al RRstBRe esinAc HARI bmpoled Gith dxhgerpdraat i C
hydroxy conmpound is phenol. 30 17. The nethod of claim 2, wherein the

car bony| sttbemmeaesidy it thepeesenge of groarhonylebempeatalyst syptewrqommrising theount of a
base. -1 . 7 PCT/USO /00839 18. A nethod of carbonylating an

ar o?&ti C?%%l?éé&é@&ﬁ%gghd, said nethod conprising the step of. contacting
at | east one ar omahn effegtive axpuaosfipnirog seitch inthegbserendf ac affemiveronoxi de i n
t he presence of %car %Qﬁati n catalyst systemconprising the 5 follow ng
conponenf@ounof 3fTaEp i A5 O an iron source in the absence of an
effective amount gta@lydaHRuM dflanBndPBhdt cS-QhhRRI; addcat al ytic ampunt of an
i norgani c co-catal yst; "and an effective anount of a halide conposition. 10
19. A carbonyl at i oan eHecilvgemoyyisaf@rhalidoppmpesition. an ef f ecti ve anount of an

ir&;& source in the absence of an effective amount of a Goup VIII B netal
source. 20. The carbonyl ation catal yst systemof claim 19, further
conprising aio. A carbonylation catalyst system, comprising an effective amount of an

iron source in the absence of an effective amount of a Group VIII B metal source.

20. The carbonylation catalyst system of claim 19, further comprising a
15 catalytic amount of an inorganic co-catalyst.
21. The carbonylation catalyst system of claim 20, wherein the inorganic

co-catalyst is a copper source.

20 22. The carbonylation catalyst system of claim 20, wherein the inorganic

co-catalyst is a lead source.

23. The carbonylation catalyst system of claim 19, further comprising a

combination of inorganic co-catalysts.

25
24, The carbonylation catalyst system of claim 23, wherein the
combination of inorganic co-catalysts comprises a catalytic amount of a copper source
and a catalytic amount of a zirconium source.
30 25. The carbonylation catalyst system of claim 23, wherein the

combination of inorganic co-catalysts comprises a catalytic amount of a titanium

source and a catalytic amount of a cerium source.

-17-



15 catal ytic anpbunt of an inorganic co-catalyst. 21. The carbonyl ation
catal yst system of claim20, wherein the inorganic co-catalyst is a copper
source. 20 22. The carbonyl ation catal yst system of claim20, wherein the

i nor gani VO 8Y64At al yst is a | ead source. 23. The car bonyl BETHSOEYS yst
system of claim 19, further conprising a conbination of inorganic
co-catalysts. 25 24. The carbonyl ation catal yst system of claim23, wherein
the conbination of inorganic co-catalysts conprises a catal ytic anmount of

a copper sounge aMfe garbyMtivhicataBRPHRIenDbf Aaitl 23 Mlickdih sieur ce. 30 25. The
carbonyl ati on catal yst system of claim 23, wherein the_ conbination of

i nor gani eomelinatinatfyiserganie apratelysts gowarisgsya agal Wiroupeuny pf aleaf sareim source

and a catal yt.i - i urce. -17 WD 01/64617 PCTI US01/ 00839
26. The %ngr%%aﬁéléﬁrgﬁ&%gggﬁf/a@&%ggsqrgr'n of claim 23, wherein the conbi nation
of Bnorganic co-catal ysts conprises a catalytic anount of a | ead source

and a catal ytic anpunt of titanjumsource. 5 27. The carbonyl ation
cat al yst systém of 18§ %ﬁrh‘?@%tloﬁﬁéﬁab’lshsﬁﬁgl Og‘ﬂﬁlﬁ} f%l%tt"f}@FFI%ﬁ’q nor gani c

co- catal %’oﬁﬁﬁnﬁmﬂ inétearitc E@-Ei’tla%%tis %gﬁ%i_k’élta Qlalftid £R6LISBHE GRd saide 2 catal ytic

anmount of a zilrconium’source. he carbonyl ati on catal yst system of
cl ai m 23andvheatditic ttheunted abireatimwowte.i nor gani ¢ co-cat al ysts conpri ses a

catal yti c anmount of a copper source and a catalytic anount of a titanium
source. 29. The carbonyl ation catal yst systemof claim 23, wherein the 15

comhi nati on oR. i NnoTHAGrBoriMtioacalalst S/seaiPf d15i6523 Wirteh e ¢ amount of a
copper source and a catalytic anount of a |ead source, 30. The
car bony| eambinatiant ofliperganiq sp-6#AlySts CPRPHES T Calhdieimoynk af a oRRST ST DN of

i nor gani o aoéa(fﬁ%@ Xx@&&t%ﬁ’%ﬂnﬁﬁ? séiréat al ytic amount of a titanium 20
source and a catalytic anpunt of a Zi rconi um source.
29. The carbonylation catalyst system of claim 23, wherein the
15 combination of inorganic co-catalysts comprises a catalytic amount of a copper source

and a catalytic amount of a lead source.

30. The carbonylation catalyst system of claim 23, wherein the
combination of inorganic co-catalysts comprises a catalytic amount of a titanium

20 source and a catalytic amount of a zirconium source.

31. The carbonylation catalyst system of claim 19, further comprising an

effective amount of a halide composition.

25 32. The carbonylation catalyst system of claim 31, wherein the halide

composition is an onium bromide composition.

33. The carbonylation catalyst system of claim 31, wherein the halide
composition is an onium chloride composition.

30
34. The carbonylation catalyst system of claim 20, wherein the

carbonylation catalyst system further comprises an effective amount of a base.
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31. The carbonyl ation catal yst systemof claim19, further conprising an

ef fective anount of a halide conposition. 25 32. The carbonyl ati on cat al yst
system of claim 31, wherein the halide conposition is an onium brom de
conposi t maei/edé7 The carbonyl ation catal yst system of cl apor@%o1/0088r €i n t he
hal i de conposition is an oniumchloride conposition. 30 34. The
carbonyl ati on catal yst system of claim 20, wherein the carbonylation

catal yst system further conprises an effective anount of a base. -18 WO
01/ 64617 PCTLUSO /P0839 35. A garbonylation. catal : ri sing an
effective anégnt d&CQ%O?WSWnE%ﬁ$X%SVﬂ&Pﬁ§n§ggglé%eﬁﬁ%gﬁy%%gggfﬁggpannunt of

a G oup W douRkeTR R abS&1te ©F an affe@BlealmbiuhCofanGtonp VIl Binetd1Gbgas) £

co-catalyst; and an effective amount of a halide 5 conmpgsitjion. -19
catalytic amount of an inorganic co-catalyst; and an effective amount of a halide

5 composition.
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