; €3er o@6NTJT 426 June 2003 WO 00/ 40541 PCT/ US99124429 METHOD FOR MAKI NG
AROVATI C CARBONATES BACKGROUND OF THE | NVENTI ON The present ?WentiC@ﬁ
‘relates to the preparation of aromatic carbonates by carbonyla 5 an
organi c .aromati ¢ hydroxy conpound, such as phenol, in the presence of a
catal yst. Myygopadsii cul arly, this invention 5 relates to i npsoyegsiERil0ds
for the carbonylation of aromatic hydroxy conpounds by a m xture of carbon
nonoxi de and oxygen in the presence of a catal yst conprising palladi um and

car bonat os” axe. val uabFAGLS B BEIVE A REARATIETARYORATRS 161 Y car bonat es
by transesterification 10 with bisphenols in the nelt. This nethod of

pol ycar bonat e preparation has environnmental advantages over nethods which

enpl oy phosgBAECKGROUND ORTHEBNVYENTIORt and environnental |y detrinmental
chl orinated aliphatic hydrocarbons such as nethylene chloride as sol vents.
Thi s preparation requires econom cal access to |large quantities of diaryl

carbonates. y 5 Vari oukherpressnt inuentior aielaips ¢p dbedpieparation pf @pematicon of

di aryl carbonates_,by, the.carbaonyl ation of .aromati.c, hydroxy conmpounds. with
car bon monoxAEOSHER Bkt Besrni® GROmAKE UMY e

maj ority of 3NhehACkPIHE %eﬁr@ecﬂfrﬁ%%%/él@ RidreCpartidlifablyl YRR PRRBERES, OF
to "batch flo systens wherein all reactants other than’gases are added to

the 20 Beact refatehdo cimmioved wiethedsydergher earpooylatien efontomabudiydroxy
t hroughout the reacti.on. As

IS \?ell known, cCPnti uous f.l 3}!{/ Erocessea are
consi der abl yCATBPEIASIRLAFEATUTE Of SarboRmonoxidesng exygeRindhe REFSepSE eha t ype
or batch flo W - i rt for nethods
of carbonyl a‘?‘itgx wher eisﬁng?gpﬁlhgg?ﬂgﬁa;@egaﬁg';pt&gqﬁlglg rc%(lzlcﬁi n a conti nuous

process in high 25 yield. 1 26 June 2003 WD 00/ 40541 PCT/ US99I1 24429 In
general , the carbonyl dtoonatice gatbomatese quicheas aliaryhplagiorzdesalayes tvadyatile m

ol P g SRS 18! WY Srepdndis Wb bile Bone e PBR S stfarpRteS
| t f . ) i i : adi 5
selecteg fr %tﬁﬂﬁe}rﬂoﬁ B R Alef. Thi mleE}%ch%f"rtag(l;gcafm&ﬁg]r'ep%%ﬁ?ﬂjhﬁm

osmum iridiuma atinum or a conplex the . Furt evel opnents in
t he car bonyl etviemnunthlyathvanyagesavet noethodp eutids eimgplay pbosgesd, proxiegas, y on

t he devel opnent of the co-‘gat al yst and ﬂt hg{ el ements_of the cai_a}\yst

syst em (t he 3c? cHagePEt ap cl@ﬁ‘dgﬁo)“.meﬂfé Vi ‘ﬁnﬁ}?&‘t“’gu qringted p glighahg|

car bonat e prlgfmg i.qe N : i&)\?ﬁd y . t seat al yst
and ot her el mn%%rﬁe%us\gcgh%yrngggﬂ%ﬁ gg%llat%q%ﬁs |(§]L’1 oghsnpgegcd?#ef&?)uri ty
and yi el d ofreihireslécnpmicalrdecesstie Jargeeyudirititizs @fididrol caebofaten- cat al yst
package. Co-catal ysts generally conprise a netallic species, for exanple

cobal t, i ron. cerium \mngancag, GORREL: 20, \Eafeed: e h BRI GiEoTPOUNY
diaryl carbonates by the carbonylation of aromatic hydroxy compounds with
carbon monoxide and oxygen in the presence of a catalyst system. The
majority of the disclosures are directed to either batch-type processes, or to
“batch flow” systems wherein all reactants other than gases are added to the
20 reaction batch-wise, while gases are provided continuously throughout the
reaction. As is well known, continuous flow processes are considerably more
economical on a commercial scale than either batch-type or batch flow

processes. There thus remains a need in the art for methods of carbonylation

wherein diaryl carbonates may to produced in a continuous process in high
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25 yield.




Thus, for exanple, U S. Pat. No. 5,142,086 to King, Jr. et al. discloses
netallic ~ 5 co-catal yst selected fromcobalt, iron, ceri um, se,

- mol ybdenum samarium vanadi um chrom um and copper and an %g@g

co-catal yst selected fromaromati c ketones, aliphatic ketones and aromatic

pol ycyclic hydrocarbons. U S. Pat. No. 5,231,210 to Joyce et _al,. discloses
a cobalt pe‘ﬁ&é’%ﬁsr“bi nate conpl ex co-catal yst and a quater na??%fﬁ%ﬁ?éal t.
U S Pat. 20 No. 5,284,964 to Pressnan et al. discloses an inorganic

co-catal yst selected fromcobalt, nmanganese, and copper and organic

co-catal yst sel ected I Ogeriewdl} etheakrboplyficialrbsctioRd réiipesr ladicBfplét her
co-catal yst systens include a divalent or trivalent nmanganese salt in

conbi nat i oncakplyst aystemry sampyisingrahileast Batatalyst, ascodiasalygsantl argererdbo, 697 to

Chang; a divalent,25 0or trivaleat ,cohalt d~tetraal kyl a ni, um
hal 1 de and SFEAOTBABIE SoFEL SE8GPRn 1B 4487 BERR sreff BRoSe BB
conpound,  asefetia@NBoRANGRRIpUVIITS! nttkaids idi, SAliAsRdm, tHddRuimP3allaum,
5,336,803 to Kezuka et al. One catal yst systemof particular interest is

di scl osed iosniusn, iPadiunNand platB8iaiser a compitagtheetof.aFurthiee dewtlapyentsyst em
consi sts of, a,palladiym.2 6 . June 2003, WD 00l 40541 PCT/ USQ9/ 2442
conpound, af theferbehdation of E‘Xﬂb@ﬂ’nﬁor’%&“q DASPOUHS Hge faRSSRIRERARD! r om
guat er nary i i eIVEY h j i gles

optionally at ga@%ﬁé&gggﬁ)ggﬂgomoﬁﬂg?{ égg %?Qlt;q eag tc?-fctg‘?a‘faﬁl?gtyi elds a
process whesystemt {the yf@l-chtalystapackige’).calThengiekl pad patityadi uive( tiarpbver 5
nunber of palladiun) is high, i.e. greater than about 700. However, use of
a lead co- carBPyate RoSyct ¥auf widely depesling &8y theridentity, ofttde qoosatalypt
commerei al puy BEl%e?Selexé%ﬁ%f the e &tich @%R&iﬁ%ﬁ{%ﬁ‘& Hx‘%ﬁ% e O;SJ}E re for
opti m zation and i nprovenrent of carbonylation of aromefic hydroXxy conmpounds

in the presgitpield of tHediMsf! camsirenss &@@fi&ﬁnﬁﬁ)r'e@dﬂc&@atﬁ%%&&aﬁe.t 0
SUMWARY OF THE | NVENTI ON The above-di scussed and ot her drawbacks and

deficiencies of the prior art are overcone or alleviated by the inproved
met hod of the presentCowataiysts genemahyrqompriser sertellin §pesiesfongxampiear bonat e

by 1 eacti ng. I ARLLS Y S GOIRaNd: GALRENIONOsI AR A0 BRYRET |1 the

presence of an é 've guan cdtal yst’ syste ng at | east

one pal | adiThas ¢orf &&imple, (RS Hat ON®. 52221086 r Rl Jr. il edifclbdee mhafalie of

equi valents of lead to equivalents of palladiumis greater than 17, at

| east1one egH¢adalystirsélested drgm ookaltieibpnc sariumphmarganeste mplpbdenumof | ead
is optimzed to.i ncreasa.the éeacti on rate, as vveél as _to.all (_)W@rotducti on
of aromat | CAEMPBYRar G PAIYR SOENOM TRy FRRBSTLRIS asnBrstinsopAiteds. 20
BRI EF_ DESCRfZELN tdin TiferNGR B A A1) KBQMHed Andiharotiatié BEycyaR! ei n

| i ke el ements are nunbered alike in the several FlIGURES: FlI is a

gr aph showihyyrgoarponsy &L.SdPpheVgl G2dliRIfate Jpyewdetcel disdpsesi pecabalta ful |y
conti nuous proqcess,..Wherein.the catal yst 25 copprises.about 1 ival ents
of PbO por BPRTHIAHE CoPPIPLEo EAELEaNs) & duarerinsy SRl U afbaosal
PCTNSEP124448. 58864 20! Pre@srﬂﬁﬁql ﬁhﬁﬂcf&eg%ﬁnitnbl;%anﬂf c@kmg’y!sefe%fegonat e
produced over tine, also 1n a fully continuous process, wherein the

catal yst cdrumi sclsalghnahgsitesesand adoppes anid Siganjreco-eatalystbelatctedffréh ( as

Pd(acac) 2). DETAILED DESCRI PTI ON OF THE | NVENTI ON 5 As nenti gned above, use
of a | ead/ HiHategnagy endemcsalis ang {egpyridine. Other co-catalyst systems include a

divalent or trivalent manganese salt in combination with a
tetraalkylammonium halide, as disclosed in EP 350,697 to Chang; a divalent

25 or trivalent cobalt compound, tetraalkylammonium halide and a quinone as
disclosed in EP 350,700 to Chang; or a copper compound, a quinone and
onium halide as disclosed in U.S. Pat. No. 5,336,803 to Kezuka et al.

One catalyst system of particular interest is disclosed in U.S. Pat.

No. 5,498,789 to Takagi et al. The catalyst system consists of a palladium
2



systemresults in a reaction wherein the turnover nunber of the palladium
catalyst is high, especially in the presence of |ow quantiti th?\fe 200
-palladium e.g., 0.5 to 50 mcronoles of palladiumper nole 0 aroma?i C
hydr oxy conmpound. Hi gh pal | adi um turnover nunbers are econonically

advant ageous, i n 3hat 10 higher yields of product are avail abl e ger uni t
catal yst. HoWQWZi#%4liespite the high pal | adi um turnover nunbefSI/UTHR24429
catal yst systemis unsuitable for use in continuous processes due to the
|l ow rate of reaction. Furthernore, as is shown in FIG 1, the percent of
di phenyl car baatpoyrtdydaicledstovae 188d kompputhelc nedass opiedinalide salbdtyd atb@yr
about 8 hours in the presence of a catalyst system 15 conprising about 15
equi val ents cluatez@rpamegeiwa balidest angdiquatariasy Biesphondumy balides, and

one. embod mere ey GR e he bore RO XS oY LERTH BHNBL PR aER" e
aromatic car 396@&5@ Whet&ACtheNgiebd i ORI QYBERRY pel ?ﬂ[ﬂlﬁuﬂ\d(mﬁé\%}n
S

monoxi de, and oxygen in the presence of a catalyst s em conpri sing at

| east orfe palriudbemefspaltasbuma tis hlﬁsﬂ-eogl@ateédba@éwm%@ Howevers usené ahal i de
source; and gt | east,K gn esi_ccant ich leads to inprovepents in the

pal | adi um t u?ﬁ%‘%é?"cﬁfﬁ%érgs%fre?ﬂgs readpivoreac ?%fréﬁeaﬁﬁr’@,lo‘ﬁ'hg? fOTPFEIRof t he
lead is opti HiEpdsds? ARGraATAY} IMRrd 8186 rbRRirsa Reeddih B! drt At dtirAlZaAWN 25
production of aromatic carbonate in an econonically feasible “continuous
process. 4 a@ iopov2othtwd Gobdo@atioPOr/ Wseatie 4yaeoxy aoatponndy dn oty
conpounds whi ch canP?e ureda}iég t he practi cle af t he invention include
monocyclic, FIRSROFEPF €2 gmS5 6P inglead spgpialystdnohydr oxy or

pol yhydr oxy conpounds having from6 to 30, and preferably from6 to 15

car bon @ ons sUNIMIERYADE TRIRIQVENTIONNMOoUNnds 5 incl ude, but are not
limted to, phenol, cresol, xylenol, resorcinol, hydroquinone, naphthol,
catechol, cunenol, the various isoners of dihydroxynaphthal ene,

bi s(4- hydr oxyphenyl ) pr dpgmbovedigcussediandioiher sikgybecksl 3nud diefisiepriepyfbenzen
e, and bi sphepol A Aromatic nonohydr . coprpounds, are rtigularly
oreferred, wiih RIS B8 REeREe b AeYiafeCry; hednisarer wethad ok the
reagents in tpheseielifeeht®in, tdointprisig Prb@ciRk rOXoafRicalibeRAtb By raaRasde,
which react with the phenol to formthe deSired diaryl carbonate. The

car bon nonoxiatieargmatie hydrexyucompoundboarbamonenixide arad boygemnisxithe
diluted wi th another gas such as nitrogen, 15 argon, carbon dioxide or

hydr ogew, whiresandeay en effectieg@iaititg of4 tatalyss sotent ¢renprisiag ef loast omepellaiynyen used
in the present invention hj. ri . L iluted
w th anot herotse XGRS eAT gl UBe K hd b EhERnch: fe'egdr”ﬁ?"é?%%ﬂ whi ch

have no negaifipuiadafni Bgtepteothat b at lpat broimlidEhad ddeaal anstdesigeantevhaigiaéhei n t he

reaction of the.present |k i i i i

cont ai ni ng. st relafig by Ea o Iral. FERREARTR: 2e PRI, BHLADANELAT

| east one hadrom@icethocas inandcapmicaly feasible coipbeusamacessExanpl es of the at

| east one pal |l adium source that can be used in the present invention

i ncl ude pal |l adi um or pal |l adi um conpounds such as pal | adi um bl ack; supported
pal | adi2®m suBRIBE DEACRIFTIONQFIHE DRAWANGEi unt al uni na, pal | adi unisili ca,
and the like; inorganic palladiumsalts such as palladium chlori de,

| | adi um bromi de, pal Ladi um i odi d | adi Lfat.e, .pal Ladi i trat
Bnd the 1 ke and’ o gaReieehingl Soiies Bt PetiBsenedoR, uRE oA Bt ©

pal I adi um oxaligieréd diiké th HekfvePAMQDREY. (1 1) acetyl acetonat e,
(Pd(acac)2), palladium conpl exes such as PdC 2(PhCN) 2, 5 26 June 2003 WO
00/ 40541 PCT/ US99I 24429 PdC z(PPh3)z, and others known in the art, or a

m xture of pall adi um aRiGHREokpeangraphi stowiag qrantitic of sliphenyl markongte t he
b | inth t | b . M f th
2f or ement | onBEPHAREL AN g 86 Goa Bl APEBRLOHR Snptestet Neps B GRPDEt bon,

pal | adiggm aceb@ptise@RBom ﬁde(éﬁﬁa LA ts3f PHES ﬁ%ﬁécﬁﬁ@alexﬁtoﬂﬁ@(%% PARatRRd

conmpound is present In the yst syste




The | ead conpound is preferably soluble in a liquid phase under the
reaction conditions. Exanples of such |ead conpounds incl udg Jlﬁ@@ gx1 des,
for exanple PbO Pbs04, and PbQz; |ead carboxyl ates, for exanple ? 0
Pb(OC(O CH3)z, Pb(OC(O CHs)4, and Pb(OC(O) CzHs)z; inorganic |lead salts such
as Pb( NGs)woxadeddpSOa; al koxy and aryl oxy | ead conpounds syehngseddatdOCHa) 2,
and Pb(OC6l ~)z; and | ead conpl exes such as phthal ocyani ne | ead and the

li ke. O these conmpounds, |ead oxides and | ead conpounds represented by the

formul a Pb(OR)z whergi i,s. an aryl group having a_ 15 carbon nunber from6
to 10 are pref erred.mgﬁ a_oﬁ“ﬂﬁbs ?Wf‘ggrél‘ﬁaingg%@flngg‘eEﬂnfﬂfgﬂﬂ%teare al so
cont enpl at E?odlﬁredl SR? 4Rl &40 9m,o%ﬁsnuéuélpéec&g?mkeihﬂhk fkﬁtﬁqﬁa' yst
system The halide source 1s preferably a quaternary anmoni um hal1de or

quat er nar y cquinpsigésoaticmtnt adjiistelenepofdd€d ped e yyi vaten tfaf |IRcbais Ryl (Acacyul a: 20
R RzR3RANX or RIR2R3R4PX wherein R to R4 are each independently an al kyl

group or a iQ4de aving a carbon nunber of 1

t o about 2%&@%@%@’3@@&65% E@Wﬁ%ﬁeferred, for exanple

t etra-n-butyl ammoni um broni de, tetraphenyl phosphoni um brom de and the |ike.
Q her shal i de 25 sour gesnértongdeabtieatisbsss hulead /BHRAE HoirtiNchahialRg, such
as hexaal kyl guani di ni um hal i des, hexaaryl guani di ni um hali des, anhd
hexasubst i $yste mgeelts i aireavtioal whemin dhe diirmonermwunber ©f dhe glaldgtivand ar yl
substituents each .6 26 Jyne, 2003 WO 00/ 40541 PCT/US99/ 24429 substituent
group. | ndefAARERFEIEEPeAl S HERIBSH 1o auatwaezpéwf’la P&

hexaal ky! gy3IthHonkidBlee ot Rfladiund HRFHISE. of avaRkdLM IRRl doiddlrey Om de s
preferred. M xtures or?‘ teﬁg g?o?emantrpi one k?a:_%%ée sources grg SO suitable
for use i nHigle patladivim darnoSeAnunszss avaecdesimicaly advanptageens, inntiake

cat al ést S isgi_gm A_desiccant is pr_e{)er ably a qr_}on-reacti ve material such as

a mol8cul a é\Y&ld% . 'rﬁ‘(e@"aﬁ]ﬁ l@cﬂ‘?rgﬂm’éi vadalyste IﬁPé”feé(PF/(QESP_TFﬁe .
presence OIhe%féﬁgbiqféQMm'tﬁrrﬂﬂfe%!n%@ér's}' tﬂimgfsﬁ?&t sg%é&ﬁ i%%%uftggfétl’oi)n times,
con n order

for exanplein I'nuous reaction processes, 0 prevent

degr adat i owisedih doh€intlbad ploceedanatethy lotdtitite ofvesdtion Futtieraibibcaslisand
Compar ative Exanple 2, the presence of a desiccant such as 3 A nol ecul ar
si eves canshaven in Flgbbuthespercenti ofcdiphenylcarhonratp produrednover A vauraunber

i can BEBUAS SR LTk TALRS N e B gl oo

hydr agui nogshhprigifigRbotlell 5 @guivaleiis bf 1ORT pef eqaedlemSofiphNadiam. Sucl@r omatic
am nes, all of which are used in conventional catal yst sgstems, may be

added to tiesulteace iingonsistené nvitivproduction gif védiarykcatipratesh by aapatinteps ane,
cyl cohexane, benzene, toluene, xylene, nethylene chloride, chloroform
chl or obenZBIPSSEFet hyl et her,

One embodiment disclosed herein is an improved method of

producing an aromatic carbonate by reacting an aromatic hydroxy

20 compound, carbon monoxide, and oxygen in the presence of a catalyst system
comprising at least one palladium source; at least one lead compound; at least

one halide source; and at least one desiccant, which leads to improvements in

the palladium turnover numbers of the reaction. Preferably, the quantity of

the lead is optimized to increase the reaction rate, as well as to allow

25 production of aromatic carbonate in an economically feasible continuous

process.



20 di phenyl ether, tetrahydrofuran, or dioxane can be used. Wen an

aromati ¢ hydroxy conpound as a raw material is used as a reaéét‘juglgza%vent,

- anot her solvent need not be used, although m xtures of solvents are al so
suitable for use in the present invention. An effective anount of the

pal | adi um c is, for exanple, an 25 anmount sufficient ¢t rovj de
about 1 nol ?f@@%ﬁ' atom of palladiumper 100 to 10, 000, 000 Pgﬁ.&%ﬁ?’é‘#‘%} ably
per 1000 to 1, 000, 000 equival ents of aromatic hydroxy conpound. An
effective anmount of |ead conpound is an anmount 7 26 June 2003 WD 00/ 40541
PCT/ US99/ 24429 suf f i cAeomatio hgdowydeompoundd wiitte cari bé eseti prethelfratticel 0, 000

and preferably per 100 to 10,000 noles of aromati ¢ hydroxy conmpound., An
ST oot i ve afb b SofengR; BEUB PEROR e PalGHS ShFFToH RAYCYSIpRIGMaE about

1 to about 100000 5ke S0 lpdialidlexeOUb DR Hatill EATE 16 BYIa

conpound. 5 Reaction’is e reactor in the above-descri bed
aromati ¢ hydgrefeyablprfpmuné tants cattsdry sttosygst Elusteativhargeadtic ndeipqireissur e of
car bon nonoxi de and oxygen and heating. In xtacge reaction, the absolute total
pressur® is AN bihe aFunpet oimifBdutton pPRen@loufreseb aviesobhaesarcinglny |

preferably ahatibodnbte, A0AUhIR0 ahiRndecGRIRGE Lhen LALLY. BeElugRn Gar bon t

o nonoxi de oxygen'’i s prefer y beyon e ‘explosion range o ese

gases from tdirydioRympHihalehe saf et y. Ha@-Hydronpphef)prophie2reaet-by-ni xture
in proportions” of about 2-50 nole percent” oxygen, Wwth the bal’ance bei ng

car bon nonoiydeoxyphenygap-eidisopsopydbernzeneducad sbisphenel y Ar as Aromiaticure, to

total in th f aboyt 10t t, 250
React | on' 15 TOHHERTH CamPRUCAR=F RO BHa: QUEISStFd, 16th GhERGl Popeche. 1 n

order §f@r thﬁo{@@gggr@@_ to be as rapid as possible, it is preferred to
substantial ly intain the total gas pressure and partial pressure of

carbon nonoxi de and oxygen, as is described in accordance with the U S.
Pat ent No. 5,399, 734 Othex egenrtialateagentst in therwethsidonf dhist inyenyidn carg

Tethod may BRYPEb A ERBh dooefiteomanch ot ofEh BRbRendt REASTR ¥, 1 oa”t o
form and t hetelRéd Midt{PedrbaRatdddrrd cé}f)o}dh%oﬁbﬂfdé' nﬁz(r)lgpﬂ?h‘;%mxw‘ cérBSghydr oXy

aromatic conmpound, as Is described in U S Patent 9, I06 an

5,312, 955. Imonoxides pecadionymonekider didutath ediinmmothdrhgas swadnasmstrbgereof 25
have unexpectedly found. that for a catalys stem conpri sing pal |l adi um or
el | i bvAEB b SAHDN dioxiikior SieemeR Whis PEe Couneis Rt an Beant
optim zatio iohh td inC t; | adi I results
in an incr eggégm%‘urem%edr)&ﬁgﬁnbdesrga?l gr ﬁbgﬁ:{rgécﬁfﬁnﬁn%%gﬂlaé ’?ﬁ%mﬁg gﬁmYe 3 and
8 26 Juneoz@fén, \4fir, O8H 40¢pkh BORNEOWVitd A2@ther gas such as nitrogen, argon,

carbon dioxide or hydrogen which have no negative effects on the reaction.

The catalyst system used in the reaction of the present invention

20 comprises a combination system containing at least one palladium source; at
least one lead compound; at least one halide source; and at least one
desiccant. Examples of the at least one palladium source that can be used in

the present invention include palladium or palladium compounds such as
palladium black; supported palladium such as palladium/carbon,

25 palladium/alumina, palladium/silica, and the like; inorganic palladium salts
such as palladium chloride, palladium bromide, palladium iodide, palladium
sulfate, palladium nitrate and the like; and organic palladium salts such as
palladium acetate, palladium oxalate and the like. Palladium (II)

acetylacetonate, (Pd(acac)), palladium complexes such as PdCl(PhCN),
5



conparative Exanple 4, a four-fold increase in the equivalents of |ead
oxide to equivalents of palladiumresults in a significant 'Z%)gf eaés %n

+pal | adi um turnover nunber, from 2922 to 4167. The inventors MRS POy e
furthernore unexpectedly found that 5 a higher ratio of | ead co-catalyst to
pal | adium catalyst is required in order to optim ze yield over |ong

reacti on peMOW&40S4uch as are found in continuous processes.PCTHE 2429 | s
shown in FIG 2, use of about 62 equivalents of |ead per equival ent of
palladiumresults in a high yield of diphenylcarbonate production for a
period in e } S RASE ction
of diaryl c)g?g%%(g? ge)%'g?ﬁtg%gﬁeggﬁ%gg{mu#f%agﬂbgfgl ystgrseilgft Qﬁﬁﬁ&?ﬁéﬁgg ore
possi bl e wheompopuneadhiciean ptodsc oasant mone afi thembove sohfpletesnn the

provi de greater than about 17 equival ents of |ead per equival ent of

pal | adi um Feastionsgysiera meayalsedepigda Mixtuseegkthe 4fﬁr&anel§pﬁwdtpa§mmai ent to
provi de bet bout 1 I | € r_.equial ent t
5o pal I acr oitcea e ise GempBh PAMGRI AR FlIAdiRA, By b

equi valsent spatadaeﬁ@r@pfefemuval ent of palladium ' The above-descri bed
enbodi nents are further illustrated by the follow ng non-limting Exanples.
EXAMPLE 1 20 A constant conposition gas flow reactor syste as discl osed
in the af orementi oned?d.16astpare lagd campoune ds pregent é’héﬁgéﬁ&ﬁ&tm’éﬁr‘BSS? g

ol ), 5. 1o80egeaksSupionetls B RRATE Sobdirdre TIBld prateiiferdndbiackinlC ) o

si eves (act cyRdigdnBy ®xuirislds of Osutheleddacowpelihds ineldeslehd Oskiday,i fog 25 52
equi val ents of |ead per equival ent of éal | adi um and 578 equi val ents of
broni de souexampls E§Q,vaPles®ds, ofandal Pbdeiunleadh ecarbaxsilatesmafors eenasapland

June: 3003 WRSFHIGH b ERISSIORHY? A PG SiRent 3 Bl ¢ ac e
of 330 nl/ et &s PHINOYY 8A8PESCH aﬂ@&?‘aﬂ@%@yl@ﬁ%;le@%pﬁi WhHESuER kI nued

for 1.5 hours, after which a portio the reaction m xture was renoved
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| i quid chromat ography. The yield of Biphenyl carbonate was 23.2 granms (37
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liter per hour at three hours. The palladiumturnover nunber’ was 5989. The
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wherein R! to R¢ are each independently an alkyl group or aryl group, each
group independently having a carbon number of 1 to about 24, and X is
halogen. Bromides are preferred, for example tetra-n-butylammonium
bromide, tetraphenylphosphonium bromide and the like. Other halide
25 sources include hexasubstituted guanidinium halides, such as hexaalkyl
guanidinium halides, hexaaryl guanidinium halides, and hexasubstituted

guanidinium halides containing mixtures of alkyl and aryl substituents each



(0.947 mol ), and 3.2111 g hexaet hyl guani di ni um brom de (10.4 mml) in the
20 absence of any added desiccant, to yield a reaction corrp%i‘]&ﬁé)?bdpvi ng

. 59 equival ents of |ead per equival ent of palladiumand 650 equivalents of

brom de source per equivalent of palladium The reactor was seal ed and

heated to 188 obssadsbst h stirring, and a m xture of 9% oxygen i PBcEBE9dDa429
nonoxi de was introduced at a flowrate of 330 nL/mnute and a pressure of

25 about 1320 psi. Gas flow was continued for 1.5 hours, after which a
portion of the reaction mxture was renoved and anal yzed by high pressure
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turnover nunber S 6.6. After an additional 1.5 hours of gas flow (for a
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pal | adium The reactor was seal ed ahd heated to 100 C w t tirring, and a
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di phenyl carsheings forpelargd-tcate pycesmur at one and a half hours. The
pal | adi um turnover nunber was 4174. The brom de co-catal yst turnover nunber

was 6.7. EXAMPLE 4 ( ARATI| VE 5.A constant cqnposition,gas, fl ow reactor
system was charged w @99mg Q%ﬁﬁ\ﬁ'éﬁ%ﬁ' f?eﬁawg? )E{ro’@‘.aEGS@OG BychAsc) 2
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brom de (10.
amines, all of which are used in conventional catalyst systems, may be added

to the reaction system.

An inert solvent such as hexane, heptane, cylcohexane, benzene,

toluene, xylene, methylene chloride, chloroform, chlorobenzene, diethyl ether,

20 diphenyl ether, tetrahydrofuran, or dioxane can be used. When an aromatic
hydroxy compound as a raw material is used as a reaction solvent, another
solvent need not be used, although mixtures of solvents are also suitable for

use in the present invention.

An effective amount of the palladium catalyst is, for example, an
25 amount sufficient to provide about 1 mole (gram-atom) of palladium per 100
to 10,000,000 and preferably per 1000 to 1,000,000 equivalents of aromatic

hydroxy compound. An effective amount of lead compound is an amount
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- equi val ents of brom de source per equival ent of palladi um UPeat?dr was
seal ed and heated to 100 Cwith stirring, and a m xture of 9% oxygen in’
car bon nonoXOme/4oms i ntroduced at a flow rate of 5 330 nlL/ npamruseszackoa
pressure of about 1320 psi. Gas flow was continued for 1.5 hours, after
which a portion of the reaction m xture was renoved and anal yzed by high
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carbon nonoxide was initiated at a rate of 1200 SLPH to achi eve a pressure

of 1200 psipnedrsion oftthe hydnexy amamatic coenpeured isrcompdatei ncreased to t 5 100
C. These conditions (100 C, 1200 psig, 1200 SLPH of 6% oxygen in carbon

nonoxide gas m xture, WMth stirrin were mai ntai.ned for approxijately 22
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di phenyl carbonate over tine’is shown graphically in FIG 20 1, which

i |l ustrat esan laaiduyt of the diaryli qahlondte edttbthedtydraxy asimatid gompaolarsb disds t er
about 8 hour,s of reaction under sﬁ@é@} nuous onditions. Wiile preferred

|
enbodi ment sAggsFbeddad) SnBarens Ne 10aand %éﬁ\'% nodi fi cati ons and

substitutions may be made thereto wi thout departing fromthe spirit and

scope of the invent! Ofy if GPEHAIR YrefobrelSelrboBfind, WIGHRIROM hodbrt he

present invention has been scri‘b y way of 1llustration and not

l'i m t @6i on. hdBe unédpeltediy2oQad WiftTot & chtalydVisPstefsi comprising palladium or a
palladium compound, a lead compound, a halide source, and a desiccant,
optimization of the ratio of lead co-catalyst to palladium catalyst results in an

increased turnover number for palladium. As is shown by Example 3 and
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, 1. A nmethod of producing diaryl carbonates, conprisi ng zeaction of an
aromati ¢ hydroxy conpound, carbon nonoxi de, and oxygen in téﬁJuﬁé%ﬁ@’ﬁ'CG of
art effective quantity of a catal yst system conprising at one

pal | adi um source; at |east one | ead conmpound; wherein the ratio of

equi val ent syobokedad to equival ents of palladiumis greater pthasodasszat

| east one halide; and at |east one desiccant. 2. The nethod of claim1,
wherein the at | east one palladiumsourct~ is selected fromthe group

t t f | ) di l.ack t d
pal | ah?uhf”gaq%s g3 R e dRHP I RATat P8 SrEAIon ol JSAR O | aci um
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sulfate, palalumnltrate organi ¢ pal | adi salts um acet at e,
pal | adi um oxahater, mpabéxa&omrﬂ?mp H68@t yl acet onat e, pal | adi um conpl exes,
PdC 2(PhCl ~2, and PdCl 2(1'hh3)2. 3. The method of claimz, wher ei n the at

| east one pal | adi um urce is Pg% al | adi um on car
met hod of claim x, Eeinyepipzs gg‘éf’e gwékﬁ)qrg}%e oas) H o‘é%‘iié}c‘,?ted from
the grg)upPC% Cg}gr 6?93) %ff F(‘ia& 93&53@{5 to ﬁaﬁéalugpé@ﬁystppngul é‘cgﬁ'{ U fod salts

of | ead Pb(OC(O C O C-

Pb(NGCs) z Ph&gdimidepield beer lmtgrpmandﬁ pearo,dsymy:hl asantecﬁwmmdumdeontﬁh(ms Hs),
Pb(OC~ia)Z | ead co exes .a pht thé?c%am n Ieag corrpl Xes. The met hod
of cl ai m 4, PTRGEISERn H%aétlsf 8 1, HIC1 B atge 0 Absats aeﬂgl‘f@waef Tor an

aryl oxy | cagh GMAING: s T RGNS B £1EA Jrid Glnilicabohsast one

hal i de source& IS sel ec romthe group co ting o at’ernary anmoni um
hal i des, 14prodfetidtifer d08kFiod i eseRs o 1lsyhchh§ fobmﬁ@oﬁﬁslﬁ%ﬁ&& teher ei n
R to R4 are each independently an al kyl group or ar roup, each group

i ndepé%dentb%lchl)amqq’glcﬁoﬁ af Bgafy carbenatgfusing & paliediu ea | eafalyst systemogen;
t R R2R3R~ 5x
Wher o n K o RERERE s HierkrRCRAR beteBiind 1€ B BRI e

group i ndepgifarht 1o PAMIAE gleatd tHAR JbOTREY cQhiivileh® @iq@ua pef eqaivlent S
hal ogen; hexasubstituted guanidini um halides, such as hexaal kyI

guani di ni t ~oh padlaidiess, I?reﬁea@blyla ’gedﬁpmpﬂlmdl is rpa¢aenbm amnmm@kagffbmntt ut ed
guani di m um_hal i des nt a| al k r subst | nts each
ol st b EED a3 Bhr 8o Sirerdy on Rp peb ddilvalirt

substituen

tetrayg- butyf H%huaﬂ&m gﬁefexta% eyxsamwa%etsm %@W%@@valéﬂg

hexaet hyl guarfi di ni urre brom te. The nmethod of claim®6, wher the at | east
one hal i de cfdead per squavalertaf pallagliami. di ni um chl ori de or bronmide. $. The

met hod of claiml1, wherein the at |east one desiccant is a nolecul ar sieve.

9. The nethod of claiy 1, wherein the ratio of equiyal ent f.lhe to

equi val ents of pall aﬂﬁﬁ@“ﬁ#ﬁﬁ%‘?&ﬁﬁ}?&fmﬁ?%ﬁﬁe @[’5%{ QB%TER 6by‘allﬁ'§
rrtethod offogba,iiﬂ%;mnm‘%ﬂ sExakdpleat i 0 of equival ents of lead to

equi val ents o~E pall adiumi's between about 50 arid about 70. 11. The net hod
of claim1, wherein the aromati c hydroxy conpound is selected fromthe

group cor |E‘9§AN§’T@E lmonocyclic aromatic nonahydr oxy conmpounds, polycyclic
aronmat i ¢ nonohydxoxy conpounds, fused pol ycyclic aromati c nonohydroxy

conpoynds, nonocyclic aro ol r.arnatic
pol yh§dr oxy conpound Wgﬁéédﬁg%%g%ﬁ@£§¥%ﬁ§&8§%pg?mﬁgh?%g%g%%ﬁgéﬁnds
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cunenol i soners of 26 June 2003 dlh{droxynapht | ene

bi s( 4- hydr qyerted 26 pmmb)nélcmsa %, Rst{acag)zs (4018 mmol) 02067 g PbO (0.927

wdt %gflary ‘fggabaﬁg 0£yl ben@wgg and . bi therBﬁg @IO )e n%t tégd of claim

molecular sieves (activated by drying), to yield a reaction composition having

25 52 equivalents of lead per equivalent of palladium and 578 equivalents of
bromide source per equivalent of palladium. The reactor was sealed and

heated to 100 °C with stirring, and a mixture of 9% oxygen in carbon



13. The method of claim4, wherein the | ead conpound is a | ead oxide or
Pb(OR)~, whexein Ris an aryl group having from®6 to 10 car ngs 4 _ The
“method of claim1, wherein the diaryl carbonate is produced e 2% i nuous
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15 bromide co-catalyst turnover was 10.4.
EXAMPLE 2 (COMPARATIVE)

A constant composition gas flow reactor was charged with

60.9546 g phenol (648 mmol), 0.0049 g Pd(acac): (0.016 mmol), 0.2111g PbO

(0.947 mmol), and 3.2111 g hexaethylguanidinium bromide (10.4 mmol) in the

20 absence of any added desiccant, to yield a reaction composition having 59
equivalents of lead per equivalent of palladium and 650 equivalents of
bromide source per equivalent of palladium. The reactor was sealed and
heated to 100 °C with stirring, and a mixture of 9% oxygen in carbon
monoxide was introduced at a flow rate of 330 mL/minute and a pressure of

25 about 1320 psi. Gas flow was continued for 1.5 hours, after which a portion of
the reaction mixture was removed and analyzed by high pressure liquid
chromatography. The yield of diphenyl carbonate was 14.8 g (23 weight %).

The rate of reaction was 0.72 moles of diphenyl carbonate per liter per hour at

10
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After an additional 1.5 hours of gas flow (for a total of 3 hours),

a portion of the reaction mixture was removed and analyzed by high pressure
5 liquid chromatography. The yield of diphenyl carbonate was 14.5 g (22.5
weight %). The rate of reaction was 0.35 moles of diphenyl carbonate per liter
per hour at three hours. The palladium turnover number was 4208. The

bromide co-catalyst turnover number was 6.5.
EXAMPLE 3

10 A constant composition gas flow reactor system was charged
with 59.5839 g phenol (633 mmol), 0.0051 g Pd(acac)2 (0.017 mmol), 201.2 g
PbO (0.902 mmol), and 3.2062 g hexaethylguanidinium bromide (10.4 mmol),
to yield a reaction composition having 53.8 equivalents of lead per equivalent
of palladium and 612 equivalents of bromide source per equivalent of
15 palladium. The reactor was sealed and heated to 100 °C with stirring, and a
mixture of 9% oxygen in carbon monoxide was introduced at a flow rate of
330 mL/minute and a pressure of about 1320 psi. Gas flow was continued for
1.5 hours, after which a portion of the reaction mixture was removed and
analyzed by high pressure liquid chromatography. The yield of diphenyl
20 carbonate was 14.9 g (23.7 weight %). The rate of reaction was 0.74 moles
diphenyl carbonate per liter per hour at one and a half hours. The palladium
turnover number was 4174. The bromide co-catalyst turnover number was

6.7.
EXAMPLE 4 (COMPARATIVE)

25 A constant composition gas flow reactor system was charged
with 59.2921 g phenol (630 mmol), 0.0053 g Pd(acac)2 (0.0174 mmol), 53.3 g
PbO (0.239 mmol), and 3.1999 g hexaethylguanidinium bromide (10.4 mmol)

11
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10% h& ()- VOO () - Y#10% h& ()- 10% h& ()- 10% h& ()- BIHYSIR442-
++9,,,-T-1A?MC& 10! f)10% h& ()- ' 10% h& ()- %@L0% h& ()-

| &y#10%FhFh& ()-! #10%h h& ()-s 10% h& ()-T-p-../d/f/g/h/dE/ 10 h 10 h;
$10% hé& () - 8o $¥a B&eattior cdRPobifion) havidg #3.9 % dldnts of AW elhiivii R0

h& ()-h/i/v//[7001xY:/ 10 h@O%& ()-&Y"10%& ()- @

10%&' () - #S106@palladigmooagad 598 yequovalenss of (bronHde 2gngeafper equivalent of
palladium. The reactor was sealed and heated to 100 °C with stirring, and a
mixture of 9% oxygen in carbon monoxide was introduced at a flow rate of

5 330 mL/minute and a pressure of about 1320 psi. Gas flow was continued for
1.5 hours, after which a portion of the reaction mixture was removed and
analyzed by high pressure liquid chromatography. The yield of diphenyl
carbonate was 10.9 g (17.4 weight %). The rate of reaction was 0.54 moles
diphenyl carbonate per liter per hour at one and a half hours. The palladium

10 turnover number was 2922. The bromide co-catalyst turnover number was

4.9.
EXAMPLE 5

A phenolic solution (feedstream A) was prepared consisting of

2.5 grams Pd(acac): (8.2 mmol), 112.8 grams PbO (5058 mmol; 61.7

15 equivalents of lead per equivalent of palladium) in 16.0 liters of phenol. A
second phenolic solution (feedstream B) was prepared consisting of 1767
grams hexaethylguanidinium bromide (5775 mmol) in 14.2 liters of phenol.

Each feedstream was maintained at 65 °C and pumped at a rate of 0.4
liters/hour into a stirred, 1-gallon continuous reactor system maintained at 65

20 °C and 40 pounds per square inch gauge (psig). Once the reactor was filled,
gas flow of a mixture consisting of 6% oxygen in carbon monoxide was
initiated at a rate of 1200 standard liters per hour (SLPH) to achieve a
pressure of 1200 psig, after which the reactor temperature was increased to

100 °C. These conditions (100 °C, 1200 psig, 1200 SLPH of 6% oxygen in

25 carbon monoxide gas mixture, with stirring) were maintained for
approximately 22 hours, and weight percent of diphenyl carbonate was
determined by high pressure liquid chromatography over the course of the

reaction. Yield of diphenyl carbonate over time is shown graphically in FIG.
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o (), 1%0(()/\()2/2&%1) ??F@s%%s)&;lzaﬁ_ ﬁ%&)?)/gge)?% “(afProdehielght %¥ 6 ATpiliagP
carbonate are maintained after even 20 hours of reaction under continuous

flow conditions.
EXAMPLE 6 (COMPARATIVE)

5 A phenolic solution (feedstream A) was prepared consisting of
2.5 g Pd(acac): (8.2 mmol), 28.2 g PbO (126.4 mmol; 15.4 equivalents of lead
per equivalent of palladium) and 16.0 liters of phenol . A second phenolic
solution (feedstream B) was prepared consisting of 1767 g
hexaethylguanidinium bromide (5775 mmol) in 14.2 liters of phenol. Each

10 feedstream was maintained at 65 °C and pumped at a rate of 0.4 liters/hour
into a stirred, 1-gallon continuous reactor system, maintained at 65° C and 40
psig. Once the reactor was filled, gas flow of a mixture consisting of 6%
oxygen in carbon monoxide was initiated at a rate of 1200 SLPH to achieve a
pressure of 1200 psig, after which the reactor temperature was increased to
15 100 °C. These conditions (100 °C, 1200 psig, 1200 SLPH of 6% oxygen in
carbon monoxide gas mixture, with stirring) were maintained for
approximately 22 hours, and weight percent of diphenyl carbonate was
determined by high pressure liquid chromatography over the course of the
reaction. Yield of diphenyl carbonate over time is shown graphically in FIG.
20 1, which illustrates that yields of diphenyl carbonate are sharply reduced after

about 8 hours of reaction under continuous flow conditions.

While preferred embodiments have been shown and described,
various modifications and substitutions may be made thereto without
departing from the spirit and scope of the invention. Accordingly, it is to be

25 understood that the present invention has been described by way of

illustration and not limitation.
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109Z&' ()-109%Z& ()- ,3"10%& ()- BZCCCCD EaBnbC 10 h- 1092Z& ()-%10%2&' ()-
) @0%Z& ()-& 1092Z& ()-1 3% 1092Z& ()- !!"10%vé& ()-' Et EEFFFFEEIYRE2993
h, #10% & ()- 10Z 10Z 10Z; s109&Z& ()-7109Z& ()- 96109%&Z& ()- 4#109%Z& () -
FF, FUGG H} HaBnbC 10 h, &10% & ()- | 10% & ()- !'s "10%/& ()-,"
10% & () -, #10% & () - Y10% & () - } HHHI?JWIJdENDC 10 h &10% & () -
1%30?%((&')()_! 10tyg&' ()- 10%& ()-,1"10% & ()-10% & ()-JI%r KLELLJEMbC 10 h2
W& ()- 1 10%& ()- - 10% & ()-+"10% & ()- L*10% & ()- (10% & ()-
LL' WWW@?L 10/ 10/ 10/;10% & ()-7 10% & ()- &6 10% & () -
|h4#(1§)% & ()- MWLN'NNNDEnbC 10 h10%h& ()-Y 10% h& ()-1 10% h& ()- 10%
& ()-"y10% & () 3y 108686 HERATERRINCMbraN, Wbriidihg Haon & () - 10%
h& ()-s10% h& ()- 10% h& %)-! I 109%h& ()= QOR) SvSSSAEmMhC %0 h310%
h& () -.10% h&f(an arckf@ichEydipxy compound, carbon monoxide, and oxygen in the
presence of an effective quantity of a catalyst system comprising at least one
palladium source; at least one lead compound; wherein the ratio of
equivalents of lead to equivalents of palladium is greater than 17, at least one

halide; and at least one desiccant.

2. The method of claim 1, wherein the at least one palladium
source is selected from the group consisting of palladium, palladium black,
supported palladium, palladium/carbon, palladium/ alumina,
palladium/silica, inorganic palladium salts, palladium chlotide, palladium
bromide, palladium iodide, palladium sulfate, palladium nitrate, organic
palladium salts, palladium acetate, palladium oxalate, palladium (II)
acetylacetonate, palladium complexes, PACI2(PhCN)2, and PACI2(PPh3)2.

3. The method of claim 2, wherein the at least one palladium

source is Pd(acac)2 or palladium on carbon.

4, The method of claim 1, wherein the at least one lead compound
is selected from the group consisting of lead oxides, PbO, Pb304, PbO2,
oxganic acid salts of lead, Pb(OC(O)CHa)z, Pb(OC(O)CHs)s, PH(OC(O)CoHs),
lead salts, Pb(NQs),, PbSQs alkoxy lead compounds, aryloxy lead
compounds, Pb(OCeHs), Pb(OCHa),, lead complexes and phthalocyanine lead

complexes.

5. The method of claim 4, wherein the at least one lead compound

is a lead oxide or an aryloxy lead compound.

6. The method of claim 1, wherein the at least one halide source is

selected from the group consisting of quaternary ammonium halides,
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independently having a carbon number of 1 to about 24, and X is halogen;

hexasubstituted gyanidinium halides, such as hexaalkyl guanidinium halides,
hexaaryl guam'dirﬁum halides, and hexasubstituted guanidinium halides
containing mixtures of alkyl and aryl substituents each substituent
independently having a carbon number of 1 to 22; tetra-n-butylammonium
bromide, tetraphenylphosphonium bromide, and hexaethylguanidinium

bromide.

7. The method of claim 6, wherein the at least one halide source is

a hexaalkylguanidinium chloride or bromide.

8. The method of claim 1, wherein the at least one desiccant is a

molecular sieve.

9. The method of claim 1, wherein the ratio of equivalents of lead

to equivalents of palladium is between about 25 and about 100.

10.  The method of claim 1, wherein the ratio of equivalents of lead
to equivalents of palladium is between about 50 and about 70.

11, The method of cdaim 1, wherein the aromatic hydroxy
compound is selected from the group consisting of monocyclic aromatic
monohydroxy compounds, polycyclic aromatic monohydroxy compounds,
fused polycyclic aromatic monohydroxy compounds, monocyclic aromatic
polyhydroxy compounds, polycyclic aromatic polyhydroxy compounds,
fused polycyclic aromatic polyhydtoxy compounds, phenol, cresol, xylenol,
resorcinol, hydroquinone, naphthol, catechol, cumenol, isomers of
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compound is phenol.

13. The method of claim 4, wherein the lead compound is a lead

oxide or Pb(OR)2, wherein R is an aryl group having from 6 to 10 carbons.

14. The method of claim 1, wherein the diaryl carbonate is produced

in a continuous process.
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