;e3efrfo "B6FTKP518 June 2003 WD 00l 37415 PCTI US991 22839 PROCESS FOR THE
PRODUCTI ON OF DI ARYL CARBONATES BACKGROUND OF THE | NVENTI ONK%:@‘ epio%sj‘ent

| Iﬁl@/ car bonat es.

invention relates to the preparat fuan i
particularly, this invention rel aulmummmm “‘IM ed net hods for the
preparati j«aryl carbonates by carbonylation of an ar \ oxy 5
conpound |Wr¥) 3é-]gips(raesence of a catal ystG.moﬁi aryl carbonates g?@%%ﬁl}g%{e
nononer precursors for the preparation of polycarbonates by nelt }
transesterificatj f e t ' fdi.ar rhonates is
the direct car boh@&&%@&tﬁ%&Qﬁ%ﬁ@“r&ﬁfmé%@@@@?@r bon

nonoxi de, oxygen, and a catal yst system The 10 stoichionetric reaction was
di scovered in the mid 1970's and is detailed in U S Pat em“\mmmmmw , 169
and 4, 187, 24A ¢tRGROUNTS O FHRNCENGIONEt hyl ene chlorid t.
Subsequent work focused on making the reaction catalytic in palshigdi um as

wel |l as solventless. See, e.g., T. C -T. Chang, European Patent Application
Nos. 350,697 and 350, 10@. preseuseirofendonut¢latesobpothenprepratignst of ghatyhge"

& 187 24 1 RO S OHATE PATHCIaE e I S Tb 08t fo AT Bphiadhfor
conprising @h%?%r ibh Bf @1%? @Er}:fd'nt'd %ﬁg‘off‘%}boﬁbﬁwoﬂ@f a?naalljo?t‘fgtwﬂe}idgégzum

i ridiumand p I‘nu or co exes and a co-catalyst s d from

G oup |19 A coMpourtt in\thé présericBof laldBtalydtB, or VIIB netals, together with a
base. Copper is a preferred cocatalyst. U S. Patent No. 4,201,721 discl oses
a catal yst package conprising palladium a manganese or cobalt conplex, a
base and a desiccati nrﬁa@én@arbmméqsnatq valuahle | enoRgEs  RuesursEEs dpsdhesed,

pal 1 adium BRI p IR apR R R e naR R ron, ofpy bR cr &
from cobal t gyhiHeBiks JtfiatNicatbonatés id WRE dZ@Bkarbonylation of aryl compounds in

the presence of carbon monoxide, oxygen, and a catalyst system. The

10 stoichiometric reaction was discovered in the mid 1970's and is detailed in
U.S. Patent Nos. 4,096,169 and 4,187,242 to A. ]J. Chalk, which use methylene
chloride as a solvent. Subsequent work focused on making the reaction
catalytic in palladium, as well as solventless. See, e.g., T. C.-T. Chang,

European Patent Application Nos. 350,697 and 350,700.

15 Use of a multi-component catalyst “package”, or system further
realized increases in reaction rates. U.S. Patent No. 4,187,242 to A. ]. Chalk,
for example, discloses a catalyst system comprising a Group VIIIB element
(ruthenium, rhodium, palladium, osmium, iridium and platinum) or
complexes thereof, and a co-catalyst selected from Group IIIA, IVA, VA, V1A,

20 B, IIB, VIB, or VIIB metals, together with a base. Copper is a preferred co-
catalyst. U.S. Patent No. 4,201,721 discloses a catalyst package comprising

palladium, a manganese or cobalt complex, a base and a desiccating agent.

Alternative catalyst systems are disclosed, for example, in U.S.
Patent No. 5,142,086 to King, Jr. et al. comprising palladium, a quaternary

25 ammonium salt, a metallic co-catalyst selected from cobalt, iron, cerium,



WO 00l 37415 PCT/ U5991 22839 manganese, nol ybdenum samarium vanadi um

chrom um and copper, and an organi c co-catal yst sel ected f{®mRrRmtic

ket ones, aliphatic ketones, and aronmatic pol yccyclic hydrocar[')ons. Furt her

i nprovenents to catalyst systens are disclosed in U S. Patent No. 5,284, 964
to B J. Pressshpe. et al. As disclosed 5 therein, inprovedp&pibsymsssyion
yields are obfained with a catal yst system conprising palladium or

pal | adi um conpl exes, an i norganic co-catal yst selected from cobalt,
manganese, e L exe QL ganiG.6o- cat S cted
from cert ai ﬁ‘gﬂégg%%é %%&%r‘fﬁfe%?ﬁgs}h%ﬁ’ ggn?cg‘xru g{}’r ?ﬁoﬁ“e@?“';ﬂ‘éﬁ%ﬁ‘? bglil“ges :

qui nol i nes, aRBegdrie¢bicanlysieslecaridfronabesmariy @GRy, diTphAtio kefJieSPAAAI UM
hal i des. U.S. Patent No. a498, 789 to Takagi discloses a recent . .

devel opnent ajomatint polysyclisygtdsesarbaner Eunthen émpyovementsntor ¢adalyspaystemtsum  at
| east one |ead,.c opn olLuble in i qyid e, at |east one halide

sel ect ed fr%%ﬁ‘gg%%%gahﬁﬁﬁf }J\h ﬁglsl‘l(?g tﬁrﬂ?gﬁ‘éﬁsé‘?‘ﬁﬁﬁt hd%spﬁ’égioﬁ

hal i dess ! SuRRdnOBRLRIAY YarBbnkBlith PREICBRPBEIARIRAMAN - tafiifh st
co-catal'yst suppressSes the production of aryl aromatic

or t ho- hydr oxatapfibiowgy lpallgdivas by pradiddoim. cﬁm'gzla:bése are aigloegaro uasigatahygst ude

| ead oxides, for _ exanple PbO Pb30Ca, and Pb(Q2; |ead carboxyiates, for
exanpl e Pb(sbnted frompebatomasganesep podocoppesridl Srammaplexps,; an aogagiai
| ead salts suc s, 20, P z and. PbsO4:  al. koxy .and aryl oxy | ead,.salts
such aq Ph(FERD 3 SAIFCRH, Cokfefloin Rarai o M B st pF JerpSHaiREs
pht hal OCyan%ﬂ%\érﬁﬁﬂ)lin‘él,lg@ifnoliﬂ;@s,fM&%ﬂﬁn@%@sﬁ‘ta‘h@g%@rﬁﬁﬁpﬁﬂﬁﬁé

i ncor por at e y referencé herein. As nentioned above, recent researc
direct ed t oomplbsphonduniglides. di rect oxi dative carbonyl ation of aryl
conpounds to yield diaryl 25 carbonates has focused primarily on the

catal yst system Attenpts.to reduce the cost of commercially inplenenting
direct carbonyl ation Pﬁfec‘“eﬁ%r e’4‘%§z?§%dt%l H:Bgﬁglex‘g‘lsaé’ﬁ%l ¥ EFCHNr ee

areas: mni : ; i ng
Theof 1 ci copyapmERERE L St o/fint Aieicth oY SRR RARSE Sald ISEE AR,
recl amat i onleagtthricclelé lcbRpolind! seubarih QUsqEd!phasel &t RASIHERAIRe ddlected
accordance w th European Pat ent Aggl i cation Nos. 3S0,697 and 3S0, 700 to
T.C. -T. Chafrgm gusterratyeammaniur 08bdesandoqusstelnprgnphasphorPame halides,
5,231,210 to U.S. Patent No an

oyce et al,.and . 5,284, 964, abqve,
opti m Z&d c%?‘il%’élo‘?yé't %tnjretaéﬁlﬁ’F‘Fe%OPaPeﬁa‘quﬁHPBﬁasog{s@e(’f( Brééax?Q'Qatﬁéxqtadi um

acetate), ag,l i .t _ .

di - (sal i eyl ABPIESES E‘B‘?g?n@dn‘%@fﬁf‘r‘e%‘ﬁéy?@?g@?‘s&ﬁé’%% hyfroxycathoxylates &5t an
organi ¢ co-paddalyst Suftableclebd Yeotnpourtds diclhids dydd dixides, fandxanpieoPbde
source (generally a tetraal kyl ammoni um brom de or hexaal kyl guani di ni um

brom de). TResat aAnygst Poidt edead sarboxsdates, ndar prampleat PARGXCOSHDD C
whil e a gas n i\de an noxture of. constant conposition
is intr oducgﬁt@gég}gﬁ‘at@g&géé)s e%&ﬁéﬁgﬁ&ﬁk’lgé’r%arfﬁglﬁaaomﬁsﬂb 4quar e
i nch). W?PB(N(?&)':'%HOPE‘S@}; ko éh&%'r?&xgai@aé's%@tsaﬂcﬁ%fs PB(D@{EE. 2hd
carbonyl ati on of "aromati c conpounds on’a commercial scale, includ ng
reaction prBbECsHs)L). shd Radde rbmipledesr sush389 ,pldhalozykning, ledd. efll af .the

di scl oses that reaction at el evated pressure is required to provide

commer ci al | {prageiagtpatents padiscesnres pecincorporated Ry mgfesencgtherginscl oses t hat
i nproved yields are achieved by a m xture of carbon nonoxi de and oxygen in

the reactor at a subs ' C t ant Lar. rath. i ure.
The m xture of car bonh%%%r%é e daag)g)%_gkgleﬁgﬁpﬁeca?ﬁ%rﬁ%s%geﬁ?%F@E{%ﬁégpérr@ﬁ g % of
oxygen (basggk Qfirdcdt ékidﬁﬁirboaaﬂ%ﬂglﬁtﬂﬁh agrd a?%b/ %go@'i@s I ® iypéldodigssd into
the reactor until a pressure of 1379kPa-24132kPa (200 to 3500 pounds per
squar e asnchcinbenadesdtas I&1Bedprimarihedn thheaBipsipdysterdi stitermptuseragduce. 1

nol e % of oxygen in carbon nonoxide, at total pressures of 1930SkPa (2800
psi). Despi the €96 of sommersiadlyoimplemeniing diest carbpRytiennkas agtheéa&qqeon at

| nor oases 1 Raser@ AERRH Bl Guski e freas IR 40 btor o BE SARMR,
scal es. AdVapteh WohoneRfihcleliingPaieabiRely 'l thePEARRAE Fsterfduaad

total pressu



| 8 June 2003 without deleteriously affecting diaryl carbonate production
rate and selectivity are therefore clearly desirable. SUMVARY OF THE

| NVENTI ON The above-descri bed and ot her di sadvantages of the prior art are
overcone or alleviated by the inproved nethod of the present invention
conpri sing producing diaryl carbonates by reacting, in the predanc®0df an
ef fective anount of a catal yst system an aromatic hydroxy conpound wth
carbon nonoxi de and oxygen under controlled pressure, wherein the partial
pressure of oxygen is optim zed to effect conparable yields at reduced
overal | pressfigient Mulénddidht a6d!| acldlingt b thepramess rnsatdnart dempbidder] herein
conprises producing diaryl carbonates by reacting an aromatic hydroxy
conpound, i rceddanoe ewéhc Eutsipean %ﬁﬂécﬁpvbmanmuﬂbsoﬂ5&6ﬁétakyéﬁ0§@§t@nl Wi th

o asure whdrrh EhEmgrs BertoNbadob by duletdt dubalgan Rexbasb Iy oc”

fol | ows: bettéf‘eﬁgcé@‘ BN, Jaggnﬁ'se PREGRCRE, 31283 dell aalbf){? €2 Wphinft “Eatﬁ@éﬂkp&

(500psi), n 6 and nol e percent "at a tota pressure about 16kPa
(800psi ), orybeiweequiteand polladiue poueeNt (patseatlyotpallaghassacgarhoudn 1
1032kPa (1600psi). DETAI LED DESCRI PTI ON OF THE | NVENTI ON Conmer ci al - scal e
car bonyl at i droregniar omat F&CHMt oxy corﬁ?ﬁb@lﬁds i s dir@lienlebtdd' demineced at hi gh

t ot al bout, 24132kP, Th

A T i e s
l'iter-hour, jthe 5 'et%%yrﬁ"he')afaﬁd eﬁtb'rélﬁlfdgdsoh?beb(?ge%ﬁngna Ct@{rhé(lkfyﬁﬁﬁnh%ﬁ:m The
pr esent rrethod allows a significant reduction in the total feaction

pressure, frhoom2del 32 hPaadlBHRAaprumadsm pesmulgialbe icacthyst(sF46n0K Kipredr) to
about 11032kPa (. 1600 pounds r square inch) ( 112.5 kg/cn®), or to about
6895 kPa ( 1G80 PhenM ot b@i} t@qu&r eCi whHg a gasegys kctjr%moaqmée/@n | GHEED whi | e

mai nt ai ni ng ntur)}*usr%t gnsttz%nqlﬁ%néosmon Ig'mtgoucﬂgecggtogie\ al% V\gre W fe a‘l; OSIYEG4,Rp, r ate.

Optim zation O bl e ylers at
total pressyier pundLses sdbadinghput 24132kPa (3S00 psi), pr ef erably | ess
than or equal to about 11032kPa (1600 psi), even nore preferably |ess than
or equal to about 6895kPa (1000 psi), 5516kPa (800 psi), or 3447kPa §500
psi). The invention i SHOMGM% rIHW&HOlIfyOtH?é \@altahlegmahwu athPét Tholcesher ow,
wherein opti mbzatgjg f artl al |,_l)géess ure of oxgg r? uI]dOBZkPa (1600
psi), 5516 KBRS ‘O;B‘s‘? afgwa 348 FPRBAS B0 PETHES Y E 'Pﬁ thction rates
conpar abl e tr@aétn*&ﬁ%ﬁeﬁﬁ&' W@dPﬁEntlﬂﬁ’n%gé‘rP?}@ @@thpffdnﬂg,qrr b Qhﬂfsclog\’é‘saﬂxta’tons
are run in accordance wth the Exanple detailed below. Table 1Run )

React i on Pr esatioa atpddveRelr gresdurois @gkeadto provivkt esrilpaiallyFaedjte@e rates
Hour s) A(500) 34476, 530. 55B(500) 34476. 870 64C( 500@34477 543 83D( 500)
34479, 420. 9264 selestivitiesy Kng el 44 gl eep thas gnpe vegpie eve byamlxture

551 65. 1 50. 78H K(800)
55169, 51 1, 191 CAO0) "B Rhei g ok Pest e BTy 23Rt %8%3%2%% b attd
d327. 631. 22@nd §Ria) peddse Ehelnbikiud@ bY dbbh thodoXi@S82Rd bBlaeAQQUpeldes JrodhlD321
| . 700. 9l *Bal ance of gas feed is carbon nonoxide 5
to 50 mole % of oxygen (based on total carbon monoxide and oxygen), and is
introduced into the reactor until a pressure of 1379kPa-24132kPa (200 to 3500 pounds
per square inch (psi)) at 25 °C is reached. The Examples disclose use of 7.1 mole % of

oxygen in carbon monoxide, at total pressures of 19305kPa (2800 psi).

Despite the advantages of this approach, maintaining the
reaction at increased total pressure, e.g., up to 24132kPa (3500 psi), substantially
increases the installed investment cost for carbonylation on commercial scales.

Advances which permit the operation of this process at reduced total pressure



18 June 2003 * *Rate = nol es of di phenyl carbonate per liter hour (Assunes
density of the reaction mxture is 1.07 grans per mlliliter) The Table

i ndi cates that di phenyl carbonate production at reduced total pressure may
be achi eved by increasing the oxygen partial pressure. Thus, I8Hena2002 of

di phenyl carbonate production at 11032kPa (1600 psi) total pressure using
7.24% oxygen in carbon nonoxide is exceeded at 5516kPa (800 psi) total
pressure using 9.51 % oxygen in carbon nonoxide. In turn, the rate of

di phenyl carbonate production at 5516kPa (800 psi) total pressure using
5.1 5% oxygrbut NdSI@ERARIYTUIRYIIE disryEXERMaR roddddik Patd SO sBRttvity @kl
pressure using 7.54% oxygen in carbon nonoxi de (based on total carbon
nmonoxi de therdfosxglepehy)desiiahlel e i ncreasing the partial pressure of oxygen
generally results in an increase in reaction rate, unexpectedly, the effect
is not c I j ntors hereof have found that there exists
optinun13§;%@@A%§#??iﬁ%gyéggﬂpgégat each total pressure. Oxygen parti al
pressures may be optimzed at particular total reaction pressures according
to the Tabl e above. TBasgsbvelddsetiBtd GalbtRe MANAYY Sifta 8ddo PXND Phior tdhE apXygen
is present in an anount of 8 nolar %to 10 nolar % at a total pressure of
about 344RePeoniS00albevidted drydthprimpervaldnyethad af theapraent infer@iompdcampriging 10
nol ar % at 8 t.ot al resgure of aboyt 3447kPa (500 ﬁ%i) Alternatiéﬁh¥, t he
oxygen i sPoRuiBRAIArK! catbonltmy BrRCENgronARC RFEsENae 0Bt SFfeel Ypament i 4 ot al
carbon no Lde \ : tal psi),
and pr et erahy R, U BER Sy B AmiBR T cBbo o TR B

car bon nonakr denablie® X e0)e, alhdeinothl patias pudssuref o5oIygeRais (Sptithipsi Jo
Amount s of oxygen (based on total carbon nonoxide and oxygen) at about
11032k Pa ¢ffere60@npgrablaryelds at hiedpepdgevérednpesgrcar Maneo padtiemplaaky, oheand
preferably from7.5 nolar %.to 8 nolar % timal quantities of oxygen at
bt her pr elbatioaddsing Bt Jesstivpy iieas mommTes poteToh el FAVSREIRS Y

di scl osed.ches s B QR#na{tnehﬁi?_Q)\’ chﬁBJn?nd, @h thelﬁres:léh@@ O%QQ%fMQIOQQI%Z%%f a

PCT/ US99/ 22839 Car bon nonoxi de usable in the present invention nmay be

hi ghpur i teatdasthaystemyoixti dgaomicardcrmgrizivpxeabordimondxdde and bxyratunder gas such
as nitrogen, argon, carbon djoxide or hydrogen, which have no, negative
effects oiPPlipd totalapressure. WirpFBINGHg datle PeEsANiPRE PhexYScBB I AFSRIIBR 1By be
hi gh puri 5.0 N, odl It 1@ QX n dil ut 1.& e S

ni trogen, ttoﬁ?‘évcsj'nééltglger gnan i B(Qim ge %’rg%ﬁg}td!‘r“ogetﬁtqm eéﬂ“ﬁ%@é&n%“%g"é??@‘g“@f fects
on the regghbans alll € alcddpdtcer@ sy 8 estaPpidssury &6t BPTHRRE dS00pLI9 & REwedaSEd.

O her conponents of the reaction include an aromatic hydroxy conpound, and
a cat al ysandsifshelmpeSaitt a4 lpltetalbprossate abohty 03X kPac@fPlnsidds t o i ncl ude
nonocyclic, polycyclic or fused polycyclic aromatic nonohydroxy or

pol yhydr i nd preferably from6 to 15

car bon a?%ﬁggﬂgﬁﬁEggggg?xgﬁg#%ﬂgﬁpgNE@%%@Sﬁﬁs i nclude, but are not limted
to, phenol, cresol) xylenol, resorcinol, hydroquinone, naphthol, ~

cat echol, cunenol, thgouaéRis-sSARASHOKy AL inds DXyoAPNE MBldeeey bis(4 15
hydr oxyphenyl ) pr opane- 2, 2, a, a' - bi s(4- hydroxyphenyl ) p-di i sopropyl benzene,
and bi sphamgpounds As emdinat]yo Fgredvictednan bighdiosady presswpesa rugs taarboywaz4 i3gkPar | y
preferred, with, phenol being the nost preferred. A broad variet f

catal yst Sy8P ) ks Aresspris aerregpaed nt AgeR 19 Prodite en?hauti e Bl A

present i&\X@?E&%nm@é@Pﬁleﬁfh}éuE ?ﬁeallexations%% gﬂﬁnétwéo%eeconomically feasible.
The present method allows a significant reduction in the total reaction pressure,
from 24132kPa (3500 pounds per square inch) (246.07 kg/cm?) to about 11032kPa
(1600 pounds per square inch) (112.5 kg/cm?), or to about 6895kPa (1000 pounds per

square inch) (70.31 kg/cm?) or even lower, while maintaining this target diaryl



20 those disclosed in U S. Patent No. 4,096,168 to Hallgren, e.g., a

catal yst selected fromthe group consisting of Goup VIIIB netal catalysts,
e.g., ruthenium rhodium palladium osmum iridium or platinum having an
oxi dation state of plus one, in the formof a conplex or an oxide, halide,
nitrate, sulfate, or organic salt, and an organi c base such Hshan2®dii ne;
and in 25 European Patent Application Nos. 350,697 and 350,700 to T.C -T.
Chang, which further discloses use of a cobalt (11) or divalent or

trival ent manganese halide or carboxylate salt or am ne, diketone, or

car bon nonoy| o . a 1 1:4- OQjuj
hydr oqui nonaegll.r ragef r rdg&c;m‘? &qa?%ggg%bg?%@ggﬁtéliﬁ Q%U%%%?gzagiggls
cat al yst sysingaBabid &icldsclt osed prosstkeS. ofPddsenfhaNaabodt 2313 4FQA (350dopsiy et al

descri bing a palladiumcatal yst in conbination with a quater narél anmoni um
or phosphorirelerably lesfethamdr aquadbaplout | 1032kBa (1608 msi)escsd mgre preferplliitlesdent at e

| i gand sel ected frqmthe Si sti.n foaronati 1 nes, aliphatic 5
anines, aro ?r@qgeﬁﬁ%?bg}lt %9?%1%6(? péﬁf#étlgﬁé?@rpéﬁ?% 33?@?@@6??30 ani ne
ethers, and Schiff bases. A preferred catal yst system conprises at | east

one pal | adi um sour ce Thatink @R RNAUEPALDBYI the CRAtL ShAY 4 tha@TabRasdowne
hal i de source, optionally at |east one organic co-catal yst, and an opti onal

desi ccant . whesgiplopgmightian of thaipartid ipeespat bhokygen afr 1 1932 adil 640 psonpoieride

i ncl ude pal iumb oS orted pal.l adi um such as | adi um _car bagn,

ol 1 adi un dPOhPHRanF 515 SRCEF s in Faston P eomraPRle P APOSERFIEN i sal ¢
such as pal i 344 1ppg ] 620! &orﬁ%&ﬂeﬁ.%éﬁ'&ﬁ@ﬁ@é&@@n irPQdcb?&lh&@'WitﬂQh@'ExarH?{'e' adi um
sulfate, palladiumnitraté and the |ike; and organic palladiumsalts such
as pal | adi ulmtdledtbabbe, 15 pal | adi um oxal ate and the Iike. Palladium((I1l)
acetyl acetonate, (Pd(acac)?2), palladium conpl exes such as PdC 2( PhCN) 2,
Pdd 2(PPha) 2, and others known in the art, or a mxture of palladiumand a
conmpound whi ch can produce Tdb: rbove conpl exes in the reaction system may

al so be usedruPrb! adi UNREREH PresR (]lgggii UpaGRLADS, angk.BnagacHz are

preferred. An effectiveKElAmunt of the 2o0;palj«adi um cat(?w)ﬁl%)rls, for
exanpl e, an anount sufficCie gram at om) of

palladiumpA 66—to0—16 Hpe S efg I3 —666,600
equi val ents of aromatic dr oxy conpound. At | east one i horganic

co-catal yst Bs also pr eésé)ﬁﬁ 4 the catal §8f system Pré@férred inorganic
co-cat al yst sci ncl ude di ysologs470r trival ems4 25 manganese.ghal i de or
carboxylate salts, or ap i ketone, o ar bon nonoxi conpl exes; or
cobalt (I1) nalide or c§0§g§<@4lqate salts, 5’8? am ne, di k@tggne, or carbon
monoxi de conpl exes, e.g(500edHElt chlori dé28hd cobalt afédPate. Al so useful

are cobalt (11) salts conplexed with a pentadentate |igand 8
F

(800) 5516 438 0.54
G (800) 5516 5.15 0.78
H (800) 5516 643 0.95
I (800) 5516 7.00 0.98
] (800) 5516 7.15 0.97
K (800) 5516 9.51 118
L (800) 5516 11.46 1.05
M (1600) 11032 7.24 1.09
N (1600) 11032 7.63 122
0 (1600) 11032 8.15 122
P (1600) 11032 8.18 1.06
Q (1600) 11032 11.70 091

*Balance of gas feed is carbon monoxide



18 June 2Q03 WD 00l 37415 PCTNS99/ 22839 sel ected fromthe group consisting
of aromatic am nes such as bipyridines, pyridines, terpyrid488sme 2003

qgui nol i nes, isoquinolines, and biquinolines; aliphatic am nes such as

et hyl ene di am ne and tetraal kyl et hyl enedi am nes, such as
tetramet hyl et hyl enedi am ne; aromatic ethers, such as crown ethers;
aliphatic 5 ethers; aromatic or aliphatic am ne ethers such as cryptands;
and Schiff bases, such as

di -(salicylal)-3,3 -di am no- N-net hyl di propyl am ne. An effective anount of

i norgani ¢ co- cat ak¥gite =SmaRs dFaiphtny Watdonh@ Per titer Moy (AGufed MepQWif tle 1 tO
about 5.0, and preferably fromabout 0.5 to about 1.5 nole of netal per

nmol e of pabdctidin umxtuteGs AO7 lgeasstpeomellibregani ¢ co- cat al yst may optionally be
present in the catalyst system O ganic co-catalvsts, when present,

i ncl ude, for exanple i nopes and aromatiic diols for by, the reduction
of said quinones?Ethggﬁi%Fﬁ?%eiﬁgyggphm@?¢¥§@H¥§ﬁﬂpﬁgﬁgoﬁﬁa hydr oqui none
have been i : 1, 2- qui none
and cat ccig il afesShicifbl KE agfit WEbY 1o EORERENS sl pArER

phenant hr gedsaeneThdéy, cidrtieto faligiany Ccabomaes p@dactiynedterl 082k Paf (A60@ psipital

terpyridines, phenanthrolines, and quinolines such as )

2,21 6' 2" -Presspprusignie24% orygeg: in zacbos maanerideyis exgepdad aiSaéokPa (800 psi) total
2,2':6",2"-terpyri.dinezN oxide, .1, 10- phenant hrol i ne .

2 4,7, 8. ¢ SUTRAER HoPED 3Dk Rredr b e RO rgT o RTHem tsoreis o SIRHSPY i ne,
20 and 3, fabofat ProRBRENN 5516kPa PITANRM tha‘P;ptéaﬁare ABing 5 B o facanmatatbonf
organi c co-catalyst is an anount sufficient to provide fromabout 0.1 to
about 3. 0,mamxideriefrceatidd/ati3dd fkReG00 poi) Botdlopredsoret usingd7 . bdffoexgEernmganhon

co-cat al yst per. nol e of palggdiunl At | east one halide source is also
§

present i rmQipEidedpased on takal sarban mpgoxtdeankexygen)source is preferably a

guat ernary anmoni um hal i de or quaternary phosphoni um hal i de represented by

B g’e 2 f7 2 |1 !5 O‘é)“.c_rll_/g UfSS rg %gég&m B%’tiglr pr@sﬁ?el o“f%i?é%nggenellaﬁy et ZPABinWdase

in reaction rate, unexpectedly, the effect is not constant. Instead the inventors hereof have
found that there exists optimum oxygen partial pressures at each total pressure. Oxygen
partial pressures may be optimized at particular total reaction pressures according
to the Table above. Based on total carbon monoxide and oxygen, the oxygen is present
in an amount of 8 molar % to 10 molar % at a total pressure of about 3447kPa (500 psi),
and preferably in an amount of 9 molar % to 10 molar % at a total pressure of about
3447kPa (500 psi).

Alternatively, the oxygen is present in an amount of 6 molar % to 12 molar % (based on
total carbon monoxide and oxygen) at a total pressure of about 5516kPa (800 psi), and
preferably in an amount of 6 molar % to 10 molar % (based on total carbon monoxide and
oxygen) at a total pressure of 5516kPa (800 psi). Amounts of oxygen (based on total
carbon monoxide and oxygen) at about 11032kPa (1600 psi) are in the range from 7
molar % to 10 molar %, and preferably from 7.5 molar % to 8 molar %. Optimal
quantities of oxygen at other pressures are now readily determinable based on the

invention disclosed herein and the above Table.



wherein R to R4 are each independently an al kyl group or aryl group, each
grqup i ndependently having a carbon nunber of 1 to about 24,18"1%6)(249?

hal ogen. Bromi des are preferred, for exanple tetra-n-butyl anmoni umbrom de,
t et raphenyl phosphoni um brom de and the |ike. O her halide 5 sources include
hexaal kyl gWYP0&'HFum hal i des, particul arly hexaal kyl guani di pigseRbgei des
or brom des. Hexaet hyl guani di nium brom de is preferred. M xtures of halide
sources may be used. An effective anount of halide source is an anount

sufficient to provi de Carboramoubxild GsabRo t}@égrgelsﬁrgﬁn%ﬁfiﬁ{%ﬁ%m)y om about

20 to about 50 noles of halide per nole tO of um
desi ccant i rPYIHY rleemmonaxideor carbos monbdrideliated Wiﬂﬁ&rﬁotﬁ@?ga‘l@é\_ﬁ:hia%' such
ently

as a nol ecul leve. 3 Angstrom (A) npl ecul ar sieves are pre
preferred. 'Irﬁém%? esERAB: 6F Qno‘g'é’?‘lf@a?ﬁ hydrqogan, whithahhye nopregasnt effeets | ong
reaction ti f ' | hyoys reacti.on processes, int 5 order
to prevent (r:%}gsgﬁrhaedrgté(i:ﬂ(?rsfj}(r;:?11 fgﬁg}%i]&gp%&léat?’&ﬁ{ﬁfeéﬂﬂ?% .Wwiemlsbméym a
desi ccant suxiyges, 3id, ool @cuiedy dillieatE Svi€ldhroRek ' SE%-Ja.t he

: gé?s EGQJII &3 r‘i‘ﬁro&%

pal I adi um turnover number, which can gr ovide a signifticant e hof &k avi ngs
for a I ar geLaERQredigife 85 hysiroger myhis Ihawetns nepatixe bife@sen hereadtfon.

cyl cohexane e 0 tol uene, xyl ene, t hyl ene chl oride, chloroform
chl orobenze?é,gl%g%bg?h%@ha&&c Eﬁﬁéﬁwo’%}gﬁgﬁ?“q%ﬁwﬁ@'mof uran, di oxane or
acetonitrile can be used. When an aromatic hydroxy compound as a raw

material is used as aOtﬁaptbg{poggh{.ge(ggtbh agggﬁglﬁ%@?%aagﬂlrgﬁggcﬂfﬁﬁﬁg)gt be

used, al though m xtures of solfvents are also Sui

present i nvEAMpeRnd28ntiha aidalyst bestem: o Saitablehybnatic ﬁgawn%ﬁ dufigl al yst
systemare ghgr ed under.. Imzed partial pressufe of oxygen and

.the o
car bon nonoXid¥ %HH"}S’FXF%‘?"Q%?&’C Q@& dfusee polyayelic ergroatic morohydrokeof ange
of about 60 0%5\8,(1;‘0 EXYF;H . rder for e reaction to be as rapid as
10 18 Junb 2003 P SSP e,"ﬁﬁs t|‘As‘ﬂpr)‘ e&gm é&ot@?%gs?%qagm {romaibntoald t he
total gas peabenratomsd hstriadive Hr8&EcEdh oxJ nd oxygen, as
I s described herein, until conversi oncof t%ﬁ%?‘&%&i@%@@%gﬁgﬁd S
conpl ete. !0, phenol, cresol, xylenol, resorcinol, hydroquinone, naphthol,- catechol,
cumenol, the various isomers of dihydroxynaphthalene, bis(4-
15 hydroxyphenyl)propane-2,2,a,oz’-bis(4-hydroxyphenyl)p-diisopropylbenzene,
and bisphenol A. Aromatic organic monohydroxy compounds are

particularly preferred, with phenol being the most preferred.

A broad variety of catalyst systems known in the art are suitable

in the practice of the present invention. Exemplary catalyst systems include

20 those disclosed in U.S. Patent No. 4,096,168 to Hallgren, e.g., a catalyst
selected from the group consisting of Group VIIIB metal catalysts, e.g.,
ruthenium, rhodium, palladium, osmium, iridium, or platinum having an
oxidation state of plus one, in the form of a complex or an oxide, halide,
nitrate, sulfate, or organic salt, and an organic base such as an amine; and in

25  European Patent Application Nos. 350,697 and 350,700 to T.C.-T. Chang,
which further discloses use of a cobalt (II) or divalent or trivalent manganese
halide or carboxylaté salt or amine, diketone, or carbon monoxide complex,

and a quinone, such a 1 4-benzoquinone and hydroquinone. Preferred



The di aryl carbonates produced by the nmethod of this invention nmay be

i sol ated by conventional techniques. It is often preferred {gyineramoand
thermally crack an adduct of the diaryl carbonate with the hydroxy aromatic
conpound, as is described in U S. Patent Nos. 5,239,106 and 5, 312, 955. The
fol | ow ngwbganpie is provided by way of exanple only, and Btmuksb/22819 be
read to limt the scope of the invention. Catalyst systemactivity was _
studi ed using a constant conposition gas flow reactor system as di scl osed
in the afor i ) N-US, 9231 c oom

t enper at ur e&v\rt%?%’atl g%ggglgypaﬁgnol (%Eod. 63 %r@agt%?e%ﬁgqom 3‘I’)IZL:i)ir}%}Geg)aJto%e e &L

t et r abut y| adesoribing dpaliadien( 2at8l32t gr ecombihaddnnwithi agliee)nagoémnhonium

di (salicylal)-3, 3 -diam no-N nethyl di pros)yl am ne (CoSMDPT, 0.126 grans,
0.307 nil | ifopkesphopiym kaligte_and awpbajit (H) calt sostplgregnvitly aipentadentate) es) |

and pal | adium acetat e (Rd 2,0 0636 _granms, (0. 283 m || i.n| es).. | ecul ar
si eves 3. 18‘h$ﬁ ﬁ%laefﬁgh)&ogrgﬁﬁét EO?A,Coﬁgbf\grrgf a\ﬁ@?’éatbcl gggg‘gjf’n%gipsg/&? orated
Tef | on baskghi#uaidadatiCethb®, %IiBhaﬁbafﬂerQ,f aroRRati€8F hiphafib Arkid@CdtRErsY €S SEl
was seal ed. Waile heating to 110 C over 10 m nutes, a specified percent of

oxygen i n cavdbchiffirases.de gas was bubbled at a flow rate of 350 mlliliters
per mnute through the reactor contents, which were naintained al

53785654kP 780 - 82 d e | h). Gas f t th .

af orement i gn(ed conpo |té)rg ?rq%a%{al)gsﬁ(l;ﬁ?’%'%’lé%mSEBhﬁ%Vgﬁ%é@ P?eJlllaCé‘“FFburs
s ene e t TR b
uns 1 emoved eSS 1eaSt Lo O lbfive: afiHds{ondhalidh Sobl P opflofal©

Chr omat ogr agthlea§tHBhE) origanier eeeatalystdehnd mmeoptivnali désicant.di BRamples of
carbonate. Results are reported in the aforementi oned Table. At an oxygen
18 Jund02003ifable | pallastiems ore petladian epmpoungselinclude polisdiumosblagkd t he
phenol sel ecti vi ,E%Oto @‘j}c{)henyl ar bonat?1 }Q/as ZG‘V 12 &ﬁg Jun? 003 WHAT | S
CLAI NED | S;SURROEIRLaPRAINE” Brotuet | GRIBAIHTAFAOODar BEHAARM/ 8 HRNRet hod
conpri sing - ,Qrm 1) [ r af - an
effective aﬁrr%ga%mg\? Sgﬁgga ys% ﬁgegg{edggﬁﬁﬁg%aa@mmsglt%? gcgofr?spg?g?%lg%ar bon
nmonoxi de anchlonggralladiiem ronddp) pathdiatrelodide spaltaiiunhsuléate, phladivine

percentage of oxygen in said gas mxture is as follows: between 8 and 10
mol e per centitzate andothg) liky; and erganisopalladinyk salts soch psupalladiem aeetatee

pounds 'Ber Sandre kit Bnd uBEIBEN palindold ) REFIIRAY thathdr™ (O
pressure abgmladldfSddtRBlexes such as PACI(PhCN)z, PACL(PPhs),, and others known

in the art, or a mixture of palladium and a compound which can produce the

above complexes in the reaction system may also be used. Palladium/carbon,
palladium acetate, and Pd(acac): are preferred. An effective amount of the
20  palladium catalyst is, for example, an 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.

At least one inorganic co-catalyst is also present in the catalyst

system. Preferred inorganic co-catalysts include divalent or trivalent

25  manganese halide or carboxylate salts, or amine, diketone, or carbon
monoxide complexes; or cobalt (II) halide or carboxylate salts, or amine,
diketone, or carbon monoxide complexes, e.g., cobalt chloride and cobalt

acetate. Also useful are cobalt (II) salts complexed with a pentadentate ligand



( 1600 pounds per square inch). 2. The nethod of claim1, wherein the
oxygen is present in an anmount of 9 to 10 nol ar % based on t®tale 2003gen and
carbon nonoxide at a total pressure of about 3447kPa (500 psi). 3. The

met hod of claiml, wherein the oxygen is present in an anmount of 6 to 10
nmol ar % bav@dd/di1i ot al oxygen and carbon nonoxi de at a tot ECTASSYAIE of
about 5516kPa (800 psi). 4. The nethod of clairr~ 1, wherein the oxygen.is
present in an anount of 7.5 to 8 nolar % based on oxygen and carbon

nonoxi de at sededted dforﬁrtbs%woeym‘onatmng of dfIRKRA afrlif@) speh Jas &Féiﬁtdihe@}at hod
of claim1, wherein the cat st system conprises a Goup Vi nmet al
cat al yst; apymﬁmegawmyrwneat @w@hnean@pcaunghmeﬁe a@dublqelmq@es, abipbatie 2003

6. Th t hod. of I the Goup VIII1B netal t.al t
east one. oRH SRR SRS ST Ee AT OLE DU SAARL AR rchy Bup

t .
pal T ad Lﬂqgc%f“ﬁ’@‘i*f‘gméqe%f’ae SRR <R B Ao ThEReP il |

met al cat al ytblers; aremprid bipalipina ticoarpinenethes sehers dryptartdseagd@thfﬁbm,st i ng
of pall adi um chloride, palladi um brom de, tgal | adi um i odi de, pall adi um

sul fate, pasuchdiasmdinsatisylal)-Hardiaminmdiunethyldippepylaaing oxAnateéfectig | adi um
(I'n acetyl acet on and PdCI hod of

Lo e neRRRE b Finore€ Eolatih iSRS apift St ae o Braviad MR AbadH o Ot o

fromthe gr@wno%geﬁtsb'ﬂwgieéeﬁaﬂ qmmca%dso 5'%&3@&@%1@%%&% 4 and
Pb02; | ead carboxyl ates ) , Pb(OCOCH3) 4, Pb(C204}, Pb( H5) 2;

i nor gani c | ik sbpalladilio N03)2 PbS04; al koxy and anyl oxy Iead sal ts,
Pb(OCH3) 2, Pb(OCbHS)2; | ead

10 At least one organic co-catalyst may optionally be present in the
catalyst system. Organic co-catalysts, when present, include, for example,
quinones and aromatic diols formed by the reduction of said quinones, or a
mixture thereof. 1,4-Benzoquinone and hydroquinone have been found to be
effective, as well as compounds such as 1,2-quinone and -catechol,

15  anthraquinone, 9,10-dihydroxy anthracene, and phenanthraquinone.
Aromatic organic amines are preferred, for example terpyridines,
phenanthrolines, and quinolines such as 2,2":6"2"-terpyridine, 2,2:6',2"-4-
thiomethylterpyridine, 2,2:6",2"-terpyridine-N-oxide, 1,10-phenanthrolines,
24,7 8-tetramethyl-1,10-phenanthroline,  4,7-diphenyl-1,10-phenanthroline,

20  and 3,4,7 8-tetramethyl-1,10-phenanthroline. An effective amount of organic
co-catalyst is an amount sufficient to provide from about 0.1 to about 3.0, and
preferably from about 0.3 to about 1.0 mole of organic co-catalyst per mole of

palladium.

At least one halide source is also present in the catalyst system.
25  The halide source is preferably a quaternary ammonium halide or quaternary

phosphonium halide represented by the following formula:

RiR2R3R4NX or RiR2R3R4PX



15 conpl exes, phthal ocyani ne | ead; dival ent nmanganese halide salts,

di val ent manganese carboxyl ate salts, trival ent manganese hgd jghe Zabt s,
trival'ent nanganese carboxyl ate salts, dival ent 'manganese am ne, diketone,
and carbon nonoxi de conpl exes, trival ent manganese am ne, di ketone, and
carbon nypg@¥hsai1£onpl exes, manganese (111) acetyl acet onat epcryobmhbsipl |) 20
hal i de salts, cobalt (Il) carboxylate salts, cobalt (II] am ne, diketone,
and carbon nonoxi de conpl exes; cobalt (l11) chloride, cobalt (lI1) acetate,

aroup. const 4TG5 CARb AR e nin e prog: S Al P S B o s,

qui nol i nes étﬁ;ﬂ%é}%dd&ﬁ&g Ravinigngl ¢atBn RAMBBALIFCl a0 %t 28! Avkexeis
di am ne, 25 tetraallcyl et hyl enedi am ne, tetranethylethyl enedi am ne,
aromat i ¢ ehhlogen. crBromidebears prefqrned dortdramspleatetnanibutynumonturer s,

al i phatic am ne, ethers, cryptands, Schiff bases, apd . )
di - (sal i cysgm@, vet -Qﬁm@%ﬁgf’ﬂwai Foidearish the like.  Qther telidgos o

The met:hod ai m; erei Ralals ' 0-ca t is ‘ from
t he grtgup 8§‘Irllr§?%sti nglﬁf)l%'l erad @?(%%ij I%Sﬁag'gcp léfriffrﬁrrangg%?s{%’ hal |pcs§lgh§'g%‘?g

di val ent mhsgeilepiguanidinixihat ehlesidies, of | LzbatitiestanBleRgstbyhalanittinfight s,
trival ent nmanganese carboxyl ate salts; nanganese (l1]) acetyl acetonate,
cobalt 5 (bromidg isdereferred. Misburs of |halideasires may balused. Aobeffactive )

chl ori de, cobal Il ). acetate, and cobaJt (ll) salts ¢ | exe i Lh

pont adent apBonRy gt datiiBuREss 7B mrraunGrulisidnid BBV ot eppyt b denes,

et hyl ene digm I o6 A gr el Syli 4ar Ii¢ am ne
et hers, al ?gﬁ%@g ’ gﬁlar@g%%{l%b’?%r ypt an%jsre,onzg)nodlﬁ o/t 1lic? ‘ﬁm&lﬁ

di - (safoi cybapaaiidm.di am no- N-net hyl o di propyl ami ne. 10. The nethod of
claim9, wherein the inorganic co-catalyst is cobalt

di-(salicylal)-3,3 -g_'han‘i no- N- net hyl di propyl am ne, 11. The me; hod of claim
5, wherein the hal i déheoptianal degiccanhiny thehpresepb drvestiodcisdqiretargiytate gr oup

consi sti ng; Qf f \. [ ' ~ DL he.formul a
rrorarans RS BB R MBI B 3 Ao AT B e )
group, eachrgpridenilppearendant The pradende @fw&maﬂumrﬁ@ﬁlahg%ﬁb%t 24,
and X is a halide; quaternary phosphoni um halides representéd by the

f or mul a R1B2&S R redntioni tinis, for Rtampde dactoritindepsnckaantioy processéssyih gr oup
or aryl grog(gé each %roap 20 indegf dently haying a carbon_punber of 1 to
about P4, QFFIXC RreyeRb Argradationy ipavl & hBIQQHes; The presence
tetra-n- butyl i i.deaat y: S j r o

hexaet hyl ghgna? I n?gﬁpbg%%{n g. 3?2%#%@%&%%%%0?&2%%% R%éejdr%sl Eﬁlﬂﬁg hal i de
source is g@ll@@m@d furagvéhqughber) GHish StdrGprovideld dighilddt! asoymhidm

brom de, 25 tetraphenyl phosphoni um brom de, 'and hexaet hyl guani di ni um
bronude. 18avinge forea laoge-o¢ale paperss, wherein the optional organic

co-catalyst is at |east one menber selected fromthe group consisting of
qui nones, 1,4 15

An inert solvent such as hexane, heptane, cylcohexane, benzene,
20  toluene, xylene, methylene chloride, chloroform, chlorobenzene, diethyl ether,
diphenyl ether, tetrahydrofuran, dioxane or acetonitrile can be used. When
an aromatic hydroxy compound as a raw material is used as a reaction
solvent, an additional solvent need not be used, although mixtures of solvents

are also suitable for use in the present invention.

25 The described aromatic hydroxy compound and catalyst system
are charged under the optimized partial pressure of oxygen and carbon
monoxide and preferably heated. Reaction temperatures in the range of

about 60 -150 °C are typical. In order for the reaction to be as rapid as

10



18 June 2003 benzoqui none, hydroqui none, 1,2-quinone, catechol,

ant hr aqui none, 9, 10 di hydroxy anthracene, phenant hraqui none, aromatic
organi ¢ am nes, terpyridines, phenanthrolines, quinolines,
2,2':6"2"-terpyridine, 2,2':6",2"-4thi omet hyl terpyridine,
2,2':6"',2"-terpyridine-Noxide, 1,10-pl~enanthrolines, 5 18 June 2003
2,4,7,8-tetranet hyl -1, 10- phenant hrol i ne, 4, 7-di phenyl -1, 10- phenant hrol i ne,
and 3,4,7,8-tetranethyl -1, 10- phenant hroli ne. 14. The method of claim 13,
wher ei n phssildgtit ispadfemedytarsubstaviall pmminiain the tosa Igas pressufe @ pantéal grassipe

consisting of 1,4-benzoqui none, hydroqui none, catechol,  anthraqui none,

9, 10- di h)?gPﬁfJ?W HROAKAE aR OV, 25 B degotthed frgreiny gl Fetmsisionref theMIREY hod of
claimb5, €l i o0 present a desiccant. 16. The method of claim
1, wherein %@CQW%ﬁgﬁﬁéhﬁ§@%%xy conmpound is selected fromthe group

consi sting of nonocyclic aromati ¢ nonohydroxy conpounds, polycyclic

aromati ¢ nonohydr ofYie diayl @utbdfatesprodiideded thoh¢thodlof chigireeitionc mamgihedr oxy
conmpounds, nonoeyclic aromatic pol yhydroxy cornpounds, polycyclic aromatic

pol yhydr dsejatebhy semgstional sashnigaesy yis loften prefersed v foonand dhainplly smséunds,
phenol , %ﬁg@g'g;tsh’ég"a‘?glioﬁ'%.@[ngf?gvg@%ﬁ@hgfirgo%gfa%’&#ét{‘coo%%poﬂﬁd?Qé 1 %ecib@ &S -

cunenol ,

bi s{ 4- hy gpaexdNrRenYI9, WeaRangi298s.a, a' - bi s(4 2o
hydr oxyphenyl ) p- dii sopr opyi benzene, and bi sphenol A. 17, The nethod of

claim 16, wherein the aromatic hydroxy conmpound is phenol. 18. The net hod
of claim5, whereidhe ﬁ@llcpaungaaqamw@tsms@wdgg by v lzaxiamplaerly aanel shonld hal i de
source is {]et ra-&)— bu.ttéll anmoni ur n br(%m' de or 25 hexaet hyl guani di ni um

bromi de, TPHE FRbIJIRT heSEoReA 1 /8y it opal ¢

di (salicylal)-3,3 -diam no-N-nmet hyl di propyl am ne, the organic co-catal yst
is 2,2':6",2"-terpyriditfigst pemUsdtdeity GRIStuIidWudnpnossaaanol ecul ar

sieves. 16
composition gas flow reactor system as disclosed in the aforementioned U.S. Patent No.
5,399,734. To the reactor at room temperature were added phenol (60.63 grams, 644
millimoles), tetrabutylammonium bromide (2.082 gram, 6.46 millimoles), cobalt di-
(salicylal)-3,3'-diamino-N-methyldipropylamine (CoSMDPT, 0.126 grams, 0.307
millimoles), 2,2":6'2"-terpyridine (0.0250 grams, 0.107 millimoles), and palladium acetate
(Pd(OAc),, 0.0636 grams, 0.283 millimoles). Molecular sieves 3.18mm (1/8 inch) pellets,
3A, 37 grams) were placed in a perforated Teflon basket mounted to the stir shaft of the
reactor. The reactor vessel was sealed. While heating to 110 °C over 10 minutes, a
specified percent of oxygen in carbon monoxide gas was bubbled at a flow rate of 350
milliliters per minute through the reactor contents, which were maintained at 5378-
5654kPa (780 - 820 pounds per square inch). Gas flow at the aforementioned
composition, rate, and pressure was continued for 2 hours while maintaining the reaction
mixture at 110 °C. At this time an aliquot was removed from the reaction and analyzed
by High Performance Liquid Chromatography (HPLC) in order to determine the

yield of diphenyl carbonate. Results are reported in the aforementioned Table. At an

oxygen

11



18 June 2003 19. A nmethod for the production of diary( carbonates according
to claim1, said nethod conprising reacting an aromatic hydrgxp 89&R9und,
in the presence of an effective anbunt of a catal yst systemw A gas

m xture consisting essentially of carbon nonoxi de and oxygen under an
applied total pressure, wherein the nole percentage of oxygen in said gas
mxture is as follows: 9-10 nole percent at a total pressure about 3447kPa

500 pounds § e, about
S5 10kPa. (300 Cauaas eet 01K JRe DRI BES SENYs. M nd Bl PLBROUE T2
pressur e abdipheny m&ﬂQMBav@BQGQD pounds per square |nch) 17 . Al. Ayf . A@QE. A

Aa, R A3{f% A ?.AF@A e. A @MWNlAJMrmyAWeM@WM£"/;J
f

#Pl{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cZa]ca]ca'P'U'bI "HIBFEKEXEEA) . ;

.J.070266*666E66&7779b<<>~yt 0j e [V]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca
]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>>)>5>C>@EDO
EhEnEz EEEFG
HHHHI " JEJK) LMVWMOOOT Tzupkf a\ W ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! T" U( UsUl UU} VWV,
VWANWANAEX] XXXY\ YYYZ[ ZaZnZB[ W \ aaa| w mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca] ca! a&dd8e*
gggkhhi i Vi jj kkkTl | (nanunooo6peqqqr
r\rcrfr}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca!) YuKuz[ 9! f"10%& ()-10% & () -
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WHAT IS CLAIMED IS;

1. A method for the production of diaryl carbonates, said method
comprising reacting an aromatic hydroxy compound, in the presence of an
effective amount of a catalyst system with a gas mixture comprising carbon
monoxide and oxygen under an applied total pressure, wherein the mole

percentage of oxygen in said gas mixture is as follows:

between 8 and 10 mole percent at a total pressure about 3447kPa (500

pounds per square inch),

between 6 and 12 mole percent at a total pressure about 5516kPa (800

pounds per square inch), or

between 7 and 10 mole percent at a total pressure about 11032kPa

{1600 pounds per square inch).

2. The method of claim 1, wherein the oxygen is present in an
amount of 9 to 10 molar % based on total oxygen and carbon monoxide at a total

pressure of about 3447kPa (500 psi).

3. The method of claim 1, wherein the oxygen is present in an
amount of 6 to 10 molar % based on total oxygen and carbon monoxide at a total

pressure of about 5516kPa (800 psi).

4, The method of claim 1, wherein the oxygen is present in an
amount of 7.5 to 8 molar % based on oxygen and carbon monoxide at a total pressure of
about 11032kPa (1600 psi).

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

Group VIIIB metal catalyst; an inorganic co-catalyst; and a halide source.
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y#10% #&Pﬁlocbcris)z;, Pb(C204), PH(OCOC2HS5)2; inorganic lead salts, PbNOS)2,
PbSO4; alkoxy and aryloxy lead salts, Pb(OCH3)2, Pb(OC6HS5)2 lead
16  complexes, phthalocyanine lead; divalent manganese halide salts, divalent

manganese carboxylate salts, trivalent manganese halide salts, trivalent

| manganese carboxylate salts, divalent ‘manganese amine, diketone, and

carbon monoxide complexes, trivalent manganese amine, diketone, and

carbon monoxide complexes, manganese (III) acetylacetonate; cobalt (II)

20  halide salts, cobalt (II) carboxylate salts, cobalt (II) amine, diketone, and

carbon monoxide complexes; cobalt (II) chloride, cobalt (II) acetate, cobalt (II)

salts complexed with pentadentate ligands selected from the group consisting

of aromatic amines, bipyridines, pyridines, terpyridines, quinolines,

isoquinolines,  biquinolines, aliphatic = amines, ethylene diamine,

25  tetraalkylethylenediamine, tetramethylethylenediamine, aromatic -ethers,

crown ethers, aliphatic ethers, aromatic amine ethers, aliphatic amine ethers,

cryptands, Schiff bases, and di-(salicylal)-3,3'-diamino-N-methyl-
dipropylamine.
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(I1) halide salts, cobalt (II) carboxylate salts, cobalt (II) chloride, cobalt (II)
acetate, and cobalt (II) salts complexed with pentadentate ligands selected
from the group consisting of terpyridines, ethylene diamine,
tetramethylethylenediamine, crown ethers, aromatic amine ethers, aliphatic
amine ethers, cryptands, and di-(salicylal)-3,3’-diamino-N-methyl-

dipropylamine.

10.  The method of claim 9, wherein the inorganic co-catalyst is
cobalt di-(salicylal)-3,3’-diamino-N-methyldipropylamine.

11.  The method of claim 5, wherein the halide source is at least one
member selected from the group consisting of quaternary ammonium halides
represented by the formula RIRZR3R4NX wherein R1 to R4 are each
independently an alkyl group or aryl group, each group independently
having a carbon number of 1 to about 24, and X is a halide; quaternary
phosphonium halides represented by the formula RIR2R3R4PX wherein R1 to
R4 are each independently an alkyl group or aryl group, each group
independently having a carbon number of 1 to about 24, and X is a halide;
hexaalkylguanidinium  halides;  tetra-n-butylammonium = bromide,

tetraphenylphosphonium bromide, and hexaethylguanidinium bromide.

12.  The method of claim 4, wherein the halide source is selected
from the group consisting of tetra-n-butylammonium bromide,

tetraphenylphosphonium bromide, and hexaethylguanidinium bromide.

13.  The method of claim 5, wherein the optional organic co-catalyst

is at least one member selected from the group consisting of quinones, 1,4-
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14.  The method of claim 13, wherein the optional organic co-catalyst
is selected from the group consisting of 1,4-benzoquinone, hydroquinone,
catechol, anthraquinone, 9,10-dihydroxy anthracene, and 22":6'2"-

10 terpyridine.

15.  The method of claim 5, wherein there is also present a desiccant.

16. The method of claim 1, wherein the aromatic hydroxy
compound is selected from the group consisting of monocyclic aromatic
monohydroxy compounds, polycyclic aromatic monohydroxy compounds,

15 fused polycyclic aromatic monohydroxy compounds, monocyclic aromatic
polyhydroxy compounds, polycyclic aromatic polyhydroxy compounds,
fused polycyclic aromatic polyhydroxy compounds, phenol, cresol, xylenol,
resorcinol, hydroquinone, naphthol, catechol, cumenol, isomers of
dihydroxynaphthalene, bis(4-hydroxyphenyl)propane-2,2,a,0’-bis(4-

20  hydroxyphenyl)p-diisopropylbenzene, and bisphenol A.

17.  The method of claim 16, wherein the aromatic hydroxy

compound is phenol.

18.  The method of claim 5, wherein the palladium compound is

palladium acetate, the halide source is tetra-n-butylammonium bromide or

26  hexaethylguanidinium bromide, the inorganic co-catalyst is cobalt di-

(salicylal)-3,3'-diamino-N-methyldipropylamine, the organic co-catalyst is
2,2':6',2"-terpyridine, and further comprising 3-Angstrom molecular sieves.
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9-10 mole percent at a total pressure about 3447kPa (500 pounds per square

inch),

6-10 mole percent at a total pressure about 5516kPa (800 pounds per square

inch), and

7.5-8 mole percent at a total pressure about 11032kPa (1600 pounds per square
inch).
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