PROCESS FOR THE PREPARATI ON OF A DI ARYL CARBONATE The
present invention relates to a process for the
wee@par#asi on of a diaryl carbonate. Diaryl carbOHEP288/060197

are inportant starting materials for the production of

aromati c pol ycarbonates, hereinafter sonetines

referred to sinply as pol ycarbonate. Polycarbonate is

a wdely used raw material in many different

manuf actit™vg SEEt 6% ETR%A{TéoNhéF Hi hE ARt d f@8EOHRTE

wel | as good transparency of the material, it can be

applied in applications as diverse as autonotive

wi ndows and optical |enses. The demand for

pol ycarbonate is believed to increase largely within

t he next THear’sSSsMi ¢RVANFIOT fUid €St ke Priooictdorf o5 the

pol ycarbenat enter he digpkovedrbonderms of efficiency

and environnental inpact. Polycarbonates can be .

manuf act Bt @Y by PEIVREEP sAt T oM RS taNdi aF §T & £f Bori&reals
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di hydr oxy conpound may be bi sphenol acet one (BPA or

bi spiferenapyer j s@uetines. gpseyuchydt GRyphrEngP ) propane
The 1Radyshion, ofoiRelkyearhonate Py ithey used raw

pol yneri sation of dlagyl carbonate with an aromatic

di hydr-exy2éopotaiy 9 TRAEAAT f RapH ISIATINP47¢ 60T S THiVS to

docynent,; ghsRa HeSCyd Resthe pgoduct ionnebdiabylor the

carbonat e from di al kyl carbonate with an arondtic

al caGleriph, t hi sCaedst PBRLacH rahsestidcipt ipeat dvrfligferse as

di alkylcat bonat e, dakesqphacec whergehy sovenal hethigy ror

di aryl carbonate i1s produced and as by-product al kano

i s obtaicaslondtre i dkykvedr bontt@E car Berpebducedin the

froman ghkyleng, carhonat e.gnd. an al kanal,.- Thi Sor

reaction ylelds as useful products not only the

di alteylyceabbonat eca bt teanobed used dror Pheepf eparatyi gmd

of QQQHXEnﬁQBPQP@E a_Ck%u.talso a useful al kanedi ol . For
this reaction one y use

Polycarbonates can be manufactured by polymerisation
of a diaryl carbonate with an aromatic dihydroxy
compound. Said aromatic dihydroxy compound may be
bisphenolacetone (BPA or bisphenol A), i.e.
2,2-bis(4-hydroxyphenyl)propane. The production of
polycarbonate by the polymerisation of diaryl carbonate
with an aromatic dihydroxy compound is known from US-A
5,747,609, This document also describes the production of
diaryl carbonate from dialkyl carbonate with an aromatic
alcohol. In this reaction a transesterification of
dialkyl carbonate takes place whereby overall the diaryl
carbonate is produced and as by-product alkanol is
obtained. The dialkyl carbonate can be produced from an
alkylene carbonate and an alkanol. This reaction yields
as useful products not only the dialkyl carbonate that

can be used for the preparation of diaryl carbonate, but
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the al kanol that has been |iberated in the
transesterif ication of dialkyl carbonate and aromatic

w@bk@oloi451 I n general, the above-nentioned di rBCI/EP2008/060197

reaction of a dial kyl carbonate with an aromatic
al cohol producing a diaryl carbonate is not favored
thernodynam cally . For exanpl'eé, the reaction of
di met hyl carbonate and phenol has an equilibrium

constialt a0fisKeen = 1kGhéqidhi sréhpries rhatibargee may use
excesses of reagents are necessary to produce diaryl

car bdtfattdkapos Bheonseyhentel 1Par g dactdfs are

necessals swWak¢hi tNef 8ases qovekdl | ceasdrsirandntiher ehore:
di m ni shes efficiency. Another known process for

pr odtii¢la diaryl carbonate froman aromatic al cohol

i's one whegehdlr-dhe t@&lomBbLE - £ONBlea SHEBcAS QNN of a
is reacted with phosgene (COC 2) instead of a dialkyl

car BorRatE! FowRette twﬁlt§1 PP oted¥ e Hes alRENPhheT FHC1NT 2

drawhacks efrssplyiingnbherhasrdulcRhasaensnanshiy. ror
creating chloride containi ng waste streans. Therefore,

t he S¥SEPOF, phibs geire tevindeht Py Hdy la Gfe§arpue and phenol

envifanaentahi i MPach, Qkukhonss Q.4 he disf @\A%esﬁmplles
reaction equilibria in the reaction of dialkyl

car Bowat éanbe hesroifetsi €farestenthare HEERSERHYEST eg.oduce

These $QhuLLeRs, Std | Iasi avebyed the dise ofcaromatd.G are
al cohol “but no | onger conprised a direct reaction of

sai degleeehvy Wit tinerdirabRyPvearborrarés Fhe ahrorddre

al Cqﬂqllln\ﬂ@ﬁefo&yﬂél%qlc into an internedi ate which had a
nore favorable reaction equilibriumwth dialkyl

car bonat &nohizar trevwar praces al koholrodscsngha Forryl
exanpl@onkNe Ufc‘f&n %rﬁ%%oﬁé@mc' L1dshdr %O%ﬁg &r}@é‘fe rf‘ the

first step phenol (PhOH) is converted into phenyl
pr opironat éc apdc vt hasolch( MeQH)enoly iseaetirhgdiwitii t h

phosgene (COCl,) instead of a dialkyl carbonate. However,
this process has the inherent drawbacks of employing the
harmful phosgene and creating chloride containing waste
streams. Therefore, the use of phosgene evidently has a
negative environmental impact.

Solutions to the disfavored reaction equilibria in
the reaction of dialkyl carbonate with aromatic alcohol
have been suggested. These solutions still involved the
use of aromatic alcohol but no longer comprised a direct
reaction of said alcohol with the dialkyl carbonate. The
aromatic alcohol was converted into an intermediate which
had a more favorable reaction equilibrium with dialkyl
carbonate than the aromaic alcohol as such.

For example, in US-A 5,543,546, it 1is proposed that
in a first step phenol (PhOH) is converted into phenyl
propionate and methanol (MeOH), by reacting it with

methyl propionate. In a second step, the intermediate
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met hyl propionate. In a second step, the
i nt er medi at ephenyl propionate is reacted with di nethyl

w@ 200005 (DMC) i nto net hyl propionate and theCHEBI00&0H0197

di phenyl carbonate (DPC) . The nethyl propionate
formed in the second step is_recycled to the first
step. The reactions in said two steps and the net
reaction of the integrated process wherein mnethyl

pr Oﬁjh@lﬂ@ﬁepk§pi@f€a’d‘é ad aéacsb@vwhtbeldgwfetﬁgzl 2aBh it 2
nmet h proplonate (r) 2 phen roplonate + 2 MeCH (2)
2 ph EJPB&%%‘%RY& Pfﬂ%oﬁl?g ety dﬁ?bﬁ?%n%]t@eﬁyl
DPC dél%'boh@@@t owe) 2 TRROMe tnPMp{dpi JAREet £3rMeOH n The
di sadvant age of such process involving the use of

pherACOpfopFnat & %Yéﬁegn%r%%lfdtrét §tfRe Petessiqtyons

of havisagat ows esyd e et byt pEopiQnatient art ke fidisdgrated
step of the integrated process. This reduces overal

ef f IEICEREY . "FRF e HerMetaNd RBPRL PG tAnfPyY CsfhcE e shown
phen@lios still used in said process the problem of an
unfavorable reaction equilibriumis in fact just

shifted (to Ehendi rist2 seepywher@ividte phehalhanyl

rea r%gl wth nﬁptgwl Juopionate. This inplies that also
Firs step arge excesses of reagents are

necessar (¥) knphdiyS ¢aseibeaps odune thezimdwryredi ate
phenyl propionate. Another intermediate proposed in
pri 6¥ORFPIESRet Ff US- A 4,533,504) is one which is

formed Ry.reagtiom of phsnol wid Kgbene J Rudud i 1 st

step, which results in phenyl acetate. In a second
step, t Ahs {htairedicakecphenytt raceteatse ingoreart edenivisk of

;ﬁ tn?lnBH;%ﬂof?acceet% aﬁng Qﬁn%%tre.eqsl)?ge fé([%!él%

hird st'ep, said net hy acetate is convert

ket ¢y iagdt et hanole nEleykepenmel drovtredol hhehéitdhi rakep of

Ste%hksi5§8¥%£€ghtﬁ%5%%%stiEﬁ&s reduces overall efficiency.
Further, and more importantly, since phenol is still used
in said process the problem of an unfavorable reaction
equilibrium is in fact just shifted to the first step
wherein the phenol is reacted with methyl propionate.
This implies that also in this first step large excesses
of reagents are necessary, in this case to produce the
intermediate phenyl propionate.

Another intermediate proposed in prior art (see e.qg.

US-A 4,533,504) is one which is formed by reaction of
phenol with ketene in a first step, which results in
phenyl acetate. In a second step, this intermediate
phenyl acetate is reacted with DMC into methyl acetate
and the desired DPC. Finally, in a third step, said
methyl acetate is converted into ketene and methancl. The
ketene formed in the third step is recycled to the first

step. The reactions in said three steps and the net
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step. The reactions in said three steps and the
netreaction of the integrated process wherein ketene

WO 200002461 ed are shown below (1) 2 PhOH + 2 kp@BRR200$/960197

2 phenyl acetate (2) 2 phenyl acetate + DMC (r) 2

met hyl acetate + DPC (3) 2 nethyl acetate (r) 2 ketene
+ 2 MeCH Net reaction: 2 PhCH + DMC (r) DPC + 2 MeOH.
Sai d process involving the recycle of ketene suffers

f r omdzle 1sanmer di isadvartbagesd asr shsolssedcaboverdde is
respect of the process wherein nmethyl propionate is
recy Q¥ E8 #he $19'€t ©step: I1n addition, the forner

process gyffers, g qmpt pgtgﬁéaﬁl@%ﬂgﬁyi hatedhe first
i nternmedi ate conmpound first has to be converted into a

second i nteriadicatye eocapouadt VM > camdternl beetate + DPC
converted into the ketene to be recycl ed. Anot her

process pfbposEdivAd pErbrtart Eséeteny.t UsSMgOH

5,349, 102) wh in . [
5,549, 14¢) Mhgteln phonlepudt o seied sy

ers ' fromthe sa
di sadvantagesr@s=dhe ngbovenpriocessosmerebn ketere dsusfers

useqf, IS ﬁne wher ei n ingfirst st.e saigggené/l. c
acet'dt’8 SAd B¥%Y i T AV A E%T of st TSR PhBRSY S arfy ©esPec
acetdfc taphydotcees wusteihi kethynl therdbowecpt cesSycliad ao
secqnd step, phenyl _acetate. and re converted into

ot T SCPar B ha Bret e haver i TREC Ay A S e rers
sai drioet hyk ateidtantiager east echa ilr searhearnenx e

resulting in_acetic anhydride which i.s then recycl ed
to tREPPRPE; £Etep Faaor BECETORT 150 428 BhPEeo™ eps

and ilnternetiiseacidngr el trhech ntegriaiced bpr 06886 e rieitn
acetic %nh%dri de is re?/il d are shown below (1) 2
ea - & eg

PhO e BEi ° dithy @ r) 2 phenyl acetate + 2
acetic ashétiad) 2 phepybraceiat e nt pbVEr (B}t 2(dd Ryly.
acetate + DPC , ,
US-A 5,349,102) wherein phenyl acetate is used as an
intermediate and which suffers from the same
disadvantages as the above process wherein ketene is
used, 1is one wherein in a first step said phenyl acetate
and acetic acid are formed from phenol and acetic
anhydride. Just like in the above process, in a second
step phenyl acetate and DMC are converted into methyl
acetate and DPC. However, in the third step, said methyl
acetate 1s reacted with carbon monoxide resulting in
acetic anhydride which is then recycled to the first
step. The reactions in said three steps and the net
reaction of the integrated process wherein acetic
anhydride is recycled are shown below:
(1) 2 PhOH + 2 acetic anhydride — 2 phenyl
acetate + 2 acetic acid

(2) 2 phenyl acetate + DMC — 2 methyl acetate + DPC

(3) 2 methyl acetate + 2 CO — 2 acetic anhydride
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(3) 2 methyl acetate + 2 CO - 2 acetic anhydri deNet
reaction: 2 PhOH + DMC + 2 CO (r) DPC + 2 acetic acid.

w0 poogeeasnl , all of the above-nentioned i nt egrBCBEP2008/060197

processes are di sadvantageous in that severa

intermedi ates must be reycled in |arge amounts. In
addition, certain by-products produced have such
boi i ng point which nekes it hard to separate the

final pgaduct,or; yal yablgyi ntgrdediate ppagicts o. JEQF: ¢
exanple, in a case where di phenyl carbonate (and

met lkangl-) is produced fromdi methyl carbonate and
phenol , al ways..sqe .ani 5pl 8,4 meiexybenzens) 45 JQued
as a by prgg%é% Ani'sol € can be f orneg éy reégﬁigﬁagg

t he rplverekewn die mbtsralventaoddor rhehditmeehgratar bonat e

|tS ntefﬁga§gééﬁrﬁﬁ%t b%okgygge&OIJnla Cgmbﬁﬂg%osﬁ%nyl

I ng point of the xed carbonate net
carb@hateonmm¢ﬁﬁtalm'&wrneddastannxthEdedaaeesu¢h1bplllng

caseher 6ol All.Of e Linte dyeg%r%tt% Thxed: £27 BNRLL.

een converted into carbonat e,
i's hughbyudbserzthHmadaaoveprsﬁwqtsn xed carbonat e and

to have 'E %%%Wéﬁ %a%tggsén&ﬁégé'g¥ hglgheggrbon te and

carbonaF *such recovery requires separa
of titee hahged carmnn@nmedffonmt@zmeﬂhy@oberbengtetgmd phenol,

dlstlllatlon S %ggF Sone because smal
n

of a
di fFerénce T n bmﬁﬁﬂﬁf pol YR U hér aFsadvant ag&Y ™

assq&w&hed.mﬁmrsdmﬁcusebeffanmaﬁdnaueacahooh@f1j&u¢menol

as p ol tion of car bonat es
suchlgg' p %%% aﬁiﬁonaﬁ 8|seti qt % E?Ilt ety
i nt egriabed pagoegsnwhagepsand @m@nohsha3obe b@ the boiling

produced o he S|te copr
addﬁ%lo% %%e Hesi% %ﬁnat? Wﬂggﬁ'ﬁhenge Ui Saldte

eno esired.
The wmd:uslisl abtyedrost aJnrrmntéﬂmédeertcmessl faObapeﬁ egardengot

all of the intermediate mixed carbonate has been
converted into final diphenyl carbonate, it is highly
desired to recover said mixed carbonate and to have it
further reacted into final diphenyl carbonate. However,
such recovery requires separation of the mixed carbonate
from the anisole, e.g. by distillation, which is
cumbersome because of a small difference in boiling
points.

A further disadvantage associated with the use of an
aromatic alcohol, such as phenol, in the preparation of
diaryl carbonates, such as diphenyl carbonate, is that in
a fully integrated process where said phenol has to be
produced on the site itself, coproducts are made in
addition to the desired phenol which may be undesired.
The industrially most important process for preparing
phenol is one wherein cumene (made by alkylation of

benzene) is oxidised into cumene hydroperoxide which is
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phenol is one wherein cunene (nmade by al kyl ati on of
benzene) is oxidised into cunene hydroperoxi de which

W0 giobew4sonverted i nto phenol and acetone. |f PEEEP2008/060197

acetone cannot be used on the site itself in any other
process, it has to be sold. In view of the above

di sadvant ages associated with ?he use of an aromatic

al cohol, such as phenol, in the preparation of diaryl
car hoRat esnvstedd asitdl pheayl £ad boratre i trwowd @ one
highly desirable to be able to provide a process for

t he BPEpar 4Ei BFF DO a Hdifary € chf tie \ﬁ;ﬁ%ﬂt%ﬁl&foﬁ@ﬁs'
use iannakopBthe adicphol as a starting conpound not in
the specific process step which results in the

product i & Bt e desi ?Qavﬂldalr%ﬂd‘f@élrtﬁaﬁét &S i At Herh

in amy peecediNg HHACRSS stePnolhesRiesenbnéAVENLOr the
has provi ded such a process for the preparation of a

di ar%ﬂepéé%bﬁ%t%f WHEYei A2RBORT Bt |Sé“351| e8hoiPie Hised

as asthanht8g conpaurdpeThegRl £Seidmentbope rolat es
to a process for the preparation of a diary

car BBRALES AhPEPr Firse8e PTIPE&GHt&et Phg2 af&ronat i c

non-hyaraxye COMPAUAR WGt Rod 6&E BOX W iomadGhda 0fofor myl @
HOC =O )R1 (1), wherein Rl is a hydrocarbyl group, and

Wi t 5 tan LRy gePRBHIcRi Mohglgashe nsRde [preBEAces IS tgr which

Cat%@%%ﬁtsr§§u%ﬂérﬂ%dd&c@@%ﬁroﬁngmng%EQ@BtH§ar 1 carbonate
carboxylic acid ester of fornmula R2ZOCF=O R %

wherasidn NR2ERET aif &yl PEEEaPI DY | @mslSn@tﬁpom t he
ar omat | CTHQn%MQ&XXnQQHPQH%s and G k) QQ&E aa‘ﬁﬁr%%ets'%efor

aromatic carboxylic acid ester of formula (I'l) from
st eghEi prapehaal @i atky@ déarbhbnadeeafatier ikac R3O (=0)
Or4

a&oh.%ic alcohol is used as a starting compound. The
present invention relates to a process for the
preparation of a diaryl carbonate, which comprises:

(1) contacting an aromatic non-hydroxy compound with
a carboxylic acid of formula

HOC (=0) R!

(1),
wherein R' is a hydrocarbyl group, and with an oxygen
containing gas in the presence of a catalyst, resulting
in water and an aromatic carboxylic acid ester of formula
R’OC (=O)R' (II),
wherein R” is an aryl group originating from the aromatic
non-hydroxy compound; and
(ii) contacting the aromatic carboxylic acid ester
of formula (II) from step (i) with a dialkyl carbonate of
formula
R°0C (=0)OR* (III),
wherein R’ and R® are the same or different and are alkyl
groups, in the presence of a catalyst, resulting in a

diaryl carbonate of formula
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wherein R3 and R4 are the sane or different and are
al kyl groups, in the presence of a catalyst, resulting

WO poog/ozli4ar yl  car bonate of fornul aR20C (=0) ORZ2PCT/EP20081050197

an al kyl carboxylic acid ester of formula RSOCf=O R 1
(V), wherein R5 is R3 or R4 . For a case, where in the
process of the present invention, in step (i) the
aromati ¢ non- hydroxy conpound is benzene and the
carboxylic acid of formata (Ho)orS aceti c acid,

resulting in water and _phenyl acetate as the aromatic
car BEXy Fiic2 Aty o Ce%%b&XY&flcf BF il & 8T L éﬁam‘ﬂhastep

(ii) the dialkyl carbonatecefofwrnuha (I11) is
di met hyl carponate (DM(), resulting in diphenyl
car Boacé(DPAS & ¢hel diaryl carbonate of formula

(1V) andreethydarGetdtecasnthe aldoplsearboxyd it acind
ester of fornmula (\/) the reactions in said two steps
(i) BVG FELPY- abd THE et FBACTTIIIGHE PRE- pYoERSES %ﬂ*@ou“d

shown Behowhe (dna %%e%é%@xy*lz?c acetd Graghdnd12(r) 2 s
phenyl acetate + 2 H20 (ii) 2 phenyl acetate + DI\/C(

2 MeRE Caget @t & %S PPE Net N B3etl itd PhBBHzefeeA R as the
acetd onachd daFok 1OMCavi4 @?E@NhﬂaQ%k%hﬁa (PPC a1 in

H20 . The advant age of such process is that no
ar orfateicc (af ¢ ohe? <%@1é<ylpﬁéﬁ6‘l>1)aﬁ% Hed@egulehat I onliyp

one d;iRfehediate (8.0 (DRE§NYLc acat L) nl 81H0LMEA @Ndonate

that, in addition to the desired diaryl carbonate
(e. g(DPQP’C)iS Bhe alipablle cesbpradrcat (fergulaet hyl and methyl
acetalehibSak %K@daﬂmﬁt cg98§x¥9£c havie, £Qcbe recysheda

The key benefit of the present process is that in the
val u&¢)ehaha feom berszénesebdet e DRES ré) phedolidls and the

reql'HerteQe§§t§o§tﬁtﬂh%gP%t:@5§aéré L RNY% $LePy . Because

hat no excesses of the starting
(1) 2 benzene + 2 acetic acid + 0; — 2 phenyl

acetate + 2 Hy;0
(ii) 2 phenyl acetate + DMC — 2 methyl acetate + DPC

Net reaction: 2 benzene + 2 acetic acid + O; + DMC —
2 methyl acetate + DPC + 2 HO.

The advantage of such process i1s that no aromatic
alcohol (e.g. phenol) is needed, that only one
intermediate (e.g. phenyl acetate) is formed and that, in
addition to the desired diaryl carbonate (e.g. DPC), a
valuable co-product (e.g. methyl acetate) is formed that
does not have to be recycled. The key benefit of the
present process is that in the value chain from benzene
to e.g. DPC, no phenol is required as a starting material
in any step. Because of that, no excesses of the starting
materials need to be used. Further, no complicated
catalytic distillation technigques for driving a reaction

into the thermodynamically disfavoured but desired
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materials need to be used. Further, no conplicated
catal ytic distillation techniques for driving a

WO 2@e024am i nt o the t hernodynam cal |y di sfavourdI/Be2008/060197

desireddirection, need to be applied, such as is the
case when using phenol as a starting material. A's

di scussed above, step (ii) of the present process as

such is known in prior art (see e.g. US A 5,543, 546,

US- /&14653305941%@ﬂd:ouﬁ'eAaﬁpﬁﬂ&d,lcb%)ch That si 8né &Ry when
it 1s known as such to contact an aromatic carboxylic

aci #%¢9PeP8FOF gt &EFFY ¢ MY Penyl propi onate or
phenyl aﬁgt@iseau%etdh aBottpl kydp carihonat enof pdydftl @rocess
(ren) , resulting in a diaryl carbonate of

{or Al GUETVES (B4 DPCP- ARG SR al ¥ o bBRyE | o T 46

est efs-af 4f opppb@u (Vnd @s9a BELhy)1@nopiranat es ofo nethylic
acetate). However, in every prior art process
conﬁﬁu§@ﬁ@“s%?d“#€héFiéﬁ“tﬁﬁ %?dﬁﬁﬁ@éléaFﬁ6&9¥¥%ﬂhéﬁdd

est fstie$ PEEPF R A N 1a) pfgcgduﬂﬂn§h6®r@§h89a@@ or phenyl
aromati c al cohol as one of the starting nmaterials .

Fur théeratsl eptth )2 st alk&lpreserna s cfedsraslauchidls

knowmchn PEEQIt Bfd -inThalii hSyi Oc$@¥bnde b$ KBQWEu@SIV
such to contact an aromati c non-hydroxy conpound (e.g

benzéng)y WEh andarbowyiiiccacherolid grrdl asfey {le.fprmula
acetig aei d) ARt thaRoAxYgen: GOMRINLRAL:98S) . However,

resultlng I'n water and an aromatic carboxylic aci d
est el 6Vefpr P @r (1Y) PEecgss pherdlacst ape). rSee- rg. the
USs %r%%%t@gocgﬁboi§¥ﬁ%y%%1d'Qs@%@”ﬁ@'p@%b@@@@ 1ﬁh§jprecedlng

aromatic carboxyli'c acid ester prepared in such way is
not s$@pseqientdy asadtiin alnekel stepnesicli Fae %l tiey
(ii),9fL the present process, to produce a diaryl
carbonate. On the contrary, said prior art teaches to
hydrolys@U¥¢ﬁ§ﬂarGwﬁpidi¢a®bo&®ﬂi9¥©§@hﬁ BSPe?sd resorsgehn 1is

MRKG 20, ap Ot | G- al %‘BP‘B' éet& sa‘{}“e%' ) s de s sucn
carbo PIC acid of fornmnu ,

to contact an aromatic non hydroxy compound (e.qg.

benzene) with a carboxylic acid of formula (I) (e.qg.
acetic acid) and with an oxygen containing gas, resulting
in water and an aromatic carboxylic acid ester of formula
(IT) (e.g. phenyl acetate). See e.g. US 6,342,620 Bl.
However, in every instance, the aromatic carboxylic acid
ester prepared in such way is not subsequently used in a
next step, similar to step (ii) of the present process,
to produce a diaryl carbonate. On the contrary, said
prior art teaches to hydrolyse the aromatic carboxylic
acid ester in order to make an aromatic alcohol (e.qg.
phenol) and the carboxylic acid of formula (I), of which
the latter is recycled to the first step. For said
specificly exemplified case, the reactions in the two
steps and the net reaction of the integrated process

wherein acetic acid is recycled are shown below:
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the latter is recycled to the first step. For said
specificly exenplified case, the reactions in the two

wer@ps24aitd the net reaction of the integrated PCOERXES/060197

wherein acetic acid is recycled are shown bel ow (1)
benzene + acetic acid + V2 @2 {r) phenyl acetate + H2O
(2) phenyl acetate + H20 - phenol + acetic acid Net
reacti on: benzene + 2 - phenol. In sunmary, such

prior art)processes wherekbn.phenyh, @gel—ﬁtp%eh?lfgég%e ¥
fron1benzene acetic acid and oxygen, aré only ai ned

at ahd connected with the productlon of phenol as a
final pr uct npt a %ar¥l arbo fron1 ald

pheny! tRrEY A i oned abov enqis 675335182078 |

d|SC|OsﬁétSEéﬁb&i&qO&EBEganﬁﬁgﬁh Pt QaRS™1 . In said
step (i), an aromatic non-hydroxy conpound is

contacte@“mﬁ@@ﬁ%fybaﬁﬁé%yP¥éo%uﬂﬁf &F OFBP ABF avIHOCHE0PReRY L

(1) .aceherei nsRlois 2 hydr 06arbyd, QR @Bgdméﬂé16§}gen,
oxygen containing gas in the presence of a catal yst

res@ﬂﬁlﬁ@lvnawﬁﬂeﬁﬁa@@daﬁoaﬁ%%ﬁﬂidﬂé@rﬁéﬁypredﬁﬁﬁdm of
est %Jhe%%lfgé@'ﬁrﬁglcgro%gtl Léd )2 pherei Baﬁ?rorha?téan from

aryl” group originating fromthe aromatic non-hydroxy
conpeundpPh¥nel teerdttsg of said US 6,342,620 Bl is

I ncor popat gd, hereln By Lef g5 ence,, -@}% gat al ys éses step

reactlon tenperature pressure net odo ogy ose
in sdi)doBStBe 3x 620 Brogaysal 5o e dpraepi sel ian strepatic

(')rQJ—%98r8£§§§ﬂﬁ<Rﬁ£§?§3coﬁ@$b@%§%ﬁﬂh 8r8§§%8%§fic acid

however, “not testricted thereto thin the prese
speciff ifoatniiba, the term "aromati ¢ non- hydroxy
conmpound” neans an aronaﬁég ngpoyﬂg whi ch does not

contain any hydroxyl groups. In ot er words, the
wherein R' is a hydrocarbyl group, and with an oxygen

containing gas in the presence of a catalyst, resulting
in water and an aromatic carboxylic acid ester of formula

R%0C (=0) R!

(II),
wherein R” is an aryl group originating from the aromatic
non-hydroxy compound.

The teaching of said US 6,342,620 Bl is incorporated
herein by reference. The catalysts, reaction temperature,
pressure, methodology disclosed in said US 6,342,620 Bl
may also be practised in step (i) of the present process.
The present process is, however, not restricted thereto.

Within the present specification, the term "aromatic
non-hydroxy compound" means an aromatic compound which
does not contain any hydroxyl groups. In other words, the
aromatic compound which is used as a starting material in
step (i) of the present process does not contain any
hydroxyl groups. The aromatic non-hydroxy compound may be
benzene. Further, it may be benzene containing (non-

hydroxyl) substituents, such as biphenyl. Further, the
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aromati ¢ conpound which is used as a starting materi al
in step (i) of the present process does not contain

wa@eapokydsoxyl groups. The aronmati ¢ non- hydr oxyPCORP29081050197

may be benzene. Further, it may be benzene contai ni ng
(nonhydroxyl) substituents, sygh_as biphenyl

Further, thearomatic non-hydroxy conpound nmay be an
aromati ¢ conmpound consi sting of two or nore fused

benzengati BgSon-sueh &y Bappbhad eng, ard aankheagene.compound
Pr ef er abl % the aromati c nonhydroxy conpound is
(unSEPSEPEOPedyT berz éfe™OFR Whith EACEEhE T RF OMat Y @S

car bexykhe1agt da@sternebickas Mibdedddab1vs anphemtlatic non-
carboxylic acid ester of formula (II) wherein R2 is a

pheﬁ?’ldr@ﬁéiuﬁo%‘b‘ﬂtqﬁésdl ryPPeat Borat e P6R 2807 nuta A,
is dizphenyt sashonal @arbBxslep 4dia @fsttehaeo@rﬁ@ﬁmla (u)
process, a carboxylic acid of formula HOCf=OR 1

(
i s Used. PRENVH THEOXAIBOXFFIE atisr of formuta (1)) rgprein
be &G sG halkylhr8touRnd pcrk@‘ eriably aahofRxaldeykormula

group or it may be an aryl group. Said aryl group may
be aIﬁJ’Heﬁﬁlng%?}b‘/l mr@ﬁ“é}é?responds with the

carboxyl g acdd (qf fber HH&apﬁés)erQe'p%cQ@QZ% Cctdky1ic
Preferably, said is a nethyl, ethyl or prop

gr o@ﬁld«mﬁcﬁméw#%wc@ Ri twtﬁé sarBoxyl i@ 6fd of

formulackl)ipref ey al yobeing eeptiL, ael d, I O
acid gr Obgtilrl c acid. IS/bst prgf):r aaicayl Y, thgplccg?boxyylsll c

aci direfry oPhtifar 1Y ias Cacet ip¢ kEei drovin whi ¢y Bagebe e
ar ongt i C oCanhoxyd oF a%‘iz'ldg%ﬁ mé’} Heora%h@R%ii'%r%@,a%hich

aromatic acetate of formil a wher ei n .
met P rgepApdS w:tdbrtdwengarbowbqrcefaemde@feﬁ@@wmnﬂ Jofoeing

St eRudlbi0f aLhig, F%‘&%%Qtab%oc%f@ dhesaroppic etbyl or

non- hydroxy compound i s bénzene and the carboxylic
aci drobyfogneha (WY)lqhs CQ@:@E!’S]@O@H d71tihn tivai ehreasel tchecid

aro%‘%t 16 A1 HOXyY e%%' t?élr% dmul a.€h! ) pldShionic
phenyl acetate and th | yl car bonate
acid or butyric a01d Most preferably, the carboxylic

acid of formula (I) is acetic acid, in which case the
aromatic carboxylic acid ester of formula (II) is an
aromatic acetate of formula (II) wherein R' is a methyl
group.

According to a preferred embodiment of step (i) of
the present process, the aromatic non-hydroxy compound is
benzene and the carboxylic acid of formula (I) 1is acetic
acid, in which case the aromatic carboxylic acid ester of
formula (II) is phenyl acetate and the diaryl carbonate
of formula (IV) is diphenyl carbonate.

As the catalyst in step (i), a catalyst containing a
Group VIII metal (e.g. palladium), Group VIb metal (e.qg.
chromium) or Group Va metal (e.g. antimony) as the main

catalyst ingredient, may be used.
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of formula (1V) is diphenyl carbonate. A s the
catalyst in step (i), a catalyst containing a Goup

woRdob/opasal (e.g. palladium, Goup Vib netal PFET/gP2008/060197

chromun) or Group Va netal (e.g. antinony) as the
mai n catal yst ingredient, may be_used.The nmetal in
sai d catal yst may be supporte& on a carrier which is
inactive itself to the reaction in step (i) . Said

carri er tAaymbea BN AlsuAtinaat 0y sexanplhe gappdrdudma,
active carbon or silica. In consideration of the
cat é%aftrlléraﬁ]ﬁjr%?tjys a}ﬁ]&CEég? 1t Hel fasuntieofcaction in

cat alrytd gab | ysacd |dé&r|':[%ﬁfah1a§eb@ arPalihadihby) rbs disdiley
|nthe range of 0.01 to 10 wt.% preferably 0.1 to 5
. GPTPase U%h“%hea%évﬁhf?aé]?o%h%f sUpp6Pt. For exanpl e,

any one raf cbhei paldradinugrcatal c‘/aﬁiaSLyQS_ct adghtit 43 cost,
6,342,620 Bl may be used in step (i) of the present

pr 0¢&Es ATPNBF € Cr?éqailé(&llﬁﬁ%%ét%ﬁ%ﬂs‘{e stadeds - ¢healladium)

pal I %d|uléﬁh1§¥v natald alanger o o catahystil Bgred @ty 1y
i ncl udes adi um net al and pal | adi um conpounds such

as, ¥-ar t@xén’fﬂ €5 dmPshi G ReRatht Brtopal Fabaferrort.

pOtaSS|nghg%ﬁﬁhfpr%B§lbﬁga$§11%9%bﬂqbdlum catalysts as
hexachl or opal | adat e, anmoni um t et rachl or opal | adat e,

pot &$3i9tin f-@t?%c@vﬁﬁr?oﬁﬁlol ddatey Rodisem in step (1) of the

t et rachlaropalladat ‘Whel%t asshimd el %%E%@Q@' ladady, the
pal I'adi um oxi de, pal | adium chl ori de, palladi um

br orfiedé adpan| &l utaticsdide (Opahd Heli WheRiveFat eyredient)

pal 'ﬁ@'lﬂﬁbéUﬁé?ﬁ&uﬂ@'m‘eﬁghU%@%ﬁa@ﬁwﬁ%éﬁﬁb%s such as,
dinitrosulf 1te-palladate, chlorocarbonyl palladi um

d|rnﬁQfo@%amﬁiﬁepﬁmeﬂﬁuwnbeﬁéfmkﬁﬁﬁﬁaﬂéﬁéﬁtsd|B@ﬁaSSlum
ChlQEx%%hlE?éﬁéﬁﬁgaé@%pa%bégbﬂnﬁéﬁgdﬂyﬁ%opalladate, ammonium

ci sdi amm nedi chl oropal | adi um

t r arietdipambneii childsrtopabPads @mm dqecﬂiﬂa@ﬂ‘léoropalladate,

(et %‘d%ﬁd'céﬁé‘%h&% lagqlaag)ce F

tetracyanopal | adate and acety acetonatopal ladium 1In
addittsitgabromgpd dl arkite, catal &t un ngriedi, epel ladium chloride,

coc %ﬁh%aﬁum bromide, palladium iodide, palladium nitrate,
palladium sulfate, palladium acetate, potassium
dinitrosulfite-palladate, chlorocarbonyl palladium,
dinitrodiamminepalladium, tetraamminepalladium chloride,
tetraamminepalladium nitrate, cis-
diamminedichloropalladium, trans-diamminedichloro-
palladium, dichloro(ethylenediamine)palladium, potassium
tetracyanopalladate and acetylacetonatopalladium.

In addition to said main catalyst ingredient, a co-
catalyst may be used in step (i) of the present process.
The co-catalyst used includes, for example, metals such
as gold, silver, copper, iron, manganese, cadmium, zinc,
uranium, tin, thallium, lead, bismuth, antimony and
tellurium, and compounds thereof. The metal compounds

include, for example, oxides, hydroxides, nitrates,
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may be used in step (i) of the present process. The
co-catal yst used includes, for exanple, netals such as

w@oelod/o2451 ver, copper, iron, nanganese, cadm uPGT/EP2908/060197

uranium tin, thallium Iead, bisnuth, antinony and
tellurium and conpounds thereqgf. The netal conpounds
i ncl ude, for exanple, oxides, hydroxides,
nitrates, sul fates, carbonates, halides, oxyhalides,

sul fsudes el gadtt sorcalcRoX b at @ss sushyras iaeet at€stides,
oxal at es, Eihghthenates and stearates, and or%anlc

conpBERadC TREPARDIRIE Sof UERe™ R CHcdISfst OFal AlbtS/

par ti-gukachytéd nded puevided dhatoryaeatabyspounds. The
activity-enhancing effect is obtained. In_respect of

et FHESTEoP © pkepatq g tany Sbf 11 o T AP SHEHE F b hibdl i Led

cat glrysti seht €4 coMaaian ypal hadi Wiy xphineh hgr &f &5ance
is made to US 6,342,620 Bl. The reaction tenperature

in S%FLPPY-is usually in the range of 100 to 300 OC ,

preferabhyrd50-40 o?f5Q1eQ§ods Tf‘@r irQRgPEEP SHF & HeS above-
usually in the range of O. 00 at nospheric

pr egrse@rtéonaﬁe%wﬁlaﬁsow@l% S@ntmtpaé#éfiéwam Pl t

reaGldr@RehRe St €Mddd dosugak! bed, ouf gat, at nospheric
pressure. The oxygen contalnlng gas used in step (i)

as an oXPfi z¢¥e dgecrRayaber puke Shepgén) of S magpally in

cont@ien r ahfhe addi 1d PR o 8obhec Oxygen a1y Reht cgass SUeh the
as nitrogen, heliumor argon. ‘Air may also be used as

t he Te®yGenr coRt a1 Hicng SgasiaThe optifumpagpunt ©fl to 100
?Xy%ec%o\é%b?i% %@%&9 HPQE‘e]‘}Q&J QAGH k@nshenperat ure,

he amount of catal yst and other factors, and 1s not
par tiredkapbyy| i Wi edaprovnded it tlhel@xygéhled out at

cong@h@gggeggé flowing through the reactor is out of
the expl osi ve range. Preferably, the reaction in step

(i) is Eoatprumrmsiopréainied ot Ygeda ifhi xedrbel) as an

rea%&gﬁizEHgtgﬁ&ﬂz%%5dbe pure oxygen or may contain, in
addition to the oxygen, an inert gas such as nitrogen,
helium or argon. Air may also be used as the oxygen
containing gas. The optimum amount of oxygen varies
depending upon the reaction temperature, the amount of
catalyst and other factors, and is not particularly
limited provided that the oxygen containing gas flowing
through the reactor is out of the explosive range.

Preferably, the reaction in step (i) is continuously

carried out in a fixed bed reactor. Further, said
reaction may be carried out in the gaseous phase, which
implies that all the reactants are in the gaseous phase,
including the aromatic non-hydroxy compound and the
carboxylic acid of formula (I). This 1s preferred.
However, the reaction may also be carried out by bubbling
the oxygen containing gas through a liquid mixture of

said aromatic non-hydroxy compound and carboxylic acid.
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reaction may be carried out in the gaseous phase,
which inplies that all the reactants are in the

w@amensphase, including the aromati c non- hy dPGREP2008/060197

conpound and the carboxylic acid of fornmula (1) . This
is preferred. However, the [eﬁgtLon may al so be
carried out by bubbling the oxygen containi ng gas
through a Iiquid mxture of said aromati c non-hydroxy

conmpoundnandsgedb ey laing aehék | spdrespect petaddyerd R step
operatln Earaneters for step (i) of the present
procéés e B?iﬁﬁ?s?%ﬁé¥8ﬁ8§5is i r@éeée%%%3§2@@de to

UBhe , puesent sinvend phckest des/dritibheradvast ageaus
conblnatlon of steps (i) and (ii) and not in each of

steﬁ@V@PFagﬁﬂui|?9m@%$@§&8ﬁ oA S9Nt ('dnéddabble, aYsRE 10
5, 543,cp4b6rdisshHses shep (i) )adfsiddie present process,
wherein a transesterif |cat|on is perforned. In said

step (i PP, "Ehe ArShECEScaPbokyl it Jacild estetoyts step

formulia Gkl )nd romsdepptbreks, codacted Wi th a dialkyl
carbonate of fornula Rg —O%CR 4 (111), wherein R3

and "ReNELETERel SHE Br 18i PREFEtchnd Tareldl RyEP groups the

in téF%m@E§§e@§§b6§y33cC%E@BY§§teQT5%tﬂ%%%ﬂbﬁgéﬂf ) SBldh step
US- A 5,543,546 is incorporated herein by reference.

The édt&ﬁy@?%ta?QﬁﬁnW%§ﬁ fefrbetaf uri@ripressupe, formula
met hodol ogy di scl osed kmsaid BS- 5943, 546 may al so
be practised in step (ii) of the present process. The
pre@@ﬁﬁeﬁﬁ08e§§dl§~ Howeer Sapet oF edtiicced eRérere alkyl

|0 SheR6l i 1n0fnd he pesenbe Piocass,y e dial kyl

carbonate to be used has forrmula (II'l'), wherein R3 and
R4 are The semehiow iff feien¥Sahd &8 &kRyls givupgorated

Preﬁ% QQkyb¥R§ fgytﬂ%% '%hgh§a§%f§§@@ Q@ Qeﬂgﬁe?{g%erature,

formul a are the sane and are al ky
gro@gﬁsﬁﬁréfpm%ﬁ@KhHPQYad¢ﬁcth%imy1S@ﬂduﬁ?-én@whﬁ%ﬁ46

pre%%&aQHXOabe practised in step (ii) of the present
process. The present process 1s, however, not restricted
thereto.

In step (ii) of the present process, the dialkyl
carbonate to be used has formula (III), wherein R® and R*
are the same or different and are alkyl groups.
Preferably, R’ and R in the dialkyl carbonate of formula
(ITT) are the same and are a C;-C;p alkyl group, more
preferably a C;-C4 alkyl group, and most preferably a
methyl, ethyl, n-propyl or isopropyl group, which
corresponds with said dialkyl carbonate most preferably
being a dimethyl carbonate, diethyl carbonate, di(n-
propyl) carbonate or di(isopropyl) carbonate.

Most preferably, the dialkyl carbonate of formula
(ITI) is diethyl carbonate, in which case the alkyl

carboxylic acid ester of formula (V) 1is an ethyl
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met hyl, ethyl, n-propyl or isopropyl group, which
corresponds wth said dial kyl carbonate nost

wee@ber4abl y being a di methyl carbonate, di et hyPCT/EP2008/060197

carbonate, di (npropyl) carbonate or di (isopropyl )
carbonate. Mbst preferably, the dialkyl carbonate of
formula (I11) is diethyl carbonate, in which case the
al kyl carboxylic acid ester of fornula (V) is an

et hyacanhoxyti scacidrest eF obrfwranuha (Mprwherei nsRan
Is an_ethyl group. According to a preferred enbodi nment
of tHEYpr BE8WE- process, the aromatic non- hydroxy

conpoundcksrbenzens.a pherearboxpiciaehd 6f 1 Ment
(1) is acetic acid, and the dial kyl carbonate of

f or AICASER | YNF sSTMEHRYI PEAr BoMats, GORPRHNEN! 2 4% 1RE -

ar orafel €ae8bREXYE iL-iaCid esten Hf Iforl@utaaeéi&)adfd, and
phenyl acetate, the diaryl carbonate of formula (I

i s dFSheATIKERr bIRaNEtcand fRe Rk yIIIdar BaxyH e B d

est 2 @bnbee M @ {M)cH $a8thyhe acetald . EXB8R) S Qafcnd
transesterif ication catalysts which can be used in

st e S(ieF) O6f LR 15t dddnt lér BeeRsl afedathy nehal dksivds

such. 29084t PhYF i €o.86i10: (SY f9§l&ldgafér@§ SUEHoASte, and the
par a-t ol uenesul f onic aC|d sol i cids such as ion

exclidfge FeEPREY kit aFe6) PEBST bak & ithaadVE olf urhhy L
hydroxirdes netal al koxi de such as tetrai sopropoxide
titanate, zirconiun(lV) isopropoxide; Lew s acid such
as al unfrarPEht orfi de aandst #ta urhitcet cachlve | deThiaid can

Conﬁa%u'{h@%dpmdy@éﬁ‘g iligwWLs gl d, JEiAl phenoxi des syphera
as | ead phenoxi de and phenoxytitani uni | ead oxi des;

| ead:salst sushichs alearbonanesd; netldoniceryl de etonatas
COMPY6% _$UENReASs il /HAR ‘al@d“@o?ﬁ?ta)@l%%)ets%ﬁ‘t% Ealles

(acetyl acetonato) copper (I1), Zinc (I
acetepicheagenat el dind zhPuhtatetddacetcbnatesodrganot i n

hydroxide; metal alkoxide such as tetraisopropoxide
titanate, zirconium(IV) isopropoxide; Lewis acid such as
aluminum chloride and titanium tetrachloride, and
compounds producing Lewis acid; metal phenoxides such as
lead phenoxide and phenoxytitanium; lead oxides; lead
salts such as carbonates; metal acetylacetonate complex
such as zirconium(IV) acetylacetonate,

bis (acetylacetonato) copper(IIl), zinc(II)
acetylacetonate and lithium acetylacetonate; organotin
compounds such as dibutyltin oxide; titanium silicate;
and metal-substituted aluminum phosphate.

Preferably, a homogeneous titanium based catalyst,
e.g. Ti(OPh),, is used. When using a homogeneous
catalyst, this is preferably first dissolved in a solvent
and added as a catalyst solution to the reactor. As the
solvent, the diaryl carbonate of formula (1IV), e.g.

diethyl carbonate, may be used.
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conmpounds such as dibutyltin oxide; titaniumsilicate;
and netal -substituted al um num phosphate. Preferably,

W@20v0MmRgseneous titani um based catal yst, e.g. TPCIZRPI0081)60197

is used. Wen using a honpbgeneous catal yst, this is
preferably first dissolved in sol vent and added as a
catal yst solution to the reactor. A s the solvent, the
di aryl carbonate of formula (1V), e.g. diethyl

car bonatv@en mayihe dsetoBeBous| ¢t A yReNMBEEeNEoUSstillation
catalyst and a distillation colunn as _a reactor
(re&XiNE 8P stiT9Hi0n) TeaFheV e dtalty st asoPht i o i e Yst
suppldiedibe @aptipge@hitibe dbsiiddald o eabuiMsdOlation
whi ch the aromatic carboxylic acid ester of formula
(11)CCartiPok Ot el ¢t diNey Predrbonat® BPYiernafad (3119 &fe
sUpEdre@iaofrt P ahdidf enentiistiage.cdribogener gk, fddmdis
desirable to supply the catalyst to higher stages of

t he dildti PFat P o cUmRr 8°g2 tH Uspér Shart - of " sHingral
col umm ;s &hei mmidd Gabahystneansentiat kenni ghst e ages
(ii) of the present process is 0.1 ppm preferably 1
ppmCrafdendt et pkEtercabIcy L 10 pptn 9 hdded UBRSE hiedt bt said
amouynt ef  the aromatic carboxylic acid ester of

formula (11) and the dialkyl carbonate of fornula

(111) adheaiv wat @t It ly TheCrmsdrmtcatalysttep (11) of
CO”Q%%t@%Eb@ﬂtLﬁkdé%§@“i%hotD¢p§ﬁ¢?ﬁﬂéﬁérﬁb%?olVﬁﬁnJf&ﬁa
saturated state in the reaction liquid in the reactor

i s dlset PIefaeight lferpant Pape@far dbley totaei gheunt of the

Per Cety raRd-mpE&, Pl arafl ¥sde Weight, percents) ey tne

nmet hod for supplyi'ng the raw naterials to the reactor
i n stiegkyili paopondie pfesentupr ocksls ias mer materials. The

par ti.cylap! Maééfg%éte%on\%%'&?a@ié@% e il Shi fhatdan st

columm Is used, the aromatic carboxylic acid ester o

f or MilsgolVey im preafrarabey fedte ot hdeuppert heat flisfuid in

itge el vm.and fhedial kyl ,carhonale ok, T oroul alily 19
weight percent, and more preferably 1 weight percent.

The method for supplying the raw materials to the

reactor in step (ii) of the present process is not
particularly limited. Where a reactive distillation
column is used, the aromatic carboxylic acid ester of
formula (II) is preferably fed to the upper half of the
column and the dialkyl carbonate of formula (III) is
preferably fed to the lower half of the column, e.g.
where said ester and carbonate are phenyl acetate and
diethyl carbonate, respectively. In the latter case, the
diaryl carbonate of formula (IV) (e.g. diphenyl
carbonate) may be obtained from the bottom of the
distillation column, and the alkyl carboxylic acid ester
of formula (V) (e.g. ethyl acetate) may be obtained from

the top of the distillation column.
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preferably fed to the I ower half of the colum, e.g.
where said ester and carbonate are phenyl acetate and

waele@vlgd4scar bonat e, respectively. In the | attePCEB®)8/060197

the diaryl carbonate of formula (1V) (e.g. diphenyl
carbonate) may be obtained fr the bottom of the
distillation colum, and the al'kyl carboxylic acid
ester of formula (V) (e.g. ethyl acetate) nay be

obt ai nedThe oreddie dnopefbet Heudh sitd Iskabi oni cadirdheTR@esent
reactiontenggrature in step (ii) of the present
pr od&SSRay™ T <§|1ho§10590t%5 Q)CC BF@?%F%\N% %o to

to 250 6€,, nops epyefenabl y54 56 tam20@ .0€he dh€rating
operating pressure in said step (ii) is a reduced
pr eSEEPENT Rot et A0t €$€8r 161 1Nt eESRGEIPPEE 87 & ry Normal

the pqre@,s,@yé eos Ubad ISRAEr befeddIel f atLI BRek Busd ep
of the gresent process proceeds via formation of

(i
a ms%@élt@ﬁ% #at® of formula R5OC (=0) OR2 (VI1),

wherein RBeiseR3i0h R, sWbhchi ar @ rasndepioech@alovRess
For exanple, in a case where the aromatic car box%/I iC

aci PrESEEFS o714 orthaNcE 1R2OLF =0) R |98 bPgapheply| formula

acetate and the dial kyk*garbgonate@frf ornmul a R3OC (=0)

0?4 I11) is, dimethyl carbonate, R5 and R2 in said
e&&f-BoRatié $%oriml Hh{VPIfarearaes Rethypdapiepve. For

Dhe@gampﬁgsp%té veld «sakd %é(egr&r%ftQQn@5§b5§§4§l@edcqgi
met hyl phenyl car bonate. In a case where a product

st r E@vepr sduteEnie & ep (PN of It hes priesent apebebssand
contajong ; oh xed canhonate ef «fonmu 611%6"(%)0#” addi tiém

to the desired diaryl carbonate of fornula (IV), said
ni x4 rnealBonat €L che Rsepat at edd Thed gEp@caredbaxied of

car hopat.e.mpyr i hen-Lilhal 1 bens egyslad backeLoisIap spid

(ii) of the present process or be reacted with itsel
in origed teorpeodir ahaddiceiivaantedivar yhegstboarlpenate.

In a case where a product stream produced in step
(1ii) of the present process, contains mixed carbonate of
formula (VII), in addition to the desired diaryl
carbonate of formula (IV), said mixed carbonate may be
separated. The separated mixed carbonate may then either
be recycled back to step (ii) of the present process or
be reacted with itself in order to produce additional
diaryl carbonate.

In respect of any other operating parameters for
step (ii1i) of the present process, explicit reference 1is
made to US-A 5,543,546. The present invention resides in
the advantageous combination of steps (i) and (ii) and
not in each of steps (i) and (ii) as such.

Even though the alkyl carboxylic acid ester of
formula (V) (e.g. methyl acetate or ethyl acetate)
produced in step (ii) of the present process, is a

valuable co-product, in some instances, e.g. where the
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In respect of any other operating paranmeters for step
(ii) of the present process, explicit reference is

wore@e/02451JS- A 5, 543, 546. The present inventi onPCEEPIHOF060197

i n the advant ageous conbi nation of steps (i) and (ii)
and not in each of steps (i)_ agnd_(ii) as such. Even

t hough the al kyl carboxylic acid ester of fornmula (V)
(e.g. methyl acetate or ethyl acetate) produced in

st eprclrill) aehatder g esent cptO£ess, rddcadyak vaphe pe
co-product, in sonme instances, e.g. where theworld
den&i@ FoFedary BELYiSs Padticed <t 1 Th&y b8’ pr 1 €T3 Ed "9
to hydmobysecsadd @8iRlimefber efornsoRee06d Ae t® dent
preferred enbodi nent, the process of the present

i nvemiieah 1 Plr t e SCofoFPEé8eS (i ) contacting t he

al kyl carboxyldgacidngstes é)lfkjlorcwhoaxgzi/icfa@m elseRr of
(ii) with water, in the presence of a cata
res&FFWWéalﬁvih@“ﬁéﬁﬁﬁ%ylﬁé att et ofeesr mila ??)p%ﬁﬁf“§ﬁ of

al kanelatafiykor mu 8.1REQH (Wl dne Wiy 1Re h8i &30t d¥hula

whi ch are as defined above. drol ysis of the alkyl
car baXyPre aei d-'exicdr oéf LPeFRuta (V) by contacting it
with water, can be done usisg apraci dic or basic

cat al yst These and ot her conditions for effecting
hydﬁ@%ﬁ@ﬂ@ B Jé%f%r%rr%suWFFﬁ@ 34 @Scarboryti ePUE d

and an alikanol sﬁ&?o%OHHQn£Yk%PQ%H%o ?§1£O£cﬁ%éﬁﬁk% of
US- A 4, 35 ,94 whi ch describes a me

hy drieiygils of) rﬁﬁtﬂﬂnt@§éﬂaﬁe1ttWﬂ¥Tté@éﬁrngcéﬁ Rhikhms s
I ncorperatgd, heg £l er_be)asgf:eng]&fystPr eherablyq &ﬂf‘?er ,

water fromstep (1) is sent to and used in step (1ii)
of swindipieferfed Efissdiingnbydfolfe sproésenteps ocexss.ting

Thi Si %V@QEQS%?i@J yacrl%ts UhbSah Na 0k ear %tf'eo[!o&hﬁoﬂyeﬁm@wlq

with step (111 Further, integration of step (ili)
Wi t IPest épr( f¥ammle dlSsé 4,352,940, which describes a method

for hydrolysis of methyl acetate, the teaching of which
is incorporated herein by reference.

Preferably, the water from step (i) is sent to and
used in step (iii) of said preferred embodiment of the
present process. This advantageously results in
integration of step (i) with step (iii). Further,
integration of step (iii) with step (i) may also
advantageously be achieved. That is to say, preferably,
the carboxylic acid of formula (I) from step (iii) is
sent to and used in step (i). Such integrations
advantageously reduce the costs of making the diaryl
carbonate.

For a case, where in said preferred embodiment of
the process of the present invention, in step (i) the
aromatic non-hydroxy compound is benzene and the
carboxylic acid of formula (I) 1s acetic acid, resulting

in water and phenyl acetate as the aromatic carboxylic
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advant ageously be achi eved. That is to say,
preferably, the carboxylic acid of forrmula (I) from

WQ@L@P/0L445i ) is sent to and used in step (i) . IBUAP2008/060197

i ntegrati ons advant ageously reduce the costs of making
the diaryl carbonate . For a case, where in said
preferred enbodi nent of the process of the present
invention, in step (i) the aromatic non-hydroxy

conm@delss(ebe@ﬂeﬂﬁ:n@n@ tihe) casdox iseeacidi pf HOramaliay1
(1) is acetic acid, resultlng i n_water and pheny

acetErecRat e net arumatite EéFbo&%lC?%héfle%é O]Eﬁte (DMC) ,
formasaiehhy, l@nﬂlp%r@ﬂle@aébbaai@e gl kyl tﬁ@rmle

of formula (I11) is dimeth carbonate (DMC

r es A PREAF R ﬂ?p%@ﬁ@ﬂacéﬁﬁgn% Re ROPE). a5CHA ed?%ﬁ?@ alkyl
car konabeyof ¢ f of Ml teh V) £ apg et hyly a}cehat BedScid® in

al kyl cargoxyllc acid ester of fornu a V% t he

r eadtiCoRSTRR THEPT hiride dEépsad) (1ii)i PndnBRei el mefgtion

t he Jreteneeagt i@nifa theckhteghated, RIREesSaMWN@r £l Ntecycled
acetic acid is recycled are shown below (i) 2 benzene

+ 2 FCefPEVACPH IR - 2 phenyl acetate + 2 H20 (ii) 2

phenyl et ate. 4 INC (¢) 2 1ted hyl; Aetate » DRI 1)

2 met hyl “acet acetic acfd
r eactdegnte2+benzene + 2 + DMC (r) DPC + 2 MeCOH. The

al kanol of formula REOH (V) al so be recycl ed.
More in(partf it ifeefr t%rbf%%}éﬁ £ W&t 84 @fﬁFﬁéﬁoF pPC

of form{ké‘lgvi Imd hySeBketQ gnpl ysed Lp ZaaQ%9983§cI<9r

the preparation of the dia carbonate “of fornul
(IIPQMEQﬁn1sa|d al kanol and an al kyl ene car bonat e

(which is a cyclic c Eonate Sai d_al kyl e E 5
car bonat'€" nﬁ? Be- Pt %y ER&°R rbéﬁafeD%$'€tﬁ§ ehe? MeOH-
car bonatree kokaexanpl €orinila Kase (Whereaypeiihanek is

forned as the al kanol of o ,
recycled. More 1in particular, it is preferred that said
alkanol of formula (VI) is sent to and used in a process
for the preparation of the dialkyl carbonate of formula
(ITI) from said alkanol and an alkylene carbonate (which
is a cyclic carbonate). Said alkylene carbonate may be
propylene carbonate or ethylene carbonate. For example,
in a case where methanol is formed as the alkanol of
formula (VI) in said step (iii) of the preferred
embodiment of the present process, this may be sent to
and used in a process wherein methanol and an alkylene
carbonate are converted into dimethyl carbonate and
monoalkylene glycol (or alkanediol). Such dialkyl
carbonate of formula (III) may then favourably be used in
step (ii) of the present process. With such additional
recycle stream, even more integration is achieved, which
further reduces the costs of making the desired diaryl

carbonate of formula (IV).
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formula (VI) in said step (iii) of the preferred
enbodi nent of the present process, this nay be sent to

w@e@0sadl i n a process wherei n net hanol and anPGi/Kp10e81650197

carbonate are converted into dinmethyl carbonate and
nmonoal kyl ene gl ycol (or alkanediol). Such dialkyl
carbonate of fornmula (I11) may then favourably be used
in step (ii) of the present process. Wth such

addi ti ogalar eyl eStcaeabha ey &b L prabage@t hPn-datting
achi eved, which further reduces the costs of making

t he e siLFE4eTF A A HONGEECOF Formitea FFeAcr & the
al kydierecear bonad e sTey-cbe1prepat et by ceagténg @hide.

al kyl ene oxi de with carbon di oxide. Preferably, the

al kyl ene®o¥%i e 5S Sprapyreher ddardedor et hyt et yxiade. and

Any nreaess &W frafommakk Dge i al k\ongaebanat g1120h1, may
al kyl ene glycol from al kyl ene carbonate and al kanol ,

may e 2RPPIFed. PRI er 2DEN)T PFOTe < KROMAT FBF< TRk ng

al kyli1eRecaar bonad e dd emoal kykenenoxi-deecandqcasboh
di oxi de, may be applied. To sone extent, in the first

st epICXEA8f BRHE Jft 8@t SProcess al so some car bon

di oxi de s fQfdRdir TR, S ABYRDE GaUSed Y (P IR present
oxi dation of the aromatic non-hydroxy conpound and the
ar yIPr@reap RSP romia Ker&Ponat P e tartoxyringdact it edteer e

of farmabkap(!lddmpithe 3PEEEILE SONGY LeBhaBl deson-nydroxy
reactions in a case where benzene is used and phenyl

acet@reonsdf ordredras he IRARA Pr ddant Fharer e ic
fol l.owhg,1benzene ¢k -0 ( £ B 2 ﬁ&ng%Q Q%@j}/ﬂic
+ 5 H20 The

acetate + 8V2 2 (r) acetic acid + 6

car som cair o des producedtiiAne hi s aerp seayhbee separated s
and 3eRt sha itk AdvARIageous! Yoliael 4N AePhOSESS: cauct,
wherein an al kyl'ene carbonate 1s prepared by reacti ng
an adeyltepefokideinii-t h carbon di oxi de, rather

benzene + 9 0, - 6 CO, + 6 H;0

phenyl acetate + 8% 0, — acetic acid + 6 CO; + 5 HyO

The carbon dioxide produced in this way may be
separated and sent to and advantageously used in a
process wherein an alkylene carbonate is prepared by
reacting an alkylene oxide with carbon dioxide, rather
than discharging the carbon dioxide into the environment,
thereby in addition achieving even further integration of
both processes. Thus, preferably, in such process the
carbon dioxide comprises carbon dioxide which is formed
as a by-product in step (i) of the present process.

The dialkyl carbonate of formula (III) to be used in
step (ii) of the present process, may be prepared by
reacting an alkylene carbonate with an alkanol as is
described above. However, any other process for preparing

said dialkyl carbonate may be applied as well.
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envi ronnent, thereby in addition achieving even

wo eooblozrssi nt egrati on of both processes. Thus, PCT/EP2008/060197

preferably, in such process the carbon dioxide
conprises carbon dioxide which.,is fornmed as a
by-product in step (i) of the“present process. The

di al kyl carbonate of formula (I11) to be used in step
(ii) of the present process, may be prepared by
reacting an al kyl ene carbonate with an al kanol as is
descri bed above. However, Sahy®ot H&rS process for
preparing said dial kyl carbonate nay be applied as
well .CLAI MS 1. Process for the preparation of a

di arlyl cBFPetEt €OTWPENPESRPITSER: Ofi } EoRtRktGHGORATS

ar onatiice. ReRp YL DXy conpound wWth a carboxyllc aci d
of formula HOC(=O R 1 (1), wherein Rl is a hydrocar byl

group, ahd) W a4t 16y gBn £ ichinRG ~GAST PHY t¢REPOUNd with

presengepekyai cal@aly sl rbesyliing in water and an
aromatic carboxylic acid ester of formula RROX=0R 1

(11), wherein R2 is an afy¢ (Héup(btiginating fromthe
ar oAl ¢ ; HOR* méd@%y/dg@mmd,g&% (bhd &p&t %t Io&ggghe

aromati c carboxylic acid ester of formula (I1) from
st e QICRIMPE il Ky parbomat e fofd ffofmbyat, resulting

R3OG(=QLOB-4akd 147 ,ar%%rt%ncﬁ?’b&ml%df a@h 8 &E‘@el_sacfﬁe fQerula

different and are alkyl groups, i'n the presence of
catal yst, resulting in B Qi @R chFbonate of fornul a

Efof%g%n%%gogg 6(5} \_Alq QPg ?%@l&%rlg%g%b{& Er 18P St Bhatic

non-hydroxy compound; and

(1ii) contacting the aromatic carboxylic acid ester
of formula (II) from step (i) with a dialkyl carbonate of
formula

R’0C (=0)OR* (III),
wherein R’ and R® are the same or different and are alkyl
groups, 1in the presence of a catalyst, resulting in a
diaryl carbonate of formula

R’OC (=0) OR* (IV)
and an alkyl carboxylic acid ester of formula

R°OC (=0)R' (V),
wherein R’ is R® or R‘.
2. Process according to c¢laim 1, which further
comprises:

(1iii) contacting the alkyl carboxylic acid ester of
formula (V) from step (ii) with water, in the presence of
a catalyst, resulting in the carboxylic acid of formula
(I) and an alkanol of formula

R°OH (VI).
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wherein R5 is R3 or R4. 2 . Process according to claim
1, which further conprises : (i ) contacting the

wa@bkdogl24ar boxylic acid ester of fornula (V) frecT/BPMP8/060197

(ii) with water, in the presence of a catalyst,
resulting in the carboxylic acid_ of formula (1) and an
al kanol of formula R5CH (VI) é’ Process according to
claim2 , wherein the water fromstep (i) is sent to

and usedpifcSd LR ddorb)ng o . cRHQRCESSwaeeordi g t@iter from
claim?2 or 3., wherein the carboxylic acid of fornula
(I) FEEm St ep® (3519 GO 28EntStD HhPiF®ed *ith) step (i)

ProcesscaceAdRAihg €batmiz OF 03 3, Whes & ih tche
aI kanol of formula ( VI) is sent to and used in a

pr OCESEOKBH 1€ R I eParratMBhe of 1} He i &IERYI (&t bormatsent to

of foermukaq(thldcdy gmsaid al kanol and an al kyl ene
carbonate. 6 . Process according to claim5 , wherein

t he %al kyPEREE CRrBoRALe st ProfRierie 06 aP botiat e gr the

et hyl1@nectanbonatg1al (vIPr 96essn@aePekingdst@ ch &l Prdeess
wherein the al kyl ene carbonate is prepared by reactin

an %y FERePHXPHE With éaF Bendti-gRildearbgnat prefe dggmula

accordirhg ik OmCh 2 dNaf ranWhehgh Nad he il knkensroxide i s
prog))rll ene oxi de or ethyl ene oxi de. . Process

accordi ngreertt @aTnCrderIsto wereion tReredr boie dilewilgec

COMIL $8%2 €81 bON, diQxide %@kﬁ@nét% far e, asn@ carvonate.
by- product in step (i) 10. Process according to any

one of tﬁ?éo%ﬁ?%‘be?dii%gdépal e, chViHar &irnwhRee i o iad kylene
non d?a)é%ﬁ%&e@émﬁ%ﬂe% n%@é‘@ul& % ALOMBELGe oxide with

carboxylic acid ester of formula ) is a phenyl
car kgxprircdaekest er of fornul a (II) wherein R2 is a

phEQy| gﬁP&&b§§“¥d&3§d§h8ry$ &ﬁi@pﬁ@t%hggein the alkylene

oxide is propylene oxide or ethylene oxide.

9. Process according to c¢laim 7 or 8, wherein the
carbon dioxide comprises carbon dioxide which is formed
as a by-product in step (i).

10. Process according to any one of the preceding
claims, wherein the aromatic non-hydroxy compound is
benzene, the aromatic carboxylic acid ester of formula
(IT) is a phenyl carboxylic acid ester of formula (II)
wherein R? is a phenyl group and the diaryl carbonate of
formula (IV) is diphenyl carbonate.

11. Process according to any one of the preceding
claims, wherein R' in the carboxylic acid of formula (I)
is a C1-Cip alkyl group, preferably a methyl, ethyl or
propyl group.

12. Process according to claim 11, wherein the
carboxylic acid of formula (I) 1s acetic acid and the

aromatic carboxylic acid ester of formula (II) is an
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formula (1V) is diphenyl carbonate. 11. Process
according to any one of the preceding clains, wherein
i s aP/EEL008/060197
al kyl group, preferably a nmethyl, ethyl or propyl
group. 12. Process according tg cla|n111 wherein the
carboxylic acid of fornmula (1) is acetic acid and the
aromatic carboxylic acid ester of forrmula (I1) is
anaroabic€casedade off frornuba (11) weeehnrRLd $ @ethyl
met hyl group . 13. Process according to claim 12,
wherEi°Pt he aromati ¢ non- hydroxy conpound i s benzene,
t he 1ar.onat b&e SArROOY L Egach d-esthen 20f wherauh aHd laroSitic
phenyl acetate and the diaryl carbonate of fornula
(I\annshﬁ?ﬁﬁéﬁy¢o%ﬁﬂqﬂ9néﬁebeﬁ@QDQW'6€€s§r8866%%h?%fQQ§Yllc

any one ekttheoprecediing (¢hai ns,phgneiapeR3t ansh R4 ren
t he di al kyl carbonate of fornula (III) are the sane

and %Péva ERIRPNT-AIKyIFOgRBLD, (Pflefier &BPYeaY & caggponate.

al kyils.gr pHPcc aNG R iREef erab) ord Rt bk, petdBding
n-propyl or isopropyl group. 15. Process according to

cl aiThatds r WHePEF ! t%eaﬂﬁiaﬁlﬂ'kyln EAP bty lofcaF8PREFa ©Of

(11 lgork1dl @thy) Harhopatenangnd he -alkyl -€ar hoxyl iGoup,
acid ester of formula (V) is an ethyl carboxylic acid

est @ SSETRBEMA £:(V) WHEHeiMORS, | Sham@chpregroapy 165.

Progess yaccerding ﬁ%r%@n%}%swpgﬁn Jhgparomati ¢
non- hydroxy compound i 5 benzene, thé aromatic

car Boxyl PECaRs d &S inp FOread i dA4r) vherphemyfle dialkyl

acetaleonthe Ok afylygar Q?B% e; Of g f e‘%rﬂ{;'i' RakbMatS and the
di phenyl carbonate and the al kyl carboxylic acid ester

of fedrmil éaFWXYJS,lCeﬂWId geeenter .formula (V) is an ethyl

carboxylic acid ester of formula (V) wherein R° is an
ethyl group.

16. Process according to claim 15, wherein the aromatic
non-hydroxy compound is benzene, the aromatic carboxylic
acid ester of formula (II) is phenyl acetate, the diaryl
carbonate of formula (IV) i1s diphenyl carbonate and the
alkyl carboxylic acid ester of formula (V) is ethyl

acetate.



