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PROCESS FOR THE PREPARATI ON OF DI ARYL CARBONATE The
present invention relates to a process for the

w@e@pas@avé on of a diaryl carbonate by transestPCT/EP2008/050604

ication of an aromatic al cohol with a dialkyl
carbonate in the presence of a transesterif ication
catal yst. Such a process is known from US-A 5, 344, 954.
The docunent discloses a process in which the dial kyl
carbon ate is converted in two steps. In a first step

the transpgst®f idod GafEl eRsphrhfeoli & kylarsar baRabRaTe
with the aromatic al cohol takes place to yield al kyl

aryl carbonate and the correspondi ng al kyl al coho

The al kyh?{;q&f%r o Sn0La: eharged, ald er, tahﬁrfabé% §<§Ppche

and the a carbonate is sent to the seco
st eprmlr%ticﬁrsmfo@oﬁuaomét tenoeakes pl &@@nﬁesyﬁeiﬁlcatlon

di a{;{'ﬁ&a&l"%&&% 'i%%poi &?&9V§rc?ldadﬁ<§/tt{%%r%8££9@ and pe

di a carbonat e that is Tecovere of the

r eapt @senae Wi @htthessetendfs¢£mhnsc&&mdu@ted In the

second s en, al so further transe erHﬂs%F%té% %

al kyl ryt car%%ﬁﬁFSS Wit h a%y aroiatic Pareshor “that 1%

stiﬁbc@méﬁﬁﬂulSdlobhe Eeﬁﬁbt@ﬂsrﬂndwnﬂthtaheSdpbaEﬁlt@arbon—

yield djaryl carbonate and al k al cohol . The djal %!ans_
a

car Bbhat® GHY THE ARy FVal Sofit - Hﬁht ar'é SteEbvBr B¢

t hecsecone stepraice passedatioyt headddrstestepnsent hatomatic
the dial kyl carbonate can be reacted again and the

al k§tc@lroldroiescanape HPsEh%%%e%“WlorﬁrtYHeCﬁFP@?a%% eprd the
As dbsebgsathidy USkh15:344n954 hile iSknowncbhal {heqss-

transesterif ication reaction of dialkyl carbonate and
ar offa®¥ ¢ @I&01Fg1 the AArefuFtebrattntheacilkgn. aThe carbonate

rea§5i§%ht to the second step where disproportionation takes
place to yield diaryl carbonate that is recovered at the
bottom and dialkyl carbonate that is recovered at the top
0of the reactor in which the second step is conducted. In
the second step also further transesterification of the
alkyl aryl carbonate with any aromatic alcohol that is
still present in the reaction mixture takes place to
yield diaryl carbonate and alkyl alcohol. The dialkyl
carbonate and the alkyl alcohol that are recovered at the
second step are passed to the first step so that the
dialkyl carbonate can be reacted again and the alkyl al-
cohol can be discharged from the first step.

As disclosed in US-A 5,344,954 it is known that the
transesterification reaction of dialkyl carbonate and
aromatic alcohol is an equilibrium reaction. The reaction
equilibrium limits conversion, even at long residence
times. A shift of the equilibrium can e.g. be accom-

plished by removing reaction product. Therefore the steps
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equilibriumlimts conversion, even at |ong residence
times. A shift of the equilibriumcan e.g. be accom

w@Rkdoglerdoby renovi ng reacti on product. Ther ef OPET/EP08/050604

stepsare conducted as countercurrent transesterif
ication and reactive distillation. US-A 5,344, 954

di scl oses a countercurrent trans esterif ication of

di al kyl carbonates with aronmatic al cohoi, in which

t r afse st EFTUCHEariSoACPRESHT &F KA T CHBeRAL 85 1EaRbRon and

di nethyi ;andysdicetihgk 1gar bonate. The aromatic al co hol
is shown as phenol. The exanpl es show that under com

par abl e ¥edeti ot 4e8adi gippsoihe & ramsdsterirfeneatiom—
of géE@%Iﬁﬁcé%ﬁgﬁa%%t815§§§lt§aﬁ§bﬁ%é@sg%§Ehpg?8ﬁgﬁl? alco-

conversion than the transesteri i cation of
carbohat&) Worch feeaneeter hf Bxamplresh2 dnd1Bysi mltla@nates

r ea?%}l 0}?r L, Gangdl b ‘i”%nh”d&@@h? d_f‘rPo‘?q t%t ugpwer e app) | dadlco—

ansest Ircation carbonhat e an
d| ehdy| i cathomatee, phenspecthl@/eé%amplllmdsershblwetbandumqi@ns:om—
shown tblee phe C% sgonversion s.rt1 %énfs'ec%gtl hi herl
i n YHe" case Of° diom Fﬁyij carbonate THAR SN Fﬁe casleoof
di etthydtioar bmmioelat@hEeExaﬂgalﬁs 0fhidSeA 4#hBb4] 1d6nads0ion

di scl ose a transesterif ication of_ di b t
i SR ot R R bR Bl o tp ey i ERORSLE! For

trapsesiedd,f iircatdapltbes dhad kaflsﬁfarlkmnatea&tabﬁ conditions
di met hyl carbonate and di ethyl carbonate, The Exanpl es
of US-W'9, BB PPEAPEUPUFEheraiti Sidrs séd thel bnAnPesSteritiz

an @bt est of otl%tlhg}\ieebk@@nét% péeri”cﬁ%tthE}@ §l§kbb§§|te, re—
person with tools to arrive at a her conversi on of

t heSBR @HaIT ¢ alleehs tmﬁeﬁO%det‘rlC(r@ > alkg| Paapol conver-

sion was significantly higher in the case of dimethyl
carbonate than in the case of diethyl carbonate,

The Examples of US-A 4,554,110 also disclose a
transesterification of dialkyl carbonates with phenol as
the aromatic alcohol, in which transesterification the
dialkyl carbonates are dimethyl carbonate and diethyl
carbonate. The Examples of US-A 4,554,110 are further
discussed below.

It is an object of the invention to provide the
skilled person with tools to arrive at a higher conver-—
sion of the aromatic alcohol when a di(Cy,-Cy)alkyl car-
bonate is used as compared to when dimethyl carbonate is
used.

It has now surprisingly been found that the conver-
sion of di(C;-C4)alkyl carbonates can be increased more
than the conversion of dimethyl carbonate if the catalyst
concentration and/or the residence time are chosen such
that the product of said catalyst concentration and said

residence time (said product being denoted as P,;) is at
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bonate is used as conpared to when di net hyl carbonate
is used . It has now surprisingly been found that the

w@ 890186 on of di (C 2-C4)al kyl carbonat es caPChEP2008/050604

i ncreased nore than the conversion of dinethyl

carbonate if the catalyst concentration and/or the
residence tine are chosen such that the product of

sai d catal yst concentration and said residence tine

( sat @ pF obluctt BEISn§8eRBPRECas PG Vol a8Featsation and

ti”F@si&@th*%%M%tf%E %ﬁéa£¥§ﬁsééHé%¥Eﬂé%%H%H 8R0the aro-
residence tinme for the transesterif ication of the aro

mat Pet&f colfsthan h t8i ARPAYIY Eardiorated <t 6onBeRpY Lagyyl car-
cary,ponat e and, srethanol S (sai dd.alt e predugt; hei i joted as

denoted as Pn) at a certain pre-set approach to t
equbdb)i lerti amcéorapereentsedf aagpriokichr Eanyhé oe e hlel draturer(or

tr %Féér?{ R ie%i%itlii%@iES?CEéP”%Fé“dida!ttée nal .adyant Ages. .
of e present 1n ventroh are discussed bel ow,
I nct uoh ngeddiel dExarples ioAstordivanglagest lvé phespnésent in-

! T‘Vx‘?é‘]{léfé‘n pz{r"e"'d‘%%scu%ts%oﬁﬁaf,f Ofrféfh%i%if%%reakké’rﬂpfés a
di aryl “car bonate by "trans esterit i cati"on of “an

aromat i cc@a@ahiolgiwi t hha gratkyl carcrhdpat eronitde a proc-
presence of a transesterif jcation catalyst durjing a
Der£o0 oI ti'He F-EPAT 2 LA h  HIF or P ROP8Ey PR rans-
sel est e franiwns whstiht dt edaphenylcoand mBAa-a dialyd car-
trisubstituted phenyl groups, in which the al kyl

noi BPY2 TS eIt e4FFBATC2T tD & 3157 E&F 1andbranchd?lyst

al kythr gE@UPSediRIMicChihbereat,al yst concentration is
designated [c a], expressed as gram catal yst per gram
of aPorattle HlcoHoll drdedyalRyfetrtfshdtrem unsubstituted

phenyl and mono-, di- and trisubstituted phenyl groups,
in which the alkyl moiety is selected from C, to C, lin-
ear and branched alkyl groups,

in which the catalyst concentration is designated [c.],
expressed as gram catalyst per gram of aromatic alcohol
and dialkyl carbonate,

in which the period of time [t,] and catalyst concentra-
tion [c,] are determined to arrive at a pre-set approach
to the equilibrium for the transesterification of the
aromatic alcchol with dimethyl carbonate to methyl aryl
carbonate and methanol,

in which the product [c.]*t, 1s at least 1.5* [Cpl *tn ,
under otherwise the same reaction conditions.

It was found that the product [c¢,]*tn, (herein re-
ferred to as Py) influences the conversion of dimethyl
carbonate, as demonstrated in the Examples below. If Py
is multiplied by a certain factor (>1) the conversion in-
creases. Also the conversion of di(C,-Cy)alkyl carbonates

is influenced by the product [c.]*ts (herein referred to
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in which the period of tinme [t n] and catal yst
concentra tion [cn] are determned to arrive at a

w@e@ssetioappr oach to the equilibriumfor the PCI/EP2008/050604

transesterif ication of the aromatic al cohol with

di met hyl carbonate to net hyl agyl car bonat e and

met hanol, in which the product [c a]*ta is at |east

1. 5* [cn]*tn1 under otherwi se the sane reaction
condfti-dns a5 PLSRaSeFuH AHest lPhéhﬁrE?ﬂﬁ‘&@lT%rﬁ&Jt% sur -

(hepei s K1 f erifcedako ra8nEMnd Nl eNGES s fliep CORKEL 8k 0Bame
of di net hyl ‘carbonate, as denmonstrated in the Exanples

bel ¥&lue farpinﬁaswﬁalwbtﬁ@@@@yba c&et apnef betlorr (G1) , the
they 88}‘%@%{ ek t'h% CLEdEES oMl SO Hhe [ %Ve&zfjlaQquf dipon-

(C 2 carbonates is influence he product
[ca¥t$a4%rnyqurtﬂ@ﬁéﬁﬂ@d@t@@%ﬂﬂammw&sS@E§@flcally at rela-

de anpl es below. Sur prisingly, it
e R

when and Pm had the sane val ue and
Pa was rﬁh6|qﬁwaﬂﬁlby bhevsaee flactskril(=l) pethen W1th tools

I nc gasejkgsgﬁe C%ng rs'??n@éréﬁ%1%ﬁf%%e aro%aL ?ohol
carbonate 1S proportiona more speC| |ca y
at wedma 4 icselos- hhgﬂjﬁdv&buBSnaﬁhel$nwﬁﬂiJGnuﬂr@%IdéSy

the skil]ed person th tools to arrive at a
conTETET G HT 36 Sar BhmPT So51 Bohol: VireA A 8 MEe ped US-A

) al kys4cagppnatigges tysedat THhS ddhwlsy cBUbRr h8bgcic alco-
since_the prlor art g g above- nenti oned US-A
5, 342l 95%)5 ‘Giyd Haf Ot fle "oy el A 161 K41 of@E panate is

al ces 8ol 1 sl gnisf u@aethyll@mow such di al kyl
carbonate is used instead of dinethyl carbonate . In

accor dante aGI% dEeReei Hveht Flod, 1pentsioar Peakt at 5Pt
Furtherp aecQrdbRg $o-dhe dhventingn, nsahdiBM isiia p, is

determined to arrive at a pre-set approach to the equi-
librium for the transesterification of the aromatic alco-
hol with dimethyl carbonate to methyl aryl carbonate and
methanol.

The reaction between an aromatic alcohol and a dial-
kyl carbonate takes place in two steps. The first step is
the transesterification of the aromatic alcohol with
dialkyl carbonate to alkyl aryl carbonate and alkanol.
This reaction is followed by the disproportionation of
the alkyl aryl carbonate to diaryl carbonate and alkanol.
The first reaction (transesterification) has the most un-
favourable equilibrium.

With said term "pre-set approach to the equilibrium”
it is meant the percent of equilibrium for the trans-
esterification reaction in question, that is to say the
extent (in %) to which equilibrium should be reached for
said reaction. In other words, said pre-set approach to

the equilibrium meets the following formula:



10

15

20

25

30

determned to arrive at a pre-set approach to the equi
[ibriumfor the transesterif ication of the aromatic

Wa@k@s/opmabe wi t h di met hyl carbonate to net hyl arBCT/EP2008/050604

carbonate and net hanol . The reaction between an
aromatic al cohol and a dial kyl carbonate takes place
in two steps. The first step is the transesterif
ication of the aromatic al cohol with dial kyl carbonate
t o BPRSFardd CarBoRatemand) af kehdles) "HHis reaction is

fol l owededy il sBiosRr 9part F phatd QN iQfn ,t hecakbky! qarydny1
carbonate to diaryl carbonate and al kanol. The first

rea€®flomr{te difsestedr i fajealilon) Hus foHd omsy gatinition:
faVQUJ_ﬁaE' fmeecqwﬂ i hum, W E B spid Wt’?ﬂa'h%ﬁﬁ*?e? ( [di-
appr oac o the equilibriun 1t is neant the percent

of eguiyl branhangelt he [eransiest exlidohicddt den reaction

i n questi.o s .t e t. (in.% o)
whi o eqtr Tl Br it RsuPatBY B et 8 el e tapea-
| n Sbhherigirmdss, sakedmpre-getdappy gach floomeheand conse-

equilibrium.neet.s.the _follow ng for a:percent of .. _.
Qe i Gy 2Pk Res YO B0 FEl the By SAgeifPE
r eacbh orgninherieinn idi rekhydqgear lanate iFsousede saitl Korium
has the following definition: K = net hyl aryl

Car BONSEETE [THet RARON T CPMTot o oty ™ s Hohar G» be de-
[ ar pemtigedl cohol] ). Said K and the conversion of
reactants are related. The higher K, the nore

pr oduct s'are® fR3Ed TARE EDRSEEHER P it RECRPGREr 21 FeOL/

conyes si®ibndieq Wi nt Remeay 1 i bLivinaenstant whi ehihsidh
at equilibrium Fromthe equilibriumconstant the
max¥ Apt €0hv ST GRVeR LPBAEE atR S It Bésdéeen determined

and disclosed in various publications. For example,
US 5,426,207 discloses production of diaryl carbonate ex-—
emplified by the production of diphenyl carbonate by the
reaction of phenol with dimethyl carbonate. For the
transesterification reaction of phenol with dimethyl car-
bonate to methyl phenyl carbonate and methanol this
specification discloses as a typical value of the equi-
librium constant a result of 2.6*10°. For the dispropor-
tionation reaction a typical value of 2.35*10 ' is dis-
closed. The journal article in Ind. Eng. Chem. Res.,
2004, 43, 1897-1914 by W B Kim et al., discloses that the
equilibrium constant for this transesterification reac-—
tion is 3*10 % at 453K. It will be appreciated that the
equilibrium constant may be dependent on the reaction
conditions, including temperature and non-ideal concen-—
trations.

Thus, 1n accordance with the present invention, P,
for the conversion of the di(Cy,-Cy)alkyl carbonate is de-

termined by a pre-set approach to the equilibrium (or



10

15

20

25

30

termned. It is known that the reaction of aromatic
al cohol, e.g. phenol, wth dinethyl carbonate is an

Wequwslddné um reacti on. The equilibrium const aneCTIEB2008/050604

been determ ned and di sclosed in various publications.
For exanple, US 5,426,207 disc)loses production of
di aryl carbonate ex enplified by the production of
di phenyl carbonate b){ t he reaction of phenol wth
di net Py} ele dF PO ON) FEPT t hige t FesEsttéritf irehat ponet the

reagth R of phenel with digethyl gankenatecbonsetiylary
phenyl carbonate and nethanol this specification
di sefoRertss ad yeicéahoval ue of the equi |ibrium

ConStantF§Ergﬁéﬂﬂfeggng'@59&Eé%or159{ ﬁé%ebeen f?und that

di sproportionation reaction a typical value o
2. 35040 r¢s11diss agleosbtaimhe yioum ridle arei-cké paPFe@ch to

Eng, , CNEHY, Fe5.1,,,2004. 43, L 1807 J014 Y W B KL ol al. o
., discloses that the equilibriumconstant For this
t r angest exlidolicdawiioh déaethybncarso@tal@ 4oatedb@K. afyl car-—

W | or?gteapaprc?%e%ﬂﬁ%%otlh%g Lhe P&%Habrt‘o“'l‘oﬁ%”%gé‘% Yo
be dependent” on the Feact?on conditi ofs, IRl U I'hg
t enpey athere @yk.nor-dodealr candentsat i@nscanbass fron 70 to

accordance wth the present inventjion, Pa for the
ContBl I G DI rhe Yai e ot eyl i1 "l HnaPe FEs dehan
termoed iy fegeseblappo cash 4 tthenequioki bahdnmost
(orpre-set conversion) for the transesterif ication of

t hePs? omet 1l al%diol-ewPt iPaR methyl ddrbdrat et HetHsA™
arybi1carhonate and nethanol . For the present

invention it has been found that good results are

obt ai ned 'WHelf e presseel approadhh® derhe deGarT B urf®
for the-d4ansgster bfinkeali 0P 0ot #i8n phenol that so0s

of equilibrium is reached at a P, of 1.05., Therefore, in
a case where the approach to the equilibrium for the
transesterification of phenol with dimethyl carbonate to
methyl phenyl carbonate and methanol is pre-set at 90%,
then according to the invention P, for the reaction of
di(C,-Cy)alkyl carbonate with phenol is at least 1.58
(=1.5*1.05).

It has further been found that the conversion of
aromatic alcohol can be optimised when the reaction,
wherein di(C,-Cy)alkyl carbonate is the dialkyl carbon-
ate, gets closer to its equilibrium. Preferably, the fac-
tor by which P, is multiplied is chosen such that said
reaction is run at at least 50% of equilibrium, more
preferably at at least 55% of equilibrium, more prefera-
bly at at least 60% of equilibrium, more preferably at at
least 70% of equilibrium, more preferably at at least 80%
of equilibrium, more preferably at at least 90% of equi-

librium, and most preferably at at least 95% of equilib-
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mati c al cohol with dinethyl carbonate to nethyl aryl
car bonate and net hanol ranges from 70 to 100% t hat

w0 20080986y when (K/ Keq)*100 for said reaction PEREHRR08/050604

from70 to 100% Preferably, said range is from70 to
less than 100% nore preferably 80 to |ess than 100%
and nost preferably 90 to |l ess than 100% This w |

now be exemplified. In the Exanples below, it has

beehl '@t ethihétd floPorhBY r @28t bt 614 AYNBERYF ear Bonatedc-

W t b phenolg that, 190% - 8bngasli |1 01 igmmds reached at a
P1, of 1.05. Théerefore, in a case where the approach
to the ebuitthoEx@mPler PRECYr ariseéstsedefn €gtponiptd for

phegﬁ’é A A o 'r{T%tfh}ﬁ'iel‘Eﬁ&POQQE@or'i&éWi%' pﬂgﬁg%lthat 50% of

carbonate and net hanol is pre-set at 90% the
accewdi higptiont He irmeeheflondt Ra Hooft heoreatt? orfwfthdir, it

(C 2: y te_w [ I 1.

( PPk o cpaanel ot A0 BRSPSl B8Rt e o
conviee steactoforarcdetiine t Al t ottt baat herigpt phesed whenot
the_reaction, wherein. di, (C 2-C4)al kyl _carbonate is.

t he®dia k%/ﬁluéﬂarlﬁoﬁeg }el,edgé%sac “béjgr %t' bﬁl‘?@here cre, in 4

equthsbdrutone Rmef epabbycht bie flae dori IlprwhinchoPnthe trans-
rrultigli,e 1S ,chosLej;n ﬁuch t hat soglid reaction is run at

at Feast 5% 0 eqdi PREFP Uy Hore I dfer &BF{°aE -t -

| eagét bpofergquidairbbhute abd endrefrenablsy pat-att | gasios,
60% of equilibrium nore preferably at at | east 70% of
equi '? br3UMRT ST &pFEf Br abil y-Cattcat™ibaBt 1 8hoh Hfabout 1.8
equicLi by jums)mane cpueterablyr e ait |50astbrI0Ym et i 8an for

librium and nost preferably at at |east 95% of
eqUIBF b5 AITie SHRZS: CACRE L ABYP byb astip ifthe 1By hirb aparipnate
thetée@@hyl phenyl carbonate and methanol.

Good results have been achieved when the factor by
which P, is multiplied varied between 1.5 and 500 so that
the product [c.]*t, 1is 1.5 to 500 times [cn]*tn, under
otherwise the same reaction conditions. Preferably, the
factor was selected from the range from 2 to 75.

The product P, can be selected within wide ranges.
The skilled person will be able to select a suitable
catalyst concentration and a suitable residence time to
arrive at a feasible and practical conversion of the re-
actants. Suitable values for P, (=[c.]*t,) include values
from 0.1 to 100, preferably from 0.5 to 50, ¢, being ex-
pressed in g/g and t. in seconds. For example, P, may be
greater than 1.7, or may be at least 1.8 or at least 1.9
or at least 2.0 or at least 3.0 or at least 4.0, espe-
cially where the di(Cy;-Cs)alkyl carbonate is diethyl car-
bonate. Further, P, may be greater than 8.5, or may be at

least 8.6 or at least 8.7 or at least 8.8 or at least 9.0
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tion of diethyl carbonate with phenol. In the Exanples
below, it has been determ ned for the reacti on of

waele@slgdiocar bonate with phenol that 50% of equPCT/BP10081050604

is reached at a Pa of about 1.9. Further, it has been
determ ned, as already nenti ongd above, that for the
reaction of di met hyl carbonate wi th phenol 90% of
equilibriumis reached at a Pmof 1.05. Therefore,

a ca5et wWHetd 't HE -AppPEaeA bLY HEwEuitieb ALl P atlﬁél

trapsessesdd 1iCcatiiian QBp?i‘ecE‘é’ﬁchMt% di mrethyl carbonate
to nethyl phenyl car ona e and nethanol is pre-set at

90% t heTfactrormay cwhilehn P 1% 1% dse-asulteiopl Pegupstituted
abOH &o? ér:hé%bl Oél 'Broﬁgfrsﬁﬁ%éyf E%% gkeﬁg%bofhe sub-

eqwllbrlumfor the transesterif 1cation of phenol
wi t At dietiyd cartbenahenyd veigty preanyde @&ﬁ@@ha@eﬁa@m a

et Q%‘é"rar\% %hfr ore 'a%?oh@’cl‘?u ?gg&ﬂ%ﬁb %e@u\é@ﬁﬂtﬁil‘l‘?%s in-

factor 'S nmu vari e tween
andc5@@e sﬁa —Chat 1khe qroogsct Cﬁecﬁpikaxysgﬂo@pi,o &B00 hal-

tine under 9 eW|s t e s reaction
conﬁg?% orﬁ}lanﬁr efera E{g}ﬁe a r vvag%‘é%éipfec{lede?
t hegr ange. fjrrmns&btscnﬂﬁenﬂ'hecm OﬁthIre%&nﬂtabnbErlgeﬂa@@itad)n

wi thin wide ran es The s erson wll

t Jo £ d f‘ {Qina
sel 8t sui't%bl “€§tals%‘fa}8 Bt T at G aﬁaeao ¢Smpcunds
sui tabl 4 esi, dencert prertoory réve rat oa peashbl epaagbl, o-,
practical conversion of the reactants. Suitable val ues
f or™Pa”X H AP FREude " val uey RGOyt Bhepol: 23

prefesablys f3,amQue th915Pne ks being &xpfessedat b & a1-
and ta in seconds. For exanpl e, Pa may be greater than

1. 76001 ey Weudksthéasedirgerrlat | east 1.9

The dialkyl carbonate that is used as starting ma-
terial for the current process is a dialkyl carbonate in
which the alkyl moieties have been selected from linear
or branched C;-Cs alkyl moieties. Preferred are ethyl,
propyl, isopropyl, and n-butyl moieties. Most preferably
diethyl carbonate or diisopropyl carbonate is used as
starting material. Preferably, when the dialkyl carbonate
is diethyl carbonate the reaction is conducted such that
the product [c.,]*t, i1s at least 3*[c,]*t,. On the other
hand, it has been found that when the reaction is con-
ducted with diisopropyl carbonate, the product [c.]*t, is
preferably at least 20*[cp] *tg.

As mentioned above, the Examples of US-A 4,554,110
also disclose a transesterification of dialkyl carbonates
with phenol as the aromatic alcohol, in which trans-
esterification the dialkyl carbonates are dimethyl and
diethyl carbonate. Examples 4, 5, 6, 9 and 10 of US-A
4,554,110 is the only set of Examples wherein the sole

variables were the following three: (1) type of carbon-



or at least 2.0 or at least 3.0 or at least 4.0,
especially where the di (C 2-C4)al kyl carbonate is

walr@shgilocar bonate. Further, Pa may be great ePCT/ER2908/050604

8.5, or may be at least 8.6 or at |least 8.7 or at

| east 8.8 or at |least 9.0or at_ least 10.0, especially
where the di (C 2-C4)al kyl car%onate is diisopropyl
carbonate . The aromatic al cohol |s sel ected from
uns@b3t i t4ht S PHRENGE 6RTADNAD- 21 - (Tor reAcTdapstitat ethe
phenghie The,SURSt ilugnt m%ﬂ&em@%mél Rt ¥rCake Debre-
sel ected froma w de range of organic groups. Suitable
substatient S99 dhyeeoPuTAte Kyemsup®ecaricaigion are
al kQ%@!legf S’He@%qng@tbgesthe EB@EP' %%a%%@egnt QM' relation
et hyl’, oxy and et hoxy groups. Theé substituents can
be p@e@;%m orb Hdny 1gosketeon o Himnnliasg.4,Hence, 2 and 10 of
SUIB@QAG4§#9§H]%U%%Q phenol conpounds include o-, m

or creso or p- et hyl phenol, o-, m or

p- chlorophenol o-, m or p-nethoxy phenol, 2,3-, 2,4-
and 3,4-dinethy| phenol . Preferably the aromatic a

cohol is unsubstituted phenol. The dial kyl carbonate
that is used as starting ma terial for the current
process is a dialkyl carbonate in which the al kyl

noi eti es have been selected fromlinear or branched
C2-C4 al kyl noieties. Preferred are ethyl, propyl,

i sopropyl, and n-butyl noieties. Mdst preferably

di et hyl carbonate or diisopropyl carbonate is used as
starting material. Preferably, when the dial kyl
carbonate is diethyl carbonate the reaction is
conducted such that the product [c a]*ta is at | east
3*[cm]*tm. On the other hand, it has been found that
when the reaction is conducted



wi th diisopropyl carbonate, the product [c a]*ta is

preferably at least 20*[cm]*tm . As nentioned above,
wo b@saxanpl es of US-A 4,554,110 al so di scl ose BCT/EP2008/050604

transesterif ication of diabkyl carbonates w th pheno

as the aromatic al cohol, in which transesterif ication

t he di al kyl carbonates are dlnethyl and di et hyl

car bgnate—Exanptes 47,5 7 67, P and 10 of US-A
4,554,110 is the only| set aof Exapple @pereln the sol e
varigbl es were the|following three: £1)otype of
carborat®, (2) amount| of| catallyst a f%) reaction
\
[

tine. cSee Table 1 bel pw, bebONNMM|Ch4table al so sone
of tHe abbre viations| usjed |t hfoughout the present
specification are expl aijned. IHereinabtet, the term
"Exanﬂles inrelation tjo US-A 45541310 refers to
Exanplesy4 , 5 6| Band |10|of | US-A f), 554, 110
only.Tabffe 1 DAC =|di K kit |dafbohat €% DEC = di et hyl
carbdnate; DMC = dinmef hyll darbonat e;..ERC = ethyl phe
nyl garbonate; MPC|= pethyll phenyl c@rhipnates” DPC =
di pheryl Scat bonat e]  ELOH & |ef hanpl ; ®eQH = nmét hanol ;
PhOH = plendl 2 The|repctii pn timel doeg ot inel ude the
peric@ (of kour) |+or— addi|frg |the DAL, I theUExaanes
of US-A 4,554,110, [0.P5 |noljle o¢f AC<an&§2 nofies of
phenc@ are used. -l n other words, |thereds a &bl ar
excess of 135 noles of phenol | as per Lgnnle“of DAC 2
mol egbf Sphgnd] ar e ngedéd (o |Tonvery DAC intio DPC. A

ex

|

s thegphgndt is En|exgessy |Lheltheoretixal maxi num

yi el d—ef—DBPC+s0- rohe—rassu ng th no BAC i's
renoved. However, for|those E>anplesumhere t He DAC was
DMC (é&. 9-5510), said| assunption|is motd corréct, as
furt & di sBussed bel pw |(r dmoval | of MG via an
azeot|lopg wEth MEOH). |* The |eagt| on sequence,js as
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Transesterification: 2 PhOH + 2 DAC (r) 2 [EPC or MPC|
+ 2 al cohol Disproportionation: 2 [EPC or MPC] (r) DPC

WG 2@8@aed reaction: 2 PhOH + DAC (r) DPC + 2 BC/BPZINS/050604

Table 1 in US-A 4,554,110 nentions the yield of the
i nternedi ate EPC or MPC and ”13 yield of the DPC (see
al so Table 1 above) . Both said yields have been deter
mned froma m xture which no | onger contai ned the

al co hol I EtheoH Fearoe o) ohsUe i s 'ddfri Auéasikyle of DAC

rempygd; fromd he ;p%@ﬁbﬂoﬁrén X$aH e By At Lbabikonchere is
(during the reac tion), and whi ch neit her cont al ned

t hea repred i 9 stve 96| 1a§ mhkey eafe tihsm ot xBgr Befs mole of
strjpped ynder o‘@atp%néﬁplﬁé ﬁ?éd%oﬁ%u%mfewr phP€into pRC.

reacti on) The total vyiel I nternmedi ate EPC or
MPGhanchd he1dDRE iis ahs@m@ﬁm orred UhﬁOTablléal apoveum yield

1008} el e W20 tltget Qu’%r? ’ o %ﬁkc%gekgnéx%d

I's means tha e m Xt
yi elldgewer e fdﬂte;mmsaeﬂxaﬂnlsbesoﬂmnesecdleoﬂ)hérwas DMC (Ex. 9-

co ents, . such as.the.catal yst |ch h b
r e%@gﬂ)s%lndd a&r?.%ﬁ% PHi &a 47des Op]?rg%\cdl}dt S. %}%rFﬁ glscussed
of béeowatsergiwan oifNDMS- Ai 4, &d4s Akl rfople mhehEmacmpj ESIhe

it is not pos sible to co e the conversion of DEC
wi t hSEhet %grﬁ?&ue§|08n18f f)llc%a%]sovffhese conver si ons

cannot Db deferaned Lroght he gdaim givedc EUrd heoe or
Table 1 in US-A 4,554,110 nentions the yield of the

DPG“ﬂb@}serd 2brﬂh:CkPélOtlheor etical maxi mumyield (see al so

(e, S L L A

the | at Ll Weld ihas beenogal cal@atgdpgerrestdyoonor

Table 1 in US-A 4,554,110 mentions the yield of the

intermediate EPC or MPC and the yield of the DPC (see
also Table 1 above). Both said yields have been deter-
mined from a mixture which no longer contained the alco-
hol (EtOH or MeOH) as this was continuously removed from
the reaction mixture by distillation (during the reac-
tion), and which neither contained the remaining phenol
as the reaction mixture was stripped under water aspira-
tor vacuum (after the reaction). The total yield of the
intermediate EPC or MPC and the DPC is also mentioned in
Table 1 above. Not for any one of the Examples, the total
yield is 100%. This means that the mixture from which the
yields were determined also comprised other components,
such as the catalyst (which had not been removed) and
unidentified side-products. On the basis of the data
given in US-A 4,554,110 for the Examples, it is not pos-
sible to compare the conversion of DEC with the conver-
sion of DMC as these conversions cannot be determined

from the data given.
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However, it can be ascertained that there is an
i nconsis tency between the "Yield of DPC' and the

WO Yiogtebiad DPC, of theoretical". If it is assuPerEPIv88/050604

for all of the Ex anples (either DMC or DEC), the
theoretical maximumyield of DBC is the same, nanely
0.25 nol e (see al so above), thén the "Yield of DPC, of
theoretical" for Exanple 6 should have been hi gher

t han t hoS& T ExXakpFes 9 a0 &<t rtlfé m‘?’P*éIlﬂ“%fthe

DPC i £ 05 Exanpl @6 waschi gherne Theig fakan sakdmunyi @l &a
of C, of theoretical" cannot be used for conparison

pur pBses? 9 Tiapd € aserevie) co1®ﬁﬁ§vbf0fréﬂﬂﬁeliméb%@e@ata
the P&&Q;H?HE§R_QE§5&051§X QQQv Q%@lk?é Eg vé&ﬂfy

of cat al yst amount "and react| on time |s nment i oned.

i s wottleor riett ltadg teonpaeedt ves mmaaécpmaceén@omly-
for es d r f oLl owi D
ealonar R D i e e R Sl et ceare Oa) M pete
of Dﬁ&&y Gfe ttvtreor e;ﬁllecahfietancmthEkié regld edieupdne bécatiserc,

of_the. above-tenti oged,  neonsi steney,, (3 The,yighd of o,
a produ diff er ent “From THe conversi on of a

st aatybp s maetlerheal pusedrt DEORKecidhath qoired igat makﬂd@edgield
P DEC for Exanple 6 is 3.8 (=92/24 tlrres hi her t ha
POVE {05 Exonrie SE0S LBAESbY 014 4Pl | Bopop PReaDoE)
aboveeretid oned 1veasonsc, t@fstw&ﬁfetrl@alt"alfaraE@ample 6

novel ty of the present invention accarding to whi ch Pa
i s ALCTEASIAVE SEPIM IOk t Het? o9 dtead™sfrthe 2 and 10,

"Yighdid BRG10frt BEO" for Example 6 was higher. There-
fore, said "vield of DPC, of theoretical™ cannot be used
for comparison purposes.

In the last two columns of Table 1 above, the prod-
uct (Pppe for Ex. 4-6 and Ppwe for Ex. 9-10) of catalyst
amount and reaction time is mentioned. It is not correct
to compare the products Ppge and Ppye for Examples 6 and
10, inter alia for the following reasons:

(1) The vyields are not identical.

(2) "Yield of DPC, of theoretical" cannot be relied
upon because of the above-mentioned inconsistency.

(3) The yield of a product is different from the
conversion of a starting material used to make that prod-
uct.

Indeed, Prgc for Example 6 is 3.8 (=92/24) times
higher than Ppuc for Example 10. However, inter alia for
the above-mentioned reasons, this does not take away nov-
elty of the present invention according to which P, is at
least 1.5*%Pg,.

Further, i1f instead of the "Yield of DPC, of theo-

retical"™ the "Total yield" (8th column of Table 1 above)
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retical” the "Total yield" (8th colum of Table 1
above)is used, other conparison results are obtained.

W@2008/090I06 t al yi el d* not only conprises DPC (fPCEEP2008/050604

product) but also EPC or MPC (internediate).

Therefore, said "Total yield" . i,s nore in line with,

but still not the same as, conversion of DAC. The

"Total yield" of Exanple 5 (16.6 nole% is closest to

t hels Toted yAed C@WPERéﬁ%Pe%e%P%Hﬁi%H§ ChiefteegheSaid "To-
yields didfor Ry %hgoro me§ Dpk6 G iand %@o&u@@i e

respectively). PDEC | s al nost the sane
as PEOMC RSt Bx dipl élm@ermﬁé@%@, 1tThe§e§O4e( =981 @8jTotal

tines. | overs than PQWlBQer&(ﬁ"%& 9st11'f°%o¥:“'cﬁe@£§é’“as,

al one, sai d Exanpl es can neither be destroying f
novepryefiatheipPésenthp nlentdbry sdedr @lfn@XﬁmpiWﬁl @h Pa. 6

IS gk éﬁjaoafs @%ﬁ g]tsg§h§§§ h 5o BN0tNeN e g% Ex%ylég% and

Exanp cannot “be use
conpar { sorranititie tyhelﬁﬁvemff$nrb§ofonﬂye OprBésemte 16.0 and

app C n., In sadExa estio
:L%)SZcfné;lys‘t 'em”> eCtIl Y, Lrl ng- t e rEéiaa ?I o% the® LR
I i benat ethalcolrel- Was &aaip nelous) wH@m@msedtbys 3.4

dlstl [on (at enperature of 180 0C.) S

cl e&r %%iéa? sKi elsegoﬁSFsB{%a?h%timt & NG R %xaﬂ?ﬁe s

9- 10§ o5 MBa 1h e Z @@tiHOpRambl &is DME (8ditthe@z @t HOPEroying for
having a boiling point of 63 0C) , whereas the EfOH

in W‘é%lptﬂéso% BCdBesSRBE %%Y%W%WF%@%/F%W@E@ Pa is
ThegefpgLsc in F=xanpl es 4-6, the DAC remains within the

reacti on system wher eas in Exanpi es 9-10 at | east part
of the DACHS Sempréacr Fuedher Wias Gl Exapstedi €l o3d

i n WS5dy 4 5p4hHO T hat uEQ& E?MC é&nﬁg}\i%%nl i ExapRl esnyven-
9-10 was separated fromthe MeCOH and
tion of the present application. In said Examples, there

is no question of a closed system. Namely, during the re-
action the liberated alcohol was continuously removed by
distillation (at a temperature of 180 °C). It is clear to
a skilled person that the MeOH in Examples 9-10 forms an
azeotrope with DMC (said azeotrope having a boiling point
of 63 °C), whereas the EtOH in Examples 4-6 does not form
an azeotrope with DEC. Therefore, in Examples 4-6, the
DAC remains within the reaction system whereas in Exam-—
ples 9-10 at least part of the DAC is removed. Further,
as it is not disclosed in US-A 4,554,110 that the DMC re-
moved in Examples 9-10 was separated from the MeOH and
then recycled back to the reaction, it seems that in Ex-
amples 9-10 less DAC was available for conversion than in
Examples 4-6. However, there is no way to determine on
the basis of the information given in US-A 4,554,110, how
much DMC was removed and how much remained available in-

side the reaction system. The foregoing renders compari-
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then recycled back to the reaction, it seens that in
Ex anples 9-10 | ess DAC was avail able for conversion

W0 bas/oda1oeExanpl es 4-6. However, there is no WaBCT/BP2008/050604

determ ne on the basis of the information given in
US- A 4,554,110, how nuch DMC wgs renoved and how nuch
renalned available in side the reaction system The

f or egoi g renders conparison of Exanples 4-6 with

Exafpl €3t Frynisel és§. ViR derei i on,” tiRe UpehBval bt addi-

DAC: myght thaveReen B%Sﬁﬁ@smiéﬁ%fﬁgv4|N%eha§55§5n§fﬁié“for
the end of the reaction in Exanpl es 9- 10, as renoval

of Bhe bfck e pFedast shef crthecsedndeaction in Examples 9-
(di §§’r 0&@%%@1‘ Q) oheagti of. Namk| o OME UEQcond (dis-

resu In a |g er conversi on per tirme unit . e. nDre
qummtwra)tlom nreentiomi oramealysmmq,e@opéﬁsoﬁsult in a

Canﬂ?%hgfré r%qgh e@ @1§§4u&%9 &h%Tt%%Qgiﬁg?,t¥E§s

measur e of prese invention, inplyingt
product . [ ca] * ta is at least 1.5* [cnj tm. Therefore,

sai d neasure i not dISC|OSfP n US-A 4, 554 1% not
il us.1 .sk e per n can etive from
explicitly ARG héirther 9 ICl ect|on ot

t heusrmansesiernilfo icoat itenhﬁactai nydéSSdr’@aatofaltEet prbecuuseih-
in the fresent pr.oce not

tl
L1 aNSes T (L NdS P BaE oF JtP Rl o (G bit: Mengt Least

cat al yst sc.are, Knowre dscA 523441854u6eSid ireRsS daskoBged in
Ilst |nclud|n%_those catalysts that are _known from a
PPet yi ot dorlildr AP BBRUMBHES! 84 CRBrEeEat BPYSESELY -

I ncl ude fd deS.cMYdnoxkdese @t Loho)ales  camidescanghysts
hydri des of alkali and al kaline earth netals. Salts of

al KBPREE il & aRdl FRet BArRIF BttalPE OcREPUdE BPKaF it~

”EtéélCa&ﬁpﬁﬁkﬁk%%teE§E99Q@$§§ andikiscarhangt essea Theany
netal is prefera
catalysts are known. US-A 5,344,954 describes a long

list, including those catalysts that are known from a va-
riety of prior art documents. Suitable catalysts include
oxides, hydroxides, alcoholates, amides and hydrides of
alkali and alkaline earth metals. Salts of alkali metals
or alkaline earth metals include alkali metal carboxy-
lates, carbonates and bicarbonates. The metal is prefera-
bly selected from sodium, potassium, magnesium and cal-
cium, sodium and potassium being specifically preferred.
Preferred catalysts are alkali metal hydroxides, such as
sodium or potassium hydroxide, and alcoholates, such as
sodium or potassium methanolate or ethanolate.

Further catalysts can be Lewis acid metal compounds,
such as AlX;, TiX;, TiX,, VXs, ZnX,, FeX; and SnX,, X being
selected from the group consisting of hydrogen, acetoxy,
alkoxy or arylalkoxy groups. The most preferred catalyst
of this group is tetra alkoxy titanium with the alkoxy

group containing from 1 to 6 carbon atoms. Examples are
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bly selected fromsodium potassium mnagnesi um and cal
ci um sodi um and potassium being specifically

w@e@Besried. Preferred catal ysts are al kali nmetBCT/EP2008/050604

hydr oxi des, such as sodi um or potassi um hydroxi de, and
al cohol ates, such as sodi um or, _pot assi um net hanol at e

or ethanol ate. Further catal yst's can be Lews acid

nmetal conpounds, such as Al X 3, Ti X3, Ti X 4, VX5, .
Zn Y21t ted agRkAC =B ei - FE B e Po e gt biptum

congi st &f, IMALEYER, c8ELLOXYpo:aldOX¥nar taf yhahkoxy
groups. The nost preferred catalyst of this group is

t et FataRoxaxider-adiampwk ohi dhed sl o xyprgPup 1 eent abhi ng
froﬂl&n&ﬁb§Jﬁﬁﬁgﬁﬂ §59g§r ;ﬁﬁ%@kﬁ? eo%%%tggbuﬂ}eferred.

tetranmet hoxi de, titani um di net hoxi i tani um
di et hoxi&eqthtdan avicenrtetabptypoxiidelvgied teedntanpounds

tet gﬁy;o | | koxi can .j.pe or

br a%c edl%n%feqaﬁ-g:aﬁﬁggf g%%g?(%d%%r’o%ﬁ/g?gﬁgagre erred.
Anophespit ype aofoupat. aEystislénclurldseddeadecanpoandslead car—
congéiaségg carbonat e, carboxyl ate, hydroxi de and

phospan ne groups. Exanples are | ead acetate and | ead
car bonat@nhirGanbingabironse ofibdhe @hese cifypaesadists are

catal ysts are al so possible, as sho [ S- A
oS Bherstara Ty bh St DB Soda Frrteen cata-
5, 74ys 69 % rdetierqgeraous catal ystsy,aoe.al so feasible.

Sui tabl e catal ysts include those disclosed in US-A

5, 344, 957 LSAECIFOREd CBL P HBS DF S 191660 TaAAPILE ant Uy P Le

andch 4 apdmidicaxiades hosM a05c BHRUNLS, Of-Gatabysiommy viz.
be used. In general the concentrations of catalysts (c
a) %ﬁ§e@apy_eﬁb@ﬁoﬁeéicon and titanium and titanium diox-

ides.

Minor amounts of catalyst may be used. In general
the concentrations of catalysts (c¢,) may vary from 0.001
to 2 %wt, based on the total weight of the reactants,
i.e. dialkyl carbonate and aromatic alcohol. Preferred
concentrations include 0.005 to 1 %wt, more preferred
concentrations being from 0.01 to 0.5 Swt.

Although the conversion of dialkyl carbonate to di-
aryl carbonate requires two molecules of aromatic alcohol
per molecule dialkyl carbonate it is not necessarily ad-
vantageous to employ stoichiometric amounts of aromatic
alcohol and dialkyl carbonate. Since the reaction is sub-
ject to equilibrium not all reactants will react to com-
pletion. Hence, in practice recycle of unconverted reac-
tants 1is desirable. A surprising advantage of the present
invention is that the number of recycles can be reduced
considerably, as 1s demonstrated in the Examples below.

If an excess of aromatic alcohol is being used, un-

converted aromatic alcohol is to be recycled. In case of
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to 2 %w, based on the total weight of the reactants,
i.e. dial kyl carbonate and aromatic al cohol. Preferred

w@msein@at i ons i nclude 0.005 to 1 %w, nore pPEF/EP200$1050604

concentrations being from0.01 to 0.5 % . Although
t he conversion of dial kyl car q%nate to diaryl
carbonate requires two nol ecul’'es of aromatic al cohol

per nol ecul e dial kyl carbonate it is not necessarily
advant @yt HIETERpBL 6y 28061 e P o Bt et 14nBdAPEOLF & Sig-

ar opBt | ol cahel jandodi gh kyly carhonatee $nsgithg1y recy-
reaction is sub ject to equﬁ]lbrlum not all reactants

wi | Ple@acthars feam plraei bRl aHerrelC i9f gragerée reegltl to
of &!P&P}Wfréaef%orn%%% tan és'ﬁr@'@ééa[kﬁ@ & oft §U§p['§é nﬂo 1.

advant age of the present Invention I's that the nunb
of PeeyelEs garviseer eéude@llley)hﬁmmt)@, lasCDsducted more

de@@%i%?ﬁq gﬁhteihge anpl &5 %e&&’a‘“élc' %%hé%?e&%e%olar

aronma 'ng used, un convert aromatic
al coholo it taIOb@triecycbedollm &anss@_qufla carbonate ranges

subst oi chi,omet unt tic al cohol
ni fycant” %b élctfrrgﬁn %mgleaF(I%y% carbonate 7§ Sii t%%lagomatlc
recylcediesl iTherselior ehet heladl st ratdfo a@bmatﬁ)mihl@ohol to

alc to dial kyl carbonate r referably from

S g A e L SIS W FER W
ls condtwleﬂakmy ee@asuby thadni t hen g ecyel eceh asosmings in
al cohol, the nol io of aromatic al cohol to

di aVRyt %eff‘*o"‘c!r?ét‘1 aPQnHés prefetddldy fP6mreagticr ot gmmera-

Whepu 8 @x£ess ofr iaboaBbE£d 8hg NPl tHes dusedy 1t herpohade
ratio of aromatic al cohol to dial kyl carbonate ranges

pr eF 8RR fHoHhYZ, 5210pBale: Arodifacabllé FEAERGN Lhe reac-

condi $} onsndiave peepagescribed din 445A 55344¢ 954 @nd ap1y
US-A 5,747,609. The reaction tenpera
from 120 to 280 °C. The reaction pressure is not critical

either and can be selected within wide ranges. It is fea-
sible to conduct the reaction at sub-atmospheric, atmos-
pheric and super-atmospheric pressure. The reaction pres-—
sure is generally from 0.01 to 100 bar (1 kPa to 10 MPa),
preferably from 1 to 50 bar.

The reaction time ranges suitably from 2 minutes
(120 s) to 50 hours (180*10° s), preferably from 5 min-
utes to 25 hours (0.3 to 90%10° s), more preferably from
10 minutes to 12.5 hours (0.6 to 45*10° s).

The process of the present invention can suitably be
carried out in a batch mode. This will enable the skilled
artisan to determine the desired concentration of cata-
lyst and the desired reaction time. The drawback of a
batch-wise reaction is evidently the necessity to fill
and empty the reaction vessel used. It 1s therefore ad-
vantageous to conduct the present process as a continuous

process. In such a mode the desired quantities of aro-
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ture may be varied depending on the dial kyl carbonate
used and di aryl carbonate produced. In general, the

WO e@sdums t enperat ure may range from 50 to 350PQOIZEP2008/050604

preferably from 120 to 280 OC . The reaction pressure

is not critical either and can_be selected within wde
ranges. It is fea sible to conduct the reaction at

sub- at nospheric, atnos pheric and super-at nospheric
pre@%%%%.ahQR?QAeééﬁi@ﬁag¥é%s%ﬁ%?QQ?iééﬁé@aPP?tFPB%Q%ﬂKHﬁed
to 100, barsi(LkRa leill MWad, mreferahly trhemplotossic-
bar. The reaction tinme ranges suitably fron12 m nut es
(_12901?,d3)n<1 d B0-Heodngep8or 105 I &)dugsreef erably fiemns b the
m nfi'JI: §L%p2§)eq%%r %L_n( ngeEPfﬁcogéi%ns p@o’ce "'€nd the second
preferably from 10 mnutes to 12.5 hours (0.6 to 45*10

3 sytefMheeprocess sokophet peesemn innoesisisonAcahas been de-
Sui . cafd e ' . C “ LS.l
cnabret Vi ki1 6 ATEI6A’ 15 durorming Che asey ge te
congematatd gl whogdataakystwand thwe ddedkyédcrehotaion to al-

ti .. The drawback . of a_batch-w se.reaction
ovi GbheTsrh e noress phar et iy | ARt Ee nhe Ry Al geher

vessel remsedkd Iftrons thhereforeiagd nanttageouws xt areonshuciably,
t he gresen2§$rocess as a conti nuous process.,gp such a
modE™t e AesiT ed GRAALFEPEstore aroiati’e Sréohotaahty? mede-
di atkylwgardwonatre yabatrcenth nuausdeyy Hed allBbopachi dséclosed
reacti on zone. Preferably, the process ac cording to

t hel T nvert ivr 4% 2e6nducted in two steps, the first

step beimganRsteribl ykeatbon Pt oarss ahd ihheusesohehss is
step being a disproportionati on process. As has been

de SRFPERIPIUS USLACEE3A4S9520R¢R e léSeri {15 i ated

Sterhﬂﬁa%ﬁQﬂﬁki%faE§9Q9§sfe@§EStﬂMéIﬁnﬁerggéégylnto the

carbonate to al
first reaction zone per the combined amounts of dialkyl
carbonate and aromatic alcohol fed into the first reac-
tion zone in the same time unit. The period of time (t,)
in which the dialkyl carbonate is reacted in the presence
of a transesterification catalyst 1s proportional to the
weight hourly space velocity. The catalyst is commonly
passed on with the remainder of the reaction mixture, in-
cluding unreacted dialkyl carbonate, alkyl aryl carbon-
ate, and aromatic alcohol to a second reaction zone in
which the disproportionation of alkyl aryl carbonate to
diaryl carbonate and dialkyl carbonate takes place. In
the second reaction zone also the further transesterifi-
cation of alkyl aryl carbonate with the aromatic alcohol
to the diaryl carbonate may take place. The resulting re-
action mixture thereof generally includes dialkyl carbon-
ate, diaryl carbonate, aromatic alcohol and alkyl alco-
hol. This mixture i1s usually separated into a top frac-

tion containing the dialkyl carbonate and alkyl alcohol.
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kyl aryl carbonate and al kyl al cohol . The al kyl
al cohol is renoved fromthe resulting reaction

WOroos19mE06 Sui t abl y, the process is conducted iPCHEP2008/050604

reactive distillation node. The way to carry out such

a mode has al so been disclosed n US-A 5,344, 954 .

When the catal yst used in such continuous process is
honbgeneous the catal yst concentration ca is

cal €Ut Av¥d-As THE taRBUARNBF 2 tht YR F6F tPRedbpPetic al-

pasgshi M the [iibst 1T 88Chh 0N 20NG P&t Reaconbhiethy ve
amounts of dial kyl carbonate and aromatic al cohol fe

i nt eUpPRAYGStY FeR0SPien zonki W athe cpametePhesufpe. such
The QQﬁi§Ehf¥aéﬂd%§ 85_9% %PaygnéﬂbtJY%yi'%hEXEOl from the
carbonate i s reacted in the presence of a transesterif

i catliohkcatcanesmate pndpohe i onalattic ttheoheilghtonotrd ydi-

[ ty. Th ' I .
%P?%]%(J‘éeé%oryatg %egﬁtéﬁgéé%'%sﬁ m)%tawygésﬁﬁgto{]s dis-

e remal nder o e reactio , I'n c¢luding
unr elaet @zl diglkylhecarbonadt ecaat kyl zamyl icasbohalte, sepa-
and aro i C q}co%pl to second reaction zone in

m Thé Dborfom I[ractl

whi EA°T e:%?sproportlona I Oh d?jalkyl aryl carbonate
to di ar ytheardenatrecand s at&kyducarcdbdmatect akeseptaces a
In the second reactign zone al so the fuyrth

{1 aHSCRT ST T T Eat TOR (8P ol YT GT9A odr BOnAESHR LR { HEoPi~

arompte® @l coholritett headt asy! z&ay bamat eafByytakethere-
pl ace. The resulting reaction m xture thereof
gene?afi y-§ MQtudes rai-aFRy Y - clardsh Bitdlucdi 4pg passed to the

car berat®, r H AR G oakconeb: i B Watah¢athebnalhé Sin the
m xture is usually separated into a top frac tion

conf &F fit iePate Ol &OKRG ¥aF boheles did Cal R§P 2 OHOILYTRE -

bot tom f1actd o %%Q?&%&'Mh§0£$6&§@$n¥Q%t%&?géﬁiﬁné%her way

cohol "and the giary carbonate. The two fractions may

be ¢of influencing P is to vary the weight hourly space ve-
locity of the reactants. A second catalyst may be present
in the second reaction zone.

In the disproporticonation zone any of the above-
mentioned transesterification catalysts may be present.
For convenience sake the same homogeneous catalyst is
suitably used. In case of a heterogeneous catalyst the
use of the same or another heterogeneous catalyst can be
contemplated. On the other hand, also the use of one of
the homogeneous catalysts is feasible.

The diaryl carbonate produced in the process of the
present invention is suitably used in the preparation of
polycarbonates by the polymerisation with a dihydroxy
aromatic compound, preferably with Bisphenol A.

The invention is further illustrated by means of the

following experiments.
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subsequent|ly subjected to further separation steps,
such as distillation, to separate the al kyl al coho

w0 e@aiodies di al kyl carbonate and the aromati c aPCDREP1008/050604

fromthe di aryl carbonate, respectively. Any catal yst
that is dis charged fromthe sgcond reaction zone is
suitably sepa rated fromthe bottom fraction. Wen the
process is conducted in the presence of a

het E£8Yekedus catal yst, the catalyst is generally

| moDi Lh§%gxkﬁ‘%%esﬁbﬁsﬁhéeﬁﬁ&éﬂﬁb%?%n%f the gatadystin-
there fore, is not entrained with the product and
pas¥edt 1@ tthergdesnatr eacth orronaentssvéad €heducted us-

Cat@% Sﬁhéﬁmﬁkﬂﬁa&%m&%?cf£f§+h6fﬁgﬁj%%mﬁ%@?zed in Table 2.

Variations 1n ca can be easily acconplished by varying

t helanunt rofs .cdtal yshe. diabthercaydprafei mhbudhoéplgy P car—
i's y j Qu spac | aci f e _
e T R R e

secohadn r eactlixgn zose. 3HA dhé o spr oporkiconatilpn Zomelial-

it t e, abgvenent h‘ié‘fﬁyy%‘&eo%a% f g3t Lon diisopropyl
catal ysts may be present.” For conveni ence’'sake the

samea hodmgesre ous pcat, alygspe ¢ il t,abin ciised. ihnacasedaice
a heterqﬂgneous catal yst the use of the sanme or

anot he? et erogéhedils” cat al yst can be contenpl ated. On

t he ot hern handaial1sest bectserefctaite @futiheabenogesesus
catalysts is feasible. The diaryl carbonate produced

n EhelpYbcesLBRHhé Pr ESERE (P rventd o ite 4t 4bF §75~

usedst 8r{ hec preparatiansef pelycarhonales bynkhent tem-
pol ynmeri sation with a di hydroxy aronmati c compound,
prepgygbmgevwﬁ|{&§ §§heﬁ@? molar ratio of dialkyl carbonate

to phenol was 1:3. The amount of catalyst (in mg/g reac-
tants) and the residence time (in s) are shown in Table
2. The product of said catalyst amount and residence time
(in g.s/g reactants) 1s also shown in Table 2.

In the experiments of these Examples, a closed reac-
tion system was used. There was question of a (batch) re-
action wherein all of the starting materials and (inter-
mediate) products remained in the reaction system. In
said experiments, a 250 ml batch autoclave was used. No
reflux with cooling was used. During the experiments, the
autoclave was about half full of ligquid. Before heating
up to the reaction temperature of 180 °C, the gas cap was
flushed with nitrogen (about 1 bara). Phenol and the
catalyst were then added. The autoclave, containing phe-
nol and catalyst, was sealed and heated up to said tem-
perature. The dialkyl carbonate (DAC) was put in another
vessel and also heated to said temperature. At t = 0, in-
jection of the DAC into the autoclave under its own va-

pour pressure was started. Small (1 ml) samples of the



The invention is further illustrated by neans of the

follow ng experinments . EXAMPLES In order to show the
wa@eawaneEges of the present in vention a nunberPOFERD& 650604

experinments were conducted us ing phenol as aromatic

al cohol, as summuarized in Table 2 . In Exp. nos . 1-2,

the di al kyl carbonate was di nethyl car bonate (DM,

which is not in accordance with the inven tion. In

Expreapsion- B @hd 9e16, rPESpeet PYet3At3He YdPar Ryflysed.

Car@@ﬁ@tfs“@§;Q%ﬁtQ%£ crRbRapat & (DEQ1 andndii saPHeRYte,

carbonates (D PC) , respectively, which is'in

accetdanel ihdnalhd FirRenendndid il steaioness geee| deter—

rea&ﬁg%d(ayg ao\ﬁe)saeﬁeam%ungg alkyl garhonate and gerer-

tetra (n-buty titanium (transesterif ication

cat aiygst) wwr® Hribeddgat a constant tem perature of 180

oC . at | iLal nate to pheno

mas(iggfy#ﬁgﬁgﬁguﬁ%%ggkgg%zlg%%kfﬁﬁﬁﬁd?g react ant s)

and (tBeéatlegl denderisitee *(PhOB]1) . are shown in Table 2

The product of i docatal yst, amount, and I estdence.t iTe,

(in g.s/g teac antsf i s af soSHown i1 Table 2 R the

expenhbwents oibitchese whxanphese sh@b0se®t peacktnonof equi-

SyoLemES Uped, Thee s guest Lo ol 2 (oateilpe,. o

(I ntercaeth at )s pradueks remai ned in the reaction
system In said experinents, a 250 nml batch autocl ave
wasPEEBENT Nof resf i Wi ER d6b1 Tnfitas) U5 During the
experinents, the autoclave was about half full of
liquid. Before heating up to the reaction tenperature
of 180 0OC, the gas cap was
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flushed with nitrogen (about 1 bara)

catal yst were then added. The autocl ave,
w@hb@snoiloand cat al yst,

t enper at ure

Phenol

and th
cont ai ni ng

e

was seal ed and heat ed upCT/BPX&$/e50604

The di al kyl

carbonate (DAC) was put

in

anot her vessel and al so heat e%_lto said tenperature. At

t =0, injection of the DACinto the autoclave under
its own va pour pressure was started. Small (1 m)
sam _e thereaction |iquid were renoved
perTodl Gl IR anal ySEdre INAT [I'S 10 Sayp L g AMDENTS ¢
of |al Kyl| phenyl carbonate, alkanol, phenol (PhOH) and .
di dl Ryl |catbomat e Wepe pefencei netld- Baped©n lsigirgum | (*10 )
amgunt s, the quotient E( et,erm ned, |said K,being
(Lalkyl [phers  car band é*ﬁ@aﬁaﬂkano|1 )/ ([di'alkyl
car|bonatie] OMRhOH| )0.6 The Wiallues f ar. OK as 90 1.86
ex pert=rentaly—deternnead—are showa—Ha—'F' ; Heh
al so §hdws tMrge per :de'ng; of %&@i i br Fufwhii ch g 2.05
achi eged i mreach| case apd whsch|isireslated tosK as 1.1
folllows . percent of eqgiilibrium (9% = (IK/Keg
) *100.4Tabl @ Conpdrilsons ethween £héYexiperi meats wilt h<-3
the same PJer a given fdi ajgkyl c¢ar goRagt e showgphat tjhes o
conversilons or K's (and| percents of equillibrium which
are rél atedfheriet 8) cdre Verdp siim RaP> wit hi n2€he 1.0
experiZment gy £ opS 5 Conmparg T or—exappte Expyno 35
W t|h I%xp. no. 6 | Pn the present Exanpl es, Keq for tlhe
transést/eridEd cati on6repctizom off DEC8and phendb was 3.9
experrentally—d *e“gf‘; red—to0—be4-3*103,—about—2
ti nes “hi ghB?’P han ;Lhz Keq ?%g t he tlrgﬁsesteri ' i catilor " 9°
reaction obibMC and. pheholia® 2.11 2 0.12
11 DiPC 1.76 2400 4,22 6 0.34
12 DiPC 1.76 18500 32.56 90 5.5
13 DiPC 2.48 420 1.04 0.05
14 DiPC 2.48 840 2.08 2 0.14
15 DiPC 2.48 1680 4.17 6 0.37
16 DiPC 2.48 14000 34.72 90 5.5

Comparisons between the experiments with the same P

for a given dialkyl carbonate show that the conversions

or K's
thereto) are very similar,
rors. Compare for example Exp.

In the present Examples,

no.

3 with Exp.

no.

(and percents of equilibrium which are related

within the experimental er-

6.

Keq for the transesterifi-

cation reaction of DEC and phenol was experimentally de-

termined to be 4.3*104, about 2 times higher than the K.

for the transesterification reaction of DMC and phenocl as

determined under the same circumstances.

1.

Table 3 and in Fig.

phenol is also shown in Table 3.

This is shown in

Koy for the reaction of DiPC and
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deterni ned under the sane circunstances. This is shown
in Table 3 and in Fig. 1 . Keq for the reaction of

w@emegogmas phenol is al so shown in Table 3 . Fi geCI/EP2008/050604

conprises a graph wherein P (in g.s/g), being the

product of catal yst concentration and residence tineg,

is plotted agai nst K as experinentally determ ned, for
the reactions of DMC and DEC wi th phenol. The two

pl ots th%%i&-gfﬁﬁﬁlﬁé?ean%ﬁ%p%éﬁﬁﬁﬁﬁé fi Hdp graey), being
appeRach-d@u@qud idriums c Then&eg: val ugs Ll 2e¢31d0nde time,
and 4.3*10 3 for the transesterif ication reactions of
pheﬁélp%@??ﬁimﬁ9%£ﬂ§tD§C§Sr@%E%@%WQR%%Alyaﬁ§t§ﬁ@ﬁﬁe§s for
horhﬂ@”i@écéﬂﬂ§§cﬁﬂ 'gngrﬁﬁ@'wﬂn?gﬁﬁﬁﬁhho%ﬁg'Qwo plots
between K and P, as determned in the foregoi ng way,

i s ahseashowmnn wralsl @age. aFabhen® ferstt icodsrt hAppsaaeh to
rel atj j d rmn in .t a y 0 -3
rea%%#gg§%#gféFzﬁg%giﬁﬁgﬁggé ng?éﬂgl¢ﬁeggépéi%ﬂ§%tsfor
showht hat antrerteas. filve tdoubkeagt oénP ain pdase Lofvi DMOOMC  and
onl aused an .increase in,conversion, a vi.denced by_.

K, UBF " abouts 2005 Urie SAGuBITRG BF tHe “EATE 1P TR dass Said
of BE&or hdPCdlesulchetipnbdOP8e0rk notce H, neksedseedhined in

t he Levgl to equilibriium This is al so pi%ted %g

Fi gtP% TOTCIHES d4dti dris 20F © DMECHhd- DEG Wt H - phéfRof. 3 mer-
That ib8st©hsaysmamien aPachkaip DEQ and M (hot hBVElme way)
have thesanme val ue and Pa and Pmare then nultiplied

by £RE E&Frer $H S CE1P I PEh T e edde in the

conversion (i.e. K) of DECis proportionally greater,

nore specifically at rela tively high P val ues.
Furﬁﬁéﬁi_ihe experinments show that, as evidenced by a

E@ Eﬁ%l“k@ilu@ai)f)oﬁate TH SpegLtical iy ar rerattvery
g
(DAC)
DMC Keg = 2.1%107°
K = Keq(l_e(0.25—2.lp))
P = (0.25+1n[Key] -1n[Keq-K1) /2.1
DEC Koy = 4.3%10°
K = Keq(l_e(o.25fo.5p))
P = (0.25+1n[Keq] -1n[Keg—-K1)/0.5
DiPC Koy = 5.9%10°°
K = Keq(l_e(0.25—0.08p))
P = (0.25+1n[Key] -1n[Key—-K]1)/0.08

The experiments show that whereas the doubling of P
in case of DMC only caused an increase in conversion, as
evidenced by K, of about 10%, the doubling of the same P
in case of DEC or DiPC resulted in 100% or more increase
of the level to equilibrium. This 1s also depicted in
Fig. 1 for the reactions of DMC and DEC with phenol. That

is to say, when P, (for DEC) and P, (for DMC) have the
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P val ues, a higher overall conversion is attainable in
case of DEC and D PC than in case of DMC. This advanta

wWQewssmEhd ect of the present invention is cl eaPCHEP2008/050604

visualised in Fig. 1 . Referring to the graph in said

Fig. 1, at for exanple 9096053the equi l i brium that

istosay at K= 1.9*10 3 (for 'DMC reaction) and K =
3.9*10 3 (for DEC re action), Pa for the DEC reaction
(abééWGSV%QU?sthé%e@“%r%a?%ﬁ thanR PierPtife pvcthe same

reaghlbepr (gbout the?)incr&aner ahl ¥ne adH@heioR i(8.e. x) of

consi dered to be di sadvant ageous, be cause nore
cat BEyst s apeonr Hisnger vr espdepte o s inéededy @ rela-

the.otber hand,- howeyer, the present inventors found
t hat at %hlgﬂﬂlgher P for the DEC reaction, the

conver silorr{tiere, tme)exsesyhstﬂnshﬂw'¢h@¢eaﬁ@revh®©nced by
could,, g&\ll%’bgél f” th%oPé’Cs 8&%'@4& 3} tth?eﬁéﬁvé’%y%igh

| ower (esent perlnent Were carri e
OutPaSabu©aIGhTHQHEKIONemhéle®@n¢¢Eﬁm£HOEi@mtﬁﬁxable in

was nOt oteclyéceda.n%v %h%hggﬁét 0L 5 ﬁ@f{)tDrﬂfl%r 1s a vanta-—

t her8°Was" on one pass hus 't ransl ates
|ntgeauhlghﬁnncaﬁyemslpmeEBEt p@@aﬁjkhaﬁsUSﬂ@grE&Kblsual—
Thi s |nd|cates that, because nore is Iﬁgverted in one

pas$3°fesd Hehcti oRetikfaPe has o FeiedyclPédddtivngt: 2t

contbAuSkSnPr oL i0@n chkesgui BCyr Ll NG mofc tikecbeasyi on k =
m Xt ure translates into hlgher production of desired

pr odult L per (EPReliniteasidrey shal Fer produtt i brPumiC re-

at tbheisae pevel ohephoducddian £f @eoskredzproduciqeca
per time unit. In such case, the processcan be greatly

si nprefted e dodos EBR B@CC%%CF@@%bI%bOI%\Aéré - CSRNA -

| N5§ly, a higher P is considered to be disadvantageous, be-
cause more catalyst and/or longer residence time are n-
eeded. On the other hand, however, the present inventors
found that at this higher P for the DEC reaction, the
conversion (i.e. K) is substantially greater than could
be obtained in the DMC reaction at the same or a lower P
value.

The present experiments were carried out as a batch
reaction wherein the reaction mixture was not recyled
over the reactor. In other words, there was only "one
pass”. Using DEC thus translates into a higher conversion
"per pass” than using DMC. This indicates that, because
more is converted in one pass, less reaction mixture has
to be recycled during continuous production. Less recy-—
cling of the reaction mixture translates into higher pro-
duction of desired product per time unit and/or smaller
production unit at the same level of production of de-

sired product per time unit. In such case, the process



1 . Process for the preparation of a diaryl carbonate

by transesterif ication of an aromatic al cohol with a
walr@Bkgilo€ar bonate in the presence of a transeBRCEEP{008/050604

ication cata lyst during a period of time [t a], in

which the aryl noiety is selected fromunsubstituted

phenyl and nono-, di- and trisubstituted phenyl

groups, in which the alkyl noiety is selected fromC2

to € edrednd Bramrchédedl Ryt ¢RouH<SAT wewWRPERLEREALLY

cat a,ystegoncentration is designated [ca] , expressed

as gram catal yst per gram of aromatic al cohol and

di al kyl carbonate, in which the period of tinme [t m

and catal yst concentra tion [cm are determned to

arrive at a pre-set approach to the equilibriumfor

the transesterif ication of the aromatic al cohol wth

di met hyl carbonate to nmethyl aryl carbonate and

met hanol, in which the product [c a]*ta is at |east
1.5 [cnl*tm, under otherw se the sane reaction
conditions. 2 . Process according to claiml , in

whi ch the pre-set approach to the equilibriumfor the
transesterif ication of the aromatic al cohol with

di met hyl carbonate to nmethyl aryl carbonate and

nmet hanol ranges from70 to 100% 3 . Process according
toclaiml or 2, in which [c aJ*ta is the product of
[cM*tmw th such a factor that the reaction is run at
at least 50 percent of equilibrium 4 . Process
according to any one of clains 1 to 3, in which the
catal yst concentration ca ranges from0.001 to
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20w, based on the total weight of the reactants .5 .
Process according to any one of clains 1 to 4, in

waokioslotihe period of tinme ta ranges from 2 m nRCEBPZ0ARE50604

s ) to 50 hours (180*10 3 s ) . 6 . Process according
to any one of clainms 1 to 5, in which the product [c
al*ta ranges fromO0.1 to 100, 2prefera bly fromO0.5 to
50, ca being expressed in g/g and ta in seconds . 7 .
Process according to any one of clains 1 to 6 , which

is carried out as a continuous process. 8 . Process
according to any one of cEaEn%—ﬁL%4i'7 , which is

conducted in a reactive distillation node. 9 . Process
according to any one of clainms 1 to 8 , in which the
ar orfat i cFRPEDHOIL9Ts ChReRBFPAAT: 1 Pr GdedsIAREGY didfyorgte Ly

any 1oR@sebt 6t af Matl d0o® ani Hr MUk ttheokd1 tei Gt Alkyhkyl
noi ety is selected fromthe group consisting.of et hyl
and Ge$6prapy| 11 14 Pr6EEsse att ot difg SES L aRY T bR igi cata-

cl ailB1gh0i 48, a igeMhjacBrt hend eactii on condi tions
include a pressure ranging fromO0.01 to 100 bar (1 kPa
to IO WPayh phefEndblplfEem 1 TS0 Farrogngngibstituted

reaGiicon 1t gnperAtLr e dianghage £ QM9 t10 350851 groups,
preferably from 120 to 280 0OC . 12. Process according

to dny"OhRERoF el HiE PoLgtyllis i P MItiteR fReMpFodects 1in-

[calethaahg drandiebQAKbhnEsolgy] *tm, under otherw se
the same reaction conditions . 13. Process according

to dinaiiiel, the GeHicdh stheopeoductt o ap* fasignaied dast
3*[ eml-ekmuhen 4.he, diabkyle carbopabe oS afbgityd aiconol
car bonat e.
and dialkyl carbonate,
in which the period of time [t,] and catalyst concentra-
tion [c¢,] are determined to arrive at a pre-set approach
to the equilibrium for the transesterification of the
aromatic alcohol with dimethyl carbonate to methyl aryl
carbonate and methanol,
in which the product [c.]*t, is at least 1.5* [cpl*tn,
under otherwise the same reaction conditions.
2. Process according to c¢laim 1, in which the pre-set
approach to the equilibrium for the transesterification
of the aromatic alcohol with dimethyl carbonate to methyl
aryl carbonate and methanol ranges from 70 to 100%.
3. Process according to claim 1 or 2, in which [ca]*t,
is the product of [c,]l*ty with such a factor that the re-
action is run at at least 50 percent of equilibrium.
4, Process according to any one of claims 1 to 3, in

which the catalyst concentration ¢, ranges from 0.001 to

2%wt, based on the total weight of the reactants.
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14. Process according to claim 12, in which the
product [c a]*ta is preferably at |east 20*[c m]*tm
wok@s/oedies di al kyl carbonate is diisopropyl carBPGHEPE8/050604

- 26 -

5. Process according to any one of claims 1 to 4, in
which the period of time t, ranges from 2 minutes (120 s)
to 50 hours (180*10° s).

6. Process according to any one of claims 1 to 5, in
which the product [c,]*t. ranges from 0.1 to 100, prefera-
bly from 0.5 to 50, c, being expressed in g/g and t, in
seconds.

7. Process according to any one of claims 1 to 6, which
is carried out as a continuous process.

8. Process according to any one of claims 1 to 7, which
is conducted in a reactive distillation mode.

9. Process according to any one of claims 1 to 8, in
which the aromatic alcohol is phenol.

10. Process according to any one of claims 1 to 9, in
which the C, to C; alkyl moiety is selected from the
group consisting of ethyl and isopropyl.

11. Process according to any one of claims 1 to 10, in
which the reaction conditions include a pressure ranging
from 0.01 to 100 bar (1 kPa to 10 MPa), preferably from 1
to 50 bar, and a reaction temperature ranging from 50 to
350 °C, preferably from 120 to 280 °C.

12. Process according to any one of claims 1 to 11, in
which the product [c.]*t. is 1.5 to 500 times [cn] *tn »
under otherwise the same reaction conditions.

13. Process according to c¢laim 12, in which the product
[ca]l*t, 1is at least 3*[cu] *tn when the dialkyl carbonate
is diethyl carbonate.

14. Process according to c¢laim 12, in which the product
[ca]*t. 1s preferably at least 20*[cy] *tn, when the dialkyl

carbonate is diisopropyl carbonate.



