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Field of the Invention

The present invention relates to an aromatic carbonate
production process. More specifically, it relates to a
process for producing an aromatic carbonate by reacting an
aromatic monohydroxy compound with carbon monoxide and
molecular oxygen in the presence of a specific catalet.
Prior Art

Aromatic carbonates typified by diphenyl carbonate are
very useful compounds as a raw material for polycarbonates.
Heretofore, the aromatic carbonates have been produced by
reacting an aromatic monohydroxy compound with phosgene.
However, this process involves many problems to be solved
as an industrial production process because phosgene has high
toxicityandalarge amount of an inorganicsalt is by-produced.
Then, some processes for producing an aromatic carbonate
without using phosgene are proposed. That is, the following
processes are proposed to produce an aromatic carbonate by
reactinganaromaticmonchydroxy compoundwith carbonmonoxide
and molecular oxygen. For example, JP-B 56-38144 (the term
"JP-B" as used herein means an "examined Japanese patent
publication") discloses a process in which a phenol is reacted
with carbon monoxide in the presence of a compound containing
the group IITA, IVA, VA, VIA, IB, IIB, IVB, VB, VIB, VIIE
or VIIIB metal of the periodic table, a base and a palladium
catalyst, JP-A 2-104564 (the term "JP-A" as used herein means
an "unexamined published Japanese patent application")
discloses a process whichuses a palladium compound, manganese
compound, tetraalkylammonium salt and quinone, JP-A 8-92168
teaches a process which uses a palladium compound, alkali

metal halide and activated carbon, JP-A 8-99935 teaches a

n,
n
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c)), and (d) a quaternary
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17 Cctober 2003 1 DESCRI PTI ON AROVATI C CARBONATE PRODUCTI ON PROCESS 5 Field
of the Invention The present invention relates to an aro l.C car or&ate
production process. Mre specifically, it relates to a ﬂ@@? ef g0

produci ng an aromati c carbonate by react L@g an aromati c nonohydr oxy
conmpound with carbon nonoxi de and 10 nol €cul ar oxygen in the presence of a

specific cat yyHess Ri r ' 0 pified by diphenyl
cgr bonat e argJ versyS l}éﬂeﬁ %E:%enﬁoaﬁ;%i%as&%rga%&hrﬁ?%é%al Lf’%& 5%?98§P§0nat es.
Her et of or e, V& termeaty anreworhiomathesl ity amt aopsad ueatpdynd > sgactbng an

aromat i ¢ nonghydr compound wi th phosgene. However, this process
i nvol ves nan%'é%c}g'l)%rré’rtrggmﬁgss@l 958%e§§géﬁ" VREGE #i E?aﬁFbﬂﬁcit% FEpEbeess

because phosgerte iiash Prededdesidey ARhpbdA Gy WPy H Ahifpigagi § salt
I s by-produced. . Then, sonme processes for producing an aromatic carbonate

20 wi thow? uFHAG 1PN P BPE2) CopRaamd anade Netak gempotthdwhigh peocesses
are proposedals0 5P adYGs r Bl iy rban ting an aromatic
nonohydr oxy gorrpound Wi tﬁ%csgcr bon #%rﬁ:)%ng% %ggjﬁmcf%cu e oxﬁ%%‘e%?ry
exanpl e, JP- BmBen3iy/m o1 phe spdomiuid Blt amdiseddws i n neans an "exani ned

Japanese patent 25_publicatjqn") discloses a process in which a phenol is
reacted wth car bgﬁrﬁgﬁgxidgngﬁlﬁ PrERER 8 (3098 )TRRRttRrEMR-aA Mt Bl the
group ILIA ENA: VA(OKA BB prtdvriddB. a Bigl! BrovhtBe QaribhkBeret al of
the periodic tahle, a base and a palladium catal yst, JP-A 2-104564 (the

term"JP-0a" RECHUEHIRE ¥ialdehhd 63D @it ofnéRAFPABA CHRAO sy CRipriiess
t t [i ti - i : i . | i d,
patent appl i gati grdcesli %p;ﬁ%ﬁum&%%sgﬁegggagﬁslﬂ Pal fnggéleg@cggl un

manganese conpound, tetraal anmoni um s ui none,
t eaches a prdcadalptiichsysten gopsiilsadingnet amgediindiiwmh katalyset drdwmigde and

activated carpgp, JB-8.8a992%85 b52ENERA? qbb Q08" 2003 2
As described above, the catalytic sirstem of the prior

15 artfor producing anaromatic carbonate by reactingan aromatic
hydroxyl compound with carbon monoxide and molecular oxygen
consists of a platinum group compound such as an expensive
palladium compound, an inorganic redox agent such as a
manganese, cobalt or cerium metal compound and a co-catalyst -

20 such as a quaternary ammonium salt as essential components,
and an expensive base and ligand or additives such as
hydroquinone and quinone are used. Since the reaction system
is complicated, it is difficult ‘to separate an aromatic
carbonate which is the reaction product from catalytic

25 components and to purify it due to insufficient reaction
selectivity. In addition, the yield is insufficient, the
total pressure is relatively high to improve the rate of
reaction, and an explosive mixed gas may be formed through
operation. Therefore, much attention must be paid to the

30 composition of the obtained product, thereby posing a safety
problem.

Since an expensive precious metal such as palladium,

a redox agent and a relatively large amount of a quaternary

ammonium salt are used in the above process, not only the



process which uses a pall adi um conpound, |ead conpound, quaternary

anmoni um hal i de and copper conpound, and JP-A 8-281114 Ao osgs rocess
in which a reaction is carried out in the presence of a suﬁﬁ@ Ffﬁ@%

catal yst containing a 5 platinum group mef al conmpound and a netal conpound
whi ch serves as a co-catalyst carried on a known carrier, a quaternary

anmoni um or RRASRRAR WRESAd1 AN W BRSEs Rkt | ¥5i ehGEr
(1998) reports at g%l 29-31 that C%?OAC)S HZ%%?%%gsygéﬁ?%hﬁgfo%%gléc
car bonat e 10 tpeodesticdabyildly off 7thasrcatalytinosgahen areoaxtoemalgl ysts

in a process; Lyi reaction in.the presence_of a catalytic
syst em consi 3t %EQ%tatggFggﬁi gﬁq CATRY Yt t eggﬁf‘%EeSFeaBS}uEB-r&aﬁvye d pase
and desi ccanecoAsmdesdnivhedFalrovkis therpedd) Wn ats¥mbemad Hdid RER! tol5

art for p%moduc%ngb%n aromatic carbonate by reacting an_aromatic hydroxyl
conpound Wi t FRESrHOFETRRORFARS ShBaRbI VTHPEL RAG ek 2 PadAaidum eatalysht i num

group CONpPOUBY &HERyARgAHaQRRIINN on RRIHAU MY SPEPOY Eh r AN - NOLEARNLE " edoX
agent such as a manganese, cobalt or cerium netal conpound and a
co-cat al yst ggtivehedscarwpmseramty improviamecutlabil bty ¢IP-Al 8 cORPOBENt S,

and an expengj ' I additives.su as__hydrogqui none and
qui none are %gégragﬁﬁcggt %AQ%QC %%ncaosri/ds %Fﬁéibg %gﬁppf%%%%ﬁﬂ}\fel?gors,
difficult tothepaatakbyah stoomylye adssiiens g tWifC BheSrédet 1 625+ oduct

fromcatg ytigc 25 caonponents and to purify it due to insufficient reaction
sel ect | \71164 y. kﬁﬁrﬁﬁgi P@rﬁrlt‘}%tgﬁéle(f “s‘“%‘?%iﬁ pf difenteashbont otHieppfasere is

relatively highh4e be®hoFSuhBethatetRE r&§aettPioRNGE %@%ﬁiﬁ{‘i%:d

gas may be forned through operation. Therefore, nuch attention
paid to the SOMBLHEBEREH 8Adoftt he Bt aprefepredute usediebyrauerienptedaf ety

Bgent and & volarT e oIy aERr e B e st e TR, BBV a RATERL Lsed
in the abovePpebeeses,a potoandy inhwhiZhGetrebierl 2008 e3containing a metal
15 oxide having functions as a redox agent is used as a carrier
or part of a carrier. However, researches conducted by the
present inventor have revealed that the catalyst is
unsatisfactory in terms of reaction yield and selectivity,
the carrying power of a precious metal compound such as a
20 palladium compound may be insufficient and the palladiummetal
and the redox agent dissolve in a reaction solution. As a
result, it has been found that this process is not preferred
4as an economical process.
Thus, a catalytic system which makes it possible to
25 produce an aromatic carbonate simply and efficiently by
reacting an aromatic hydroxy compound with carbon monoxide
and molecular oxygen has not been found yet.

Summary of the Invention

It is an object of the present invention to provide a

30 catalytic system which shows high activity and selectivity
so that an aromatic carbonate can be produced economically

and efficiently by reacting an aromatic monohydroxy compound
with carbon monoxide and molecular oxygen and a process for

producing an aromatic carbonate in the presence of the above



activity and selectivity of the catalytic systembut also the
recyclability of the catalytic systemare extrenely inpartant factors to
carry out the process industrially and econonically. Foﬁ%%\cg’bﬁ(ﬁ%e, an
attenpt has been made to 5 nake heterogenepus a part or nost part of a

pal | adi um catal yst by carrying palladiumon a heterogeneous carrier such
as activat edccagbabphicosgstém.i nprove recycl ability(JP-A8-92168).

According to ches conducted by the present inventors, the catalyst
strongly adsoé]g(zﬁ%gérp? g‘f’ ](P)ﬁeSPi?i@fii éﬁi’ Fsddaventgiather eby i npairing the
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regeneration of the catalyst is conplicate
t he regener at’ét £ig4k g1 gatalyntis sneiten taxrinpy diws aboTeerahoyeodPakd drapl114

pr oposes PrPGRSSd iC. | _oxi.de containing a netal 15 oxide
havi ng fu%ct idg'ns asé%#\géd‘%zt g%xgﬁ%%?lgaﬁégdcﬁ§g8n@§ﬁl @n bg qhdaingd g

carrier. Howeddiclegsey ehds odnsitiei 8019 dwi t Sy S v LRGN 915 RAVE ¢
reveal ed t hat thc?1 c(ﬁ_:tal st is wunsatisfactory in ternms of reaction Vi & d
AHEXF TR

and sel ecti vity.> _ Hhwe$ Beagtpfevishscasban vomoside smh as a
20 pal | adi unmerRRRLRG: hastd hEl .| adi u fal __and the
redox .agent di ssol ve iér?%é?‘éacti O%bg%?g%lﬁi?r?ak?%éﬂ%%&% ‘f%ﬂj{ l‘ﬁﬁgs%&@n
found that tRPYSpr §BEsBTRSenst iprendroadhas aeeacaponinpali spedc bsSedlBHS, a

catal ytifg syghem \yg_'gelgv%g%es it possible to 25 produce an aromatic
carbonaté sinply an f i'ently by reacting an aromatic hydroxy conpound

wi t h carbon nonoxi decordiingotectharpregdgen iids motoe e JreuRd ﬁfévé@a‘m

ry
of the Inventi i.S-an gobject of the present invention to provide a 30
catal ytic syété?no\%%lsghfgﬁoﬁéjoﬁiué’ﬁn@cﬁq/inSPW%e‘?%’é‘??%'@? b¥oreaating

aromati c caramnatematicbrofbhgaeeskye AP LA 'v&’itl@’lﬂaﬁééﬂ %gg%hfdgy nd
reacting an aé:g%at‘ihc m)no%%lgroxy conpound w th carbon nonoxi de and®

mol ecul ar oXYYERANAT LIFHCRs FheFein idir dianptdrmionaarriedr bohatedén t he

presencasof ddiey@ab@veor 7c6kE920€bn280d 4n the presence of catalysts
consistingof (a) palladiuimor a palladium compound { component
(a)), (b) a redox catalyst (component (b)), (c) a
heteropoly-acid or salt thereof (component (c)) and (d) a

quaterx}ary ammonium salt or quaternary phosphonium salt
20 (component (d)). )

The present invention alse provides a catalytic system for producing an aromatic
carbonate from an aromatic monohydroxy compound which comprises components (z),
(b), (c) and (d) as described above.

2 . . .
S The present invention further provides a process for producing an aromatic

polycarbonate by melt polymerizing the aromatic carbonate obtained by the production

process described above with an aromatic dihydrexy compound.

The present invention furthermore provides a use of the aromatic carbonate

30  obtained by the production process described above for the production of an aromatic

polycarbonate,



catalytic system Problens to be solved by the Invention The. present
i nventor has conducted intensive studies to find a cataly}it: gésten1having
t he above function and has 5 discovered that an aromati FR8RE Y an be
obtained efficiently and industrially advgntageously when an aromatic
nonohydr oxy conpound is reacted with carbon nonoxi de and nol ecul ar oxygen
in the present, of -a sBecich catal ytic system Thus, the present invention
has been accehpbirshB8d-638EAPIOM O Hine Hreiarrgd Embkodinentto the present
invention, there is1pas¥LAe8veacRhRGISS LR tROAUGHAG 10 rrﬁ)rnc%ﬂ:g&df £grbonat e
hy reacting an aromatic.nonohydroxy conpound with Car bon Honox deand

mol ecul ar ox§efERouRfevbight ganr bectised il diver irechadutonundertHS medyetiat | on
condition angd,J p al ysts .consisting of (a), palladium or
~a pal | adi n1%%ﬁ%%%%ﬁn(%géggﬁgngheﬁg?y,%f§f°§'r€§8fqé;%ﬂiﬂﬁs ent

(b)), (c) arienelopstghaasdtoimeahylphenedl, teamaR&My1honsind (d) a

guat er nary ng§£1q$1s t or augternary Egosphoniun1salt 20 (conponent

(d)). The presthtPReR2ht i BRoRYLiBRERgY: s thoxypRepole @jdoammhemad.oduci ng
an aromati ¢ cleshepted o] 1548 B oRloHRIHA , oy |

conpri ses conponents (a), &b), (C) gﬁg'?g$eg§g§g§%?f%£§'g&%&ﬁhhggafg'The
present i nvetisinl fukedhrappibpildesuch psaratshy Froaplptrivallic chd ozo naparthioilc

pol ycar bonat rizi t he arpmatic.carbonate .obtai ned by the
product i aglrd(;%gg@hhgggrk |¥1E§d %‘E@\ges WeEs BRheRr 3hat i RTUPH/dIEES PBRBSINd.

The present disnpentiicufarihepmeferped@vi des a use of the aromatic carbonate
obt ai ned by the production process described above for the production of an

aromatic pol ycar GOTECE PPRECASHAND IRl ecH Y p ¥ Ege DekkiPht AEA 8RSt he
Preferred Ecbagiomiits Lkbdsis eﬂﬂé’%e@&?c%rﬁ%fofzh%gﬁ‘eﬁﬂ?tn%n%%%h%gﬁroxy

conpound which can be used in the reaction of t presen
be used in a diluted state with another gas which does not

1 exert a bad influence upon the reaction, such as nitrogen,
15



i nvention include phenol, cresol, xylenol, substituted 5 phenols such as
tri met hyl phenol, tetranethyl phenol, ethyl phenol, propyl phenol
met hoxyphenol , et hoxyphenol , chl or ophenol and br orophendi’, OF9BaR?3

t hereof, naphthol and substituted naphthols such as nethyl napht hol,
chl oronapht hol and bronmonapht hol, and i sdners thereof. Qut of these,

phenol 1.0 igs- ' eferyed. .35 Carbon nongxi de_and npl ecul ar
oxygen whi ch arg%qugc@%#p&éngl%s:&%eéd AdT: BEY, BSHFSH of Fﬁ% Belegpiar
i nvention maypxvigemused in a diluted state with another gas which does not

exert a bad infl ueq,g]]e upon_the reaction, such as nitrogen, 17 October 2003
5 argon or carbon 3P0t R ¢ SRaFeTuEeed mhe peastionefithecrygeant The
catal yti c syghe@ntSes idomp?a deRAGl 8B40k tHe P | ayent | oppri ses
at least the foll ow ng conponents (a):El 5 (%),6%§§Q%ﬂ% ?ﬁﬁ%%ﬁtgamw um
or a pal 1adi é®ecosdurd®d dshiponent (a)), (b) a redox catal yst (conponent

(b)), (c) a te | Vrsac] r t. I of (co nent (c and, . (d) a
guat er nary a?n%ﬁ%n' %%qsa ﬁ%dogrgl?a}??lnlaar&}%{) ocsop %‘ﬁcﬁ] g‘é‘?rf‘éc’%%ﬁ’fcgﬁbbnent
(d)). In the(&bovre resgtoad atalspest qroagrpddentpr@eN; i nvention, the
conponent (a al | adi_.um or a pal | adi um conpound. Exanpl es of

IS tallic
t he corrponenz( cl()a?nﬁﬁgf‘ﬁlflgoggr'??éﬂ REt SR Ecthereridf eomrerents(9hl | aandim
bl ack, pal | agayrs giateihelty diméathRdue 88+ aal’trgﬂ?az@ﬁhgspggfnflgglisalt

pal | adium on-silica; i nor%ani c salts of palladium suc S um
chl ori det® pakFa@parentr dfde, pal | adi umiodi de, pall adi um sul fate and

Pal 1 adi um oxal ate. Shd- Rl Padrore bons-BE A telbE et BB RPRE R SV i um
conpl ex conpthadempeoterds ( phlilsad tad Bicepyll 1adeumrat £padlddpupeidndund .
e aam, SEafRIBEELCUROUIS AUET 33) WS dunid FETA 2
palladium such as palladium black, palladium-on-carbon,
15 palladium-on-alumina and palladium-on-silica; inorganic
salts of palladium such as palladium chloride, palladium
bromide, palladium iodide, palladium sulfate and palladium
nitrate; organic salts of palladium such as palladiumacetate,
palladiumoxalate and palladiumbenzoate; chelate coordinated
20 palladiumcomplex compounds suchaspalladium acetyl acetonate
and piperidyl palladium; and complex compounds such as
[PA(CO)C1l], PACL,(PhCN},, PACl,(PPh,),, PACO(PFh,) 3,
[PA(NH;)4]Cl;, [Pd(en);ICl, (en = ethylenediamine) and
PA(CoHy) (PPh;) ;. Theymaybe formedinareactionsystem. "Ph”
25 in the chemical formulas of the above palladium complex
compounds represents a phenyl group. These palladium and
palladium compounds may be used alone or in combination of
two or more. '
The amount of palladium used as the component (a) is
30 preferably in the range of 1 to 10°° mol, particularly
preferably 10°2 to 10°° mol in terms of palladium atom based
on 1 mol of the aromatic monohydroxy compound.
Examples of the redox agent as the component (b) include

compounds of the IIIA, IVA, VA, VIA, IB, IIB, VIB, VIIB and



[ Pd (NH3) 4] A2, [ Pd (en) 2] Cl2 (en = ethylenediam ne) and Pd(C2H4)
(PPh3)2. They may be fornmed in a reaction system- "Ph' 25 in the chem cal
formul as of the above pall adi um conpl ex conpounds represelﬂt@C PENEIRA
group. These palladiumand palladium congounds may be used alone or in
conmbi nation of two or nore. The anount of palladi um used as the conponent

a) is 30 r r n_the range of 1 to 10- articularly
g)r)eferabl y E(-)L f%[ @Qﬁ%l ISP AP B AR S ?af)*éﬁ‘f“&&iar}ﬁlg b8§eﬂ135ﬁr&°ﬁ‘ép of
the aromatic Wydt‘ﬁé}temﬂdm?gﬁﬁ&ﬁh%?@é ubBe ILERK rAgaY £ @ér&Bﬁs

conponent (b) include conpounds of the IIT'A |VA VA VIA IB, IIB, VIB,
VIIB and 1 7 CEMPOMRASIohar 6Xampde (SoTPIey sadis %mhaart@:l@aﬁqm qméias,

(111'B) of theyiekqd S€s heform
of various corrpoungls?% f%?ﬁg{éggﬁgeg Pﬁpﬁex%cﬂﬂ ;EI%?’ i des,
hydr oxi de%, @éilaﬂ@t@tse?sfS@lgamlatear,mrm@spleixdxebomdﬁ.alattﬁﬂvﬁnmahﬂbeﬁ or
sal i cyl ates, ﬁ‘ ra%l e COOI’dI at ed V\gLlj g bon nonoxi de, ol ef ins,

ani nes and phosparies.® I?‘r%tgf“ BESTHYURACSB é‘P@tSr edTHE Mol GBROWBENt | s
a conpound ObréEetﬁaﬂta@neheﬁﬁbabxsab@ﬁteisfEOthBSuHHOH@ §ensbgktngnof
manganese, cobalt, copper, ceriumand |ead, out of which manganese or

cerium 10 i smﬁ§r311|9tﬁi’iea"rq%ﬂSFQMW%ﬂrOHE&%ﬁl&ﬁl%PEIﬂ‘aﬁmﬁgmechai-he
st pref of  edpplhs @G hd 18I0 AU Sl Qhon PLLLE U BT LY L g L o0
BFy 500

but is prefera 1to 1,000 nols particu pre era
mol s basd ohslpﬁtl@mlaxhﬁ e ferred) Iaarﬂ omtoofpﬂiiadmangmmmmé.tﬂé The

conponent (c e C tic S¥ the resent, invention is a
het er opol y- a)gl g\?’ Ere@ ftrgfgﬁier eo*“\é 63?88 %nr gb ’% gaent J5 gt d

obt ai ned by phetdieh;telrayl mﬁnﬁ&@d:mmiewtpﬁ"fdlfaﬁl@ ®I1 NEg €1 %@Crhéiﬁs
(oxoaci ds) and ons# of a cluster of oxide nolecules 20 (polyanlon)

havi ng negat P#E*&HY EnBTFFEEGRLY Peflerta d AEh @R knIPFRsE i, 1 vepl ©f, pp.

3- 49, 193;3]) thé b&r‘@bﬁf BaaAbLMiuR RE! YARYIMAE Shrifsiidlg, @ structure called
"Kegi n" ose
The component (c) used in the catalytic system of the

present invention is a heteropoly-acid or salt thereof.
The heteropoly-acid is a polyacid obtained by the
dehydration and condensation of two or more oxyacids
(oxoacids} and consists of a cluster of oxide molecules
20 (polyanion} having negative charge and protons (refer to
Chemical Reviews, vol. 98, pp. 3-49, 1998). It is preferably
a heteropoly-acid having a structure called "Kegin” whose
anion is represented by the following general fofmuia (1):
XM;2040 (1)
25 whereinX is P, Si, As or Ge, and M is Mo or W, with the proviso
that some of M's may be substituted by V, Mn, Co, Cu, Fe or
Zn. |
What has protons for this anion is called “polyacids”
but a salt obtained by substituting the proton by cations
30 is also effective in the present invention. The cation is
an alkali metal ion such as Li, Na, K, Rb or Cs; alkali earth
metal ion such as Ca or Mg; metal ion such as Cu, Zn or Al;
transition metal ion such as Fe, Co, Ni, Mn or Cr; or rare

earth metal ion such as Ce or La. Further, a salt soluble



anion is represented by the follow ng general formula (1) : XML2DQ40 (1) 25
wherein Xis P, Si, As or Ge, and Mis Mo or W with the pjrﬁvLO%o tﬁ@{ft sone
of Ms may be substituted by V, M, Co, Cu, Fe or zn. \hat’ RE9PEF&¢%hs for
this anion is called "polyacids" but a salt obtained by substituting the
proton by cations 30 is also effective in"the present invention. The cation

is an al kal ijjefflodth S8 Bfelkd  sdn &K Fr=1 ' r al
i on such as C::La or h?g;é%r}jet afé]? o'nesuc% as m%n&g@&ifuﬁ ??EES,S?, %%gﬁegﬁ'%l i on
such as Fe, Eamagiumsait Gray ore rased. eFidresild soluislthtpsofethe La.

Further, a sglt u 17. Octqber. 2003 7 in an or | ¢ ,sol vent such as an
anmoni um sal iﬂ eotres‘tgérpgg;" e %@%&uﬁ%gg?{s W%ﬁf%&ga%?%éf Rt ShF ALty ty
of the het ertpolhetaatshainttadtid fdy 166 COs6d NGs 1O hbBo§¥RBoRE 2efdklion the
het er opoI%- acid may be used as a honpbgeneous reaction 5 catalyst or a

0

het er ogentouSA AT loPTc 4t dISSTOLRROOES FRAGbLOR Aetelypbly-aci ds having a
Kegin structure, g R theula/dwve ﬁfﬂfﬁéﬂf-saé&?&@%@inég% kBgifhhne

present invention is a heteropoly-acid having a Kegin str ure ose
ani on is repsésantiatrepy tthee fadtioniarlly prefetrnedl as ocompasehR) (o) ansal t

an poare eadheaptatatt et ol S hetfaRo i ears tadtnd & RPGp "
12. Exanpl es stfrudimmnivdiosef driohei eropatysast&d obyt tee abgYeowihgf or mul a

(2) include mpl ybdenunphosphaoric acids (PM)12040), tungstophosphoric acids
(PW204 ‘9 nﬁltﬂ%‘@&“fﬁéi HEmulei (&) 5 dpadbuoshereehyst osilicic acids

(Si WL2040) , tungskopl phoric acids (such MoOWL1OA40,

PMb3VW 40, Pl\/b5V\7_030 ,)Xgﬂl\/gm/%(f%§, PMoOWB040 , PMD11VW40, PMD2WL0040,
PMDAWB040 , WRGIRHS6WSDS0elpNedtadi® andPMH16wa0nQ)m and p are each an

Lanadorel YbasauIae ROy G ACiAs LMETA RN Gl IR0 . 4o

(such as PWAV3040, Examples of the anion of the heteropoly-acid 6f the above

15 formula (2) include molybdenumphosphoric acids (PMo012040),
tungstophosphoric acids (PWi304), molybdenumsilicic ' acids
(SiMo0312040), tungstosilicic acids (SiW12040),
tungstomolybdenumphosphoricacids (such as PMoW;1:040, PMO3WsOug,
PMosW7040, PMO3W5040, PMOsW3040, PMO11WO40, PMO,W19040., PMO4WsQyo,

20 PMogWeO40, PMOgW, 040 and PMo1oW2040 ) , vanadorﬁolybdenumphosphoric
acids {such as PM011ViO49, PM01gV2040, PMOoV3049, PMo4VsO4 and
PMo2V10040) . vanadotungstenphosphoric acids (such as PWyVaOye,
PW10V2040 and PW11V1040) ., molybdotungstensilicic acids (such as
SiMoOW13:040, SiMO3W10040, SiMosWsOso, SiMosW7040, S1iMo;Ws040,

25 SiMoOsW3040, SiMo1oW2040, SiMo31WO040, SiMo3We04e, SiMogW:04 and

5iMOgW4040) ., vanadotungstensilicic acids (such as SiW11V104¢.
SiW1oV2040, SiWeV3iO4o, SiWsViOsg, SiWsVeOso and SiWgV404), and
vanadomolybden acids (such as SiMo0:11V10s0, SiMo1oV2040,
SiM0ooV3040, SiMogV404¢, SiMogVsO4s and SiMogVy040). These

30 heteropoly-acids may be used alone or in admixture of two
or more. A cation salt of a heteropoly-acid or a mixture
thereof may also be used as described above.

The heteropoly-acid as the component (c) may be a

guaternary ammonium salt or quaternary phosphonium salt of



PWLOV2040 and PWL1V1040) , nol ybdotungstensilicic acids (such as 25
SIMOML1040 , Si MO2WL0040 , Si Mo4VWBO40 , SIMOBW 040 ,SiND?MBgﬁ

Si Mb9VBOAO, Si Mb10V2O40, Si MD11WDA0, Si Mo3VOOA0, Si MbeWSO40 ar{dOSoReRRRS40) |
vanadot ungstensilicic acids (such as SiWL1Vv1040, S1wW0V2(40, S1WWV3O40,

Si \BV4040, Si WV6040 and Si WBv4O40), and 3vanadorm| ybden acids (such as

Si MD11V1O40, _Si Mo LOV2 0 Sl V340 ,. Si Mo8VAMO ., Si.MBVEA4A0 and

Si MOBV4040) . aT?l1 €58 1y ~dciifs ey We Us ddieal BV orsahtadrithke ur e- of

two or mreco&x@&tllo@lno‘zalal ﬂa@t&lettﬂ{]m%@s% Oécfdﬂt%‘tbﬁfethéhef%f may
al so be used as descri bed above eteropol y-acid as the conponent (c)
may be a quiederePPlymasdidimadabe §ﬂpaﬁ&§§ﬁﬁarylph©§§hbnoum thet abbva7

Cot ober 20035818 1iehavaRPhYeatisly Bedialihansal the AaoNs oAl ipartte

corrosion of a reactor e st g acl ter

suppr essel. bncaumetliohastmagraboﬂtablialty mrsaa:(é\awtt:a:gﬂﬁmturumdoﬁgaﬂlc
honmbgeneous r%ict | ?n catal yst 5 because it has high solubility in a
reaction m xtures organi ¢ solvent. The quaternary anmoni umion and

quat er nary phosphonheMud i HF fiakthon 1% { oMids 8ulekehape! Ko
represented _by the fornulas RIRZR3R4AN+ and R1R2%3R4P+ rge}s%ﬁe&éﬁvel y&?Rl to

10 R4 are eadARafiCAMERE §r &3 thaviithy alh@de@qmlbbw@xd)mmrr@msexgt@@p
h +b h f
aving 6 to 43 Eﬁé%x@%?&fﬁ ﬁ”iéjR MRA*OERENR f§§”§ r@' éegﬁ:{i YudRertry

[Ilustrative exanpl es tef nary anfl
phosphoni@m Ror&ﬁeneaahean&lleirl agmﬂzylhammg Umtocm catreiumatbmba@mﬂ-ymn i on

tetra -n-but 0 hexade ridiniumion,
t et rabut yl anﬁogggr?]ﬂl O?ng Eeﬁ?l [1I2 ﬁ’&ﬂ%r‘?ﬁéﬂ%rﬁq%ﬁ"ay be the same or
benzyl tri met ayEaapantym i on, tetranet hyl phosphoni um i on,

tetraet hyl phosphonj um i on, tetrabutyl phosphoni umion, 20
hexadecyl tri but yl p%%%‘ﬁﬁBﬁ?EWFo‘ﬁx%‘ﬁEl?ét‘P p%ﬂ%w (AAMQIHiam ALon

heteropol y- aghd €8t g@RtairiadydyheWRsontiv RSSO 1ude

15 tetramethylammonium ion, tetraethylammonium
ion ,tetra-n-butylammonium ion, 1-n-hexadecylpyridinium ion,
tetrabutylammonium ion, phenyltrimethylammonium ion,
benzyltrimethylammonium ion, tetramethylphosphonium ion,
tetraethylphosphonium ion, tetrabutylphosphonium ion,

20 hexadecyltributylphosphoniumionand tetraphenylphosphonium
ion. A heteropoly-acid salt obtained by substituting some
or all of protons of the heteropoly-acid may also be used.
These heteropoly-acid salts may be used in a homogeneous
reaction catalyst and a homogeneous reaction catalyst as the

25 solubility of each of the heteropoly-acid salts differs
according to the type of a salt.

The quaternary ammonium salt or quaternary phosphonium
salt of a heteropoly-acid can be easily prepared by the
following metheds. The most simple and effective method is

30 that an aqueous solution of the above heteropoly-acid and
an agueous solution of a guaternary ammonium or quaternary
phosphonium halogen salt or mineral acid salt are mixed
together and the quaternary ammonium salt or quaternary

phosphonium salt of the heteropoly-acid formed as a



or all of protons of the heteropoly-acid my also be used. These

het eropol y-acid salts may be used in a honbgeneous reaction catalyst and a
honpbgeneous reaction catalyst as the 25 solubility of eact BftopPge2003

het eropol y-acid salts differs according to the type of a salt. The

guat ernary anmoni um salt or quaternary ph%sphoniun1 salt of a

het er opol y- agj : S | epar by _t ol | ow net hods. ., The nost
si npl e and eﬁxcegccﬁfé}e@aﬁtﬁeﬂ:béd %%géﬁgf%ggb%nfﬁggﬁgg§ogol u?%%%%fa?ﬁ@lﬁbove
het er opol y- agmbtand wichuaase S80rubk0Bnofam W/} INGY Yedded BECAlLse
guat er nary hosphoni um hal ogen salt or nmneral acid salt are m xed

t oget her and t¥¢ GRf m’gﬁﬂrﬂ U GaFeT of ot er REAyogpRobpRafeuPTsal t
of the heteragpeletacighifgprmed as a 1 7 Cctober 2003 9 precipitate is
separated by filtration. Strong acidic protons which cause corrosion can
be easily3renoved Begihex mehhpdaie thidfetheeguabennany cmmsm idoh &diytdeogen

hal i de or m_neral | od LS. that t uat er.nary anmmoni um
salt or quatq@(raar%F Y Bﬁ'ﬁggﬁgﬁﬂ §Er%1E§2E;1"I %TE%F 05% g}eeﬁ%%?ﬁgf%g?‘al‘?slsppgﬁgﬁﬁﬁ by
carrying out by meiraiyhierj Sutear inoth fltedi Onrexebasge(caenchi errnhagween an
aqueous solution of an alkali salt such as a sodium salt or potassiumsalt
of a het er opSEFCHdOR JaRGtY6eRna R AEMALS SodtdProPLah A e salt srch

mineral - aci dagah! so@tuflUad ot N Yo NHBNH A1 (G &1 HREX-BRBTRNARI TSt I ||
another nethod is that a &uat ernary ammoni um salt or pﬁosp nium salt of

i nterestl®s @rr aguepushseilnédomy offhe hplepanasidti of miheralopolig- asit

(refer to Inqkg . I PR 7. bove heteropoly:acid as
t he conponentBFE( gfg?ﬁ%rﬁg\&oggnﬁﬁﬁ %@&%%%‘fn?’%z %rl%gg%?nf'ﬁr\n/én#%ﬁf:ﬁay be
a conposi te aobthesr aetiiddonisdildt & eumteamary Aetendpal yadtidr It can

ol emont. uhi CREPSBPORIER 1371y QAN AT yi* DOEEE£b 2D FRtErOpBYy Ehel d.
The transiti piepaial i@NCOENH heteropoly-acid (refer to Inorg. Syn., vol.
15 27, pp. 95).

The above heteropoly-acid as the component (¢) in the
catalytic system of the present invention may be a composite
of a transition metal element and a heteropoly-acid. It can
be said that this composite is a compound containing a

20 transition metal element which is ionically or coordinately
bonded to a heteropoly-acid. The transition metal element
forming.this composite is selected from the transition metal
elements of the grbups IIT to XII of the fourth to sixth peridds
of the periodic table. It is preferably Co, Cu or Ce. A

25 composite containing one of the above transition metal
elements substituted for the proton or cation of a
heteropoly-acid is generally used because it is relatively
easily prepared and has stability. According to
circumstances, a composite containing one of the above

30 transition metal elements substituted for Mo or W forming
the anion of a heteropoly-acid may also be used.

The composite of aheteropoly~acidandatransitionmetal
element may be prepared by the followingmethods. An example

of it includes a composite containing a transition metal



formng this conposite is selected fromthe transition netal elenments of

the groups Ill to XII of the fourth to sixth periods of .t riodic
table. It is preferably Co, Cu or Ce. A 25 conposite contlafﬁFﬁgeb%%f t he

above transition netal elenents substitglted for the proton or cation of a

het eropol y-acid is generally used becaus %t is relativel y easily prepared

teropol y-aci d i s generall y used because ly easily |
of the- above 30 Trnar ok et e Ed T ST B FRTRBY, ERg BRUr PP g

t he ani on of hetenancixanierialomy at swdetheaediitihe peopes be ghother
be_prepared by the

ahet er opol y- agi nd g,transitiqn netal _elenment ma

fol | owi ng rre'?%é%‘so.% 'An%gfaﬁﬁfngosd‘%ei PLi ActugBsitiopnPstptcedsRenitneRg a
transition meetlerbbddyi-aheid 28034 bb el SEN by BldOWSeHehbEd ohhfe BlbEn0f 2
cation for the above _heteropol yanion al one or together with a proton or
anot her at PohtaFRdtisRpRtak eé\em&nttr apstanshame terepekprmebhdrmsalt

het er opol y- a¢h@d +ea¥ berpht giaed di_rect &ﬁ?;.i ween 5 a transition
netal elenent salt and aghgﬂf%?ogg%ﬁf?gciagﬁgreéa l\f%er&r)eg%fo.&fhse %ba& 3 npl e
and ef f ect i vBeferiopd liys adiat amd chettamopmd yata¢Cd (and ) spareMeansia] wi f10e

OA 3 t i t.h h aoth | i berate and renpve acetic acid.
Wen s nertng otnell b S AEd dnd et e, Het erogt I acitih SEh 10

netal |ic cermathods aasimpddiosurederiua 4h8 &iHe? lopols-GRLiIORN Wi Lie

het er Opo]la‘i- acid in the formof a tervalent ion and an éexcessive cation

r emai ns aMBEBLdn Cehr B BpEheri iakgodpgethi t o the mids o8 thle eatiom and
a heteropol yoacifel ReWahopo 1516 J1@ i e[t%{il,, st duted, by
anot her cation 15 may al s%obrghobtlal ned.ﬁ% %ﬁ@ﬁ%:ﬁsy& efconpjb%llltaen n
whi ch the tRBnekeedainetaithon berailistawdueedton canhbesobeabhedtddd

o hect o EQRFREL RO AN AL 4 B SRR, BL TSRy S ol Bt
salt of the hbeerepalyingiprateh 2hs bdesubisei tited byahiotToFr EMaBl €, a.
E:{ :alrj?pgsyf a@%gaalshoe tbeer 888!31¥5128|.d JIU?t ég 'g:ri.xerglg),/ t[heea %tolmg%sy?:% in which
the transition metal has been introduced into the site of
thg cation of the heteropoly-acid can be obtained by making
use of a so-called metathesis reaction between an alkali metal
salt or alkali earth metal salt of the heteropoly-acid and .
20 a transition metal salt. For example, a barium salt of a
heteropoly-acid is prepared by reacting the heteropoly-acid
with barium carbonate and then reacted with cerium sulfate
to obtain a composife containing cerium introduced into the
site of the cation of the heteropoly-acid. Still another
25 method is that a heteropoly-acid is neutralized with a base
such as potassium hydrogen carbonate to activate the bonding
of the anion of the heteropoly-acid and then a transition
metal salt is caused to act thereon to introduce a transition
metal into the heteropoly-acid.
30 The above composites of transition metals and
heteropoly-acids may be used alone or in admixture of two
Oor more, or may be carried on an appropriate carrier as the

component (c)}. The carrier is selected from alumina, silica

gel, silicaalumna, magnesia, titaniumoxide, zirconiumoxide,



Wi th barium carbonate and then reacted with ceriumsulfate to obtain a
conposite containing ceriumintroduced into the site of t cation of the
het eropol y-acid. Still another 25 nethod is that a heter&}jgﬁflt-ogﬁf%o(?%
neutralized with a base such as potassi EH] hydr ogen carbonate to activate
the bonding of the anion of the heteropaoty-acid and then a transition

metal salt i %e‘iﬂ'ﬁ%@%éichéli_(\atné hereon-d9 {iroduce a transition netal into

t he heteropoly-acid. 30 The above corrposff']és of transition netals and
het er opol y- aci ds nEhebemosmdt alforheorcdmpabtiti(ge 06 ¢ WO tOF 2007 Ro18! MY

be carried on_an appr.opriate carrier as the _conponent (c). The carrier is

sel ect ed froﬂrf%&rﬁpaﬁ’iypé)l'ﬁi Sé’ %d)éq natg iRased Rmal mihedf athet BatamldLi de,

zi rconi um oxipda.l aliA vkt ya 12008 ki cdifsd A Oe@&ﬁp@ﬂ?nfﬁ E%Hes thereof. The
:

amount of the conponent (c) is 0.1 to 200 nols, preferably 0.1 to 100 nols
based on A nol of The sePEPREEt (A) |eskdnirorthealcaddilytnicosysurt eEothenent

(@) Domne pRaRAAR nl dhe V3R Y d & I GHAY bhlioRX B AL LG, PLEREN

i nvention is a quat ernary ammoni u or “quat er nar

represent ed phospbohdumuisad tRIfeIRIMENDE Al bRHIARIREMO IR 2R .BYrRANE dPe
sanme or differ C n al kyl roup having 1 to 8 _carbon atons or
aryl group hgﬁ%@ﬂgo&%op‘i%“c%%iﬁeagﬁ’ﬂ%,orxdﬁgfgﬁeé‘ﬁi ahd angh as afaybxyl
group, al koxgro@boHaviRGeNOXy §r88PLOA Q%hgeofuﬁf‘yi‘sgf%ﬁrﬂ%'ngrgn%lge or

i odide), respectively. Qut of these, tetra-n-butylamdnium salts an
t et r aphefyl E FHf + & BF @predenr sech Brehydmouytl gfouhe ajliadxy nary

fo 1. 000 mol 2= oUpd PhERP RS ng 1R MANN Ala g BB BROH 61 B the
netal | i c pal fadidm) orrespecih vedy onbun df( Closgpe eeit ras)n)- buliyel dnitien i C
component's. (2 EBeid et uRe BRP eRRetH 63l era Rr SReEefouThs
conponents nmayobhrtus€dthe yudependedt aa@iRAWRl%1Y oxldun I ERPPOSi tes).
However 'l5 phosphonium salt used in a reaction is 0.1 to 1,000 mols,
particula_rly preferably 1 to 100 mols based on 1 mol of the
metallic palladium or palladium compound (component (a)).

The catalytic system in the reaction of the present

invention comprises at least four components (a), (b), {c)

20 and (4) described above and these four components may be used
as independent compounds (or salts or composites). However, |
the component (a) and the component (c) may be used as a
composite of the two components. That is, a composite of
palladium and a heteropoly-acid may be prepared and used.

25 In this case, the components (a) and (¢) are used as a single
compound.

It can be said that this composite of palladium and a
heteropoly-acid is a compound containing palladium ionically
or coordinately bonded to the heteropoly-acid. Stated more

30 specifically, a composite in which the proton or cation of
the heteropoly-acid has been substituted by palladium is
generally used because it is relatively easily prepared and
has stability. According to circumstances, a composite

containing palladium substituted for Mo or W forming the anion



the conponent (a) and the conponent (c) may be used as a conposite of the
two conponents. That is, a conposite of palladiumand A h7eteropol -acid
may be prepared and used. 25 In this case, the corrponents1 (thoﬁﬂrdz ) are
used as a single conpound. It can be said that this conposite of palladium
and a heteropoly-acid is a conpound contl@ ni ng palladiumionically or

coordi nately ed.to the heteropoly-acid. Stated nore 30 specifically, a
conposite i nci%?{{g’r? HESFWVWY RCLA1Pe% dEsothe REedr opol y-aci d has been

substituted by pal E3dudldsS oI Adnpdisets beFaus e L5156l 8kl ¥elyqeasily
prepared and has stabili ty.0 Accor di r%bto Cl rcunst a%ceg,ﬁ%igo%%%él ?éd
cont ai ni ng p&Ed@diunsasstdivarcbefow and may\é prepageidiey ahicofio1To@ihgber

2003 12 of ropol y-aci al so_b sed. Exanpl es of the_ conposite
of a heter opg{&%-h gﬁscei aﬁg X’ﬁ%ﬁ’%&?ﬁ% é};ella?‘\il‘gﬁeﬁe?oﬁ?’ﬁ?l S?‘rﬁ? ‘B%nb?é’ﬂég_gd by

t he fol | oW npalisidios inAro@xamd enab tle idicddldFSascLRIOHIze thBNLEBLPLNT 5

pal | adi um i n%l(r? duced_.into the site of a cation for the above

het er opol yani*§iZPER Y5R 4y &liode Wt FogefheroNish anpraten entawvnthahe
conposi te of chakbadi Uthanshmib et €l QB YT Asd fiuk g Qﬁ&%%@pﬁ%%&%ﬁéﬁeﬁ

reaction between a palladiumsalt and a heteropoly-aci _ eréeof.
The nost si nPPeoRit@ingdebived idicentt ahdisiarthdie twémt ex qpail Yadoim sabt

ium a a ; cted with each _other to |iberate. and
Pabve acet| Soaohchetrt{bLELaBiR LEALRE B0 Bl ok e i Lharaa
het er opdldy- acEfiectiwei aletheidalils o e :ama%rmliﬁeﬁhf'dmﬂ?%gggaa?aﬂt the
[ ation of 1 et er opol y- aci in the formof a divalent ion
Zlnfjeaﬁf eiggs‘g‘f:?ta%?afFgggﬁgﬁﬁyngr%s 225t et oWl ERnedeh ohthefickP aktPexrEder a
conposi te of apal kaflove aed+a Nel@POkY +aCke 1isn metingh t he co@'@@i@eﬂ%ﬁ)r oton
has been substituted by another cation may al so be obtal ned.
Al t er nati vel Jal{aeiepnpodia detengnaly Frishiinawhishhastabbic ipaklatliosd i nt o

the site of hbg $8khOBnt2babled dh¥PRAY AYL GRS QRLADESE bk JBKI N
use o
15 Theteropoly-acid in the form of a divalent ion_ and an excessive

cation remains as a proton can be obtained and further a
composite of palladium and a heteropoly-acid in which the
remaining proton has been substituted by another cation may
also be obtained. Alternatively, the composite in which

20 palladium has been introduced into the site of the cation
of the heteropoly-acid can be obtained by making use of a
so-called metathesis reaction between an alkali metal salt
or alkali earth metal salt of the heterbpoly-acid and a
palladium metal salt. For example, a barium salt of a

25 heteropoly-acid is prepared by reacting the heteropoly-acid

| with barium carbonate and then reacted with palladium sulfate

to obtain a composite containing palladium introduced into
the site of the cation of the hetercpoly-acid. S$till another
method is that a heteropoly-acid is neutralized with a base

30 such as potassium hydrogen carbonate to activate the bonding
of the anion of the heteropoly-acid and then a palladium salt
is caused to act thereon to introduce palladium into the
heteropoly-acid.

The above composites of palladium and heteropoly-acids



so-cal l ed netathesis reaction between an alkali netal salt or alkali earth
netal salt of the heteropoly-acid and a palladiumnetal salt. For exanple,
a bariumsalt of a 25 heteropoly-acid is prepared by reacth R§toPRe2003

het eropol y-acid w th barium carbonate and then reacted with pall adi um
sulfate to obtain a conposite containing3palladiumintroduced into the
site of the catiogon of the_heteropoly-acid. Still another mnethod is that a

het er opol y- - ¥ B USEG FAPPLeBTW R HAdMIRERr8 (P JBfP £F P¥kessofnMaydPegen
carbonat e t o caairieat onf B8 89PHbPT1a®E Lher881 Ok Gfnd *&%n@%&u%fn%o'(}égaﬁhﬂ and

then a palladiumsalt is caused to act thereon to introduce palladiuminto
the 'heteropdlg)--acThe cpirimfoLe sopuisd sonfalpmiinali ailand gel, silica”
het er opol y- agjy( 7 . 20Q3. ..y be.used. al one _or in_adm xture of
two or nore, %oﬁa?"rrn;ay ggeggqggﬁalz'e o%éréahlﬁgp%}flo%eﬁ at & SRR O3S heCREMBnent s
(a) and %c) oRbdlecamd aridtireelgudesof I omhal hEtexosdlyCecQEland il -ica

al uma, rragnl%m ﬁ’a titani um oxide, zircqnium oxide, cerium5 oxide and

mi xtures the G AEE GFFHALLE PFeInd: thel FARR A Be d nga merl@m yatided i n
the conpositef n.a .MiAEnr #hkOcoftbobite MRERRE Cﬂ{@%ﬁélﬁm%s: disethe the

anounts of the conponent (a) and the conponent (c) shoul sel ecefed from
t he above re§FBPONEAYL 4adeanfnthereonzenenor of shioudld be ssldetedi fizdm

conpr | ses at Teasrores EERR NS SR () ol ARRREESS r PRIy 1
further X®nprises as &p.sicmiﬂnacbabbydr,dqiﬂ ﬁ@ﬂélﬁﬁmmwﬁm {8)the f@g@@@iéﬁ of
the quinone_as hhe co ogent ée{_include 1, 4- benzoqui none, 15

1, 2- benzoqui R&n&ERE3PESHPRE_FAVGPEL0D. GRNDBLGLTOAL, LEaS Y- Hhg HomRRAORES

ant hraqui nonga) ,2{(ehhy{c9, dhaaphr acpi-aeaeapid, 11 ¢- PhefRet hssngavsaeng and
exanpl es of the hydroquinone include hydroquinone, catechol,
3, 5-di - t - but FPLRCBENSF, PrETeRIIRone AqamprfiedHapte hhi efxampies of the

9, 10- di hydr oghti Rbaeelds: the Soifoneht L& disdudifant h&%&?fo&?gnone,
1, 4- di hydr oxyphenant hrene. The anount of qui none or

15 1.,2-benzoquinone, 3,5-di-t-butyl-1l,2-benzoguinone,
l,4-naphthoguione, anthraquinone,
2-ethyl-9,10-anthraquinone and 1, 4-phenanthrenequinone and
examples of the hydroquinone include hydroquinone, catechol,

. 3,5;di-t—butylcatechol, resorcin, 1,4-dihydronaphthalene,

20 9,10-dihydroanthracene, 2-ethyl-9,10-dihydroanthracene and
1,4-dihydroxyphenanthrene. The amount of quinone or
hydroquinone is preferably 0.1 to 200 mols, more preferably
0.5 to 200 mols based on 1 mol of the metallic palladium or
palladium compound (component (a)).

25 A reaction for forming an aromatic carbonate in the

| present invention is carried out by charging an aromatic
monohydroxy compound and the above catalytic system into a
reactor, supplying carbon monoxide and molecular oxygen under
pressure, and heating.

30 To promote this reaction efficiently at this point, it
isimportant that water formed by the reaction shouldbe removed
froma reaction systemas swiftly and efficiently as possible.
For this purpose, a dessicant such as a molecular sieve is

existent in the reaction system. It is also effective to use



hydroqui none is preferably 0.1 to 200 nols, nore preferably 0. 5 to 200

nols based on 1 nol of the netallic palladiumor palladi conpo
(conponent (a)). 25 Areaction for form ng an aromatic c qﬂéﬁgggrﬁﬂ%the

present invention is carried out by char qi ng an aromatic nonohydroxy
conpound and the above catalytic systemilfto a reactor, supplying carbon
nonoxi de and-nnlecuLar1£G¥ en under ﬁressure, and heating. 30 To_pronote

this reactiof &% S'éi O} HiL G hi to i eLipina b ot pomed ¥akehaPdr for ned

by the react icancaiieitith dPedr61Y ebnd£ 008 Ak @akd1 &by BYSt S8y §én SPELL! ¥nand
efficiently as possible. For this purpose, a dessicant such as a nol ecul ar

sieve is exFSASHLGM, SyRE epegonitdRuopslym Furithes), sanecdfganicesobvest 17
COct ober 2003 a Cltgul ati ct,ar el n rmed. water by
whd ch@b939 sChhi ¢H! dheR E8achar ukQa Lbnéffﬁf%%ger%%E?F ﬁrgvstem

circul ati ng carbon nonoxi de and nol ecul ar oxygen from 0
cont i nuous| y theumrelasrtiomn syrsgam bl adsnt lynwhand dmitsnwbtdiwat er can be

used to elimnate ter_fromb5 the reactiqgn systemefficiently and
continuously. The )g;ﬁaa%¥%a%b?ﬁﬁ£v%1f E‘ﬁut?g} Pg’{jmst‘ﬁliv'\ﬁt“éart%dmﬁdsiﬁs‘éﬂedi n
the present LAV peBskatalnwEgRlbs 150N BRYaWH@SSo BFEOE (ABY%e 4 Se SRSEEYET

but an organic solvent which directly takes part in the reaction an
reacts with rEWhHEeEYedIRuban nEIRRAE FOhvant pruic direckdy tpbesmpante

even if It Dbl endildaHAlh anaTREIEEQLALOLEAM L SOLYEOLS: PRYUING B0 gt Ve

hydrogen such as aliphatic a inc I'ng anol  and primary a
secondaryf anpredugite isono&ppreporatia tire catese eyt ryilsakeltipawdtéen. t he

reaction. Si ropiL.c_conpositions are 15 affected not only the
co- exi st ent ?@%E?%gﬁgproﬁﬂ% QBUFOiXF§ESrﬁﬁg%PSnaPeﬁﬁﬁi¥ﬁ ¥9¥RﬁF%ﬁ%§§ﬁre,
the azeotropas aleéphetdatugecehotlze ieiQaifihd Ao Wil Wt Bhatpdend
reaction pressurceigis desirably not nuch higher than the reaction

t enper at ur e. SSC9BOEF K BMIRES, 3Gt FOR *RPHRPELAFR rcanee prheemay halr i on
is 30 to 2006arpr ehetntl ¥ealtionl508intBea8882LbBREC compositions are

15 affected by not only the co-existent reaction product but
also reaction temperature and pressure, the azedtropic
temperature of the organic solvent with water under reaction
pressure is desirably not much higher than the reaction
temperature. -

20 Since the reaction temperature of the present invention
is 30 to 200°C, preferably 50 to 150°C, the azeotropic
temperature under reaction pressure is preferably close to
the above temperature range. Examplesdftheorganicsolvent
which satisfies the above conditions include esters such as

25 methyl acetate, ethyl acetate, ethyl acrylate, methyl
methacrylate, methyl butyrate and ethyl benzoate; ethers such
as diethyl ether, diisopropyl ether, methyl-t-butyl ether,
1,2-dimethoxyethane, tetrahydrofuran, anisole, 1,3-dioxane
and 1,4-dioxane; ketones such as cyclohexanone, 3-heptanone,

30 4-heptanone andacetylacetone; halides such as chlorobenzene,
chloroform and carbon tetrachloride: nitrogen-containing
compounds such as nitroethane, acrylonitrile, pyridine,
2-methylpyridine, 3-methylpyridine and 4-methylpyridine;

aliphatic hydrocarbons such as cyclohexane, hexane, octane



tenperature under reaction pressure is preferably close to the above
tenperature range. Exanples of the organic solvent which _satisfies the
above conditions include esters such as 25 methyl acetaté,” @FRPEr 2 at e,
ethyl acrylate, nethyl nethacrylate, nethyl butyrate and et hyl benzoate;
ethers such as diethyl ether, dllsoprop94 ether, methyl-t-butyl ether,

1, 2-di ne tho etra rofura ol e, 3-di oxane

andl, 4- dloxane Qﬁ?%ﬁ?% suéﬁxg a%?@?ﬁﬁ%iﬁﬁaﬁgca§bﬂﬁﬁt§H8He353@eﬂzﬁﬁﬁkanone
and acetyl acafolnendiakiydenesand r@pmﬁﬂﬂ&b@nz@Dﬁutﬁbb%@fﬂwﬁ%@&%mo“
tetrachl oride; nitrogen-containing conpounds such as nitroethane,

acryl oni tri| &F IR SR verk s aRMNg | ¥ Hares-aemBoheyti dzaetange with
4- et hyl h '
fane 17 Curorer By STAE BE el o SheR oni S BRI 58TE88Een s

octane 17 Cctober 2003 15 an decane;
benzene, 5toﬁﬁ@ﬂ@ﬂn&yQBﬁeéadeﬁmphuﬁabdﬁayaﬁcmmmimaeloﬁcﬁM@cdtbﬁﬁtemle

organic solv ngathe onent otr wWith water nmay al so
be used. Suc n% | T orfs S8 &P&%r’r gl"\?éﬁiy g‘&)’g keieheand hexane,
exenplified byldaaamﬁb:tr&itﬂéh &£ agerofiethian® aﬁﬂ%@@é‘ﬁ@”eouat e@mhaaki on of
met hyl et hyl ketone and hexane, and a combination of nitronethane and

octane. Qut GF9PR&Se SOlyiegdif ahisity da fathikavelnioeibhibtyi withi waterwi t h
t L 10 d
water are pagbl ﬁ&f@ibﬁl&&i&egfﬁﬁekge&' xPJ*;e@ eoqiar %b%}ﬁ%%ggﬁ:‘%%t%ﬁ dan

recycling. Ethers such as net utyl et
t et r ahyd¥®f upad, r&ﬁdcéﬂ@matlEthhySrBuahbamsmanﬂykx¢4huﬁgﬂuntﬁdﬁuene and

xyl ene are ant I I ferred | ewpoi nt's smal | chem cal
reactivity, gn%l P& ?Fm& \THon & re%far}%‘# "ﬁ%‘g axowapifati on
bet ween t he hgﬂabyarbbnmp@mmﬁxasmubdduhév(xbmﬁeneT@@daﬁpyéﬁeoéréhe organi c
sol vent formn trope with water at the tine of reaction is 10 to O.

01 part by mBFgﬁiLC“ BretPopf§TEet F3pm §hepnt eWBYLinks gift saddochemicabrt by

wei ght  of theaaeevmtiC ERAANY AHPOLLERIPUPYh A £ A hgngo
above organic solventyﬁhlch boils with water may béé#%fgg é§%$§%d§ﬂ§th t he

ar omat i ¢ *honBRPAFB%ICROAPBURED sEhe qadalitgteiConiponents and the product.
The amount of the organic solvent forming an azeotrope

with water at the time of reaction is 10 to 0.01 part by weight,
preferably 5 to 0.02 part by weight based on 1 part by weight
of the aromatic monohydroxy compound as a raw material. The

20 above organic solvent which boils with water may be liquid,
mixed with the aromatic monohydroxy compound as a rawmaterial
and then suppliedintoareactor, ormaybepartiallyevaporated
‘and suppliedinto areactor togetherwith gaseous rawmaterials.
After the orgapic solvent which boils with water stays in

25 the reactor, part or most of the solvent is discharged from
the reactor as a gas together with reactive gases used
excessively and co-boiling water. Thus, water is separated
and removed from the discharged gaseous mixture and then the
organic solvent and the reactive gases are returned to the

30 reactor, thereby making it possible to eliminate formed watexr
from the reactor continuously without losing the organic
solvent and reactive gases (carbon monoxide and molecular
oxygen) substantially.

The reaction of the present invention is preferably



and then supplied into a reactor, or may be partially evaporated and
supplied into a reactor together with gaseous raw materigls. After the
organi ¢ solvent which boils with water stays in 25 the rga?cpﬁfto?eb%ﬁqa or
nost of the solvent is discharged from the reactor as a gas together with
reactive gases used excessively and co- B | i ng water. Thus, water is

separated a DY € r e di scharged gasepus.m xture and_t hen_the
organi ¢ sol vrel:%lr%rr?dd/ tcﬂ“‘eﬁc rbﬁg]cr{'iﬁ\?%gﬁla%:'é%ga e?%?ﬂfﬁ%‘b PHePRBTS0CF c5BEBPR
t hereby neki mprdxiplssitd etie® phitiabt présonfedopainblechiam bRggeaact or

continuously w thout | osing the organic solvent and reactive gases (carbon
monéxi de and GP5EEReH 1nothgemixedhers it £915 taHe Javeds @ndotthensoppésent

[ nvent i on i s p¥eafisablat la R4 e 20031 10n AL FEA b DY IRERLAI i Ng { he
partial pressure of carbon nonoxide and the partial pressure of nol ecul ar
oxygen c®ntai ned Adthieagh tbe pastielcpressures evfelcarih mbeotkdidal and

pressure at Ln.t reaction, system Al t hough_t he_parti al
pressures of ?ﬂ(? g.%b'?%%lac{%%oﬁ{%% ag:r@]&) 115%0 reagbu Ya?a%§§6%ﬁegﬁg: %%%H‘?velg ‘

mai nt ai ned attheonsaticarif |Hwedes matdweidBs i Ds OfréheFEb IRt St 8hdei Ehe
preferably outside the explasive range fromthe viewpoint of safe The

ty.
parti al pr e§ERAES Iye & Hhsio HhGe VARYPRARdC AFapasRfgen W?cﬁaﬁtiﬁér 10
accor di ng t ophlag shiatedl o@esa&%&ﬁn@fwxi&@aﬂﬁqflwédlﬂrhl%ﬁgaemﬁ{fcn @?fﬁei o

conponent contained therein is generally selected fro a range o
30: 1. Thi? r egecogiliaghtodheatptad masdyre andrthe progotitd omatf enoingases to

be supplied o e ' t.ant. |evel I ntainin he
opti mum gas %é Sc%%ggg?"? F[gngghgggg%h %B%%sgﬁ'? %en%(\a/?%ﬁa%vaﬂr%e?ef%?h%g %’%}O‘Phe
reaction at eheasgeeofi el fide30 ehct iThe afealdie qir es@Nbel BEEPEEENOGENLPE

carried out_w.thout .restrictiaon on%tt he pressure. A too, high gressure IS
htE J2

not advant agB8dS PrEhiehdRA Sl 4% 2 RRt TR Lhed 28ubRIaENSn of
the apparat useaed i%af &ity a Homdteial 1RSSUntidteiialeratl YopPikah M8 *GC

or | ess,1£ar tcim%ul arly preferably _ .
position and coritinucusly removing water formed by the
reaction at the same time.

The reaction of the present invention can be carried
out without restriction on the pressure. A too high pressure
“is not advantageous from the viewpoints of the structure and

20 operation of the apparatus and safety. The total pressure
is preferably 50 kg/cm®*G or less, particularly preferably
30 kg/cm**G or less.

The reaction temperature is 30 to 200°C, preferably 50

to 150°C. The, reaction time which differs according to
25 reaction conditions is generally several minutes to several
hours,

Although various inert solvents may be used as the
solvent for the reaction, solvents having a relatively high
vapor pressure are gradually removed from the reactor together

30 with reactive gases when the reaction is carried out under
the circulation of the above gases. Therefore, the aromatic
monohydroxy compound as a raw material is generally used as
a reaction solvent and other solvent may not be particularly

used.



30 kg/ cn2 -G or less. The reaction tenperature is 30 to 2000 C, preferably
50 to 1500C. The,reaction tine which differs according tg 25 reaction
conditions is generally several mnutes to several hour &. QPPH%U@HBVarious
inert solvents may be used as the solvent f or the reaction, solvents
having a relatively high vapor pressurela?re gradual ly renoved fromthe

reactor toge r 1 t.h reactiv as when the reaction is carried out
under the c'tlsn:%'fgq)evgé]:hp Qi gk Wilderefore, the aromatic

nonohydr oxy conpoutfdgaslds avedidiit ad diaddeMeEAblindSE Gnisl 1 -8 1 A48 bia@n
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Brief Descri Sti$itiGtighe Iﬁaé%//ﬁ%ﬁ’ FFYStam; §08 SRREWARICOHFa§PanPERSRINtg a
smal | -si zed dasrer@ilgiull ati on reaction systemfor carrying out the present
invention. 5 Explanations of letters or notations 1 reactive gas 2
reactive Yas Explagatdons fify deatterpressapbategusator 6 pressure regul ator
7 mass flow gontroller,, . flow controller 9 gas m xture preheater 15
10 reactor 1% coldkﬁsggl%?ng%%ssure regulator Fig. 1 is a schenmatic diagram
showi ng a smal | - si redcgdse @iascul ati on reaction systemfor carrying out the
present 20 invention. The reaction systemshown in Fig. 1 enables a m xed
gas of car bor nonoXRd¥Sand oxygen (or air) whose nolar ratio

4 valve
10 5 pressure regulator
6 pressure regulator
7 mass flow controller
8 mass flow controller
9 gas mixture preheater
15 10 reactor

11 cold trap
12 pressure regulator
Fig. 1l is a schematic diagram showing a small-sized gas
circulation reaction system for carrying out the present
20 invention. Thereaction systemshown inFig. 1enables amixed
gas of carbon monoxide and oxygen (or air) whose molar ratio
and partial pressures are maintained at constant levels to
be continuously supplied at é constant flow rate of about
10 to 800 ml/min. The reactor 10 has a capacity of 100 ml
25 and a diameter of 30 mm and is cylindrical and equipped with
a gas blowing tube and rotary agitation elements. When the
reactive gas 1 is carbon monoxide and the reactive gas 2 is
molecular oxygen (or air), they pass through the wvalves 3
and 4 and are adjusted to pressures 1 to 5 atm higher than
30 the pressure of the pressure regulator 12 for controlling
a predetermined reaction pressure by the pressure regulators
5 and 6, respectively. Thereby, predetermined amounts of
gases are supplied to the reactor 10 through the gas mixture

preheater 9 fromthemass flowcontrollers 7 and 8, respectively.



and partial pressures are maintained at constant |evels to be continuously
supplied at a constant flow rate of about 10 to 800 m/mn. The reactor 10
has a capacity of 100 m 25 and a di aneter of 30 nm and {E‘sflgﬁopﬁH?(?Q?al and
equi pped with a gas blowi ng tube and rotary agitation el enents. \Wen the
reactive gas 1 is carbon nonoxide and théd& eactive gas 2 is nolecul ar
oxygen (or aif), they .pass tFrou h the valves 3. and 4 and are adjusted to
pressures 1 eSQQFr# Been ﬂ#ﬁ?%@%?@eﬁe?%@ﬁrl&gﬁrEhF@BEPator
12 for contr ehld #g1d 2 HaperehalE ed 1 EBAGTHHER FAFEHE §rds die Pégéia r
regulators 5 and 6, respectively. Thereby, predeterm ned anmounis o gases
are supplied1o tFeemuagpire ofttheoughctre Yhismddusted by dieapresgufeom
the mass flow.coRtihQd g8 7 and 8 , respectively. 17 Cctober 2003 18 The
gas conponents~passing through the reactor 10 go through the cold trap 11
and are d schar gedIfir bivetieseqtbes wethial showor inlPigThe, phesgakecohihfe

reactor 10 is_adjusted by th ressure _requlator 12. 5 1n the reaction
met hod shovm%f':ﬁm{:]g%‘.e Ta‘%/%%r égglﬁo’rﬁwd??%‘ﬁﬁr‘ﬁé’ t85cttd 3R LilnvReBtced
into the col gakhaiF Adrmbeiva tepHid fhe IR VBt LEc2NdctRE a3 YERL 2 @E g
coll ected and unreacted gas is collected fromthe pressure regulator 12

The gas whos82ScdhBBaiersadtirembhn premsusld egubaten diredThagashesycl ed.
10 After -t hec@@ﬂo%fitﬁla‘ﬁ §8%d ’co%ﬁ%orﬁ.%ﬁ EQ%%&W&? dah b%ﬂkgée]%é)#é from
"t p Nt inv €3

the reactor an e catal yst of the prése nt1on can a a?'ed by
filtratildh, centrifAfjer thepardbifohherreagiibon c deparacitdon neeoueeeils and

recycl ed. I@}che case_of aflixed bed s sée t hi eparation operation 15
is not necesSary. ?Hg 5Fomatie Eﬁ?‘ﬁgﬁ'ﬁt én f%ﬁt‘é?i@fy%yoﬁeth% F38%% and
purified by invengtibancatl Sl Idetfdreited bsstaddt Zo ] GedOrbeudsol at ed.

The follow n exarqgl_es are given to further illustrate the_process of the
present invenfPBhEL1oH PR PASNEELFOTPRRTRLkARDI cSeCaveradtanm IRrRYekedi ed

out in the fgaghé Unsw e SN vl Ey@teh, URheSSs Qb OFL VY 58 L6 on

15 1s not necessary. The aromatic carbonate of interest may be

separated and purified by filtration, distillation or
crystallization to be isolated.

The following examples are given to further illustrate
the process of the present invention.

20 In the following examples, a reaction was carried out
in the reaction systemshown inFig. 1 unless otherwise stated.
Example 1

Using the reaction system shown in Fig. 1, the inside
of a reactor containing 47 g (0.50 mol) of phenol, 36.0 mg

25 (0.16 mmol) of palladium acetate (PA{OAc).), 136 mg (0.047
mmol) of tungstomolybdenumphosphoric acid (H;PMogWs040° 30H,0),
55 mg (0.32 mmol) of manganese acetate {(Mn(QAc).), 968 mg (3

. mmol) of tetra-n-butylammonium bromide (BusNBr) and 7.0 g of
a molecular sieve (powder having a particle diameter of 4

30 A) was substituted with carbon monoxide. Right after the
temperature of the reactor was raised to 80° C and the pressure
of the reactor was increased to 8 bar with carbon monoxide,
a reaction was carried out for 3 hours at a carbon monoxide

flow rate of 500 ml/min and an oxygen flow rate of 35 ml/min.



Exanple 1 Using the reaction systemshown in Fig. 1, the inside of a
reactor containing 47 g (0.50 nol) of phenol, 36.0 ng 25 (0.16 mmol) of

pal | adi um acetate (Pd(OAc)2), 136 ng (0.047 mmol) of 17 October 2003

t ungst onol ybdenunphosphoric acid (H3PMO6WSO40. 30H20) , 55 ng (0.32 nrnol)
of manganese acetate (M(QAc)2), 968 ng {8 mmol) of tetra -n-butyl ammoni um

brom de (Bu4ﬁ&§‘3rz3 d 7.0 g,of a gol ecul ar_ si eveﬁgﬁowder having a particle
diamcter of 4788 Wic\BE3ChACP: PRPBHCK th TAPLERARbRBXTEE. ERFERIORE (B4 ( he
tenperature ahatbectanty@ls ¥RFonatE88abRyHr e P Rfie!l 88 RIESAN a1 dde
reactor was increased to 8 bar with carbon nonoxide, a reaction was

carri ed out. Lér89 hikakd af 22 .04 boh divhenvdcarbeva e f BPG) waGmbidined and
an oxyoen {1 g 3beo8t135. LB Becl]Pabyr 2003 19 Wien the react i or
en

product in the reactor was'ta out and " ‘anal’yzed by gas chromat ography
after the enBxampikeZreaction, 11.8 g (yield of 22.0 % of di-phenyl

car bonat e ( DPC) og_{ai ned. _The sel ectivi tty of DPC was,98.9 % _ 5 Exanple
2 The inside of \Qﬁf]%% ’b“?l‘g%rﬂ%i%irﬁ&%f’rgcf’@. HEHIRG #1708 (DheddrolBe@® ny
(0.16 mml) phepahl ash Lomac¢bate fikvdl § Q¥ ahadilﬁ@a%tﬁ@eoﬁdE@Qé%z)of

t ungst onol ybdenunphosphoric acid (H3PMo6W040. 30H20) , 28 ng (0. 16 nmol)

of manganeseldgekdt £01047 Mamodlc p£2tungsdemed yisiepusiphasgphoric acid

t et ra- n- but y| gremg hrQp3 Br d g I ieve
(powder havi F}(} a p%%?%"cl%ﬁzgiqérrgt%gﬁl@of(blﬁﬁ) H\/\'Z“é)g’ )St?gst"?dtn[@en%%lv% ﬁcecﬁgfﬁ%eon
monoxi de&.0 Ri {Me(Oaéd ), 19166 mngnfp® mawolr)eobft & thea +redmi Oy L avason s dc-drol B0 C

and the pressur t reactor s ihcreased to 8 bar with carbon .15
nonoxi de, a f%%t@ﬁaﬂgg'gﬁ? @d“%cq%fr §§ﬁgﬁr(§°¥de§%&%¥\4&6ﬁaw]§e f1 ow
rate of 670 aiamédefrsE ark pwpgesubsPItEeEe wafth 4rBbhTidho e, t kg gigaction
product in the reactor was taken out and anal yzed by gas _chronat ogra}fhy

after the endtbfriHee YURATHTLODH the Frard st vee. BalFeds toRY asn
obt ai ned. Thehe 3300 b¥i e 2adRe98s A dhs A RBPS 833wl £h Larbon

15 monoxide, a reaction was carried out for ¢ hours at a carbon
monoxide flow rate of 670 ml/min and an oxygen flow rate of
47 ml/min. When the reaction product in the reactor was taken
. out and analyzed by gas chromatography after the end of the
reaction, 20.0 g (yield of 37.3 %) of DPC was obtained. The .
20 selectivity of DPC was 98.9 %.
Examples 3 to 7
A reaction was carried out for 3 hours by charging 47
g (0.50 mol) of phenol, a heteropoly-acid shown in Table 1,
0.16 mmol of palladium acetate (PA(0OAc),), 0.69 mmol of
25 benzoguinone, 0.32 mmol of manganese acetate (Mn(OAc),), 3
mmol of tetra-n-butylammonium bromide (Bus;NBr} and 7.0 g of
a molecular sieve (powder having a particle diameter of 4
A), circulating carbon monoxide at a flow rate of 500 ml/min
(standard state) and pure oxygen at a low rate of 35 ml/min
30 (standard state), and maintaining the reaction pressure at
8 bar and the reaction temperature at 80°C. After the end
of the reaction, the reaction product in the reactor was taken
out and analyzed by gas chromatography. The results are shown
in Table 1 together with the used heteropoly-acid.
35



A reaction was carried out for 3 hours by charging 47 g (0.50 nol) of
phenol, a heteropoly-acid shown in Table 1, 0.16 mmol of _pall adi um acetate
(Pd(QAc) 2), 0.69 mmol of 25 benzoqui none, 0.32 mol of m%r?g‘i 208t at e
(Mi(QAc)2), 3 mmol of tetra- n- butyl amoni um brom de (Bu4NBr) and 7.0 g
of a nol ecul ar sieve (powder having a pé?ticl e dianmeter of 4 A,

circul ati ng carbon nonoxi de at a flow,ﬂ'/a%;te f 500 mMm/mn (standard state)
and pure oxygen at_a lowrate of 35 ni 1§ (standard state). and

mai nt ai ni ng th&r eqct kypeppéssompoaents (lgdr agdeflde ofe @0 (orelieeipeitat ur e at
80C. After theNend | of {heteeapbilgractidd reacti on -p¥pduct |i of tDRE (&4ct or
was taken out and |anal yz¢dmbyngasmollyomat ogyaphy. The resul ts” are shpwn

in Table 1 toget®r| Wt hgihgMmsed, depopol yiacidyi3% 17 t oy 2003} 20
Tabl e 1 Ex.typpe of conponent (()cbw-; | d of DPC:eI ectivity

No. (-het er opol cigq)y-Cof ot Wﬁ%e—
30H2C21. 698. 5 % %47) &H%ﬁ%@ jﬂj}% 30H20].9 69871 (0. 046) w1

Ex. 5SH3PWI My 8 (AN 36HZ2E18-—1899 ‘. PALOVB 2040~ 0H2018-694. 8
(0.042) Ex. 7%%%604%%32‘2% 0 (0. )47) mBaratijve Blarfple 1 A
reacti on was ied out for RBérs by r‘har jing 500 5 (0.53 ml )| of
phenol , 0.16 |[H®16 df palliEHoMezfet 3080 (Pd [ OAc) 18)6, 0.9 m®- &of
benzoqui none,| 0, 32 |mmpl_of méRg8ddde acetate (Mi(OAc)2). |3. nmol of
t et ra- n- but yl [&@mohijum biafideMo{BUWABBH)O and . 0 g20b a ngl ecwlsdard si gve
(powder having a particle (0.047)

Comparative Example 1
A reaction was carried out for 3 hours by charging 50.0
5 g (0.53 mol) of phenol, 0.16 mmol of palladium acetate
(PA(OAc);)., 0.69 mmol of benzoquinone, 0.32 mmol of manganese
acetate (Mn(OAc).)}, 3. mmol of tetra-n-butylammonium bromide
(BusNBr) and7.0gof amolecular sieve (powderhavingaparticle
diameter of 4 A), circulating carbon monoxide at a flow rate
10 of 500 ml/min (standard state) and pure oxygen at a low rate
of 30 ml/min (standard state), and maintaining the reaction
pressure at 8 bar and the reaction temperature at 80°C. As
a result, the amount of formed DPC was 1.09 g (yield of 1.9 %)
and the selectivity of DPC was about 78 %.
15 Example 8
40.0 g (0 43 mocl) of phenol, 36.0 mg (0.16 mmol) of
palladium acetate (Pd(OAc),), 135 mg (0.0‘47 mmol) of
tetra-n-butylammonium tungstomolybdenumsilicic acid
{ (BuyN) ~SiWM0;3:1040), 55 mg (0.32 mmol) of manganese acetate
20 (Mn(0OAc);), 1,000 mg (3.1 mmol) of tetra-n-butylammonium
bromide (BusNBr) and 7.0 g of a molecular sieve {powder having
a particle diameter of 3 A) were charged into a reactor and
the inside of the reactorwas substitutedwith carbonmonoxide.
Right after the temperature of the reactor was raised to 80°C

25 and the pressure of the reactor was increased to 8 bar with



di aneter of 4 A), circulating carbon nonoxide at a flowrate 10 of 500
m/mn (standard state) and pure oxygen at a lowrate of 30 m/mn
(standard state), and maintaining the reaction pressure dtO8oBar2083d t he
reaction tenperature at 80 C. As a result, the anount of fornmed DPC was
1.09 g (yield of 1.9 %9 and the sel ecti\?ilty of DPC was about 78 % 15

Exanpl.e 8 40, 0 |9, of l., .36,.0 .16 mmol.) _o al | adi um
acetate (Pd( 8%(5% é’g“ mﬁ?%&e('o.ao%%%")“ &S 'E‘%trﬁrg-e# BHttyﬁéﬁn‘énPgﬂFs at™"

t ungst onol ybeéenarbbhi monortdd £1¢ButNeloF PY0LA0AM) n £fd B8 6Ry33nnEDby Of
manganese acetate 20 (QAc)2). 1, 000- 3.1 nmol ) _ of tetra

-n- but yl ammr’ﬁa&ﬁ\ O%r%%!\'%e/“{légmNﬁlh)e“aﬁBel eachHisr Brodfce dmathei BSRCEPBWder
havi ng a pakfaischaxdnhagriesnafl agaf r g j t d he

i nsi de of the reactor was sﬁbs?i tau gﬁews?ﬁgggrﬁﬂﬁbﬂ%ﬁgéfﬁgaf* QR?E%‘? 5?%&

t he tenpe? at @Rd off thageasddos. Wasb gdiviad d of 86 .C YoHRBCHes ghbatueéd. of

t he reactor WS is.'é(ire%aﬁ‘?rq_g:éfr) 08f ﬁcuwé%r;%o%tggeé 2003 21 carbon

nonoxi de, a reaction was rie urs at a carbon nonoxi de fl ow
rate of 500 Eiké&niplear®d an oxygen flow rate of 30 m/mn. Wen the reaction

product in the reactor s taken _qut and anal yzed by gas chromat ogr aphy
after the 5 end of ii)hg F’\é\get'i“anm?lfo%fg RBAT Y of6 3 e 0h0 ok6 e SOP

obtai ned. Thaisakeeh Wdetadfe Qli‘fagmﬁs)athut14%9_n{’é (X G404k 9 (0. 43
nol) of phenol, 36.0 (‘0. 16 mmol) of pal |l adium acetate (Pd(OAc)2), 145
my (0.0 m’nSPFrGf‘nI@rlTlgé‘t Y |t ame T ¥bdenwnish gsnieenhe hashbéor i ¢

o0 oS0 RV BERID ) S5 ST o PR S S e
(Bu4NBr) and(¥n(0Ag)e) . alpdbecmbal 3silemmo{ljowdert eltrai-mg but ylammonl itim
O e o of Bl Ea NS ok 0 SFEOAS) 8P Sy TR g
flow rate of a3paptiele, diamétactbpB N st chlargediaindbda ard £3€b1+ 0dha
tenmper atluﬁre gfreaction was carried out for 3 hours at a carbon monoxide
flow rate of 500 ml/min, an oxygen flow rate of 30 ml/min,
2 reaction pressure of 8 bar and a reaction temperature of
80°C. When the reaction product in the reactor was taken out
andanalyzed by gas chromatography after the end of the reaction,
20 10.5g(yieldof 22.8 %) of DPC was obtained. The selectivity
of DPC was about 99 %.
Example 10
40.0 g (0.43 mol) of phenol, 36.0 mg (0.16 mmol) of
palladium acetate (PA(OAc}):), 110 mg (0.047 mmol) of
25 tetraethylammoniummolybdenumsilicicacid ((EtsN),4-SiM0;1,040) .,
55 mg (0.32 mmol) of manganese acetate {(Mn(OAc),), 1,000 mg
(3.1 mmol) of tetra-n-butylammonium bromide (BusNBr) and 7.0
g of a molecular sieve (powder having a particle diameter
of 3 A) were charged into a reactor and a reaction was carried
30 out for 3 hours by circulating carbon monoxide at a £low rate
of 500 ml/min (standard state) and pure oxygen at a flow rate
of 35 ml/min (standard state) and maintaining the reaction

pressure at 8 bar and the reaction temperature at 80°C. When

the reaction product in the reactor was taken out and analyzed



80 C. Wen the reaction product in the reactor was taken out and anal yzed

by gas chromatography after the end of the reaction, 20 d of
22.8 % of DPC was obtained. The selectivity of DPC vvasjlgrbéﬁgbéé&@é
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15 andmaintaining the reaction pressure at 8 bar and the reaction
temperature at 80° C. When the reaction product in the reactor
was taken out and analyzed by gas chromatography after the
end of thereaction, 10.3g (yieldof 22.4 %) of DPCwas obtained.
The selectivity of DPC was about 97 %.

20 Example 12
' 40.0 g (0.43 mol) of phenol, 36.0 mg (0.16 mmol) of
palladium acetate (Pd(OAc),), 159 mg (0.047 mmol) of
tetra-nl—butylammonium tungstomolybdenumsilicic acid
((BuyN};-SiWsMogO40), 28 mg (0.16 mmol) of manganese acetate

25 (Mn(Oac);), 1,000 mg (3.1 mmol) of tetra-n-butylammonium
bromide (BuyNBr) and 7.0 g of a molecular sieve {(powder having
a particle diameter of 3 A) were charged into a reactor and
a reaction was carried out for 9 hours by circulating carbon
monoxide at a flow rate of 670 ml/min (standard state) and

30 pure oxygen at a flow rate of 47 ml/min (standard state),
and maintaining the reaction pressure at 8 bar and the reaction
temperature at 80° C. When the reaction product in the reactor
was taken out and analyzed by gas éhromatography after the
end of thereaction, 19.0g(yieldof41.2%) of DPCwas obtained.



endof thereaction, 10.3g (yield of 22.4 %) of DPCwas obtained. The
selectivity of DPC was about 97 % 20 Exanple 12 40.0 g .(0.43 nol) of
phenol, 36.0 ny (0.16 mml) of palladium acetate (Pd(OAcl)72§JCt°?S©2 (0. 047
nmol ) of tetra-n-butyl a, moni umtungstorml ybdenunsilicic acid ((BU4N)4

- SMMO~6040), 28 ng (0. 16 mml) of mangan de acetate 25 (M(CQAc)2), 1,000 ngy
(3.1 mol) o e um b (BU4NBr) and 7. 0 g of a

nol ecul ar si Icgv% %ng\gelw' \yynmﬂﬁ 5{&”36 heter of 3 A) were charged
into a react Bxampdesa lBeaeot i1an was carried out for 9 hours by circul ating

carbon nonoxide at a_flowrate of 670 m/mn g_standard state) and 30 pure
oxygen at a flow r3t&3drohPHPhenelsPafddr Bnel£f)a quatermamst BRALNGEL he
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of DPC was obt ai er 2003.23 The selectivit C 99.4 %
Exanpl es 13 (') 1@1‘8%14%;%?{9% phéngylaﬁmﬁ’&'}uﬂlnﬁf:og‘f"dg Efré]?ﬁg m@a?t of a
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(Pd(QAc)2), 0.32 of rra’{gg@nese acetate (M(QOAc)2), 3.1 mmol of
tetra-n-but yPh ﬁlW%r‘g’fﬁ ¢ BRARER FefRfor gndp deas tivitevar H#aLr bed

(powder hawaetafcn@@thshﬁs% @tﬁuléﬁlr&oé)ar%&emsﬂaﬁﬂﬁg érgfaofilo&eﬁ-ﬁ r and

a reaction was carried out or 3 hours by circulating carbon nonoxi de at a
flow ratl® 10°6f5Q§D€!llrﬁﬂ/1m hstandaadretatal @ndamllrpuosygﬁygem aaf lawftaoe r at e
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the reaction, g 15 re Ilcs_ar shown in Table 2 together with the used
het er opol y- af?%% 1?%5?5°§uc in the reactor was taken out and analyzed

by gas chromatography after the end of the reaction. The

15 results are shown in Table 2 together with the used

hetercopoly-acids.

Table 2
Ex. No. quaternary salt of yield of DPC | selectivity
heteropoly-acid (%) (%)
Ex.13 (BU4N)4-SiM012040 22,7 98.6
Ex.14 ' (BU4N)4*SiW5M05040 23.0 97.4
Ex.15 (BU4N)3-PW7M05040 20.8 98.9
Ex.16 (BU4N)3—HPVM011040 17.6 98.1

20 Example 17

preparation of composite of palladium and heteropoly-acid
1.15 g (0.5 mmol) of molybdenumsilicic acid

(H48iM012049*nH,0)} (0of Nippon Inorganic Colour & Chemical Co.,
Ltd., n = 28) was dissolved in 5 ml of water, and 112 mg of

25 palladiumacetate (Pd(OAc).) was added and heated to evaporate
water. At this point, overheating was avoided and a small
amount of water was added to repeat heating and evaporation
until the added palladium acetate was completely dissolved
and a smell of acetic acid disappeared from the evaporated

30 watervapor. Finally, apalladium-heteropoly-acidcomposite



Ex. No.quaternary salt of yield of DPC selectivity heteropoly-acid(% (%
Ex. 13( Bu4N) 4- Si Mb1204022. 798. 6 Ex. 14( Bu4N) 4- Si WeMb604023. 0,9% 4

Ex. 15( Bu4N) 3- PAWWNb504020. 898. 9 Ex. 16( Bu4N) 3- HPVMb1104017./69%08e %y anpl e
17 preparation of conposite of palladiumand heteropoly-acid 1.15 g (0.5
mmol ) of nol ybdenunsilicic acid (H4S Md2o10 nHZO) (of N ppon I norganic
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conposite 17 Cctober 2003 24 represented by PdH2S Mb12 nH20O was

obt ai ned Yy efapeirerpPgbutElammandunr pragide. vahi sdéedpand tatimkred died | y

di ssol ved-1In o] te m n ol ution..cant.aining 0.75
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about 1 hourdrhed.t hebdwt 0ed 7py efiapd Pladias-heétéropdlgndcididdathodAhat .
1.57g of a pal Lﬁgi um het er opol y-aci d salt which was the
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composite;
| 47.0 g (0.5 mol) of phenol, 500 mg (0.16 mmol)} of
palladium-SiMo;,040-tetrabutylammonium composite salt

15 ( (BuyN),PASiM0;,040°nH;0), 55 mg (0.32 mmol} of manganese
acetate (Mn(OAc):), 968 mg (3 mmol) of tetra-n-butylammonium
bromide (BusNBr) and 7.0 g of a molecular sieve (powder having
a particle diameter of 4 A) were charged info a reactor and
the inside of the reactor was substitutedwith carbonmonoxide.

20 Right after the temperature of the reactor was raised to 80°C
and the pressure of the reactor was increased to 8 bar with
carbonmonoxide, areactionwas carriedout at a carbonmonoxide
flow rate of 500 ml/min and an oxygen flow rate of 35 ml/min
for 3 hours. When the reaction product in the reactor was

25 taken out and analyzed by gas chromatography after the end
of the reaction, 10.3 g (yield of 19.2 %) of DPC was obtained.
The reaction selectivity was about 98.9 %.
Exampie 18
preparation of composite of transition metal and

30 heteropoly-acid;

1.20 g (0.5 mmol) of tungstomolybdenumsilicic acid

(H4SiWMo0;,040"nH,0) (of Nippon Inorganic Colour & Chemical Co.,
Ltd., n = 27) was dissolved in 5 ml of water, and 168 mg of

cerium acetate {Ce(OAc);) was added and heated to evaporate



acetate (M(QOAc)2), 968 ng (3 mml) of tetra- n -butylamonium brom de
(BudNBr) and 7.0 g of a nolecular sieve (powder having ﬂgpgrtlcl e di arreter
of 4 A) were charged into a reactor and the inside of t e2Le0F0URa
substituted wlt h-carbon nonoxi de. 20 Right after the tenperature of the
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this point, eatereandndrwingwy.ded and a snall armunt of water was added
to repeat heati ng % d evaporatjon wuntil _the_added cerium acetate was
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represented by CeHSi WWb11O40 - nH20O was obt ai ned by evaporating water and
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15 as a solid powder.
reaction using the above cerium-heteropoly-acid composite;
50.0g(0.53mol) of phenol, 36mg (0.16mmol) of palladium
acetate (PA(OAc).;), 96 mg (0.047 mmol)} of
cerium-tungstomolybdenumsilicic acid composite
20 (CeHSiWM011040*nH,0), 55 mg (0.32 mmol) of manganese acetate
(Mn(OAc)2), 968 mg (3 mmol) of tetra-n-butylammonium bromide
(BuyNBr} and7.0gof amolecular sieve (powder havingaparticle
diameter of 3 A) were charged into a reactor and the inside
of the reactor was substituted with carbon monoxide. Right
25 after thé temperature of the reactor was raised to 80°C and
the pressure of the reactor was increased to 8 bar with carbon
monoxide, a reaction was carried out for 3 hours at a carbon
monoxide flow rate of 500 ml/min and an oxygen flow rate of
35ml/min. When the reaction product in the reactor was taken
30 out and analyzed by gas chromatography after the end of the
reaction, 7.7 g (yield of 13.6 %) of DPC was obtained. The
selectivity of DPC was 96.7 %.
Example 19
119 mg (0.047 mmel} of the
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(0.047 nmol) of ceriumtungstonol ybdenunsilicic acid cong 5?@ 030%?3

(CeHSi WWb11040nH20), 55 ng (0.32 nmol) of nanganese acetate (M (QAc) 2),
968 nmg (3 mmmol ) of tetra n- but yl anmoni umzﬂrom de (Bud4NBr) and 7 . 0 g of a
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of 17.5 %) of DPC was obtained. The selectivity of DPC was
15 98.1 %.
Example 20
32.5 g (0.346 moi) of phenol, 10 ml of toluene, and 136
mg (0.047 mmol) of tungstomeolybdophosphoric acid
(H3PMOgW:040°30H20), 0.16 mmol of palladiumacetate (PA(0Ac),),
20 0.69 mmol of benzoquinone, 0.32 mmol of manganese acetate
(Mn (OAc);), 3 mmol of tetra-n-butylammonium bromide (Bu;NBr)
and7.0gof amolecularsieve (powderhavingaparticle diameter
of 4A) as catalysts were charged into a reactor, and a reaction
was carried out for 3 hours by circulating carbon monoxide
25 at a flow rate of 500 ml/min (standard state) and pure oxygen
at a flow rate of 35 ml/min (standard state), and maintaining
the reaction pressure at 8 bar and the reaction temperature
at 80°C. 9.59 g (yleld of 25.9 %) of DPC was obtained. The
selectivity of DPC was 98.9 %.
30 Example 21
40.0 g of phenol, 10 g of tetrahydrofuran, 36 mg of
palladium acetate (PA(OAc),), 55 mg of manganese (IT) acetate
{Mn(OAc).), 1,000 mg of tetra-n-butylammonium bromide, 135

mg of tungstomolybdenumsilicic acid tetra-n-butylammonium



Example 20 32.5 g (0.346 nol) of phenol, 10 m of toluene, and 136

(0.047 mmol ) of tungstonol ybdophosphoric acid (H3PMI6WSQ40 30H20) , 0.16
mol of pal | adi um acetate (Pd(OAc) 2) , 20 0.69 mmol of HenPegbendids, ~0. 32
moi of manganese acetate (M (QAc) 2), mol of tetra- n-butylamoni um

brom de (Bu4NBr ) and 7. 0 g of anol ecufar sieve (powder having a particle

di ameter of (4;4) t al:yst charged i reactor. and a reaction
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obt ai ned. The (selekd iod Ry .of 3) 16f DPC was 8Bt8ifled. The selectivity of
15 DPC was 98.8 %.
Example 22
25.0 g of phenol, 25 g of tetrahydrofuran, 36 mg of
palladium acetate (PA{OAc);), 55 mg of manganese (II) acetate
(Mn(OAc)z), 1.000 mg of tetra-n-butylammonium bromide, 135
20 mg of tungstomolybdenumsilicic acid tetra-n-butylammonium
salt ((BuyN)},;SiMo;1;W0,40) and 7.0 g of a molecular sieve (powder
having a particle diameter of 3 A) were charged into a reactor,
and a reaction was carried out in the same manner as in Example
1 for 3 hours by circulating carbon monoxide at a flow rate
25 of 500 ml/min (standard state) and pure oxygen at a flow rate
of 35 ml/min (standard state), and maintaining the reaction
pressure at 8 bar and the reaction temperature at 80°C. As
a result, the amount of formed DPC was 8.89 g (yield of 31.2 %)
and the selectivity of DPC was 99.5 %.
30 Example 23
40.0 g of phenol, 13.0 g of tetrahydrofuran, 36 mg of
palladiumacetate (Pd(OAc),:), 27.5mgof manganese (II) acetate
(Mn(OAc);), 1,000 mg of tetra-n-butylammonium bromide, 135

mg of tungstomolybdenumsilicic acid tetra-n-butylammonium



Exanple 22 25.0 g of phenol, 25 g of tetrahydrofuran, 36 ng of palladium
acetate (Pd(QAc) 2), 5 5 ng of manganese (I |) acetate ﬁtl\fnéoé\ghl) % 000 ngy
of tetra- n -butyl ammoni um broni de, 135 20 ng of tungstordl §64 RUARSS i ci ¢
acid tetra-n-butylammonium salt ( (BWN) 4Si MOLIWD40) and 7. 0 g of a

nol ecul ar sieve (powder having a particlzé di aneter of 3 A) were charged

into a reactqr, i s_caryied out in the sanme manner as in
Example 1 f%(r?rltis?ﬂgﬂ‘?y%és%ﬁli ?J%I(\}gt??‘l & Bocﬁéjﬁ*dﬁcg&?(&él%¥ 1%V9 EW’W&FE 25
of 500 ml / mi mafvsitandasalrisi @l €)diain fuy e£o3 Mgeweate énbtguarai€s t3fe 3amel /M n
(standard state) , and nmintaining the reaction pressure at 8 bar and the
reaction tenp&fstRe RdgdHTeECtAOT YasSarTied utapsuin 1dfe FemeeBaDRErwas
8. 8 9 g (yielsdigf ERimpe ANEolh thyi % ; gxanpl e
23 40.0 g of phé'nol, 15.8 g o? tgtl;qg{ﬁsgr% u‘%%ﬁ?ﬁ%%)%g&g\?ag%gﬁlra‘%{lggnlgéet ate
(Pd(OAc) 2) ateaZlay wgtef ofchfhimddaifl (ytavdaztiestéib] Gas) pureloRPfeny of
tetra- n -butyl ' r op.de 35 of .tu t | ybdenunsi licic¢c acid
tetra-n-buty gn%rr?b%uu%glfg %}30 ot 5‘683%“@‘%&%(%:a(%ém?n%épmgmﬁ?gand
7. 0 g of a rhleershatishepreépardedt hdEmM@and RRE! +ehetdbameiRpePLLELH)

were charged_into the sane reactor, and a reaction was carried out as in
the same manfiér 803& - nAEx%rﬁ)?%u*tfoth% ABBrEtHYE cFPEurdt PRE ¥aFbdh - Aodoxi de
5 at a flow (gueiel o¥08.4my BN ded AHIATL A £)3 EndoPUsBC HYGCH3 Bl 43 T OW
rate of 35 M/ mLn (standard state), and nmaintaining the reaction pressure
at 8 barl@ndExpaplesceidokot @fperature at 800C. As a result, the anopunt of
f ormed DPC was 15. i .9 e,sel.ectivity of DPC.was
98.8 % 10 Exanpl gsgaiéi%gégwigrg%gg%é% §V§.g %gr?laeé out %tﬂgﬁxﬁ ¥artg
hours usi ng 1122ddmethbayeéhaaes, dietiHipyl etithar, 11, 4-di oxane of

net hyl -t-butyl ,ether in. place_ of tetrahydrofuran. The. results are shown in
y %etﬁy&-t— utgl ether in p Qae of tetrahydrofuran. The

Table 3. 15
results are shown in Table 3.
15
Table 3
Ex. No. "type of ether solvent yvield | selectivity
(%) (%)
Ex.24 1l,2-dimethoxyethane 27.7 99.2
Ex.25 diethyl ether 27.6 98.3
Ex. 26 1,4-dioxane 23.7 98.7
Ex.27 methyl-t-butyl ether - 26.6 98.6

Example 28
200 g of phenol, 50 g of tetrahydrofuran, 180 mg of
20 palladiumacetate (PA(OAc),), 275 mg of manganese (II) acetate
(Mn(OAc);), 5.0 g of tetra-n-butylammonium bromide, 675 mg
of tungstomolybdenumsilicic acid tetra-n-butylammonium salt
( (BuyN);SiMo;;W040) and 35.0 g of a molecular sieve (powder
having a particle diameter of 3 A) were charged into a 500
25 mlreactorequippedwithagasblowingtube, agitationelements
and sample extraction port, and the inside of the reactor
was substituted with carbon monoxide. Right after the
temperature of the reactor was raised to 80° C and the pressure
of the reactor was increased to 8 bar with carbon monoxide,

30 a reaction was carried out by circulating carbon monoxide



Tabl e 3 Ex. No.type of ether solventyield selectivity M-%

Ex. 241, 2- di met hoxyet hane27. 799. 2 - Ex. 25dl et hyl et her 27. 69%%

- Ex. 261, 4- di oxane23. 798. 7 , Ex. 27net hyl -t-butyl ether 126.%d Y6%§0gr 3003
Exanpl e' 28 200 g of phenol, 50 g of tet%I hydr of uran, 180 ng of 20

pal | adi um acetate (Pd(OAc)2), 275ngof ma ganese (I'1) acetate (M(OAc)2),

5.0 g of tetra-n- Ll rom de, 87 g denunsilicic
acid tetra - %‘E-%u%ﬁvgmmm %ﬁ?a?tf%?%dﬁ%%%%{%q §h§”§€¥g %X%?e%

mol ecul ar si etea flomleatehailV$ ’lpalti (cdteamtlane tsea tef) 3nd)manhiiea Dibiiged
into a 500 25, mM_reactor equipped with_a gas _blow ng tube, agitation

el enents * anghgaﬁ%?‘é%é%lr%’g‘??gﬁrﬁo% 8 b end Fﬂgiﬁgﬁ%?l?%et?%‘ﬁ“r%vas
substituted wktdveaar bag seeeuide, thbGhle1d beDENE: theMBhaLY b1t Bes
reactor was raised to 80" C and the pressure of the reactor was increased

to 8 bar it hRSEAPBEAVABHOXE 38, 03D) a afdem 3 wumesveards A3 direlmctivity at i ng
ctate) and pord % L REREEAYE BourBudh ShOK 4 5818k v Il dR et AN

state) and pure oxygen at a tan and
mai nt ai ni ng Exampleal®i on pressure at 8 bar and the reaction tenperature

t 80 C. As sul the yield of C after 2 hqurs was 21.9 %5 .
?sel ecti Vi tf/l (r)? gQéBOO)J‘Q gbtgg Wﬂgjr §%w§ eZ@?ég*lébd(%'Z’&ﬁe\ﬁoﬁplyoTa@éQ %

and after 6 bespesies GBRNP,E86H86L 0Lt NHA) BRebated in BXMY 1R 29 w20 MU
(0.08 mml) of the Eal | adi um het er ogolé\z-am conposite (

(Bu4N) 2Bdsi MBIoBM02RH Y (P epdb eBol ARAROL 7 HAsS MY (Bekb M) Pf 0. 425
o) 1%% Dnerhagafaferictbold, TR TIOGRREERsigehAbey (L 00 D S0t
nmol ecul ar stebra¢pobdéylbamondus puemidée o Bl Bat)er 700 glok)a a3 pr
' sieve (powder having a particle diameter of 4 A) and 30 g
of methyl-t-butyl ether as a solvent were charged, and a
15 reaction was carried out for 3 hours by circulating carbon
monoxide at a flow rate of 500 ml/min (standard state) and
pure oxygen at a £low rate of 35 ml/min (standard state) and
maintaining the reaction pressure at 8 bar and the reaction
temperature at 80°C. When the reactionproduct in the reactor
20 was taken out and analyzed by gas chromatography after the
end of the reaction, 6.4 gof DPC (yieldof 28.2 %) was obtained.
The selectivity of DPC was 98.9 %.



of nmethyl-t-butyl ether as a solvent were charged, and a 15 reaction was
carried out for 3 hours by circulating carbon nonoxide gt _a flow rate of
500 m/min (standard state) and pure oxygen at a flow r§17e05tpb§f52q93/m n
(standard state) and nmintaining the resgti on pressure at 8 bar and the
reaction tenperature at 80 C. \Wen the action product in the reactor 20
was taken out and anal yzed by gas chroggg_X geaphy after the end of the
reaction, 6. 4 g of DPC (yield of 28. /? was obtai ned. The selectivity
of DPC was 98.9 % 17 Cctober 2003 30 CLAIMS 1. A process for producing an

aromatic car Qonate %)_(%)r eact%{r}? ag aronmatic rmnoh¥dr o;s)é conmpound with
carbon ronoxitde anf PTGt BFOSRGIRY ARFRoBT ¢ ABTPRRRLRAY ToaCkHIPY ed
out under debhydagbmatie0RdnlodhGAr AR ddngdithPreseaion (Mindad dadikdn or a

pal I adi um conpound (conponent (a)); . (b) a redox catal yst (conponent (b));
10 (c) a het BPépEM}a&ccFYFrsambanfsiteof (conponent (c)); and (d) a

quaternary ammoni ughg AldoOfod¥a! LA o BAGSANAN HhyARLE 1 LAUMONEN! of )

15 2. The production process o alm 1, whereln the reac is carried
out in the pAsdentetbe prgsiemoee ofi: hydr oqui none. 3. The producti on process

of claim1, wherei he action_1s ried out under , the circul atjon of
car bon nonoxi de angat) ﬂ?‘@gﬂ%ﬁ"ﬂ? &F %Rf&gﬁél.'ﬁ‘.‘ CPAE9 &E?ﬁ“gﬂnﬁ}lﬁc@%)s) of
claim1, wherein thp)readosdogatakyllystcqaapientd)o)i)s a conpound of at
| east one netal selected fromthe group consisting of nanganese, cobalt,
25 copper® cerium bfid 3 BeleropPotye asisuaEts Bkt fheEess beompanant, (Ghkr ein

the redox cghal yst (conponent (b)) is a manganese conpound or cerium

conmpound. 30
"(d) aquaternary ammoniumsalt or quaternary phosphonium

salt {component (d4d)).

15 2, The production process of claim 1, wherein the reaction

is carried out in the presence of a quinone or hydroquinone.

3. The production process of claim 1, wherein the reaction
is carried out under the circulation of carbon monoxide and

20 molecular oxygen.

4. The production process of claim 1, wherein the redox
catalyst (component (b)) is a compound of at least one metal
selected from the group consisting of manganese, cobalt,

25 copper, cerium and lead.

5. The production process of claim 1, wherein the redox
catalyst (component (b)) is a manganese compound or cerium
compbund.

30
6. The production process of claim 1, wherein the redox

catalyst (component (b)) is a manganese compound.

7. The production process of claim 1, wherein the



6. The production process of claim1, wherein the redox catalyst

(component (b)) is a manganese conpound. 7. The production process of claim

1, wherein the 17 Cctober 2003 31 heteropoly-acid or sallt? PetobebR00is a

Kegin structure and its anion is represgrnlted by the followng formula (1)
X(M)n(Wm V) pAO0 (1) -- wherein X is enmental P, Si or B, and n, m and

p are each '(Ji_%ﬁj%ﬂ_- i t i t rovi.so_that n
+m+ p = 12.@&)"&13:{é The %reo% l%lt ?%n %%%i%%?%l%?%ﬁ,%mﬁg?elgﬁrﬁﬁg&rl%ag |Hon

is carried odtsi antivae pdrseseruesEnteddwertie whe LhowsngnActimuda {Q)i:n the
reaction. 9. The Py &ugth@gﬂ&opg)ess of claim1, wherein the reaction is
carried out "inthegé’é )e84°i nert sol vent which s with water. 15
10. The produgkireAnpoeesslehenitailmel, swherehn bha heagmt hAR pi sreaghigd out
in the presence of an organic ether solvent. 11. The production process of
clai m 1, whelddfrepdeaddyordnintegercpti § soqliar ewhbthythemprPudsor that

quat ernary pRogphoni wr?:sq!zt_ of a heteropoly-acid. 12. The production

process of claim1, erein the conponent (a) and the conponent (c) forma
conposite in the catalyst. 25 13. The production process of claim1,

wherein the geacti is carrjed out unde ehydration conditions (1) in
the pr esenceg *of a&]ﬁ'ﬁlpe% lh‘?t:'s‘?l?a\?aoicﬁsisl)o’éﬁg'@rﬁt he "H”f‘?’f:‘?ﬂ%ltih@nr%"f‘cﬁééﬁon
nonoxi de andignt£eried cnty 4antwé drdddndd olthg SUBESNE Hafch 39 Pnset veat
which boils with water. 14. The production process of claim1, wherein the

reacti ant0 i siBafPrPede8Gt18R-a pressure of 50 kg/ cn2G or less. 17 October
2003 32 15. The production process of claim1l, wherein the reaction

"9, The productiocn process of claim 1, wherein the reaction
is carried out in the presence of an inert solvent which boils
with water.

15
10. The production process of claim 1, wherein the reaction

is carried out in the presence of an organic ether solvent.

11. The production procéss of claim l, wherein the component
20 (c) is a quaternary ammonium or quaternary phosphonium salt

of a heteropoly-acid.

12. The production prdceés of claim1l, wﬁerein the component

{(a) and the component (c) form a composite in the catalyst.
25

13. The production process of claim 1, wherein the reaction

iscarriedout under dehydration conditions (i) in the presence

of a molecular sieve, (ii} under the circulation of carbon

monoxide and molecular oxygen or {iii) in the presence of

30 a solvent which boils with water.

14, The production process of claim 1, wherein the reaction

is carried out at a pressure of 50 kg/cm®’G or less.



is carried out under the circulation of a mxed gas of carbon nonoxi de and
nol ecul ar oxygen havi ng a nol ecul ar oxygen - concentrati on -0

1 % or
|l ess. 5 16. A catalytic systemfor producing an aromatic ca&%’ﬁ%&dog'f rom an
aromati ¢ nonohydr oxy conpound whi ch co®prises: (a) palladiumor a palladium

conpound (conponent (a)); (b) a redox catalys 0 itiéh (C) a
het er opol y;gci d ox-hé@t:bdhmmP-’G@@ﬁpérﬁ&fn?f‘ilﬁ?;[;'(v&éér;@dg{}g)@hg%%?ter na§ y)

ammoni um sal't or quaternary:ph Pbh fCamiehigasdPF. casPAY. The
catal ytic s$s¢@ﬁ¥b@dc‘?‘%ﬁ \é@% gﬁgré%l&%%ﬁ edox cat alé/s {’]C }qgggﬁnt (b))

is a conpound Of; A @A o 1 et aixyg@tm‘éblﬂgr%nq‘?%% %i% p Consi sting of
manganese, CSFAT T copper, cerium and iégg. 20 18. The catalytic systemo
claim 16, Wesicaintnaidareddk 1& Ry se™ (¢ohponent (b)) is a nanganese '

conmpound or cerium conpound. 19. The catalytic system of claim 16, wherein

the reddx 25 catalyst (conponent (b)) is_.a nmangan vRdhoRdBteThe
catal yti.c systemmpbaehaymittsyshendiar PﬁéduﬁéPgr%%§§%F%C|g or salt thereof

has a Kegin structure and, its_anj ' Rbegaat etiiehr cloapdisesdti ng
fornul a (1)£ra0 a8 MY he 15‘%ﬁﬂﬁ&§??kgr geegch wherein X is el qngntal P,

Si or B, and n, nagp%ag_]jal&i%ﬂ!%iﬂﬂeﬂtplay.mimm egBPOBRAN FYBT N R t'he
+ m p

proviso that n = 12. 17 t ober 3% (3});The catalytic system
of claim 16, wherébh ahee@eWpefktfH Ysgc?cl"‘@ggﬁauate(r%e)lry anmoni

e
quat ernary phosphgnju fva dealaes oA Y acmreoiz(cqih%%%‘?ﬁﬁﬁi ¢ system
of claiy® 16, mherg?hatnhéﬁé%%gngﬁta (a) and the conponent (c) forma

conposite. ana

(d)aquaternaryammoniumsaltorquaternaryphosphonlum

salt (component (a)).

i i dox
15 17 The catalytic system of claim 16, wherein the re

etal
catalyst (component (b)) is a compound of at least onem

nsisti balt,
selected from the group consisting of manganese, CO

copper, cerium and lead.

i j edox -
20 18 The catalytic system of claim 16, whereln the ©

cexrium
catalyst (component (b)) is a manganese compound or

compound.

. i i dox
19 The catalytic system of claim 16, wherein the re

: i ound.
25 catalyst (component (b)) is a manganese COmMp

i he
20. The catalytic system of claim 16, wherein t

i re and
heteropoly-acid oxr salt thereof has & Kegin structu

ented by the following formula (1):
(1)

and n, m and p are each

its anion is repres
30 X(Mo)n(w)m(v)p040
i B
in X is elemental P, si or B,
i proviso that

i e
independently an integer of 0 to 12, with th

n+m+p=12.



23. A process for producing an aromatic pol ycarbonate by nelt polynerizing
the aromati c carbonate obtained by the 10 production pro&&sa of claiml
with an aromatic di hydroxy conpound. 24. Use of the arordt PERPST #¥ifat e
obtai ned by the production process of ckgim1l for the production of an

aromatic 15 pol ycar bonate. ABSTRACT A process for producing an aromatic
carbonate by aneact irhg @ataLPEBE isG STRRPHY H 1R %'.‘Rﬂ&%}f’e:‘!ﬂ% C oxi de
and nol ecul ar oxygen, wherein tﬁ?rreaction is carried out ?ﬁ t ﬁﬂg?gggnce

of : (a) pal | d8)uFo? FPRIRALTAFRRIOUNh N aoapensary(phdsphbhiam sddk

cat al yst (cog‘go%e%tet(e@okol _)acai(fet eropoly- acid or salt thereof (conponent
(c)) ; and (d) a quaternary ammoni um salt or quaternary phosphoni um salt

(component (d)), and under dehydration conditions. According to the present
) nate can be _produced froman aromatic

( o .
'rrg\r/ngﬂy:j?o yagéﬁ{aggﬁﬁg(ﬁiﬁ%ﬁf%? EYSEEeRE FedibhP e HNSF Y thLf FRIRPREHT

(a) and the component (c) form a composite.

23. A process for producing an aromatic polycarbonate by
melt polymerizing the aromatic carbonate obtained by the
10 production process of claim 1 with an aromatic dihydroxy

compound.

24, Useofthearomaticcarbonateobtainedbyfheproduction
process of claim 1 for the production of an aromatic

15 polycarbonate.





