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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 aromatic carbonate
production process. Mre specifically, it relates to a proBsobergpo3
produci ng an aromati c carbonate by reacting an aronmatic nonohydroxy
conmpound with carbon nonoxi de and 10 nol eCul ar oxygen in the presence of a

specific catalyst. Prior Art Aromathgsegipppafes typified by di phenyl
carbonate are very useful conpounds as a raw material for polycarbonates.
Heretof ore, the aromatic carbonates have been produced by 15 reacting an

aromati ¢ nonohydr oxy cg{mgﬁdx i 1 n er. this process
I nvol ves many probl ens 160 be S%V: %&Qgﬁéggn§$ﬂaﬁgﬁ¥%{l PBPSHﬁ(?t | on "process
because phosgene has high toxicity and a | arge anount of an inorganic salt

S by-proguc . . JThen, sone processes for producing an aromatic carbonate
20 wi thout ust sed. That is, the follow ng processes

are proposed to pr%@CﬁréQeﬁEOif}?&éz?tJ@&E%%&%tt%fkéo éx?%%%h%%i@‘c%%”%t &
monohydr oxy conpound w th carbon nonoxide and nol ecular oxygen. =il
exanpl e, JP- Brogiwdion @uecass m Mol Bpeasiflised hyer eith mebase ntd exani ned

Japanese pat i ison") di_scloses g process in which a phenol is
reacted Wi tﬁ%ﬁgg%ﬁg‘-ngg%)ggcilﬁ RE BFENEhLE SFrgogﬁﬁﬁoﬁﬁdr‘éGﬁF&Pﬁi A8 the
group | LIA BvAma¥Ac YohohyBirddsB coMPoun®, wMB, c¥bén RéndYkihB gBRal of

t he peripdic tible, a base and a palladium catalyst, JP-A 2-104564 (the

term"JP-A" BLESEAfe PETIS e ATk Rrespnsanthed peerishedcatpimese
pat ent appli gatibgn’ay+ di scl oses a process which uses a pal |l adi um conpound,

manganese conpound, tetraal kyl anmoni um salt and qui none, JP-A 8-92168
Aromatic carbonates typified by diphenyl carbonate are

very useful compounds as a raw material for polycarbonates.
Heretofore, the aromatic carbonates have been produced by
15 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
20 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
25 publication") discloses a process inwhich 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
30 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



teaches a process which uses a palladi um conpound, alkali netal halide and
activated carbon, JP-A 8-99935 teaches a 17 Cct ober 2003 cess._whi ch
uses a pal |l adi um conpound, | ead conpound, quaternary. am110 Pﬁm%ﬁ%l 4% and
copper compound, and JP-A 8-281114 proposes a process in which a reaction
Is carried out in the presence of a supporting catalyst containing a 5

platinum groys % q:[?e nd L?aiﬂ(ﬂurﬁo &gn(‘im fﬁ%@ﬁ%ﬁﬁgpﬁé,a

co-cat al yst carr| novvn carri€r, a quaternary’

phosphoni um Smattemmnar bamlmnﬂun rteeri deCadrad ysoppeet tafipoddd ( 1988) gpeports
at pp. 29-3lg4 1%%) 3-H20 Br ovides . a hi gh aromatic carbonate 10
product i on yiel ]T HPSTE 0P PROFGSRI &P BREKNCB- FaRGF IR sis | sRB bR Cess

for carryingout id ReRCipretdutd W N ectr-ing &Lai Byt 'c.fox?&’éixg
consi sti ng of a pal | adi um cat al yst, organic redox co-cat and

desi ccant® A®Y W%B?@alﬂ?@%@ @/@@eﬂwtsﬁleﬁwopouhéwpmahseﬁﬁeart
for produci nggan LQRRAG (ear har (f)(mr QAL g HLALoMmtic ?rfﬁ

conmpound with carbon nonoXi de an ecular “oxygen, TonmsiBtE! At i num
group corrpouﬁdlmgmmmasra@h@)sm@mlm gzl adidima depgeound, an i norgani ¢ redox

t h m. net al nd and a
coccatalyst 20 suchuashers catlyas et itrs R aioPe TRttt paPRooaboRbn <.

and an expenshwe kageaand-hi@akbwiaesth thygs éﬂ&hﬁ% Bygpegytaone and
gui none ]tage used. Since the reaction system is conplicated, it is

di fficul toPEQBHFaﬁenaﬁle%Br%ﬁ i’é % QitthefaironaRBAC] Beddr qce-alﬁtaokyqﬁ@duct
from catal YUAR 2Laupenaits AP Y ¥ Ebaligohoshiehl Il elioL oget ! on

sel ectivity. In addition, the y|eI I Cci en pressure is
rel atively hfgetaditws @Yetelheom&tl@tdﬁm qiéa(nab]ra,d:amicanae;cpltoajmmided

gas may be fg%ggg Egr_gggglygtg_er tglsggta En (r?%;‘a]%%e rruch attention nust be

paid to the conposition t hereby posing a safety
As described above, the catalyt:.c system 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



probl em Since an expensive precious netal such as palladium a redox

agent and a relatively |arge anount of a quaternary a j um sal re used
in the above process, not only the 17 COctober 2003 3 actiiry ﬁBPS‘PE%%OO%

selectivity of the catalytic system but so the recyclability of the
catalytic systemare extrenely inportant”factors to carry out the process

i ndust ri al | y sedviegonen Glldet iRt NS B ROSEa1 #p: 8t bgep,made
to 5 make heterogeﬁzcei?gus a partc oJF m)§st part o aapgﬁgd%]ﬁ%?%%?gﬁflsgiggy
carryi ng pal t8¢ fecyslatidtidrvguheths cataleticushsbem aceéi eatedmeaybon so

as to inprov biLi P.A8-92168).. .According to researches

conduct ed byg'fn%g%%%glgebﬁ-% E:}':%1‘{)\g/:.‘e;n 8r°s?rr¥h%u 9 v c?%lsoﬁﬁfhﬂsgﬁéaggg Baflt of
the reacti onepoodmdically .t hEbebyhi spRirpdEe | 6 Betenptenee Hifed MR akeASt i ON.
Ther ef or it ha}'fs been found that the regeneration of the catalyst is
conpl i cate%d TRES Rt era@enpPUs & PaUt (9 BeEtart efcneradadivmeatgtystn an

i ndustrial pbgceseryiag $a0%alfnd dir 28 Hddbr J5ON0SES SaREOCESSuLR Hhi ch 2

met al oxide containing a netal 15 oxide having functions as a re agent
i s used as a3€&ivRéErd @aThrn Sods ho dmprioye reyelabili by dPches- ¢ahasiEt ed

by th ' t | ed f hat e talyst is . unsatisfactor
T Lerms of Roborfifs] 06 HEFGIEE Ehdtled BT SREpYRNE et oRs 1 O
preci ous net hecoapalyst ssichongly ikqubs FHMMOFORRBURSh FBYHE prsaiés ci ent

and the pbal I @gi unbrre_t al . and tﬁe redox agent dissolve in a reaction
sol utiorn? AstReTPRY jfpairing thgnerfisikrnasaf the seaebters iThempfore,
preferred asi@nh&sOopOSh CAGuREOERSE. tHEUSe é’n&f‘é@ié‘ﬁinsﬁ-ﬁé ' es it
possible to 25 produce anuaromatic car bo%ate sinply an e%%%%ie}ﬁ%;@%y

reacting an @PBRALFELAFdRBRyIEokBORAE BFehernedoro mswXilte Tegrhemdbedl ar
oxygen has nght2e¢0+ Lnth Yelau U TR %rfeddle | MELH0e JP-2 8-281114

proposes a process in which a metal oxide containing 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



It is an object of the present invention to provide a 30 catalytic system
whi ch. shows high activity and selectivity so that an ar qphic car bonat e
can be produced economcally and efficiently by reactiné‘a cioPERet(3
nmonohydr oxy conpound .with carbon nonoxi dgg and nol ecul ar oxygen and a
process for producing an aromatic carbonate in the presence of the above

17 Cctober 2008talybial gystemystem Problens to be solved by the Invention
tudies to find a catalytic

The. present 4 or has, condycted_ i ntensive s

SyStEHIhaWIKf%aﬁiéﬁ VEOfBﬁcngﬁeQn@Yh§§e!iqﬁQRiiQﬂed that an aromatic
carbonate can be'obtrd Rk Ridt Gl Yo 3,531&{ ' y: advanf ageousl y when
an aromatic nonghydroxy conpound is ?'egg?ée W tl'{lééga&r &on?i@erﬁ)%%& e S

mol ecul ar oxy'deRitd eredprlvehe sYstespeving tint abplieCFaNEtEsnh addUss t he
present i gvertidhfas Pesilhac | ished based on_ 10 this discovery.
According to the presec%\)t |n@e%?ir%ﬁ?%?ﬁépe°F§g8P3\Fied€Gm é’epr(&?@sié'lef%r
produci ng an %ﬁ‘ﬁircaﬁd@]qaahdniat@@t{ri&:&ﬂjﬂdtﬁraﬂh@é&fﬁv%Qthéﬂn;&)}{')é@’&f@@ ia
conmpound with carb nonoxi de and _nol ecul ar oxygen, erei n the reaction

is carried oﬁ“ton_t?w Y FEMRAERT oh® c%ﬁﬂPFﬁ@nW&% carbhe presetice and
catal ysts cabsisilag aky4an 182 S USHA. & DELLALIR CIPRUDE. (compenent

(a)), -(b) a redox catal yst (conponén a heter P-sal t
t hereof (conf8H&nt the) pragaentdinyenddisne hasr peanmariconpddlshed bagalgennar y
phosphonigim gghk Pg_gcg% nent (d)). The present invention also provides a

catal yti ¢ system for proddcing an aromatic carbonate froman aromatic

monohydr oxy conpouhdcehiithgctoprhis asramsmonenient@n, thitve §6) pAPF14dY as
descri bed abgv rogg %OfThe.gr%sent i nvention further provides a process for
produci ng an- aF 698 Is Or producing an aromatic carbonate by reacting
an aromatic monohydroxy compound with carbon monoxidé and
molecular oxygen, wherein the reaction is carried out under
"15 dehydration condition and in 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.
25 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,



pol ycarbonate by nelt polynerizing the aromatic carbonate obtained by the .
production process described above with an aromatic di hydirﬁg%é1 conpound.
The present invention furthernore provides a use of the ar'o ber ¢ onat e
obt ai ned by the production process descri %d above for the production of an
aromatic pol ycarbonate. 17 October 2003 4a Detail ed Description of the

Preferred Enpodi nen I lustrative exanples of the. aromatic nonohydroxy

conmpound whi cia e—- d a \2 - 4G S £ :
i ncl ude phenol, cresohst¥ytepal it I
t.ri nmet hyl phenol , ‘tetranethyl gﬁeﬁgﬁﬁgisfh;%ffg%g%o%&%g%%ﬁ%ﬁ’glno ,droxY

met hoxyphenofomeeradywhaabl canc beousgiderol tived Heporidpmend the @mssent

t her eof , nap . it aphthal s such as .met hyl napht hol ,
~ chl or onapht h%?‘bggﬁggﬁr Jd‘?rg%g%ht ﬁ(}jlf%,gogrid Glréagrorér's xtyﬂ’éalné)&f'. Stoifot‘f%e,
phenol 170 plepalsisuthray preferhgdphdholar ket daeHyde b ol ecul ar
oxygen whi ch &{ﬁe&gs %foggonen s,used in the reaction of the present
i nvention ma R nPROBY 1 RReR Ly alMe theryphseoier efdomnhanadoes not

exert a bad dHIfd#GNES SO bgoh@%tég%, igsmeil% eﬁéf(?&f@naégh&&f%% 2003

5 argon or carbon dioxide. Air may be used as the nol ecul oxygen. The
catal ytic sy&tRshifeerd paphéhodsosicin agime thy napieritol | nizéntronaphdipli Ses

t least th j (a 5. (b d ; | | adi
or & paljpd un eEaNbRIRRENRT . NS A oBherthgveqt 1L B ekitisAs) pBEnpdnen:
(b)), (c]) a Isetrerdpigiuiaciyl mresetiediber eof (conponent (c¢)), and (d) a

uat er nary anmoni alt or quaternar hosphonium salt 10 (conponent
?d)). y %gk%on monoxide and)%é&ec&iar oxygen which(argpgas

o

e 2

Components used in the reaction of the present invention may
be used in a diluted state with another gas which does not

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



In the above catalytic systemof the present invention, the conponent (a)
is netallic palladiumor a palladi umconpound. Exanpl es Q}f t he conponent
(a) include carried netallic palladiumsuch as pal | adi urh’bPsgleker 2003

pal | adi um on- car bon, 15 pal |l adi um on-al uni na and pal | adi umon-silica;

i norganic salts of palladiumsuch as pal P adi um chl ori de, pal | adi um

brom de, pall_adqj 1.0d] Jd adium syl.f at e_and pal l.adi u nitrate,;
organic salts o &fgﬁﬁogﬂ i uﬁrgaﬁ(%ﬁq%s&éﬁal adi Iﬁ’ﬁ‘?’aggt ﬁ?gfi aﬁaﬁﬁd‘f‘ﬂﬁ?ﬁ?%ﬁﬁt e
and pal | adi umxtygen .oat e; chel ate coordi nated 20 pal | adi um conpl ex conpounds

such as pal | adi um aget yl et onate and piperidyl palladium and conpl ex
conpounds such as %?’ﬁa%/?ﬁ%T%cﬁﬁﬁthZn Pacrzeptiomot ptheprensens, |

Pd (NH3) 4 ] 1@vRntilorPdome 1 Fnet PH( CoHA
(PPh3)2) They tray b6 1 o MEd 'n & “Feact on Lostareonphe comoftire TAIT0)

fornul as df Rd -atf&Ue 898 1@l :um conpl ex conmpounds represents a phenyl

group. These I i ; | adi ounds y, be used alpone or in
conbi nati on é?‘i %lﬁ?lﬁg?%ﬁéﬁ%ﬂﬁ#ﬂﬁc%%? u{“ﬁ:?fg%%fl%%gt ﬁ%?a:onponent
(a) is 30 pléferaldedoxn datalvartge cadmpodentlOf®) ppl , particul arly
preferably l(zﬁi to 18-5 rmtIJ in terns of palladiumatombased on 1 nol of
the aromatic fdnBhaFEX9PeLHHEGAE. OExSAPEekheFerfic( omeRneREnt C k. taed
conponent ( by ai)nehude ere@ Phmlsa d bk 1! | B,
IR ned o SY Q) hude creamRostiion (V) gr?t}lést\é}r?c?\éﬁ’a?l\e{bégﬁbﬁiﬁe}@"t%%y
(111B) of0thécpeppagnt (@dbl-e. These netal conpounds maybe used in the form

of various conpoug aopl a such_as hal ides, oxides,
hydr oxi des, car bonait:lzhsh,J g&’é’%i c c%%%%%%&%e |{Z%§:(§‘r?el”§3f?2? WEIL s or
sal i cyl at es, thd coompsirends (8 b disdieizd Edi ophbhladtbanr 4padIade nmAdipdulsd .

2 Comound oFRaRBLBESpEofBe RePROnER Ay I A A SR of
nmanganese, cpadladium 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 suchas palladiumacetyl 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 1072 to 107° 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



copper, ceriumand |ead, out of which nmanganese or cerium110 is
particularly preferred, and out of which manganese is the_ nost preferred.
The amount of the redox agent is not particularly |initéd Beebps2003
preferably 0.1 to 1,000 nols, particularly preferably 0.1 to 100 nols
based on 1 nol of the car bon pal | ad| um of pal | adi um conpound. 15 The

t h t al t f t t t
et or opol y. aciiof VAEF) SERlRsrtS el Serth Bean) . cPHESEOk i paznadic” °

obt ai ned by tﬂammlaehyuihatsb&lbﬁﬂc@ﬁﬂdﬁﬂ&@ﬁﬂa@r’bQﬁsb\&oupfhg%b‘i-n%ﬁ’@ﬁk%us
(oxoacids) and consists of a cluster of oxide nolecules 20 (polyanion)

havi ng negat CPEPOYECFe £9 eFAEPd R ‘E?@b@xﬁélmeﬁ?ﬁ@aﬁsmm oxidess, pp.
3-49, 1998). nhlarokiiegf ecap et g uctyure called
" Kegi n" V\hoselytdanl on is rgpkéggﬁfgd %Q?ﬁe f%%ﬂg)vl\{%é%eggr% orﬁuig (1) :
XML2O40 () Egaﬂﬁéﬁ@ws(alscf’lasﬁs mld)mor@lemaslcwbmﬂlwat@rdvkﬂltlv\bahbbhe
provi so thab gﬁ' gffa be substlé h Bé T , Fe or

What has protons for K ST HAT oA eSS AT L BhOFBAYRESY s hﬁﬂe%‘ls‘é?‘f‘PBBP% ned
by substitut pm'gftali'ﬁ:‘eﬂr akoRhBy redbixOAgea® ig al é@mﬁf)ﬁﬁﬁt bfeatnléQEtpaﬁ‘ée“t
i nvention. The cation is _an alkali nmetal ion suc Li, Rb o

al kal i earthmeﬁé‘tlaﬁelr‘%ﬁit%%‘éﬁoastf&%wwowsaqmgmfmaa@sa; c<2|nab1: Al
transition mababeroN-aighmasnfe, eart tal ion
such as Ce or ?be lqut her, ansl-c_‘glltegs?ol ?ﬁte%%&%%eﬁ%%ggﬁe %1 Q%Fgr gani c
sol vent ichigspamt bembar lynpeefenredr gand outaofiovwhich smEngammsd e suskd.

Si nce the so I e tero oI -a salt differs accordlng to the
type of a sa*ngp'lt P%gfgéfgrgopo?g‘ atf y %‘e%H?ea’ zgds‘:’ £ reaction
5 catal yst opaatmeueangynaamat@ﬁaﬁutoriscqt:@ﬂe&tablgdtoOI tdey ,a@@o/qnols,

het er opol y- aC|d% hayi ng a Kegin
particularly preferably 0.1 to 100 mols based on 1 mol of

the carbon palladium or palladium compound.
15 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



structure, the particularly preferred as conponent (c) in the present

I nvention is a heteropoly-acid having a Kegin structure

represented by the following 10 structural fornulas (2) &rvwﬁcgogﬁfb(?#breof
X(M)n(Wm V)pAO0 (2) wherein Xis eleneptal P or Si, and n, mand p are
each an integer of O to 12, with the proviso that n + m+ p = 12. Exanples
of the anion f de& ﬂ@%y ot Ao fnthe aho 2., 0 a, (2

nol ybdenunphosphor i clktgézl ds (Pl\/‘[r)12040‘§) tunglgt %‘%ﬂ%é%ﬁ%r%%ggm % ))fg%ﬂ%ﬁl
mol ybdenunsi |amitanidm Al Siap 100405ed . t thigsteosile cselwnl Uty SSTLLRE0) |

e oo BR8P S SIS IR, sl

PMO3WAIOA0 andifi) HBARGAR) 0 1y Vediod] oy Yibél elisiei® NS pA Ok bio 86h 86ubS¥EAc@S on
PMOL1V1IO40, PMpl1QV2040 | PI\/b9V3040, PMD4V8040 and PNb2V10040)

vanadot unyst &S0 ALY LIRICALS FUPRSDLEOT cphadveb4o and PWL1V1040)
, hol ybdot ungst ensighyi+Ci ' HoRME %M_A/g% $40, a1 M2

, Si Mo4VBO40 Sll\/t:IS\k/)l\l}l(g:m())(:iE : %?%\%%V\Bmomﬁe%& S %a@lﬁ@ X\lﬁgé'@n

Si MoOVBO40, Sisrmmmm ﬁmmmﬂww&mmOmpdn&awoam :
vanadotungst uch as SI V1040 SIWLOV2OA0, S1IVQV3AO0,

Si \BV4040, SRy and’%l CROHHT $PHE PR g ?V%'éﬂlas

Si MD11V1O40, sﬁmMm]iﬁ\fw\ﬂ;os&ll‘dl&'\&D% r@f@@éﬁ@@ by&ﬁ@f’@ﬂ@wiﬁg
S| I\/mv4040) These 30 _het eropol y-acids nmay be used alone or in adm xture of

or Hbr e STAUCHTET Sarmpha o HeteF dbotFtactHeBRoR: ni xture thereof may
aI so be used as degqmtye@mabgypo he het eropoly-acid a5 ) he conponent (c)
may be a quaternary ammoni um dal't or guat ernary phosphonium salt of 17
Cct ober 2003 wgexeda & dpok)emendalBy o A4 .oaadoh.t meanbopeasal eacht e
corrosion of 4 ‘ﬁte Gl Qe Q\y tohe_l.%,t LA, at%edl];;goxp:{sé h@héﬂ@t eropol¥ aCI d Ean be
suppr essed. I'tion,
Examples of the anion of the heteropoly-acid of 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



salt is advantageously used as a honogeneous reaction catal yst 5 because it
has high solubility in a reaction mxture or organic solyvent. The
guat ernary anmoni um i on and quaternary phosphonium ion h rQF't‘?Be%lz@éﬁt W th
a heteropoly-acid are represented by the fornulas RIRRR3R4AN+ and
RIR2R3R4P+, respectively (RL to 10 R4 areBeach an al kyl group having 1 to 8

carbon atons _o ryl roup .havi 6 to 12 carbon atons and may be the sane
or differenf) &lel%l%ﬁﬁoaﬁﬁ#el‘ixaﬁgﬁ HSIH0 e Qfartdtn ARP It i BRe  and
the quat er nacyrpesPROWIE iadtt We i (SLF NGt YL @0PPNSHMHAN,

tetraet hyl ammoni umion tetra -n-butylamoni umion, 1-n-hexadecyl pyridinium
ion, tetrabBe}LIRROATIRGIch Cashdey SupPPrResHEdanmBhi addibhon, the above

ben2y|tri”EtQ&ﬁ%@ﬂp&h9ghk85&05%&%3%%%%%&Qﬁ%&&gggﬁggﬁéggﬁctioncatalyst

t et raet hyl phosphoni umion, “tetra osphonium I on,

hexadecyl % ri becgugkosphesituigh snlabdlfeyriapaemadaiiesnhiet Wik odrosrgdnic

het er opol y-a%iC& S%H obt ai ned by substituting some or all of protons of
t he heteropo y-ggl ‘may al so be used. These heteropoly-acid salts nay be

used in a honbgenevhs quARSHL QY Gaidni%in 856 hdQUREEPRAYY ¢ RO
catal yst as the 25 solubility of each of the hetéropoly-acid salts lefers

accor di ng t olPRefPFPenSf aa Sgditt Withe agleitenemal vramin] ns afapresepie@r nary
phosphoni um psa r i a i e b he,

ol T owi ng merRodns SPamREss ERAKIRAR GnllR R B ERBHRRE AR R sk
aqueous Kbl uRi @refarheanbplley hagmyugpblag-iag d BodB carbaguatumssotuiten of a

Sait are i xahoupoRefiad g 3ol R’ seRREh AP QeI G RARSIFRry
phosphoni um aakfepénthe heteropoly-acid formed as a 1 7 Cctober 2003 9
precipitate Is sepp/pled B¥sbe! Lhdnp20s of ohd Ssafernary ammonium ion

and the quaternary phosphonium ion include

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



protons which cause corrosion can be easily renoved because they are

| i berated as a water-sol uble hydrogen halide or mneral acid. 5 Another
method is that the quaternary ammoniumsalt or quaternary PROEBR&AASUM sal t
of a heteropoly-acid is prepared by carrying out a netathesis reaction
(cation exchange reaction) between an aqtieous solution of an alkali salt

such as a s r. po |t of terop acid and.10 an
aqueous sol ugj (ﬁsﬁ!é%al o%esthgéaf? ‘?a‘%ﬁn’g?*%fraﬁf-ansm %gr%?gqﬁ‘éf‘g?“ﬁary
anmoni um or qna:ttmnmmyumoeaheel 00rrSbibh candd dagiEihednoyedBbcause
guaternary a ni um sal t or hosphonium salt_of interest is directly

obt ai ned by tH&Y Fparidt %)ﬁ %£ et e bpbr §ohebde (hEdEpoes hadige on. |
vol. 15 27, niker?D) ac'l_:,_hf above heteropoly-acid as the conponent (c) in the
catal ytic_systemof the present invention may be a conposite of a
transitioh net aI eﬂ@@é#teramathoﬁei%rtdm yhecidaternaap ammrsiahml stellat otchi s

conposi te |s transition enent whic

i onical ly or %%ng Bngn e %aggheﬁt’ e;}bp ero%cgf 'acr‘h JtsrBHEPPFS

metal el ementby fcra:mnmg hnﬂ: G0 IMpoisd t1ee & B s@é@@t:ednf {eatibg bkanshhon netal
el ements of the ou s Il to XIl of the fourth to sixth periods of the
peri odi c t abfF&39 BREVERRLRY aeqyF srladion of ap@idelie sadt anahng

one of the abgve gaaﬂﬁmtseﬂtreé%iotﬂﬁr{ﬁms%ﬁww htﬂéeeraﬁblgghscaﬁoaﬁp or
cation of a heteropoly-acid is generally used because 1t 1s relatively

easi |y pkkpaP@dagreongs selapion pf Acbalduey Eeltcorcmm;eaaﬂ;ee;:lé sahposite
cont ai ni ng OB att@E %ng%!&ﬂ)r{ r&psdﬁt {%Ltr?éagf ehrrg subst | 'I% eJL_ilfor Mo
or Wformng e ani on er opol y=aci
conposi te of aabehermpmltymatli(t arichta & rqirmuérmn:yreé:_ﬁhonfm&rremt nay be
DroPal o Y BB S g AL eI 0 Sl DSBS TR €
preparat:.on of a heteropoly-acid (refer to Inoxrg. 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 greups 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



10 elenent introduced into the site of a cation for the above

het er opol yani on al one or together with a proton or anoth r, ca%i 220 The
conposite of a transition netal elenment and a - het er opol y-"aBF§°ea4P%5e
obtained by a direct reaction between 5 transition netal elenent salt and
a heteropoly-acid or salt thereof. The st sinple and effective nmethod is

that a het et DR+ &G ri .3 re reacted with
each other to || béieirta?gi%n re%vle@cgﬁ%astﬁ%%oé%%tﬁp}s] %ﬁ'ﬁt ﬁ§8 aygove
conposi te of hedisnancinanidretalopnlor doigkitembiictih k0pretahl be ggotuarhas

been introdu%% iioto II'P%% site of the cation of the heteropoly-acid in the
formof a tervalent ion afd PRfidec88spytXersiiorengtad siemeptorsd &an be

obt ai ned and heftiertdierl yo- L0 @Sint Be A b 1Lk AN @iﬁl@é@&%ﬁ%&i&;@cﬁgt%Q?ﬂhi ch

t he remai ni n%egroton has been substituted by another cation may al so be

obt ai ned.> Al PetRARFYEEYD Wik ApIentes ARt #IE R hetrrapalstadbd oresal thas
been i nt rodugad-idtizo,  BheSibetObimie Sild YAl NElAIOPAY-Geld can be
e[ ion be - &

obtai ned by naking use of a so-called netathesis reac
al kal i et al heggmoperd yalacild ard cerimptate tsaté (0 (Ohe ) hphaeearelotaitidrand 20

a transition al_.salt. Far..exanple ._bariumsalt of a_ heteropoly-acid
i s prepared gg%%egg g ﬁ%gﬁp&r&%ﬁﬁﬁgr&ovw e bis i At L ar B6HER et}agﬁj t hen
reacted w t hmeg¢hodn autdmi@site® ctarium §RAND TR IGPMF-ANAG SR R

introduced into the site of the cation of the heteropoly-acid. Sti
anot her Y5 nPeRgd 1S ¢eEtum brethaem dpFradrgedsiniq thelsitegofithe cabbee

such as pot asel WRLNKARAGRRAY RN Al GiAPlddAh o NP ARG, of o e @i on

of the heteropoly-acid and then a transition netal s 'S  caused 10 act
t hereon to i APredoessaveraationorenabnslas i prditmoheter bpodbytathdd &A04 The

SFive SeTPOSELERE AR, B 08 Shteg ) FEORSLIIS) LB T,
carrier as thbe rempining fxdtod s deeresubs titheeaesy 40MBeH B osi | i ca
15 may also be obtained. Alternatively, the composite 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,



gel, silica aluma, nagnesi a, titani um oxide, zirconium oxide, 17 Cctober
2003 11 cerium oxide and m xtures thereof. The anpunt of 7the %ongonent (c)
is 0.1 to 200 nols, preferably 0.1 to 100 nols based on Y F6ioPgF 2905k
metallic palladiumor palladium corrpoumgjL (conponent (a)). 5 The conponent
(d) used in the catalytic systemof the ﬁresent I nvention is a quaternary

amoni um sal t g-lﬂp%gr r qaggp | salt_represented by the formnul as
Rl RRR3RANX or © I%lRZ Rﬁ%ﬁ% é;éf gtmf%]ée%%he or different and each an
al kyl group havi nghe amoBintamiforthat esupanearty| (@) oy davi fg $0bd0mdds12
carbon atons,_ XS ani qn such as hydroxyl group, al koxy _group, phenoxy
group or hal Pﬁgfflféﬁﬁgs%c‘% dq 40 5 d@%d iyt degl ‘P%s’fﬂé@tm@gﬁ}glaﬂ of
these, tetrapalbhaigihameanigan: alded Athddid W&n«?ﬁ'@spg??[ umsalts are
preferred. The anount of the quaternary ammonium salt or quaternary 15
phosphoni?¥m salt u3Bg FAMROReREt (Gh ysed. in tthel cot@lydlis, sypaet odl ahky
preferably 1, |...0 netal | al | adj um or
pal | adi um coﬁp%g%gq(%‘lrn%%ﬁgﬁﬁq(sg%@ e ncé':tj}afh@{"f’glgilnsstae]rcﬁ |Bf'f ?%@£?E%§F¥on of
the present Pphoephbndunc @it Yeprisdraast HyWhe ERANETES KA,R.ANX &€) 20
and (d) desciéil%&dRa gve and _t hese four conponents may be used as
i ndependent SHMIVEALS (?iir 2 Hut T D EEORRBE R LERERRFeRnd qah ednpblBht (a)
and the conpgiedb heyif@y1beoUsedapbor aEOMEOSH! &ri éﬁ@uﬁvﬂaﬁﬁﬂgoaeﬁé,&
That is, a conposite of palladiumand A heteropoly-acid hay be prepared
and used® 251RCRRPAR Edmns + Kele @fpanianssyel amby@epxalegueud, aslikosy ngl e
conpound. |tgegfipbepsahd i AR f palladiumand a .
het er opol y-agi d |ps % con%%l%c’%%n%?lm ngi%ptasl cgldiaigjmé#%%:fr%gﬁl’ggrgwlde or
coor di nat el yipdhded . tresprchivelppolQuoifdthd&ta) ad tra-& -3 Sfeainocabhy, a
oS L o "p AL E A S LU0 P Ph ¥ sont 82115 SEQP0L 280 S0 2 p S
amount of the quaternary ammonium salt or quaternary

15 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



general ly used because it is relatively easily prepared and has stability.
According to circunstances, a conposite containing palladium substituted
for M or Wforming the anion 17 October 2003 12 of the HePebpotlP3aci d
may al so be used. Exanples of the conposite of a heteropoly-acid and -

pal | adi um are gi ven bel ow and may be prepgé& ed by the follow ng nethods. An

exanple of it f &%I uﬂjes a cq%gf)osi te_containing 5 palladiumintroduced into
the site of XcdtiPFHTIRRIANRGED FRY 798I YanPSRdal one or together with

a proton or anot NekxaGliied of L UBARId LeOToPM | BULURAOE, acy
We'

: J , d_and .
het eropol y-acid can be obtained by a direct reaction n-a pa??adl um
salt and a Peddedicmyagneiaiven balow drnd safy. bdiperepastedsbyihe A011d4@ing

effective ne iS. th ropa@l yv-acid,and palladium  acetate, . '
( Pd( OAc) 2) a?“lél&?’é’é%t'edﬁ\%b %ﬁgg'ggﬁ Benit IBCHRAEP A coomRRS T ERooR EALRERLaci d.
Wt h thissnephddaddunoipasbiaced inabl bk Wt faahei €L oW Fok 2Gelabgyuhi ch

netal lic pal bagi um |I}ras been introduced into the site of the cation of the
15 het er opol YLaEFEPOHYER- Mo Ahodre fTjitegedier ¥i ting RROERBeRE| arothRari on

emains as achtabal CenelRuihiAl A2 3 {41 HRand 2 HATRIRLLE 2l i Lagdi um

and a heteropoly-acid in which the renaining proton has ted
by anot her cB€i 8Rtadpedabyo ahaliginicti mehcitlarervaitvest ya pdikEl adioss4®Bti n

whi ch 20 pal [ [ rqduced jntq the site _of the cation of the
het er opol 5 aélﬁg %?}1 er€§§g¥ﬁ§é£§yg%aﬁ<?intg t&%eereo?fg'a "31?8. E‘SFI‘g‘eﬁ”HBi‘O‘ﬁt R4 s
reacti orl®bet eE€rcanvel kelthodetial tdalt a MetdkAbdlpaddin i@l psal4aofmt he

het er opol y-aci d,and |l adium netal salt. For exanple, a bariumsalt of
a 25 hgt e¥0p8F§F83Pd?F9Q§P8§a5 eFrByTPRAEEA NG FRecRER P BRRT LAt EPewpER

bar i um car boanteramndvehagetaactRd ai t irdl kadisufetfld@l & dohpddaid &
conposite containing palladiumintroduced into the site of the cation of

the het er opoP§dgfdumapnd |a hedierapoltawidl ia whachandieabl bpaiadladtiuni s
neutralized yhihpBeRa$Rtroduced into the site of the cation of the

15 heteropoly-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



30 such as potassi um hydrogen carbonate to activate the bonding of the
anion of the heteropoly-acid and then a palladiumsalt 1is caused to act
thereon to introduce palladiuminto the heteropoly-acid.l?TRetoRpHIR03
conposites of palladium and heteropol y-acids 17 Cctober 2003 13 may be
used alone or in admi xture of two or noré3 or may be carried on an

appropriate carrier as _the comgonents (a) and c) The carrier is s elected
from al uni na M PecRsgg algng oF in %‘F’%’ﬁ%‘?r‘?ra%%e@f%,o‘? MOFH uProfaYebe

Zi 1 CONi UM OXiclhr G 0Tl Q¥beEpARELEl &4 1F 88 tACHER] cofboJRSHA! QRY! ¥naci d
and palladiumare generally uséed in the conposite in anolar ratiro of
1: 1. ‘Wen t hd PYonpdBetearwierds salrotambineg adiunima, sdhporael (alland t he

conmponent (c d t ed. t he. above. respecti ve, ranges_in

consi der at i o)r?lg"?&tlgﬁi ggegf%eé&gac’dggsgég%rg%a ToVe, * t?%r%%ﬁé?@}t?’éléﬁstgﬁ?‘ﬁmt he
reacti on 5of odicleprassiemtixturesd i tieraspr | 98 ale largolhaaenipanents (a),
(b), (c) and ). Preferably, it further conprises a  qui none or .

hydr oqui nonep%g'&rﬁﬁﬂh?r?& .enga]rﬁ)P§§do]_fn the coipedhEe 48 e meleanpehént (e)
include 1, 4-lgnaqqui ngen #helcomRRZAPUIIRONBed, the amounts of the

3,5-di-t-butyl -1, 2- benzoqui none, 1, 4- napht hoqui one, ant hraqui none,
2- et hyl - 9, 10°eRmPienadt f8neanfdtiie A qmponen tirlene shiovdife bande lexarpl £sonf t he

hydr oqui none yincl hydr, ' e, e e Dz di -1 - butylcat echol
resorcin, 1}&1 [ ﬁl;;) %gnya%ﬁﬁ%yéég}e% %%g%i%%rﬁgr%%%?# %%n%‘j,f 8thyl - 9,
10- di - hyld? oant hr acaseleatidedlabbkrgdrime/ pataint hoesnyes t shhen AR a@f 1 6hli none
or hydroqui n%ng IS fQr%efe abl‘é 0,1 to 200 nols, nore greferably 0. 5to
200 nol's bas8% GRS1PHBFEBf tMECHELQP FEMBALFSAI i bPaShaFhaFUReRaPbEnd
(conponent (@h)., 25)A (eachhan(for fPretasaBlyar oPbthftReE fikdsthe

present invention is carried out by charging an aromatic nonohydroxy
compound andFABORBoPE dxdaogidosasi(aanpanent (e)). Examples of the

quinone as the component (e) include 1,4-benzoguinone,

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



reactor, supplying carbon nonoxi de and nol ecul ar oxygen under pressure,
and heating. 30 To pronote this reaction efficiently at th}étpgl n it iIs
i nportant that water formed by the reaction should be remdvEHOPE RS
reaction systemas swiftly and efficiently as possible. For this purpose,
a dessicant such as a nolecul ar sieve isl4existent in the reaction system
It is also effective to.use 17 October 2003 14, a gas circul ation reactor
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solvent with water under reaction pressure I's desir
t han t hd & eaprPénctt dsporst aperoprZ@ts roeen hief ridadioidns tweinterwdtee. of the

present invepii s 30_t0 200C .preferably 50 to 150C, .the azeotropic
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above conditions i.nclude esters such as 25 nethyl acetate, ethyl acetate,
et hyl acryl a?‘é?OHGPﬁ% amines are not appropriaté because they may take

in

part in the reaction. Since azeotropic 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. Examples of the organic solvent
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



met hacryl ate, nmethyl butyrate and ethyl benzoate; ethers such as diethyl

et her, diisopropyl ether, nethyl-t-butyl ether, 1, 2-di thox¥ethane,
tetrahydrof uran, anisole, 1,3-dioxane andl, 4-di oxane; k ToRelebeeiP3as

cycl ohexanone, 3-heptanone, 30 4-heptanone and acetyl acetone; halides such
as chl orobenzene, chloroform and carbond3trachl ori de; nitrogen-containing

conpounds su N troethane, acrylonitrile, ridine, _2-nmethylpyridine,
3- net hyl pyri %?lrﬁig%&r%f Fhiet h?ﬁ%y??ﬂ?{?ig}c éygﬁﬂagf\ép"ﬂ?d?&&ar B&ndeqFemeas
cycl ohexane, Holuaie, agtlane ddd Adpela 2003, 19 naRdutedSEARNR qaRteprpfRti C

hydrocar bons such as benzene, toluene, xylene and naphthal ene. A m xture
of two diffeCHHRMIS FAfieo VieER1IS 3 Hree t apmpoRORboARAO taRPEt WaHE Wit h

vater may al gthe Hapda <BSD LS Nl i | €2 ANMEN S, 30308 |
nuner ous, as exenpli iec? by g conbi %g!t:ﬁor%“g%lr%ce on|§ f%?:lr analn%sﬁgﬁfgﬁg, a
conbi nat i 9n @renpumgtrowshyds ksenpdifnddizx ansombhmalt hox @Ffbasatbantef le

ni t r omet hane e. Qut of these, _organic solvents which do not have
mscibility \iﬁ?‘t@'ﬂb%%%rqe &t 8°B‘§FPFE&P& Py "l?rq"g"fi@r Fég‘Y¥1ﬂ<%F%%\¢ G oRBERBLK ON
fromwater &didaadconisycdtion d2t hetsomethad® ARENWEtAnOUt Muheinese,

1, 2-di met hoxyet hane and tetrahydrofuran, and aromatic hydrocarbons such as

benzene, tol E’Eﬁén&ﬁd SRHVERE Sa @ 1 ghrde Artarhgvereieetetilitprvite vatepoints
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;
15 separation between the catal yst conponents and the prto
of the okQanpadsseeyeiingr.ni Byhaersasechr ase meitthy Wwet-dratatl tdichda jre of

reaction is 10,tQ.0. r.t by weight referably 5 to 0. 02 part by

wei ght based}(')% %lg%}tg%g&%v%}ad% a q‘gq‘t%tér%}%‘{@‘?f%r%no%%r%’i‘&m@ #Bound as a
raw mat eri al hy@heca@baheveuatgay banlamil i Edndoihd ¥ibnaasips My be
liquid, mxed gagh thﬁ aromati ¢ nonohydroxy conpound as a raw materi al

and then supBRfFEICPARS Y PEEEETFedrafhibEc baWPeints of spadat drembeal
supplied intpeactedetd, ERGANNANMiIhIAIRAS FY FBIESEL S Ssystem and

15 separation between the catalyst components 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 welight,
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



After the organic solvent which boils with water stays in 25 the reactor,
part or nost of the solvent is discharged from the reacto7r as a gas
together with reactive gases used excessively and co- boi]1-i9§t°\%'f 3 Thus,
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then the organic solvent and the react i V& gases are returned to the 30
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reaction at a constant level, maintaining the optimum gas
15 composition and continuously 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
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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
pr esent :

3 valve
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.



20 invention. The reaction systemshow in Fig. 1 enables a m xed gas of
carbon nonoxi de and oxygen (or air) whose nolar ratio [}& I al
pressures are maintained at constant |levels to be conti §§i e5eifH i ed at
a constant flowrate of about 10 to 800 mi/mn. The reactor 10 has a
capacity of 100 mM 25 and a dianeter of 3@ mmand is cylindrical and

equi pped w t t}, a_gas bl ow nﬁ t ube and rotar agl tation el ements. \Wen_ the
reactive gas 1% §oESHBRONONDRIRASSIRS (e heereactor il gepteEargh

oxygen (or aithk céh@¥rpasel hhacuahal Benyabyasrm @H&i e Ee&QlLH%Ed to -

pressures 1 to 5 atm higher than 30 the pressure of the pressuré regul ator
12 for cont rélzl ‘i nghePufsumepfithaireeatero? psaskinstdd/ by Hhepresanre

regul at ors gﬁqhQ o Spectively. Thereby, predeterm ned anounts of gases
are supplied t e reactor 10 through the gas m xture preheater 9 from

the mass %1 ow cont el the srdacinton metrl-e@smton-meh.yi Fig. Qct ey ga03om8ng The
gas conponents the cold trap 11

Fﬁ_ a,gﬁ rI%ﬁ'ghrou Bthe react or 0 through
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met hod shown in Fig. 1, the fgas comng fromthe reactor 10 1s 1 ntroduced
into the col aaﬁrleﬁacqilaﬁéeé th@prfe@ﬁm yegelater 12he Thegast whose

col | ected aneomgega%&%ﬁ hgesoé oTaCIN %ggé{@ PLETIW Sefxe&gﬁ Q5. 12.

The gas whose €onposition ha een con reqU|red ca ecycl ed.
10 Afterl@ he end oRfthe thacetnd;m,f the rmtimm nihket meacitdont mkgﬂuﬁutﬁrom

th t th f_th b ted b
i1 tration, CBREPI PHGAFORobaRaEPORCOF AHNER? SSERLYAE | Oh, BhedoVeredt and.

recycled. | mnfrhﬁtﬁaﬁec@l‘h def ivegrhrat S WSt %’ﬁu.ﬁ:l‘“dtslc&?,paééﬁtﬁﬂf@@ﬁiat lon 15
I S not necessar%/l The aromatic carbonate of interest %% separated and
purified by FPPEFALiGR, oFi BREPLLLFoReBRT2ELGRY aFEFUETOR aRA eesEdled ed.

In the case of a fixed bed system, this separation operation

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.



The follow ng exanples are given to further illustrate the process of the
present inventions. 20 In the foll ow ng exanples, a reaction was carried
out in the reaction systemshown in Fig. 1 unless ot her vi’s@cobar 4493
Exanple 1 Using the reaction systemshown in Fig. 1, the inside of a
reactor containing 47 g (0.50 nol) of phéfol, 36.0 ng 25 (0.16 mmol) of
pal | adi um acgtate, {Pd(OQAc)2), 136 (0.047 mol ). of
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di aneter of #138 9A)vifkkd efiBst-i0 Uk ef diphenydrdssrb emriox{ BEC) Raghbtdired ¢ he

tenperature gft leggiifctg_ggyg@% 'b%ics%%st%tﬁ% C%'and the pressure of the
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react or was | ncrease ar w th carbon nonoxi de, a reaction was
carried dut ByamBleol@rs at a carbon npbnoxide flowrate of 500 M/ mn and

an oxygen flowratg of 35 m/nmin. 17 October 2003 19 _Wien the reaction
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carbonate (DPC) was obtained. The selectivity of DPC was 98.9 % Exanpl e

2 The insideldf BIré8cPsi BBRLAI Mfn§uapsEore Iivieimphsfsphsirimlach. 0 ny
(0.16 mml) pf Al kae

u tat g qf 1 Q47 |
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of mangafese{MBEPAC 2 10 9EBhmG G Jnmd)l. ), o9 68 thrp 13- oy Jamfionium bromide
tetra-n-buty ilum brom de BWNBr.) and 7.0 0 no| ecul ar sj eve
(powder havi L%ua p%f??%l'?érg%?gﬁé‘?ﬁe%‘#%ﬁ emé@ﬁ&ﬁﬁ‘{%&g HRAT T on
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and the pressure of the reactor was increased to 8 bar with carbon 15

nonoxi de, a FELeFihe ferenateee At the reagdersvwas Hadaedoke 80°C and

the pressure of the reactor was increased to 8 bar with carbon
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
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Comparative Example 1
A reaction was carried out for 3 hours by charging 50.0

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 mecl) of phenol, 36.0 mg (0.16 mmol) of

palladium acetate (Pd(OAc),), 135 mg (0.047 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



Ex. 7HASI WoMb6040. 30H2022.098.0 (0.047) Conparative Exarrpl e 1 Areaction
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aflowrate %%r%foq‘s%m% %”?t (?ar(? stas,e)caarﬁ €aPé§t ﬁ?ﬁeﬁ g?uﬁsl BW rate
of 30 M/ m na(saabdarldoﬁbaiéaa £ bowd el to BOOgmL feif eand aenoxpgessslewat 8
bar and the re ctign 6e rature_at 80 C. As  a result, the anount of

f ormed DPC w&&*f 8 @ SHP of "hen Fhe ZRACEHRD RFQUGY D, the repechas

bout 78 % 4 6 |
f;‘f ouIoal 8 % u#éasggt?g{éhele?gg( %r&g Qnﬁ@#%dnﬁkr) 895 eﬁfaﬂatoéﬁashguaﬂeé g0l )

tetra-n- b@tyﬁ&ﬁﬁ#ﬁhﬁ#ﬁ@ﬂ}é@rﬂ@b@gdmld@f@h@lﬂ 0£PBGM&)S4Q'!S|:NM&G.O4O)
55 ng (0.32 f 2 (§¥cg2), 1,000-ng (3.1 nmol)
of tetra -n- gﬁ;&y ae(r%ﬁoérﬁi&%qﬂ%?%mq&% %4@%%%&% 0 g of a nolecul ar sieve
(powder havi Bgamplearticle di anmeter of 3 A) were charged into a reactor and
the inside of the r(ﬁ gtor was substituted with carbon nonoxi de. Right

after the tenperatdPe®#® t(He4r3e§'6’§19r faPhelided 1 BaT U Lfhdmigk) p‘?%ssure- '
of the react gaiwagiuiCaRated d qP%(ttﬁnrcw)thlk% @ Qe 4208RAY gar bon

nonoxi de, a reaction was carried out for 3 hours at a carbon npnoxi de fl ow
rate of B00 HEEFANNaREtFAaemendwNT | t31Rgs oo kyb&Tnumphesphaten adbdr eact i on

product in t K tiak onmat ogr hy
after the 5 228{@??‘? ﬁ;ewsﬁegaé "l)onesf]j %g} gd](yl gﬁfﬂﬁdé'ffdozgw@%‘é e@ @Q
obtai ned. TKkM¥n{ORedt)vily000 DBEC(Bad abolt) @F %etBeamlbmt&lamnonlum

bromide (Bu,NBr) and 7.0 g of a molecular sieve (powder having

a particle diameter of 3 A) were charged into a reactor and
15 a reaction 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 ahd the reaction temperature at 80°C., When

the reaction product in the reactor was taken out and analyzed



40.0 g (0.43 nol) of phenol, 36.0 ng (0.16 nmol) of palladium acetate
(Pd(OAc) 2), 145 ng (0.047 mmol) of 10 tetra-n-butyl anmoni

t ungst onol ybdenunmphosphoric acid ((Bu4N) 3--PWNb6O40) ,l%cme{@% mol )
of manganese acetate (M(CQAc)2), 1,000 gg (3.1 nmol) of tetra- n-

but yl ammoni um  brom de (Bu4NBr) and 7. g of a nol ecul ar sieve (powder

havi ng a pakk) L ) r | pt reactor_an a
reaction vvaslbtglagrarai%eg! out a?l{)orgc%a;&?ﬁras aegzeaﬁg%r%g(g ér%n%}(‘?d%ggﬂ%%%nrage],gf 500
m/mn, an owy§ghefilontrat £l ¢f) 8@ DPCnias oketaiarel. OThpr esleceiofity bar and
a reaction t %eratu:?% of 858 C. Wen the reaction product in the reactor
was taken ou and - ¢ y%'gas chromat ography after the end of the
reaction, 20ek@mpl@ (yi el d of 22.8 % of DPC was obtained. The selectivity
of DPC was about 99 % Exanple 10 40.0 g (0.43 nol) of phenol, 36.0 ng
(0.16 mot) of palPa8i Gm(&céBamel)p@Eomenol .1 16 1Ry ND. OU71 emrngl bf o5
tetraethyla ARy e | 4( GRANL4-S [0) 5 ng (0.32
mol ) of mru;nEgrq_éleée ace'ltag:t%e (ﬁ”l((g&g()g;,jzi'o gtgmgpg ((?.M%]?Zm%ﬁl)ofo etra

- n- - but yl anmeiterablortgntipde spBlodiNBm tamdysi onth 1 ypdénamsrol Beid ascsdeve (powder
havi ng a par info a reactor and a

el e di of, 3_A) wer har ge
reaction \Nast(ég}lr‘?gﬂ-a%&%{%of@r' §%h8'§r§8b§2c‘?‘$egl)a? MARIFPOFE ndFdkite at a
flow rate offMaQ@aw)s M n1(obansar d3stahfb13nd £ e redCOHh 1341 Anrfd:Piid at e
of 35 mM/mn_(standard state) and naintaining the reaction™ pressure at 8

bar and the PESRLASN(Bedfrlabnfae’ R 9ot € myherulersiavgc( podgrdereingn t he
reactor was E&b&ﬁt?&ieaaﬂaﬂééé%ﬁﬁﬁ:ﬂi)c%%&%pﬁhégg%d?gn BYa%8Sactar aga
t . g {'yl ala of “21. 3% of

chromat ography after the end o e reaction,
DPC was obt aBrnegRctThen seecEnried oht BPE vbouaisoby Bré&xhapirgldatbdd. 0 g

(0.43 nol) OInoBB%Q.ale’ a§6'a0ffgw(:96.€'e6 maoor};l/min (standard state) and

pure oxygen at a flow rate of 35 ml/min (standard state),

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.



pal | adi um acetate (Pd(QAc)2), 159 ng (0.047 mmol ) of tetrabutyl phosphoni um
t ungst onol ybdenunsilicic acid ((BU4P)4-Si W6M6040), 55 g (0.32 mol ) of

i nanganese acetate (Mi(QOAc)2), 1,000 ng (3.1 mml) of tetlraQC’i‘?b_er‘?OO?’

but yl ammoni um 10 bromi de (BUANBr) and 7. 0 g of a nol ecul ar sieve (powder
having particle dianeter of 3 A) were éRarged into a reactor and

reacti on was ri t_.for s b | reul ating carbon nonoxide at a
flow rate of ngosﬁﬁ' rcﬁ%lr:i“v st ar?%a:b?i%tv%ﬁ%)&%ﬁg 4pure oxygen at a flow rate of
35 m/mn (sEzandpldsstiat &p, 155 and maintaining the reaction pressure at 8
bar and the reactign _tenperature at 80" C. Wen the reaction product in

the reactor was t3k&A Bt Ah@benalyz8d 08y WESlPk chavsGeamRFYaredt ofie
endof thereagthfReréBo3d-LYidl 22, 4md 0 S ' The.

sel ectivity of Bferdfoly buid Sndim’sp Ef?r%l %?goﬁlg%‘ﬁgi(a%ﬁ %alrr%?‘?l%‘P
phenol , 36. oafgtagell@dhAng) 0f. 0 p32 magillof nesgane seRuech) Mn16achy) (0. 047

I f ot -n- hut i t t l.ybd iici ' B 4
Ton-6040) - 228 BE8 o3 S AR Ry HEb b AR s b B ara s BnfERE) 294 1. 900 mp
(3.1 mmol ) of bft aamelechihyl atewe (Dowdcamda /N FIrtivh e dlafe8ér @
nol ecul ar si e¥e3d% owder having, .a particle dianmeter of 3 A) were charged

into a react®! were Shanast HAS CcAG A Funfo? Teasiie wpsaeriedi ng
carbon nonoyirfer i 3%6!:9%/;5%%71&:11@37&1{5 b&gﬂo&sﬁxaﬂgﬁﬁgﬁfﬁ@faehéﬁd:épe pure

oxygen at a flow rate of mn (standard state), mal ntal ni ng t he
reacti odOr e85 Q0 Al /gipaf shandand state) amd pumeeodyger att a3flo€.rafen t he

reaction pro i r en t_and. apnal yzed by gas .
chr omat ograpﬁg%a tn{elr/xr{iﬁle (%%%%1%{) cﬁ%gaﬁ%gdt ?g'ﬁl, migptﬁlﬁl%{gigﬁl%l %%"‘Zﬁj.'or? %
of DPC was optessede 47 Ottzoband® @bz 28acthensebmptirditiiyeoht RS @asSr. 4 %

Exanples 13 to 16.0.43 nBI 8f-3h€“°" 0.047 mmol of a quaterpary salt_of
reaction product i he 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

heteropoly-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



a heteropoly-acid shown in Table 1, 0.16 nmmol of palladium 5 acetate
(Pd(QAc) 2), 0.32mmmol of manganese acetate (Mh(OAc)?2), 3. |  of

t et ra- n- but yl ammoni um bromi de (Bu4NBr) and 7.0 g of a rTl])lI?reTSgtPQ?r?qu@ve
(powder having a particle dianeter of 3_A) were charged into a reactor and
a reaction was carried out for 3 hours %‘fl circulating carbon nonoxi de at a

flowrate 10 [ r d- st at.e) .and re_q en.at a flowrate
of 735 mi /i n=perEndnteathy A SISk Bhcd AL RULE RS L Al et LT

bar and the weaeri andt dapenat upe at 80"C. The reaction product in the
reactor was taken gut and anal yzed baﬁgas chr omat ograph:%%after the end of.

the reaction. The TA5S;QURSLLH washbQhalhy fhissebredgar 3 mWwEWatRr used

het eropol y- aghdg1 Jabif Zqioudsditiat £5Makyn e di djﬁ.%ogz DR mo1)
selectivity heteropoly-acid(% (% Ex.13(Bu4N)4-Si M012D4022. 798. 6

Ex. 14( BufN) 40&i VMo80onopBtphamnonmiumspBonilis- mm@mrsw?m lJ;fB:((szum\l)
3- HPVMb 1140 8,1 Exappg! 7 ' f it |
Fof851 1ndle AR, Bnd’ LBLRRY 3000l SOMRRY 4 e i g U

and het eropoly-aci o enunsi | | Ci
(HASI Mb12040draedO) AipduiNipparg dher panlad-Gohohe t8ré&bhenycati8@comdddite N

28) was dissolyed ijn 5 m of water, and 112 of 25 gal | adi um acetate (Pd
(0Ac) 2) wasSalbc¥irl ¥esi e e apre ey Lagnepiun sabt Lhdilg above
over heating ¥espa¥otdefepiken 6681y égggumpdﬁimgéxﬂ a5 036418 G RRpat

heati ng and evaporation until the a pal | adi um acetate was conpletely
di ssol vé® a@8 a sadif ppwdestic aci d di sappeared fromthe evaporated 30

water vapor.rELpghby. ug1Rg kAL UBLUE! PEINAUM AL YRR Y -a iy et ober 2003

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



24 represented by PdH2Si Mb12AO40 nH20 was obt ai ned by evaporati ng water
and drying up. This conposite was totally dissol ved-In 3(%57”1 of water, 20
m of an aqueous solution containing 0.75 g (2.33 nmol) @gtober 2003
tetra-n-butyl ammoni um br om de was added and stirred for about 1 hour, and
the formed precipitate was filtered and 2qri ed. About 1 57g of a

al I adi um hetgrpol C 0 te Lch Vas

!toet ra- n- but yIE’%m%n%ﬁl ﬁm%sgﬂf'g EB?%IE a ‘6%%*‘%8#%8& e r%‘ﬁ?é%ﬁ‘t 88%9 f’%ﬁﬁfﬂ)
2PdSi MVb1204amomirizOofiasa bt avae hdddd aso &e@@laltdhpawdﬁtg ah&a@trapﬂr&’éﬁ.ﬁﬁ t he
above pal | adi ur{rd_ae% r ‘51 acid osite; 47.0 g . ) of phenol, 500
‘my (0.16 nmmolf ﬁﬁ $‘§ %‘arﬁersﬂ'%P%l@’i%t@ébﬁ??‘?éﬁﬁﬁﬁﬁuﬁ%ééﬁﬁ8§ﬁt'én@alt "
15 ((BudN) 2BdShd01208AcetiROne1a: SBphPai2arin e EvapBRGtea gaekal e
(I\/h(OAc)gb) 968 nmg (3 mml ) of tetra- n -butylamonium brom de (Bu4NBr)

and 7.0 P of Varedl-eclitapliveva Cpavigar hedwnegolyFarild clamphsitet er of 4 A)

h d b d
Wit h- car bon FoReeres b R uplion 8 as P AR By < Piadtefine ©

raised to 80w€teaﬂdnﬂhdqymmgsmre. of the reactor was |ncreased to 8 bar with
car bon nonoxi de, ﬁeactlon was carried out at a carbon nonoxide flowrate

of 500 m/min and &R b ves Eobpldy Hgsqlved dm 30apuPE, WaRRE: t he

reaction prodgcikli 8£the é@@éé@é g@ﬁueéoha&ﬁtayﬁlﬁgdea@al52(361 by QRS 1)
chromat ography after the end of the reaction (yield of 19 2 Y% of

DPC was bt aPiiefetrghe- béawﬂmmbmmﬁmgsmdéed%ne St ifxedpfer 18
o epaL o) BbpEETRORCAS Obelf 303 NP YRl AR IELECARELY B dho 20
Ni ppon | nor gédmiiedCol doous Thawi gabf Go.ceridm-the terdy) lyvesc il ssahpesita 5 ni
of water, angai%8wggcﬁf was a tetra-n-butylammonium salt of the above
composite represented by (BuyN)CeSiWMo,:04 nH,0 was obtained
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



cerium acetate (Ce(OAc)3) was added and heated to evaporate 17 Cctober 2003
25 water. At this point, overheating was avoi ded and a itn}aél aggo t of
wat er was added to repeat heating and evaporation until t'h8C88k erium
acetate was conpletely dissolved and a snell of acetic acid disappeared
fromthe evaporated water 5 vapor. Final F?, a cerium heteropoly-acid

conposite r n %$ tg){ HSI 1140 - nH20 was obt ai ned by evaporating
wat er and drgaligr%g'ﬁﬁp% isocé)l (?SI neumvﬁalgut% Al | y dissolved in 30 m of

water, 20 nmacafl-aetzguect® tyQlanmQridoddahpestd. 24 g (0.75 mmol) 10 of
tetra-n-butyl | um brom de was added and stirred for about 1 hour, and

" the forned pﬁzgﬁﬁig?%imguﬁw’t%‘?@ BREPageAddq Expgupie L8wag usedy 50.0
e . ' I . .
cerium heter gpal Ys Rabd )COFRRHLSL, S8lig y@g&%(ﬁggiﬁ Jégéilgaﬁg%é@é‘%%gé um

salt of the above conposite represente I WWb11 O was
obt ai ned 5 15(B9(8A5ok 1} d S50vad0.. 32cmmel drvilsanganhge@spizmte (Mn (0Ac),) .,

ceriunt heter | y-acy site, .50.0 0.53 nol.) o henal , _3 (0.
16 ol ) of pari a0 SR o parads it ga Ry s ey LpawtBEY

ceri um t ungsanawl.yhyles awild@ilamsi dve d Hoosidch 20 nde PartiR A0 r 55
mg (0.32 mml%rﬁcw)% r;{aﬁr%ganese ace,tatequéIVh gOAc) 2), 968 ng (3 mmmol ) of
tetra-n- butyP AR DFBAFIEd FRtAREF§agReT Y andhagesctdopras farriedve
(powder havi gtarParst hehes &t Aebehodl md3nbkiWe! £16RA AL oleNEHo T or and
the inside of the reactor was substituted wth carbon nonoxide.” R ght 25

after tHE teAPertYaee Blovheateaet 030 vinb/minsedl TL2QODE dpides shiee peBsEur e
o e Soe B g ACEBASEAo Bl W 5 D 6 YN e R gL G" e
an oxygen flpmodatée ph tBE mkacitor Ween taken eact iamd prmdleied by hgas eact or
vas Laken 30cpulaopdcanahyzes: by B3e ShoELog aphy,alier oG S Ely g e
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



selectivity of DPC was 96.7 % Exanple 19 119 ng (0.047 mmol) of the 17
Cct ober 2003 26 ceriumtungstonol ybdenunsilicic

aci d-tetra-n- butyl ammoni um conposite ((Bu4N) CeSi Wwbl L1040 Oplabey) 2¢03epar ed
in Exanpl e 18 was used, 50.0 g (0.53 m)% of phenol, 36 ng (0. 16 mmol) of
pal | adi um acetate 5 (Pd(OAc)2) , 55 ng .32 mmol ) of manganese acetate

(M(QAc)2) , (9617 0 I fit - B-duyl 3 lL.um_brom de (BudNBr )
and 7.0 g of S% ﬁo?g%llgj%a)r"ssqgg’\}gwé)“ﬁgvé{edr 9h§ 'I’éijéf%. paretry|ut:51aer FENELEHOYIT 3 )
wer e char gedhantingaar partdacleaddameteacbfod Apswener ¢ledrgodtidos 8 twars at

a carbon rmnoii de flowrate of 500 .M /mn, 10 an oxygen flow rate of 30

m/nmin, a relct FERCHPEs §G PR Wikh &, 9a s, Howmp Y A igpe,

Wien the reaglefBntpl,08HEttHd ih@@.d%eaftﬂ{e‘H%%d@&e%ag%u@é@i@ﬁ'?é&%@y gas
chromat ography after the end of the reaction, 10.0 g (yield of 17.5 9% of
DPC was obt aFfRERONTHN@E|Eet | RighbRILEC Wae terpamtung oExtig|rekt@2. 5 ¢

(0.346 nol) (2] d 47 muol) of

t ungst onol ybgégﬁ'%g%%gr}:%%gcicdﬂ? %@E%@% 0%%&?0‘%%{‘8‘?‘8@‘&%0%%‘358‘1

pal | adi um actbasdebéPdyDib) cAxrbon2ofotd denyola afedasiizogwiazorariei? gupi  of
manganese aCﬁt atg SNh (g)Ac) é) 3.mmol of tetra- n-butyl anmoni um brom de
(Bu4NBr ) ahdf7? BOBTSf PEnGLECHLAE 180 FRTPISWMGR Fhien G ta p&liawe Iz te
dianeter ofof 590 a9 /aaal ¥ehaqweres €488 Pofhd BuPcokPeet Wt adFth@ FRact i on
was carried out for 3 hours by circulating carbon nonoxide 25 at a fl ow

rate of 1500 #f/HF MY/Rimdstendandytane)puradongiphaining theoweantdaf 35
and the T oact okt eapet ot ire A ThE AP AR AR SRESYIC, i
obt ai ned. Ththe g@lagition pyodiicbDRG: whe 932 @t 8f was taken out and analyzed
by gas chromatography after the end of the reaction, 12.4
g (yield of 27.2 %) of DPC was obtained. 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
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results are shown in Table 3.

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
palladiumacetate (Pd(0OAc),), 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
ml reactor equippedwith a gas blowing tube, agitation elements
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,

a reaction was carried out by circulating carbon monoxide



a result, the amount of fornmed DPC was 8. 8 9 g (yield of 31. 2 and the
selectivity of DPC was 99.5 % 30 Exanple 23 40.0 g of p 3.0.9 of
tetrahydrofuran, 36 ng of palladi um acetate (Pd(QAc) 2)qu§°@be%2%§
manganese (I11) acetate (M(QAc)?2), 1,00? ng of tetra- n -butyl anmoni um
brom de, 135 ng of tungstonol ybdenunsil gic acid tetra n-butyl anunoni um 17
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pl ace of tetEzampdief @Pan. The results are shown in Table 3. 15 Table 3 Ex.

No. t f eth t I sele t -9 . .
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- Ex. 261, 4- dl@51&1363&@9(8(%4,1\@59&%&@16@364&nh%yb&bﬁwedlzﬁ E@:alr&&eﬁliwas
Exanpl e’ 28 200 _g of phenol, 50 of tetr drofuran, 180 ng of
used, 20.0 g (0.425 mol) of phenol 27.5 mg (0.16 mmol) of
manganese acetate (Mn(OAc),), 500 mg (1.5 mmol) of
tetra-n-butylammonium bromide (BusNBr), 7.0 g of a molecular
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 hou_rs 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 %.



20 pal | adium acetate (Pd(QOAc)2), 275ngof manganese (l1) acetate
(Mn(OQAc)2), 5.0 g of tetra-n-butylamoni um brom de, 675 of

t ungst ool ybdenunsilicic acid tetra -n -butyl anmoni um sal't/ October 2003
((BWN) 4Si MOL1WA0) and 35.0 g of a nol e%kjl ar sieve (powder having a
particle dianmeter of 3 A) were charged into a 500 25 m reactor equi pped
with a gas blow ng tube, agitation elepp g and sanpl e extraction port,
and the inside of the reactor was substituted with carbon nonoxi de. Ri ght
after the tenperature of the reactor was raised to 80" C and the pressure
of the reactqr was increase%j to 8_bar. with carbopn nonoxi de, 30 a reaction

was carried Gut by®BHCERSRTHPEAABSAT AT AR 4 3C BAT BRBR TSRS/t LRY 5

flow rate of ad. arbmaitlo HoRU AT o3y lRmPdith P U L 0 XY bn Ghofoti QY 494 € of
175 mM/mn (standard state) and maintaining the reaction pressure at 8 bar

and the reacPPoRPdmBe Cxvaed . ahg®i@ Asa result, the yield of DPC after 2
hours was 21.9 % Syfgel ﬂi\éh{ sHard% g Yt uﬁi&%d%h?ﬁ Eﬁ'g@iscé?q.npt;./n
an . % | Sl ect

(selectivity of 98.9 9 after ours was Ivity of 99.1
% . Exanpl ang9ip5@heypiesedosrwlf): of the pal | adi um het eropol y-acid
conposite ( (Bu4N)2PdSi 2040 nH20O) prepared in Exanple 17 was. 10 used,
20.0 g (0.425 nol )%‘6‘§i Pp%ao ’:u“é?.rSaerﬁ(Jog‘i’éﬂ?rﬁﬁ’FWb‘PEp(ﬁ‘aﬂaaﬂﬁ% bl ate
(Mi(OAc) 2), 500 ng(b}. 2 gEBbXx ehthelkd- (doipdndBONiLym.br oni de (Bu4NBr)
7.0 g of, a nol ecul ar _ sieve (powder.having a particle dianeter of 4 A) and
30 g oftSvet hyl -t - b6y REEREPPRL Y acdid /RS Ak dheraodeticompenants( ¢ khet i on
was carried g for 3 hours by circulating carbon nonoxide at a flow rate

of 500 mM/mn (standard state) and pure oxygen at a flowrate of 35 m/mn
(standard state) ahd) aguaterndryanhenisnctaldnopgessereaaty Mhdsphamidin he

reaction te a . en the reaction product in the reactor 20
was taken ou g%d gﬁglpéglgggbgddﬁ\g chromat ography after the end of the

reaction, 6. 4 g of DPC (yield of 28. 2 % was obtai ned.
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



The selectivity of DPC was 98.9 % 17 Cctober 2003 30 CLAIM5S 1. A process
for producing an aronmatic carbonate by reacting an aromatic nonohydroxy
conpound wi th carbon nonoxide and 5 nol ecul ar oxygen, whet Ecipbend0@%act i on
is carried out under dehydration conditiﬁg and in the presence of: (a)

pal | adi um or a pal | adi um conpound (conporéent (a)); (b) a redox catal yst

(cqmpanent {Bbkerbpolo db Pl ROty ALK 2l la RS E0T o LEAERANSNLAGS) )

and (d) a quaternary ammonium's or quaternary p onrum ~sa
(conmponent (dXe. abiocd iIBhegpmEherttiesh lpr odessf@llewving formhtaein)the

reaction 1is carrlggggggfﬁihé#&%Pp;esence of a qU|nonedﬁf)hydrqu|none. 3.

The production pro wherein the reacti is carried out

under the ci whéhatinox ek eaehentanneXi g¢e ards, 2@nA0hecH! 3haoyyge8- eadn The
production process of claim1, wherein the redox catalyst (conponent (b))

i s a conpbundPgerendedddyy ahelnteger of Bctedlfy owithetheobpordasi thatg of
manganese, cgbalf, 4 g5-cqpper, ceriumand |ead. 5. The production process
of claim1, wherein the redox catalyst (conponent (b)) is a nanganese
conpound or cerium conpound. 30 6. The production process of claim1,

wherein the gedox atal yst (conmponent (b)) .i s a manganese conpound, 7. The
production p chssTg? Qﬁﬁl’rﬁéoﬁa’)&eﬁsﬁi clpig L, e%’ﬁ)‘%t%fn‘]?eactlon
het er opol y- agstc@frséd todthehethe (R eIt SlddGidH€ wMIGh is inactive

_10 in 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.



its anion is represented by the following formula (1) : X(M)n(WmV)pHAO
(1) -- wherein Xis elenental P, Si or B, and n, mand p

each
i ndependently an integer of 0 to 12, with the proviso thé?rSBkﬁehgq£% = 12.
8. The production process of claim1, ®Berein the reaction is carried out

in the presence of a solvent which is inactive. 10 j he&add®©ivn 9. The
production%g[ocesgn@brmawdnihnDﬁ@ﬁéﬁﬁQﬂﬁﬁ?ﬂﬁ&ﬁ(%#fgéygarried out in the

presence of "an inert sol vent j L) Bat Wbt boratmized FaBOof AT Bduct i on
process ofislQﬁﬁ?&?d%ﬂ@%BPﬁefﬁghggggﬁé%ﬁa is carried out_in Sggggﬁesence of
an organic_et fa,g%%ol VeNtnoTkbu T axygRrthavipg o2 81FUEFhI W19 wher ei n

t he conpongﬁp (c) is a quaternar aggggiun1or quat ernary phosphoni um
salt of adeeicamdapaiiariaf 1) morh %?o Uuction process of claim1, wherein
t he conponent (a) and the conponent (c) forma conposite in the catalyst.
25 13. The production process of claim1, wherein t d k9Bpohatearried
out under deghydr af banatenditsystepfor Hrf’ﬂt‘é‘cfrf‘gs%%gg%n{)%a mol ecul ar si eve,
(ii) under the circulation of ca RB¥bdananghiehe colm@rig@fden or

(iii) in tr@m@%n%%omtl%d“%ng%‘gggﬁ%‘gom ch boi | s vviq_th water . 44,The

production proces ﬁ%aqll@dmuh onhepeilladian ea®PPBRY (PRETT e ‘out’ "at a
pressure of 50 kg/c

Gor less. 1 tob 32p)35. The production
process of clain1ﬂb)whe¥@@%xtﬁ%t?£¥g¥igﬁgﬁpégggfrge&$out under

th
circul ation of a ﬂé¥%phg@§rg og@LQ@ﬁdJﬁbn&ﬂhdehawGOﬁn(%%@P%Pe%Eﬁééﬁ’having

a nol ed® ar oxygeh”’ concéntration of 10 mol % or less. 5

and

(d)aquaternaryammoniumsaltorquaternaryphosphonlum

salt (component (a)).

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

ompound of at 1east one metal

omponent (b)) isac
catalyst (g jo) e

selected from the group consisting of manganese,

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 edox
19 The catalytic system of claim 16, wherein the r

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

1 the
20. The catalytic system of claim 16, wherein

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

i 1}:
its anion 1is represented by the following formula (1)
(1)
30 X(Mo)n(w)m(v)p040

i are each
wherein X is elemental P, Si or B, and n, ® and p

i iso that
independently an integer of 0 to 12, with the prov

n+m+p=12.



16. A catalytic systemfor producing an aromatic carbonate from an

aromati ¢ nonohydr oxy conpound which conprises: (a) pall aﬂﬁ or a aI | adi um
conpound (conponent (a)); (b) a redox catal yst (conpone 55 c) a
het er opol y-acid or salt thereof (corrponegg (c)); and (d) a quat er nary'
ammoni um salt or quaternary phosphonium “salt (conponent (d)). 15 17. The
catal yti c system ofrnel @healfti wheididh bRGTL40X 6, Gl YSY thﬁéoam 6ALntP))
is a compound of at |east one netal selected fromthe group con rsting of
manganese, cdkadl 5 awppernaey iammarian eadguadersaryhphoaphbytium sgitem of
claim 16, whggein & lyst (conmponent (b)) is a manganese
conpound or ?Fefrl ur%tel%%on%%qﬁd c%éf The catal ytic systemof claim 16, wherein
the redox 25 catalyst (conponent (b)) is a manganese conpound. 20. The

catal ytic syg#em o&, claim 6 wherein the_ heter opol y-acid or salt thereof
has a Ke ruct aP& %Ba YHC s4S56M @F R ds Lhr SHhRP A hELLIFIBRPRGD

formula (1): (9 ¥eMOMNEGBBAUE () Fdtpashonfisssia, X i s el emental P,

Si or B, and n, mand p |ndependently an i nteger of to 12, with the
proviso that n + m+ p = 17 Cctober 2003 33 21 The catal ytic system

f cl 16,
Ot o 1.7 %23%3%.”%%??3?9”?9?6@*%‘1@%% 78 AL D8 Do PITRER AR 2%y ot om
of claim 16, mMErpoﬂymhemdmmnﬁet axcia tard dehﬂ:dxmwrtﬁmaimédfwntﬁe

conposi t rocess for produci an ar omatl c car bonate by nelt
pol yner |§q ngpfﬂgugit&ﬁﬁ‘t PEOCE 5o lf; l@%‘f’hllnéfﬁ' datic dihydroxy
compound.
24, Useofthearomaticcarbonateobtainedbyfheproduction

process of claim 1 for the production of an aromatic

15 polycarbonate.



10 production process of claim1l with an aromatic di hydroxy conpound. 24.
Use of the aromatic carbonate obtained by the productionAéproc ss_of claim
1 for the production of an aromatic 15 pol ycarbonate. SP %@%ﬁocess
for producing an aromatic carbonate by rﬁgcting an aromati ¢ nonohydr oxy
compound with carbon nonoxi de and nol ecufar oxygen, wherein the reaction is
carried out in the presence of: (a) pﬂ%é@ﬂheglor a pal |l adi um conpound
(conponent (a)); (b) a redox catalyst (conmponent (b)); (c) a heteropoly-
acid or salt thereof (conponent (c)) ; and (d) a quaternary ammoni um salt

or quaternary phozghoniun1§§lt %cgngonent d ,tand upder dehydration
condi tions. Accor di*R§ °F&5CHE pPESEH 1?9&&%?%&? LAcarBREATE WareRnatRYI can
be produced &hodramadieMibheniareRydicdrb P eHth Barbs MbigoPLAEessd |
econom cally and efficiently. _
5 "molecular oxygen, wherein
the reaction is carried out in the presence of:
(a) palladium or a palladium compound (component (a)):
(b) a redox catalyst (component (b)):
(c) a heteropoly-acid or salt thereof (component (c));
10 and
(d) aquaternary ammoniumsalt or quaternary phosphonium
salt (component (d4)),
and under dehydration conditions.
According to the present invention, an aromatic
15 carbonate can be produced from an aromatic monohydroxy

compound by a simple process economically and efficiently.



