- 1 - Binetallic conplexes and the use thereof in producing diary!
carbonate The invention relates to binmetallic conplexes in which the

| i gand contai ns a sal ophen unit which conpl exes copper, nanganese or
cobalt and a phenanthroline unit which coopl exes pall adium and the

two systens ar e Ilnked by a contlnuous conjugated systent The

i nvent i on Bimetall ' ey ths pdy JLEHPgRAtE ¢ conpl exes
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5,760, 272). As noble netal preference is given to using palladium

In addition, .a coca nangane cob
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out in a solvent such_as chl orobenzene. art,

for exdfpl disgdvagpges sgshias thﬂ.usﬂfé’gri’sgmd S‘ill’ﬁ‘ts 53711 ‘ifénenlly\({;%ﬁg Eogéel

manganese salts or cobalt salts are used in an excess relative to t he
nobl e met alpigat eheahtes o Asd 86 Plepar2® 0l oMt ikt cabalylatibn afdrobdagic hydroxy

cocatal yst can be utilized only with a |ow efficiency. In a
the known SPERREdedn dbe ngeschgsy &f C@af%s?ﬁ%?oFV“%d?%ﬁ gqalghe ﬁtrﬁg ¢xample,

life. In pgEhoyhanz7, deposiatd on 495 netsld 523palkl adpem eccazss. EP-A 858 991,
the light of the known prior art, there was therefore.a nee

catal ysts WMHERTABRRE); 4s w&#smttﬁlepm@fen%e gER & 1o Readiun éaﬁgfllféal B Gpcatalyst
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cat al yst ( dwydroquingnap ek desiccants can be used. The reaction can be carried out in & solvent such as

chlorobenzene.

In the known prior art, for example J. Mol. Cat. A: Chem. 2000, 151, 37-45, copper salts,
manganese salts or cobalt salts are used in an excess relative to the noble metal catalyst, as a result

25  of which the catalyst and the cocatalyst can be utilized only with a low efficiency.

In addition, the known processes do not have a satisfactory catalyst operating life. In particular,

deposition of metallic palladium occurs.

Tn the light of the known prior art, there was therefore a need for catalysts which make it possible
for the reaction to be carried out without use of additional amounts of copper salts, manganese

30  salts or cobalt salts as cocatalyst and make an increased efficiency of the catalyst (e.g. tumover



nunber, TON) possible. In addition, there was a need to provide

catal ysts wi nch have an increased stability. The probl em addressed

has surprisingly been solved by a binetattic conplex in which the
second netal is incorporated stoichionetrically relative to palladium
in the conplufxr, TOM) s audidoaatise dhoa hdrd (epotitiatasystbaiicighabheintpased
be utilized in a synergistic manner and to the operating life of the

bi met al | i cst#4{t4| yst being increased relative to the conparative

system W have found binetallic catalysts in which the catalytically
active pal tadigmanddtiel Kedasriasdly vencoked & y simeali: omptzk iedhich tiersecond
nol ecul e and accel erated reoxidation of the pall adll1 um i rrg] d lead
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phenant hroline unit is in addition necessarily conplexed by further
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| i gands and cfwo Wea?< y coordinated ligands (J. Mdl. Cat. A Chem
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where M = Ru, Os, Fe, Re, Rh and M’ = Ni, Co, Zn, Mn, Pt, Pd. The metal bound to the
phenanthroline unit is in addition necessarily complexed by further bipyridine ligands. These

15 complexes are unsuitable as catalysts for oxidative carbonylations, e.g. the preparation of diphenyl
carbonate from phenol, carbon monoxide and oxygen, since the blocking of the coordination site
on the metal center M by the bipyridine unit results the coordination sites no longer being
available for the attachment of reactants. As catalytically active metal for oxidative carbonylations
(metal center M), preference is given to palladium which is located in a coordination sphere

20  consisting of two cis ligands and two weakly coordinated ligands (J. Mol. Cat. A: Chem. 2000,
151, 37-45).



The synthesis of such ligands and conpl exes is al so described in

Eur opean Journal of Inorganic Chem stry 2003, 10, 1900-1910. Here,

two strategies are enpl oyed: fornation cgnmencing fromthe

phenant hroline unit and conpl exation only after conplete synthesis of
the I gandrandfiRGIBE LRD IEANNBAE LAh1ELO T ARCS@ LR ERubRah Jothdl R Trorganic
tenplate process in which'the synthesis is 5 carried out in the
presence ofherhietnc2i9Br Hl, 1PEh191R ere) twolstrpingiesser empleed: Taringtigneaguimeaging from
as internedi -3, 4-.di_njit e i )} ap! FOr Pl a1iLA0 and
whose synt Reeh Srartiiint: dif s RRRBRER G eht boAdE B pM M ERL n
1792- 1800 &mdatidnecomafeerienen tihd sabgpherheriteiwmith attBuplate prd@ess(i@ whibrthe synthesis is
particular a i catjons articul ard.y i tal ysis . ex .
ot al 1 bns o PRR HE T bE RSl LS e oo lfea TRABLENES o) 8 Regie
bi pyri di nethel yadihstrarsieptdadifiB domplex) fiemohr €), tvheset onbésd & dautiledi @ Dalton

sinpler to_carry o t t en descrj bed for copper as
central at OFPS¥ mﬁébmggajggéhﬁﬁéﬁﬁgwf g?“ﬁ?&%ﬁd%”ﬂﬁich add??ionally
contain a phenanthroline unit which can be reacted with palladi um
hal i de conplexes to formbinetallic conplexgg in which the palladium
is not stabilized by further bipyridine |iggnds can be prepared from
3,4-dinitrosal ophen-Cu(ll) 15 conplexes. It jwas to be expected that
the palladiumw || be coordinated by two pbehapt hroline |igands since
the two nonodentate |igands Hal are noref{€ repl aced than

bi pyri di ne chel ates. However, the formatijon of

pal | adi um bi sphenant hr ol i ne conpl exes djd goecur. The invention

accordingly provides conpl exes of the formfla (3), - 4 -
O,N N, 0
?M///
O,N N \\\o
I tBu
tBu @

For particular applications, particularly in catalysis, complexes whose metal ions in the
10  phenanthroline unit are not complexed by further bipyridine ligands are desired. Furthermore, the

template route is simpler to carry out but has not yet been described for copper as central atom.

It has now been found that ligands which additionally contain a phenanthroline unit which can be
reacted with palladium halide complexes to form bimetallic complexes in which the palladium is
not stabilized by further bipyridine ligands can be prepared from 3,4-dinitrosalophen-Cu(ll)
15  complexes. It was to be expected that the palladium will be coordinated by two phenanthroline
ligands since the two monodentate ligands Hal are more easily replaced than bipyridine chelates.

However, the formation of palladium-bisphenanthroline complexes did not occur.

The invention accordingly provides complexes of the general formula (3),



where Ri s hydrogen, fluorine, chlorine, a nitro group or a

Cl- C22-al kyl radical, preferably nmethyl, 5isopropyl or tert-butyl,
very particularly preferably tert-butyl ,4o0or a C6-C22-aryl radical
preferably phenyl, tolyl, 2-(1 ,4-dihydroxy)phenyl, Halis chloride,
brom de or iodide, preferably chloride or brom de, gery particularly
preferably brom de, or an al koxi de, for exanpléd phenoxide or

net hoxi de, or a weakly coordinating anion such as t/Nflate, tosylate,

nmesyl ate, tetrafl uoroborate, perchlorate and 10hef/’ pr ophosphat e
and Mis copper, manganese or cobalt. The inventip t her provides
conpl exes of the general f | ae 4a and 4b whi 3 :
internmediates in the prepdgrati

i nvention, - 5 - H wher
i nvention al so provi%%s F
the formula 3 as catauﬁgts

'

Hal' N

(3)

R
where
R is hydrogen, fluorine, chlorine, a nitro group or a C-Cx-alkyl radical, preferably methyl,
5 isopropyl or tert-butyl, very particularly preferably tert-butyl, or a Cg-Cop-aryl radical,

preferably phenyl, tolyl, 2-(1,4-dihydroxy)phenyl,

Hal  is chloride, bromide or iodide, preferably chloride or bromide, very particularly preferably
bromide, or an alkoxide, for example phenoxide or methoxide, or a weakly coordinating
anion such as triflate, tosylate, mesylate, tetrafluoroborate, perchlorate and

10 hexafluorophosphate and
M, is copper, manganese or cobalt,

The invention further provides complexes of the general formulae 4a and 4b which occur as

intermediates in the preparation of the bimetallic complex of the invention,



for the oxidative carbonylation of aromatic hydroxy conpounds to form
di aryl carbonates and al so 5di aryl carbonates prepared by oxidative

carbonyl ation of aromatic hydroxy conpoufids usi ng conpl exes of the

formula 3 as catal ysts. The synthesis of conpounds of the fornula 3

is carried out by hydrogenatiomr of the nitro groups of the conpgpund

of the fornula 4a to fonn conpqounds of the fornula 4b, subsequent
reaction wth phendione of theformula 5 10(5) to forn1llgand
the formula 6 - 6 - and cqgfp
7, PdHal 2L2 (7) wher e as defined above and L is
which is optionally presen acetonitrile, 5triaryl pho
cycl ooct adi ene, or norborfadi effe. Th& 4, 5-di nitro-o-pheny
required for the preparatijon off the conpl exes of the for
for exanpl eP:the pared-Mccording to the |iwgrature
Cheeseman G W i Chem ,Soc., 1962, 1170. THE
f orm conpounds Of formuMa 4b is carried out
t he conpounds of o
reagents su@N10 as 11, ,
presence of catalysts co
whi ch may be i mobilized 0OR
substances. The reaction wt
by joint heating under refl

ogéhat'on to
ogenamdon of

) ne, cycl ohexané or i CNacid ¢n the
i gthermt&s Ni , Co, Pd,
opar L& "such as carbon or'

dione is carried out, for

(4a) (4b)

where R and M, are as defined above,

The invention also provides for the use of the bimetallic complexes of the formula 3 as catalysts

for the oxidative carbonylation of aromatic hydroxy compounds to form diaryl carbonates and also

5  diaryl carbonates prepared by oxidative carbonylation of aromatic hydroxy compounds using

complexes of the formula 3 as catalysts.

The synthesis of compounds of the formula 3 is carried out by hydrogenation of the nitre groups of

the compound of the formula 4a to form compounds of the formula 4b, subsequent reaction with

phendione of the formula 5

10 (5)

to form ligands of the formula 6



equi nol ar anmounts of conpounds of the fornmula 4b in solvents such as
met hanol , et hanol or 15i sopropanol, chloroform benzene, toluene or
m xtures thereof, with the water forned-being optionally able to be
renoved by azeotropic distillation. The formation of the conpl exes of
the formula 3 is carried out by reaction of tke |igands of the
formula 6 with conpounds of the fonnula 7 in golvents such as

nmet hyl ene chl oride, chloroform 1, 2-dichloroe benzene,

chl orobenzene, DMF, diethyl ether, nethyl et her or THF at

20t enperatures of from 10C to the boiling pp of the sol vent under
at nospheric pressure 7 - The binetall es of the
i nvention having thg la 3 are suitalle f e*catal ysis of the

oxi dative carbonyl a

af ar tic_hydrg
carbonates. Aronmatic 1 gya

ompgtind ‘on tjn? process of the
invention are those of Ar-Cﬂmg) where Aris phenyl,
napht hyl , anthryl, , tetmghydronaphthyl or the
radical of a 5- 100N 6- IMe d '.t|cNhete(DcycIe having 1 or 2

i socyclic and heterosyck¥c radicals may ed by 1 or 2
1- C4- al kyl

S st i
substituents such as straight-chain or bran
straight-chain or branched Cl1 - C4-al koxy, s ght - chai n or branched
Cl- C4- al koxycar bonyl, each of wfl ch nay be suhsfituted by phenyl,

cyano and hal ogen (e.g. F, d, Br), and the heterocyclic radicals my

and complexation with a compound of the formula 7,

PdHalng (7)

where Hal is as defined above and L is a ligand which is optionally present, e.g. acetonitrile,

5  triarylphosphines, cyclooctadiene, or norbornadiene.

The 4,5-dinitro-o-phenylenediamine required for the preparation of the complexes of the formula

4a can, for example, be prepared according to the literature reference Cheeseman G. W. H.,, I.

Chem. Soc., 1962, 1170. The hydrogenation to form compounds of the formula 4b is carried out by

hydrogenation of the compounds of the formula 4a by means of hydrogen-donating reagents such

10 as Ha, hydrazine, cyclohexene or formic acid in the presence of catalysts comprising the metals Ni,

Co, Pd, Pt, Ru or Rh, which may be immobilized on supports such as carbon or inorganic

substances.

The reaction with phendione is carried out, for example, by joint heating under reflux with

equimolar amounts of compounds of the formula 4b in solvents such as miethanol, ethanol or

15  isopropanol, chloroform, benzene, toluene or mixtures thereof, with the water formed being

optionally able to be removed by azeotropic distillation.

The formation of the complexes of the formula 3 is carried out by reaction of the ligands of the

formula 6 with compounds of the formula 7 in solvents such as methylene chloride, chloroform,

1,2-dichloroethane, benzene, chlorobenzene, DMF, diethyl ether, methyl tert-butyl ether or THF at

20  temperatures of from 10°C to the boiling point of the solvent under atmospheric pressure.



15al so be bound to a fused-on benzene ring. Exanples of aromatic

hydr oxy compounds of the fornmula 8 are: phenol, o-, in- and p-cresol,
0-, in- and p-isopropyl phenol, the corregpondi ng hal ophenol s and

al koxyphenol s, e.g. p-chlorophenol or p-nethoxyphenol, methyl

sal i cyl at eppetilane 3blpk @18 the MveRiHRAGRY He QG OIRO MBI &fr t”leatalysis of the
napht hal ene, ant hracene and phenant hrene, al so 4-hydroxypyri di ne and
hydr oxyqui erefldtive sarbqmyletien efpsamgtis hydrospcompovigs fyfopn éiapil cabepetpt i onal |y
substituted phenols, very particularly preferably phenol. The
prepar ati oR, Of.:@ hOh Y lonpBERORANE JVePdr HRLINERGADABM e Fhuluf: 8
carried out by reacti'ng an 25 aromatic hydroxy conpound wi th carbon
nonoxi de and oxygen in the presence of a catalyst according to the
inventign havi ng t he fornkkgﬂs. Thquxidative car bonyl ati on of
aromati € hydroxy conpounds by nmeans of the catalysts of the invention
having the formula 3 is carried out in the liquid phase in the
presence or,absence of 30 solvents such as chl orobenzene,

di chl or obe®?&fe, tol uene, xylene, DVF, dimethyl acet ani de,
tetrahydrofuran, NMP, ethyl ene carbonate or propyl ene carbonate at

tenperatures of , from25 to 15QC, preferably f 0,to C..ln th
presence of‘car H@ﬁ?e%d’&?(lﬁﬁyé’/ @ﬁ%eﬁwﬂq P @éaﬁyﬁqﬁ}agﬁqi?ﬂagﬁ%ﬂroé 1515?(%0&?0{3 >
ratio qf from lods-temB8edaropbed Wtabdyyle hiang 98: 2 héteroOmé Gomapd gromatdnyisting
in the presence of fun{her inert_gases sych as nit4o en, .argon, or 5
carbon di oxi de, “WHe? 8¢ hre¥ 55 gsa fsOnEE afr IR Flty resticals migy be stippipyied by 1 or
gases to actives@asgsntd suchlQMABhchkia o WRihchddll @g-@r aldyy strkionnBin Sor thPanched
50: 50, and the total pressure is from1l bar to 08 bar, preferabl

from5 bar to 261faralkosyy fsighhgiel or Rrajchedyo s Sunflexygroopglngach of Which may be

redox- active subgk@es By BHah, BmndHd¥aNges (&) kati BiBhakhd RAERSQicéhdicals may

al kaline earth netal iodideS, manganese conpounds, cobalt conpounds,

or coppér conpoalselbe Bupgtarefugndendanzepqiriag. wei ght ratio of pal | adi um

conmpound to redox-active substance of from1:1 to 1:100, preferably

from1:2 to 1:20. Exanples of quinones are benzoqui none,

napht hoqui Faareplesd asamatic Aydroxorvepayrds siths firmulaidowe: phengli ot 41- tidp-eE$ol, o- m-

Exanpl es of, fpn ORGSR pERADET, GRIBRAGRI

are oxidesFnﬁgﬁggggiag%ggyggggggﬁéﬁ@%hgﬁ)Gggﬁoxgﬁéig% t érg%g Asﬁﬁ o

furt her copataboxsplendr metkyll isalidyke, ¢thyli salpokis bileo tmonpbedronumogabungs of

such as_.ammoni,u 10 _.phosphoni um or.. sul f gni u .l ea .

such a?ole&@”gﬁ%%ﬁsaggmg%gdgg,pﬁ%??ﬁgp% %&%Hﬂggﬁ%%ﬁ§§ﬁﬁy%%§?$§§#§@%8Fm&

al kyl hal i desersnoe s @gendb hsionplehdland pptionally wbstigited plabole vefy ppaichlady preferably

conpound to, cocatalyst or auxiliary of from1:1 to 1:200, preferably

from 1: 10 ®8°50. Particul ar preference is given to using the

broni des of the ammoni um or phosphoni um conpounds in a weight ratio

]9 T. OPnal:Ll: igl ﬁ'?e %96?21%?1919 0} g d?allj'})'ﬁl (lalrb%g te %]; ogc{d(a)t%eléar (}nglat}dnzlosodan'ﬁzﬁegulte {J? l%:l,a\tl":ting an
25  aromatic hydroxy compound with carbon monoxide and oxygen in the presence of a catalyst

according to the invention having the formula 3.

The oxidative carbonylation of aromatic hydroxy compounds by means of the catalysts of the
invention having the formula 3 is carried out in the liquid phase in the presence or absence of
30  solvents such as chlorobenzene, dichlorobenzene, toluene, xylene, DMF, dimethylacetamide,
tetrahydrofuran, NMP, ethylene carbonate or propylene carbonate at temperatures of from 25 to
150°C, preferably from 60 to 110°C, in the presence of carbon monoxide/oxygen mixtures in a
partial pressure ratio of from 1:1 to 99:1, preferably from 98:2 to 60:40, optionally in the presence

of further inert gases such as nitrogen, argon or carbon dioxide, where the partial pressure ratio of



151: 50. The diaryl carbonates prepared using the conpl exes of the
invention having the formula 3 as catal ysts can be used for preparing
pol ycar bonates or isocyanates. The folloging exanples illustrate the
invention without restricting its scope. - 9 - Exanples

4, 5- Di ni tr g=Q-AhenylenediAl ReTiNaSs @rtgpzagsegrea&gay q*ﬂoﬂgm)t&lsg 50,lar@f the total
the literature reference Cheeseman G Chem Soc., 1962,

1170. 5 Expmpue lafrmépbarfatlp@)harowrefteah\yfm%hqr@?() a&ccording to the

i nvention correspondl ng to fornula 4a) as per Fig. 2. A solution of
0.69 g (3. A8ulk ”Jr): IPIS E@:é(b%} gtll:'rgiore&d} a%Qvergubé?éncgsIslﬁ@}p%l uRSeAHIRnE 1@d1des
m xture of 0. 68 nunol ) of 4,5-dinitro-o-p (}enedlamne and
1.63 g (6. %alhfﬂmb )earﬁf mgabiogdiiles; mangab@swpmpqzméalcp@}fq c&m@mdéte)rmpmocquounds
of et hapol g

e subbeqlielt 5op! i P bl HRRyh Ko BT MR o NSRS B B8 0
reduced pr és8Umesferybleifivm 12 2571:80.(F3@8ples & @lindneheme bgizoqunomagephthoquinone and

spectr OSCOQI%hJ(aqumone anQ-Fsu%stH&mn prmiucts tﬁ%reop %a&%@g )of (n?%gé]lgeéleél%%g@s chbalt

Exanpl e 2
compounds or copper compounds are oxides, halides, acetylacetonates or carboxylates thereof.

As further cocatalysts or auxiliaries, it is possible to use onium salts such as ammonium,
10 phosphonium or sulfonium salts, lead compounds such as lead alkyls or oxides, polymers such as

polyvinylpyrrolidone, alkyl halides such as dibromoethane, in a weight ratio of palladium

compound to cocatalyst or auxiliary of from 1:1 to 1:200, preferably from 1:10 to 1:50. Particular

preference is given to using the bromides of the ammonium or phosphonium compounds in a

weight ratio of palladium compound to auxiliary of from 1:1 to 1:200, preferably from 1:10 to
15 1:50.

The diaryl carbonates prepared using the complexes of the invention having the formula 3 as

catalysts can be used for preparing polycarbonates or isocyanates.

The following examples illustrate the invention without restricting its scope.



Preparation of [DAIBuSal Cul (according to the invention corresponding
to fornmula 4b) as per Fig. 3. A suspension of 1.27 g (1.83 mml) of

[ D1\ 113uSal Cu] and 0.2 g of Pd/C (10% ip-100 mM of THF was treated
wi th a hydrogen pressure of 40 bar in a 250 m autoclave, stirred at
room t enpegathigs 20f or 12 hours and subsequently filtered. The
filtrate evapor at ed under reduced pressure, the residue was
washed wi th hexane and subsequently dried under_reduced pressure.
Yield: 1.165@itogphontmrBapne pigs peprd scagrding g Fig g0l terlisgrpture reference

(C361143CUEﬁ9§&m5%?W@H$.50h%§3k@9@@@1h@6 of [PhenpzSal Cu] (according
to the invention corresponding to formula 6) as per Fig. 4. - 10 - A

suspension of 0.5 g (0.79 mmol) of [DgBuSal Cu] in 30 mM of nethanol
was added dropwi se to a solution of 0.16 g (0.79 mmol) of phendi one
in 20 m of nmethanol. The m xture was then refluxed for 2 hours,

resul ting gp,folqetion of a red precipitate which was filtered off
washed wi o EL%e@ru eum et her and dried under reduced pressure. 5Y|eld

0.5 ¢ (789@ FD-M5 (D+toluene) me (%: 805 (100) (CA8HSOCUNGO2

Exanpl e 4 Pﬁp@pmnaqf BN ByBalf riesa teipvepaencerrapartinstodoraviafpbmaesn
correspond to formula 1) as per Fig 5. 10The solution of 0.01 g
(0.06 mmol o' [ PA(Cl - 13CN) 2C12] was added to a solution of 0.05 g

A solution of 0.69 g (3.48 mmol) of Cu(OAc), H,O in 20 ml of ethanol was added to a mixture of
0.68 g (3.48 mmol) of 4,5-dinitro-o-phenylenediamine and 1.63 g (6.96 mmol) of 3,5-di-tert-butyl-
10 salicylaldehyde in 80 ml of ethanol. The mixture was refluxed for 80 minutes. The precipitate was

subsequently filtered off, washed with n-hexane and dried under reduced pressure.
Yield: 1.27 g (50%).

Field desorption mass spectroscopy (FD-MS, D+toluene) m/e (%): 691 (100) (CsgHa4CuN,Og)

15 Example 2

Preparation of [DA'BuSalCu] (according to the invention corresponding to formula 4b) as per

Fig. 3.

A suspension of 1.27 g (1.83 mmol) of [DN'BuSalCu] and 0.2 g of Pd/C (10%) in 100 ml of THF
was treated with a hydrogen pressure of 40 bar in a 250 ml autoclave, stirred at room temperature
20  for 12 hours and subsequently filtered. The filirate was evaporated under reduced pressure, the

residue was washed with hexane and subsequently dried under reduced pressure.
Yield: 1.16 g (100%)
FD-MS {D+toluene) m/e (%): 631 (100) (C36HssCuN4Os)

Example 3

25  Preparation of [PhenpzSalCu] (according to the invention corresponding to formula 6) as per

Fig. 4.



(0.06 mmol) of [PhenpzSalCu] in 5 mM of nmethylene chloride and the
m xture was stirred at roomtenperature for 16 hours. The volatile
constituents were taken off under reduced-pressure and the residue
was adm xed with hexane. The precipitated product was then filtered
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15 Yield: 0.025 g (42%)
FD-MS (D-+toluene) m/e (%): 981 (10) (CasHsC1,CuNg0O,Pd), 805 (100) (CysHseCulN0,)

Example 5

Use of [PdPhenpzSalCu] as catalyst for preparing diphenyl carbonate

A mixture of 894 mg (9.5 mmol) of phenol, 8.5 mg (0.0086 mmol) of [PdPhenpzSalCu], 32 mg
20 (0.29 mmol} of benzoquinone, 222 mg (0.69 mmol) of tetrabutylammonium bromide and 110 mg

of molecular sieves (3 A) was flushed three times with 10 bar of a mixture of 97% of CO and 3%

of O, and was then treated with 18 bar of this gas mixture. The mixture was then heated to 90°C

while stirring at 900 rpm. Analysis of the reaction mixture by gas chromatography after a reaction

time of 3 h gave a yield of 5.1 mg (0.024 mmol) of dipheny] carbonate corresponding to a TON of
25  the catalyst based on palladium of 2.8 and based on copper of 2.8.

Example 6

A mixture of 954 mg (10.1 mmol) of phenol, 9.1 mg (0.0093 mmol) of [PdPhenpzSalCu], 43.8 mg
(0.39 mmol) of benzoquinone, 212 mg (0.66 mmol) of tetrabutylammonium bromide and 110 mg

of molecular sieves (3 A) was flushed three times with 10 bar of a mixture of 97% of CO and 3%



A mxture of 920 ng (9.78 mml) of phenol, 4.6 ng (0.012 mmol) of

[ Pd(Phen)C1,], 20 ng 10 (0.056 mnol) of [Co(acac)3], 31.8 ng (0.29
nunol ) of benzoqui none, 219 ng (0.66 mMmi))- of tetrabutyl anmoni um
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with 18 bar of this gas mixture. The m xture was then heated to 90C
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10 bar of a mixture of 97% of CO and 3% of O; and then treated with 18 bar of thlS gas mixture.

The mixture was then heated to 90°C while stirring at 900 rpm. Analysis of the reaction mixture by

gas chromatography after a reaction time of 3 hours gave a yield of 5.8 mg (0.027 mmol) of

15  diphenyl carbonate corresponding to a TON of the catalyst based on palladium of 3.4 and based on

cobalt of 0.5,

Comparative example 8

A mixture of 994 mg (10.6 mmol) of phenol, 4.3 mg (0.011 mmol) of [Pd{Phen)Cl,], 18.2 mg

(0.050 mmol) of [Co(acac);], 36.2 mg (0.33 mmol) of benzoquinone, 203 mg (0.60 mmol) of
20 tetrabutylammonium bromide and 110 mg of molecular sieves (3 A) was flushed three times with

10 bar of a mixture of 97% of CO and 3% of O; and then treated with 18 bar of this gas mixture.

The mixture was then heated to 90°C while stirring at 900 rpm. Analysis of the reaction mixture by

gas chromatography after a reaction time of 14 hours gave a yield of 4.7 mg (0.022 mmol) of

diphenyl carbonate corresponding to a TON of the catalyst based on palladium of 2.7 and based on
25  cobaltof 0.4.

In the comparative examples, the addition of a cobalt salt as cocatalyst in addition to the palladium
catalyst is necessary. The molar ratio of palladium to cocatalyst is 1:6.5, while when using the

bimetallic complex as per examples 5 and 6 the ratio is 1:1.



exanpl e 7 Conparative exanple 8 TON(Pd) 2.8 (3h) 3.0 (14h) 3.4 (3h)
2.7 (14h) TON(Cu) 2.8 (3h) 3.0

-12 -
Table 1
Example 5 Example 6 Comparative Comparative
example 7 example 8
TON(Pd) 2.8 (3h) 3.0 (14h) 3.4 (3h) 2.7 (14h)
TON(Cu) 2.8 (3h) 3.0 (14h) - -
TON(Co) - - 0.5 (3h) 0.4 (14h)

The TONSs based on palladium and cobalt decrease in the comparative examples at an increased
reaction time. Comparison of the bimetallic catalyst as per example 5 and the corresponding
5  comparative examples 7 and 8 demonstrates a higher stability of the bimetallic catalyst of the

invention compared to catalysts from the prior art.

The TON based on the cocatalyst is lower in comparative examples 7 and 8 than when using the

bimetallic catalyst of the invention as per examples 5 and 6.



(14h) TON( Co) 0.5 (3h) 0.4 (14h) The TONs based on pall adi um
and cobalt decrease in the conparative exanples at an increased
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Claims
1. A compound of the formula (3)
R
i R
N, O
N
| M
U ]
R
(3)
R
where
5 R is hydrogen, fluorine, chlorine, a nitro group, a C,-Cys-alkyl radical or a C¢-Cyp-aryl

radical,
Hal is chloride, bromide or iodide, an alkoxide or a weakly coordinating anion and

M, is copper, manganese or cobalt.

o 2 A process for preparing the compounds of the formula 3 by hydrogenation of the nitro
groups of the compound of the formula 4a to form compounds of the formula 4b,

subsequent reaction with phendione of the formula 5



reaction tinme. Conparison of the binetallic catal yst as per exanple 5
and the correspondi ng 5conparative exanples 7 and 8 denonstrates a

hi gher stability of the binetallic catalyst of the invention conpared
to catalysts fromthe prior art. The TON based on the cocatal yst is

| ower in conparative exanples R and 8 than when using the binetallic
catal yst of the invention as per exanples 5 and 6. - 13 - Caips 1. A
conpound of the fornula (3) er e 5i s hydrogen, fluorine, i
a nitro group, a Cl-Cr-al kyl i or a C6-C2raryl radica
chloride, brom de or iodide,j an allkoxi de or a weakly coordi ng
anion and Mis copper, nmanga or.cobalt. 10 2. A process &
preparing the conpounds o ormulRa 3 by hydrogenationof tMNR
nitro groups of the conpolund off the fornmula 4a to form coffpounds
the fornmul a%h_s quent ri9é{ion wi t h phenglione th Njoijyma 5

W M

O,N N o ’ \\

H,N N 0

(4a) (4b)

()

to form ligands of the formula 6



- 14 - (5) to formligands of the fornula 6 - 15 - and
conpl exati on by neans of a conmpound of the fornula 7, PdHal 21-2 (7)
where Hal is as defined above and L is &a3l-igand which is optionally

present. 3. A conmpound of the general fornula 4a or 4b, where R and
M are as defined above. R

! R
N @]
N/
! /,M1
N o
l R
(&)
R

and complexation by means of a compound of the formula 7,
PdHalzL?_ (7)

where Hal is as defined above and L is a ligand which is optionally present.

5
3 A compound of the general formula 4a or 4b,

R R
H R H i "

OZN N\\ /O HzN N\ /O

:M1\ \:M1

02N N 0 HoN N \0

. | .
{4a) {4b)
R R

where R and M, are as defined above.



- 16 - 4. The use of one or nore binetallic conmpound(s) of the
formula 3 as clained in claim1l as catalyst. 5. The use of one or
nore binmetallic conpound(s) of the formuiéa 3 as clainmed in claim1l
for 5the oxidative carbonyl ation of aromatic hydroxy conpounds to
formdiaryl carbonates. 6. A diaryl carbonate which can be obtai ned
by oxi dative carbonyl ation of aromatic hydroxy conpounds using

conpl exes of the formila 3 as ¢l ained in clai e rocess, f or
preparing @i arylCSFBHRRE Bnors RS e@@&@d&%ﬁlﬁfo@ﬁﬁa‘? "inf‘:d in claim 1 as
hydr oxy conmpounghigst.reacted with carbon nonoxi de and oxygen in the
presence of the catalyst of 10the formula 3 as clained in claim1l. 8.

The process as clainmed in claim character that aro

hydr oxy cofpound® B of e ‘?‘"6‘?‘%?1813@ ligroopppusi(s ié%ﬁgjﬁ"e‘ulﬂ i%S CHHE r%fl claim 1 for
napht hyk, ant hryl oxiaheRanbhy¥ion bhgdafidtlc hyliRky ahyduenap M-R\ikara rcaﬂbbxfates
radi cal of a 5- or 6-nenbered aromatic het erocycl e having 1 or

het eroatons fromthe group consisting ¢ , 0. .and S, where these
i socyclic &nd hérdrgepirnae vhigh e & Crg?é?}“eﬁe’yé’ﬁ’é‘%tf‘ietcﬁ‘tbéwiﬁkpnffBliomﬁtlc hydroxy

substituents sughyRsn@tutdk %}ﬁprah@bﬂheron%&aal@raaashee i daidr. al kyl ,

strai ght-chain or branched CI-C4-al koxy, straight-chain or branched

Cl- C4- al koxycar bonyl, each of which may be substituted by pheny

cyano and hal ogdnprogesy forppreraring hiaryl eamepnpthe %@@@P%@dpltéatr%rfear@ Freyoxy
al so be bound t g,a,filFRJeRRIRENZEARL MdAGxidL WG edtSB the presence of the catalyst of

10 the formula 3 as claimed in claim 1.

8. The process as claimed in claim 7, characterized in that aromatic hydroxy compounds of

the formula 8

Ar-OH ®),

15 where

Ar is phenyl, naphthyl, anthryl, phenanthryl, indanyl, tetrahydronaphthyl or the
radical of a 5- or 6-membered aromatic heterocycle having 1 or 2 heteroatoms
from the group consisting of N, O and S, where these isocyclic and heterocyclic
radicals may be substituted by 1 or 2 substituents such as straight-chain or

20 branched C1-Cy-alkyl, straight-chain or branched C1-Cg4-alkoxy, straight-chain or
branched C1-Cg-alkoxycarbonyl, each of which may be substituted by phenyl,
cyano and halogen (e.g. F, Cl, Br), and the heterocyclic radicals may also be

bound to a fused-on benzene ring.
25 ,are used.

9, The process as claimed in claim 7 or 8, characterized in that further redox-active

substances are used.

10. The process as claimed in any of claims 7 to 9, characterized in that cocatalysts or

30 auxiliaries are additionally used.



9. The process as clained in claim7 or 8, characterized in that
further redox-active substances are used. 10. The process as clai ned
inany of clainms 7 to 9, characterized irv-that cocatal ysts or
30auxiliaries are additionally used. -17- 11. The process as cl ai ned
in claiml1@y chasaghedki 286ained iRt N0, Uhe&aktisd ih €R ogieRPRAN)d&d compounds,

pol yners, al kyl halides are used.
polymers, alkyl halides are used.



