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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 pal | adi um and the

two systens are Ilnked by a contlnuous conj ugated system The

i nvent i on BimetHk aplesepand theusethereg dydiggdiapyl parbepate ¢ conpl exes

as catalysts for the oxidative carbonylatlon of aromatic hydroxy
conpounds 4, i b f@g&egl o %ﬁﬁé?ﬁf@&ﬁ?plex@s PAGES e ﬁ@ﬁm%ﬁ@ﬁg b @ﬂoﬁﬂeﬁ ﬁﬁﬂt which
carbonates using the binetallic conplex as catalyst and also diaryl

car bonat escompégxas etpyymangeerse pPresbabardarpheamibaeling funis hich coeplpred pallagium and
conpounds

cat ol yat o. HErRPof s RSTRAR by £odRAEF bR Tugiled sl AE Bl Hither eltes o e
pol ycarbonesees tHoye hitetalilcompleea sesat@ysis foc tieiopidath@ cproomdgion (of ewmatiohydroxy

exanmpl e, in Chems S f_P
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producti onblﬁfetauhej@yipw&ah katales and alas diantl envextitatpeepafed by acidatie Carbonylatlon of
conmpounds in t ar maceut cal rot.ect ect.or

coomn-that amarnRRs) PR B Wb aneRe REBEFS 5 Be 3% By sattses.©

phosgenati on (SchottenBaumann reacti on) of aromati ¢ hydroxy

Cuoh as. T nBp B pie gl o et aes U RSy AL gncaion

Di aryl 1¢ar pooat gseer &t &la&@leb&n [IJ’ﬁl:eﬁﬁish?darhyP]@sicd aifi Retycdibbeatds, Polymer Rewews,

car bonyl at | on of dro n_the rese 0 02
and a nobl & g@flgﬂ %cf’gnéaﬁ Vk}{lﬁye@l SI‘OB?’ q&(’;\'%g%e% or e DR ?tl '}éﬁnyﬁ%cg ©s or as
4,349, 485, inkemédife’ Bl acti¥Oecontpdumis@bthe gBAmadebitidil Saler&iPpkoteddonAector.

5,760, 272). As noble netal, pref erence is given to using palladium

In addition, a coca ald\gst 20 n(gjanese or. copa

base, bronftdé EEUR ﬁﬂa‘iaél?oﬁ%f%c@get ta%l?yoﬁéas‘h{?f“ﬁ%ﬁee&m%‘?natmn (Schotten-

hydr oqui nOB@ﬁnﬁ:ﬂdreQﬁ%h)CS@Brto&aﬁélﬂyd}&qll&&ﬁbouﬁcﬂe Ho9RGdr] s RBesd thal dohdi@Fable
out in_ a salvent such as chl orobenzene. In the known pr| or art, for

exanpl &5 J. diswivanteses suchas ths s of phesgene psd solveptspych asapshylens ghlprde.

manganese salts or cobalt salts are used in an excess relative to the
nobl e et abifat Alvhdltes 8% Asd BS Blchardd 8 oﬁﬂhﬁh}b 4ihgt 6abadlyMBsn 8N8rolABe hydroxy
cocatal yst can be utilized only with a low efficiency. In additjon,

the known pererosadsedn dbe riseseppgy af a{J%apa sTc £ oRSPle ey eatalysp elees  §og cxample,
life. In p@)?AE’?‘bf(‘ﬁs'f dengsitd 29 49§ mea@IAs $31080! adicpIR @ee4ES-  EpLASSS 991,
the light o nown prior art, there was therefore a need for

cat al ysts WS- h760KE) As Ipbbgnmleprﬁ%ren@erve sivem i ysing pebadion. de pdditéan, g gecatalyst
W t hout,,us t

or cobalt - SRRl PP TG ol RARRE o, R FAROANE R d Plibhcs o
catal yst ( hycgoqmnmmammesmcaats -can be used. The reaction can be camed out in a 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.

In 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. turnover



nunber, TOWoBR@PSARLE; !N addition, there was a need to prou
" catalysts which have an increased stability. The problen1é§%¥@§%%}/0&nzs

has surprisingly been solved by a binetallic conplex in which the
second netal is incorporated stoichionet2Zi-<cally relative to palladi um
in the conplex. This conpound |eads 5to the cocatal yst being able to

be util i zeduiberal @Y msgblst Ineddibem érereawd atneed to@ravpdercatalysy which dawaf antil@eased
bimetal | i Cst%k?i}i?l yst being increased relative to the conparative

system W aveé found binetallic catal ysts in which the catalytically
active palladiumand the redox-active cocatal yst are conbined in one

nol ecul e afite peblehaddtessd heosuimainglyrveaf sdve bpaltiachltiocdsplempidevhich the second
possi bl e t hereb | eadi t.o a synergistic effect. 10 Binetallic

conpl exes OF {af ﬁ)e{ncfo{)proﬁau dgsg?lﬁorﬁ?l% aﬁ&%rt’ivﬁtocpaﬁﬁél%uﬁ%%?%% Elsﬁgmpo‘md leads
phot osefsi td the kecatabyst péing avlold tad wilieal hs syndRidtiovagiRr Mdto B opelating @fe of the
Re, Rh and, M T'Ni Co, .Zn, M, Ph&, Pd. The nmetal bound to the

phenant hr oPiE R fafalysEbeing herersed whiivpoducempprptiveiiexed by furt her

bi pyridine Iigands. These 15 conpl exes are unsuitable as catal ysts

for oxi dat Wkchaeefdandinitallatalyets Gn whiblethl cepificlly aitive bhalthdRREMM the redox-active
car bonat e fronhghenol, car bon nonoxi de and oxygen, .since the bl ocking

of the coof¥PHRRS: ¥fi cePPedin phemplstult apdbarceleralor sgonidesion phibeinglladiumg ds made
resul ts thgoGlRtHérest ie@alngota%né&lgsti%@tr bei ng available for the
attachnment of reactants. As catalytically active nmetal for oxidative
car bom{éat 'bons érret al center M, preference i_sgﬁi%ven to pall adium

whi ch il® | Simgtllic pompiexes ot @ FarplgdDashdsseribed in BRA2008{05¢P24 s phggosensitizers for
|i gands anghdiyRieatidy coordinated ligands (J. Ml. Cat. A Chem

2000, 151, 37-45). - 3 - The synthesis of such |ligands and conpl exes
is also described in European Journal of Inorganic Chem stry 2003,

10, 1900-1910. Here, twopgtrategies are enpl oyed: f or mat R¥h

commencing fromthe phenafthrogrne unit and conple
conpl ete synthesis ofsth gand angk formati on co
sal ophen unit, wtds a t | afje procgss in which the sy
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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 aétive 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 (. Mol. Cat. A: Chem. 2000,
151, 37-45).
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5carried resence of the central ion, N (H, bei
"?é{%zﬁ’s as internediate, the $C%P2010/069323

3,441linit rosal ophen- Ni (H) conplex, fornmula (2), whose synthesis is

described in Dalton Transactions 2009, 103-1792-1800 and the

references cited therein. tBu (2) For particul ar applications,

particul ar I’Bhelspntﬁasﬁsaéfyﬁblshg&@ﬁﬂid&?bﬁ@m %lsﬁﬂtes%hbém%dr ehfoudfdl of organic
phenanthrodé ne unit are not compl exed by further bipy i ne |igands

are desire e@gﬁtwﬁQPHPel%{)ﬂg 19- &1t dve StF%‘iﬁ“’é ar%e%nl?bﬁfieﬁon%weaﬁwe@ﬁmg from
but has notihy @herdfBible Smiti 8RS e)ﬁﬁﬁp%ﬁlya%e?%hﬁ)?clte @%rﬁﬁ@smléf {E@Shé}ﬂ&v and
been found that |igands which additionally contain enant hrol i né

uni t whi ch fe@tige coramercing fgn H“ep‘falppl?fﬂl% Wi p @F@moes@w which ghersynthesis is
bi met al |5| C GRR 88 hd FresthlicTt ‘:ﬁeh;%ntl’-’aﬁ1 hdn@ (gﬁnfbbﬁﬁ?é?écte%lt Sy l‘éqaﬁcg, ﬂymtennedmte

further r|d| ne |igands can be prepare

3, 4-di ni tr %1|3dp¢q@1ﬁ harsNEBhnspranles . formulae(2). twhose sentixsist is desdribed tiheDalton
pal [adi um Woludso Bn e SR o 21630 Y aldBe RAGHINI @I, | | 9ands since t he
two nonodentate |1 gands Hal are nore eas y replaced than bipyridine
chel ates. However, the formation of pall adi um bi sphenantl ubline

conpl exes did not occur. The invention accorgjngly provides conpl exes

of the general fornmula (3), -4- where

tBu

O,N N, (0]

\, /

Ni

VAN

O,N N 0
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(IT)
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),



-5 Ri's hydr %ﬁ%l 4,.5%,} ne, chlorine, a nitro group or a C - et 265Yd069323
re

radical, p erably nethyl, isopropyl or tert-butyl, very
particularly preferably tert-butyl, or a C6-C22-aryl radical
preferably phenyl, tolyl, 2-(1, 4-dihydroxy) phenyl, Halis chloride,
brom de or iodide, preferably chloride or brom de, very particularly
preferably brom de, or an al koxi de, for exanple phenwdde or

nmet hoxi de, or a weakly coordinating 10anion such as triflate,

tosyl ate, nesylate, tetrafluoroborate, perchlorate gnd

hexaf | uor ophosphat e and MLis copper, nmanganese or cdpalt. The

i nvention further provides conplexes of the general formulae 4a and
4b whi ch occur as internediates in the preparatio Lhe binetallic
conpl ex of the invention, WD 2011/073087PCT/EP2010/069Y323 - 5 -
where R and M are as defin-a\gbove. The inventig J.provides for
the use of the binetallic [ConpFexes of the forrn
t he oxi dative carbo ‘ati- aromat i ¢ hydr ox
di aryl carbonates ahd-al sd i 3

car bonyl ati on of aronaﬁ&é hy
formula 3 as catal ysts,/ {he §
is carried out by hpydrogeqat
of the formula 41toformF
reacti on wi th phendi one of

conppunds to form
nregdaed by oxi dative

onpl exes of the
pjoundstof the formula 3
) 'upg\ f the conpound
| a , Subsequent

R

t@g/ ormula 5

(3)

where

5 R is hydrogen, fluorine, chlorine, a nitro group or a C-Cp-alkyl radical, preferably methyl,
isopropyl or fert-butyl, very particularly preferably fert-butyl, or a Cs-Co-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

10 anion such as friflate, tosylate, mesylate, tetrafluoroborate, perchlorate and
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,



10(5) to f of the formula 6 - 6 - and conplexation w t
" a conpoundQ£§1bkg@g§ hula 7, PdHal2L2 (7) wher e Hal égé mﬁ@PFHgﬁxm
above and L is a |igand mhlch is optionally present, e.g.
acetonitrile, 5triaryl phosphines, cycl oaat-adi ene, or norbomadi ene.
The 4,5-dinitro-o-phenyl enedi am ne required for the preparation of
t he conpl exes of the fornula 4&can, for exanple, be prepared
according to the literature ref-rence Cheeseman G W H., J. Chdm
Soc., 1962, 1170. The hydrog%/,"on to form conpounds of the fornula
4b is carried out by hydrogefati ol of the conpounds of the fqe#
i ents such 10 as 112, hydr3
R esence of catalysts conp
‘the nmetals Ni, Co, Pd, Ptff Ru of Rh, Rahich may be i mmobili
supports such as carbon o}l inorganic substances. The react
phendi one i LRarrjethou ,Nfogéé%anple, by j oHg
w th equi nol ar affo of ¢ unds of the for
such as net hanol ol oM15i sopropanol, chlor
t ol uene or m xtares_tAexeof, thh the water forne
able to be r&oved

by azdbtropi® distillati opN |
(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 nitro groups of
the compound of the formula 4a to form compounds of the formula 4b, subsequent reaction with

phendione of the formula 5

10

to form ligands of the formula 6



" reaction of

The formati onpl exes of the formula 3 is carried_oqut b
W@ﬁ@h’f’%ﬁﬁﬁs of the fornula 6 with conmpounds Ong'ﬁ@Pzﬁmmﬁ%zs

formula 7 in solvents such as nethylene chloride, chloroform

1, 2-di chl or oet hane, benzene, chl orobenzere, DV, diethyl ether,

met hyl tert-butyl ether or THE at 20 tenperatures of from 10C to the
boiling point of the solvent under atnospheriqpressure. - 7 - The
bimetallic conplexes of the invention having the fornula 3 are
suitable for the catalysis of the oxidative cgrbonylation of aromatic
hydr oxy conpounds to form di aryl carbonates, romati c hydroxy
conpounds for the process of the invention & ose of the fornula 8
5Ar-0OH(8), where Ari nyl, naphthyl, a shenant hryl ,

i ndanyl, tetrahydro P or the radica

consisting of N, 0O and

radi cal s nay be substi

strai ght-chain or brap
Cl- C4- al koxy, strai

PRIC

pht‘

Oor 6-nenbered
fromthe group
ocyclAT and heterocyclic
BubstMiuents such as

stf ainght - chai n or branched

- al koxycar bonyl, each
of which may be sub-kituted by phenyl, 'bno and hal ogen (e.g. F, d,
Br), and the heterocygl € radicals may 1 SQ
benzene ring. Exanples of aronmatic hydroxy onﬁBﬁ
are. phenol, o-, m and p-cresol, o-, m an i
correspondi ng hal ophenol s and a@koxyphenols,
p- met hoxyphenol , nethyl salicylate, ethyl sal
nonohydr oxy conpounds of R

e

nds of the fornula 8
opropyl phenol, the
f. p-chl orophenol or
yl ate, al so

and complexation with a compound of the formula 7,
PdHal,L, (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-0-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., J.
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 Hy, 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 methanol, ethanol or
15  isopropanol, chicroform, 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.



20 napht ha ﬁl% cene and phenaht hrene, al so 4-hydro L di he
"~ and hydr oxﬁ?% m@ésf1 Preference is given to using phenoi%/(g%i)%m’%”z?’

optionally substituted phenols, very particularly preferably phenol.
The preparation of a diaryl carbonate by7exidative carbonylation is
carried out by reacting an 25 aromatic hydroxy conpound w th carbon

nonoxi de afbe bixyegiie cofiplehe dpEiRIBRAGoHavihg GRifain6Sd 3 A6 6Rfabiet8: thOcdtkl§sis of the

invention having the formula 3. The oxidative carbonyl ati on of
aromatic h%ﬁ?ﬂ?’g °%fgwa£fa‘ﬂ’aegaa9mw&w§f%¥ cqppoupds o fopr diary carbepatesny ent i on

having the formula 3 is carried out in the liquid phase in the

presence ORr@hfR Mo codlposl V@ Mhieprodesd bidife iBRhAGIORE he§ T the formula 8
di chl orobenzene, toluene, xylene, DVF, dinethylacetam de,

tetrahydrofuran, NMP, ethyl ene carbonate or propyl ene carbonate at
tenperasures of from 25 tg.&p0C, prgferably from60 to 110C, in the
presence of carbon nonoxi de/ oxygen mxtures in a partial pressure
ratio of from1l:1 to 99:1, preferably from98:2 to 60:40, optionally
in the pregggee of further inert gases such as nitrogen, argon or
carbon di oxi de, where the partial pressure ratio of - 8 - inert
gases to active gases is from98:2 to 2:98, preferably from95:5 to

50: 50, anduthe re.al bar, t 0 ar r.ef erabl.

from5 bar A%o 2%5%%%#1’ Ira—'ﬁr tSh’ear%%)?’eI?Helg&kl}gl’ %8%11 gﬁ%léagq{%?naglf‘tﬁgror%e tatidal of a5
redox- &¢tive subst-amrobgeduoatishetuoaydedsyingl kal heterobtains fronli tkegrotp consisting
or copper - compoing & e s aE B Bl B P iy 1 or2
conpound t o r edssbstitadntsysich wb straipiitechaih dr @ancHed1C -0 4-h1kd0) Qraightashaihad?! Btanched
from1l:2 to 1:20Q. |l es o uj hones are _benzQqui none, .

napht hoqui none gh’ﬁ%ﬂi%%i"a%ﬁ’igﬁté%éma% r%‘ﬁﬁ%dt ?l‘ﬁﬂ‘lag‘ﬁ")ﬁ?@&%t cach Qb bigh, may be
Exanpl es of mangasesed bppRauUNcsno saltaldeeC@EPPUNOS) Ynd %m@@foc?&igsﬁ%émnay

are oxirl es, halides, acetylacetonates or carboxyl ates thereo ,

a
furthef cocat al &8 % bopndigifisediop benzenq g possible to use onium salts
such as anmoni um

Examples of aromatic hydroxy compounds of the formula 8 are: phenol, o-, m- and p-cresol, o-, m-
and p-isopropylphenol, the corresponding halophenols and alkoxyphenols, e.g. p-chlorophenol or
p-methoxyphenol, methyl salicylate, ethyl salicylate, also monohydroxy compounds of

20  naphthalene, anthracene and phenanthrene, also 4-hydroxypyridine and hydroxyquinolines.
Preference is given to using phenol and optionally substituted phenols, very particularly preferably
phenol.

The preparation of a diaryl carbonate by oxidative carbonylation is carried out by reacting 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



10 phosphony onium salts, |ead conpounds such as |ead al kyls
" or oxides, f| 1y(ﬁni:/rﬁzydsgttﬂch as pol yvinyl pyrrolidone, allcyl h&Gk M@ﬁ@ﬁ%m

as di brom)et hane, in a weight ratio of palladi um conpound to
cocatal yst or auxiliary of from1l:1 to 1.200, preferably from1:10 to
1:50. Particular preference is given to using the brom des of the

anmoni um oringh @s4ed N hitive GAsE Q4 RdH 992 2o m@egﬁkfemly go@fospald s¢lsdl rEnd the total
conpound to aulef?cg%}gf from1:1 to 1:200, preferably from 1:10

151: 50. The HfFHFH Hﬁ%ﬂ@sbaﬁrpé%%fﬁléﬁﬁﬂghsr@fﬁ?@bébnpl exes of the

invention having the formula 3 as catal ysts can be used for preparing

pol ycar bonatugher@ord, Q€ yarsble §6r. ot %%%&t%sﬁlﬁtaﬁ&@@@h‘iﬁ qhﬁlbﬁé%tiﬂéﬁl%&QQOd1des
i nvention Wtﬂﬁﬁ%restrlctln its scope. - 9 - an'p es

4,5-Dinitrd¥é Srta metpl dedidre: Tengatsse prapRodndsc eabRl icpRPQUBdsiog copperpfompounds

the |iteratyne rREREAGRILNEES 114Gy 3 1o HEM 1S 6
1170.- 5 Exanflgl e St RS TRR Y b baqud o accocrld?%%bmta‘j‘& Jrom L1 to

i nvention cok0eBisErivEom &:2fterliAlt Bxamepfesad QB@PH@ag: bepzogpingi, u&phdwthone and
0.69 g (3. 43utRnbn Otk 13% #:?t% gtg' aﬁé?ed?‘ EQJmpEI\%]enyﬁJanr%% weadded ouncf) Cobalt

mxtureof068 (348mm) Initro-o-p ramn
1.63 g (6. %nmmdy oipfopper Sonipounds dre tmde,s; halidGs adefytagttahatesivy deboxylale théreof.
of ethanol. The m xture was refiuxed for 80 mnutes. The precipitate

\vag-z ui ggsgﬁgfgsg&l’rbeﬁmf %{Jégﬁa d‘ggl E}.lmm?lg% }g 1¥M|;_)E)&rﬂge e)égé:% Iﬁtgﬁsa L eg’l Le qlmmomum,
spect r d¥ic opppofphprive or Palfopfuresaly, lerd| compohuds 68k af ]c@ﬁ))a]kymﬁ &lﬁldéhgm};hﬁé‘r)s 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.



15 Exanpl e R on of [DAI3uSal Cu] (according to the |nvent|
' correspondi‘ﬁg ngﬂﬁ-;é?%l a 4b) as per Fig. 3. A suspension /E@?Obomﬁ%n

(1.83 Mol ) of [DI\IlI BuSal Cu] and 0.2 g of Pd/C (10% in 100 m  of
TIMwas treated with a hydrogen pressuregaf 40 bar in a 250 m

autocl ave, stirred at roomtenperature 20for 12 hours and

subsequent IEgadpleker ed. The filtrate was evaporated under reduced
pressure, the residue was washed vm'th hexane and subsequently dried
under redu%ggg ress Y| eld: 1.16 éloo% FD- M5 ( D+t ol uene) ink
(% 631 ( 100 {EIAIAReRDS) e Reka P 2c50rdpns pFigpho b Bigrabwe feference

[ PhenpzSal Cutesta&CQIWi MY IChedocl, MU@N{7@N corresponding to formula 6)
as per Fig. 4. - 10 - Asuspensmn of 0.5 g (0.79 mmol) of

[ DMBuSal Cu] in 30 mM of nethanol was added dropw se to a sol ution of
0.16 g (0.79 mml) of phendione in 20 m of nethanol. The m xture was
then refluxed for 2 hours, resulting in formation of a red

preci pi sat gxidapren was filtered off, washed with petrol eum ether and
dri ed under reguced pressure 5Yield: 0.5 g (78% FD Ms (D+tol uene)
me (9%: §5 100) bHSOCUNG602)  Exanpl e 4 Preparation of

[ PdPhenpz SaF Rt N&uﬁdc%(a%%@%f\?ébﬂm*@ﬁhwwaﬁag icformenls ) peipes
1) as per Fig25. 10 The solution of 0.01 g (0.06 nmol) of

[ Pd( CH3CN) 2012] vvas added to a solution of 0.05 g (0.06 mmol) of

[ PhenpzSal Qu] t hyl ene chl oride and the m xt ure was

stirred at Arsdd’r‘d"fl 8%@9 &l(%"r‘feffm’@]r) of EuRAVFLOTRE0 g o ethrnsl wenadtded tretmixture of
vere t akeno%]‘% . a@ehoq)e&u%ecﬂm% S5hFerRBGmind Gnd fa ? o agﬁﬁl]gg% §?ng.tm- -

wi th hexane I’eCIé)I tated product was then rie
under fAed uézg@y]ﬁ]dg@gig ined0 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+oluene) m/e (%): 691 (100} (CssHasCuN4Og)

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 PA/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 filtrate 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) (C3gH4CulN,0-)

Example 3

25  Preparation of [PhenpzSalCu] (according to the invention corresponding to formula 6) as per
Fig. 4.



15Yiel d: O. FD- M5 (D+toluene) me (9% : 981 (10)
' (045%&126%@(933&!%@05 (100) (CASHSOCING02) Exanple 5 UsECfEF2010/069323
[ PdPhenpzSal Cu] as catal yst for preparing di phenyl carbonate A
m xture of 894 ng (9.5 mmol) of phenol, -8§05 nmg (0.0086 mmol ) of
[ PdPhenpzSal Cu], 32 ng 20 (0.29 muol ) of benzoqui none, 222 ng (0.69

mol ) of tet £1.ab¢ttsiyﬁham Ri (O bﬁmr)l (ﬂQDAfBiilSﬂ-I@Q] RB0H oTeleBakll afas %&&H%&pﬁﬁse to
A) was flush%threetlrres bar of a mxture of 97% of CO and

3% of 02 afd>RHYRtHhiG e é%?%’alqﬂ)t‘?f aigndjane i 2Q ml of gsthapglx The axixtygewas then
m xture wagefllkedfdreab@d, rb@itY6n WnhtonSirh kdd ﬁ?&lﬁ&te%{?cﬂ mﬁ@&awﬁh&fh@é with

the reaction m xture by gas chromat ography "after a reaction tine

h gave a yiP&rejeyn etherpnggnedungoraeduesd presshredi phenyl car bonat e
corresponding to a TON of 25 the catal yst based on pall adium of 2.8
and based onelgoppe(7s9f) 2. 8. Exanple 6 of nolecul ar sieves (3 A was
flushed three times with 10 bar of a m xture of 97% of CO and 3% of
02 and then_treated with 18 bar of this gas m xture. The m xture was

t hen heat ed M SdBEtoliene)an/s (%x BPHY 08k (CadlaCupsR2) Anal ysi s of the

reaction m xture by gas chromatography after a reaction tinme of 14

hours gave g& thE glgd of 5.8 ng (0.027 mmol ) of di phenyl carbonate
corresponding to a TON of 5 the catal yst based on palladiumof 3.0

and based on copper_of 3. 0. The TONs based on pal | adi um and copper

i ncrease wiPF@aralige of [BAPhenpasaliHbfrcensiing lofthrinyeptipoeamesroodios i fagmulo 1 ds@er

i nvention. pgpgparative exarrpl e 7 Reworking of the procedure in
literature reference J. Cat. A Chem 2000, 151, 37-45. 10 A

m xture of 920 g% (9.78 mml Phenol 4.6 ng (0.012 mol ) of

[ Pd( PhéR) cip  sobbomgf ((10m 60- &ﬁmmp Yoif [PASTRENCR]], wa1adedrgo (@0soR@ionmas] 9.05 g
of benzoquig 3%% Ml AR,

110 ng of rrgl@g%ﬁnlog:&s[ﬁg{/}%gaﬁ] ,{A%TP %‘F%@hﬁe r!ée tl ﬁelng’m\}mttgt ag]fgg%fl& room
of a m xt utennsfatgy dgrgd @@Sam @%MC@@W wdietaker off ueldr widtded pBeshae and the

SI | '; :1: ?\gggt%esgﬂ R&rﬁ%%m} mﬁlﬂé ;ﬁ%ﬁ%g 'J\[Jfﬁz)réc} tteQ e%tdlrﬁq Jas Iﬁ}:‘engllteﬁ?g gfagld dried under

chr omat ogr aplwgedafrésewrea reaction time of 3 hours gave a yield of 5.8
ng (0.027 mol ) of di phenyl carbonate corresponding to a TON of the

cat al yst basgg. (p&ls%a(éi@fil um of 3.4 and based on cobalt of 0.5.

Conpar ati ve exa

FD-MS (D+toluene) m/e (%): 981 (10) (CsHsoC1,CulNgO,Pd), 805 (100) (CagHsoCulNeO,)

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 diphenyl 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 [PdPhenpzSalCul, 43.8 mg

(0.39 mmol) of benzoquinone, 212 mg (0.66 mmol) of tetrabutylammonium bromide and 110 mg



A m xture 0.6 mmol) of phenol, 4.3 ng (0.011 H%P

* [ Pd( Phen) CT ??z%igﬁ%o 20 (0.050 mmol) of [Co(acac)3], 36, BC P2914/469323

nmml ) of benzoqui none, 203 ng (0.60 nmol) of tetrabutylannnnlum.

brom de and 110 ng of nol ecul ar sieves (-31A) was flushed three tines

with 10 bar of a mi xture of 97% of CO and 3% of 02 and then treated

with 18 barof ﬁ-foldchlhﬁmﬂﬁs (myﬁwiiﬁlshéﬂhﬁre?inﬁﬁyﬁfﬁh \@5artone @fukkﬁt @t&@g%%f%d 3%

while stirri at .90 m_Analysis. of the reaction mxture by gas_

chr omat ogr é’ﬁﬁg mé‘ii thep tr%atgje"é‘g’c F30RT PF s 238 xR okhe anixatravas thandiepfedfo H°G while
g (0.022 rgein) 2050pndiARASRY bt ﬁ@?éﬁ@tﬁ%tlﬁlxﬁ@é 5 ESR A ot a?h)aaf-tr N er(ctlon time

the cat al yst._based on pal | adi um of 7 and based on co
t he conpar & ¥ BowKgavsRaEld ofiped ma - Q%wn@l? ofdiphshyl|carbgredte cqar@smérag aq af§@N of

in addi i o%&@ﬂ%@@dé@ﬂh&@ﬁ@fﬁbm%@&% ¥p. The mol ar ratio

of palladiumto ‘cocatal yst is using the binetallic
conpl ex as per exanples 5 and 6 the ratio is 1:1. WO
2011/ 07308 R 2pie) @agdabum and coppargippreast witheasioretiBe Mhampsing e compound

Conpar at i Ve &¥@aAPlShdinfaERAr at i ve exanpl e 8 TON(Pd)

Comparative example 7

Reworking of the procedure in literature reference J. Mol. Cat. A: Chem. 2000, 151, 37-45.

10 A mixture of 920 mg (9.78 mmol) of phenol, 4.6 mg (0.012 mmol) of [Pd(Phen)Cl,], 20 mg
(0.056 mmol) of [Cofacac)s], 31.8 mg (0.29 mmol) of benzoquinone, 219 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% 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

15 gas chromatography after a reaction time of 3 hours gave a yield of 5.8 mg (0.027 mmol) of
diphenyl carbonate corresponding to a TON of the catalyst based on palladium of 3.4 and based on
cobalt of 0.5.

Comparative example §

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

20 (0.050 mmol) of [Co(acac);], 36.2 mg (0.33 mmol) of benzoquinone, 203 mg (0.60 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 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

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



2.8 (30) 3.Qdf Jfillordhgd (30 2.7 (14h) TON(Cu) 2.8 (3h) 3.0

14h -
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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 TONs 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.




- TON(C0) wo 2h19’0'?a't0&'?h) 0.4 (14h) The TONs based on pal Iﬁgjr}e@&??@ﬂﬁ%”

cobalt decrease 1'n e conparative exanples at an increase

time. Conparison of the binetallic catalyst as per exanple 5 and the
correspondi ng 5conparative exanples 7 and38 denonstrates a higher
stability of the binetallic catalyst of the invention conpared to
cat al ysts igimst he prior art. The TON based on the cocatal yst is

| ower in conparative exanples 7 and 8 than when using the binetallic

cat al yst ofl_the |nxent| on afsthg?orrmua%}pl es 5 and 6.

compound o

R
I R

N, 0

Ny
| My

| 7

R
(3}
B
where
5 R is hydrogen, fluorine, chlorine, a nitro group, a Ci-Cyy-alkyl radical or a Cg-Cop-aryl

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

M; is copper, manganese or cobalt.

0 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



- 13 - dai Jmfossygeound of the fornmula (3) where Sis h%?ﬁzﬁﬁihwm@szs

fluorine, chlorine,”a nitro group, a Cl-C22-al kyl radical

C6- C22-aryl radical, Halis chloride, brom de or iodide, an al kcodde
or a weakly coordinating anion and Mli s ddpper, manganese or cobalt.
10 2. A process for preparing the conpounds of the fornula 3 by
hydrogenation of the nitro groufs of the conpound of the fornul g 4a
to form conpounds of the formul & 4b, subsequent reaction with

phendi one of the fornmula 5 - -

| R
ON N, 0 HN N o
M\ “M1/
02 N N’ @] H2 N N” \O
" | ]
(4a) (4b)
R R

to form ligands of the formula 6



means of a conpou of the fornmula 7, PdHal2L2 (7) where

defined above and L is a ligand which is optionally present. 3.
conpound of the general fornmula 4a or 4b]5- -16- where R and ML are
as defined above. 4. The use of one or nore binetallic conpound(s) of
the formula 3 as clained in claiml as cataly®®. 5 5. The use of one
or nore binetallic conpound(s) of the fornula as clained in claim1l
for

~(5) to for %659191%1%09; the fornula 6 - 15 - and conpl exla_t{:,ixﬂ%gégomﬁ%n
). i
3.A

| R
N O
~ /
| ,JV'1\
N O
| R
(6)
R

and complexation by means of a compound of the formula 7,
PdHaL,L; (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
| i )

O,N N, ///;3 HN N S

f:Mi\ “M1/

(o) 2N Nl' () HZN N,’ \O

R R
(4a) (4b)
R



t he oxi dat ation of aromatic hydroxy conpounds
diaryl cargﬁﬁa?gggﬂ@¥+A di aryl carbonate which can be obtaﬂ?gg&Jr 0/069323

oxi dati ve carbonyl ation of aromatic hydroxy conpounds using conpl exes
of the fornmula 3 as clainmed in claiml.-T76-A process for preparing
di aryl carbonates, characterized in that an aronatic hydroxy
10conpound i s r edete®dndiM areardefinedaboaxi de and oxygen in the presence
of the catalyst of the fornula 3 as clained in claiml. 8. The
process as claimed in claim?7, characterized in that aromati c hydroxy
conmpounds of the fornula 8 15Ar-OH(8), where Aris phenyl, naphthyl,
anthryl, phenanthryl, indanyl, tetrahydronaphthyl or the radical of a
5- or 6- ne#ber edThanentone otuebre bimytallie cdmpound(s)lofalic Brines 8=o ke ih R 1 as
t he group conS|st1 of N, 0 and S, where these isocyclic and
het erocyclic 20 ?égicals may be substituted by 1 or 2 substituents
such as straight-chain or branched Cl-C4-al kyl, straight-chain or
br anc heFkCﬁ.- C4- ahkosey:;f o8t bxarh@‘hbnﬁel&&]'MCmEpobﬁcm’)giﬂ ad formu(lja 3bas claﬁmed in claim 1 for
Cl- C4- al koxycar eac e substitute y enyl
cyano and hal oggﬁ’ c%/‘td afjve Cle—‘rq30 Iat“’Br‘)}; amﬁ’ﬁéc ?Wéoxﬁéf’@? Thoifer diaybartonatss,
al so be bound to a fused-on benzene ring, 25 are used
6. A diaryl carbonate which can be obtained by oxidative carbonylation of aromatic hydroxy

compounds using complexes of the formula 3 as claimed in claim 1.

7. A process for preparing diaryl carbonates, characterized in that an aromatic hydroxy
10 compound is reacted with carbon monoxide and oxygen in the presence of the catalyst of

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
15 Ar-OH (8),
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

20 radicals may be substituted by 1 or 2 substituents such as straight-chain or
branched C1-Cy-alkyl, straight-chain or branched C-C4-alkoxy, straight-chain or
branched Cy-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.



_-17- 10. TheoBpPoesesAs clainmed in any of claims 7 to 9,  per/EP2010/069323
characterized in that cocatalysts or auxiliaries are additionally

used. 11. The process as clainmed in claim 10, characterized in that

onium salts,

10.

11.

| ead conpounds, polynmers, alkyl halides are used.

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

auxiliaries are additionally used.

The process as claimed in claim 10, characterized in that onium salts, lead compounds,

polymers, alkyl halides are used.



