WD 01/ 16088 PCT/ US00/ 21581 PRODUCTI ON OF DI ARYL CARBONATES USI NG AM DES AS
PROMOTERS BACKGROUND OF THE I NVENTION 5 This invention relates to the
preparation of diaryl carbonates by oxidative carbonylation. Mre _
parti cuvardiseosst relates to the inmprovenent of diary!PCHUBWREE yield in
the-carbonyl ation reaction:i"Di aryl carbonates areéiial uabl e internedi ates
for the preparation of polycarbonates by-transesterification with

bi sphenol s PRADUCTEONTEF tDIARYLi EARBONATES HISENGAMIIES \ASaPRIMATRRS preparation has
envi ronment al advant ages over nethods which enpl oy phosgene, a toxic gas,
as a reagent and environnentally detrinmental chlorinated aliphatic

hydr ocar bons such as nethylene chloride as solvents. Various nethods for
the preparation of diary! carbonates by an 15 oxidative carbonyl ation
(hereinafter sometinmes sinply ncarbonylation' for brevity) reaction of

hydr ox | ' bon nonoxi de and oxygen have been
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Various methods for the preparation of diaryl carbonates by an

15 oxidative carbonylation (hereinafter sometimes simply “carbonylation™ for
brevity) reaction of hydroxyaromatic compounds with carbon monoxide and
oxygen have been disclosed. In general, the carbonylation reaction requires a
rather complex catalyst. Reference is made, for example, to US Patent
4,187,242, in which the catalyst is a heavy Group Vil metal; i.e., a Group V|

20 metal having an atomic number of at least 44, said metals consisting of
ruthenium, rhodium, palladium, osmium, iridium and platinum, or a complex
thereof.

A further development in the carbonylation reaction, including
the use of compounds of other metals such as lead or cerium as cocatalysts,
25 is disclosed in various patents including US Patent 5,498,789. Also required
according to that patent is the use of quaternary ammonium or phosphonium
~ halides, as illustrated by tetra-n-butylammonium bromide, as part of the
catalyst package. | '

The commercial viability of the carbonylation reaction would be
30 greatly increased if a less expensive compound could be substituted for the
quaternary ammonium or phosphonium halide. It has been discovered,
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1 W 01/16088 PCT/USOQ 21581 however, that substitution of such conpounds
as sodium bromde normally results in the isolation of the desired diaryl
carbonate in-low or insignificant yield. The production of carbonates may
be i nprovee didedsec! uding a 5 netal -based cocatal yst al opgrwstdrisgie heavy
Goup VIl nmetal catalyst. Although the identity of suitable netal-based
cocatal ysts wll depend on specif | c reaction conditions including the
identity h@fﬂeﬁrémhétrﬁubsﬂmﬂombhwch reiscds sodiumairainjde npemallyge, sone
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systens |ylal¢ udi ng pal | adi um or an anal ogous netal, various cocatalytic
nmetal s which nmay include cerium |ead or cobalt, and an al kali metal or
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cocat al ys r ne. or ke is disclpsed in Pat.en
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sel ecti viPatents 4,187,242 and 4c2010721i aryl carbonate, as opposed to by-products
such as bi phenols. Further study of this system has revealed that it

affggds no | M oVeGE piBnfl x4 Wgﬁ?%ﬂg@f@ﬂ@'tﬁe%@dﬂed in terms of
G

"turhover nunber' of di a[?g car ate forned
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inyield tens which
I ncl ude ﬁ"#‘h@?@ﬁ%h@%‘sﬁ%ﬁ géﬂ'ﬁ@‘ﬁ%‘% dné;'sﬁé/&éu% gg%?’# I CI ent y produce
10/316,627 discloses a similar process in which the cocatalyst is a
15 manganese or lead compound and a carboxylic acid amide or alkylurea is
aiso present.

The use of a specific amide, N-methylpyrrolidone (hereinafter
sometimes “NMP”), in a system employing a cobalt cocatalyst and, as an
organic cocatalyst, a terpyridine or the like is disclosed in US Patent

20 5,760,272. The sole disclosed function of the NMP is to improve the
selectivity to the formation of diaryl carbonate, as opposed to by-products
such as biphenols. Further study of this system has revealed that it affords no
improvement in diaryl carbonate yield defined in terms of “turnover number”;
i.e., the number of moles of diaryl carbonate formed per gram-atom of Group

25 VIl catalytic metal present. This is contrary to the suggestion in the Japanese
Kokai, which clearly teaches an improvement in yield.

It is of interest, therefore, to develop catalyst systems which
include an inexpensive halide compound and which can efficiently produce
diaryl carbonates.

30 SUMMARY OF THE INVENTION

The present invention prijdes a method for preparing diaryl
carbonates which includes, a rela_tively_irjexpansive halide, a promoter
compound which maximizes the éff’ec_tiveness of said halide and a metal-
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di aryl carbonates. 30 SUMVMARY OF THE | NVENTI ON The present invention

provi des a nethod for preparing diaryl carbonates which includes, a.

rel atively inexpensive halide, a promoter conpound which maxi mzes the

ef fecti ver¥@81/908%ai d halide and a netal 2 WO 01/ 16088 P®CTAIS0021588 S|
containing cocatalyst. Al so provided is a catalyst conposi tion useful in
such a ng .. lno f its _as venti . on rov des a nethod for
adial (ﬁrg%ﬁmgec%f]ag‘ﬁ‘?c@ ﬂl‘g\ggeci 5 W&ﬁgc%{'f'p‘l’m i'"rﬁ“ﬁﬂ&rl ng ry g 5
hydr oxyarmsﬁladc conpound. W|th oxygen and car bon nonoxi de in the presence
of an anobunt effective for car bonyl ati on of at :1'east one cat al ytic

material conprisingp one(of\)ts%sﬁiéty.pthe('rn\lerﬁ%%h\ﬁ&é/e Q%e}ﬁﬁé‘r&m ¢ number of at

| t 44 dih f I tal halid
i kal i e RBPRANG AT Arbafiats Whish Cormplassicopiating SR8y 08 ac o ar de. and
(D) &t | cuxiroxyatoroatiacamnpeundivith Imxygeraand)omondnm'ioxlde:mper titaniumin
conbi nat 'p}Bset‘léehofzdrl‘&moﬁ ctid 1dr2d! &or&[]atlon%f af daﬂ%hé’c%%t:nat on with

| ead. or ‘manganese. Ano her aspect nven Ton 1%
corrposMN'Bﬁ?"éb‘FRmP" iR conponents A, B, C and D as described above, and
any reaction products thereof. DETAI LED DESCRI PTI'ON; PREFERRED EMBCODI MENTS

20 Any hydroxyarom@A)aGroupwluhmem;habmgeﬂmﬂ!towtﬂnumberlefatneweﬁltorl nvention. .

Monohydr &ﬁpounds such as phenol, the cresols, the xylenols
and p- cu(r)ra(y?’(&hg%dﬁ‘g?e benerally preferred Wit h phenol '

10 (B) at least one alkall metal halld'e or alkalrne earth metal halide,
(C) at leaet on_e _carboxylic aoid amide, and j -
(D) at least '_one cocatalyst which is compound of:
copper, = |
_ tltanlum m combmatron with zinc, copper or lead or
15. S cerium in comblnatlon with Iead or manganese

Another aspect of the invention is catalyst composrtlons
comprising components A, B, C and D as described above, and any reactlon
products thereof.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

20 Any hydroxyaromatrc compound may be employed inthe
present invention. Monohydroxyaromatrc oompounds, such as phenol the
cresols, the xylenols and p-cumyiphenol, are generally preferred with phenol
being most preterred. The invention may, however, also be employed with
dihydroxyaromatic compounds such as resorcinol, hydroquinone and 2,2-

25 bls(4-hydroxyphenyl)propane or "bisphenol A°, whereupon the products are
polycarbonate oligomers. -

Other reagents in the method of this invention are oxygen and
carbon monoxide, which react with the phenol to form the deslred diaryl
carbonate. They may be employed in high purity lonn or diluted with

3




bei ng nost preferred. The i nvention may, 'however, al so be enpl oyed with

di hydr oxyaronmati.c conpounds such as resorcinol, hydroquinone and 2,2 25

bi s(4- hydr oxyphenyl ) propane or "bi sphenol A", whereupon the products are
pol ycar boWé’t'éRSQ"Pgorrer s. Cther reagents in the nethod of P 0HFnt i on are
exygen and carbon nonoxi de, which react with the phenol to formthe

ai 1 ut ed iter BEERRES nilBh, dRdel AR Rk rch ooty g
argon, cdhadRodegative effactiopdhegeactianch has no negative effect on the
reaction. For the sake of brevity, the constituents of the catal yst system

gre deI!?ed as "corﬂwmkak'ebﬂureﬁgemé&@?]smuemgt;bm{e 'ctaqtaw;‘éeygt(ﬁhi;bﬁt W?ﬁﬂssai d
M [ 1. alr pon 1 on . . ,

Phe_cat i 45 elngd B SomBofirivOlreStodiE of Mol 3 hhshon Bomastsaid or oduct s
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metal s, gl %?érﬂﬁ{dﬁﬂgjgab s&fd @owgndcggﬁ%ﬁmﬁ Sducis ef ul 10

pal | adi umlma rifals In el enent’ contaifirng entities such as
pal | adi u BTeé’gk, pal | adi unf carbon, pal |l adi unf al um na and pall adiunisilica;
pal I adi um conpounds such as pal |l adi um chl ori de, pall adi um brom de,

pal | adi um i odi de, (GxmpatientAsafithe tatalyshsysieinlisonetof theheaal Gealipum acet at e

oy noPed, S g o Sabpalic B PR e, o7 ©*°
bho3Bhi ndliaAlm Feianaks inchideralementay Raladiiymcasiaining enilies Hah asi (| 1 )
salts of pallgdiuhcbhck,ot?alladimvpambhﬁpalilﬁrlmlaldngﬁhafahﬂ paﬂabiﬂw!seiiigarigd ds, and
Pal 1 adi B GEmpBimscSychl athalRRm ERlolBe ity BRFMARY 20 i ures of
t he af or iediadiughisdideapaliadiumsatiateapaliadium nitrate spalladiuen acetatsand. Conponent
B is at |maadiurie3pérmanediBiaae; aid pallsdiuni-2oRiniRg EBiplexes involving
15 such compounds as carbon monoxide, amines, nitriles, phosphines and
olefins. Preferred in many instances are palladium(ll) salts of organic acids,
most often Ca.g aliphatic carboxylic acids, and palladium(ll) salts of p-
- diketones. Palladium(ll) acetate and palladium(ll) 2,4-pentanedionate are
generally most preferred. Mixtures of the aforementioned palladium
20  materials are also contemplated.

Component B is at least one alkali metal or alkaline earth metal
halide, preferably a bromide such as lithium bromide, sodium bromide,
potassium bromide, calcium bromide or magnesium bromide. Alkali metal
bromides are especially preferred, with sodium bromide often being most

25 preferred by reason of its pai'ticular suitability and relatively low cost.

Component C is at least one carboxylic acid amide, preferably a
fully substituted amide; that is, one containing no NH groups including the
amide nitrogen. It may be an aliphatic, aromatic or heterocyclic amide.
lllustrative amides are dimethylformamide, dimethylacetamide (hereinafter

30 sometimes “DMA”), dimethylbenzamide and NMP. Particularly preferred are
NMP and DMA. -



hal i de, preferably a brom de such as |ithium brom de, sodium brom de,

pot assi um brom de, cal cium brom de or magnesi um brom de. Al kali netal .

brom des are especially preferred, with sodi um brom de often being nost 25

pref erredWo01160880n of its particular suitability and r BRGRAUS082358k ow cost .

Conponent Cis at |east one carboxylic acid am de, preferably a fully

substituted am de; that is, _one containing no NH groups including the

ani de nitrogen. |t GompanenkR ispt least pre cogatalyst which isha compoynd ot~ ani de.
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conpoun d ar poxyl ates ‘sucr as ceriung -acetate, and ceri um
I'ts of 24 RPRENBHBIME, .1 o

salts of tch-as ceriun(lll) 2,4- pentanedionate. M xtures of

the af orenentioned_ceri um conpounds may al so 15 be enpl oyed. The preferred
ceri um conpounds aF¥amBles@hceriumsomponBds arseerium catbaxplates stcht i t ani um

conpoundasaefium{y dLatts, and edtiunvsais 6Fp-dikerines Suth 8bevititri(lv) 2o de,
titaniu mpﬁhﬁ%ﬁﬁgﬁte? ﬂﬂxtﬂféﬁ;l t%hg S?o_rér%nﬁ&?ed cerium compounds may also
15 be employed. The preferred cerium cdmpounds are cerium 2,4- .
pentanedionates. : o : o

Examples _bf titanium compounds are inorganic titanium salts
such as titanium(IV) bromide; titanium alkoxides and aryloxides such as.
titanium(iV) butoxide and titanium(IV) phenoxide; and titanium salts of - | i

20 diketones such as t_itan_ipm(lV) oxide bis(2,4-pentanedionate). Mixtures of the '
- aforementioned titanium compounds may also be employed. The preferred
titanium compounds are titanium(lV) alkoxides, aryioxidé_s*and 2,4-
pentanedionates. . | o

The preferred compp'unds of other ,meta(s af_e; for the most part,
25 salts of B-diketones and éspecially 2,4-pentanedionates.

In addition to the aforementioned reactants and catalyst system,
a desiccant is som_etim_és._ present in the reaction system. T_he preferred
desiccants are non-reactive materials such as molecular si_eves, as illustrated
by 3-Angstrom (hereinafter “3A”) molecular sieves. They are usually isolated
30 from the other reactants, as by presence in a basket mcu'rited 10 a stirrer shaft
or the like. A frequently encountered feature of the present invention,
however, is that desiccants are not necessary.

TR B M AR A S R e,



titani un(1V) butoxide and titaniun(lV) phenoxide;:and titaniumsalts of 3
20 di ketones such as titaniun(lV) <oxide bis(2, 4-pentanedi onate). M xtures
of the aforenentioned titanium conpounds may al so be enpl oyed. The

pr ef er r ewo otir60asi um conpounds are titani un(lV) al koxi deRCT/ES8H20581des and
2,4- pentanedi onates. The. preferred conpounds of other nmetals are, for the
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15 carbonate as evidenced, for example, by an increase in tumover number as

defined hereinabove. This amount is most often about 1-60% by volume .

based on the total of hydroxyaromatic compound and component C.

The method of the invention is preferably conducted in a reactor

in which the hydroxyaromatic compound and catalyst system are charged

20 under pressure of carbon monoxide and oxygen and heated. The reaction
pressure is most often within the range of about 1-500 and preferably about
1-150 atm. Gas is usually supplied in proportions of about 1-50 mole percent
oxygen with the balance being carbon monoxide, and in any event. outside
the explosion range for safety reasons. The gases may be introduced

25 separately or as a mixture. Reaction temperatures in the range of about 60-
150°C are typical. In order for the reaction to be as rapid as possible, it is
preferred to substantially maintain the total gas pressure and partial pressure
of carbon monoxide and oxygen, as described, for example, in US Patent
5,399,734, until conversion of the hydroxyaromatic compound is complete.

30 The diaryl carbonates produced by the method of the invention
may be isolated by conventional techniques. It is often preferred to form and.
thermally crack an adduct of the diaryl carbonate with the hydroxyaromatic
compound, as described in US Patents 5,239,106 and 5,312,955.



carbonate formation, in general by increasing the yield of the desired
diaryl 15 carbonate as evidenced, for exanple, by an increase in turnover
nunber as defined herei nabove. This anmount is nost often about :1-60% by

vol ume ba¥O@d14#88 he total of hydroxyaromatic conpound arRCTASepRIs8ht C. The
met hod of the invention is preferably conducted in a reactor in which the
hydr oxyaromatic co d. catal yst systemare ch%ﬂ%ed 20 under pressure °

ound. a
of carbon nonoxi derﬁ‘ﬁ thog &f the, v é@%ﬁ'b Tustrated:by: thefRllowingssure i s nost
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t he bal ance I ng car bon nonoxi de I'nan ent. outside the explosion
range forggapMeieg £8sons. The gases may be introduced 25 separately or as a
m xture. lIﬁeeactlon tenperatures in the range of about 60- 150" C are typical.
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carbon monoxide and 8.3 mole percent oxygen and heated at 100°C for 3 -
hours. The contents of the vials were analyzed for diphenyi carbonate by
vapor phase chromatography

_ The rasults are given Iin the follow:ng table Cocatalyst ‘-3
20 proportnons are in moles of metal per gram-atom of palladlum Thecontrols -~ |
contained no NMP but were oth_erwnse similar in content. : |

| _ . Controf
Cocatalyst metal  Tumover turnover
Example (gram-atorns) number =~ number
1 -Cu(10) 387 263
2 Cu(t0) - 452 - 364
- Ti(10) o
3 -Zn(20) 542 = 423
- TiO(10) :
4 . Ce (10) 651 361
- Mn(10) L
5 Ce(10) 1338 540
~ Pb(24) |




Vari ous cocatal yst conpounds which included |lead(ll) oxide, titaniun(lV) 10
oxi de bis(2, 4-pentanedi onate), ceriun(lli) 2:4-pentanedi onate,

manganese(l 1) 2, 4-pentanedi onate, zinc 2, 4-pentanedi onate and copper(11)
2, 4- peniWeMM6088at e, enpl oyed al one or in conbination, RETASKPASE ed as
component D. Each vial was capped with snap caps having a slit with a

pol yt etraf| uor oet [ ut ocl ave 15
whi ch was pressurpgéﬁvﬁsiggﬁg{%@wﬁnffﬂ@\ew ey --:;é’@%sg‘sh:& tggﬁgrcent

car bon nesagtalysts imgombination withsodium bramigerwasalsnsubstantiallyl 00C for 3
hours. Tiaghrevéd By tife addifisteoNRiFe were anal yzed for diphenyl carbonate by
vapor phase chromat ography. The results are given In the follow ng table.
Cocat al yst 20 proportions are in noles of netal per gram atom of pall adium
The controls Il contained no NW but'were otherwise simlar in content.
Control Cocatal yst netal Turnover turnover Exanple (gram atons) nunber
nunber 1 Cu (10) 387 263 2 Cu (10) 452 364 Ti (10) 3 Zn (20) 542 423
110(10) 4 Ce (10) 651 351 M (10) 5 Ce (10) 1339 540 Pb (24) 7 n(r)mh i
WO 01/16088 PCT/US00121581 It can be seen, that production of diphenyl
carbonat e using these cocatal ysts in conbination with sodi um br om de was

al so substantially




I nproved by the addition of NVP. 8 WD 01116088 Pcriusooai s81 What is
claimed is: 1. A nethod for preparing a diaryl carbonate which conprises
contacting at | east one hydroxyaronmatic conmpound with oxygen and carbon
nonoxi de iWMOOH088 esence of an anount effective for carbpoyhusowzessiof at

| east 5 one catalytic material conprising: (A) a Goup Vill netal having
an atomc nunber of at least 44 or a conpound thereof, (B) at |east one
al kal i . al kaline earth netal halide, &and-10 (C) at |east
one carb Eaéi%'ﬁ%dgﬂ'\ de; and (D) at |east. one .cocat-al yst which is a
conpound of copper, titaniumin combination wi.th zinc, copper or |ead, or
ceriumin conbinatiloA matmdlfeaareaannﬁng&wls@arqute whicmedJMpdses:cordl ng to

claim1l vésiadtingt d%g&'dn?a Pﬁ}@g fet hod
accordin toﬁc gd‘%wv\ﬁggyﬁft e 3o ent A |s

pal | adi unf*e%9 xng&e ?Fb%ﬁ(ﬂf esgpnes,of anpm 'iilefﬁe ve WEF&"IW‘?G &ggﬁ agl j s

pal | &di undrid gatalytic material cpa:iphanigum(l 1) 2, 4-pent anedi onat e. 5. A net hod
according to claim1l wherein conponent D is copper(ll) 2,4-pentanedionate.

6. A met hod accordlmpamoewumnkmﬁfgt ot QRS Al b arieadtidarsyl u(1 V)

al koxi de | oxi t?‘ler 4- pent anedi on natiron wth 5 zinc
2,4- pent QS 11111111 * 111111111111111211112
(B) at least one alkali metal halide or alkaline earth metal halide,
and
10 (C) at least one carbdxylic acid amide, and
(D) at least one cocatalyst which is a compound of:
copper, | |
titanium in corhbination with zinc, copper or lead, or
cerium in oombinatfdﬁ_with Iééd or manganese.
15 2. A method adcording to claim 1 wherein the hydroxyaromatic

compound is phenol.

3. A method according to claim 1 wherein the Group VIIB metal
in component A is palladium. |

4.A method according to claim 3 wherein component A is
20 palladium(li) acetate or palladium(il) 2,4-pentanedionaté.

5. A method according to claim 1 wherein component D is
copper(il) 2,4-pentanedionate. '

6. A method according to claim 1 wherein component D is a
titanium(IV) alkoxide, aryloxnde or 2,4-pentanedionate in combmatlon with
25 zinc 2,4-pentanedionate.




Ms 11! WO 01/16088 PCT/USOQ' 21581 7. A nethod according to claim1
wherein conponent Dis a titaniunm(lV) al koxide, aryl oxide or

2, 4-pent anedronate in conbination with copper(ll) 2,4-pentanedionate. 8. A
met hod awo®imiéosy) t o cl aim 1 wherein conponent Dis a SPCHUSMRISSI

2, 4-pentanedi onate in conbination with lead(ll) oxide, lead(ll) aryloxides

| ead(Il) 2, 4- _ ' o 9., A ' ' '
comonent b s o Tohirained A n STD L p e SambRflebRie & 11 e
titani uti@nigm@dVkalkoxide, arloxidexor2:4-pentanedienataninechrobination with10. A et hod
accor di @Sgﬁé}gﬁ'f‘h{ﬁeﬁt%ﬁ {oﬁfgb.corrponent Bis an alkali netal bromde. 11. A
I'ng to claim

me% Eog ac ord. | Wh\/\/nerei n conponent B is sodiumbromde. 12. A
met hod according fo,clajm1 rei.n component .C i s N et hyl pyrrol i done
or dimethyl aceta U@.mé_{b‘.’d MFH&_W@&%E%’&ﬁwﬁsf%%ﬁ‘QPH?'iﬁWFe?ei n a desi ccant
Lfefgrslﬁc_eﬂumn-tpenﬂahedibm imacbnabinatichi w(g'g?)ia.':lldtll)Ecimitlie._|ealrl]ﬂz(ll)aic n ﬁorrponent Ais
. AL . PEOR ppm by wei ght of the Goup VIII
aiphids BE B R+ Befishedohars? ? i

20 net al nen in the anount of about 1-2, 000 nmol
per equivalent of the Goup VII] net

| |, of conponent A onent ‘Cin the
anount of about 1968%pehod areprdingde Haim! wﬁgr %Pﬁ’i“pef’é‘ﬂ@ﬁﬁﬁyarormtic
conpou ?@eﬂﬂﬁfztﬂlﬁéﬂmﬁdi&awﬁ ammnmlvu with 'a][titariiemﬂM)nIkoxiﬁe, about 1-200
gramatq Q ) . equi val ent of the Group VII'l metal of 25
corrponeﬁl’ygsdﬁg?kﬁ Prgﬁhﬁéd'gﬁ%&di ng to claim1 wherein the proportion of
oxygen is about 1-50 nole percent based on total
m%lag)xi de. 10. A methocl.io according to claim 1 w}'tere?n cgéﬁgﬁgntaé]% gr? rbon

alkali metal bromide.

11. A method according io' claim 10 wherein component B is
sodium bromide.

12. A method according to claim 1 wherein component C is N-
15 methylpyrrolidone or dimethylacetamide.

13. A method according to claim 1 wherein a desiccant is also
present. ' :

14. A method according to claim 1 wherein component A is
present in the amount of about 0.1-10,000 ppm by weight of the Group VHI
20 metal of component A, component B in the amount of about 1-2,000 mmol
per equivalent of the Group Vil metal of component A, component C in the
amount of about 1-60% by volume based on the total of hydroxyaromatic
compound and component C and component D in the amount of about 1-200
gram-atoms of total metal per equivalent of the Group VIl metal of
25 component A.

15. A method according to claim 1 wherein the proportion of
oxygen is about 1-50 mole percent based on total oxygen and carbon
monoxide.

This Sheet Has Been Replaced

LTI — R 0




This Sheet Has Been Replaced I'I111J 1il~~!
111111112122222 (0EF FEE FErl 10 WO 01/ 16088 PCT/ US80/ 21581  16. A nethod
according to claiml1 wherein a pressure in the range of about 1-500 atm and
range ; of about 60-150C are nai ntRCTES0021581 A net hod

a tenper aWdr®/15088t he. :
for preparing di phenyl carbonate which conprises 5 contacting phenol with

oxygen and car bon nEXi Ln the presence, of an _anount ef :
car bonyl ati on‘ of a381 g&%%ﬂ@%%@ﬁf icia: - Uy}‘Pﬁﬁ'n aRIRTyeImEe (A pal | adi um
or a conpangeiof akout3+500 &iB) asd di tamperatuiedn thd fange)oftaboet BgH130PCol i done and

(D) at | gggindimairdegcat al yst which is a conpound of :
conbi nat;:a?)\% wth zinc, copper or lead, or ceriumin conbination with |ead

or nmanganese.

any

eact on_prod§EiA MAIRSIR preAg iphay! GRtenaia wich

copper,

ective for

titaniumin

he fo] |l ow ng and

FPMRYISER at onmi

nunt@®r ofcoatactihg phenalAvitir oxygenamdaaniort menexitie i Be presbresof ame al kal i
net al ha!dn%’hrﬂ

car boxyl i c acj

of :

11

10

15

20

25

cop®eMPrBINGani um i n conbi nation with zinc, copper or |ead, of
ceriumin conbination wth [ ead or manganese. Thi's Sheet Has Been Repl aced

and

(A) palladium or a compound thereof,

(B) sodium bromide,

.(C) N-methylpyrrolidone and

(D) at Ieasf one cocatalyst whigh is a compound of:
copper,

titanium in combination with zinc, copper or lead, or

cerium in combination with lead or manganese.

~ 18. A catalyst composition comprising the following and any
reaction products thereof: :

(A) a Group VIl metal having an atomic number bf at least 44 or
a compound thereof, '

(B) at least one_alkali metal halide or aIkaI_ine earth'i'ne'ta_l halide,

(C) at least one carboxylic acid amide, and’
(D) at least one cocatalyst which is a compound of:
copper, .. o
titanium in combination with zinc, copper or lead, or

cerium in combination with lead or manganese.
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Kiltrr/errsrittihtfruddy veevererrerererrerert rrrlr 111111" WO 01116088
PCT/ USOOn1581 19. A conposition according to claim 18 wherein the G oup
VI1IB netal tn conponent A is palladium 20. A conposition according to

cl ai m 19woieenedss conponent A is palladiun(ll) acetate BET/ES2ABIun(l )

2, 4-pentanedi onate. 5 21. A conposition according to claim 18 wherein
conponent D is a conpound .of a netal other than a.§.0 VIIl nmetal. 22. A
conposi tion accortﬁ-rﬁgng‘?rﬁp@'ﬁ‘?'?@ﬁ??’mﬁ’grt@ic%'@o@WH@ﬂ-p%eL@?@opper (R

2, 4- penyHiBdietalan eompdnem A ispadiadiinen according to clai m 18 wherein
conponent D 10 is a titaniun(lV) al koxide, aryloxide or 2,4-pentanedionate

O er 20! A Ebrifostidh BEUraRgb A0 Viflerth caipBRbAT &N BoCo! i Ng
to claim 18 wherel n conponent Hiv? titani |.V) al koxi de, aryl oxi de or
2, 4- penishaliadiumlly acetateprpaladium{li)2dpertanedionat®y o 4 pent anedi onate. 15
25. A conposition according to claim 18 wherein conponent D is a cerium
2, 4 pent anedi onat 21.iAcompbsition accordingttolctain(18 whereinieompeaertil )  ar yl oxi des

or | ead‘sl%)&%éﬁéwﬁgg* leél%}ﬁéﬁhaag(j_ﬁaém(?ﬁéﬁi.on according to claim 18

whereinc 'S a cerium nedi onate in conbination with a
titanium(lV) al koxide, 20 aryloxide or 2,4-pentanedi onate. . A

conposi tion accor%@rﬁc?’ﬁpe'-ﬁ'ﬂ‘?grﬁﬁ%or r@icf?'@ot%p‘ﬂ RGN %"PmPQ"%'PFﬁ kali netal
brom dejs ¢tppei|Iy 2Ppentanedionateor di ng to claim 27 wherein conponent B is

sodi um brom de. 25 29. A conposition according to claim18 wherein

combost L1 on conpr EahcumBYSiioh pERSIBIG toQid (B WAERIR CoMponeik DA cat al yst
1r(r)p isa titaniunrR(IV) alkgxide, aryloxide or 2?4-pentane§ionate in combination with

zinc 2,4-pentanedionate.

24. A composition according to claim 18 wherein component D
is a titanium(iV) alkoxide, aryloxide or 2,4-pentanedionate in combination with
copper(ll) 2,4-pentanedionate.

_ 15 25. A composition according to claim 18 wherein component D
is a cerium 2,4-pentanedionate in combination with lead(lf) oxide, lead(ll)
aryloxides or lead(ll) 2,4-pentanedionate.

26. A composition according to claim 18 wherein component D
is a cerium 2,4-pentanedionate in combination with a titanium(lV) alkoxide,
20 aryloxide or 2,4-pentanedionate.

27. A composition according to claim 18 wherein component C
is an alkali metal bromide.

28. A composition according to claim 27 wherein component B
is sodium bromide.

25 29, A composition according to claim 18 wherein component C
is N-methyipyrrolidone or dimethylacetamide.

30. A catalyst composition comprising the following and any
reaction products thereof:

RN | | []/]]]]
AR




reaction products thereof: 212 [I1TTETTITETETEETETETITTETETTT This Sheet Has
Been Replaced ¢ L Ms i ILLi ©tErrererrrrrrril WO 01/ 16088 PCT/ USOQ 21581 ;
(A) palladiumor a conpound thereof, (B) sodium brom de, (C)-

N- net hyl wwo-dmispgdone and (D) at | east one cocatal yst whi BETUSRISHpound of :

5 copper, titaniumin conbination with zinc, copper or lead, or ceriumin,

5|0|an infit i (ig W t h_ I( algla“%&urmgpg%%%%bunykﬂéreoﬁ_ '_~I 11/ I 1 c il I. /[1ilhih S
(B) sodium bromide,
(C) N-methylpyi'folidqne and
(D) at least one cocatalyst which isa compqund qf: |
5 copper,

titanium in combination with zinc, copper or lead, or

cerium in combination with lead or manganese.

D gy

13

KAEE|



