WD 01/ 16089 PCT/ US00/ 21472 CATALYST COVPOSI TI ON AND METHOD FOR PRODUCI NG
DI ARYL CARBONATES BACKGROUND OF THE I NVENTION This invention relates to

t he prepa 6 ) of diaryl .carbonates by 5 car bonyl ation.. Mre

parti cul a% 16087, o ates t'ot he i nmprovenment of diaryl 05%6%%%4% eld in’
t he carbonyl ation reaction. Diaryl carbonates are val uabl e internedi ates
for the preparation of pol ycarbonates by transesterification with

bi sphenol s in the GATALYST @OME@Sb'BONAN& METH@D &OR pr epar ati on has
envi ronnent al advant aggg Cﬁ)’@éN@EﬂRF edsapB -fg$l oy phosgene, a toxic
'y ofét rinenta [ [ [

gas, ‘as a reagent and environnenta chlorinated aliphatic
hydr ocar bons such as nethylene chloride as solvents. Various nethods for
the preparation of diaryl carbonates by an  oxidative carbonyl ation

(her ei N BAEKGROBND'©F THEPNVENT®ONoONY!| ation” for 15 brevity) reaction of
hydr oxyar omati ¢ conpounds with carbon nonoxi de and oxygen have been

Séagieiat yer: Tl el %r??e&é*%%ééﬂ*%@@pé@ﬁ%roi&%@%%@%%tarrai“irm 242,
i i crearbenyiation. jdareiparticularhy it reledasstovhe impisvament okdiand Group, VI | |

met al hf&&lﬁ&a&éyﬁl@iﬁmem&m@wléﬁorﬁbabmﬁt 44, said metals consisting of 20
rut henium rhodium palladium osmum iridiumand platinum or a conplex

%2?2?"&53%222?%@?9 lonfis R SpaoiE A e BRES o the frspfee 07 5,
Al t hougt® mb'catmrtaqubbfrassﬁatarnfrcatlﬁammmarmo&wahamit Jhigi || depend on 25
specr fi Qnétﬂéﬁfdf%lyéaf%rfaté)ﬁr% armidadtmdﬂ%nrrwﬁrIauvamagésa%rants and ot her

ers of at a ener al can be found in US
nts M€ ﬂl'rgas ?’i‘f"bﬁpk’yﬁf gﬁé %qulﬁ&%ras@er\?g in the carbonylation
react i ore,nvrrqmlnadtaﬂg detrireentabchibrinated ralrpbatioeh;d:lrmarpommstscraas cocatal ysts, is

di scl OS‘?ﬁ'etk‘lgleHgéﬁi’&r fas shlvéntd98, 789. Also required according to that
patent is e use o quaternary ammoni um or phosphoni um hal i des, as

'ITustrated by teqransh met%ogsn?m W'D preparation of diaryl carbonates by an

oxidative carbonylation (hereinafter sometimes simply “carbonylation” for

15 brevity) reaction of hydroxyaromatic compouhds with carbon monoxide and
oxygen have been disclosed. in general, the carbonylation reaction requires a
rather complex catalyst. Reference is made, for exampls, to US Patent
4,187,242, in which the catalyst is a heavy Group VIl metal; i.e., 2 Group VI
metal having an atomic number of at least 44, said metals consisting of

20 ruthenium, rhodium, palladium, osmium, iridium and platinum, or a complex
thereof.

The production of carbonates may be improved by including a
metal-based cocatalyst along with the heavy Group VIl metal catalyst.
_ Although the identity of suitable metal-based cocatalysts will depend on
25 specific reaction conditions including the identity of reactants and other
members of the catalyst package, some general guidance can be found in US
Patents 4,187,242 and 4,201,721.

A further development in the carbonylation reaction, including
the use of specific lead compounds as cocatalysts, is disclosed in US Patent
30 5,498,789. Also required according to that patent is the use of quaternary
ammonium or phosphonium halides, as illustrated by tetra-n-butylammonium
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1 WD 01/16087 PCT/USQO/ 21472 brom de, as part of the catal yst package.
Conmpounds characterized as inert solvents, such as toluene, diethyl ether,
di phenyl ether .and acetonitrile, can al so be present. The commerci al
viability oVOa698%r bonyl ati on reaction woul d be 5 great|pciosmessed if a
| ess expensive conpound coul d be substituted for the quaternary ammonium
or phosphoni um hal i de. Substitution of such conpounds as sodi um brom de,

however, prsmile, aslpah‘bf th'é)d:ahlyﬁﬂpﬁka Gecéﬁaﬁbﬁ% cHaratidriz6d'a8qhst € i n | ow or
&

;;:{g%flﬂﬁ&xﬁ % gu&h%*m fdil devel op cat al yst

t
@\Qer e Q'QE‘ﬁEYrI%rMGWHH% G ch can

efficient alﬁorhecmasent di aryl car bonat es. Sonme such systens are known.
Ref erence is nade, for exanple, to Japanese Kokai 10/ 316, 627, which

di scl oses the use

conbi_nati on Of i) mgﬁﬁﬁgﬁsh@od um Owgﬂéﬁ?%fctﬁﬁwfgﬁ de or
“al kyI5ur eadr ylﬂéﬁr@ﬂ?e %a 9%@‘%‘@@%&9@5)@'%&@@”@9 foiBedi scl ose
simlar sysatermary anwhomiom érshdsphonium iekiei Sﬁﬂsﬁwﬁdm ansidher netal and in

The. devel SRR S eadih omids FeelBE IR el B o ndBlRes, O ol s,

however , ¢@MP§@°’@&%IW|§MQ!'"ﬂml ®Id.OF THE | NVENTI ON The present
i nventi on provides a nethod for preparing dlaryl carbonates whi ch i ncl udes
a rel atively i nexpdtisi ofdntardst thefefcreptocdeietipich oM iwHiges the

Csefdl | riepUn %%%Wdﬁida@eﬁﬂw@#\ﬂv%@%%ieé etﬂaqa%%fvrweﬁ&”’ﬁ' br ovi des a
met hod f odianyhcabenates. Somesyah Syatasm]a@kmwmlﬂefelqmcesemadentmctl ng at
| east oneexdmﬂéowoyﬁpaﬁabeKokammsmiawt%@w%%séeg?&a&baﬂ monoxi de in the

t t tal yt
Mt or 1 RIRGE AR 1980 of fianiBnech cmpplnd IormiRlien Wit ATBIE nunber of

at | east suthmas sodium bromide and with an amide or aikylurea. US Patent
15 5,726,340 and Japanese Kokai 8/278,716 disclose similar systems in which
the lead is combined with another metal and in which inert solvents such as
those mentioned hereinabove may be present. The development of other
systems employing relatively inexpensive halides, however, remains
desirable.

20 SUMMARY OF THE INVENTION

The present invention provides a method for preparing diaryl
carbonates which includes a relatively inexpensive halide and a compound
which maximizes the effectiveness of said halide. Also provided are catalyst
compositions useful in such a method.

25 In one of its aspects, the invention provides a method for
preparing a diaryl carbonate which comprises contacting at least one
hydroxyaromatic compound with oxygen and carbon monoxide in the
presence of an amount effective for carbonylation of at least one catalytic
material comprising:

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



a conpound thereof, 2 WO 01/16087 PCT/US00/ 21472 (B) at |east one al kali
netal halide or alkaline earth netal halide, and (C) at |east one
pol yet her. Anot her aspect of the invention is catal yst cofrpositions 5
conpri si ng oAt s A, B and C as descri bed above,.. anBCEUOVH4R: | on
products thereof. DETAILED DESCRI PTI ON; PREFERRED EMBODI MENTS Any
%drﬁXéaronatic conpound may be enployed in the present invention.

nohydr oxyar omat i ¢ ., the
xyl enol s ang, p-currg/B?pﬁe’noP,gﬁearaﬁe&g@l%?%ﬁ%@agrg&dyﬁg &\ﬁ\nh??t&%ﬁ "bei ng nost
preferred@%he invention may, however, also be enployed with
di hydroxyaromati ¢ conpounds such as resorcinol, hydr oqui none and 2, 2-
bi s(4- hydroxyphenyl(ﬂ)rablnaseonepblyeﬁtdn.enol A", whereupon the products are
pol ycarbonate oligoners. 15 QG her reagents in the nethod of this invention

I ncl ude oxygen anolﬁ PP&%%Q%“%%@SE& ggp@&h &,ﬁaﬁ he phenol to

formthe desired nat ed n_ high purit

f or mSor dF‘P@PE%!“Q\ﬁPNP%ﬁB‘tS%rB %SQRW%@W Be&%ﬁfwﬁa% gonpdl ox?/de
or hydr ogpfodusts thbrdohs no negatlve effect on the reaction. 20 For the sake
of brevity, the constituents of the catal yst system are defined as

" conponenDETAILER ESCRIRTION; RREFERREDrEMBODIMENTS\een said constituents
occurs before or during the car bonyl ati on reaction. Thus, the catalyst

system may i ncl ude ﬁ@t %ﬁ@iﬁ&ﬁaﬁéca’n o@ﬁdn‘fa?ad“éérﬁﬂlopéeﬁhlﬂies thereof. 25

Conmponent A of th t.h h VI I
pr g}) er abl 9"958[‘1 'ﬁ)ﬁgﬁ.ﬂﬂ“ "Qi‘lé%w %B&H%unqlﬁe VS'&?I adi _umet o

milt IGlt)ldal scriesols) the xylenisard. praimyiphienci, ave ganerially pmferred withphenohs

pal laaru diumsilica,

pal 1 aci untaBAgSstBEEEh Dl piton gy ksler BesLE R RIMET, .7
dihydroxyaromatic compounds such as resorcinol, hyd oquinone and 2,2-
bls(4-hydroxypheny!)propane or "blsphenol A" whereupon the products are
polycarbonate ollgomers :

15 ~ Other reagents in the method of this rnventton rnclude oxygen
| and carbon monoxide, which can react with the phenol to form the desired
diaryl carbonate. They may be employed in high purrty form or diluted
with another gas such as nitrogen, argon, carbon dioxide or hydrogen
which has no negative effect on the reactron

20 For the sak'e of brevity the constituents of the catalyst system
are defined as components” rrrespectlve of whether a reaction between said
constituents occurs before or during the carbonylation reaction. Thus, the
catalyst system may include said components and any reactton products
thereof. '

25 Comp'one_nt"A of the catalyst system is one of the heavy Group
VIIl metals, preferably pailadium, or a compound thereof. Thus, useful
palladium materials include elemental palladium-containing entities such as
palladium black, palladium/carbon, palladiumlalumina and palladiunVS'ilica;
palladium compounds such as palladtum chloride, palladlum bromide,

30 palladium iodide, palladtum sulfate, palladtum nitrate, palladlum acetate and
palladium 2 4-pentanedronate and palladtum-contalmng complexes lnvolvmg
such compounds as carbon monoxide, amines, nitriles, phosphines and
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30 pal | adi um i odi de, paI 1 adi um sul fat e, paI | ad| um ni trat e, palladium
acetate and. palladi um 2, 4- pent.anedi onat e; ;and pal | adi um cont ai ni ng

conpl exes inval ving such conpounds as carbon nonoxi de, amines, nitriles,
phosphi neswamstn@siO 01/ 16087 PCTf usooald72 ol efins. PrefrcrushoizmMmat ey

I nstances are palladiun(li) Its of organic acids; nost often C2.6 aliphatic
carboxylic acids, and palladiun(ll) salts of 3- diketones. Palladiun(ll)

Ball ij.euar‘gI"fsa f&%@bﬁ? bl (RB06¢ B bR mB) Sae BEPlddnidades , Do o' o
M xt ur es ®pstoften-Easaliphalicearhondiciasids, andpaliadium(libsalts ofifso cont enpl at ed.
conmponent istoped! Pa|Rdkim({ n%caId@hh {I)aiﬁluuﬂg f“?&*‘um Aifdria da?é al halide,

preferably om e pot assi um

br oni de, Q%ITQ!?'EWSFBPH%@"QE%: ﬁ?ﬁf@"aﬁ iBAIS0 48uitabIa 0 broni des are
espegi al Iprallad&.fmso&rd:e M:xtbrwlthmdiommdm:mecepaﬂadmm msterialy arfecr r ed by
reason of p;f)ée*kﬁr suitability and relatively |low cost. Conponent C
i s at fea@ one po i.e., at |east one conmpound containing two or
nore C-O C |inkages, The poI ether is preferably free from hydr OoXYy groups

to maximze its dedsoraponentiEis:at leasyone gikali metalghalkaling earttumetal he
hydr oxyar Kdlide] preferabiyia Bromidesack as lithiyrhairomide, sadiunebromiibde, pol yet her

Por phat | RS Bl C%I%IFI*ﬁ%rI@%&r%aé%I@gaJ%em%ﬁt@%I "t cati on of
t he 1foi ychromides are espesiallyiprefared cwith sedium bromide offen beingrmestof
hydr ocar f&féawréasbhw its Ib%rﬂ&kﬁ%ultﬁmm?@ndtr@ldti%ly%\ﬂrc%b{ structure of the

20 nol ecul e. Thus, allphatlc pol yet her" i ncl udes heterocyclic polyether

I I t t t
ol ecul o5 oont 21 ! R abb Al & #&?ﬁéﬂ%‘p@%ﬁégﬁﬁ@e&%ﬁt hyl ether
(herei naf campouridgonain twom;t -Gl linkagesii Tha pelyetBenisr (hereinafter

"t I I

terg éI“i‘?Ié‘Z; Y Wf“’“e‘?’?g' "””ﬁﬁ‘."’rﬁ&@“ @“3"“-““&‘“‘*9%?‘%@“°'é’t ners such
as 167 amastipn ih the v HsSeraiE orapaic i e cafkopyiatian reaelopn

(1,4,7,10, 13, 16- hexaoxacycl ooct adecane). Illustrative m xed
al i phat i c- ar onat i c Thel galysthesprafarably contains two or more (O-C-C) units.

The polyether may be “aliphatic” or mixed aliphatic-aromatic. As used in the
identification of the polyether, the term “aliphatic” refers to the structures of
hydrocarbon groups within the molecule, not to the overall structure of the -

20 molecule. Thus, “aliphatic polyether” includes heterocyclic polyether
molecules containing aliphatic groups within their molecular structure.
Suitable aliphatic polyethers include diethylene glycol dimethyl ether
(hereinafter “diglyme”), triethylene glycol dimethyl ether (hereinafter
“triglyme”), tetraethylene glycol dimethyl ether (hereinafter “tetragiyme”),

25 polyethyiene glycol dimethyl ether and crown ethers such as 15-crown-5
(1,4,7,10,13-pentaoxacyclopentadecane) and 18-crown-6 (1,4,7,10,13,16-
hexaoxacyclooctadecane). lllustrative mixed aliphatic-aromatic polyethers are
diethylene glycol diphenyl ether and benzo-18-crown-6. :

In a highly preferred embodiment of the invention, there is also
30 present in the catalyst system (D) at least one cocatalyst which is a
compound of a metal other than a heavy Group VIil metal. This metal is
preferably one which is soluble in the liquid phase under the reaction
conditions. Numerous other metal compounds are known in the art to be
active as carbonylation cocatalysts, and any compound having such activity
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di et hyl ene glycol diphenyl ether and benzo-1 8-crown-6. In a highly
preferred enbodi nent of the invention, there is also 30 present in the
cat al yst Sy§&ﬁ§b$§% at | east one cocatalyst which is a conmpound of a netal
ot her than

soluble in the Iiquid phase under the reaction conditions. Nunerous other
netal conpounds are known in the art to be active as carbonylation

cocat al yst mayebajusetyamdlng ol thespriesentsineéntiontprovitigd dn\iBpsveirtet in

PCT/tJSOOl r ntion provided an
| mprovenment "IN ycrf'w%enyid g@t‘t'jeg p?%g c{r?o%m'usua FHByeel d, i1s achieved

thereby. 11l ust ratlme cocat al él ic metals include-.cerium titanium cobalt,
copper, zinc, nangandygtrativeecatalyticsnefalsinclude gatiumpetitasium, sokglty or 1n 5

conbi nat i opopgdet] zihbemARGANRS ireh ahdh isad, Whith may beheel 6ﬁﬁl cocat al ysts

than ?Sﬁecgrﬁﬁw%l@ﬁ ghan BufrosBh oF b %P@P@l%rbll'@aﬁfé eefa%aaﬁ%ys& aRaa O

parti cul ar thpseicontainisg tnetalsrothartham Group VHbmetals; hatris othextiamiramdf or
cerium céﬁHlPérl& Rik&IOMRAe | ré?él’t“édféfe urrdera?w gchpa Qheif fective to

optim ze dia carbonate rrut at.i ons of

10 for on for OSS
conponent 4/#8 N S ﬁ%bm@l‘?'&’qm'm "crl?@ h H8fpnose may be
det erm nedhdwye\zermlliakcomppnemtrﬁsrstrmt|effactl\l'9mw1mze)ﬂraryladrhumlEUnds whi ch may

be eqgpl oy eQﬂ'l‘ﬁ{ia s mclead salts
suchqgs Igfaég??ﬁ ﬁﬁﬁ%ﬂﬁébﬁ ead’ ccé'?lrgbg@é,r| tes’ sucr% as ead(II) acetate
and |ead(|efl9°twﬁ%iﬁ ¢fithe dwo @aasaummgvan elprninad B Simpleh as | ead(11)
et hoxi de expérineari4tion. phenoxi de; and | ead salts.of 3-diketones such as
lead(11) 2,4-pentanedionate. Mxtures of the aforementioned |ead conpounds

Tond (i) Q?yfgﬁ | e Ex8 i ifefth Mi"@@"’?“ﬁ- e ”§§§?‘ oygifdeliodd O 00
conpounds @¥€eSe4Gh a8 singrganic ieadsalts speh ag lQﬂ‘:"é't')a'ﬂng'afeand cerium
sal t §50f Hedd k:armymssmlthaas load(ily atélatd aﬁd leadgarprepiodatepwao Ceriun(l11)
acetyl aCEté}E&b&g&‘Qﬂd Ghyibiiéssifth ds¥ad(ll) methoxide and lead(ll) phenoxide;

and lead salts of B-dzketones such as lead{(ll) 2,4-pentanedionate. Mixtures of

the aforementioned lead compounds may also be employed. The preferred .

lead compounds are iead(l!) oxide, lead(ll) aryloxides and lead(ll)

20 2,4-pentanedionate.

Examples of cenum compounds are cenum carboxylates such
as cerium(ll) acetats, and cenum salts of B—dtketones such as cerium(lil) 2, 4-
pentanedionate. Cer:um(lll) acetylacetonate and mlxtures ofthe
aforementioned cenum oompounds may also be employed The preferred
25 cerium compounds are cerium 2 4-pentanedronates

Examples of titanium compounds are inorganic titanium salts
such as titanium(iV) bromlde, titanium alkoxldes and aryloxides such as
titanium(IV) butoxide and titanium(lV) phenoxide; and titanium salts of -
diketones such as titanium(IV) oxide brs(2 4-pentanedronate) Titanium(lV)

30 acetylacetonate and. mlxtures of the aforementroned trtanium compounds may
also be employed. The preferred trtamum compounds are titanium(IV)
alkoxides, aryloxides and 2 +pent_aned_ronates

Goup VIIl metal. This netal is preferBGIISWRMTNi ch is”



af orenenti oned cerium conpounds - nmay al so be enpl oyed. The preferred 25
cerium conpounds are cerium 2, 4--pent anedi oenates. Exanpl es of titanium
conpounds are .inorganic titaniumsalts such as titaniun(lV) brom de;

titani um aiwoootingesy and aryl oxi des such as titaniun(lV) betwasomzi1ared
titaniun(lV) phenoxide; and titaniumsalts of t3- diketones such as
titanium(l1V) oxide bis(2;4-pentanedionate). Titanium 1lV) 30 acetyl acetonate

anpl oyed. ?ﬁe:}r é?irﬁéﬁ@?ﬁﬁﬁcﬁﬁaﬁ%h%%ﬁﬂé@%ﬁ%@??z% TobMames Rty des.
aryl oxi desalis esneatadiyz,f’&peutaneenonateao 01/ 16087 PCT/ US00/ 21472
The preferred corrpounds of other nmeta( 'are, for the nost part, salts of

2t or enent finiﬁdr cacrEadiion & the BRRbAAoANS "&m“@f’??ﬁ% : Q‘Sr ¥ferred for
a desiccatS® 'E‘ﬁyﬁféggﬁg?‘?rrﬁﬁ CQ%‘EEQ 6% '%%‘thfh efeqelion, ? red
desi &cant ﬂ'herpeehmedrdmmcams aremmreaenmmatmlmsuotmd moleeelafves as

i1 1ustrat E%v@% % %ﬁﬂ&?&t& @Rﬁ Roth (1idrel n%\‘tbr ‘%gﬁi&é&ulaﬁ's%ﬁfe% Th are

usual |y omt ot he rea tan resence In a ket

nount ed t areugléa"ymla*sﬁfafmm &he other quntﬁcﬁ%@fﬁﬁeﬁcﬁ i aBaskadi t en present

i n the anpygiinted tood stireOstiaft JrQhd Gké)00 ppm by wei ght of the approprl ate
Goup VIl nmetal (usually palladium, based on the total of

nycrovyaroret o Coegy gy RBRNBRY Sosfin SOTFRRRRL By g o ot
Conpiéhent 10,008am gmemicpf the;apprapriate) Groypa4H tnetah(usually B@ﬂiﬂ'ﬂmbf about
g0208nrenr)]|t Baséd bAtied totElicT hydRixy@dmaticl coMipotndidrii érmpdneitic, andic rrgg alOf OI he
comonet ool o A Sibyt a?@‘#’ﬂﬁ%%?ﬁé'e&f% BTEIS0 oF

i oni zat i omesal of compenectAaGomponentddwier-empRyedeistggnerally presentig a conpl ex
with the gl afBlAt GFabouPP-200 Mdle®f (EPMBR per raga.bgéahonhs @&reugiion is in

no 20 wa dent on this or any other theo operati on. The anount of
Y methl of component A y P

The role of component C in the composition and method of the
invention is believed to be to increase the degree of dissociation and
ionization of the halide anion of component B, perhaps by forming a complex:
with the cationic portion of said component, aithough the invention is in no

20 way dependent on this or any other theory of operation. The amount of
component C employed will be an amount effective to optimize diaryl
carbonate formation, in general by increasing the yield of the desired diaryl
carbonate as evidenced, for example, by an increase in "turnover number*;
i.e., the number of moles of diaryl carbonate formed per gram-atom of

25 palladium present. This amount is most often about 1-60% by volume based
on the total of hydroxyaromatic compound and component C.

The amount of component C will, however, typically depend to
some extent on the complexing ability of the organic compound employed.
Crown ethers, for example, have a very high complexing tendency with metal
30 cations. For example, 15-crown-5 complexes efficiently with sodium and 18-
crown-6 with potassium. Such compounds may be used in amounts as low as
an equimolar amount based on component B. Other compounds useful as
component C, such as straight chain polyethers (e.g., digiyme), may be
optimally effective at much higher levels, often up to 1-60% by volume based
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conponent C enployed will be an anmount effective to optim ze diaryl
carbonate formation, in general by increasing the yield of the desi red

di ary! carbonate as evidenced, for exanple, by an increase in "turnover
nunber’ ; | WOOUISMZ nunber of noles of diaryl carbonate fRGRAISOBBI4T2

gram at om of 25 pal | adi um present. This anobunt is nost often about 1-60% by
vol ume based on the total of hydroxyaromatic conpound and conponent C. The
anount of oodetgbpelyether and Pheml;/\mnhehgghecehdpf this)Earrget theyseamealset ent on

t he conpl f6n abich Ww thers, for
exanpl e, ﬁiﬂ\?e % verzgweﬁ)t§ g)gng“gxr g nden rret gpatggaﬂgblugns For
exanpl e, 23 S5OMPGRRD 86&]9@ d YéW@P? G'W“QBBF*% and 18- crown-6 with
pot assi um Such compounds:may be used in anpunts as |ow.as an equi nol ar

anount based on confhemethad ofﬁhbmveaﬁomds.méiarwlybuhdmedwammﬂi ffC such
t
2% neen o @Pﬁﬁi‘%ﬁﬁfwﬂi}?@?’é@°"®°&%8ﬁﬂ Bty SetBth aBRelg 0.7 6osy °
PCT/ US00 1gl1dnr:pre$sttrep£ nexidesand gmeal andheated.khenieghtion end of this
range, thgpsgarme rﬁ'n@dslt oﬁuﬁoﬁthmm&aﬁgaefawuta,swm ﬁfe@érﬁbfyeédbdiftoloo” on of
any speci e 0 eLermne S e
xer s ment AEP G BB i oy SAppASHTE HRRRrbnS A aSiy 12 ble BBt ot ca i n o
react or @xygenwithciethalanegheing earbeamenaxide, anddin amlemtabybidesyst em are
chapged WMadKbldaIdSRALE oY s: b@ésdﬁs“‘?hé ‘éﬁs@@ﬁra?%ﬁﬁo%r) dreated. The

reaction ress re i s en 00 and

pr ef er abl °’1351%6‘"§P';ﬁ - "?’\ﬁeu%? ures "@Bgﬁn rt i ons of
about 1- 5136016Iafe pypicalin ordenfoetheweattiorto tenas: rapid hspogsrbbt; itd®» nonoxi de, and

Th
e Bl T i G i AT BB 1 9200,
range of MO'BWO"Q’SQQG“QPA‘VQ%ﬁ,‘aﬁescﬂha%rfﬁéﬁxamﬁiﬁ’ inHeS P@éﬁ,ﬂtl on to be as

rapi§ as 5,888,784 cuntil conversion of the airdxyarorhaticcdrpound Baiompiete. t he total gas
pressure and partlal pressure of carbon nonoxi de and oxygen, as descri bed,

for exanple, in UST'B@W%S' éa'?b 7ootﬁrceli|

hydr oxyar omati ¢ conpoun énn%?gp %gd(}‘ ar c?r@%n&{eeﬁsfﬁgr oduced by

t he met hdhaypeisplate \pgrqopgspt onal techniques. It is aref rred to form and -
thermally crack an adduct. of the diaryl carbonate with. the hydroxyaromatic

compound, as descnbe,_sd;ln US Patents 5,239,106 and 5,312,955.

20 The metﬁbd df the invention is illustrated by the following
examples. Minor varratrons in reagent amounts from one example to another
are not believed srgnrfrcant from the standpornt of yreld Unless otherwise
noted, all equrvalents ara molar equwalents relative to palladrum

EXAMPLES 1-3

25 A constant composrtton gas flow reactor system as drsclosed in
the aforementioned US Patent 5,399, 734, was charged in each example with
61.1 g (649 mmol) of phenol 4.9 mg (0.018 mmol) of palladium(ll) 2,4-
pentanedionate (28 ppm, of palladium based on phenol), 205 mg (0.92 mmoit,
58 eq.) of lead(lI) oxide, 650 equivalents of sodium bromide or lithium

30 bromide and various proportlons of 15-crown-5 or diglyme. Molecular sieves,
38 g, were placed in a perforated polytetrafluoroethylena basket mounted to
the stir shaft of the reactor. : -
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may be isol ated by conventional
thermal |y crack an adduct:
compound,

and

hydr oxyar omat i.n

techniques.
-of the diaryl
as descri bed. ;

It. is often preferred to form

carbonate with the
in US Patents 5,239, 106 and

5,312, 955. WQ01/X¢987 net hod of the invention is illustrated PGI/U$N21452| owi ng
M nor variations in reagent anmounts from one exanple to another
are not believed significant fromthe standpoint of yield. Unless otherw se

exanpl es.

'not ed,

al'| equi val Q‘Hesre%%fb rls¥e

EXAMPLES 1-3 25 A consta
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nonoxi de and
m nut es.
rate of

given in
brom de
whi ch sodnalysis-oni de was enpl oyed wit hout the

St in

4% ReeBon ikl wif e

gagkét’fSﬂeeﬂy;ﬁWéaf??h@ the reactor. 7

omatograRhy. cact ol was seal ed, pressurized to 89x8 atm
with a mxture of 9.1 nole percent oxygen and 90.9 nol e percent carbon

%H?@é' &PrEQ

a pressure o

conWnue(:("'505‘4t5)25‘1'1‘1-'l %DFQfZ'WP'PHQ L TWGQN@&&‘T‘B‘QVWW‘DPB“RQS anal yzed
every 30 yFesficompdnent Ch Tuntovas numbbistatadhedy oserogd apthe polifiteofr esul ts are

Mgt %@%ﬁ’fﬁ@ﬁ%@%ﬂ%&@%ﬂﬁﬁf iRt Rpre i Poont ol 2 in-

stir idw rasuits aretgimm't'abiel imsomparisers aithttwo tofttolsver 10

i L

use of conponent C. Turnover

nunbers are those observed at the point of highest diphenyl carbonate
content of each react ign m xt ure, FABIEpwWn by anal ysi_s. TABLE |
Component | Component | Component | Turnover
Example 8 C identity Cvol. % number
1 NaBr 15-Crown-5 3.5 5,455
2 NaBr Diglyme 54 1,655
3 LiBr Diglyme 10.8 2,212
Control 1 TEAB - - 5,687
Control 2 NaBr - - 626

15

20

25

It can be seen that the proportion of diphenyi carbonate
produced, as shown by turnover number, is substantially higher for Examples
1-3 than for Control 2 in which component C was not employed. In Example
1, the turnover number was comparable to that of Control 1 employing the

considerably more expensive quaternary ammonium bromide.

EXAMPLE 4

The procedure of Examples 1-3 was repeated except that the
molecular sieves were omitted, the polyether was tetraglyme at 7.9% by
volume and the levels of palladium, lead and sodium bromide were 17 ppm,
56 gram-atoms and 357 equivalents, respectwely The turnover number was

2,857.
EXAMPLE 5



Conmponent Conponent Conponent Turnover Exanple B Cidentity C vol. %
nunber 1 NaBr 15-Crown-5 3.5 5,455 2 NaBr DOt e 54 1,655 3 LiBr D i ne
10.8 2,212 Control 1 TEAB 5,587 Control 2 NaBr - 626 15°It can be seen

t hat the prWpP®1Me08h of di phenyl carbonate produced, as siroavUSo921422 nover
nunber, is substantially higher for Exanples 1-3 than for Control 2 in

whi ch conponent C was not enployed. In Exanple 1, the turnover nunber was

Guat or nar y_ammon; um wEgRoGRas bt EXRBlad flaWi rRaRRHRERR) el €715 Lae

repeat ed eplygihet was tetraglyme rba@ledty wilmesthadiremide was potassisnpol yet her was
tetragl ymepraiide 8fa Wvel 80728 @quiidlents Andale idvePbt 1531:%%' ran@d and sodi um
brom de wer.e 17Tﬁ§gﬁ 56 grgm at onp d 357 equivalents, Tespectively. The
turnover rRIATEr maver sitigshe _ rWeR A28 5 5 VD 01/ 16087 PCT/ USOO/ 21472 The
procedur e 1- 3-was repeated except that the polyether was
tetra Iyrr@%@ﬁ%ﬁ%y vol ume, : the brom de was potassium bromde at a
| evel of 775. equivalents:and the |level of |ead was 56 gram atons. The
turnover nunber wasAPands0amitiastellaysesctor wapghargesiatireomast el | oy react or
was char gagmpbrdt@@With BRETS! {8088 gy P(IIP ReReéntaRéHiSRatd Ecorﬁﬁéﬁér)t A) _
2, 4- pent anedi gnat ééoggone_lntc@éi at - yarl g{% | eviel S, E eq. lead(ll) oxide,
2 eq ti dvaiess vel; 58 8 Tead(l) orlle. 4 2, HaBiurii SXeS2.4 4 5 5 5% by
vol une) ampentantidionate,olysthert(4.558.55% by velums) and solifinebrdmidesiteves (3A, 30
g) e ply [ QliH. % adald o asket nounted to
he T P JRAGYS letplt, Ml vos Aty 0T e raiid I paofitad |

polytetrafiuorcethylene basket mounted to the stir shaft of the reactor. The :

reactor was sealed and pressurized to 108.8 atm with a mixture of 9% (by

volume) oxygen and 91% carbon monoxide. The reactor was heated under

stirring (1600 rpm) to 100°C over 10 min and stirred over 1.5 hours, with

15 periodic sampling. Tettag!yme ora poty_éth_ylén'e glycol dimethyl ether having
a molecular weight of fab‘qut 250 (designated "PEGDME") was employed as
component C. The results are given in Tabile Ii. '

- TABLE !l . _
Example o 6 7 '8
Component A, . . o
ppm ' 17 - 13 : 14
ComponentB, ' ,
eq 230 448 - 454
ComponentC . Tetraglyme Tetraglyme = PEGDME
vol. % o (8.45) (7.158) - - (4.77)
Turnover S _ ; -
number 4,620 6,.145 6,784
EXAMPLES 9-16
20 Carbonytation experiments were conducted in small vials,

employing palladium(if) 2,4-pentanedionata (24 ppm of palladium based on

phenol and cosolvent), sodium bromide and various ethers. Various

cocatalyst compounds_'fwhich included Iead(u) oxide, tit"anium(l\_l)' oxide

bis(2,4-pentanedionate), ceriumlll) 2,4-pentanedionate and copper(ll) 2,4-
25  pentanedionate, employed alone or in combination, were empld_yed as

component D. Each vial was capped with snap caps having a slit with a

polytetrafluoroethylene séptum and the vials were placed in an autoclave

9 _
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reactor was seal ed and pressurized to 108.8 atmwi th a m xture of - 9% ( by
vol une) oxygen and 91% car bon nonoxi-dé. The.reactor was heated under
stirring (1600.rpm) to 1.00C over 10 mn and stirred over 1.5 hours, wth
15 peri odi wos@angebs7ng. Tetragl ynme. or a pol yet hyl ene gl ycol pdirosbtdmth72et her
having a nol ecul ar wei ght of about 250 (designated "PEGDVE) was enpl oyed
as conponent C The results are given in Table 11. . . TABLE 11 Exanple 6

7 8 Co : 8 Co t C
Tet r agl gprre etr agP éﬁ%@éﬂ @W@r@fg@ﬁ §ﬂ% 3 %ﬁﬁéi%ré%ur nocg?nﬁﬂnber
gogggc?edtléﬁmgﬁnlaiﬁ@sqal S, . .6 ‘)I%C)miérr?@ﬂ't | a ral:iddrelate’d az(w%qnt ngstli \gﬁ;'?e (24
ppm of pahPUE: ﬁ?tﬁ?gtﬂ‘t%ﬁf thﬁﬁ@?l%%’%%aﬁg@;%g@%hgwﬁaﬁ@ﬁm% de and

vari ous e\,algé,q,haé@rgmgﬁmmpl yst conpounds which included lead(ll)
oxide, titaniumlV)_oxi 2, 4- pent anedi onate), ceriun(lll)

d
2, 4- pﬁant anedi onat e &P@ regﬁtsareéawpnznlabb Hé&mﬁﬁft@méﬂ*ﬁmfyed al one or
in conbi ni’rﬂil@&!e 101713 Wﬁﬂoﬁéﬂwflgt o I}Fﬁm@ieﬁ@?ﬁrﬁﬁﬁiﬂ%’i ofapped with

shap caps havin |t W't h uor oet e septum and the
vials wer aa%ataw@danﬂ emarmmhmaregn merqentbmvcmﬁbasempbgod/ 21472 whi ch

monoxi de- SoNRe Rl Huetiriclofrio 8 et insibad SNRRFIAEL. | 0ol o The

contents of the vials were analyzed for diphenyl carbonate by vapor phase
chr omat ogr aphy.

10



S The results are given-in Table Il as averages of duplicate or
triplicate runs. Cocatal yst proportions are in equival ents per equival ent
of palladium and ether proportions are in percent by vol une based on
phenol . Comoowpieesront ai n an equi val ent vol une of phenol PEEUSHRRIET2
component C. 10 WO 01/16087 PCT/ USOQ 21472 TABLE I1l1 Control Conponent
Conmponent Conponent Turnover turnover Exanple B. eq C (vol. % D netal
(eq) number number 9 445 PEGDVE Pb (48)t @@ﬂ 215  (15) 10 270 Triglyme Pb "
(48) 1,186 152 (35) 11 111 PEGDI\/E Pb (4 T 1,481 162 (15) (10) 12 270

Triglyme Pb (47), Ti L 249 472 1 3 1oq,u Lyyf? (47), Ce 1,065
183 14 100 PE le e °mce° u
(15) 16 111 PE A

or20) 941 218
17 ~ii WD 01116087

PGT/ US00/ 21472 |s C al rre or .preparing a diaryl
carbonat e which qorrprl seso cont-mgtymag at Plb(ila)st or'le|86ydr ox§aromati ¢ conpound
wi th oxygen and carbon nonoxi de(@p:the: presence of an anount effective for

carbonyl ation of 1ht |eadf! 5 (ﬂE@DMﬁt al 9?{45) et er8" con®? si ng:

12 270 T_riglyme Pb(47),Ti 1,249 472
| (35) (10)
13 106 Digiyme  Pb(47),Ce - 1,065 183
(15) (6)
14 100 PEGDME Pb(47),Ce 1,098 183
(15) (6
15 111 PEGDME  Cu(20) 941 218
(15) '
16 111 PEGDME  Cu(20), 1,233 160
(19) Ti(10)

Lh!
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(A) a Goup Vill nmetal having an atom c nunber of at |east 44 or a
conmpound thereof, (B) at |east ope al kali.metal halide or alkaline earth
netal halide,. and 10 (C) at |east one polyether. 2. A nmethod according to
claim 1l whwodilnei8here is al so present (D) at |east one cBCEHUSIM2I472which is
a conpound of a nmetal which is not a Goup Vill nmetal having an atomc
nunber of at |east 44. 3. A nethod according to claim2 wherein conponent C
‘is an 15 aliphatic polyether free from hydroxy groups. 4. A nethod

accor di ngWhat ig claimed isher.éi n t he hydr oxyaromati ¢ *conpound i s phenol. 5. A
met hod according to claim2 wherein the Goup VIIIB netal in conponent A

bt Padl in L), acerara moMRRSIon prepafingta faryt Caitionat WA dnfgisBg ol 2o °
alladiu ace e .or nalladiu . - pe edionate, 7. met ho

gccor di ngg@?};@l"!ﬂ ?f}ga%paag?y#r g cghpg&né]ggﬁmge%;pgg?rhgq ead(I1)

ar yl oxi demonokidadr the pi2séngaat amamounteftectise fér cerbomdaticrcofratileastt o cl ai m 2

Wnergi N CORPRAE ic%étﬁ{)ia%rﬁ .1) oxide, a lead(ll) aryloxide or lead(ll)

2, 4- pent anedi ondte conmbined ” wth a titaniunm(lV) al koxide, aryl oxide or

2, 4-pent anedi onate.,, 12 LI Pul bl "ivyiji/ . if LIff WO 01/16Q87, PCT/ USOQ 21472
9. A nethod accordi(Aiﬂé’@avlk'ﬂg%@‘gﬁﬁaemﬁﬁé?ﬁmlwr@ahﬁﬁ%{#)o'oxi de, a
| ead(11) arcphpoudd therebtad(11) 2, 4- pentanedi onate conbined with a cerium
2, 4- pent anedi onate. 10. A method according to claim2 wherein conponent D

5 5 copper(ll) bigdPatioRRRmMARIINAGIEF halidelor dkaligashrhhepiidi ng to ol aim 2

wherein co nent B'1's an alk nmetal bromde. 12. A nmethod according to
clai m 11 Dide&ARdconponent B is sodi um broni de.

10 (C) at least one polyether.

2. A method according to claim 1 wherein there is also present
(D) at least one cocatalyst which is a compound of a metal which is not a
Group Vil metal having an atomic number of at least 44.

3. A method according to claim 2 wherein component C is an
15 aliphatic polyether free from hydroxy groups. -

4. A method according to claim 2 wherein the hydroxyaromatic
compound is phenol.

5. A method according to claim 2 wherein the Group VIIIB metal
in component A is patladium.

20 6. A method according to claim 5 wherein component A is
palladium(lf) acetate or palladium(ll) 2,4-pentanedionate.

7. A method according to claim 2 wherein component D is
lead(ll) oxide, a lead(ll) aryloxide or lead(ll) 2,4-pentanedionate.

8. A method according to claim 2 wherein component D is
25 lead(ll) oxide, a lead(ll) aryioxide or lead(il) 2,4-pentanedionate combined
with a titanium(IV) alkoxide, aryloxide or 2,4-pentanedionate.

—
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10 13. A nethod according to claim2 wherein conponent Cis selected from
the group consisting of diethylene glycol dinethyl ether, triethylene

gl ycol dinethyl ether, tetraethylene glycol dinmethyl ether, polyethylene
gl ycol di meMR# 1888 er  15-crown-5 and 18-crown-6. 14. A neRGHUSHEIMIRdi ng t o
cl aim 13 wherein conponent Cis 15 diethylene glycol dinethyl ether, |
triethylene glycol dinethyl ether or tetraethyl ene glycol dinmethyl ether.
15. A net hod accor di ﬂgAﬂB&BP%?ﬁ?gdmgéPéﬁiaﬂma?WBQE%’C@MDPDBG%{IQiS present 16. *

A net hod ated(ll) oxidé,a kad{IMarylvkide o e ppehtahetionatdc t in the
anount of g\?ﬁl mﬁ$ ?_ﬁg&gggy@ﬁ% wei ;ﬁg%gfm?gi d Cearougeé\)flc_‘lﬁpsﬁﬁrrgt al based on
the total Il:%/ %‘&9 % TC '_8 t8und and conponent C, conponent B. in the
anount of about 1-2,000 mmol per: equivalent of the Goup VIII netal of
conponent A, conponeh®. Amethedaccoidingto claim 20ehersin companent Bhised on t he

t ot al gof hﬁg?wgrmg(gpj.gemgﬁmyﬁ@[egnd component C, 25 and conponent D in
t he anmount of about 1-200 gram atonhs of total netal per equivalent of the

Goup VIII netal of,_ gcoppaone . t Rod according to_claimz2 wherein
the proportion of oy& qﬁoﬁi%&%gﬁc%g%@&ﬁmmf&@&?gds?ﬂt al oxygen
and car bonalkatimetaklromite.s. Sheet Has Been Replaced 11111~I11111 13 C
trereerrerrerrrrrr 12121 M 11111 11110 11211 110 11l HER WO 01/ 16087

PGT/ USOQ 21472 18. A 21eA hethoCaceiofding td Slaih 31 Wherdi ofigbnenpBagsure in the
range of algg&hm]ﬁrg%oldeat hand a tenperature in the rat e. of about 60-150C

10 13. A method accordihg to claim 2 wherein component C is
selected from the group consisting of diethylene glycol dimethyl ether,
triethylene glycol dimethyl ether, tetraethylene glycol dimethyi ether,
polyethylene glycol dimethyi ether, 15-crown-5 and 18-crown-6.

14. A method according to claim 13 wherein component C is
15 diethylene glycol dimethy! ether, tristhylene glycol dimethyl ether or
tetraethylene glycol dimethyl ather. -

~15. A method according to claim 2 wherein a desiccant is also
present. B T

_ 16. A method according to claim 2 wherein component A is

20 present in the amount of about 0.1-10,000 ppm by weight of said Group Vill
metal based on the total of hydroxyaromatic compound and component C,
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 1-60% by
volume based on the total of hydroxyaromatic compound and component C,

25 and component D in the amount of about 1-200 gram-atoms of total metal per
equivalent of the Group VIIi metal of component A. -

17. A method according to claim 2 wherein the proportion of
oxygen is about 1-50 mole percent based on totat oxygen and carbon

M N g w
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are maintained. 19. A nethod for preparing di phenyl carbonate which
conprises 5 contacting phenol with oxygen.and carbon nonoxide in the
presence of an. ahount effective for carbonylation of at |east one

catal ytic W0d6087 conprising: (A palladiumor a conpouPdIUsed2a47R2, (B)
sodi um brom de, 10 (C) at |east one aliphatic polyether free from hydroxy

groups, and (D) at 0. .A nethod acgording to
claim19 wherein co?r%dﬁ R%eﬁ g'&g(%a&%tm%‘fvﬁe%réfﬂgsweﬂéﬁe diun(11)

2, 4- pent aratgeoofaabauaﬂeﬁﬂﬁnfpnmat@nperatm inlithe tafigeiof aplout 80-180PGt hyl et her,
tr| et hyl eg ﬁ'{ di mrethyl ether or tetraethylene glycol dinmethyl ether.

21. A cata VS corrp05| tion conprising the follow ng and any reaction
products thereof: Grou Vil l havi ng.an atonm ¢ nunber of at

| east 44 or 20 a c@; Eqrmparméla@enyéa koopate which|Gompsisgs hal i de or
al kalg ne eantabtmgephéndsla\htmy enafd(c@rbaert monoxitie im thedpriesentedf aR2. A

cCocat al ysAMAREiRehg féf’ﬁ%'ieﬁhﬂ%@" of 40080 ST el < oup' VT et
havi ng ancem@msidghunber of at |east 44. 23. A conposition according to
claim 22 wherein conponent C is an aliphatic polyether free from hydroxy

groups. 14 This Sheﬁ_’jﬂaadmm bt & compound theréof, | 111 1T1TTTTTTIN 111 11 M1 WO
01/ 16087 PCT/ US00/ 2

(B) sodium bromide,

10 (C) at least one aliphatic polyether free from hydrbxy groups,
and

(D) at least one lead compound.

20. A method according to claim 19 wherein component A is
palladium(ll) acetate or palladium(ll) 2,4-pentanedionate and component C is
15 diethylene glycol dimethyl ether, triethylene glycol dimethyl ether or
tetrasthylene giycol dimethyl ether.

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

(A) a Group Vill metal having an atomic number of at least 44 or
20 a compound thereof,

(B) at least one alkali metal halide or alkaline earth metal halide,
and

(C) at least one polyether.

22. A composition according to claim 21 further comprising (D)
25 at least one cocatalyst which is a compound of a metat which is not a Group
- VIl metal having an atomic number of at least 44.

23. A composition according to claim 22 wherein component C
is an aliphatic polyether free from hydroxy groups.

14
\
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24. A conposition according to claim 22 wherein conponent A is
pafladiun(l1) acetate or. palladiun(ll) 2,4-pentanedionate. 25. A
conposition according to claim 22 wherein conmponent D is _|ead(ll) oxide, a
lead(11). W¥QPUIO¥e or |ead(ll) 2,4-pentanedionate. 5 26. Pﬁr@ﬁ 4% i on
according to.claim22 wherein corrponent D is lead(ll) oxide, a lead(ll)
aryl oxi de or lead(!!

, 4- t d th tit I
al koxi de, aryl oxi de %ﬁ %cggggﬂggfﬁég @Ség?’g?’"%i W%&?é’ﬂ@%&%%l Xg; to

cl ai m 22 vgpatadiumlizretts oPpalladilmdl)(@,4-pentanddionatd. ead(1 1) aryl oxi de or
lead(11) 2, ?i pent aﬂedl onateD[c)onbl ned 10 with a cerium 2, 4- pent anedi onat e.

. 28. A
copper (I f;)nE??(tZI Znéhég‘#%ﬁ%ﬂ #%&% amﬁ{%%lmlt %gérgnggﬁ-@bg?ﬁtgbtso claim 22
wher ei n cdspeadéixoxide, ialead(il) anvioxidepeiead(h %pemaeeqlpaatet i on according to

claim 22 wherein conponent . C is selected fromthe.group consisting of
di et hgl ene gl ycol desem:btn hieh; aocbfdmtmwmnezz;w;aecmndombhm Bt her,

tetraet hyl e yl et her,
15- cr own- 98 Eﬁﬂ?%ll @méiﬁé’ﬁ&c%&ﬁgg*'ﬁ bﬂxéﬁéﬂ?g é{gt %&n 30 wherein
conponent with ﬁmtarmm(l\ékﬂyomde, afylpxidle afidv-pagianediopate.t ri et hyI ene gl ycol
dimethyl ether or tetraethylene glycol dinethyl ether. 32. A catal yst

conposi ti On conpri siprgA cofridositiahlaegordingto clainp2® whetkin kompohent DB) sodi um

and (D) ats esal? wfieeaaésa@@iﬁﬁ@é}ﬁ@é‘%%aﬁﬁﬁﬁﬂﬁﬁﬁaﬁéﬁﬁré akaitli AT

CL S | Iwifracetium2 4-pentanedtonate

28. A composition accordmg to claim 22 wherein component D
is copper(ll) bis(2,4-pentanedionate). :

29. A composition accordlng to clalm 22 wherein component B
is sodium bromtda

15 - 30. A composition according to claim 22 wherein component C
is selected from the group consisting of diethylene glycol dimethyl ether, -
triethylene glycol dimethyl ether, tetraethylene glycol dimethyl ether, . -
polyethylene glycol dimethyl ether, 15-crown-5 and 18-crown-6.

31.A composmon according to claim 30 wherein component C
20 is diethylene glycol dimethyl ether, triethylene glycol dlmethyl ether or
tetraethylene glycol dimethyl ether.

32. A catalyst composition comprising:
(A) palladium or a compound thereof,
(B) sodlum bromide,

25 | (C) at least one aliphatic polyether free from hydroxy groups
and

(D) at least one lead compound.

15
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