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1 ' | PROCESS FOR THE PRODUCTI ON OF CARBOXYLI C ACI D

ANHYDRI DES This invention relates to a process for the
producti on of carboxylic acid anhydrides and in particular to a
process for the production of carboxylic acid anhydrides in the
presence of a carbonyl ation catal yst conprising a polynerégggﬁgrted
rhodium 5 species. Car bonyl ati on processes are known

whi ch smal |l organic nol ecul es such as al kenes, al kynes, alcohols,
esters, hydrocar byl halides or _hydrocarbyl ethers are reacted with
carbon nonoxi de in the Uld phase and in the presence of a
transition netal catalﬂh@ Ie rhodium \When esters,

hydr ocar byl hal i des or I ‘ethers are used as reactants
carboxylic acid anhydrl produced. It is usual in such

processes to use a honpbgeneous " transition metal catal yst.
US 4, 328, 125 descri bes het erogeneous anionic transition netal 15
catal ysts containing a catalytically effective amount of an anionic

speci es havi ng t herbsidsBUkcr Whe 'BROOGEITORT 6H CXRESKEIc Sl ARkOrinEsSPeci es

bei ng lonically bound to an 1 nsol ubl e crosslinked ‘anion exchange resin
contai ning a bound quaternary anmmoni um cati on. Such catal ysts are

said to effect carbonylation and hydrofornylation reactions and are 20

said to be pr epal‘,ﬁ,‘d anven% n rglg:erseél g Cgoéeaslsnk r.gtﬁ‘e %%L:X\Erc%riiog of
' carboxylic acid anhydrides and in particular to a process for the
production of carboxylic acid anhydrides in the presencé of a
carbonylation catalyst comprising a polymer supported rhodium
5 species. '
. Carbonylation processes are known in which small organic
molecules such aé alkenes, alkynes, alcohols, esters, hydrocarbyl
halides or hydrocarbyl ethers are reacted with carbon monoxide in the
liquid phase and in the presence of a transition metal catalyst, for
10 example rhodium. When esters, hydrocarbyl halides or hydrocarbyl
ethers are used as reactants carboxylic acid anhydrides can be
produced. It is usual in such processes to use a homogeneous
transition metal catalyst.
US 4,328,125 describes heterogeneous anionic transition metal
15 catalysts containing a catalytically effective amount of an anionic
species having the formula Mn(CO)m(X)pz“, said anionic species being
ionically bound to an insoluble crosslinked anion exchange resin
containing a bound guaternary ammonium cation. Such catalysts are
said to effect carbonylation and hydroformylation reactions and are
20 said to be prepared by treating a resin containing a polymeric
quaternary ammonium salt with a neutral transition metal carbonyl
compound. Suitable resins are said to include polyvinyl pyridines
and polystyrene bound pyridines. The Examples given in US 4,328,125
all relate to rhodium supported catalysts. All of the examples of

25 'carbonylation reactions in US 4,328,125 take place in the presénce of
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gquaternary ammoniumsalt with a neutral transition nmetal carbonyl

conpound. Suitable resins are said to include polyvinyl pyridines and
pol ystyrene bound pyridi nes. The Exanples given in US 4, 328, 125 al
relate to rhodi um supported catal ysts. of the exanples of 25

carbonyl atio a S 3 e i p

> et B M m ey 4 o éﬁc%%%gt LA6S abOgPbF BOER s |
is obserkeavad aH e%%ﬂa§6dt¥§MPE¥%HHHPedqn}FGrﬁyetFR?h?&Y%RHAyPeﬂﬁ BRthymol

net hanol :.n'Eﬂ:a BPh €Sank?218Nd 7d8. calBEnRat AN YL AEd 18R EfRAcEidR conditions
reported in US 4,328,125 are 54-162 psi _and up to 130[err C 5 usS

5,155, 261 deEeRqT5eS & 5 hd28: ¥35r af?}é%é‘?’ﬂé’ﬁ&l%’ﬁ B 58f 139°C- et hanol to
acetic acsd whi chusseass, Jeat eca3eped S peddeabytdr the cagBdilatidigoan

I nSO| Ubl €. pOl X%IIOD%:VI nn%ip%nggp& Elhq'le u.ps Se hel\t O]’.')SIFQRBOUS catal¥ uat er nl Sed

pyri di ne groups or ['oh Thereo ort odi um speci es
| oaded to | esmnrhannqaboutnsmum phiymsar bemng n@da(l'eﬁppes}me, asopidegloy of

the pol ymer ﬁ@éﬁ&ﬂ%@d py%ﬂxep&%ﬁxﬁé r&da comb:.ﬁ@!’:-z.%lnyﬁ{e%e@f esu%ﬁéﬂ:ﬂn& e porous

cross-linked ™4 -vi nyl pyri di ne copolynmers 1n the free baSe or
N- oxi de for nFWﬂR‘:‘H ?ﬁf\‘r‘éeﬁéé’ﬁded to leps Ehen %W%llph‘ﬁlngeﬂ%Fﬁ% or in situ

with an a6 kylefilesses adChetal) of th8Bidlyherd Qdinﬂﬁxeaﬁd moa€lgdetér@out 2

wei ght percent eact i th a 15 rhodi such .as_rhaqdium

bl ori do 11 ASSASPES feafriohks hef epgous EXSEkInGR 4 G En S0 i s o
US 5, 155, 261csmcawsratm0eﬁaufne@ Jbabe ngs N3dxig2 fdrxt whirvk have beépplicants saw
-no | eachi ng aila{et}ﬂgé#hg@ﬁe@ J:&otrﬁl&h eéﬂes&'tmttﬁ ad tanqil nall A '39?#‘ hgen

found, contrary to t scrl ption 2patent 55, 261,
rhodiumis | @ﬁWé’d"?qlﬁlﬁl ﬁ“"péP?‘F%’r aEUTHS’GFt YRS Pe’“’ent by rea"tl"“ with a

15 rhodium salt such as rhodium chloride trihydrate in an initial or
generation run.

Whilst US 5,155,261 states at Column 9, lines 31-32 that the
"Applicants saw no leaching of rhodium metal in their experiments™ it
has now been found, contrary to the description of US patent

20 5,155,261, that rhodium is leached from a polymer support under
typical carbonylation conditions of high pressure and temperature in
the presence of an agueous liquid phase._ Such leaching of rhodium
may présent difficulties, for example requiring recovery of the
rhodium if the process is to be operated continuously.

25 The technical problem to be solved therefore, is to provide a
carbonylation process in which the rhodium species of the
carbonylation catalyst is not leached from the polymer support during
the carbonylation reaction. .

Accordingly, the present invention provides a process for the

30 production of a carboxylic acid anhydride which process comprises
contacting a reaction composition comprising a carboxylic acid ester,
a hydrocarbyl halide and/or a hydrocarbyl ether reactant and a
hydrocarbyl halide promo£er with carbon monoxide in the presence of a -
catalyst comprising an insoluble polymer support having pendant

35 quaternised N-base or alkylated N-oxide pyridine groups
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typi cal carbonyl ation conditions of high pressure and tenperature in

the presence of an aqueous |iquid phase. Such | eaching of rhodi um may

present difficulties, for exanple requiring recovery of the rhodi um i f
the process is to be operated conti nuously. 25 The techni caI probl em .
to be solved_therefore, $ilQ & carbon Latian n whi ch
t he rhodi um sp%pmrgs %fa f% Hum pc?gr%so’ Pa‘fr?igﬁ helres 1no eac Pédd from

t he pol yner Stawgheutdrbergyrocess a Iﬁémd;ar Mhataténn rcefaeemmyllc acid :

Accordi ngly, shR-RAESENEnd '}\éﬁ@éﬂcﬁ“c ¥igdes.a process for the 30
production of a carboxylic acid anhydride which process conprises

contacting a reacB¥ cHiR8npIFErETioR E‘B‘?PBFP'S%"HQL% whirh FReFT dsabtiptadnes 2
a hydrocas bykikidel dencndtsion dmydaa&awhyd: a&‘&b&rnwaardeanthamdaamn

hydrocarbyl hal 'o%elt S OYRLEr, ,fned 200N Monoexi ¢ %y D ne PILERENCe; %’S‘Y
cat al yst COMPrisIng &h Tnsorubre pol yIer  support REA °ng"pendan

quat er ni sed Nebader oanddbkydlzbhel Mlbklb@epmaendmetge o@pstion composﬂ:lon
supporting- afrﬁf@%&!ma&m@%fé rhddb ol G2 DL GRGH ttohﬁﬁee oSyl B{aiae

t hroughout the process concentration of car I'tc acl d anhydr |de in the
reaction conposit iBESnf’d‘fit%thnéa%*’cra&i‘i%°5y°%é’P§ﬂ’-c acid anhygiriggjiggmeanteact i on

conposi t 10N &b Mhise o hRebe veSghii NBi duedtanthibniy aocvca%eer&zfaasf Qi chol is
carboxylic acid anh;drlde t he reaﬁtlon conposition i |nﬁalned

subst anti al | J*HHhyaFD 2R 1 DS MERET A LT VS8 ShatRE T SHPR tohol will be
present in thkentmatéd amocmrypposivaten. anflips alebhdlamag Hehéntdeddeasnte pgd es

bound o e BRLYRIcAUBRALY vo cp-prdlcl | ALhEACICAIL 84 10, Aloctar boxy! i c

aci d anhydride 1s nmean t y wel y substantially no water
and/ or al coh&Fovigedethnt F@geemnmmbytmu gﬂntmaeﬁtaemﬁequbﬂmr@riabw

al cohol . 1§:ontfggg Ioedwa{g}uaﬁ@&famhsi. and/ or al cohol may be introduced to
the reaction conposition to co-produce car box%l ic acid in the Lgr ocess,

provi ded that theTPBSRFbIPCBRPOS PFUIETF sITEPHEAN ARt PSUBRIRRTS APy e ee of

wat er and/ or vap@ahot . llquid phai'dsle reaction of the present inventlon may be

performed in the y %R ellopdt ed gyérﬂugh%%les is a%mgaﬁ:‘&pé’cg{tﬁ%fﬁgoo'i um

species in anyrh0|um ann capa i nding to
t he pendant geompemdi ‘s*eid:ho;s FaRytlet efl ypdieh e 'greoaglsia@fc qursermiseRudr e

pol yner §Npp9ﬁﬂyﬂ£eg|ﬁ6&ia£h@§;:6ﬁ@ Sﬁrtbﬁ”ﬂs%tlhﬁfb %@iﬁ\{e\ésgupport to giv€ an
catal yst may sujtably prepar ed by reacting a polynmer having pendant

N-base or N 8%Fde ﬁ?/?‘?ctﬂ‘?ﬁ%tig’r“ofﬁfsawﬁ the free base formw th a rhodi um

cont ai ni ng The catalyst may suitably be prepared by reacting a polymer
having pendant N-base or N-oxide pyridine groups in the free base
form with a.rhodium containing pompound and a hydrocarbyl halide
25 under typical carbonylation conditions either in situ or in an
initial or generation run. AlternatiVély, such a free base polymer
may first be reacted with a hydrocarbyl halide before being reacted
with a rhodium containing compound under typical carbonylation
conditions either in situ or in an initial or generation run. The
30 hydrocarbyl group of the hydrocarbyl halide used to prepare the
catalyst is preferably the same as the hydrocarbyl group of the
reactant and preferably the hydrocarbyl halide is an alkyl iodide for
example methyl iodide.
Examples of suitable rhodium containing compounds to be used in
35 the preparation of the catalyst are RhClj, [{Rh(CO)5Cl}y], RhCl;
[
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conmpound and a hydrocarbyl halide under typical carbonylation conditions
either in situor in an initial or generajion run. Alternatively, such a
free base polynmer may first be reacted with a hydrocarbyl halide before
being reacted with a rhodi um containi ng conpound under typi cal

carbonyl ati o It I n i d I on run.
The hydrocarE %ggrgouﬁh%g? thegﬁédlrl‘g% tRH’{I(&F])QI %‘gz%asg'{d} %gl’%l(r?’énpg‘?e%%%%%

catal yst is phrefdrdbivy speelesapp the ?‘%RP°H§/d|€oE’8ﬁ*El?9F rdapllof 2% ROOr pRIE ttant

and prefer abl1¥s§ heah o0 A ¥hodidhi (s WSt B Kidighdedend ehr£xaepl e met hyl

I odi de. n}o))lfe of suitabl e rhodi um contai ni ng conmpounds to be used
in the pr epaPﬁﬁe&ﬁb % Ra taLaty Shodi® BREEEEYY], [{Rh(CO[err]Cl)[err]],
RhCl [err]s The polymer support is a polymer wh:.ch is insoMuble inwdhat e,

RhBr [ er I‘] hydr atthlbal ulnlpgsrs t]:.onRh [set %é uRla% a?gb% ¥f‘atQ10£ hroﬁglr:glori 500

acet at es. m speci es on i presen
ppmto |ess cPlh#ﬁlﬂ%‘-r hamim‘{’h& #b?&?o)lYW webpirt & a herqvat a#wtlmked

preferably 0405 @-Pid¥ ?mwlwé&oxﬁeghin the free!BisPBL WIRLiSIRBARL iS a
pol ynmer which is insoluble in reaction conposition and i s stable under

t he car bony! 4P+ PrEReePoTPEPESHIELY RPRETuphIPePehIOy, PR Hatefe?™ dBpport i s
a porous 1cro&s;ﬂ>édake@hy4quwerziyémysk Mudtémlﬁmhymh arhyrdlaecafﬂb@e base or

N- oxi de for as been veI Rreguat err real kyl at ed or
IS respecti verg qua erfi se&lo’(lsg'ﬁ%‘ill gl eé’ a'g’i’ult agocar byl

hal i de such as anMat&\ydrehedabde, tﬂrsrptebya\ﬁplsy,ppnett hylpne@dreﬂa from a poirse
preferably, thgsqk X;EQ-’J péﬂPQQ"—taddS z%ﬁ&@ﬁ%a&ﬁ@ﬂc@p&ﬂﬁn{;y sucﬁrQéfthLéé'ked

poly (4- and 2-viny me% copol such as those comrercially
avail abl e unG@‘i"‘“"'ﬂ‘féa | P}’%‘xl R)‘Ff‘ﬁ‘ﬁ?ﬂ/"-tﬁf Redldge 1Rt fanilynof thrademamket | dp TM

copol ynens, ﬁ)iéééjlnaﬂl‘dxngﬁ pB1yicra s f@d;diﬂeeeug/s ake tdt@héhed- dDfecBly at

posi tions to r backbone which I n tur l.i nke vm th sone
per cent age of a. vin %Imt;zen‘?esﬁé:l 55 s g% erl‘«%"ﬁkge&e’f %2 o(r1 “E%aml e,

is a preferr edospﬁa-llymd bétingone Je¥rentrageses |dmk9dr1cb¢mdeyxasurem§ pregentyd .
D rwen ot PRI o a0 & L MRS ML R, |
hi gh concent FaesniisketheerdlyBendiing-—sinvdspymiding erd AVicgprercdatihi cal | y
avai | abl @i Navailable divinylbenzene exhibiting a convenient insoluble bead
form, high porosity, good thermal stability, and high concentration
of metal binding sites. Reillex TM 425 is typically available in
bead sizes of approximately 18-50 mesh. The temperature stability
for extended use of Reillex TM 425 polymer is about 260°C which is
25 particﬁlarly practical for commercial carbonylation of esters,
hydrocarbyl halides and hydrocarbyl ethers to give carboxylic acid
anhydrides at temperatures up to 250°C, preferably to 200°C.
Other preferred polymers include, for example, other cross-—
linked poly (4- and 2- vinylpyridine) copolymers such as those
30 commercially available under the Reillex TM 402 and 225 trademarks.
Of these, Reillex TM 225 is a 25% cross-linked copolymer of 2-
vinylpyridine and a commercially available d;vinylbenzene. Reillex
TM 402 is a 2% cross-linked copolymer of 4-vinylpyridine and a
commercially available divinylbenzene. 1In other relevant respects,

.35 Reillex TM 225 is similar in its performance to the Reillex TM 425
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bead sizes of approximtely 18-50 nesh. The tenperature stability for
extended use of Reillex TM 425 pol yner i s about 260[err]C which is
particularly practical for conmerci.al carbonyl ati on of esters, hydrocarbyl
hal i des and hydrocarbyl ethers to give carboxylic acid anhydri des at

tenper at ur esd&ﬁgfgsaggv%pr sLE1RY! 'Y:f 40 ﬁZPOQ ?ran ﬁar ?bggé_,pggfc%rn‘:ggstngyner S

i nclude, for exa er Cross- vi nyl pyri di ne)
copol yners sté b&é"t#ﬂﬁ‘é o RabkiexaTy yazamq a’éﬁvewaﬁtl@r pertdcie|gizexofrM 402

and 225 tradep@itk8o medh dhieaCs1ightly Qowdd) B3P dt318 L2oUpEdrles dxi@d

copol ynmer of 2- nyl pyridine and a comrercially available divinyl benzene.
Reillex TM 116‘29‘%%‘:%(‘)/92%&%%&?%%% EofRANT RS 812/ 4-vinyl pyridine and a
comerciasly aval IIﬁbelomidiafi fty| linIeneM polyabhes okhdepalymeresiadng, Reill ex
T™M 225 is sin its orrranetot eid | ex TM. 425

5 descri beBy ’b&\?'é’ oﬁeFY’Iplg%' A8 §°S 3u ra?ultjé’r %‘eﬁam‘g iurl\e ccgﬁ?}yasé:t to

t he bead forrf tie Reddenpxinrghbitm. artﬂleﬂiEquMl@h melpearsi sheh o8 AEXoTM-a36ut 60

mesh and a shiffMel-Yo | WRE  ralh. Shkéésﬁﬁﬁé‘éﬁpég;lv&:s”@c}ﬂtﬁm dgenmperature for
ext ended use of" about 225[err]C tion to Rei'll ex TM pol yners,

ot her pol yneVsPHRVFHENGS ey Re PrePaysf PHIeaghiRip st e &RRacRBIaref or
preparingot helﬁ;arp@kyﬁneofdivhaypmeme ahY tyieie idhRAGehd1Ghdmm RAE YNBSS
such as KEX Tr 3, é)é)lbgmarl c_am ne.r in. aCr ossl i r& % l;l)olfymars cont ai ni ng
vi nyl pyri di n&8 esma'l“:ebe BT apat eﬁerﬁ”“r%a i &h AR *Aphr8hratat e

vi nyl pyri di nbydzchcseHLyJIOSBerm@mem azhdos:tdfr emt spdiym hpdrideandhin pdepapatdoence
of benzoyl p u ol | W0 di um

chl ori de andgéga(%sg%%%rl?gjesagﬁ'ﬁ%gggfepg&%%%g‘g?%ygéegﬁb%ng ?%56395 155, 261.
The pol yrer s 10%¥FiPH Ryehdied i*xPRY it PRALBY® MAYEAing t8Med8s of about 50%
pyridineifevel s. 1n the cafubng,ln@u@arﬁesaélsatdfoamprpasm Qhvenli€od tAS dlter
invention the ester reactant is_an es gl an al cohg and .a carboxylic

aci d. Prefer &BRSFARFne® &8t ¥ SF Bt AR °hna“83? FEBPXAIEI A - Jerr]
carboxyli c acrefexatily, Cheredter fdagrant nonof entdsr ofiad ail + phataoxitichol . A

mxture of egLey arnﬁra;gtc?‘”ts aCI%%nHé%Qxall\QL %PQE ﬁi no°¥ thenEah ek SPaCt ant

is an ester of a ca rret han pr opanol .
particul arlyepeef é‘FP‘é"tf“égtW bPeaednt Most rﬁ?lﬁ?#ab&(ée"t*@t EStthée?ﬁi—laPEIels

reactant 20S aRYedikdr &€ ar bindglidacidrahafetbhior bl or Gk6fdrbl. A
hydrocar byl hal i de. Preferabl the halide reactant_is an iodide or

brom de. Mor Ea’f)fr’é:l"é?’élﬁ’l yrﬁférﬁ%ﬁsajsr i=eaghan R?ImeltBHJr FESEWSst PiePatigs v
met hyl i odi deea@&tanyl id adydejdzbcmpyl’namadj deefdrapilytaicg ofcghyehrocariml

hal i des may h Jl_J;eed P;I'%Frgé]]@e EPRELAD Loy hvdr ocogrg%/ orei,ﬁo%rlether

preferably a err] dr ocar brefera
reactant is ¥oue girRferadliethe hel:,itdeppefa@r aHW;l el?ché?hy\tosétlﬁm‘fer%h]@t nsthyédt her

or dipropyl gblfde, AcHyi1XiddReObr &lrBeysS BBYaE NRYtuR BaMtjaebéaihlY
preferred reactant is dinmethyl ether. A m xture of ester, halide and ether

reactants maybifefsBEY DEoPEPY-hatheoRENs FeRCtaRt| 8 R AEPCEPRE PHhEY be
used. préﬂeﬂabﬂ%y%.ICQO-H)dsahYdﬁaucafmeéﬁlé}f thefpraaent tiengedd on t he
hydrocarbyl % étant is a dialkyl ether, most preferably dimethyl ether, diethyl
ether or dipropyl ether. A mixture of ethers may be used. B
30 particularly preferred reactant is dimethyl ether. A mixture of
ester, halide and ether reactants may be used. More than one ester,
halide and/or ether may be used.
In the carbonylation process of the present invention the
hydrocarbyl halide promoter preferably has the same hydrocarbyl group

35 as the reactant and is most preferably an alkyl halide. The
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pr onot er preferably has the sanme hydrocarbyl group as the reactant and is
nost . preferably an al kyl halide. The 6

6 hydr ocar byl halide may be an iodide or brom de and is preferably an
i odi de. Most preferably the pronoter is an al kyl iodide, nost preferably
met hyl iodidg d%rbyﬁrh%?éé))ﬁhyr@ hﬂelddidé”o‘%f ﬁ£cﬁ“ﬁh¥ JJ&els %ﬁ-@?e@a%l hg,

hydrocar byl haI | de used to % are the catal yst concentration of
carboxylic adPRidfhyMRstdBreSPraRlY [the RHEUPERrc1F AP &b’l‘éﬁoé??jid(?m PStpr ef erabl y
in the range pRéfdkably tmetOPh Qpav@.ghthe MPaLLRAEBYEMADIde 18 ddegeralgecid 5 toO

50% by wei ght e .used.in the process _of the present

i nvention may2B2 a@s%‘ég?ﬁygf?‘i?ngﬂfé' gfd‘?ré’ﬁe%(}ﬁt BYePa ?ﬁeﬁ e PHRIPE es such as
carbon di 8xi de, nmFhharmmcenttatdgewf coifHogyljissesidimdhfdmde|in oh€lganid
paraffinic hy b 0 p t Og pr. t he
Car bon Monoxi et o ColeelUieo B deap iy D S e s S P8 2L TAl Y
performed at mar?(ﬁrﬁlfe’ﬁﬂbégsm &he range fr&ﬁg@*oPylweP@hSOO bar g, preferabl y 10

to 80 barge. ca¥bén REASAYIE Wed DE tHheCHAIess DR PRebsntS ihdahRiyn
per.f ormed at

enperatyre in the range of 50,to0 250 [err]C but the upper
perat gt cBErs BFRRIIBLHOFER Y BTG CPRER ol Ma BIP-LGLS SPHE %ot al yot
Preferabllg, tcaebdredpexialteurmetinane N nii hsogedn geobdé dd¥estand20P[ter ¢} C, nost
Drel erabl Y | ek Feb 095 0hedob 0 A0RLSLRIRy ne predli a1 P4555: Bbc bl
preferably aghg whpnmesi% ocess: The invention will now be

i llustrated by exaiplg-8Ly otzytﬁ@fpﬁ»esé}&e i.a&éntth@n f;ql Lﬁwaagy PEPES @B LS 2
Preparation of Preforned Catalyst fromReillex Resin Rei | | ex

Resin 425 pol*hdt BREESHS &y ShA LAP96vEFoaPod boFer rP]rEfefr(?Plﬁ81°hB‘Elres° B#%P-st or ed
in a desiisat or f oOrrhesgrocess of i:l&e o2 gserte Anvdnt o tiar fiikadl @eptd)mear at @
contacting vmth r hodi um r sl rr i.n_di chl or opet hane at room
tenperature w SeERCE a(r%ue&clélségoftp d?ggcié‘\’rl\%%f’ dah g&hguc?‘Per “fret Tg i odi de '
bef or e r enov&lempdrathee dgperdn uamj tdeyihegmah sgabildty| ¢f Ekarqﬂtei;YSE ‘to 5 and

Experi ment APtrBPeJ%%hilnﬁJheS{:%QELtdﬁ%slé qadesk Whhde nBOdBbGR] @t erni sed in

situ. In Exanples and 7 the mer sup‘?ort was quat er ni sed in situ
bef ore bei ng Plrﬁé‘?}%’&lw ’t‘htPﬁdﬂ‘i“E?n OsEP 490
20 The process of the present invention may be performed as a

batch or continuous process, preferably a continuous process.
The invention will now be illustrated by example only by

reference to the following experiments.

25 Preparation of Preformed Catalyst from Reillex Resin 425

Reillex Resin 425 polymer was dried in an oven at 100°C for 18
hours and stored in a desicator for use.

If required in quaternised form prior to contacting with
rhodium, the polymer was stirred in dichloromethane at room

30 temperature with an excess of hydrocarbyl halide such as methyl

iodide before removal of the solvent and drying in_vacuo. In
Examples .1 to 5 and Experiment A the polymer support was loaded with
rhodium and quaternised in_situ. - In Examples 6 and 7 the polymér
support was quaternised in situ before before being loaded with

35 rhodium also in situ.

I
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7 Bat ch Carbonyl ati on Experinents A 300m Hastell oy
(Trade Mark) B2 autoclave fitted with a 7 stirrer was used for batch
carbonyl ati on experinments. A gas supply " to the autoclave was provided
froma gas reservoir vessel, feed gas- 5 being provided to maintain the

aut ocl ave at B;xccq,oggb@g&iﬂ[igﬁsw 8rimentsdUri NG the carbonylation reaction and
the rate of ‘gas uptake berl ng alcul ated with an accuracy believed to
be 10% from t he rAt3¥V08L Hamcekloy (TradgeMakdsByrate@lave| fittRd AR f eservoir.

Exanple 1 1fcirrer waslifed¥bd Ual¥R M@BoiNAL 88 epdmbaR( CO) Ry Blggiy[ err]]
(0.4g) disso]ve -in acetic acid (28. Zgé, Relll ex Resin 425 (22.99),
acetic anhydF? d@® Ul UPRBECH W ETHh A 879 FERHTPHF 0TFES_bn dPeF S78
(7.59), nethyéingCcptatiged to mapgaiathe( dkdbolaveaad avbhytantoprak@upe onot er
(38.99). uri ol RE. |.ave £ ushed M dr dp Py essurised
with 3 15 b‘%trgngfuhygrgo%g1 Qgtn nlr%\%r%é Jé)f §‘gar oﬁg%b%x‘%%gsgﬁ%e; ggt cl ave
cont ents wer eakcydaterh yithl anpagruraspdedienad b beSEPe frprC bt Patet pE Mhigh

The pressuregid pgh-B8s3dt 88h1aYe MRSgdd1eRsbigased to reaction pressure
wi t h carbon nonoxi de. As the carbonylation reaction proceeded, car bon

nonoxi de wasEX¥PLEel t he aut ocl ave fromthe gas reservoir to 20 maintain the
aut ocl aveo pr essur ehatautbclawrewasl BRargeticwith ¢atH00),C1},) NONGY) @essdiiveke from

the gas 1 eseLyqll YOS AFANEL CHEIN A2 SREOMLS (22 0g) ANkl SRS A0S
cal cul ated the Tate of carbonvi‘atron, expressed 'as ! rmlies of “carbon
nonoxi de per tkinaggezim ehbshanbidldyeandiydrops Comtitddind7-59) ,caetdivgsagetpee hour

(ol / !<9/ hr). rJJ'b‘i‘:aB@a(t%tzi. 84h \Yda x&a%&i nbgdad %o&o’i@rzﬁsdﬁaw es. Wen the
reacti.on had ceased the contents of the autocl ave were cooled to room

tenperature and tRee gasedlayenvasd flyshedt with hydrogae RaReessTFEedetitdd3gases
wer e analy/sepaands WesaRobénRdat D baBilaF Barbon monoxide. The autoclave

contents were. then heated to a temperature of 185°C with. stirring.
The pressure in the autoclave was then increased to reaction pressure
with carbon monoxide. &s the carbonylation reaction proceeded,
carbon monoxide was fed to the autoclave from the gas reservoir to
20 maintain the autoclave pressure at 70 barg. The rate of carbon
monoxide uptake from the gas reservoir was measured every 12 seconds
and from this was calculated the rate of carbonylation, expressed as
moles of carbon monoxide per kilogram of autoclave charge (including
caﬁalyst) per hour (mol/kg/hr). The reaction was continued for 150
25 minutes.- When the reaction had ceased the contents of the autoclave
were cooled to room temperature and the gases vented from the
autoclave. The vented gases were analysed and were found to contain
0.1 and. 0.5% v/v of carbon dioxide and methane by-products
respectively. The contents were allowed to settle and a fraction of
30 the solution was removed, centrifuged and the resulting clear
solution Enalysed for carboxylic acid anhydride concentration by gas
chromotoé;aphy.and for rhodium concentration by atomic absorption
spectroscopy. ' .
The methfl acetate concentration in the autoclave was
35 calculated from the carbon monoxide uptake as the reaction
- e
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0.1 and 0.5% v/v of carbon dioxide and net hane by-products

respectively. The contents were allowed t® settle and a fraction of 30 the
sol ution was renoved, centrifuged and the resulting clear sol ution
anal ysed for carboxylic acid anhydride concentration by gas

chronot ogr apPyoadsdLr gl ltHénnEeQHff Qb fddeOBodBenBl ATLh WSELRLea to

spect r oscopy. He nethyl acetate concentration in the autoclave
was 35 cal cuPatz®§ Py d?‘?ll?h"e' &he B‘@ﬁen‘ifné'??ﬂ%mﬂp‘faéﬁé A CRFROT BARAXLER

8 pr ogpefieedas W’J&ﬂn&:ﬂ]ﬁgﬂ&t hyetaaaﬁm:abe EB6R Mohdk idANwiEsS coRduniebat ed

to  be 25%hb rat act| d on_carbon . .nono e
upt ake was 4:% ?(’3: F’n‘ 6 ’rﬁ?re&F’ 3r‘i?8£ ’rf%‘ﬁSg sd’g“t\:/\bci”ean §uﬁ‘é‘§ of
t he react$ onthﬂmbysit@nofsltolwed obatr i egethipedl LARGOW/vabft dreténchnbidSide t he

experi ment Srgroﬁq‘é%‘?’% h gggfzqeghr%@q‘{g‘v{zwpé& acetic anhydride and

only trace a le 2 Example 1
was repeat edExanmig 3. 79¢g of [{Rh(CO)[err]Cl}[err]] The anount of

acetic acid char gedadflet DaradUtQaBNE ayaﬁgaxinset&d[mmbﬁztclw;. t hge t Ot Al
mass of charge remained ¢ ons&ant at 1509 The reaction ‘was conti nued

for 160 m nufB¥"ETRE 3°REES GF1F SRREPTH tﬂ/a‘éhezabt‘?f’&laf‘%d'/aﬁradd’t““ed S0 8 hy

wei ght meo hykhaoetal enaseneighanie eémained constant IhllssoExamnbere;d&em what at

| east under th muggtfl gn Qadku & 5 'Wﬁ ra i_ter'erolyeeé rhoh ,/kﬁ/,?eggease

in rate of r&action is observe anount i'um’ o
support is iR@g%¥ Mse@%omﬁbéu%cetate@m%meﬁim (as rret al) by weight of

the catal yst (Exaffﬂkﬁ Ekhmb12 showeahﬂéﬂ ae- ﬁeésEh&}CHewmt&' r8&4tdBh Qnalfons

catal yst (Exanp Exa | e nple 1 :was repeat ed at a
constant pr e§§€|1r°é’98f”ﬂ@"ﬂ?aﬁlﬁ r?ddﬁcrefﬁe e npes é’Fu’F’@%P’lSS[WK? or 2
hour s 36 151 NWhes .the TduhbicE @hodiRACon @he suppdPtS i3. ﬂr[ﬁi'békéﬂ BEontabd®d®o by

wei ght nethyl cetate concen tio bon oxi de were
consuned in Che riie’a%:’f E f) o?lgg@ °f f&° °§§39 St e %thqhg end of

t he experi neabogh@wetl rthhaiunt heyweight cunthe weeianrem em@mﬁleg%)v/-v of carbon
di oxi de and geihane;by-products

Example 1 was repeated at a constant pressure of 40 barg, and a
20 temperature of 185°C for 2 hours 36 minutes. The rate of reaction
was 3.1 mol/kg/hr at 25% by weight methyl acetate concentration. 466
mmol of carbon monoxide were consumed in the reaction. BAnalysis of
the gases vented at the end of the experiment showed that they
contained 0.1 and 0.9% v/v of carbon dioxide and methane by-products
25 respectively. BAnalysis of the centrifuged solution at the end of the
experiment showed it to contain 54% w/w of acetic anhydride.
Example 4
Example 3 was repeated using 0.098g of [(Rh(CO)5Cl)5]1. The
reaction was continued for 150 minutes. The rate of reaction was 2.4
30 mol/kg/hr at 25% by weight methyl acetate concentration. Analysis of
the gases vented at the end of the experiment showed that they
contained 0.2 and 0.8% v/v of carbon dioxide and methane by-products
respectively. Analysis of the centrifuged solution at the end of the
experiment (150 minutes) showed it to contain 44% w/w of acetic

35 anhydride. —_—
This Sheet Has Been R

LT



n

25 respectively. Analysis of the centrifuged solution at the end of the

experinment showed it to contain 54% w w of acetic anhydri de. Exanpl e
4 . Exanpl e 3 was repeated using 0.098g of [(Rh(CO[err]Cl)[err]).
The reaction was continued for 150 m nutes. -The rate of reaction was
2.4 30 nol gkpdhe @t 25% by wei ght nethyl acetate concentration. Analysis
of the gases vented at the end of the experinent showed that they

contai ned 0.2 and®¥89¢v} V'agf *@erbeh 28i v cnttagtdtaAlnBrReSHYe fodtidiage-
respectivel yrhé\rakty sifs redctiibe w7 moyeh/aelat 269 Wl hérmyenabenhtd he

experi ment (AGRaMLAKER) SRRIFELS be 'ReoQuldl Purkll Y Wh8Togo6E 1 35
Exanpl e 15 wasxpeapuented 158 mingtast amwedothat phess contaiped 2B 2bandyl-The/rate of

roacti on uased chcoh iBkiie Gha AAUMSNLFELILCAP ShaReSAIGEN! Tt | ON.

Anal ysis of the gases vented at the end of the experinent (150 m nutes)
showed that E¥RSplechtained 0.2 and 1.1%v/v of carbon di oxi de and net hane

by- products respeghis/@kimpleE¥RdWel €hdt the rhodiuind ceX AL HAGYEs tbathe he
rhodi um can be. i ntroduced to the Rglbyrrer SLthEOFt nc ei t. has been

quat er ni sed BY'YTEE: THRFF o FERCTT B8RS PERBTATGT R 5°H RhESHr SR £°3F 18t hy |
i odi de. The aetperhtwee Jyasthehprepedosidthméldiylll bodiRes| IThd 281tp2Pav®) yascet i

acid (16.29) i n fi jeNt &) Ry, S tj.akl dr, s
condi t] ons (‘7’%‘;5‘3%59 by s B BT B 307 0N S R
pronot er (3g8askpdride to myiptajpiyepeantinkly pphxdreds HorRLHPAR ot f9and

pressurised Wbény13abifage OfeabY&it0q8S. A)darda RAERY10F odiicDHFoMIBREO 38 89g) (e
aut ocl ave contents were then heatid to a teHP rature of 185[err] i

. § Cwth
stirring. Carbon ABRGGCAEMES IhEFBERFLE o 950tV BRARFURLI Wiiolal
pressureldf bBardafghyasgereankiel bang dhearionRadricDifer r fhd Jdueselavehodi um
compound (0. 1900).. 0 550! Yedh [aA80LL & BEbLALSOI)E MRSCIkBCLEG A0 the
autocl ave using an over pressure of- carbdn nonoxide. “As The carbonyl ati on
reacti on pro€eekfedronaxife vasphrprioducadato fidhe sgracheaveayrbtl gaveetalom t he gas

reservoir toppRidit-ai ok lBepAlt 94d FUBHULaSI LRedt[ (RR(BBLEL) NNERdALR Of carbon
nonoxi de uptake fromthe gas reservojr was neasured as in Ifg%r%lgﬁ 1. The
t

reaction was “FREPAuEY P8 PEBEHIATLES 2°9HE ARthyi? D8t % ¥Y%Pi on
was cal ced at ebe amtbeldveatifling dn oae rpreBeurebhydardce tmhexencery theéi on was
calculated to Re 25%H %i#hé e dake ofnLeqchlomhased gn capbon

4%%1 hot kg? . ! thyr

nonoxi de upt af<le S en the ne acetate concentration
was cal cul at edtedape fxog the aes gieservdie tameinfaincths mprrdlagedrreaswx® bon

nonoxi de upt ajéemlvﬁﬁrg}-.- 4Tﬂplx.jalﬁg/chir carbon monoxide uptake from the gas

reservoir was measured as in Example 1. The reaction was continued
25 for 150 minutes. The methyl acetate concentration was calculated as.

in Example 1. When the methyl acetate concentration was calculated

to be 25% by weight, the rate of reaction based on carbon monoxide

uptake was 4.5 mol/Kg/hr. When the methyl acetate concentration was

calculated to be 10% by weight, the rate of reaction based on carbon
30 monoxide uptake was 1.4 mol/kg/hr.

The contents. of the autoclave were then cooled to room
temperature and allowed to settle. The gases were vented from the
autoclave and were found to contain 0.3 and 0.6% v/v of carbon.
dioxide and methane by-products respectively. The reaction

35 compostion was allowed to settle and a fraction of the liquid portion

This Sheet Has Been Reilili:ed

A




rd e B

The contents of the autoclave were then cooled to roomtenperature and
allowed to settle. The gases were ventedlPromthe autoclave and were found
to contain 0.3 and 0.6% v/v of carbon di oxi de and net hane by- products
respectively. The reaction conposition was allowed to settle and a fraction

of the Ii qUidf[MthféHbtlon composition was centrifuged and analysed for 10

of the reactio tion s centrifu and anal or
car boxylic aS?’ﬂ”ﬁHg‘gdﬁ aé‘ﬁ?i “{)Jf’ﬁ% CEHEL KPP Bﬁtlon‘
Anal ysis of the cheatysdens mheg:eldeascﬂemtrmgaﬂ goletiamdabpfthehend of the

experiment spp {;\stshb&%dzgﬂaéli@egoré:%{ﬁm ‘é’zﬁ%ﬁ% Ebyﬂ{h 9§1de5°/%¥"/u>9"w

met hyl acetate sed gas chromat ogr aphy race amount s
of rhodi un (aﬁ‘firYéXP‘PﬁaéPy(@abmchbﬁst ehlmétwem Gﬁdlqnﬁ’flttrace of the AA

anal ysi s);  amounts of rhB&LEA(AIPLSkidAR1Y OFf PYETALsDeEARILOEE fohe) drisqui d
portion of t he reactlon conposition. Approximtely 2g of the

recover ed caf’ﬁl*}”ﬁ“fﬁ‘a Y& -pl aced on an evaporating dish and the resin
was air dried in @&he catawdt! wa®ndecbadred ﬁwmcmtpb@amk aiquiaopnrteapertat.ur e.

Dried resin pirate r 2 nd. fum.n
nitric acia (e el i cGRREEIR RO ATE M el GBI, 1
met al bl d¢k. were plF¢rd epmregvaprwhtitg djgh @udtmyerweﬂnewmatieddxti@d in a

150- 180[ err] Geﬁmew{mareed fume &igbbhfa aelfbo(nceem&rztdﬁel mgedddadnto the
heat ed sol uti on at hour intervals. The reaction was conti nued for

16 hours bef &P elq)he°°n°en‘¥%‘?f’e?ﬂ1§hbfl°t RELD PR ) ARS fRBIRE @4BF s aFH Hdom
t enper at ure abng were ciﬁﬂ@eq'&_%da Ry rak aiive wizar s @naﬁaecﬁ ra0 REEHLY bYSLIG N

ghg\é}oe?ht)giahmt“ge cogben s o?l St Cont g%(]eegre%eg:}l?aggﬂ lgohgggJémar(cﬁr%ErI;lPr%(g} mat el y

15 nltrlc acid (ca. .2 ml) was added to the heated solution at hourly
intervals. The reaction was continued for 16 hours before the
contents of the pyrex tube were cooled to room temperature and
analysed by atomic absofption spectroscopy which showed that the
catalyst contained 1930 ppm of rhodium (approximately 0.2% rhodium by

20 weight).

Example 7

Example 6 was repeated using 0.05g of |[{Rh(CO}5Cl}5]. The
amount of acetic acid charged to the autoclave was adjusted so that
the total mass of charge remained constant at 150g. The reaction was

25 continued for 141 minutes. The rate of reaction was 3.0 mol/kg/hr at
25% by weight methyl acetate concentration. The gases vented from
the autoclave were found to contain 0.1 and 0.2% v/v of carbon
dioxide and methane by-products respectively. Analysis of the clear
centrifuged.solution at the end of the experiment showed that it

30 contained 42.0% w/w acetic anhydride and 6.4% w/w methyl acetate.

This Example shows that, at least under the reaction conditions
employed in Examples 6 and 7, an increase in rate of reaction is
observed when the amount of rhodium on the support is increased from
about 0.05% rhodium (as metal) by weight of the catalyst (Example 7)

35 to about 0.2% rhodium by weight of the catalyst (Example 6).
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Exanpl e 6 was repeated using 0.05g of [{Rh(CCO[err]d}[err]]. The
anount of acetic acid charged to the autdtlave was adjusted so that

the total nass of charge remai ned constant at 150g. The reaction was 25
continued for 141 mnutes. The rate of reaction was 3.0 nol/kg/hr at

25% by wei ghiiqrepBydsuvieet or@-£N QAR R ARk imdft& gases vented from t he
autocl ave were fqund to contain 0.1 and 0.2% v/v of carbon di oxi de and
nmet hane by-p respectively. Analysis of the clear centrifuged
solution at the embe cffondsxanexp@reh:masﬁt showedidhetl td sh3Q theonthedibed 42. 0%
W w acetic aQEW n%dl?oqudtoes tﬁﬁ oﬁcgvga.aitn a carbonylat:.on }Q!aét %%Sarrpl €
shows that, east under t actlo condi ti npl oyed 1 n Exanpl es

6 and 7, ain Pn%ereasésqaﬁt+%h1§ mhyﬂém icopdijtdons wé‘a%eaav’e%MErPWérmunt of

r hodi um on tb@t SHePPHdr LS ﬁ}@Cf&%&QQH fJOQFésitlon about 0.05% r hodi um (as
metal) by weight of the catal % to about O. 2%rhod| um by
wei ght of the cat é| %lm (%ﬁb f:év 8 h:.gh pressure infra-red fitted wit

11 HegheihesBiti-edd Rith@owsedag itk RjedEwpen Icﬁeﬂy&t compnﬂf@nphcﬁaiﬁm '
The foll ow ng_ex per f.or d sho remai ns
bound to the gp%‘f&% uﬁﬁ%ﬁt xdrueﬁiﬁg‘{%’ éar |onatrag :{’3% be under

subst ant it@&l | yemﬂtéql diremco rrdrberonistian rha@apbmwheecmnhu}'dml E:eample 1, but no

wat er - in thetw&%k%&omhtimae promoter (2. 753,5%&hyflaa%g@u@see§.2tamgh
pressure i nfra red fitted wt calcium il uoride w ndows was c har ged

with catal ystectigr i 95%4° rar?dﬂl‘iﬂﬁ"e“t (5-32Hp 8Pt cFebir RahYImdLer Esiffgu2s
(3.81g) Wwhi chheateal yiads Imebtbaeﬂthlﬂydﬁogeﬂ\ee;aeﬁlré‘s&ems@dced hopy:taa i om
reaction as gg cri bed i et her i.odi de

t
promoter (2. 754 ety h%“cgf’aéoe ay: "‘ilétﬁtcarggn m°(‘8xj¥§ 4%(;2%/?(; daci d

sol vent (5%. 529!)pq1=nuuafce-t1|tiwanhyljmadehqaZechg) 185°C with stlrring and the
pressure adjusted to 70 bara. Carbon monoxide was added on demand to
maintain the cell at 70 bara. The reaction was allowed to proceed
for 90 minutes. Infra-red spectra of the liquid composition were
taken throughout the course of the reaction. These indicated that
20 there were no rhodium carbonyl species in the liquid composition
indicating that the rhodium species remained predominantly bound in '
the polymer support during the reaction. )
At the end of 90 minutes the cell was cooled to ambient
temperature and the contents allowed to settle.
25 Analysis of the liquid reaction composition at the end of the
_experiment showed it to contain 5.39g (24.5% by weight) of acetic
anhydride.
Experiment A
The following experiment was performed to show that rhodium is
30 present in the reaction composition ih the presence of water in an
agqueous carbonylation process. The high pressure infra-red cell was
charged with catalyst comprising Reillex resin 425 (2.53g) previously
quarternised with methylliodide and loaded with [Rh(CO),Cl]l5 (0.1g Rh
on 8.68g resin) which catalyst had been recovered from a methanol

35 carbonylation reaction in the presence of a finite amount of water.

i
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The cell was flushed with hydrogen and pressurised to 1 bara with

hydrogen and then to 20 bara with carbonlfonoxide. The liquid 15
conposition in the cell was heated to 185[err]C with stirring and the
pressure adjusted to 70 bara. Carbon nonoxi de was added on denmand to

mai nt ai n theTHfHelﬁtvg@Oaﬁﬂf @harde &ﬂﬁphémév\@&nabl @\edg | omafmeedetate for
90 m nutes a-red spect lLquid.c Sjti ken

t hr oughout tl‘lg z{8uf s ég?)ea?é’%l?)cﬁtlﬁ'h%ég f%g%)at eag? ﬁﬁi?éﬁ‘s ‘f*heé‘re wer e
no rhodi um c &yl w:sq@eendasaress\trheec_l itgu2@l bavapdsht¢axhon monoxidedi CBie ng t hat
the rhodi um $pecli6y JGMBLARIES GUON RABtAn BRUM-L Tbe 30 bashNEnPg! YN

support during the reac nd m nutes the cell
was cool edl t &SmRfEREMe ©of 180PEnfnxr AthAvesandrphesicont é’-ﬁ?sllél“}‘@)vﬁct:’c?"set tle.
25 Anﬁbrhgsag&tmn bbecre ghd dagr ag&hkging‘g/ﬂ@g%b&é@ataéo ]E::Bﬁ!taﬁ.lﬂdlﬂfllt he
experiment showed it to _cont . 399 0 by of acetic

anhydri de. of a""l‘é’%b‘érai"r"h‘infsq1 91) ¥ W;w‘ nfrprEed GPPY '\"/ﬁg‘n Wehe?? tBht as
perfor nmed t ohsditowohdratt ratushi umarﬂcegxzprﬁsealuumnt h@ormqt.l OrhecONpPOSi ti on
in the presen ter u l,ati o The hi gh
pressure inf rgtncreg1 rX‘@o °£ q"hils sPecﬁesa% %Pm%f’h cat %?{ t%? %ocl)’r’fprl"gfleﬁé Rei | | ex
resin 42%0( ZrM}Oprmléu@WconceanmerW SbCHiEH mt:thl}d epgdifdéheand | oaded
with [R1(CO) LesdeliGh]ldL id-Fc0p on 8.68g resin) which catal yst had
been recovered from a net hano 35 carbonyl ation reaction in the presence
of afinite armun{.l‘ b? %Tcg:r an experiment according to the present invention -

12 Theeesisk warals@rebaitges thet Pedttt by lcompsliidi@od Th¥Bghouteinay |

acetate (:ur e)) Mdater {fmé%g) and acetic acid (8.00g). The cell was
t hen flushed w fh anof‘p ressuri sed to 20 bara wth—earbon nonoxi de. The

reactionlfvas perforned at a constant pressTieshed uals and a 5
tenperature of 180[err]C for 2 hours. Analy d reaction
conposition at the end of the experinent sh Wﬂrmmmgwwﬂ:' n 14.11 g

of acetic acid (54.71) %ww. Infra-red spe initial hi gh
concentration of Rh(CO[err]l[err] in solution (400 ppm. The

20
25
30

35
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concentration of this species declined through the course of the 10
reaction until the concentration of R1(CO[err]I[err] at the end of the

reacti on was 10-20 ppm This is not an experlnent according to
the present invention because water is present in the reaction
conposition throughout the course of the experinment. Xlse 8231(2)20
25 30 35 13

-

(e

Claims _
1. A process for the production of a carboxylic acid anhydride
which process comprises contacting a reaction composition comprising
a carboxylic acid ester, a hydrocarbyl halide and/or a hydrocarbyl

5 ether reactant and a hydrocarbyl halide promoter with carbon monoxide
in the presence of a catalyst comprising an insoluble polymer support
having pendant quaternised N-base or alkylated N-oxide pyridine
groups supporting a rhodium species in which process there is
maintained throughout the process a finite concentration of

10 carboxylic acid anhydride in the reaction composition.
2. A process as claimed in claim 1 in which the reaction.
composition is a liquid.
3. A process as claimed in claim 1 or claim 2 in which the rhodium
species on the polymer support is present at 500 ppm to less than

15 about 4% rhodium (as metal) by weight of the catalyst.
4. A process as claimed in any one of the preceding claims in
which the insoluble polymer support is a porous cross—linked 4- or 2-
vinyl pyridine copolymer in the quaternised base or alkylated N-oxide
form which is respectively quaternised or alkylated with an alkyl

20 halide.
5. A process as claimed in claim ¢4 in which the insoluble polymer
support is a porous cross~linked copolymer of 4- or 2- vinyl pyridine
and divinyl benzene quaternised with an alkyl halide.
6. A process as claimed in claim 5 in which the polymer is

25 quaternised with methyl iodide.

This Sheet Has Been Re, epla

L Il i

13



)

Clainms: 1. A process for the productiaa of a carboxylic acid anhydri.de
whi ch process conprises contacting a reaction conposition conprising a
carboxylic acid ester, a hydrocarbyl halide and/or a hydrocarbyl ether
reactant and a hydrocarbyl halide pronmoter with carbon nonoxide in the
presence of a.cat alyﬁ:tceegraer E]Sahlﬁ@da{h iaa§QJnubJ>ﬁ the| pHEeEd gD P iimshayi NQ

pendant quatgrnis or aI OX|de i di he groups su portlng
a rhodi um sp&¥& esgllqen cV\AFI p‘r:oaé:c arﬁ'ﬁgfe %3 rﬂ‘;ﬁlﬁ'?g{nr? dt hrourgeﬁ‘Suf

process a coqwmusnatqront@f coprdnyxgtian auitheardnger ¢ de ten7dshey me&qlm.on
conposi tion gf atal 8a3ke0 L%V imi8! S bny ?one of SQV%%&&H%%PAL%W in claim
1 in which the reactlon conposition is a rocess as

clai med i+ craidh thecagpevhio aqidnpsten f??étﬁh‘bd-ﬁu'ﬁ?@péc#%a% the pol ymer
support is pgesenh @tocéQQ ﬂa,pntﬁéapkmtharbﬂ%erthedaxmwfm WRicl prdneswei ght
of the catal¥st.,4. %ﬁpcess as_cl ai ned % any one of the preceding

clai ms in whPFRPPER'S LT IEPE HSLFREC S EPFErttio8 °"}5’6F%’d§9 or ?‘f%ﬂ?&ﬁ 4-
or 2- Vvinyl pyadtanheancdopeiiynieiodidet freonqted elith sedbdraseneridal ieylkaéed N- oxi de
formwhich i e rn] r..a de.

5. A pr ocBERE e Kol ey RoBbRH g n LI LES ol el Btk niBhh
support 1% appraglisTwatesaidednitertseopolapheiated Moxide pyriding| ggeppt di ne and

di vinyl benzgpg,daieanif&du ddecBs likYdnika! pdResd there &spxa@ma&&s
claimed in claim5 in which the onrrer is quaternised with neth i odi de.

7. A pr oc E/=Pughony &F‘ﬁe?chﬁs%r?ycﬁ’i‘ﬁ?nﬁfatt"l‘fé r @EeHicn g Et AR 9n Xv&hu"&’h t he
car boxyl i ¢ acosl sgnfiyidjhitden ithe NBdakt Bb @Bmpdtitbén.r eacti on conposition at a
gongent 1atl 000! N ANE-dB00% 0k hoka! & O0DY YELABL, acpic acta go oo & LN
S * 14 8 rocess as tiar ned i any Honeot AFhe preced’ ng clains in
whi ch t héS capbedugkd dyathel mtmlheéamn@uqbsomﬂwyhtacet!@/toe' mgthanol Aopr ocess
for the prodygdiRR-Pfondebidoeiadiydride which process conprises cont acting a
reaction conposition conprising nmethyl acetate reactant and methyl iodide
promoter with carbon monoxi de in the pre Euw ﬂ[uﬂ Hlﬂxm]st corrprl sing an

i nsol ubl e pol yner support having pendant se or al kyl ated
N-oxi de pyridine groups supporting a rhodi umspecies, i n whi ch process
there is maintai ned throughout the process a concentration of acetic
anhydri d@in the range of 0.1 to 70% by weight in the reaction conposition.
10. A process aS—GJ—aJ——HEEd—l—H—e'I’a'Hﬂ—g in which acetic acid is co-produced
by the controlled ‘rﬂ]téhOQﬁ%éeQPR égater and/ or methanol to the reaction
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