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PROCESS FOR PRODUCTI ON OFACETYLANHYDRI DESAND

OPTI ONALLYACETI C ACI D FROM METHANEANDCARBON DI OXI DE
WCROSSVMREFERENCE TO RELATED APPLI CATI ONS [ 000 1RCTHB2004/623681

a continuation-in-part of application 10/627,254 filed

July 24, 2003, of Alexis T. Bell et al., simlarly

entitled "Process For Production O Acetyl Anhydrides

And Optionally Acetic Acid From Methane And Carbon

Di oxi de". Application 10/627,254 is hereby

i ncorporated herein, in its entirety. BACKGROUND OF

THE | NVENTI ON [ 0002] This invention relates to the

PRUOEISSFOR PRODUETTON OFSA CIDTYIRANEEYDRIDES AND

acetic acid, and particularly to a process for the

ort _I'(JNAEIQY SCETHD 26CEDCER OND MIEEEHANEANR & ARBON

di oxi de. [0003] The primary process route used today

for production of aceti cDHOXNIDE by catal ytic reaction

of nmet hanol and carbon nonoxi de. Such a process,
~typically termed "carbonyl ation", is described in a

or 71 df U RY a”dﬁdﬁiaﬁééﬁﬁipﬁﬁéﬁﬁ@@ﬁ\ﬁé' adam

especi ally useful for conducting this reaction.

G -
[OOOﬁg ”.[g{]‘gt 1sgcl)i%ggﬁ@dtﬁaf1 1ﬁLpQﬁto? Ql%pu%at@y P@Y6@7r]9%4gﬁsi§ral$gle}1:24gzﬁb3 of Alexis

T. Bpm eicads s1rmtar1yreaadcd Hfrogefss fret Mdm:tlc(namﬂfxwtylaAm@@adps/énd

Optia u‘ée L FHG e AR B A58 ﬁaﬁ%&w [10/627,254 is
8? At F§ né oxrde 1n a

hererﬁfépr%Pat@@H@@Fﬁ' o 1%n‘tﬁ’él§' conpr i ses met hyl acet at e,
i odi de, acetic acid, water and a pol ydentate

phosph| ne oxide, in addition to the iridiumcatalyst.
[ 0004] Anot her process route that has been found

useful for the g @ﬁ(ﬁ? gplﬁpbpalq@]gmvggﬂowvol ves the
on of ethan

catal ytic oxidati Such processes are
[000(1] s dhismeentfonrrelates tathegrodustioh 8f agstyl enbwirdlegg@d gptionally of

t .al d 6,399, he,
B L e T
and&?fn@ﬁbﬁ%kuﬁom aining nmultiple netals is used. Karl m et
al . discloses catal ysts contai ning m)I ybdenum

o072 R A ) B PPE G55 i o
reacf:igllﬁ glﬁlﬁlg]@hﬂol\éﬁﬂ 2eibeAmdhoRide U Suctas ptdmytypfmﬁk &rmadd
“carbonylation”, is described in a number of patents and publications. Rhodium, palladium
or iridium-containing catalysts have been found especially useful for conducting this reaction.
A recent example of a patent on such a process is U.S. patent 6,472,558 of Key et al., which
describes a process for reaction of methanol (and/or a reactive derivative of methanol such as
methyl acetate or dimethyl ether) and carbon monoxide in a liquid reaction composition that

Comprises mefhyl acetate, methyl iodide, acetic acid, water and a polydentate phosphine

oxide, in addition to the iridium catalyst.

[0004] Another process route that has been found useful for the production of acetic acid
involves the catalytic oxidation of ethane. Such processes are disclosed, for instance, in U.S.
patents 6,383,977 of Karim et al. and 6,399,816 of Borchert et al. In the processes described
in both patents, a mixed oxide catalyst containing multiple metals is used. Karim et al.

discloses catalysts containing molybdenum, vanadium, niobium and palladium, while
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[ 0005] Methane is the | owest nol ecul ar wei ght, and
sinplest in structure, of the hydrocarbons. Because of
wo b@sont98t ence of | arge reserves of met hane woPCTWAZIE4/023681
it has been considered desirable for sone tine to
devel op processes to convert nethane to nore val uabl e
Borchprb st dadliscloges sonteiing molybgeranuand patladfung pétsi prefaciblly vanadium,
. fro ne epresent an ultimate use of nethane,
niob %‘%’%@%ﬂﬁr‘%ﬂ?@ﬁﬁ?@%ﬁ%l practice, the nethane first
nust. be converted to nethanol. A process that produces
[0005¢ et¥lethars ig thg losest moleewas ‘ﬁ%lghiamﬂp sipplest Bestivgiuge, of the
| rab . I : 4
oA eulOPR Tk AELbr IR0l MO IS R8s s v
consideredaietirablafbr domk titnd 103k 081618 ploycdsedtdt doanerdnetiihb &'@ore valuable
wi th carbon di oxide, A process_for production of

chemjeals. | lrogesses 19y PEaduption ofeasetls e ffam metbanclsemesent apeltimate use
of métﬁ%f'e, Bl ih'cﬁﬂeﬂ%ﬁﬁﬁer&%g%lﬁéﬁze?{he %&H%ﬂésﬁrstmﬁst %@ESH%eftted to

descri bes a process I nvolving gas phase reaction
methapelh dnerovess lhat prdsteenaatix idé daacilyofiromn andtlanedi@nd He mone
d .trle presence of a catalyst that preferably contains
esithleyel carbonate. Apparently a mixture of acetic acid,
acet al dehyde and possi bly acetone is obtained. No data
[0006)n i smhadlsangount ofiwerlshasrbsen sonsluptedisoéat onrthe Hirect patemsion of

0007] PCX. lication WD 96/ 3 of. . Hoechst. A G
mettgidt At 4 LGB SRRy W et Biher A BTt Eig 4 process
for peidayticitoftRetld KAIBS sBcke] fobictfnl Was diSIdNdd dn BRLIBRY British patent

contai ning one or nore Goup VIA VIIA and/or VIIIA

226,3fsrof|Lyreyfus| dbe patent descrites 2Qrasss ipuelsineses phessapactign of methane

- . i cati tain
it SREE VRV b SR 574 VSRR s ey
contdimvieicltd] gabenatpr Agpatnidna afixtacaifiacetiecici, Ayethidghydt 4t 36sibly
car banyl ati gn of methane wi th carbon npnoxi de, due to
acetonf &s UYiBFh HNe deRaniBelfhesoBgersions K confainadin dhis pajeat.
for instance, Bagno, et al. J. Og. Chem 1990, 55,
[0007)2 8BRCT 28Plicatibh W OX6/G163 oREbechat AIDAes@fds aGa8pkekb reaction of
meth%?e ?aﬁo@iﬂi%e% *o ﬁr@éﬁcg%?:%:ﬁcd%gcinzﬂs@g&qagi%n gc’)r%cgi%}rig o%%%r more
Group 3K, VAR andBketizA nfltald! SeldetivididdT90BI59, 188 0on h8Mhne are
473, 329-334; Kurioka, et al., Chem Lett. 1995, 244;
asserfed} hawagvgr thetapglicatiogtcatiains norex@uplaacdatsci ence and
Catal ysis 1998, 119, 349-353; Taniguchi, et al., Og.

[0008]et A.nukBRP of AebéhrchePDi{aveIPies fod#tioBlofabetic acid by liquid phase
Tetrahedron Lett. 1999, 40, 8867-8871; and Asadul | ah,
carbagylagipn of melene with, carhen papeidegdyete)the fapmbiahgrmodynamics of

this reaction. See, for instance, Bagno, et al. J. Org. Chem. 1990, 55, 4284-4289; .Lin, et al.,
Nature 1994, 368, 613-615, Chaepaikin, et al., J. Mol. Catal. A: Chem. 2001, 169, 89-98;
Nishiguchi, et al., Chem. Lett. 1992, 1141-1142; Nakata, et al. J. Organomet. Chem. 1994,
473, 329-334; Kurioka, et al., Chem. Lett. 1995, 244; Fujiwara, et al., Studies in Surface
Science and Catalysis 1998, 119, 349-353; Taniguchi, et al., Org. Lett. 1999, 1(4), 557-559;
Asadullah, et al., Tetrahedron Lett. 1999, 40, 8867-8871; and Asadullah, et al., Chem. Int.
Ed. 2000, 39(14), 2475-2478.

[0009] Kurioka et al. (1995, supra) also reported a liquid phase experiment in which
methane was reacted with carbon dioxide in the presence of palladium acetate, cupric acetate,

potassium persulfate and trifluoroacetic acid, reportedly producing acetic acid. The yield was



[ 0009] Kurioka et al. (1995, supra) also reported a
i quid phase experinent in which nethane was reacted
waowdos/oemebon di oxi de in the presence of pal | adPCiS2004/023681
acetate, cupric acetate, potassium persulfate and
trifluoroacetic acid, reportedly producing acetic
said ¢chaye beere1 §4080 (basesemihe paBadiomp s wotls S&a%scém:med apdh further

o BRI 50 55 SO B R LI s

That PebBaLRN W8strBY @Isyﬁéss)fﬂeﬁg&méﬁﬁnﬂ\éﬁch HeianB 4bd c48bh @idxide were
escribed a series of experiments in which nethane and

reactgd b pavsendecd ojletystsy paweBly vanadie-ganésieing eatetysts such as
sons LA Jarll) IO NN DRLOLIRE, SR AYER S pecoice

and inahk pigkenet af Hawdaineludanthura téfliovsacernicid ('UFA "3 a8d hiueous
presence of liquids_including pure trifluoroacetic

solutgggd)f @ Fﬁ;hygrogwangaggﬁ%fugg peid; gissogiunyhydroxide, as well as simply
in W:Et&d rﬂ&rﬂgg{ﬂegulé%%f: obtdldetid s?s@érﬂ thaf 9911@@%% HEPQ’STEFA’ the worst

ydr oxi as sinply I'n water
resultsewere tvathveater lbbai ned i n a syst em that contained only
TFA; the worst results were with water al one. [0010]

[0010RN Ugiﬁ%ﬁéhl &t ala 199@% hedi¥RQ Hﬁ?ﬁieza%gtlct 2ad whi ﬁroﬂﬁ@éd ty reaction

acid was produced reaction of nethane and car bon
of mefthang @d cathen dsovbé%dmembseqnem Wwyrkdtyhehers (@b yhs) ssdwed that this

showed S rect: in th ani uchi t
was S 86R 86tk Hihe TaEedRE S A ot dctis A beaRd Bt fegtprodiced
pnm@ﬂilefﬁﬁét' ettitelly BPEeabité 6ﬁh¥th@ﬁ(e drRIaCtA %t@éoﬂé@hﬂ@ﬂ@pr@@&tmn of one
concom tant production of one nol e of

moleraf fhpopormTGRda Bl aficetoRc dpmdeec T@lsmeafd@?e d'Fgy, however, is
an gy RS bor P IRIBNEF e 0. T REAGRY T fRRLALH

recothieftfth€ fhérof@ny BgesuRt to TRE féd rdeycdd errendey pr oduct to TFA

for recycle or reuse. [0011] Ni zova et al., Chem
[001%]2 atP gﬁ Ch]egﬁ TohRaL i r1§§54 g§rt9cf re@t?l?sccgf{rgﬁ oﬂg of methane
t hane w t'H carbon rmnox I'n agqueous o
with parbdnl a®naridt i aguebs syktemsato lmeiUSe aestitiaokd. t‘]ﬂﬁtautﬂmmhﬂﬁbn that
roduced aceti.c acid b action of nethane and
they o B PHGe Lot ecif PR drrtink AP GPEids g aqueons

systeff, 1@t}§%gés%ﬁéé@taaééﬁﬁﬁgﬁfe%vaﬂid§ Qfal)?azgnecﬁ%%ﬁ&lﬁ&géf@ t&lalyst.

catal yst. However, the yield on net
Howayssethe sﬂeﬂtb(uaaaﬁbommeﬂnam)u appears)w lend bpereqsterlew andtpnessures rather

o B e o PR T
Orgatoes. Chem. é@ﬁr 44&3‘8@@1@1@&1&%@@?@*& d pRtiRxidafibn of methane to

oxi dation of nethane to meth | uor oacetate, in
methvh@fbpmﬁ@f@, mfth@ prepénge 06 a“dbxomcam eridand a smalaimount of

yona dri but
o Bg5RRle i T b op R DR M Bpord oot ket
Angew. Chem. Int. Ed. 2003, 42, 821 described production of acetic acid from methane in a
single-pot reaction, with trifluoroacetic acid and various vanadium-containing catalysts,

notably amavadine, Ca[ V[ON(CH(CH3)COOQ),),], but in the absence of carbon dioxide.

[0012] It would be desirable to provide a process for production of acetic acid more
directly from methane, and particularly from a process that involves methane and carbon
dioxide rather than carbon monoxide since carbon dioxide is relatively cheap, and additional

oxygen is not needed. A process conducted under relatively mild conditions, adaptable to
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Angew. Chem Int. Ed. 2003, 42, 821 descri bed
production of acetic acid from nethane in a single-pot
wWo e@sioa; wWith trifluoroacetic acid and vari ORPGT/US2004/023681

vanadi um cont ai ni ng catal ysts, notably amavadi ne,

Ca[ V[ON(CH(CH 3)COO 2 ], but in the absence of carbon
industiiaixisd eath¢rGBdiP3 labbravary lcoridsitydasi with keod conyemsiimd end/or yields,

lﬁro%&s f.or Bfoduction of acetic acid nore directly
woulgbg %@Yﬂ%ﬁ%‘, ®and particularly froma process that

i nvol ves net hane and carbon di oxi de rather than carbon
[0013}p n Ay inwresied peoassy foo thediroshiction jof agesylanhydrides else apouldibel

. itional, o en is not .needed.. A.process conducted
desi b PR AROYRT o TR O BE BRI W% on
reactioi withis/afer Hberdfe afdicheld dndanothet ARPRPArORogdhoicOfid. YAlternatively
and with good conversions and/or yields, would be

an aggtyg ANRydaids icpmppend pap bgflesaribedis atasrpqung de whichghe hydroxy group
: j f . v ' b ;
o sl SRRV AREI Mo mRAES85 B S0 s i sy e
is onasxansle op anl dektyl\whhyedridep antypralty isgirodided byaéRting acetic anhydride
.. liherates acetic acid and anot her non- h){dr ohal ogenoi ¢
with geligic agiq @dhasiaempen Al uestir inglapgams arlioaae Argnhangd as a
cherR&1 @seiddhgd as a conpound in which the hydroxy group
of acetic acid has been replaced with the anion of a
non- hydr ohal ogenoi ¢ acid. Acetyl sulfate is one
exanpl e of an acetyl anhydride. It typically is

produced by reacting acetic anhydride with sulfuric
aci d and has BRI ARY S THI INVENEHIN as a

001§ 0S| Al AR5 ) G S oo

relates to a process for produci ng an acetyl anhydride

conpiitagting methane sad icad ondioxidedn an ankydrpetenyitormget in ghe

pes SO U B L PP PR AL ASSSHAS BRSNS w
anhy¢i denainggoundendGiptionallyadr dcits o pigpducad pradudt ephprisiad thy acetyl
n.acid, to produce a product conprising the acetyl
anhy, dride. [0015] In addition, the invention rel ates
to a process for producing a product conprising acetic
[0015]ci th ddd@mnpichaventiandelatas toomprocess ifoleproduqing s proguct comprising

.producin n acetyl. anhydride as .above and reactin .
acetif 1130 Ho5titeBang 0 oo P CARYIRE PIOCBOTE R et R Hdde as
abov@aReihetidd e pFHEaBL d Qs sRbaFi@Swhier. @ process for

produci ng a product conprising an acetate ester by

[OOI(Qﬁ af! a'tnrc])glegr Qsepegt(,: ﬁ{%hvgl?igx %I!at%s? s Ir)]rto%ésg Ifgrgpljgcrh?cqﬁjé: 5 p%dtugt

comprising an acetate ester by reacting the acetyl anhydride-containing product with an

alcohol. Alternatively, the acetyl anhydride could be hydrogenated to produce products
comprising ethanol, ethyl bisulfate, ethyl acetate, etc., depending on the non-acetyl

component of the anhydride.

[0017] Acetyl anhydrides produced as above may be novel compounds and thus form

another aspect of this invention.

[0018] In a further embodiment, the invention also comprises the step of recovering acetic
acid from the reaction product of the acetyl anhydride and water, or recovering the acetate

ester from the reaction product of the acetyl anhydride and alcohol.
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al cohol. Alternatively, the acetyl anhydride could be
hydr ogenat ed to produce products conprising ethanol,
weetdgloodesul fate, ethyl acetate, etc., dependi PQI/OR2005623681
non-acetyl conponent of the anhydride. [0017] Acetyl
anhydri des produced as above may be novel conpounds

and thus for BRAGt REBCREPEON OF THHE DPRAVENGSon. [0018]
[001%{;6%154%% 1 388icR RO R gyl i o AN L83l B SOUPE S ERihane,

Fecoveri ng acetic

carb@i diduice, wiflubhacaieicid ainkiyldelodestenihy@id; the@lcontacting the product
.. recovering the acetate ester fromthe reaction product
withgatethe acetyl anhydride and al cohol . BRI EF DESCRI PTI ON
OF THE DRAW NGS [0019] Figure 1 depicts 1H NWMR
[0026haFiggirs?2 dépiats pHMMER! amabisai afegréduce prodacdd bygeomedctiag enethane,

car.bon di ide, trifluoroacetic acid and .
carb i ipEidl AS Bunie SHI b hon fasacB BB e s P uCt
with water. [ OQZO] Figure 2 depicts 1H NWR anal ysis of
[0023] pFigoe3 depiodubddMByanatysisad tipnedusk obtained by apitecting methane,

di oxi de a fum ng sul furic acid,. then contacting the
canbf E o Py Bty sl peoed iftion SERAREL s 1H MR
anal ysi s of a product obtained by contacting nethane,

| ca(rj_bo_n di oxDE"éAHFﬁDQErﬁQPg[Pﬂ@NLQ i FPI%MENET%IRI?
10022 Rl B g B b tin 2 M e SR G b gL i geds gomprising

contdotihg pietithne iand caboR dRkide iA ah yalydeeuseRR oS Etdn the presence of
contacti ng nmethane and_carbon di oxide in an anhydrous
effeciyg pmgiie RE 2 fransitien petl exelustend areastion Peoaeist And ap acid

oty 0B S Ko P PR PR
anhypridedluce a product conprising the acetyl anhydri de.
[0023] The invention further conprises a process for

[0023) OFHE IRBnBorPRPBECLonGRERE b ?g@gss%leﬁljoguﬁﬁé gg%cﬁigﬁi; @énﬁ%{s‘fng acetic

__i'n two. steps, conprising: contacti ng
acid, pagfbahlydin dwb dteps,reompriaimigy dr ous envi ronnment in the
presence of effective anounts of a transition netal

cat gl ¥shtactith Reth@RC4ndAIILAIBLEE in M hh§ModS bfkironment in the
anhydri de conpound, and optionally an acid, to produce
presegcepbeffretive amprnts ohg trapsitieremylal egidlysirand @ reagtign promoter, and an

acid anhydride compound, and optionally an acid, to produce a product comprising an acetyl
anhydride; and

(b) contacting the reaction product of step (a) with water.
[0024] In a further embodiment, the invention also comprises the step of:
(c) recovering acetic acid from the product of step (b).

[0025] In another embodiment the invention comprises a process for the production of a

product comprising an acetate ester comprising:

(a) contacting methane and carbon dioxide in an anhydrous environment in the
presence of effective amounts of a transition metal catalyst and a reaction promoter and an
acid anhydride compound, and optionally an acid, to produce a product comprising an acetyl
anhydride; and
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(b) contacting the reaction product of step (a) with

water. [0024] In a further enbodi nent, the invention
wW@bk®s/oewepri ses the step of: (c) recovering aceCT/USH04/023681

fromthe product of step (b). [0025] In another

enbodi ment the invention conprises a process for the

pr ode)oeacimgdhe prognadd step @rpith s algotzn tapedacea poidect comprising
anacgaqgr itsi ng: (a) contacting methane and: carbon di oxi de

S ak dnhydr ous environnent in the presence of

effective ampunts of a transition netal catalyst and a
The produgtiodstep(Bhive e plsa semprseasetc aditydri de conmpound, and

optionally an acid, to produce a product conprising an
[0026F e}t irehtich alde corapudded b preesd dsndotéanpadditiohaldf: st ep

(a) with an al cohol to produce a product conprising an

ace . r )
G T R SN
conpri ses a pr.oce as_above, additionally: (c)
r ec SRPEY YT A°H 03@?@%‘[}1&&(@%%&%&@3 product of step
éb), and/ or recovering acetic acid fromthe product of
[002¢} efn thg)prodespofthis|invenbien pnetbassandfcatbonglioyideareicontacted, in the
hane _and carbon .di oxjide are contacted, i.n the. .
presqiEL 00 Bafort AERD Rl foh MeflirmBPLE 700 o 44 abfifirigy compound
and ¢PtieABIEin &0idl The RemdaeitRklydride coMpPEMITts udéTherein refers dgenerally
optionally an acid. The term "acid anhydri de conpound®

to a gesnpeyad thié rescts Wil watst ipareduselap aclgl. Meismsdinwdprbyn Sar use in the
prock SRS {5 1 AR LBE 100 Riining the roncion

envidonkent in@n,anAydraad stata oty ihdeonass ofibe g@pahe endihe carbon dioxide.
..maj n‘ir?' ning . the reaction environnment in an anhydrous
AcidZRlyrides SRRl 108 UEoHBE ProgeSSe el IHSHIEGTEOR e 4G5 fos 2K HBBIC,
sulfull LK §LE sulff! cﬁoﬂ&&XHﬂh&géceﬁU 'a&iﬁ%ﬁydfrﬁe HfuotdndtRhesulfonic acid
processes of this invention inc e, for exanple,
anhydudl¢, anhydridex bflethessullfonic adidssiicegs fludrdésulfonwacet anthyddde

ﬂuorgﬁg%]g#%sgggni%{aic:&;ﬁg&g t?r%%%ggslg gljgcagglca]pd ijlé@qgé: %troi.,%(?), NO,, N,Os,
P,0sf Sétg{ g&% sfqegg, AL OANRYHAE bl o &diﬁe@,fgﬁﬁlﬁ‘ gmggﬂdﬁgﬁ&ﬂonger

aci nhydri de, methanesul fonic acid anhydride,
chainn@rban@éic apide) rptibnotSeGBitabls Romse Metlde prawasseBa{IBis iBeendion,

acid anhydrides, such a nhydri des of .l.onger, chai.n .
nowdlh s BB oS Y ey it s o FRRSGL B it sgpetion
prom@tpcesses of this invention, however, as they contain

secondary net hyl ene groups that could interact with

[0025]he THRa&H @Haintaining the reaction environment in an anhydrous state" means that
the overall redction environment in the acetyl anhydride-formation step is maintained overall
in an anhydrous state. However, as discussed below, some water may be present in the

reaction zone for a relatively brief time.

[0029] The methane, carbon dioxide, and other materials preferably are contacted in the
presence of an acid that on the one hand acts as a solvent but that may also participate as a
reagent in the process. Suitable acids include organic acids such as trifluoroacetic,
fluorosulfonic, methanesulfonic, fluoromethanesulfonic, and trifluoromethanesulfonic acids,
and inorganic acids such as sqlfuric, sulfurous, nitric, nitrous, phosphoric, phosphorous,
superphosphoric, and boric acids, as well as selenium- and tellurium-containing analogs of

the sulfur-containing acids. Preferably the acid is the corresponding acid of the acid
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pronoter. [0028] The term "mai ntaining the reaction
envi ronnent in an anhydrous state" neans that the
wo@r@sab492T eacti on environnment in the acetyl PCT/US2004/023681
anhydri de-formation step is maintained overall in an
anhydrous state. However, as discussed bel ow, sone
anhyidgide porppqundeispd, esgriwhenthe peid pahydrids momm:}n(i srtrifiuoroacetic acid

anh})'gﬁhgm \égécélﬁg 1 o%ﬁldgl tﬁ% er ?g’% SL?) the}- é‘iﬁ ace 18 %glrgg%rgdc%?y the acid

anhydridé benpsagds edfigftrieddetieteidiabulOiid d&ﬁi oRéh ﬁh@ﬂ@hs@%&e
as a sol vent but that rmy al so participate as

proférally SIS fidicsd (PO His a0yl ddheaenskiganMyxtures
of ahEhiISABHE BoASouhlh b HORARSERY o chuprRSHA O

t hanesu uoronE anesul fonrc, and
1003b, fp e8] e i e o0 Teiyal s e sbfimaces RPetias OO acil anhydride
compRapheridm alRﬁﬂ’@Bhp‘i ' Fhout HPE ?h?éﬁ}%lp%onﬁ%lf?qr 151 to about 1:

acids, as well as selenium an um cont ai ni ng
2:2 mleﬂctlg@yo fThe hwoyut cffumethmtgncmﬂg r@gasjﬁom%eﬁtel(mbl a)ooutrﬁ) mmol

d r ndi ng a heacidn.dr'e
(ronf G 4o =08 G R S b e bl B bidamg. The
amourf of Earbbn @fo@ﬁfé%"ehé‘raﬁﬁ kg hysrabe8t 3 RELLRAGTH mBib] '(ﬁom about 0.5 to
conducted in the presence of trifluoroacetic acid, and.

aboujyh &rplidre, @@deﬁrﬂwh@ 6k cntorsgbe Higuid phese) f Ir geneiabxthiseeaction is

condh 154 B4 EripSreBite Rt B 5 10 vt 200, GRIGc iy o o

about h@o AT,iadd dch tihe oaﬁbmoubbdez to\dbolitd Ehoat, p@@ﬂeﬁbﬂnﬂ&ﬁ@bdﬁt 10 to
ounds or of acids may be used, if desired. [ 0030]
about %0 Qe ANe Prosess fan e cithariadatedior chrtinugue Brosatss butrie prsferably a

L T e e

barg.1 Thepatieljressuresf rﬂetha&&pe suitabBi iyt.thels faﬁgamSllfatg f 100e88g 2ad the

.generally ranges om apout .10 to about 50 mmol (from
partif] Ggspie of SRABRG IS Sy ihs G LParan dORbEans

enters the liquid phase). The anpunt of carbon di oxide
[003 Hen&haliguid phagesitiaHp nomposes tie dobd aiydtidé ompwind(fud@ptionally

[dnB, assumin o
the o3P dhe StiF by G FopipalRy s Hivep SR e dmionr seust et fom thout 1%
to ab6@NDO%E ETtheliq@dr&BaeH @I)lﬁf)@sﬂén fef(élmhﬁg %Httaly%g an@ r&Rauh gromoters
200 OC, preferably from about to about” 100 0OC
(i.e., ifa10 agid is peesent, thegmhydyisistis Qletscleabmai hqlad hompgnent in the process, not
about

inctaf g SEEBR e SRR EPoky af wh S sobRe PRI Biosho dds present i the

hquld)wacﬂlcﬁl Mxﬁfo@i’tﬁhhﬁ{ af a@Oiit ITHRIMS TP 0995 to aodt $PLAby weight,
ressure of the reaction is suitably in the range 5

prefeﬁﬁ&hgfrt)@ apoyt Yaiteabork &0 fnby waighpr Eheanié ceficenatinnengssis suitably
choseﬁlbﬂeb@lwlﬂg bR tHeWRid ﬁﬂ%%l@arélyaﬁﬁegcén?po]ugg u@@cf & thggl%cgﬁgs. The use

of a higher amount of acid may be desirable in order to improve solubility of a particular

catalyst and/or promoter in the liquid reaction composition. The acid should be used in as

dry a state as practicable.
[0032] Also present at this stage are a catalyst and a reaction promoter.

[0033] Catalysts suitable for use in this process are transition metal catalysts, particularly
compounds of vanadium, chromium, tantalum and niobium. Preferably the transition metal

catalyst is a vanadium-containing catalyst such as those known in the art to catalyze reactions
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partial pressure of carbon dioxide is suitably in the
range 2.5 barg to 100 barg. [0031] The |iquid phase
WO piosioadoky conprises the acid anhydri de conpouPdI/aszmo4/023681
optionally the acid. The acid anhydride conmpound is
present in an anmount constituting from about 1%to
betweah methah® @2d ofrbo diokidguiAlprearsd cefplysbippeaadyl gpetylacetonate,

excl udi ng, catal ysts d reacti r I Lot um-
VOGS S5 SR He SRR RS OREE’ Diblr stk ypoadiuan
contalniffé a1 $AERRRRB ko difim! HetaPin@e&s NaViO$, vanadiuditrigride, vanadium
~catal yst and reaction pronoter). If an gcid is ed |n
pentoxide, grddistsrepolyacid eatylyas eoptainig epadip other @%qt%ﬁc and/or non-

metalgg gg%%é}%s:ﬁgl%hs? p}?ogplgcg:gér'fggl[c% IB&%H& IndudédiP &ﬁﬁlﬂéﬁ .

0 y from about 1% to about 80 %
heterdPolyMRiddtalysthareakiictbsed e Eantiguhi eiral (EAGpandPisaict alb(1P99), both
chosen depending on the acid and acj d.an‘g%qritdﬁ. losed in Reis et
suprag Siiplouther suiiakle peiabyple ap e ¥auadium-pRRiaiuRe ealysth FiFREre
upt of. acid may be desirable in order to inprove
al. (Zwu%‘f?r%tlf"of a particular catalyst and/or pronmoter in

the liquidr [ jtion. The acid should be
used in as df\g(géq@&%m&ﬁoracti cable. [0032] Also
present at tpyg e epcabahyst and a reaction
pronoter. [O 33?\? taIH}??ZS( suitagefor use in this

process are CaNONCBLCHERO)Dal al ysts, particularly
conmpounds of v [ ium tantal um and ni obi um
Preferably t%@%@&@ﬁ??@@ tal catalyst is a

vanadi um conta) eS| aiesblatie hetmsictfose ok Bdwraxy-2-methyl-
the art to catal yze reacti onsbet ween net hane and

carbon di oxi de. A-pyenekred catal yst is vanadyl

the. uroup. GOGHUIRPNGHEE,, ore” "o

vanadi uncont ffCRICOEN)F| yst s i ncl ude sodi um

nmet avanadat e, NaVg 3, vanadi umtri oxi de, vanadi um

pent oxi de, aﬂ@@%%@@@b?@‘gci d catal ysts containing

vanadi um an 6%@? metallic and/or nonnetallic

el enents such as ‘phosphorus, silicon, nolybdenum and
Prefdrted@atatysts cRehtcmium, bataduopod pibiun deledeypsplogewssubstances such as

SRR TR —
| h | ysts discl d in Rei t
and %%@&of@g%% Uﬁélg’%?gé‘ﬁt?in'{e}% tﬁté&%?x 3|<| ? CIS—|2 CII—;CO) g;f in Reis e
[ VO( N( CH2CH20) 2( CH2C00) ], Ca[ V( ON( CH( CH3) C00) 2) 17 ,
[0034R[ Y SdeEAAGONAYyR] is used in an amount of from about 0.05 mmiol to about 0.5

mmol (from about 0.005 to about 0.05 mol/dm?®). The molar ratio of methane to catalyst is
about 150:1.

[0035] Also used in the process is a reaction initiator, that is, a compound that assists in
commencement of the reaction through ﬂee-radidal initiation or other mechanism. Most of
the well-known and commonly used reaction initiators may be employed in this process,
providing they do not react with other components to form side products or are otherwise
undesirable. The preferred initiator is potassium peroxysulfate, K,S,0s. Other suitable
initiators include K4P,0s, calcium dioxide, urea-hydrogen peroxide and m-chloroperbenzoic

acid. In general, the initiator is used in an amount of from about 0.5 to about 20 mmo! (from
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[VOmaltolate)2] (maltolate is the basic form
of 3- hydr oxy- 2- net hyl - 4-pyrone),
WO YOS G2 CH2N( CH2COR) 2) ], [ VO( CF3CQO) 2], PCT/US2004/023681
[ VO CF3SMB) 2], and VOSO4. Preferred catal ysts of
chrom um tantalum and ni obi um i ncl ude anal ogous
about 0195 telm 2sudiings, frbfersbtyefrgmabetichiteshoubdi7deso] raim sbout

f .aci wh sanions contain the netal (e.g.,
0‘358%?1900%6'&)“}0%&@6 ‘het er opol yaci d catal ysts contai ni ng

them [0034] In general, the catalyst is used in an
[003¢lnp ke owirall Fesgiiebirliingplo® inrfos progessisen geerdlnpodepidtedas

about 0.005 to about 0.05 nol/dnB). The nolar ratio of

met hane to c@Halhy®D, + XGbkoUCHIGMHO-XOFB5] Al so used
in the process is a reaction initiator, that is, a

e R e e e b3 AR AE M Wi form
of thévbiaryainhydridens bptidrediywmsedal the sotvert fouthe teactiae b dhcan be depicted
initiators may be enployed in this process, providing
they do not react with other conponents to form side
products or are otherw se undesirable. The preferred
initiator isCHot-dd3itd@er SHs(MNQ&, +K28R0s. O her
suitable initiators include K P O, calcium dioxide,
whert 760§ ¥056¢ @ﬂ;ﬁlf?ird_@&bﬁﬁo@{&lﬁ*\%&r@zmﬁsQﬁ%&?g&-@dﬁtﬁninhﬁcid
general, the jnitiator is used in an anpunt of from
compayadt Wigicls is aptighellst used apthsisofvierblen Bsueadions t o about 2
nol /dm 3) preferably fromabout 3.5 to about 3.7 nmol
[0037]f r Eml ﬁxlampl le, %e%etallklammltﬂdﬁg pliog lhlﬂtﬂ’ﬁs%)roce[sé)aﬁﬁl}e depicted as
over a reaction taking place In this process can
general |y beCHepi %HHg§2%Fﬂ (Hgeg®)):0-5QsH + HaSO,
CH3C(O - O XO nH where XOn is a binary acid anhydride
where dnpimgsdlfufioacié ddi§p0e) iSGsaind thdproeess hvehiak inthyfberabtenfatively
..the binary anhydride is optionally used as the sol vent
WIS t he reaction , or it can be depicted as CH4 + OO
+ 220 CH3C(O-O2Z + ZOH where Z Ois an acid
anhydri de coddotukidan80nher EHZOK)-9-3sH
oxygen-cont ai ni ng aci d
(i.e. when fuming sulfuric acid is described as H,SO4 plus SO;), and

as

CH,; + CO; + (CF380,),0 — CH;3C(0)-0-SO,CF; + CF3S03H

where trifluoromethanesuifonic anhydride is used, optionally in the presence of

trifluoromethanesulfonic acid.

[0038] The product of this process, still in an anhydrous environment, is a mixed anhydride
of acetic acid and the acid anhydride compound and/or a mixed anhydride of acetic acid and
the acid, if an acid is also used in the process. We term this mixed anhydride an "acetyl
anhydride".

[0039] If sulfuric or fuming sulfuric acid is used to produce the acetyl anhydride, the
product of the reaction is generally also known as acetyl sulfate, which typically is used as a
sulfonating agént or as a chemical intermediate. For example, it can be hydrogenated to
provide ethanol, ethyl acetate or ethyl bisulfate. Reaction of acetyl sulfate with alcohols
produces alkyl acetates and sulfuric acid. Acetyl sulfate is generally produced by reacting

acetic anhydride with sulfuric acid; consequently step (a) of the process may serve as an
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conmpound, which is optionally used as the solvent for
the reaction. [0037] For exanple, the overall reaction
W aK05/0009p1 ace in this process can be depicted BET/OsD04/023681
C2 + H2S207 -> CH3C(O -0 SO 3H + H2SO4 where fum ng
sulfuric acid (H2S20 ) is used in the process, which
alternggg pigeess forpradudingaoetylisilfaten The acgkyd anhysiitiese®tidng from a process

i N T
novel EInaSaAd 2 vingChid Grul B AHFG-SO,0F3 SdHomhiedraspect of this

. trifluoronethanesul foni ¢ anhydride is used, optionally
inventiony |Jubspqaentaeastign of iivith Walghrroruges seaticasidansci d.

triﬂu[){%%&%ﬂanggﬁfo%&&%t of this process, still 'in an
anhydr \

ous environnent, is a m xed anhydride of acetic
cid and.the acid anhydride coppouynd and/ or m xed
1004@nh38? P%Bﬂ@% ofialer © S i ey arEedt gjﬁ}@ffﬂgy neslogBpde %
| 0 .
temp@lafiffe UER: %ﬁ&%?ﬂ&éﬁ??@og\é&ekﬁﬂ% E{{E&P‘ﬁaﬂgui‘ 58 1 PAUREED S€, and is

an "acetyl ric or fumng
exothenhfourlihe remiltihg rodise ds 4 miximedfeecticrweidaet the acidhgett indke acetyl

h rodyct of the.reacti is..gepnerally al so,known .as
anny 38 PSS ona ot AtFi 14 gasf B piig BTl phaponte, PO R
empl8yed. TR@bidAdcBASNhIsOEorSindnal Qfudts Jf B S o®BtLdu@h af e methyl

exanple, it can be hydrogenated to provi de ethanol,

ester of thylstagideg aaid Ghe agehip lacidinsay readily beresaenatedrfrash thecisagtion products

l. £ i th al.cohols,. d | kvl .at .
by el Suct A B RRRP R R AF Bt scPRRlioh. o nifibaracig may
convérgétily bidreatdd 1© tBOREN iatiRydtide predilction btep.aci d;
consequently step (a) of the process may serve as

nal r. [ LSyl .n
T S R E R
appatatusf [fionesatchatiaruk hatess, aated fordydsstykis off the bsetyl anhydride may
be fegil anyd Eé?g’teor%%pgﬁ%gqt e\%/l{tllg?r:@mtagg o !acrlégli @Sjp%@“?grglyid%he amount of
water 19578 B3 188 BE&hI Hactibh SnvirohR1Rh ﬁ&ain%ﬁﬁﬁﬁ%ﬂﬁ@t TREARSUR B water

of It wth water produces acetic acid a
thus fedité theqraoress ankihel ot awistequal ©, afdid $83ferEbly tredmiv tthe stowhiometric

ter to the acetyl .anhydride i.s generally perfo d. .
amnonlf gt i 1 prEBABHY LSt Ut HGeeabopat Garerd antydride
functRIn€ tEmaftain HHQFoAROM ardRek Al ABGHoud Cotfitio? MWHER less than a

_exothermc. The resulting product is a mxture of
stoichierseiris amivat afidatehis vaed, tharsectionprodust wildbg b mixture of acetic acid
and the relevant acetyl anhydride. The latter can be converted to acetic acid by subsequent
hydrolysis. In a continuous process, promoter and/or catalyst may also be continuously fed,

to provide a fresh supply and maintain productivity.

[0042] When some water is introduced, the overall reaction becomes, for instance:
CHy + CO, + X0, + HyO ~ CH3COOH + XOg+1yHa

or
CH4 + CO; + Z,0 + H,O - CH3;COOH + 2 ZOH

[0043] One advantage of running the process in this manner is that acetic acid is produced
continuously in a single step. A further advantage is that there is no water to separate from

the acetic acid product by distillation or other means, which is expensive and requires energy.
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anhydri de production, or of acetic acid and the acid
anhydri de conpound, if no acid is enployed. The
w@e@duet2ray al so contain small anpbunts of by-peDUSNE023681
such as the nethyl ester of the starting acid. The
acetic acid may readily be separated fromthe reaction
In adgliténn dhescopgentiatinm pfaestyl snkydride camotmcbm the thasti¢n madiuoncan be

t h
e T
to gips oeldesirale pﬁltyﬁ’@rlc [n%éi*ila]ls (t4e), Mhixhesin caBde pRecdssiBoraflichtions.
cont i nuous ofr process, with ag(gwét riate

[0044], p o SERiasLY, lffth‘? @ﬁﬁtsdsanby%htlﬁ LIS ag $n ajgehel tofpspduce 2

prodﬁ&@oﬁ%»)ﬁfn%o e a%t?tgn?ll%F toxd gﬁ&ﬁb\f ?rL ;/ﬁ:)g fg%g) t?:lgr a%gor &8n51£1%1é1ﬂy with

the npetivaniecind gaibba danxiden bpunfna\]d@tm&fh flesdisgiofater hﬁtvellh &n Snohraaldperation
reacti gn envi r rren rema.l ns anhy rous. . The anount of

the ej{er By PRECOV e Hepgw é{t?fé‘nﬁlueﬁﬂ%’th a§ ggeatropic
i

dlstll‘léhon%? gééﬁz"é ?‘Eef%s?ﬁ‘gé’% C’Iplgé %‘gﬁg J? Igf(’jsz.ltcg gé‘%&c@i@ﬁhﬁﬁﬁly@f&%ﬂ&lude

acetlp acldemé/ or ssiets lmﬁthetdtmracldobommydmcxf ¢hef acatyfl bolnglride (e.g.

ot e RS RSl o b BREIIAPS CBssprogets would

depel@bE FadiSis Y§@iths rbdt8ioh %ﬁﬁ&ﬁetﬁf ﬂfg&%lr@"oﬂhe%a@m c6 Bﬁnds and

of acetic acid and the rel evant acetyl anhyd

the lllkat Aseordiglih ecatisragist and(priestersodfithe other abibgowdd bbe dyu emovered from
ti nuous process, pronoter and/or

thep cﬁ"a yst%ﬁlﬁﬁy ,a@%s?rg continuously fed, to provide a

fresh supply and mai ntain productivity. [0042] Wen
Exa water is introduced, the overall reaction

becones, for instance: CH4 + CO2 + XOn + H20 - CH3COOH
[0043] XTh¢ fotlophiRg exanipis are ﬁ@eﬂte&ﬂi’ﬁeprelsﬂﬁhﬁve@ﬁﬁ&ﬂvbﬂtlo% However,
q%nt ag runni ng the process in

the H%W?PBL 043£}1m1f§d3r?5 TatepEe %ﬂ%ﬂl ipdhigprbwguldreadily recognize
variaRR%hl Wb YiohSoAhs ?f&%@sé Sse%mgo\vftﬁ%rtgﬁ] ﬁat‘a:féviﬁfats@@ﬁe dfShis

that there 1s no water to separate the aceti
inverdioind product by distillation or other neans, mhlch i's
expensi ve and requires energy.Iln addition, the

Gen@gpﬁﬁﬁm@té on of acetyl anhydride conpound in the
reaction nedi um can be kept to a low level. This can

. [004¢)e  Hexiypinel eagtiona €&hyand ymrﬁ d@ctedrap&@ fid$n ahighkoressnre, glass-

linedzat%torcga)%gtl%#gg 'a.1:1‘/ La grgglg élgoB? O?e\Rg gegc% We e%gs&i\ge% i gp &HITydrous
acid Sidnid @iﬂey}iooﬂdingt Hyaeds (hmaphytatie ecid SH;SDm)sg 8 ﬁﬁkﬁ@é of H,S0,
W th an al cohol to produce a, product conprising

and %@Es@a&%@tﬂﬂﬂﬁ@m@@ﬁwlm@;ﬂ%@rﬂw@nﬂ@ ttlﬂ@orpéceﬂtlp @¢id and its
anhy&Q4K; %sﬁgafvle}&).v\ktegbhons were carried out for 16 h. Upon completion of the

reaction, 2 g of water were added to the liquid phase in order to hydrate any anhydrides. The
acetic acid thus formed was identified and quantified by *H NMR.

[0047] To prepare acetic acid from fuming sulfuric acid or a combination of
trifluoromethanesulfonic acid and its anhydride, 3.7 mmol (0.37 mol/dm®) K,S,0s, 0.16
mmol (1.6 x 10? mol/dm®) VO(acac),, and either 37.5 mmol (3.75 mol/dm®) of SO; or 10.6
mmol (1.06 mol/dm®) of trifluoromethanesulfonic acid anhydride were charged to a 100 ml
glass lined Parr autoclave, together with a small Teflon coated magnetic stir bar. For the

preparation of acetic acid using a combination of trifluoroacetic acid and its anhydride, the
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t he nmet hane and carbon di oxide, optionally with

feeding water as well. In such an operation the ester
woregosheserecovered fromthe reaction products bRCT/US2004/023681

techni ques such as azeotropic distillation or nenbrane

separation. The froducts of such a reaction usually
amowgitseseidvedre dd rame KoSzéls; YlamaidVQecans 160 g trdluotdaeetic acid

o S5 BTSN She ISR BAN S i umegeins

minithi¥® the fRanill dae@npémﬁé}ﬂsﬁqsa@g UThéSrentibt Waslgre pdrgea with N, to
factors such as reaction stoichionetry, the nature of

expel the apreont pf thg sxser ol s theamesswazad; first Wikle 406 o5 §1Qp,and then
final 'ﬂi 80 @ﬁ? grld&ﬁ@/ otnﬁ §&_] &t Odnnb& é}{i‘ﬁﬁﬁe@c’fﬁe 1%9#’[1)%94 *fted to

reco products o
85 °d eﬁdar sticringeatphastainod 4&] 16THEL.f Aftdrdirat nigne x}&mah:&mr wasequenched

resented as representative of the i tion. ver,
with fgean qpenaci 8 sofiéet s remtw.’ﬂtn@autrﬁﬁ@wrbgai} W%@s%ergmﬁw%added to
the nliltyld) SvtAH wiOnEH ﬁ[t@x%g' by NRGOMMAS WA thed Eé}]d?lgf%tthem results for

modi fi cations of the processes as being Wt
the resation esing thifioopeectdd adidfashyidnide atd ginen Bdtigurall; fhose ﬁnhfummg

sulﬁlhf, %@] I 0 a t | caI ! ei&&i},&?ﬁ %ng%a ?g?ﬂ:} %ré/\é?glgq Irgggreference The
correfpondixk @i%ﬂu@al §lﬁl&% &‘or%@t‘i’d‘im@(vaé/%&}ﬁﬁ?m WBHE, dép%‘ﬁ@ing%ﬁ the

in an anhydrous acid and its corresponding anhydr i
concgrtiatipn §f aestic @eiddn deg Mixt|eSO4 SO8, a mi xture of H2SO4
and SOB; CF3SCB8H and trifl uoronethanesul fonic acid

[0048inh ¥ able dghows ileradfcOpsfhé StaditigAcidnth thé SodRPy6H bqu, to acetic acid.
respect ively)., Reactions were carried out for 16

The higlsst eqsivisrsiar @ A7 wvas pbtained rifhotaifluprogossic apkydid <:mwietmﬂuoroacemc
acid. %ﬁ%ﬁgﬁlﬁqgteisshﬁ’é oﬂ%rgoﬂ '8??:?14 é@?%'ﬁg%{: dt\Qasg% ﬁéﬁvﬁ@%’ ! e%sulfunc

aceti ¢ aci was | de
acid walsdus@dmﬁdl 3% dorbversidh WivEn tr{fﬁh@ékﬂl]letﬁ'meplllﬁnﬁxf scidastiyideide and

iR B UL U PReoRF: SHTLATaGRRS @ EGRH ereler (hg stpring acids
were mucé(pa@g\)g&!dcﬁqg)eaﬁ% Po %ﬁs&i‘mﬂat rFy ‘%O’brjébzzproduced by the

acac) 2 elther 37.5 mo
ox1datmh/0df (814 byfK:Sc85s undet theGreaativn c@ﬁdl@ﬁnmhd ubtB¥spohsible for acetic acid

formitig, BTSSR S oF PRATSAE R ABEIRPEL Qoo BNAR AL f the
prodiffi B showafih ETbue@ s dORBARREbduchiwdre BBfectedOTh BSsence of an acetic

pr epar at.i on of acet| c ‘acid using a conbi nation of
acid peakfin ther' HaNMR gpeatim cbmnstraéeseniwbrth@rethe mlerannmn 1§ CO; is that

whicl! 3/?19 J}Qg ngll% lg)é)g}g% kl<12 S geac or. Q‘he excrgs?water &&fe%% the mlx(t)ure after

completlon of the reaction enables the hydrolysis of byproduct CH3;0SO;H to methanol and
sulfuric acid.
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and 3.0 g of

its anhydr

i de.

The sol vent was chilled to

5-8 0C during these additions to mnim ze the thernal
walewsiposi ti on of K2S2C8. The reactor was thenP@UU§®A4/023681

with N2 to ex

then pressurized flrst with 120 psig CCQ
Tjhlmhﬁlﬁ%mbt_l&ﬂ_fﬁﬂ b 0a mathfdi ferentdicida

The reactor was Peat ed

cyl i nders.

t he reactor

pel

the air out of the system
and then_

It was

t 85 OC under

stirring and nalnta|%8%1$094¥gL¥§4ﬁ~—ﬁ¢ter that tine,

N mmnr‘hm‘l with ice_and opened to

collect the r
sl ow y added
1H NMR anal ys
the reaction

eactA%th ni

to the m X

is was then ddidgtect @d.” The resi

using trif

xtur & The
t 0OTEYETSIdT, C

| wostivadead |

n Byrogduct v\%

h was then

c aci d/ anhy

given in Figu
given in Figure

the | ock refe o
for acetic a0|di%§?42 3

t he concentr

r @F ot)?ps

020 was use

e fongtum

d i capl

@F%@@@H& ¢

tion of ac

COTT-£5P0t
ppm7tco 2.

etic_acid

r; \

S

in the mx

[ 0048] Tabl e
on the conver

1 GhdWsHt h

si on of

e efldct d
to aceti

f CERRO« 1y 1

c acid. The

ter were
filtered.

ilts for

dride are
acid are
Ilary as

al shifts

ependi ng on

ure.
ing acid
hi ghest

conversion (16% was obtained wth trifluoroacetic
anhydri de and Reacfidnpordimee CHe 8GmigdCOARPpoxi mately 7%
conver si on oK:S&p4!l g @.7ammsl)i ¥O@wr)d 0:édss OB6 mivplsd when
fum ng sul f §9lveat HE§ & Swas! s elifluerprectit 30 ediride.si on when
trifluoronet ﬁ%ﬁ@%@d?%?ﬁ% “ﬁcﬁn\a“ fleg- i riftperogysgane-
trifluoromet hanesSHFEAT B 5888 Small amounts
of methyl esters of the starting acids were produced

s
o BUGERNSE, ISR 8 1 Uy SR GBRIE
thesetsoidizy tht kame &?Cﬂd)lﬁfm sutfncle hdgfl N\&tﬁ\t\aﬁ baotH mmlﬁeﬁferxﬁa{j prior to
acetic aci orrratlon a bl ank reacti on was perforne
additioR iyt gr?dléfo@fct appture; |- hm\makyﬁaﬁygws gre she@ngn dégyee 3. The
prodl%ﬁ oﬁﬁﬂl\@g ih thf feggigcgln\géﬁg?ntfaﬁr?dgag ??eﬁ%ﬂ%g I‘%gﬁ}édgg%%f acetic acid and
sulfuliVR:id pEH} € (O QSO Spat the addition bfwhienthis haxmmmyenm gdrolyzes

t hat i.ch _was ori al l.Ly sypplied.to
to protgE Epc o¢ o6 R st bt it S cobaed Depistilling
wateiCR¥RL 88id ABedHopk Bsfaﬁd HRAGhAIOANE 'ﬁﬁ@ hﬁﬁu%év@y ‘IYFb'M)RMﬁ& Rafan
bypr oduct CH3 H to nmefhanol and sulfuric acid. Table

spectiosc@wy @et shosadt i on of CH4 and COwith different acid
anhydri de conmpounds in the presence of various acids

[00509ci AlPuBligHtpHs id FAMaPFlidAfions cited in this specification are herein
incorporated by reference as if each individual publication or patent application were

specifically and individually indicated to be incorporated by reference.

[0051] The use of the words "a" or "an" herein is intended to include both singular and
plural. This, for instance, "an acid", "an anhydride compound", etc. may refer to a single acid

or anhydride or a mixture of such compounds

[0052]

illustration and example for purposes of clarity of understanding, it will be readily apparent to

Although the foregoing invention has been described in some detail by way of

those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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CH4 to acetic acid CF3COCH 16 CF3COOCH 3 H2SO4 7
CH30SO 3H CF3SMBHO 13 CF3SMBCH3 Reaction conditions:
W@Rhos/0802psi g; CO2, 120 psig; K S208, 1 g(3.7 PODUY2004/023681
VQ(acac>, 0.043 g (0.16 nmmol); solvent, 10.0 g; 85C
16 h. ~Trifluoroacetic acid anhydride, 3.0 g, was
WHAHGIS CILASCED I8. 0 g, was added.
cTrifl uoronet hanesul fonic acid anhydride, 3.0 g, was

added. [0049] To aid in elucidatin he .pat hway .of .

Gcetic hoid POFREST O PRoHiTes SHYT EpArfe cHBaLs Sk pepfacting
metHaP@afBEBbdEA6kidO th Adariyifoi lbfviAGintbrfBSthe Broselditlof bR

was performed prior to addition of water to the
ammg;tsbq{:a;

trangiticnunetal crtadysiaad greéaction prosdters and @n stidamhyidnide

Lgure 3. .. ody bt.ai ned i.n this reaciion S .

comppoytf; St bUnPRORE o BRURLD Ehrelel PrbrlsRdhe, Bt dfpyarice.

sul furic acid, CH3C(O -0SO 3H. Upon the addition of

wat er, 2.hi s Apregts@aitytiiingl®e dyith biiyvtescdmpriviaguce

acetic acid and H2SO4. The presence of acetic acid was

confir by distjlling a water-acetic _acjd azeotrope

and thg&’? aﬁlﬁﬁg}mﬁ e praductroppgisweile aatligrhyditiergfinyater.
spectroscopy (not shown). [0050] All publications and
patent appl i A%erdé%a&b}cﬁl‘i’% fort14ify ZSM%PéJﬂqﬁ‘?stiﬁg)féc@x?egialglacetic

__herein incorporated by reference as if each indivi
acid goml stepedd).on or patent application were specifically
and individually indicated to be incorporated by

referenge. | T f 1L a'.or "an"

herein %‘s i n‘g%‘r@gas ?c%ox}ﬁ?}%t% (132{1%121[ ﬁﬁ@gﬁﬁ%ﬁ%qﬁ%d

plural. This, for instance, "an acid", "an anhydride
conpoun@) comthetingrthy prodhetrcoimprigingithgacetyd @hblyd@ide with an alcohol.
anhydride or a m xture of such conmpounds [0052]

Al t hough the, foregoi ng j.nvention has been described, in

come. detai | APrIESs BROTdTE (A o RAEC SR EepByering an
acetadésB? ot Qfeﬁ%&ﬁfc't Bf’stEH g,g_nderst angll ng, It w | ' be

readi |y apparent to those of ordinary skill in the art

in light of the teachings of this invention that
cert ai rﬁ.chan@@gocess according to claim 4 further comprising

recovering acetic acid from the product of step (b).

7. A process according to claim 1 in which the catalyst is a vanadium-

containing catalyst.

8. A process according to claim 7 in which the catalyst is selected from
vanadium pentoxide, vanadium trioxide, sodium metavanadate, vanadium-containing

heteropolyacid catalysts and vanadyl acetylacetonate.

9. A process according to claim 7 in which the catalyst is vanadyl

acetylacetonate.

10. A process according to claim 1 in which the reaction promoter is
selected from K,S,03, K4P,0s, calcium dioxide, urea-hydrogen peroxide, and m-

chloroperbenzoic acid.

14
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and nodifications nmay b e made thereto w thout
departing fromthe spirit or scope of the appended
We b@s0829YHAT |S CLAIMED IS: L A process for prpdios1og4/023681

an acetyl anhydride conprising contacting nmethane and
carbon di oxi de in an anhydrous environnment in the
presence of effective anounts of a transition netal
cat al ystl.andA@recsasadconling orasainy 10 iarwhielnthgaeattion promoter is

KZSZ@)thd” de conpound, and optionally an acid, to produce
a“product conprising the acetyl anhydride. 2. A
process according to claim1l further conprising: (b)
contactihg tAerasessancdbrdiggordlamnint witich detacid abiydedé eempound

A prqocess according to claim?2 further

ith ter. 3. : 1
coml%‘w&ﬁbftﬁg&f%mg% SWdin fgride dtifleorgacegiopeidanbydifie b) . 4. A
fluorBinBE8 S uBGHe %gi'drb%h%fﬁid%', mﬂno}oﬁ&ﬁ&{eéﬂf&ﬁmga ?iﬂggfﬁid b)
y n

contacting the product’ conprising the ace ydri de
fluorosul fonaracal adiydtide, methenpsidfomssacad edrydiide NO, W0a,i MaGk, P,Os, SeOs,

Aol Be T BpR” e B by Bt B B B ey ding (o

claim4 further conprising recovering acetic acid from

the progct prr&&e@@ao@@ﬁdin% to/claifh PIOFIESE tIRCRRT Aiharid@compound
claiml in which the catal yst is a vanadi untontai ni ng
compgisegirifiroroageticacit edwdsdaccording to claim 7 in which
the catalyst is selected from vanadi um pent oxi de,

vanadi yp tri xi [ n . . .
vanadi ufr?F co n‘? ?F%?%Sgﬁﬁgﬁdﬁ%ﬁa@@ % C a%? %fhye satmsd aanrllléf dride compound

comprBasitiftuorumedtidrese foainicd athydAidpr ocess according to
claim7 in which the catal yst is vanadyl

acetyl acetonate. 10. A process accordihg to,claim1l in

Shich 11 ¢ eAgtacst i5eBRiERD GamaiouiEh heid RoRsgtds compound
compfE2&Bur BidxGdeim di oxi de, urea-hydrogen peroxide, and

nchl or oper benzoi ¢ acid.11. A process according to

claim10 in which the reaction pronoter is K2S2C8.
16. A process according to claim 1 in which the acid anhydride compound

comprises fuming sulfuric acid.

17.  Aprocess according to claim 1 in which an acid is present during the

contacting.

18. A process according to claim 17 in which the acid comprises
trifluoroacetic, methanesulfonic, fluorosulfonic, fluoromethanesulfonic,
tﬁﬂuoromethénesulfonic, sulfuric, fuming sulfuric, sulfurous, nitric, nitrous, phosphoric,
phosphorous, superphosphoric, or boric acid, or a selenium- and tellurium-containing analog

of the sulfur-containing acids, or a mixture of two or more of the foregoing.

19. A process according to claim 17 in which the acid comprises fuming

sulfuric acid. .

20. A process according to claim 17 in which the acid comprises

trifluoroacetic acid.

15
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12 A process according to claim1 in which the acid
anhydri de conpound conprises sul fur trioxide, sulfur
wale@sioow27 tri fl uoroacetic acid anhydri de, PCT/US2004/023681

f 1 uor onet hanesul foni ¢ aci d anhydri de,

trifluoronethanesul fonic acid anhydri de,

fluorosul fonic acid anhydri de, nethanesul fonic acid

anhydri?e, NOpProgss acmt%qg Pxtym Beig vdhiclndrgqcRl comyyises

.00 B2g 3 a m.xture of two or nore of the foregoin

tnﬂugggm%ﬁ%¥%§§)‘3%%‘ording toclaiml1 in which the gcidg

anhydri de conpound conprises trifluoroacetic acid

anhydrizie. 1A prévepy ageaingioith N wiick i atetd1 bhydkide h

t he aci d anhydri de conpound conpri ses
comprise§ AG§5H SRR Banesul foni ¢ acid anhydride. 15. A process

according to claim1l in which the acid anhydride

conpou CONRF, 3 r | 08 widk :

accor din%g t gR glr iﬁ%% %éhlfd{r)\ﬁh% ﬂghdla?ﬁleﬁglcﬁv%égﬁﬁydg%% gﬁ?ydnde
commisapanetyd timpoacstde.f umi ng sul furic acid. 17. A process

according to claiml1l in which an acid is present

duri ng e contacting. .18. A,process .according to.,.

ol ai m i n RS RO oS | BORiEy e ep Banberige
comprRE AR whfistbmettihesaros.f oni c,

fl uoromet hanesul fonic, trifluoromethanesul fonic,

sul furic, fumng sulfurjc, sulfurous, nitric, nitrous,

phosphoti-c, pmEsHoISAingadamhoaoEeh the teppergfirgis from about
10to%?5 2o selenium and tellurium containing anal og

of the sulfur-containing acids, or a mxture of two or

nore of the foregoing. 19. A process according to

cl ai m 126.i n Atpradess dveomgtoctaimr i meshithithertgmperafune isdrom about

acid.. - . A process according to claim17 in which
60t°@ﬁ@“£&05%gonprises trifluoroacetic acid.21 A process

according to claim17 in which the acid conprises

trifluorpnet Rpaee fo@Efdau@iﬁg@cet?eQacid%d?ﬁ @§s according

to claim1 in which the acetyl anhydride conprises

acetyl sulfate. L i )
(a) contacting methane and carbon dioxide in an anhydrous environment in the

presence of effective amounts of a transition metal catalyst and a reaction promoter, and an
acid anhydride compound, and optionally an acid, to produce a product comprising an acetyl
anhydride; and

(b) contacting the product of step (a) with water.

28. A process according to claim 27, further comprising:

(c) recovering acetic acid from the product of step (b).

29, A process according to claim 27 in which the catalyst is a vanadium-

containing catalyst.

30. A process according to claim 29 in which the catalyst is selected from
vanadium pentoxide, vanadium trioxide, sodium metavanadate, vanadium-containing

heteropolyacid catalysts and vanadyl acetylacetonate.

16
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23. A process according to claim1 in which the acetyl
anhydri de conprises acetyl trifluoroacetate. 24. A
w@r@sme®2according to claiml in which the acepgl/us2004/023681
anhydri de conprises acetyl trifluoronethanesul fonate.
25. A process according to claim1 in which the
tenperature is fromabout 10 to about 200 O0C. 26. A
pr ocess3hccoAdirergss accotdimgriolclaim hingkhich thetoatabyst it vanedyl
hs. fr about 60 to about 100 OC. 27. A process for
acetypl)?cggoﬁlg{lyhg acetic acid conprising: (a) contacting
nmet hane and carbon di oxi de in an anhydrous environnment
i n the 32.eseAqeoaks adcbritiig toeclammMinsyigth ﬂlefjreaimiﬁhbhgﬁoter is
nmetal catalyst_and a reactigQn pro er, and .an aci
Selecmﬁ% z%%%ﬁ?ed?ﬁ%zﬁal B’Elfjﬁydﬁ?*}'g)?‘{iﬁgeé’&?eé?ml%arﬁjr@duce
et eonpri sing an acetyl anhydride; and (b)
Chlo@gﬁrtbgl%é%% (?'he product of step (a) with water. 28. A
process according to claim?27, further conprising: (c)
recover3hg asgromsaaicdrdimgin ddim I mdulnth dfe redation poymoter is
KS@Q' A process according to claim27 in which the
29204t al yst is a vanadi untont ai ning catal yst. 30. A ,
process according to claim?29 in which the catalyst is
sel ect egit.f r ompr@uEacladeBTAENoIdif2 7 Mmaideh theacid Akiv@ede
sodi um net avanadat e, vanadi um containing, . ]
compoznd copprises spHucEpsidpstudfup digxidentbfiporoacetic acid anhydride,

: . . ' ' 9in
oot B SRR: fid iy Bl 2R ARG, AR |
fluorpsubfoarsachtatiydiidg nicdhdleail fon2ZOadidantiideitie,tN©, NOaNI®NP,0s5, SeOs,

ronmpter_is selected from K2S208, K4P208, cal ci um
As:Q; B9l 8t Befp 41wyt thieop e obiha [9eB9BE oper benzoi ¢
acid. 33. A process according to claim32 in which the

reacti ofs pr OQk&esd ScliReB claim 27 in which the acid anhydride

compound comprises trifluoroacetic acid anhydride.

36. A process according to claim 27 in which the acid anhydride

compound comprises trifluoromethanesulfonic acid anhydride.

37. A process according to claim 27 in which the acid anhydride

compound comprises sulfur trioxide.

38. A process according to claim 27 in which the acid anhydride

compound cofnprises fuming sulfuric acid.

39. A process according to claim 27 in which an acid is present during the

contacting,.

40. A process according to claim 39 in which the acid comprises
triﬂuoroacetic; fluorosulfonic, methanesulfonic, ﬂuoromethanesulfonic,
trifluoromethanesulfonic, sulfuric, foming sulfuric, sulfuroﬁs, nitric, nitrous, phosphoric,
phosphorous, superphosphoric or boric acid, or a selenium- or tellurium-containing analog of

the sulfur-containing acids, or a mixture of two or more of the foregoing.

17
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34. A process according to claim27 in which the acid
anhydri de conpound conprises sul fur trioxide, sulfur
wale@sioow27 tri fl uoroacetic acid anhydri de, PCT/US2004/023681
trifluoronmethanesul fonic acid anhydri de,
fl uor omet hanesul foni ¢ aci d anhydri de, fluorosulfonic
aci d anhydri de, nethanesul fonic acid anhydride, NO NO
, N205, 4P205A meeepssaccasigsto claim 3P inorhige @, acisk cagnprises fuming
m xture of two or nore of the foregoing. 35. A process
sulfulf S ng to claim27 in which the acid anhydride
conpound conprises trifluoroacetic acid anhydride. 36.
A procesl aca@rebesgadcordih@ionslam 3Ninwihich tHeheideinthrises
.. anhydri de_conpound conprises trifluoronethanesul fonic
triflugeqageticacidir i de. 37. A process according to claim27 in
whi ch the acid anhydri de conpound conprises sul fur
trioxid 38 : j i 73 Lch
the aci o anhi e B I oo
triflvarsingkth@@sulforpr aiéss according to claim 27 in which an
acid is present during the contacting. 40. A process

accor di to,claim39 ir ich the aci. onprise .

SO uotBaceedter ippided Vst ot hifh BRI hyaride
compirtse@scpatshEmesul foni c, trifl uoronet hanesul fonic,

sul furic, fumng sulfuric, sulfurous, nitric, nitrous,

phosphoric, phosphorous, superphosphoric or boric
acid, ofd-a sbinspfesneccardingtollaim ik morigh termgetihanhygride
: LAl ng acids, or a mxture of two or
comélr{'}rgseé%éﬁlﬁg&&g%%g%%’ng. 41. A process according to claim
39 in which the acid conprises fumng sulfuric acid.
42. A pécesi promesy aicnglingtoallami 73@ winchthiechettyhanhgdiide

conpri driflugroacetic acid. 43 A process accordin
comwggg%?ﬁ]%@guérﬂn\%aeﬁuﬁhléatgci IoI conpr i sgs o

trifluoronmethanesul fonic acid. 44. A process according

to f' Iai 4‘7i2f7 {X'i)rmwﬁbcbfﬁngﬂ%@léihl BRI Sief RAYRE EifiScted at a
ace sul f at e.
temperaturg of from about 10 to about 200 °C.

48. A process according to claim 27 in which the step (2) is conducted at a

temperature of from about 60 to about 100 °C.

49. A process according to claim 27 further comprising recovering acetic

acid from step (b).

50. A process according to claim 39 in which an acid corresponding to the

acid used in step (a) is recovered from step (b), and said acid is recycled to step (a).

51. A process for the production of an acetate ester comprising:

(a) contacting methane and carbon dioxide in an anhydrous environment in the
presence of effective amounts of a transition metal catalyst and a reaction promoter, and an
acid anhydride compound, and optionally an acid, to produce a product comprising an acetyl
anhydride; and
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45. A process according to claim27 in which the
acetyl anhydride conprises acetyl trifluoroacetate.
wdgnosmogepcess according to claim 27 in which PEBEUS2004/023681

acetyl anhydri de conprises acetyl

trifluoronethanesul fonate. 47. A process according to

cl aimhreatting thehprotius o€ ptep &) with aroaidelel éelpmtiuce a product comprising

t erature of from about 10 to about 200 OC. 48. A
mlmﬁﬁ%%@%?‘according to claim27 in which the step (a) is

conducted at a tenperature of from about 60 to about

100 OC. _49. A process according to claim27 further

conpri sPhg rAdBowss agordied focclaip oL, ffudhar sp@prigiBg. 50. A

Corr capindiny P A b Bl 525 B

recovered fromstep (b), and said acid is recycled to
step (aj3. 51A progsoersslifipro diiim Hr mdwleith dre prddwa of step (b)
acetate ester conprising: contacti ng net hane and
furthgrGsRRFisgs 69&tla@0ﬁdnngaaénp%%vof§§%%r CQFPFEBRIrent in the
presenc [ | ihon net al
Cat al ys) S e Rk adaoRt o rod SRS 03
anhydri de conpound, and optionally an acid, to produce
a produ@4. cofpoiponyd havieg teybrnarh ¢dhCHR)-OaSa(@hs.
reacting the product of step (a) with an al cohol to
produce a product conprising an acetate ester. 52. A
process according to claimb51, further conprising (c)
recovering the acetate ester fromthe product of step
(b). 53. A process according to claim51 in which the
product of step (b) further conprises acetic acid,
said process further conprising: (c) recovering acetic
acid fromthe product of step (b). 54. A conpound
havi ng the fornmula CH3C(O - O SO2CF3.
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