EPO 405 433 B1 Description FIELD OF THE | NVENTI ON 5 This invention
relates to an i nproved process for the nmanufacture of 3-pentenoic acid by
the hydrocar- boxylation of butadl ep.qBM#EROUND OF THE | NVENTI ON 10

Most of ‘the methods described in the prior art for the reaction of olefins
w th carbon_nonoxi de and water to formthe correspondi ng carboxylic acids
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M xt ure wWhi ghtedenittertai RalddarbbR$olvems: MAchIBRYLE ARl thdefbridd8avent Adelidnbilid dquedis Sbi-
The reacki ogtiolisXhid tbe@ndEkdbeeS t he ester or the termnally unsaturated

al kene, car bom wBIRdneiRe. 4788, 834, Buike HicI06e3 falpRitess for MietiyBrbdafboHyRitivEdl lineaboldfinaglly UM
cat al yst, 3dhsataratel esiérsl endierainabyainssnsledaliEhéstHayin@Liodb carbuniGend tafood a miutelwhich h
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for the hydeodeslpessturated blkema, cofborputradie weter, 4 ietcgbonor arpindtic seivenk e thofliom catalyst,
process ¥n ehipdide pmoted prsiremidbacitieadsglerptot ar boxyl ated I n high yields with

hi gh linear sé{tequgh e py rarrﬁdoeatd'sﬁ?sg [heruge efdralidripromelepl ehoiup patplypisdorth yerosaghexy-s
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t he prepgra?‘i n of 3-pentenoic acid which conprises reacting In a 40

sol vent but ﬁl!ﬁﬁﬁo'gﬁ'gﬁ!&@eﬂm de, and water with a rhodium catal yst and a
pr onot er sel s consisting of brom de and iodide, at a
tenperature i H‘hé H@seﬁﬁm iofl §s a[ cEJs f&rQhe[ ]ahtﬁﬂ#:&- ntéhoik Q&p\%‘ch@a Eéjﬁac[?i ih.hal
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PSLG) , Wher etdisiting o REHIE dntl Rldid6)ft @ femp&@RGHe tBhé fangd of UEE 16 mgﬁarcafat &M%&&ide

0. 50% by wepdyith predsuielvethb dngé ofBowy B tddbodt2€7.9 B €15l 16 BOONIp¥i)iWherein CladoRchidtibrr 61d
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and al kyl - sufituted benaeis abid whespic the ddtal muohber & icarbantptontsd the alluligrren(s) bfnoloeardihan 3.
atons in the al kyl group(s) Is not nore than 3. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON SE___JBE%G_E_Q'JWTNL R ENB ke di scl osed t hat i rrproved yi el ds of
adi pi c aC| d can be obt al ned in the h drocar- boxyl ati on but adl ene if th
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Al t hough |tcdmm5%n@|eﬁmmnaehe hi ghest reaction rat es for the
hydrocarboxyl atl on of 1-hexene were obtajned in "neat" acet- ic acid,

linearity was substantially reduced com)%\r ed to hydrocarboxyl ation
reactions run in solvent mxtures containing nethylene chloride. 2



EP70 405 433 B1 This invention provides a process for the

hydrocar boxyl ati on of but-adi ene which gives both high reaction rates and
high linear selectivity to 3- pent engipq 454 g1The invention is a process for
t he preparatlon of 3-pente- noic acid which conprises reacti ng in a soI vent
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rhédi umbs 0.80% BewdighDafeheQbtalGreldtpPtht @adidn mikivbd) Sndiie MBargdtio oDdrorhdie td rabdim is be-
t of titweenthaid20rt. m xture, and the nolar ratio of pronoter to rhodium
is be- tween Thdprageds E@hislinveive cpr lpaesathefaskibbish éraw e ndntimouscaocedse run ei t her
~as a bat ch or Thstemperafure iofth® eaction is detbe rangeiné 49°6 fgRIVEL 10EC 0f80tthie preterred andr130°€
i n the range!S8fCif mest prefersed. Belgw 40°C, tijegearionjbgcopreaioe plpvetd baprtnnjeegially feasitfepandjabgve
‘nost  pr efer 2L thedroation efunflesirahie nredyets (egrn biledienswslymery) leadyiw sigoifiggat vield losses and
commer ci al | S?a‘f‘%fé%“f"lﬁ e and above 15 er r(]’7 the formation of undesi r abl e
t

products (e Sw nsr a&g %baéf Pr3900 psigh with 28683 Tokat (400-1200
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critical. Cﬂmracdeﬂt%&fc &M%duﬁg aElelll 398 Snokf rafiér OB deér R ekceddor 806 generally
but adi ene (&) are satisfactory. The carbon nonoxi de can contai n I nert

I npurities sughe aSoufitdfihtbacted Kicdides in (N8 FAABRmixfdielshEUEDB conrlldl Such BBEOS condélitation
paraf fini c i81ees tharcaoiea of ticssiutig. The Sdticéntrbtdn 4f O BYIBRTamie@btrollelibEcodiiub@idr stepwise
nonoxi de casdduibisd BDasthareacty.dr ogen. The hydrocar boxyl ati on of butadl ene to
f or m 3- pent enSuitabecoltentsday this recesstard gipistic G-y thonmodraoxylic atidsoaliphati©Ci- Glodicdriaoxgie e r
an excess ohcidSdenmicgedaikgishistiRied bangeicihcids laad arowen thewdf. ThepefecedsbMeuss ard pliphatici n
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priaguced di g edakibn Aixtré)6H ofGake fored UhBer eCte 86 ddRafIbhsirdr @Rantble HOk-thd BEABEKEor
can al so beestsest ahiydides) AltHotghi wate B mbcedsarit ethd Ridibedtboxfigtion bif utadiBe) € Stotild n&ie h
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2- met hyl4gl ute, el most dnefératiydesss thiaa 5% helsedet thy Wiglt yftheteaaiion ddxturd. (Théveaighbef the rdaction d
t hat cert ai mixivelinpludesiiorweight of tha satve (1), gatalystie)t imgrhatents) apH tegetantte))Thewatermay beerindsent
under the rinthezolutionrat the hetiinning pithereaatien dsdepalhe added gontingreusly ag fonpymed by theeenctonn,
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on the weight of the reaction m xture. (The weight of the reaction m xture

I'ncludes the weight of the solvent(s), c%talyst(s). pronoter(s) and
reactants.) The water may be present in the solution at the begi nning of
the reaction or it nay be added continuously as consunmed by the reaction to
avoi d undesirably high concentrations. The rhodi um catal yst can be provi ded
-fromany source or by any material which will produce rhodi umions



50° under hydrocarboxyl ation. conditions. Arong the materials which can be
enpl-oyed as the source of the rho- dium catal yst are rhodiumnetal, rhodium
sal ts, rhodi um oxi des, rhodium car bepylsps@apeunds, organorho- dium
corrpounds coord| nation conpounds of rhodium and m xtures thereof.

Specific exa f 8u|ch ma- terials include, but are not Ilmtedto
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I odoheptsanewithTimgeagingunotieratorneoicentatichs ehifRha 0. Blitdie itfremne oSthe R mtic dndinesgityavas not
conpound, eexgminedadn Y.9 J57P.652, Tiaddoglosital. papertedthedtydrocarhoxdatiomsf seyvetshelefimsubsirates ipj |
HBr and met #pplic geid déiep/Rhavies bebyyegn 15a90 P12 'M‘Nglﬁ gifviiark pllepton thedffuenae of YRon the pred-

t o obt ai ni nipt dirfbufigng Moreaner theapryits, abigingd bfraddgpkest pinfoethe T‘!&‘FP“’NW‘H‘GUQW“FW’ lgre in
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of f or i off mgg A@élﬁxw aanpl éypta rb Craddocks

S| gm fi Cant? un ca tm?tll' pr icgrg?fgn{ a%n re%g\ae?'
At the currt q7-\f|l? ategél%of xam |<ﬁ Ilﬁ&h ylrfv)t ?ric§ onoﬁiut’tliﬁ tg Ln(?én ic
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nost  pr ef er ealayesird ByRRIYnEAnd Rekp&ratudSare in degrbde deRMP LMESs bikerwie@s®d.er to rhodi um
ratio wthin these low and rather narrow limts, the dual and usually

conf |l i ctengeEXpMALESOf hi gh reaction rate and hi gh | i near selectivity for

but adi ene hydrocarboxytion in carboxylic acid solvents can be achieved.

Thi's resul tExempigdite surprising in view of the art since it has not
previously been recognized that the pronoter to rhodiumratio has any

si gni f i cant This xapple B‘Fﬁ"ﬁf’ﬁ)@a&?‘* %B@'ﬂ*‘g‘ﬁwf’dﬂ W’FGr‘"‘évﬂa I e, it was recogni zed
by Burke""’(U SAGQI'C?‘B‘BU% q&“‘?ﬁﬁ@%%“l’"?‘ﬁ'@éﬁ‘?ﬂ 9c9r5 &hra FEf&ddF??é‘i( ‘ai’?gﬂ(B’P
1- hexene deb¥ gient Jnegha &TFPE’P reaching

| / R1=10. Bu?5°t‘?1 ' 'PF t8“ '“e er d.

In US. 3,5 g w JP ""%ﬂ(B 6 ?‘"‘é 8‘2‘;&’ ’l@g W‘%‘ﬁ' ﬁm"
e fingl r pr ssure (700 psig) s were vyu raw 0 min

several gle It.£| Bﬁﬁ 4581 it uhﬂ‘— f’f‘?n‘i‘t al&t |e|ne XEr.a F\P
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di stribution. Smﬁlmtreate @ntﬁ@ﬁa e h%ntﬁa c@ﬁv@ﬁa'ue u&to cor e%on i

hydr ocar boX bR By RdatifyHididis f5}Eg) L)nhaeg&.brﬁmﬁeae%r 4 Ext o0 w.dhhl‘a’tl %) BE] Rt aha

product di Sgdnialih 0903 S6¥G-dichloREdnzelaY aPintetrBEstNERE TRHS ddritiSdulshmplesSiREhbdobi¥d, 35
surprising: As shown in the Conparative Exanple (bel ow), butadlene

hydr ocar boxyl ati on under Craddock's condttions gi ves | arge anmounts of
reduced C5 acids, principally nethylbutyric and valeric acids. Only trace
anounts of 3-pentenoic acid, which is the dom nant product in the process
of the present Invention, are formed. As illustrated In the Exanpl es bel ow,
the selectivity in the hydrocarboxyl ati on of butadi ene to 3-pentenoic



acid istvery high (up to 87% as long as sone butadlene is still present in
the reaction m xture. When nore 40 than about 80-90% of the butadi ene has
been converted to products, the anpgpl 49f 433 maent enoic acid recovered from
the reaction slowy decreases as it is consunmed in other reactions. The

fol l owing exanpl e5udy & gwe E DR SdReglwith Y3 WAL b thaE ThmbRad e ofibr ”"E

pr esgant b nv%h?aln edrEé’Hlf M aqurg2 r't))(-ramme&t e‘?xgiéns naf;’ t%pl %y@é %E\t leﬁu}%ﬁiﬂé?h&ﬁ ?E
are in degrges. %dug HhESSe &%Br G noted EXARNBL anple 1.

‘ udirat s the use o |§err] and H, where I/Rh=1. 50

Thi s exajmpl e |

Acetic acid (70 g.) containing 0.28 g of wat esr and (3 164 8 f 56%aq9. H
was cold pre g Lh-@@-a-nd—ﬂea—t—eg—ge—-[ in a

100 nL Hasteld ®eledmiohanyi aadly stirred autoclave. After reaching [err] a
sol ution of 0. 18: & rlesig 1.3 gof wat,gr wasghnjectggd withy80 to
bri"ng the over gﬁ)e&nﬁn%ﬁés%msure to 28.6 bar, (400 psig). uSadi epe,( BD.
3.2-9) was i nj e@leF isnisdichtely with &nough &dditiofal CO Po’bri nﬁ-?he
final reactor prAsYWwladterdd. 3 bar (7@ 4psi gp.. 8Sanplhed wer é.6it hdpaWwn at
30, 60, 120, 18Q, 0 N l.nigt i;al BRI = 85 inipigl 1/fhg= 1,
initial water/ hﬁ%_bg_éﬁ%d[?a |cel%2 el et e ohe 53 G2, N egial balance.
bu- tadi'ene- t omstdial tagdsv@cdd | s 9789 i Acreasi Ag’to 8198if ndrfalized
to the fractionddfpirastiecovered. Sawplees wer.@ treat2d wi 3hl[errd/det hanol
to convert the.car |i,c acid groups.t@ thegcerresgogdi ngyng- thylgesters
by heating aquzu%tug"%?%’.nf g) of the reéé?i on mixture for 1 h at [e6r with 1
mL of 129 BF3 iB® @dfedfol containing 6603 g%#® o- dPchi or obefizene® ad an

i nternal” standard. The derivatized sanples were then cool ed, 4 EP 0 405

433 B1 quenchggeyiohid ofkndWrol odilm wald Sefiaok e BhdentBnAau Bhiaciétls nEELRAIL AR
chiy i de. T@&@ﬁﬁ%ﬁ&g&ﬁ@ ke Bt M&ggimo'r'iﬁ?;. e LA 27

t enper at ure-programred elution on a capillary GC columm. %Bel ectivity is
the nunmher g@lampekes of product per 100 noles of BD charged. 5 Time (min)

30 60 120 ' 180 240 % Sel ectivity to: 3-pentenoic
acid This example illuséates the use of a rhidium(l) compour¥l/ [Rh(CO),Cll,, arfdi I, where IRh=B91. val eri ¢
acid Acetic acid (69 g) and [RB(C0),Cl}, (0.14 g) @ere cold-pressuredto 7,9 bar (100 pBig)vith CO and hedted

val er ol act ond50°C. After this solution reached 150°C, @2 § of wate® 088 g of 55%3q. HI, afid 81 g of 2Getig acid were
et hyI sudei ninjectesowitth CO bringing the unit pressure 12816 bar (400 i3ig). BD (8.Qg) was igm@diately Dir@ludeg with

met hy| gl ut afQ te bring:thejfinal unit pressure to 49.3 bep (790 psig). Samplgs ere taken at 10120, 30, 40, and 12 nip.
6.2 adi pi ¢ Initig BB/Rh=82, initial /Rh=3.1, initial water/BD=2.4) Byjadiene was compplgtely converteq bythe first sampleg 1

4. 3 2- but an¥ferial balance, butadiene-to-products recovered, js 82%, increasing tp 88% if normaliggddp the fractionof 4
2 0 BD dineese recovered. Samples were analyzed as descri@_dgn Example 1. 0.8 0.8 0.2

0.3 20 I\al%arly 90% of the recovered products were pentenoic acids until

essentially all butadi ene had apparently rea Bed (a§orefle86ed inybpe
mar gi nal i ncﬁ&iﬂiﬂ&eumd—pm 2.

Thi s exanpl e%i Bedettdvésyt heo:use of a rhodiun(l) compound, [err] and H,

where |/Rh=3. 13Acehikendsicdacq@ 9) andg[err]e0.14 gy were4qgol d-pressured to
7,9 bar (100 psiﬂg) W th and heated,tq [ery] ,Afte his gokutio eached
[ekr] 2.2 g of YRaBE,S B_Cgé) g of 56% aé.’BHi, gﬁé 2. 1§Q§of a?:'e{si c _agfg were
30 injected wmehhgDbbtymgicngctibe uni €.8ressdr8 to 2856 bat-£400 psig). BD
(3.0 g) was i nyRdibabeh¥tbRkr oduced wi gh1CO te._bring7the figmaé uniB.pressure
to 49. 3 4ar (700 ig). .Sanples were taken a 0, 20, ,30, 40, andg130 m n.
Initial BD Rh:SZhgiﬁlgf:FéPlF/ B39 1, | ﬁii‘lfﬁli al \g\é%er/ B%zg 4. BUfadi e%éavvas
conpl et el y conmethgdghytaméct pesd sanfl-d. MiteRi al 1BaPanck?-8  32.2
but adi ene-t o- p?g?fggksaléggover ed, is 84% incredsingoto 88¥3L4 noppwki zed to
the fraction o Ss recovered. Sanpl gs.vere a@al yzgd as dfsgri be En

.7 PN -%0 - 20"

Exanpl e %. 35 FrRytapeps)

30 40 BD dimer$20 % Sel ectivi Oy5to: 0 <0. <0.1  <0.1

Example 3.
55

Example 2 was repeated with faster sampling.

The procedure described in Example 2 was substantially repeated, using faster sampling. Initial BD/Rh=80,
initial I/Rh=3.0, initial water/BD=2.5. Butadiene was still essentially totally converted by the first sample. Ma-
terial balance, butadiene-to~-products recovered, was B4%, increasing to 90% if normalized to the fraction of

L3



40° - 3-pentenoic acid . 79 67 59

49 9 valeric acid 2,0 2.4 3.3 3.6
5.7 nmet hy| butyric acid EP0405p43§B1 1.0 1.5 1.6 2.7
val erol act one 3.1 6.0 7.5 9.6 18.1

et hyl succinic a 4 3.2 6.0

met hyl gl ut aFf% 'ezgg‘feﬁfd Sampgleg were ﬂa'yfed as%ﬂscﬁbed "‘_lL%‘a§p'e132 2 adipic acid
4.4 8.0 10.7 13. 4 25.6 50 2- but anone
2.7 2.6, 2 1.7 0.6 BD dinmers

0.5 o Time (’“1%1 (01 (m1laeamé-3—-55—aean#%_uxa£&.epeat ed

with faster shrﬁﬂlerrg:wﬂta' proocedure described in Exanple 2 was
substantial ly rﬁq?@}{teéj,mtbswbgd‘ aster 7ganpl i pg. I ni vsal BO¥fn=80, 4piti al
| /Rh=3.0, Initial vvaterlg . Butadlee t|| fsente%éllyto%
cofivert ag by t HP¥S5 Ma- tefi buf adl t o- prodflct s
retdvered, was n&fl%yhhﬂryeras: mg:xtdo 909%Pi- B nor ﬁraﬁl zedOt’b t hed % act i dn of
EP 0 405 433 Bl imS%10aQwer ed. Sanpl gsywer eyapal yzgds as desgri bed ign

Example 1. 5 1 4
10 ethy_&s% g7rI|§eIa§(‘§fil vity tgz 3- Eéﬁteno’f '(:4 aci"d‘5 5.2

7

79 15 79 methylgilgtaric acigd 3. 26§-%aleric® aci®y?® 28.7

0.8 1.4 adipic Jach 2.1 2.3 3.9 10|57E5 Ihyl utyric 283 d
0.3 0.5 0.9 val erpl act

1.7 3. 52 ~butancy 3 4.4 1.5 1% g h§1 succi nlrhg acild‘4

0.6 1. 1BD dimegsy 1.5 1.3 8.4 1 oma?thyl gllutaric
acid % 3.3 6.2 7.8 8.9 8.7 adipic
aci d 2.3 4.2 5.5 6. 2 22.2
2- Ruy anone ZX2mele . 1.5 3.7 3.3 2.8
1.4 BD di nﬁ'fssexa eullustrates the use of h(CO)zgib ahd A, where /RH4.4 0.2 0.2
0 20 Exagpl e 4ne gritedurs SREMHLLiniEx S EpehB@usBIRIMEOLEY, (d1 @ Mrbidee bIRNOASAD.

|/ Rh=1. 25 mitial 8O/RALS2DiRIEME AEHEA @, dmtér}aedzs Maleua BPARe, butidiéhe RERERLE Ehcbi@ied Gvas

[err] (0.1 g%, indrepdirgae 1005 if @hﬁa]uzddnb thie arhctiBDbrEBR covirdd. Thehalflife Fin B dbappedtarick al

wat er / BD=2. des rédatedits 25 mif) altahecelectivitidsaet compardtte-tpihoshitedotted ferdEaarylet] jn vivizs the Raif-
i ncreasi ng lowds(E ¥iri. Bampesiveeld anelgzet! os ddsgibbd iaEkanple 1of mass recovered. The

hal flifeefor BD di sappearance was reduced to 25 min, but the selectivities

2

~N O

are conparable to those reported for Exanple 1, in which the half- |ife was
58 m n. SarrprBSeV\mauanal yzed as desqro bed iz Exangbe 1. 30 Tineizm n)
10 ";.pt 40 120 % Sel ectivity to: 35

S t t
3- pent enoi c e]d“ i y toi 26 40 50 59
84 val erfc ac? Cpenteno:.c acid 26 0 40 . éo 59 0.1 84 0.
0. 7 met hyl but wakeriaciakid 0 O 0 0.6 0.20.7 0.7 1.
0.3 val erol actQ\&vibutyric acid 0o 0 p.¢ g7 006 0.
2.8 40 ethylsucm r¥ i d e 0 " "’ 0 1. 0 0.3
0.2 o O0VA W‘bq%earlc acid © 0.7 06y 0.7 o.62.8
0._7 0. @thylsuccihisx adijg ¢ aciod 0 0 0.2 0 0.7
0.8/ 0.7 methylglhthric acia 3.0 921 0.4 butgnene o g 4.5
2.2 ) v . 2.7 'b% 2

adipic acid 0 .8 0.7 0.1 3.0

45 2-butanone 2.2 2.1 2.6 2.7 .2
BD dimers 0.8 1.2 0.6 1.1 0.8
Example 5.

50
This example Hustrates the use of pre-reduced Rhl,,

Rhl; was pre-reduced by mixing 11.3 g Rhl and 1.3 g of Rhy(OAc), with enough acetic acid/water
{65%/35%]} to make a total of 100 g of solution, and then stirring the solution at 100°C under 11.3 bar (150
psig) of CO for 3 h to produce a clear yellow-to-amber solution. Material balance, butadiene-to-products re-

§5  covered, was 80%, increasing to 82% if normalized to the fraction of mass recovered. Samples were analyzed
as described in Example 1.



BD di ners 0.8 1.2 0.6 1.1
0.8 Exanple 5. 50 This exarrple illustrates the use of pre-reduced [err]
[err] was pre-reduced by mixing 11. %p@ 4sp€kgalgsand 1.3 g of [err] with enough
acetic acid/water (65% 35% to make a total of 100 g of solution, and then
stirring the solution at [err] under 11.3 bar (150 psig) of COfor 3 hto
produce a cl qqrmeyeﬂnllg\;v-to anber sol ytion. dhteria bal ange, 60

but adi ene- t o-.produ % viEy O covered, was 80% 1i1ncreasing to 82% 11
normal i zgd to ORECFFAE THNT of ‘mass recovered. Sanples vvere analg/zed as
described in EXa@préercie acidp o 408 433 B Tinéd? (min)®?

3 - 6 valerif acid 15 0.7 601 9% Selacdivity.1o0 5 4.4

3 pentenol ¢ aGk¥nylbutyric acid [7_ 0.5 15 087 o7 893 29
4.4 et hyl but yPpdergtagtone 0?5 5. .5 51 fg 1347

2. 3“val erol act etbylsuccinic acid 2:% 0.95.31.2 59 5.46.9

é349 et Ey: SllJCCIm@ItSyﬁghdijanc acid 1063 5.2 50-2@.5 1. 270 311 9

_ met hyl gl ut ari c; _aci : : :

27.3 adipic a@Pgpic acid 1?9 3.6 .(4)'3 664?53 1857 6.3
16.7 15 5 2-but wrRife 0.7 0.8.5 oq7 0.305

0.4 0. BpBiiae ner s 2.3 0.6 2035 0.0.6 0.1 0.5
0.2 0.1 Exanmples 6-10 20 These exanples illustrate the effect of

|/ Rh on proguct diliiﬁri bution. A 100 cc autoclave was charged wwth 69 g of
acetic aC|d 44 g of [err] The un|t was cold pressured to 7.9 bar (100

psig) wifh 1C;)(’é) es‘ﬁu% "ﬁp d'srguctl on mxture was stirred.
The unit was q,h Eﬁy ﬁgg jzr 1 ﬁggﬂéé%iﬁg
3 g _of acet brgss%b r s%‘ (')(55 she d b hlle%

Table 1. Bufag h&ﬂﬁou 028B)bad(@so ddvﬁﬂl&h‘.(récﬂ&ﬁ‘gm id ah@thb'&kahmi@& SagRt
to 49.3 zbaradﬁu(aﬂa mérgaovw"muaﬁl utauaem 5 §fVas hidd Ui Sfrihdeim ﬁw& e bRdgntto 4b8€
i ndi cat ed t bdiEr90 psig) dith &RABFAOCOThe FFhetioRRat-salERA tHYnd@asd himds LA tHe GrodiuRipixAfa-
descri bed i pzeklyde bi@onatogidpRy £ d¥dRBbee MIERINSHIAAET HateWGg extgsive phioyiadip ExxspBs 460, Also,
Al so, i nt er hethadiae sampiisd showsithatete chiainét dish eatieatapidly 81 Exdmgles I aki Me rin wiighi Wihy 12N
Exanpl es 9 am@0.6spe¢timelhi ch |/ Rh = 12 and 20, respectively. 30 The
resul-ts 3re sdhengsults end simmaragy ipTable 1Tabl e 1 35 Effect of |1/ Rh on Product
Distribution Ex. W [err] W. 57%% W.% |I/Rh Tinme %aterial Bal ance

Yield 40 No. (9) aq Hi(9g) HI ratio (mn) PAs
VL DBAs( AA) 6 1.20 0.48 0.6 3 10 92
1 - 3 (1) 32 80 Srable 1 12 (4) 7 1.00 0. 96
1.2 ¥ 6 32 77 13 .10 (4) 45 8 0. 80
1.44 1.8 9 frect 082 /RESn Product ptribution 18 (6) 9 0.58
1.92 2 4 12 3‘2 51 7 <1 (0.4) 10 0.00
3. 27 .5 <1 "DBAS 5 Dibasic
acids, ige., >fpl C, ’e% h sucm ni gs%ané/%' Tidle ifaterial (Bg')lancet ng utaric
aci ds. Exanpl eg—éi—i%——éé ratio (min) PAs VL
\_ 0.48 0.6 3 10 92 1 3 (1)
32 80 5 12 (4}
7 1.00 0.96 1.2 6 32 77 13 10 (4)
4% 8 0.80 1.44 1.8 o 32 18 o . 18 (6)
9 0.58 1.92 2.4 12 32 51 7 <1 (0.4)
10 0.00 3.27 4.0 20 32 23 5 <1 (0)

"DBAS" = Dibasic acids, i.e., adipic, ethylsuccinic and
methylglutaric acids.

&

Examples 11-12.
55
These examples, together with Example 6, illusirate the effect of water concentration.
A 100 cc autoclave was charged with 69 g of acetic acid and 0.14 g of [RhCO),Cl], and the amount of
water shown in Table 2. The unit was cold pressured to 7.9 bar (100 psig) with CO and heated to 140°C while
the reaction mixture was stirred. The unit was then brought to 28.6 bar (400 psig) with CO while introducing

7



Théese exanpl es, together with Exanple 6, illustrate the effect of water
concentration. A 100 cc autoclave was charged with 69 g of acetic acid and
0.14 g of [err] and the amount of wgb@ueskawn in Table 2. The unit was cold
pressured to 7.9 bar (100 psrg) vvrth COand heated to [err] while the

reaction.m it nbr t to 86b
psig) wth umﬂ 8ht td (g an%q at r éllé%g %"pled ;?e pda"d

0. 48 g of 5 %;% €1 with g rtl hereac

Oy g puriedtbridet M odegs s e e
CO. The reaction was sanpl ed at the indicat ed times, and the product m x
anal yzed by gas chromat ography as described in Exarrpl e 1. The results are
sunmmari zed s in Table 2. Table 2 10 Effect of Water on Product
Distribution Ex. W. H20 W. % ¥Yéahers I/Rh Tine %haterial Bal ance

Yi ilg‘d 150 No. added(g) water feed ratio (mn) PAs VL
DBAS( AA) 6 0.0 1.8 ibutionl0 92 1

3 (1) 32 80 Ef}r;ect of Wa.te{Zor{ l-]f) %t_jL\ict m% ibution 5 5 4.0

3 32 61 10 (2) 20 :
7.2 3 Ex. 2. '*13393 We. % “’a"i"/(f)“h T“’? (b’)“eﬁ:’ﬁs Bala'ﬁ%hei) aci ds,
i.e., adfpic,net hypbdediai)nrategndfesst hyFafiig =i 8. This

exanpl e i I 1 uskrat esot he uses of [Brr] and HI et [%er] A1300 rr1_3Ha§feIon C
mechani cally stirred autoclave was flushed w2 h adtrogen and tiendhi th hi gh
puri ty 30 It S thgrg charged wi th 1501L ©f an acetic aw®i dz2sol ution
cont ai ni ng OC% g ( 5 rrErQ &) [eyr)] and; 5.0 g o-g4 chl orpbenzeng (bnternal
GC st andar d) he "alit o%l aye wag_closed adnd bu @gyl,les%g wWas hphected with CO
Dressure from 22%nar & @§tT fférs confar mng 0 mmol e) but adi ene. The
autogl ave was pressur®dhit ¢4tentt 33856 bar (400 psig) and then heated to
[err] The reaction was initiated by injecting into the au- toclave a
sol uti onsnmade by dissolving 1.0 g of 57%ag H (4.5 mmole H) in 2.7 9 (150
mol e) wat egxampib@s.au- 35 toclave pressure was then inmrediately adjusted to
49.3 bar (700 psig) with CO The pressure was nmintained at 49.3 bar (700
psi g) by f emil axgmpldindstraien the ise SERWEOD)CH] el 1araody| ati on rate was neasured
by noni t or i ngABHEmk Weseiayet meqhadaitystigedbutnoiavelyas dlishedwith@Bogmsand bien eithdligh pudtpi d
(>50% of0 t @it ves &hren chreged iwith 1 5018 ¢fiam heticdcidsrolutjdinicoriainifec. 37 (&5 oimolgpIRMEOD)CI),
sl oned. 40 and 5.0 githdichiasgbenzenm(intgaral G istavdart).tThe pejprlave wasclased afld byfadignetwas infected
whi ch it wasthGsdiresgure tiorp eherge qitirderceptaigine & (ELale) bidetiean dhe avtoclgyenas pressifgd
di schar ged. Wt 1938-8 bprd )sang| ghep Beptedjte W%Tl‘?fei@ﬂ“f'ﬁ_s"btfateﬁét’ﬁ Flpp inforthe @
under aut og‘e %Yags §§Bi"’ebyé’h°’a°"t"r$e'r9 &Wff’h% g mf?@'ﬁl‘i‘&r‘fb?’ {159 Bﬂf) water. The au-
Sk de ot ol - o] Ly
HaengeSr E’B‘Saé%“ef"r"fs e '8" B °§§%/“%"15’t"8 yanqqitqrigg e

but adi ene c% rphes
conver sion: %Bﬁkmat oSl B QL B2ARGALASH, Y’%ﬁg““@"gﬁ*e‘é‘rr“ﬂ“ Y as

gas phasg aftege I%ar.hod’m alfowb8 10 LRIBPHotaftor ¥ Wster Mﬁch'rtWaL bddled RI205@ R £ 0SS CORUR
and that t h@ne@BRARE producOibs QlsctaRd ITh¥BitochvelvasMestdd FirP WSS L RleWaRI4E So0o€ OM
t heaut oc| ayRersfib§ens@ PrisBiRslandlthdninith €6h rAlrethdh@rbt fob tempbratural € was di luted to
500 nL with nmechaggis of fheSradit @apof phakyd shoSe thbti LR buGRIBNE SdnGdnirdtiod Aadddtclaassl o
it in a seas.gdh twDab% after P @KI4Y6 coderstbd). TheWwhit-iife for BIDdissppeatidte vl HTmIBCTHE afdigis also
excess net hsmedd thalthe comdehiyationss t-eang 2\hetedes avthé seaeat ghs/phesepifiet 2lr was@O 6% Jatphch i
50 bel ow: ¢f ti-initiohBR crocantration)cind that the cohfen@ativg of- . pent.&%i c aci d 5.87%
2- pent enoi ¢ adheiproduct and washesyfiig the autoclave were combined, filtered and then the filtrate was diluted to
500 ml with methanol. A sample of this sclution was esterified by heating it in a sealed vial at 90°C for 14 h
with p-toluenesulfonic acid and excess methanol. The methyl esters were analyzed by caprllary GC as shown

50  below:
-3-pentenoic acid 17.94%
c-3-pentenoic acid . 587%
2-pentenoic acid 0.75%
4-pentenoic acid 0.48%

56  y-valerolactone 7.99% .
2-methyl-3-butenoic acid 0.79%
valeric acid 1.75%
adipic acid 0.35%
2-methylglutaric acid 12.17%



4-pent enoi c acid 0.48% 55 [err]-val erol actone 7.99%

2- et hyl - 3-but enoi ¢ aci d - 0.79% valeric acid 1. 75% adi pi c
acid . 0.35% 2-nethylglutaric acid 12.17% 8 EP 0 405 433
Bl et hyl succi ni ¢ acid 2. 21YErRag43®posi tions are reported as nol es

per 100 nol es of BO charged, even though control experinments showed that
25- 30% of etrpeuddiniciatidt he charxggimg cylinder did not enter the reactor. No

ot her pr odtesezompdsttiorcbcare Mportell @€ BKEs bei 160 GBled I GBI tharded Bveh ShoughbniRdd ekpdfienl ! €
formed. Tisheven eae25-30% staise BT ih Cwetarbiog eviditief 4 nuremar tikarkdotdr.iNo@eher Fredids verid@ed N
consi der altdcied osignficant enownfs, dnd@o theswareldr@dpent anoi ¢ acid to ot her products.
However, at Thisgreactighiigscilowelddo qun éul retshaffiiies. yeeutting ingiosidermbld sonvgrsipn bithedesited

t one, val @rpeptangid agid tepttierarhidpits Havdve) atienst T 3egl thetprrdudediernentediqysids.grwelerlaaci d
or its detdneeyeleteasid. and adipie peid) eaperserd Hoidedired Precnignpigadideritadeivatiyesphonddiions! 24%u| d
be deri ve@f ¢ ar-entejiing prpductstoyly by deriyaddram siher aniAitial fineas or ARty dmERtdetiop af of
10 but”adlblé'ﬂ@e"eExarrpl e 14. This exanple illustrates the use of HBr as a
pronot er. The procedure described in Exanple 13 was repeated. except
that the ﬁ?—%—%epl aced by an equival ent anount (4.5 mmole) of HBr (0.76

g, 46% aqug amp-mﬁ &a‘?&‘%ﬁé&@o athg g torun for 5 h at [err] and 49.3
bar (7Q0 p f W?l% L#bﬁdtadg%e RasfRe RQuds 00pRR ¢, ah 'e&ma)&’ﬁts
7.63% and aW@u%t £ FhriBId) o? ﬁér ( 7 Uk Of Rdaetion s allblvEd & AUl 6 SRORAA0RE and 49.3
concent r alphQith pSif) tdial bRERE. mmﬁiaﬁbaQ %mn&naﬁ%wéwds%upaﬁ&d 8P afdishysiss, Of
the produgbnveBHyEThe@btkdspahail EdnEénY BtloREhs Bitirad verd 8.028% ahd1¥5% Stbrikiup RS, and i
12. 1% t - affle ProducPshioivedlény25%ecoddbdisitadiie. Bi3katixqaba@best sndwe s tdek e Blpestendi:
Si gni f 2oC amtidsa N bthérpraaings Weoe deddcted WEsighifitam aredints GfiBnoltdts wte foied2@s B 13f 25t308 BD
i n the chaftye RY irdyié chachbw cylinder ddinciemteethe rdagtor)eact or . ) Conpar ati ve Exanpl e.

25 This exanple illustrates the use of a high pronoter-to-Rh ratio
(1 / Rh=132Comparatiyp Exdmpleed i n Exanpl e 9 of Crad- dock et al. Acetic acid

(51.8 g). water [err 075 57% a (8.48 9) and but adl ene
(.75 & B @%\ed'"p‘ﬁg@é'tﬁt@ﬂ“]@d“ﬂmg‘°ﬁa "('“zemo('ﬂ’gf&z) e il
[err] and ess

ﬁal
ac d ( ) l H. 0 (0 tadl
Epl)tju\(l;\?s mh;:s re wi ‘Pf %g }Zut was e “f.gg;:? %)g n verit eg i‘rgegf?ntga{}'g t /@] ﬂg|| ds
wer e Ogseg‘i ] % mgtg balance r)f v}/@t1 8 6

pol yner's I N sol 2 i odobut ane

but yl ace'g,ggrpcac,d p,gntenm c acids 0 3.val erol act one

0.2 (I esseb paymdtidoiidp Of et hyl benzene. xyl enes, many [err] acids) 40 The
sat ur at.ed pp&imers H¥AACI ds xconstitute 62% of the identified peaks. C ains 45
1. A proesashbjisie the preparation of 3- penten0| c acid which conprises
reacti ng ibatylaacetatevent but adi ene, carbon nonoxi de. and water with a rhodi um
‘cat al vst aederaicpridstot er salected fromthe class consisting of brom de and

i odi de, atvalerolagloper at ure 2 t he range of [err] to [err] and at a carbon
nmonoxi de par t Kessennuenditiesof ethylbanpraey aleprs. BényEs20sd) 207. 9 bar (75 to 3000

psi a) . “whéhesaurpteeCarpnerdids censtityn Sg% ot the ifealfied reaksi t he range of about 0. 005%
to about 0.50% by weight of the total weight of the reaction mxture.
charact er |czed in that

45 1, Aprocess for the preparation of 3-pantenoic acid which comprises reacting in a solvent butadiene, carbon
monoxide, and water with arhodium satalyst and a promoter selected from the class consisting of bromide
and iodide, at a temperature in the range of 40°C w 200°C and at a carbon monoxide partial pressure in
the range of 6.2 to 207.9 bar (75 t-: 1000 psig). wherein the concentration of rhodium is in the range of
about 0.005% to about 0.50% by weaight of th2 total weight of the reaction mixture, characterized in that

50 the molar ratio of promoter to rhodinm is between 1:1 and 20:1 and the solvent consist: essentially of at
least one carboxylic acid selected fream the grour of aliphatic C,-C,e carboxylic acids, benzoic acid, and
alkyl-substituted benzoic acid wher«in the total number of carbon atoms in the alkyl group(s) is not more
than 3.

55 2. The process of claim 1 where the solvent éun;ists essentially of atleast one carboxylic anid selected from
the group consisting of aliphatic C--44 monocarboxviic acids, and aliphatic C4-C,g, dicarhoxylic acids.

3. The process of claim 2 where the solvent consists essentially of at least one carboxylic acid selected from
the group consisting of aliphatic C; . monocarboxylic acids, and aliphatic C4-C7 dicarbuxylic acids.

o



50 *the nolar ratio of pronoter to rhodium is between 1:1 and 20:1
and the solvent consists essentially of at | east one carboxylic acid

sel ected fromthe group of eliphati gelpaisssear boxylic acids, benzoic acid,
and al kyl -substituted benzoic acid wherein the tot al nunber of carbon atons

in the al kyl,qroup(s), i s not PD{oe than 3. 55 . The process of claim1l
where the SﬂT g }é\pgﬁtﬂ)ﬁé 8b Ye ‘éﬁéuealéfnlo%L &% 186 mBbs &f%%avfjhee&ﬂhm dohifoy Lrﬂnen
sel ected fr 5 b“PoPt b flthd Barbing M% @M&er[t& reatidl! {o Pf%fydu @r&‘h 1S,
and al i phat {the ﬁrs@ hGfHo d,g,t@.g% §f0r he process of ai'm 2 wher e

the sol vent cong Ire%a&n QGBS ABIWeAD ko STmeal hA:fﬁaaést reanﬂg ﬁ%hymewbnbeora%rdn Stehedebing
from the gr euemdnon séidiolol@r Rbdudls. HOWaIek, Gt 1A 74bs of FRRPRAAADENEYehtnoicABIIE) §-valarBic-

al i phati c [ ®hé,}aiéticaad, RaxatigicaciaGb@ssenthe desifelP3-Peridhbic 43Bor Kl deatidiiyds SAnGiatitingl 2a%1 d
2. 21% Thes eoftiEgeidsbithitiforaiuets tijdos t@tledRrmenhe an piga liikaCor naliesr Wy trotiboghaiogerd,
even thoughbwaene.ol experiments showed that 25-30%of the BDin the

cha‘r‘gl ng cylinder dit not enter the reactor. No other products were de- 5
tected i n sEgmplkitdéant anounts, and no tars were formed. This reaction was
allowed to run for many hal f-I ives, resulting in considerable conversion of
t he de5|redT®1%@W?'aNW%bﬂ@PHset‘tf)“@t%érf’mm*’@ﬁucts However, at |east 74% of
the prodficts (Pherossavre dergiited inEperaple 13 uparappaipcaprcent figkihe U%waéﬁp@cwane e"t

d agm ¥ Pesonse el'omd Py °
addr ¢ onal 6;% frs'vgp@'vé%sf‘ae bl g g ata’ § %’ff F? Qr
inls e

muxed buIenes and and g—B ':fP}%
ﬁ\s in |!_E|‘< 1 -30%
procedur? d o Har , xce t

t sho
14. This, exs&@é&’)ﬁf ;A ..?g orm
repl aced by an equi val ent armunt (4 5 mm of HBr (0 76 g, 46% aq HBr).
The\/eactloaomsau@léxgm@g to run for 5 h at [err] and 49.3 bar (700 psig)
total pressture. The initial gas phase BD concentration was 7.63% and was
1. 87% afder Phidlexarfle Msra0 e GkioPdigh pldwiet- QLIS SRAMTH=NE?), 3O AishBéd i Ex01pe 9of Crad-
but enes wer @ocke@®8% and 0. 25% Work-up and GC anal ysis of the product
showed only 23%eticacdiseB gyl whtet(fa geRIEC!,. 31,3 M aTh wetlrat Hl (848,g) addbutaderib¥9.15 g) el
C- 3- pent.enocad iéssared dI4.8 big (290 heig) with OCUEhisd taa7 % Cdatl heh bdughhto 38.9 harf($85 asig) final
anount s andpmeuearits CfeThe vhibwasdwdld af tAis conditifixfor 213, Qigled Bd vefited. Aike BB rivyduet imix was

char gi ng??cyvarnepmpleyibyt th@)flo“wmﬂteﬂﬁéa'?'@am'éﬁrwére Q‘;@Hﬁ%ﬂ‘ ative Exanple. 25 This

exanpl.e il | wethyegtaisatihe ysel®¥ a high pronoter-to-Rl ratio (I/Rh=132), as
di scl osed IYPGE'X‘a%Ie 9 of C*%d- dock et al. Acetic acid (51.8 g), water
(1.8 9), [e ?‘ﬂ‘d) %%aq H (8.48 g) and butadlene (9.75 g) were
cold pressu 5 (R3078 bar £200 psig) with CO heated to [err] and then
br ought ¥o At l%b"_%f (685 psfg) final pressure with CO The unit was held at
this condltl ﬁ 4 h. cogled and vented. The final product mx was 30

very conpl e’ rﬁ e folloybng naterial balance yields were observed:

met hyl but yri C a{fdsirquanhtﬂe?%’ey b@ﬁzbﬁe ngs many C, acids) 10 BD polyners (solids)

9 BD di nBr s Thd fAtud' d) monoadidsconstiitd 62 Cbbl-ﬁtemﬁihed peaks. 2 butyl acetate
2 pentenoi c acids 0. 3 val erol act one 0.2 (lesser quantities

of\et hyl benzene xylenes, many [err] acids) 40 The saturated [err]

nonoaci ds comshs t ute 62% of the identified peaks. Clains 45 1. A process
for - the preparation of 3-pentenoic acid which conprises reacting in a

sol vent 4sut &di Apregessfanthomepamtianof 3pgnteaviclaciithish comprikes zeacting thiagplvenblivteddipas, cabrd a
pronot er sel ecthewxifly, e walvewith sabeliugoaliyy eidegrafotshyetnsiedicometheiciiss ainelieling oftbragide

t enper at ur e i nandiipdidephgtempgratpre ythe yapge2HHVC A0 Cond at a@a@momwﬂﬁ@rle@rmw Iral
pressure in the range of 6.2 to 207.9 bar (75 to 3000 psig). wherein the concentration of rhodium is in the range of

about 0.005% to about 0.50% by weight of the total weight of the reaction mixture, characterized in that

50 the molar ratio of promoter to rirodium is between 1:1 and 20:1 and the solvent consists essentially of at
least one carboxylic acid selected from the group of aliphatic C,-Cy carboxylic acids, benzoic acid, and
alkyl-substituted benzoic acid wherein the total number of carbon atoms in the alkyl group(s) is not more
than 3.
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55 2. The process of claim 1 where the solvent consists essentially of at least one carboxylic acid selected from
the group consisting of aliphatic C,-C, monocarboxylic acids, and aliphatic C,-Cy, dicarboxylic acids.

3. Theprocess of claim 2 where the solvent consists essentially of at least one carboxylic acid selected from
the group consisting of aliphatic C,-C, monocarboxylic acids, and aliphatic C4-C7 dicarboxylic acids.
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thée range of 6.2 to 207.9 bar (75 to 3000 psig). wherein the concentration
of rhodiumis in the range of about 0.005%to about 0.50% by wei ght of the
total weight of the reaction m xturepoabe4agheri zed in that 50 t he

nolar ratio of prormter to rhodi umis between 1:1 and 20 1 and the sol vent

group of alTph %EJr gniéi%t tyftic Vel roic acids.

al kyl -substitu enzol c ac ot AP nunber. 0 on atons in
the al kyl 08.0UtNe$gocdss oﬂ!lHimWﬁé?e mbme&co&'ﬁsts e%sent.érheraraétﬁeaas of claim1 where
the sol vent consists essentially of at |east one carboxylic acid sel ected
from t he gr®uprheoresess of aigim 8fvherk thelsalvdnkconeists Jubptamtielly-of #tdeest dne catkdxyis acidsaipcted
aliphatic [er rf[°"dh%ﬂP'lPd¥eWSFi@9 of eqiriz valgic, Z'Wﬁ@"‘tb‘ﬂ%é'y'sm‘ci"l?laaﬁ’ wmethylkyee acidshe

sol vent con ShS essen of at rbox ct ed from
the gr oup cgn h§t"1°ﬁ%j‘°’ '% aé{‘i'r %Pf’a? t"&“‘["&?@f‘”ﬁﬁﬁg PR r"é“'ée. ?];gnfo “al | phatic
P di car oxife pfocads iofiFaim 9 where B3 pQrtaét%s&;#é’:or%;mAn monbide i bageRS @fba'cdnama?
vvhere t he sol Vﬁpﬁooq,gga.r.&toﬁogs@entra of at |east one carboxylic acid
selected fromthe group consisting of acet ic, propionic, butryic,
2- et hy| but $r i the progdsepf otamhdh&:atbemerame@bet@en 1®°C arTﬂH§0°§r ocess of claim4
where tHé sol vent consists essentially of acetic_aci The process of
cl ai m 3 whelt% thiaEroeess gldaim 2 yhres e §‘°'§U6'é°t°anPm%fF'Ft§/ Riyfs batwerfbhkt"ddﬁé car boxylic
acid sel ected from t he group consisting of adipic. valeric,
2- met hyl gl u{,atr o Isucci nic and nmethyl butyric acids. 7. The process of
clarml ere ?tﬁ'e oncentratron of Rhis betvveen 0.01 wt %and 0.20 wt% 10

8. The pr 0 e%@.trg& tZuurr% 53% s, Linfd BiHLeEulld voRi BLAGh, ROMAMbHRa! S
bet ween 14. g Eb{ﬁ?@ﬁ ﬂ(s%r' nd @ﬂ ﬁgtopﬁls wahl9aus dg_ﬁ@aspg %Gﬁeﬁdo
cl aim 8 where Jugemtrr‘drme.raawr,emaﬁ LEGAMRRE bbi el nerr ehp@rtch ih@erelch Jéh 484 bisl306°C und
process of cl adifBmkoMeRhshokidariBbradk inderéichOfon BI20BDREe- Bap (F8Mbid 5000 LI WBbel. did
and 15: 15 Pat etodiskdhtnfigion h Hereich\Verw ét@B D006 Zew.-%HaY @i d,6016EY. WOdes Gesamtgewichts

3- Pent ensaur e, detiRéaRtagisthahgiedtmadirahigaignhze st tiEtiae Molvdhitthie montPr@otod zu Riddium
Wasser mit ei nawscidnadi undizet ddgy eraitdas LasnayseitteldnmmwBsepithien bgstehtsig @eigstens einer Caer
Kl asse best ehermdsédre, ausgewshit aus dexBsupBe wamiatiphatisdhed GaHCal;Carhonsdinam Betzossdnng ond Alkyk |
bei el ner Tenpwbsituierted BenBesaure Woringlie GROGMarzal ap BOGnstniiatamen dmder (den) Alkylgruppe(n)
Kohl ennoxi d- MFW*&P'@IM@(@QE m Berei ch von 6,2 bis 207, 9 bar (75 bi s 3000

psl CI) pre% f hZ T trat D we eni ein r s§
% righreny swﬂ & t‘qj{ BH% Fu? I
(Cj;:\(ljvur c/ hbngI céi%%ﬁ%’% -?e%rc g4 "(’é '“p‘t?b%"\ﬁr T‘tsﬁ'f"ﬁa“% Erg oneeatbonigytent a""éﬁt
un

ZWi schen 1:1 gt un ‘das Lsungsmittel Imvvesentlrchen besteht
aus wenigst ans/eerbmarnaaamsprbmwrneas LBBMGEMERNIm wedshllichtR uswergiéns\éMBr Carbonsiure
al i phati schen degeftZilsdonbin@inSdel GRPpe HBeBEad sdalipdatstitbn AL-By-Mondbibsrisédren udd blipha-
Benzoesi ure, veschen CioeDit@samsdueenzahl an Kohl enst of fatomen In der (den)

Al kyl gruppegn) 30 nicht mehr als 3 betragt. 2. Verfahren nach

Anspr uchg 1, woYeriahrenach Anspryelizivering s Lomyngaaliahim esentishes aus waalgstenseloprCagopsd

Car bonsl ure bekesiehftausqend [ Pruprpbesieliendgus friosties Propiaraure fy téP'ﬁr?a'('?tEW&n
CAON- Monocar B8R MERaFrYreand BIPLNs#S chen C4- C20DI car bonsauren. 35 3.

ver fanr en NGChy ol AR afeprifRl uBrfifsS LGRHARSITh Whihindidh WREEHIsint BEnaUS

weni gst ens ei ner Carbonsaure besteht, ausgewAhlt aus der G uppe bestehend
aus al | ptaat ssC\rwahréionaﬁlﬁAnsMnam;aﬁrh@msungmuaundmeaénupmaustwa@hm einer Carbons3ure
C4- Cr Di car bonsigsteltausgewahlivdes dentiruere brstetiendns pripicdaurd, Valedansdure] 2 $lethlglutagdure, Et-e |
i m wesent | i chenlbamsteinginiegsd MetbylaktereduweCar bonsgur e best eht, ausgewAhlt aus
der G uppe bestehend aus Essr1gsaure Progl onsaur e, Buttersau re

2-Met hyl but T+t K @arenach Apgpraen L WindieKorae t'%rﬁrahérafww%%wérrwarwh%w‘

Anspr uch4, V‘Wé@h&?%#%‘dﬂﬂﬁ%&o&@&ab% %ratt%rro@osra Eﬁ{eh&sﬁ%rb%r J?r‘&‘%@ t.
45 6. Ver he60psii@hd 1000 pEG) e 3, Worin o-sungsmtt I m wesent | en

aus weni gstens el ner Carbonsaure besteht, ausgewi hit aus der G uppe
best ehend agis Vadfalrenseghi Asprudias, moﬂmmaatummdnymycmammmgt, Et -
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10. Verfahren nach Anspruch 9, worin das'Promotor—zu—Rh-Molverhﬁltnis zwischen 1:1 und 15:1 liegt.
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hyl*ber nstensi ture und Met hyl buttersaure. 7. Verfahren nach Anspruch 1,
worin die Konzentration an Rh zwi schen 0,01 Gew.-% und 0,20 Gew.-% 1 eqgt.
50 8. Verfahren nach Anspruch 7, wepiooslggzefarti al druck des Kohl ennonoxi ds
zwi schen 14,8 bar und 70 bar (200 psig und 1000 psig) liegt. 9. Verfahren
nach Anspr URD x| 'c\m“sn di e Tenperatur zw schen 1 00C und 1 80C liegt. 10.
Ver f ahren nach g\nspruch 9, worln das Pronotor-zu-Rh-Mlverh8ltnis zw schen

1:1 und 15: 3 | pStle e ré;;%%tié?x ﬁﬁéidﬁ%%e&é%ﬁqﬁeaﬁ%%%@ Ihggéioﬂ'dan? GP&»&Q&‘ d&Butadiene,
prepar at  on deg) mddeiydEdetalRbil & Bt SHSeblbH ca £ e 4&rnb@dr btly Prokt@iBsr skBctionne
sol vant du but @gi RRfoupeconsistant etlblofBE 8X5¥dR:, & GneCBhi¥riife SmpHS entr&24C VRB-CEl &
cat al yseur A Dghd@ression paridie bMnhoxydt dRlcBBBHeRbhprR8 bifte 612QNAR, 908 8ntle 5 B BOPRig),
consi stant en dkdedtidsent qheQsltinCantrdion B od@RER EGMpHEcCenFOEMIrINDD0SN el vift @G0Bt
'200C et A une ¢npeRS parPappat du polds Btabdu mEkneXigadionhel, tdelatsie rapparDholde pitbotetr/rio-2
et 207, Yobar (dumd estcornipriedntrd 00 8t 208 ie0gn, ce Qe I edhant comsistrespatietjergent @ au moins un acide
coffeent r at i on @rborytigaisélentiont danslgrolmeomtitué de: aies catxiq@o Sbhatitues Bve 7@, &jd8 0%
en poi ds par rlepminue etagidplrnziioue ebatituéchar ymeddicalgatkyle danstdqush lsebmbre diatorpeslie garbane
rapport nol ai réanplemdisalalkyle nlae pasi@périeur & 3di um est conpris entre 111 et 2011
et en ce que |le saolvant consists essentlell ement en au ins un acjde
car boxyl Fqul <Pt i Ia SRt G5B e o sob T P abenfEendt oty (o e
. . carb ique ctionné.dans aupe consistant en: g monocarboxyliques aliphatjques en
al i phati ques ekl Q’%’%es 'bo ﬁ[iua'éa“ ) %Lgrpg‘a acl de Denzol ’('1 Cafl A ue par
un radical al kyfe dans " eque TE honbr € ¢ afBnes de carbons dans | e radical
al kyl e n' ess. PaScsas!suiniigreVendication 4, Gansdaquel I 65 forsite GEbehtRIISHRHEAGH Gdkb Gackie
dans | eqyel | ecaakydqielssioivmms it I€GrewB oristafBandcidedmétidcatbiyliGuds RliphGtiqliés en C, &
car boxylT que s&jetadides BicebolgiGeslaiphgiiq0es® 0z 80%I St ent en: aci des
monocar boxyl i ques al i phatiques en C2 a C20 et acides di carboxyliques )
al i\phat i que$ ffoeedé selonsrysvegdicaipnyy, prertasied eyre(aye 'p sAERiFoESipY agppnielienenfhen quduping|
| e sol vant con¥yasidecashoxylipye;salpstianné Jensdgpronne pRIpipIaNt s; acides gestigyy, propionique, butyrique,
car boxylsque sTMEBYRYBEALS: YRifTee LoHBYPs consi stent en: aci des
nonocar boxyki i J i J; i :
al i phati queé' gﬂﬁ?ﬁﬂae" %9@2%@%“32‘?%@%?@% g@%@%@%lﬁgg{eﬁ%ﬁéﬁ%&@ AterT sd
en ce qua |l e solvent consists essentiellenent en au nbins un aci de
car boxyl i que Skrbasaé setunoredadicationss, CHratifs: ceh Jiedé Rhvbntesnsis@cerdbRmat b ayudns un
propi onidque, bastdg carbpxdigu@dlectionné dangte ploytlelzutsistantpn@cidasalibinueg vatérigde. Z-apthulblotert .
5. ProcWli sel @, dthyispesinsmel etagthybutydhpe.car act bri se en ce que | e sol vent
consi sts essentiellenent en |'acide acA- tique. 6. Procede salon |la
revendi cat i bn Focedese f??‘ieg‘ﬂcaé?{‘ Toearagifess ea o8 gyejaqepeenttian entRh esteqmprise e R01%
au noi ns,_un 30°" poids et 0% enpaids, oy vi i que sel ectionnb dans |e groups

consi st et gn @eisde Soichdh R BatioN & BlabEBIE on &5 JRUDNbGIoN baHidio el HEnoxyde de carbone

et hyl succi ni qugt &mphdeleRird 1ALH B4F btGblBar (ehtre 20008 OROSRIHN | a revendication 1
caractdri sA en ce que |la concentration en est conprise entre 0,01% en

poi ds et 0, 20%recédfpsplod i rev8idi@tionBr camedsé snteame lh empératare st capricrentfe 100°C et 180°C.
caractbrjpse en ce qua |la pression partielle en nonoxyde de carbone est
conpri se enft &’ '%%,"%sel?élfa revendiegtion gy caastiiise &N SAnye {5 £aPRPr polalTg pompeY Y estgomnss gittie g e
salon | arevend!'t&'Pdn 8, caractbrisb en ce qua la tenperature est conprise
entre 1000C et 1800C. 40 10. Procdci selon la revendication 9, caracterise
en ce qua |l e rapport nolaire pronoteur/Rh est conpris entre 1/1 et 1511. 45
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