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Cat al yst Recovery in the Carbonyl ation of Chlorobutenes

t o Pent enowo $3roen7i de FI ELD OF THE pdduisbiisls 5
This invention relates to the recovery and recycle of pal | adi um
catalyst in the process for the preparatmz of pentenoyl chloride by
car bonyl ati on ofCaﬂalltylsmblB.teeneery in the CarbonylationBAEKERDGHGHEFerdd

i nvention Bunel et @é ﬁér&}exﬁ%&e@m@ﬁ?é 903 di scl oses the 10

preparation of pentenoyl chlorlde'b ron of
chl orobut enes using a pal | adi umtedss : t he product

mxture isglistilled aﬂ@hé f'h.&w‘é@it@;'o&‘xskelatesC@é‘tﬁié‘%d&éx@e al?ﬁek'e%lge
recycled to the_car

THE | NVENTI oN ©F P2 Lty cm-’@lb'ngéﬁt g?‘ﬁv%ﬁ?‘?eo?? ifo% t&ﬁoé’é?E’aFBFlPﬂe
prepar ati on of o8-penitarayil ahilom'uddebyr/ncchbquaimszes dfakhlorobueaheag t he
still heels obtained by the digéy v . gnoyl chloride froma
reaction m xture contai ning 20 resrdue with concentrated

pa
hydrochl ori ¢ aci d Bunel teé:rrﬁér é?t §r ePﬁﬁe{lﬁé r%ﬁﬁg@@f diET loses20hdegr ees

C, (b) comu mpngepin.eawcaﬂw p@htSheplacMwﬁd.‘éﬂw aind %&Q«bonylaé%naék owi ng
the product of 1SR

t ase, and a
hydr ochl ori c acrd ?P%teﬁoé?ﬁp\é\?ﬁp 6%%‘?%‘&8.%@3’?3’1 ysllgfg: HEE %d)
separating thethe plto»du@mum‘b $sepistilbyd conbithiengathdybydr ochl oric

acid phas ec&*?ﬁﬁr{%g 4l t?l%eﬁgglwbéﬁ' 58 AL QLN g It}xed 'cﬁ&‘%%h#fgbl?% 75

under a carbon nonox at nosphere at a tenperature :
degrees C the $¥WRluct of step e, an 30 azeotropic mxture, until only one
phase is asserved, narrel y SUNHARY OPTH W obut ene and

I mul t I for, al | a Lumchl or| ). _he |ng t he
;lr(r)néucﬁmeous()%/ step f %’S gﬁVS? DIt etfe aarﬁf"ﬁﬁég foﬁalg Sdi um
chloride at a R@ﬂ?@aaiti@mﬁn%pentangxel othlapoide hich t6fOpBisedeukres C
under a car bOfthHt@ﬂgd%hBr %%&meh@él@%aﬁﬂht the én%QQ;EQHE ST

square inch, and entenoy ori rom the product
019 step g by qy aF g@?l ?°’he£l%ear¥r%éﬁnn“‘&P‘FBF’ESF@BthhI}ln%nd t he

still heeks nq;altimdlemyc:laedlyatStemd@ wifiersthldentrated hydrochloric
acid at a temperature in the range of 100 to 120 degrees
C, (b} combining the product of step a with chlorobutene,
(c) allowing the product of step b to form two phases,
i.e, an organic phase, and a hydrochloric acid phase
25 containing palladium catalyst residue, (d) separating the
two phases of step ¢, (e) combining the hydrochloric acid
phase obtained in step d with chlorobutene (£} distilling
under a carbon monoxide atmosphere at a temperature of
- about 70 to 75 degrees C the product of step e, an
30 azeotropic mixture, until only one phase is observed,
namely a phase containing chlorobutene and simultaneously
formed crotyl palladium chloride, (g) heating the product
of step £ containing chlorobutene and crotyl palladium
chloride at a temperature in the range of about 90 to 190
35 degrees C under a carbon monoxide pressure of about 250 to
5,000 pounds per square inch, and (h) recovering 3-
pentenoyl chloride from the product of step g by
distillation. Still heels remain after st~ (h), and the
still heels may be recycled to step (a). eferably
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steps f wods@ossi he product of step f.is dryed PCT/US95/05215
DETAI LED DESCRI PTI ON =~ al | adi um cat al yst enpl.oyed to
initially fo?ﬁ#weentﬁﬁﬁﬁﬁxqLﬁqg(ﬁn1€§42 %gcﬁeﬁﬁeﬁB?P Ent8r28¥edf r om whi ch

3- 5 pentenoyl chloride is re@ERARLEINDESHCRIPTION on | eavi ng the stil

o oAl g ot $RG M SR A A heloyea c6°haULUTL GORRHNIS
di val ent, orthe m%%&ﬁ%ﬁ%ﬂQﬂﬁa#ﬂ#ﬂ&nﬁnﬂ9ﬂ§§n§W3 stilezhie, sExewi whicht 3t yst s.

10 The f50l | SuhEGnGYE EHESWIS is recovered by Baktadiyenbal idesifgda 2,
PdBr2, Pdl?2 Na2Pd adLu sulfate 15

4,
Pal | adi um ni tPat &1 ‘'heels c°ﬁ£ﬂﬁ§%ﬂﬁhﬁ%&&?€&%§laP§¥ Fﬁa?lgﬁr W 8c8tat e,
etc.) palladrumlemmpnnndﬂf(nﬂnmaable palladiumOcgmpoupds| adi um
corm' exes wﬂﬁ&g M1y General: paqetz)éx%%tmmt ea@vaiéhbenﬁw | dene acet one)

I um et rid cl ass pal | adi um
conplexes tetravalen?“?QMQQFREQQQQMQHﬂ W&lt&é ee§ﬁa€¥bﬂglcﬁﬁflﬁﬁFﬁn1
chl ori daodi nehe following aﬁlﬂ;&dnplras::yam de 25 Al kyl and aromatic
phosphi ne conpl exes of zero and dival ent palladium( tetrakis
tri phenyl phosphi ne pal | adi:um. - - bi striphenyl phosphi ne pal | adi-.um
di chloride, etc.) Palladium EE&idﬁBlNﬁdﬂlﬁGkRﬂBrz PdI2, Bappdcied
palladiumor its congggnps (pal l adi um on alum na, silica,
cl ays, sulfates, onat es, ' resins, polyners etc.)
Pal | adi um oxi de  35Palladium swlfat@tial reaction conditions for form ng
t he 18 xture of 3patbaéday|nitrtare de and pal | adi um cat al yst resi due‘

5. 256 000, oo "B ISR SLASSIRAR tthadler 3&%%&"“&?%& ween

2 _ Palladlum sulfonates

Organo palladlum complexes (palladlum
acetylacetonate bls(blbenzylldene acetone)

20 'palladlum ete.)

. - Pyridyl and pyrldyl class palladlum complexes
Allyllc palladlum halides esp crotyl palladium
chloride dimer

' Palladium cyanide _

25 . Alkyl and aromatic phosphlne complexes of zero
and dlvalent palladlum ( tetrakis
trlphenylphosphlne palladium,
blstrlphenylphosphlne palladium dlchlorlde, etc.)
Palladium black _ ,

30 Supported palladlum or its compounds (palladlum _
on alumlna, s1llca, clays, sulfates, carbonates,
resins, polymers etc.)

Palladium oxide

35 - The initial reaction conditions for forming the
mixture of 3-pentenoyl'chloride and palladium catalyst
residue from'chlorobutenes.may be the process described in
U.S. patent 5,288,903. ' | .

The drylng step whlch may be carrled out between
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f and g, is preferably carried out using a nol ecul ar S| ot her
dr‘yi ng met H%‘Sgs@ﬁ?? al so be enpl oyed such as the additi%ﬁv@s%%r _
absorbents, adgeepenEsanddy, is (RSfEGANIY cabried out usiktf dherlleciaseri bed
In the exanple were o

t ai ned fall : T 50, nl.
continuous sti Pr&Y°t aﬁ&gr%&?ﬁr%ryafng %ﬁﬁ%’\éﬁfeﬁaf’na%%? i%% %Vgoyfe&i s\}ﬂlcthh a
sol ution cont agsi bhe addiBion 16t gratesf abisowbebtsenadsenbentss apd  of
[Crotyl -Pd- 10geEibRagt@ng with COin a ratio of 0.57 noles CO nol
chl or obut ene feg’. The terrpera%r of ,&gﬂ% reactor was 120 C an,%ﬁtgge CO
pressure 2090 psig witRB& Ree p‘gﬁcﬁ‘é" jn the,gxauplepgers fRkG:
col | ected undemsaficalswsphere of CO. The sol ution containing the
3-pentenoyl chloride, 1 chl orob n : t e.distilled under
reduced pressure tgw al%!é C I%érﬁ&ﬁ} erlllci:.Is %% Q]ﬁ%érat t%ﬁitﬁ%ég&ﬁ
pent enoyl chl or cdenecbeficin. sariehadrs ded wathi at selutiom contajmiaadi | ut ed

wi th chl orobut §89gt 96SgPe ¥O! diiEorsnitiiinel 8hd 3.82NgE 9eoNfhddtiya fpred fed

t hrough react or ?gal n at tﬂ same, 20 conditions, T‘g:LS c%é:}e was repeated
13 times. 19heCllZ pippguy ’é‘c‘FPar’tn@ FEELonREBnaT 1 POHES S/ ™ch cycl e

al ong Wi t hchherabutishs f£éd 3-Trenttemperabiioei df phedreect@acias 120cYcl e.

Ry T

(mMm Hg)
85 3bpups. The pamiwrt was cpllectedopnder an atmospghere of
483. 6 228.4The solwtion cord¥ning the 31Péntenoylchlode 4
465. 4 30 4 200 ., 4 % 312. 8 5
500 15 1f§lorobutene qmi;_czzata yst wege glst:l. egd under r ced
122 pdésdure to tdKD.dhlorobuténe and gépt of the 3-118
601. 7 5 ; . ;
363. 0 35 9 B%néenoX%ﬁhforlde oJe%%fad. The ﬁé%bﬁ%f the d:fhg:g.}?ibatlon 10
150 19gre diluted witth £hlorobutgpe go same (yolume as gmitial
rge and ¢ : e rough x oY agaln e same
%;2),?5 , Zaﬁa g 4 thP4bfeld fed 2 h rd®6t in akl&h

331. 0 40 29 gghgitions 1 3 This cylcg% was repea%gé 13 times. SIl':ij'e 5
following chart gives the conditions for each cycle along
with the amounts of 3-pentenoylchloride produced each
cycle.

25 Cycle $# Dist. Press. Final PotTemp gr 3PACL fed gr 3PACL

" {mm Hg) oy} to still overhead
1 200 85 397.2 166.0
2 200 92 483.6 258.4
3 200 108 502.4 465.4
30 4 200 139 412.0 312.8
5 500 119 407.2 95.2
6 750 . 122 531.7 119.8
7 200 118 601.7 521.8
8 150 114 405.3 363.0
35 9 150 114 394.3 367.6
10 150 104 276.4 237.8
11 150 122 272.2 246.2
12 150 117 336.7 294.0
13 150 125 351.5 331.0
40
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After theoledbesgycl e 55. 7 gr of the heel S vvere t r eat pdr/@sostsAsr i-bed in :
Exanpl e 1. EXAVPLE 1 gof distillation heels ([Pd] =
5779 ppm) 5 were c%fﬁﬁ%e"d‘%lt%ha °r¥‘|91@f SPat/cBTaRd tHe heeds were (379

and heat ed atrdf¥ddrad Qdswridbed HauExamplieen.cooling at 25[err]C, 100

mL of chl or was added. Theorgani c phase was separated fromthe

HCl phase . w e concentration of palladiumin the HO phase was
2139 ppm 10 55 Theg @fyadiist igladd omabeedmcdiPdht ed5778 ppnht ory |

ﬁ;:?gga; 'tsogoﬁéréfi{c%ﬂ&@ﬂﬁttﬂ“%“ rrﬁ.P'EB‘?' %qugﬂo%llhde@om%fﬁ% u§3e7f’37% and
25[err] C, 10?)‘1‘%1_11‘%)?%%‘%% %anggr a4 - T[}gfter WYL §h £ Cnas

separat ed frooo tdie cbﬂclﬂtm:bt(tle@fésgwﬁs dddedhe u:‘hapenganicopha)ée p\aéd; adi um

in the HCG : The g

concentr at ed%?éﬁe,?‘gt ory £ ev%ﬁehatsleor%]'gts % er 'rrflé gﬁgg?ﬁgﬁa i ned
with 100 ni of pigladiug 3-71%‘: phageawagoBLdPr PPMfor 2 hours. After
“coolingaighe 20 m xtpKe dfy P e hwaf c@ﬂlcehebateaehwasoegésﬁly The

organi ¢ phase was_se arate h
concentrati on’ H° ‘1" d%é] tﬁﬂh %‘E’Bh‘:i@@ 8’ i ofHe1
The HC sol u(3'b%lb aliuieheamiad radm150Ceforr 2 Réursonblkfmlr vwdtdsﬂ.ﬂ@ title of

chl OVObUte”etﬁ:.J:tEhPeQéorﬁ"@:d hebl A of cﬁl@ﬁ&@f’é‘z‘xé’ﬁ%é“" Deag, St ar k
apparatus. A sparge tube was 1 ntroduced nfo t to malntaln a

car bon nPFIR He RAGAR P1RS SaRanated Feom shel HEL shasg {83 pFiake

distillatse (Thé csshsdmnes il JiCpaaadiumas enkl gctepghake3Wad286sr] C ‘
After collecting 270 g of HO, the di stillation was st opped. The

chl or obut ene®®Bi uti on was cool ed to 25[err] C and dried over 10 g of
Mol ecul ar Si eves 4A.The organic phae gasf comcenthratedevial nrbtanoryont ai ni ng

the cat akyb Qrat\gﬁaﬁ %iez%%nsadatﬂgﬂ H&nﬁi:'ﬂ | #€n 1 35

125[err] C un?er car bon nonoxi d 830 ESIg tota pressure 3 hour s.
GC anal ysi s thUFLARS t!?@:ef%%tﬁ Cofoy-2 houpgny e‘h%"})?rcﬂ’ﬂ Jr’t%t&%ﬁj the .
conver si2an cxfu.zhl_xr)é ofitzgPes 100 ml 3fpehlenoplitemesrvae addedS. ol e %

organic phase was separated from the HCl phase (94.8 g).
The concentration of palladium in the HCl phase was 67
ppm. _ ' _
The HCl solutions obtained from above were
25 combined with 500 mL of chlorobutenes in a 2L round bottom
flask equipped with a Dean Stark apparatus. A sparge tube
was introduced into the liquid to maintain a carbon
monoxide atmosphere during the distillation. A two phase
distillate (chlorobutenes and HCl conc.) was collected at
30 72°C. After collecting 270 g of HCl, the distillation was
'stopped The chlorobutene solution was cooled to 25°C and
dried over 10 g of Molecular Sieves 4A.
60 g of chlorobutene solution, containing the
catalyst, was loaded into a 100 mL autoclave and heated at
35 125°C under carbon monoxide (850 psig total pressure) for
3 hours. GC analysis indicated the formation of 3-
pentenoyl chloride and the conversion of chlorobutenes to
3-pentenoyl chloride was 18.8 mole %.
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WHAT IS CLAIMES | S: 1. A process for the preparation of

3- pent enoylw(?%éﬁgg_,ori de which conprises (a) treating the Sidrdsedi@eis
mtenoyt—chtort+de—+o

obt ai ned by I'stillation of 3-p m a reaction

m xture contai ning pal |l adi um cat al y%t lrl H I i ijitgy. concent r at ed .
hydrochl oric mwmﬂre in ﬂm mm“ 1 100 to 120 degrees
C, (b) conbining e product of istep & wi*t h®*cht orrobutene, (c) allow ng
t he product of step b to formtwo phases, i.e. an organic phase,

and a hydrochloric acid. phaaceest E#obni bhe pptépaitatiion ofC3tpkysentesi due,

(d) separating the 1 ase I nLRgqt drochloric
aci d phase gobt%?ﬂ%ﬁ"#e\ﬁ @{}'ec?)l %g%ai\%mg?h?%%?%%tﬁt)ﬁg‘ﬁ[‘?f %Eg?%t F%?% under a
carbon nonoxi debtaineg fns e digtidlabhperef |-Pamteapydt chborbdestreyrees C
the product of;st@p-tBiorAMmidtaek eBhtalhhd Fallidiun @ak¥lyst f8gidh@se 1S
observed, nanely .a phase containi chl or obut ene %nd si nmul.tangously
forned crotyl 'ﬁ%‘FkPégquﬁﬁ%atéﬁl BVB‘%BCH\L%S ‘Fm%ﬁli‘#& e 8?885%?“5? Ytep f

cont ai ni ng tled | vuoda It @ 0andoc LR 0 yegedéadt unibhlcombdeiny the

tenperature, i ran f_about, 90 e C Jpde car bon
m)gxi de &foesgﬁégg%?taa%ﬁust%eﬁg t%(gitg, Sggogg@u%dg%gera%aﬁgg f’%%h and (h)
recovering 3- peredudy oD stephbotipdEornobive Heiafasdudi- eof agt epganby

distillation. phase, and a AydtRenRbeeesscid plalidNcbntaivihghpatibditigel s
remain after s%e and heel s, are.,re

3. The process® $g£§ erQPHdhgahﬁé l%ﬁgaﬁ?E&RﬁntQﬁ(gQ? %gﬁégsfoﬁsgéége%?).
bef ore t he proeictcombiriant edel hydrochtonicancial \phialzesbbpagned in step
15 d with chlorobutene (f) distilling under a carbon monoxide
atmosphere at a temperature of about 70 to 75 degrees C
the product of step e, an azeotropic mixture, until only
one phase is observed, namely a phase containing
chlorocbutene and simultaneously formed crotyl palladium
20 chloride, {(g) heating the product of step £ containing
chlorobutene and crotyl palladium chloride at a
temperature in the range of about 90 to 190 degrees C
under a carbon monoxide pressure of about 250 to 5,000
pounds per square inch, and (h) recovering 3-pentenoyl
25 chloride from the product of step g by distillation.
2. The process of claim 1 in which still heels
remain after step (i}, and the still heels are recycled to
step (a).
3. The process of claim 1 in which the product of
30 step £ is dryed before the product is treated in
accordance with step g.



