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PROCESSES FOR PRODUCI NG EPSI LON CAPROLACTANMS
Brief Summary of the Invention Technical Field

This invention relates in part to processes for producing one or

nore substituted or unsubstituted epsilon caprolactans. This
i nvention also relates in part to reaction'fﬁ Xt ures contai ni ng one or
nore substituted or unsubstituted epsilon caprolactans as the desired
product (s) of reaction. Background of the Invention

Epsi l'on cfaprol actamis a val ualfROCHSSES #IOR PRODUCING useful, for
exanpl e, in the production of nyﬂ?@l&()ﬁ?ﬁ\ﬁam currently used

to produce epsilon caprol actam h S -oHS dvant ages. For
exanpl e, the prior art processes to epsilon caprol actam generat e

| ar ge anmobunts of byproducts, e.4g,. ATRR Lfate. Accordingly, it
woul d be desirable to produce B ary of the In gyv & fromrelatively

i nexpensi ve st arTedypieadiBieldil s (e. g., but adi ene) and by a process

whi ch does not have the di-ppdvantAGes relates in partﬁfd oc@éées%???é@tﬁﬁng

Di scl osure of the Invention . .has beep di scoyered that
al kadi enes can beneemypere substituted or ungubstisnt OB W’éﬁg?ﬁ‘dsseri es
3!‘ reacti gntsh' Pvi%r\éhflgncdt?xéd ?élﬂt%s in part?calfe?&t:ﬂi&&hﬁ&dﬁﬁs%tntéi&;iﬂgan_a?so Pteen
i scovere at unsaturated aci ., S S,, €.49., Jpeptenaoic, aci d. s S,
can be hydr of or nAP5§ gﬁlbsiatbtugpagﬁmubstltute%ﬁsgogﬁgpggl%g&dp? aﬁﬁ"*’Ba"rﬁ\r@gl eric
acid salts, in hh@dustspef redctions, i.e., hi gher selectivities than
obt ai ned hydrofornyl ati ng pentenoic acids to formylvaleric acids. In

particular, it has been surprisingly discovered t hat such
unsat ur at ed aci dBackgreupdxfdbheilngentionr nal ol efinic unsaturation can

g?JBg¥? 'rl'(l)JfI'(I;r g}'_llzg_e((j REJE Ea|2 g)eﬂifg?oﬁ‘%&o?ﬂtﬁnpf.sog Y5hib18 intermediate which is
useful, for example, in the production of nylon 6. The processes
currently used to produce epsilon caprolactam have various
disadvantages. For example, the prior art processes to epsilon
caprolactam generate large amounts of byproducts, e.g., ammonium
sulfate. Accordingly, it would be desirable to produce epsilon
caprolactam from relatively inexpensive starting materials (e.g.,
butadiene) and by a process which does not have the disadvantages of

prior art processes.

Disclosure of the Invention

It has been discovered that alkadienes can be converted to
epsilon caprolactams through a series of reactions involving certain
salt intermediates. It has also been discovered that unsaturated acid
salts, e.g., pentenoic acid salts, can be hydroformylated to aldehyde
acid salts, e.g., 5-formylvaleric acid salts, in high selectivities, i.e.,
higher selectivities than obtained hydroformylating pentenoic acids to
formylvaleric acids. In particular, it has been surprisingly discovered
that such unsaturated acid salts possessing internal olefinic
unsaturation can be hydroformylated to aldehyde acid salt products in
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- 2- hi gh normal : branched i soner ratios, e.g., 3-pentenoic acid salts
hydr of or mYQP#456% 5-fornylvaleric acid salts in high nor nBCT/OSHIIEd

i somer ratios. In addition, through the use of the salt internediates in
accordance with this invention, the acid catal yzed degradati on of

or ganophosphite Iigands and/or deactivation of netal-organophosphite |igand
conpl ex catal ysts can be prevented or mni nbzed In addition, the use of
bases to prepare salts of unsaturated aci ds“and/ or al dehyde aci ds may
facilitate recovery of products by, for exanple, phase separation or

sol vent extraction. This invention relates to a process for
produci ng one orhighrmorsudishramnched isnmemsaﬂi)es iet gl 3penpendiomcihsaltd act ans,

e . : !
Substitored or SRRl b B EATRIAET: Qﬁ? Ll o hlartheg
presence of a hyxspm@ahban}nadcbhonaﬁawgh euge of shensa kil inbergmediptrssishor us
l'igand conpl ex calcaldsice @ﬁﬁ ﬂ?ﬁé’gﬂ@é eﬁg’ﬁg agict%gbtﬁ ?%36{‘1 aﬂéﬁ Aof one or

nore substituted or unsub g J.ect] ng sai d
one or nore subs?l'lgtal}f’ﬁbo Eﬁ§ti$ ?G@é‘l!’ deestixatin ofanet arg%nqnbosp 1te

hyflrlof ornyl at ihonh% 4nd B6mp Iéﬁ&lﬁﬁfys‘ﬁ% c@nl‘buét r@fz@ﬁmﬂlﬁtmﬁﬁhn@@bm Yhladd&tign, a

nmet al - or ganophosphor us an ex c

Subet] ubed or  REHAR RARER o GPRbAAAIR of YerarueaieR At R Ag Al e o
gﬂgftel:z :Jtngdsgir dmwmayt%ﬁﬁaﬁasefmryaﬁgfdcﬁﬁgﬁggﬁfﬁﬁlgrIr)r?‘ftf/bal( gzl c acid
salts and/or sal%?)%ﬁ%{l &#"‘{ 184 or unsubstitut ed epsilon

caprol actam precursors to Tbl&uwen’aoamlaies tmaiprocdss for preduxing ong or
reductive am ”atfngf(; g@&ieﬁ%d gP%ﬁﬁ%Egﬁ%ﬂ%}sﬂ%'c%% a¥tdrﬂsté1§ BP&%S‘CG of

a cyclization cat to pro uce sal nor e s
unsubstitut ed epRAPFBIRC E%IB el gomeprises: (a) subjectingj e ¢r AT BR %ﬂ%e‘ﬂel ates
to a process fororpmmwﬂqtapsnwdlei%ﬁtos bd1@dn9lativib PR d pridselc@psi | on

caprolactars, . & achiah, HRCelecam, ol Cf calplLsee it octing

in the presence lidand complex catalyst, and neutralization with a base to produce one
or more substituted or unsubstituted pentenoic acid salts; (b)
subjecting said one or more substituted or unsubstituted pentenoic acid
salts to hydroformylation in the presence of a hydrofermylation
catalyst, e.g., a metal-organophosphorus ligand complex catalyst, to
produce one or more substituted or unsubstituted formylvaleric acid
salts and/or one or more substituted or unsubstituted epsilon
caprolactam precursors; and (c) subjecting said one or more substituted
or unsubstituted formylvaleric acid salts and/or said one or more
substituted or unsubstituted epsilon caprolactam precursors fo
reductive amination in the presence of a reductive amination catalyst
and cyclization optionally in the presence of a cyclization catalyst to
produce said one or more substituted or unsubstituted epsilon
caprolactams.

This invention also relates to a process for producing one
or more substituted or unsubstituted epsilon caprolactams, e.g., epsilon
caprolactam, which comprises: (a) subjecting one or more substituted
or unsubstituted alkadienes to hydroxycarbonylation in the presence of
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- 3- a hydroxycarbonyl ation catal yst, e.g., a netal -organophosphorus

| i gand conplo98/4ss6sal yst, to produce one or nore substitut edP@I/US98/07358
unsubstituted pentenoic acids; (b) subjecting said one or nore substituted
or unsubstituted pentenoic acids to neutralization with a base to produce
one or nore substituted or unsubstituted pentenoic acid salts; (c)

subj ecting said one or nore substituted or substituted pentenoic acid
salts to hydrofornylation in the presence ogpa hydr of or myl ati on cat al yst,
e.g., a netal -organophosphorus |igand conpl ex catal yst, to produce one or
nore substituted or unsubstituted fornylvaleric acid salts and/or one or

mor e substi t ut ed adiydrosydzrbohylatibregstialyst, e gpraoietaborganephiospherusand ( d)

subj ecting said M leric acid
salts and/ or one?gsngoro gﬁ{slg:éﬁ%@?%%ttégﬁgwgogé]%u%%&f}x{o&gts?gg% {ngdcaégr ol act am
precursors to resmsubstituteil pentemoic acidse (b syedting said onslocmore ani nation
catalyst and cychpaiittad 3 iristitutdd bifteRbREASIShenBlizatHAWAR o

catal yst to produce sald one or nore s or unsubstiriuted epsilon
caproi actans.  base to produpgione onmere substituted orrmsabstitutedipentenalss for

produci ng one or aﬁiaf@alﬁéﬂ(@tsdbjé&ﬁxééaidw& irfob @db@ﬁmﬂearbrc@@glms@ﬁﬁeé@
e.g., epsilon caprolactam.

substituted or uRSBERROLS ﬁ?‘é(fag?csléi’g? ses ’(ﬁ’%c“ n %ﬁ? %olr nnﬂl:
presence of a hy Pramﬁmbwtydxﬁbawwbeg Y& tnetal-grgaza)pimsphorus ligand

Lo pr ouce. one. of BTG SATBDMAty th BEpeBtet Tre BoPorE ubRinhRl bRy
e.g., ammoni um 3fpenyleatexicacidBpltsArdiot bng os aarecrubstitutest er subst i t ut ed or
unsubst i t ut ed Pe s SfgkntEh dpSfibh JabR U BEANLBH A (0 Wi ERRADAR Of @

hydr of ornyl ation C phosphor us”I'i gan
catal yst, to pr on@@r(m@‘e(ﬁﬂ @t%munsubwlﬁp lfmﬁb'tall@i!? agid spl fﬁ/l val eric

aci d salbt s, e gd an am?:lﬁ'iebkﬁ:' moftd éﬁuéﬂﬁit%a%tr%ns%rwéé&ﬁ% sﬁ[ongél:[ ProFdébs t gt ed
oneor o e SubsPRGRTERRY0 1HSEHYE AR L wﬁémﬁiﬁe@% e'?
amination catalyst and cyclization optionally in the presence of a
cyclization catalyst to produce said one or more substituted or
unsubstituted epsilon caprolactams.

This invention further relates to a process for producing
one or more substituted or unsubstituted epsilon caprolactams, e.g.,
epsilon caprolactam, which comprises: (a) subjecting one or more
substituted or unsubstituted alkadienes to hydroxyearbonylation in the
presence of a hydroxycarbonylation catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and neutralization with
ammonia to produce one or more substituted or unsubstituted
pentenoic acid salts, e.g., ammonium 3-pentenoate; (b) subjecting said
one or more substituted or unsubstituted pentenoic acid salts to
hydroformylation in the presence of a hydroformylation catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, to produce one or
more substituted or unsubstituted formylvaleric acid salts, e.g.,
ammonium 5-formylvalerate, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors; and (c) subjecting said
one or more substituted or unsubstituted formylvaleric acid salts
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-4- and/ or one or nore substituted or unsubstituted epsilon caprolactam
precur sor SWOP8H6s6ct i ve cyclization in the presence of a rcuImUs9s@73s8
cyclization catalyst to produce said one or nore substituted or

unsubstituted epsilon caprol act ans. This invention yet
further relates to a process for producing one or nore substituted or
unsubstituted epsilon caprol act ans, psil on caprol actam which

conprises: (a) subjecting one or m)re subs't tuted or unsubstituted
al kadi enes to hydroxycarbonylation in the presence of a

hydr oxycar bonyl ati on catal yst, e.g., a netal-organophosphorus |igand
conpl ex cat al yst antforpmechraaope substituied os uhstibstitwtedespsiloa daprolact ad

pent enoi ¢ aci ds; R@éﬁ&@ £5leld ﬁ?ti%@icgg %Za{mgaﬁ%ﬁké toi"&%dﬁ&twr oduce one

unsubsti tuted pefAtenol c acl
or nore substi tupﬁdmaltmmrmjbb{sitttgqumwdmr@ rangre apbstitded or anmoni um

3- pentenoate; (ghsSb&itR Eg@% 264 ¢ gﬁﬁa@faxﬁ@re substituted or unsubstituted
Ty Pormyr

pentenoic acid salts to h ornylation I n the presence of a
hydrof ormyl ati on cat al yst, Thiginventinn yet fyrther g8 uRracesBi conpl ex

cat 3' ysltt to proghsdudnge oﬁégi‘?ﬁ&'e%ﬁ&‘tl ithtd E6r ﬁhgﬂ/ﬂ&k‘ﬂ?ﬁbﬂbﬁbﬂ%f ornyl va![ e:| g
acid salts, e.g L um or era and/,.qQr. one of itute
or unsubstitut edc%?)‘glm‘gﬁn@aﬁr%i i&m ?ﬂ@@iﬁ“@%ﬁ"sw}ﬁﬁa CORPPTIGS; @ls Htfci’éﬁgd
one or nore sugsbné uragbmrsubsﬁmgﬁd sbluﬁﬁgluﬁsﬁﬂmé&alleddxene@tdi salts and/ or
one or nore subs st.i tyted ens cursors to
reductive cycli zé#&g‘ﬁ& q{g’ri% é’ﬁtct i c&d’%@t&%&"i‘?/’@#@’é‘ﬁ%ﬁ Rat al yst
to produce said catalyst, e, mﬂtal—org&rmplmsphmsdsgand,uCMpb:'qu:atalyst fo

capr ol act ans. Produce one or thBke sgﬂé‘t&ﬂ{tbﬂ xﬁ(ﬁbﬁﬁtﬁe‘agm%ﬂgﬁoﬁr&g@é SQH or

produci ng one nore substitute unsu stifuted e acl
e.g., fornylval 8ekiecting gaithpre ox mroresubstit BEQ@/‘I’%W#P uted PER{ANNIE er at e

and gmmm u md5 f aéllau ey a:le%t@elnﬁzatﬁm«r% Qﬂ&n&ﬁa\,\fﬁﬁ o8BS bhé bt %doz@r
G e Rk R R e L
pentenoi ¢ aci d spémtensatd) (essubjeetiny saidome ormidbrpanbstitated or WO 98/ 46565
unsubstituted pentenoic acid salts to hydroformylation in the presence
of a hydroformylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
formylvaleric acid salts, e.g., ammonium 5-formylvalerate, and/or one
or more substituted or unsubstituted epsilon caprolactam precursors;
and (d) subjecting said one or more substituted or unsubstituted
formylvaleric acid salts and/or one or more substituted or
unsubstituted epsilon caprolactam precursors to reductive cyclization
in the presence of a reductive cyclization catalyst to produce said one or
more substituted or unsubstituted epsilon caprolactams.
This invention also relates to a process for producing one
or more substituted or unsubstituted aldehyde acid salts, e.g.,
formylvaleric acid salts such as triethylammonium 5-formylvalerate
and ammonium 5-formylvalerate, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors which comprises
subjecting one or more substituted or unsubstituted unsaturated acid
salts, e.g., pentenoic acid salts such as triethylammonium 3-pentenoate
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- 5- and anmoni um 3- pentenoate, to hydrofornylation in the

presence ofYOP8/46565 hydrof ornyl ation catal yst, e.g., a PCI/US98/07358

nmet al - or ganophosphorus |i gand conpl ex catal yst, to produce said one
or nore substituted or unsubstituted al dehyde acid salts and/or one
or nore substituted or unsubstituted epsilon caprol actam
precursors. Thi s inventiggn further relates in part to a
process for produci ng a batchw se or conti nuously generated reaction
m xt ure conpri si ng: (1) one or nore substituted
or unsubstituted epsilon caprol actanms, e.g., epsilon caprol actam

(2) opt i onal | yandearomaminm 3pestenoeatedtohydrnfotraylationeih the presence of a

e | ' . . y i
e e RSPk paldif S B, TTREVD: B AU HES Bfnd”
unsubstituted epSPmplexeqfiadyatctaprqducesaidone or more substitutedor  (3)
optional Iy one okngBpgtifiteatdiibhfde Q&dtmssbéﬁ(gwoﬁe or more syb¥titaBed 6raci d

salts, e.g., triet hy{)ammnl um 3-pent erioat e an anmoni um
3- pent enoat €; unsubstituted epsilon capyolactarniRE&EMISPrHne or nore substitut ed

or unsubstituted pemigs dheerdidrffurtBedrelatésSimdpMatoenproceds fais,
trans- 3- pent enoi ¢c_agi ds ent.enoi c ;,acid, cl a 2- ggnt engi.c_aci ds
gmtg ated rea

and/ or trans- 2- pRROLIBPE a;lkeqtag;wise of contipijously gener on migire o o
nore substit ut edcempnissmgrst i t ut ed but adi enes, e.g., butadiene;

wherein the weight ratio o o] .
(2), (3) and (4) is great egl)tchgﬁggg)gltﬂé%%i‘,i&girtg??a(?gg}l%fsairgwaﬁgﬁlogbout
0.25, nore pref ecaprojachams, @-g.t bpsilarbeaproladdangnd t he wei ght ratio of

conponent (5) to the sumo o] , '
to about 100, preferabl atb%)tcjt W%ngflﬁ?g(o% m(x%))m éﬁﬁs@ﬁﬁe%‘%c r&&%ggggg&

conprises: (a) s valeoaadsalie Pé'st]'?fét?‘gi%}g%&“gﬂm 5-formylyadensieiand ed
R T et
c)c/)rrpl ei cat al zst Pﬂﬁﬁi}*%ﬁ?ﬁﬁﬂ’%@%@h@ﬁ%lﬂ R4S SO pr oguce one gr
- 6- (3)  optionally one or more substituted or unsubstituted
pentenoic acid salts, e.g., triethylammonium 3-pentenoate and
ammonium 3-pentenoate;
(4)  optionally one or more substituted or unsubstituted
pentenoic acids, e.g., cis-3-pentenoic acids, trans-3-pentenoic acids, 4-
pentenoic acid, cis-2-pentenoic acids and/or trans-2-pentenoic acids;
and
(6) one or more substituted or unsubstituted
butadienes, e.g., butadiene;
wherein the weight ratio of component (1) to the sum of components
(2), (3) and (4) is greater than about 0.1, preferably greater than about
0.25, more preferably greater than about 1.0; and the weight ratio of
component (5) to the sum of components (1), (2), (3) and (4) is about 0
to about 100, preferably about 0.001 to about 50;
which process comprises: (a) subjecting one or more substituted or
unsubstituted butadienes to hydroxycarbonylation in the presence of a
hydroxycarbonylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, and neutralization with a base to produce one or
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nore substituted or unsubstituted pentenoic acid salts; (b) subjecting said
one or NOMEOS’IE3sEs t ut ed or unsubstituted pentenoic acid sabtsnsesn7iss

hydrof ormyl ation in the presence of a hydrofornylation catalyst, e.g., a
nmet al - or ganophosphorus |igand conpl ex catal yst, to produce one or nore
substituted or unsubstituted fornylvaleric acid salts and/or one or nore
substituted or unsubstituted epsilon caprol actam precursors; and (c)

subj ecting said one or nore substituted or™Unsubstituted fornylvaleric acid
salts and/or one or nore substituted or unsubstituted epsilon caprol actam
precursors to reductive amnation in the presence of a reductive am nation

catal yst and cycghéoraddbasitapsd enahbubstitutbéd pentsssic acil saltsYb) sulgbitimg

e L oo R S T RO
process for prodydrofprmybatichin the memlofmhwdmfgsnylamcmbatebmt,l .,
m xture conpris gﬂglial or%anopl}osg}'xo{'&g hgaﬂ& %OHB)%Q? E:&taﬁg + gyécﬁﬂ:eqwfne or

unsubstituted e
(2) optionall ynmesxﬂ:stwuted guuasubmtexted ufomshr@é@me aszéosafltﬁ mdloapaeu c

acid salts, €. 0§ %%JB&%&HP@H“W%&B WEH%’Pﬁﬂéﬁ% Rélactam prédlirsors;
/or. one or

5-fornyl vaI erate nor e s stit nsubstl ut ed epsilon
capr ol act am pr e@@lds(ﬁ) gubjecting said one of pjore F’Gﬁﬁﬁq or yReubstitnie

substituted or 4YpsHPNaldrid 86idRRNELAN or dbkdraablissulsstituted br et hyl anmoni um
3-pentenoate an gum 3- tenoa optionally one or

d a
nore subst it ut edSMPH a chaﬁé'ﬂﬁéf‘ﬁﬂ“cprﬁﬁwrs éé §2’du?§fse Hé‘?ﬁl oi c
aci ds, trans-3- ﬁﬁmhelwe@emmda refucpwetaaniatiac catalystsatl geohizetionc aci ds

ubsti tut od or GREBeEYnLEe Hipe e sta °Y°h§@a“°%4%%§’st% Prifactild, e

wei ght ratio of ror c(on)tlmmutsbegmnadjt cmq&mmlsh{rg) (3) and (4) is
greater than about 0.1, pref; Eﬁb(!:ﬁ'tn%ﬁ ﬁfrthgf‘f‘el%@%'fn part toa process for
-7- 0.25, nore preferably greater than ab ht ratio of

producing a batchwise or continuously gerierateadnreactlon mixture
comprising:

(1)  one or more substituted or unsubstituted epsilon
caprolactams, e.g., epsilon caprolactam;

(2) optionally one or more substituted or unsubstituted
formylvaleric acid salts, e.g., triethylammonium 5-formylvalerate and
ammonium 5-formylvalerate, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors;

(8)  optionally one or more substituted or unsubstituted
pentenoic acid salts, e.g., triethylammonium 3-pentenoate and
ammonium 3-pentenoate;

(4)  optionally one or more substituted or unsubstituted
pentenoic acids, e.g., cis-3-pentenoic acids, trans-3-pentenoic acids, 4~
pentenoic acid, cis-2-pentenoic acids and/or trans-2-pentenoic acids;
and

(5)  one or more substituted or unsubstituted
butadienes, e.g., butadiene;
wherein the weight ratio of component (1) to the sum of components
(2), (8) and (4) is greater than about 0.1, preferably greater than al?out
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conponent (5) to the sum of conponents (1), (2), (3) and (4) is about O to
about 100,wopgdessabl y about 0.001 to about 50; which proceyerammpnrses: (a)
subj ecting one or nore substituted or unsubstituted butadienes to

hydr oxycar bonyl ati on in the presence of a hydroxycarbonyl ati on catal yst,
e.g., a netal -organophosphorus |igand conpl ex catal yst, to produce one or
nore substituted or unsubstituted pentenoic_acids; (b) subjecting said one
or nore substituted or unsubstituted penteﬁZTc acids to neutralization with
a base to produce one or nore substituted or unsubstituted pentenoic acid
salts; (c) subjecting said one or nore substituted or unsubstituted

Ee gt e POi c i’ici d sal25$n1|me ipxdf@ﬁbly@ﬁe&tépfha'm@mt pogandaheckeight é-atio of

ydrof ornyl ati on_cat al yst O, a al - or ganopho us_Li conmy ex
catalyst, to pr o%?ﬁ%%o%%gc @ %%@%SE%@QW‘H%%P%z%@ ‘?ﬁ‘b é%a’%(ﬂw al eric
aci d salts and/ oo abmutciO0yprefesablyt abaitted001 tombot 6Df ut ed epsil on
caprol act am pr ecys ; SUbj ' ' r I tuted or
unsubsti tuted fg?%??%@?@?%%“&%%ﬁéggﬁggEgﬁgfggb%ﬁ%qgﬂﬂﬁgggﬁgﬂggﬁ%Pﬁ%ed or
unsubstituted epshdubstidupedbutadienes tebhydomgycarbangdationin theipresénne dfia t he

presence of a rqu}g,to;,'(? ] i t > hi | | I n
t he presence of & cyc %ﬁ%ﬁ%@?gﬁﬂqggﬁ?&o%ﬁépggﬁ Bat g&%his‘lgs“g?ﬁﬂd
conti nuousl y gerfmpley cabalyst.dn nrpditee ene or more substituted er ppgubstitgited| so

relates in part peénhtenBicasds (bPsubjebtHgisasl andat ehvvesibatitaeetd bpuousl y
gener at ed reaction Xt ug%e%ﬁo noL e

ri sing: . . 1 ne or
Substituted or e fSalor At sp mentralination F1th @ Dase o prodtce
capr gl act am e one or more _sﬁB&tin_tumﬂtﬁmﬁdbstimﬁﬁed)pemm_ icsaléidtsiiaﬂil:st; e&? or
unsubstituted fo [ Ci S 0. jamoni ym.5-fo al er at.a,
and/ or one or rmgrdegjéc\é%gls‘%@t%be %’F ﬁﬁﬁé SBE ?ﬁlﬂfﬁegaore %‘#’gﬁggg%# 8%3%%%% Beid
precur sors: salts to hydxofyrmylagioncmatheypresencs ofa hydsofosmiylatien or

gg/szgg ESISt uted penigRAtCe 8¢ ame AL SrgafiofhosHBTRR RN &@g?%ﬁl‘yst, to VO
(4)  optional | yProgECce pnAGr dnansshstitnged o unsubsidtutedifapmylvaleric agitht enoi ¢
acds, e.g., CisS-gfea@Dne oficd¢iHore Silitftubed 6P uABAbStiAedSepsflon

entenoic acid, cis-2-pentenoic acids d/ or. trans-.2-pentenoi c aci X
P caprolzac am precursors; and ?cﬂ SH%J ecting sa1%1 ane or more su%s&ts:uted

or unsubstituted formylvaleric acid salts and/or one or more

substituted or unsubstituted epsilon caprolactam precursors to
reductive amination in the presence of a reductive amination catalyst
and cyclization optionally in the presence of a cyclization catalyst to
produce said batchwise or continuously generated reaction mixture.

This invention also relates in part to a process for
producing a batchwise or continuously generated reaction mixture
comprising:

(1)  one or more substituted or unsubstituted epsilon
caprolactams, e.g., epsilon caprolactam;

(2)  optionally one or more substituted or unsubstituted
formylvaleric acid salts, e.g., ammonium 5-formylvalerate, and/or one
or more substituted or unsubstituted epsilon caprolactam precursors;

(3)  optionally one or more substituted or unsubstituted
pentenoic acid salts, e.g., ammonium 3-pentenoate;
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and (5) one or nore substituted or unsubstituted

but adi eneswoaglgsssbut adi ene; wherei n the wei ght ratggr/uss/essponent
(1) to the sum of conponents (2), (3) and (4) is greater than about
0.1, preferably greater than about 0.25, nore preferably greater

t han about 1.0; and the weight ratio of conmponent (5) to the sum of
conponents (1), (2), (3) and (4) is about O to about 100,

pref erably about 0.001 to about 50; ~&hi ch process conprises: (a)
subj ecting one or nore substituted or unsubstituted butadi enes to
hydr oxycar bonyl ation in the presence of a hydr oxycar bonyl ati on

catal yst, e.g., a metal -orqapophptRiilisohée eaﬁrbre substitute@ R hsubstitutedt ,
and neutrallzatlon with a nia taq oduce one . re subtltuted

or unsubst it ut ed RSOeRAIEACIAS: €. sHFTdsPeRtgROIC aci s, trang;3-peHERP &hoat e:
(b) subjecting 5Gpeliht@ﬂﬁc%%16%1832$pdiﬁbnbi¢tafuﬂds)and/or trans-mnbmm acxdd
pentenoic acid salts to hydrofornylation in the presence of a
hydr of or myl ati on alyst, e.g., a netal -organophosphorus |igand

conpl ex catal yst, to pr odudB) onener ommoee substituted o unsubstititedi t ut ed

formylvaleric acr 9.4 .um 5-fornyl val erate, and/or one
or nore substitut %(}ggiegl%ﬁsggs’t 1}1;91 H& é silon caprol actam precursors;

and (c) subj ecti mghexsinl theweightrateo ofi b@m@n@@ﬁ 19 to the §BBY of gomappnents

fornyl val eri c aC'(g? 18 jﬁﬁd@i‘}j{s reg.fl@r %aﬁ@ﬁ@u@@qsbféﬁiﬂqy%&'eater than about
unsubstituted eps]

on caprol ac recur s {0 uct | clizatio
in the presence &2% mememfvéaltlycarefa%r Ibé}f"?sﬂty]sg Eﬁ%&é&%}‘ r}

bat chwi se or contdofiishehny (SRR QEim! cfadinhFohenits (1) @) (3) and (4) is aboutO
This invention fuyrt |.at es, i ant t OC r produci ng a
bat chwi se or cont rﬂ?)@%llﬁoggﬁeeffaﬁ? Cq ng ﬁﬁ?ﬁ éé) conpri si ng:

(1) one or nor enhmhqinobesseabmpnsmubkSubjst:hdg@psromnore substituted or
caprol actans, e. Qins 1?1% ﬁ@&rﬁ{aﬁ‘&é ?cph%dro%/carbo lation i m the Presence ofa

-9- plona one re su stitut

unsubstituted f orhndmaywbenxlatmrsaa&aéyste e, a matahpIsADS Pﬂlywall’éaé@e
and/ or one or nmoraRERh d 8¢ o90d ﬂ@éﬁiaﬁrzhhuhws F&thxh@ﬁlé?&ppfdd&iéé affe or
D elbstitun bstltuted og F11)1tnsu stltzte%n entengllzzraecl sa g,l tgt, ed or
unsubsti t ut ed more su P
ammonium 3-pentenoate; (b) subjecting said one or more substituted or
unsubstituted pentenoic acid salts to hydroformylation in the presence
of a hydroformylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
formylvaleric acid salts, e.g., ammonium 5-formylvalerate, and/or one
or more substituted or unsubstituted epsilon caprolactam precursors;
and (c) subjecting said one or more substituted or unsubstituted
formylvaleric acid salts and/or one or more substituted or
unsubstituted epsilon caprolactam precursors to reductive cyclization
in the presence of a reductive cyclization catalyst to produce said
batchwise or continucusly generated reaction mixture.

This invention further relates in part to a process for
nproducing a batchwise or continuously generated reaction mixture
comprising:

(1)  one or more substituted or unsubstituted epsilon
caprolactams, e.g., epsilon caprolactam;

SUBSTITUTE SHEET (RULE 26)



pentenoic acid salts, e.g., anmonium 3-pent enoat e; (4)
optlonaIIMNo@gmgxsnDre substituted or unsubstituted pentenGicasesdmsse. J. ,
ci s-3-pentenoi c acids, trans-3-pentenoic acids, 4- pentenoic acid,

ci s-2-pentenoi ¢ acids and/or trans-2-pentenoic acids; and (5)
one or nore substituted or unsubstituted butadi enes, e.g., butadiene;
wherein the weight ratio of conmponent (1) tq the sum of conponents (2), (3)
and (4) is greater than about 0.1, preferabﬁ? greater than about 0.25, nore
preferably greater than about 1.0; and the weight ratio of component (5) to
the sum of conponents (1), (2), (3) and (4) is about 0 to about 100,

preferably about 0.001 to ghout op aonuny%emmeﬁés@wuté@%r dn%hbﬁuhhﬁatl ng
one or nore substitut ed (0] unars@ztltut ed but adi e éygg Ieatlon

in the presence i *\‘fﬂ“&"é’clmgt OHEYB’ or 6
met al - or ganophos phmoré dubgamdtetbasmhﬂmlnaiww& epsilen papﬂﬂs@annprmurmse

substituted or unsubstitut ent

nore substituted or unsubs?@t 88%3@%@8%&8 ‘88%} %%t&gé#g?uigkﬁ%ﬁ%eﬁh
ammoni a to pr odupentnmic)acidrsaétsstet51 armeniuon Scpentbnoatent ed pent enoic acid
salts, e.g., anmonium 3-pepjeno

substituted or unsubstitut 2@ peﬁf’en&g@'é’?:é rSh %@%%&Lﬁé@@?r%sﬁg%ﬁg%teﬁn
the presence of Rehianois acidy) egi,wis-d-pentepeic 9@“@)3, ,tr:apq-rétmntenmc acids, 4-

or ganophosphor uspbh@afsk SGdPERX2-pBhENCHE acidd HISM AN peAteHdiEacids;
substituted or unsabstltut ed fornylvaleric acid salts, e.g., anmmonium
5-fornyl val er at e3&nd/ or one or nore substituted or unsubstltut ed epsilon
caprol actam precursors; ang) d) ofubireatrewulstitdtaner anhsubstitugedst i tuted or
unsubsti tut ed fogn}/ﬁal eric ag} g .al ts and/ or one or nore substituted or
unsubstituted epSPIBHEBEF allEN HPEcur sors to WO 98/ 46565

-10- r esbereinethe weighdtratio éficommponeng< @htethsf smnrmfdmmpmnts

Coner ared react b and @b %T%&“ﬁgn%ﬁtw%?%ﬁb%ﬁ?%a Sk
relates in part 0&5menscereferably greater thandbonhd. Qi angd §l:gbdr1'atl° of

Cint i nuously gen%ﬁbgﬂ?ﬁ@@{)tthﬁe@ﬂﬁ BE S?mponentsqqmﬂb SB7dnd (4) is about 0
(1) one or oTe, abow '166‘ Srefgrrabya 0151 0L61 to about 50;
which process comprises: (a) subjecting one or more substituted or

unsubstituted butadienes to hydroxycarbonylation in the presence of a

to a out

hydroxycarbonylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
pentenoic acids; (b) subjecting said one or more substituted or
unsubstituted pentenoic acids to neutralization with ammonia to
produce one or more substituted or unsubstituted pentenoic acid salts,
e.g., ammonium 3-pentenoate; (c) subjecting said one or more
substituted or unsubstituted pentenoic acid salts to hydroformylation
in the presence of a hydroformylation catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, to produce one or more
substituted or unsubstituted formylvaleric acid salts, e.g., ammonium
5-formylvalerate, and/or one or more substituted or unsubstituted
epsilon caprolactam precursors; and (d) subjecting said one or more
substituted or unsubstituted formylvaleric acid salts and/or one or
more substituted or unsubstituted epsilon caprolactam precursors to
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formylvaleric acid salts, e.g., triethylamonium 5-fornyl val erate and
amoni um $yd og/4psky/al erate, and/or one or nore substituted peErasesnriss

unsubstituted epsilon caprol actam precursors; (
optionally one or nore substituted or unsubstituted 4-formnylvaleric
acid salts and/or 3-fornylvaleric acid salts; (3)
optionally one or nore substituted or unsubstituted val eric acid
salts; and (4) optionb@1y one or nore substituted or
unsubsti tut ed pentenoic acid salts, e.g., triethylanmoni um

3- pent enoat e and ammoni um 3- pent enoat e; wherein the wei ght

rati ? of : ﬁ OWPOBQ@(%utg:ixie éfbhtzfaeioﬁlélﬂlmte ﬁ@mﬂt AL asréd@cb titve Ocyglézm tathlyst
oreferably greatePredise Said hatahyise it ophopusrgenerates fRiction mixtRERm onent
(1 6% to t]t\e sglm of bcorrpgne(r)mﬁs iﬁ\)egxt(&i y@lrﬁzo r{ker iei%@_bdﬂtpa(i’t t®a process febout

, preferably_abeout. Q. 0.about : i,C rQcess .conpri ses
Sub] ent i ne: ane’ BFORing amtehifeR bontinuously geadBied rBe SR Ris IR (o504
salts, e.g., trcempylsimgroni um 3- pent enoat e and anmoni um

3-pentenoate, to hydroform ati ' e . _g&]gﬁ
hydr of ormyl ati on cat al ilétsé”t @ OBBé)%nq‘ééltaél siubstltut&(P((g)lretg?gnoptf)];fgﬁﬁ)%%)r us i

L, €.0. | C (?and
conpl ex cat al ysformylvp eddsalts, b cmathglammoniuy, 5-fomylnalsratean

generated react hifinbhititFformylvalerate, and/or one dindré BYEdtituesd 8t SO rel ates
to a process for producin réaction mxture conprising one or nore

a .
substituted or YRSK %fmteaé@sﬂon caprelagtamg Preapsersict ans, e.g., epsilon
caprol actam which procesg$2)  optiof8lPoneast mbe sibstitacéd sgunsehRituted

f Egsglr tegéﬁg eogf 2&%}%@”&1&&3%@& salts agd}(ogcg-?orxl'xegyl%a e@%darc% %gﬁg;b?ﬁl_ ation in
hydr oxycar bonyl ati on cat al3)st, optignally ometcxl moreyarhgtitasehor ussubsjtnted
conpl ex catalys Lzation with a base to produce one or nore
substituted or &%lsez’gbg%éli?%t%%’ %Zelﬁt.enoi c acid salts; (b) subjecting said one
or nore substituted or unédibst optionallyonesrgneresuhbstiuted ox ynsubstituted

hydrof or nyl at i ofehtbroiCaBidaRns 8.2f triethyiimhiiiuhA8ipRRt&RAL ¥AE, €. 9., a
net al - or ganophosphor us | igand ¢onpl ex catal yst, to produce one or nore

substituted or AHYBERYUR rREPYPAIF val eric acid salts and/or one
wherein the weight ratio of component (1) to the sum of components (2)

and (3) is greater than about 0.1, preferably greater than about 0.25,
more preferably greater than about 1.0; and the weight ratio of
component (4) to the sum of components (1), (2) and (3) is about 0 to
about 100, preferably about 0.001 to about 50;

which process comprises subjecting one or more substituted or
unsubstituted pentenoic acid salts, e.g., triethylammonium 3-
pentenoate and ammonium 3-pentenoate, to hydroformylation in the
presence of a hydroformylation catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, to produce said batchwise
or continuously generated reaction mixture.

This invention also relates to a process for producing a
reaction mixture comprising one or more substituted or unsubstituted
epsilon caprolactams, e.g., epsilon caprolactam, which process
comprises: (a) subjecting one or more substituted or unsubstituted
alkadienes to hydroxycarbonylation in the presence of a
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or nore substituted or unsubstituted epsilon caprol actam precursors; and
(c) subjechigydseysd one or nore substituted or unsubstitut egtfggoRMhasa! eric
acid salts and/or one or nore substituted or unsubstituted epsilon
caprol actam precursors to reductive am nation in the presence of a
reductive am nation catalyst and cyclization optionally in the presence of
a cyclization catalyst to produce said reaction m xture conprising one or
nmore substituted or unsubstituted epsilon ciprol actans. ' Thi s
invention further relates to a process for producing a reaction m xture
conprising one or nore substituted or unsubstituted epsilon caprol actans,

e.g., epsilon ca . L £ rd : ' | or
nore substitut ed%é@k%#s%gg?l h?gg%qéﬁf’e%ggat%é@(ﬁgéig% nyl a??gﬁﬁian t he
presence of a hy éempjencatalystaand meptralization with a bgs ?Rro‘g“@aqﬁp‘l’fosphor us
l'igand conpl ex ca}@leVsitbstitAtdd SFHASuBNRURE] Pohferiidatid 4188 (Y subjecting

unsubsti tuted pentenoi c aci ds;saé)b%' subj ectin %i geév)\*r])e or m)redsu Sttl tuted
or unsubsti t ut ed SpEheR$ BT EIOYE|SYOSHEUTRS AT BRFURSITY eptenoicagdsglts B8yuce
Ub] ccti ng Sai 0 Bt b et o doubS e L totl el g e d

ubj i i ubsti t uf. unsubst.i t uted pent enoi Ci
salts to hydrof om%g'@rqub"ﬁn °’b"r‘%f§5ﬁ’& CB?’Pze%bes&r Eﬁ/ﬁ%ﬁr&%ﬁ og§t03‘| yst,
e.g., abnffc ?I ;o&mmmmphﬁtadsoi ugsubstitutpd dormylval erid acitlsaptscahd/er one or
more substituted gr unsulsti i . or
nore substituted® p?fﬁsﬂ%}%ﬁtilﬁéigr {elgé‘??%&lé g% £ gfig@ g%?@r%%‘& rﬁg g%%urgér}%’ (d)
subj ecting sai d amd (o} suiectingiseid one o maeregwbstituted er-answhstitubed eri ¢ acid

sal ts and/or oneg gﬂfaferic acid sal‘:s and/or one or more substituted or -12-
substituted or unsubStituted epsilon caprolactam precur sgr;ivto redyctive-

amination in the unsabstitetegrensilopnaprolpstarni RTEERHATS iR 56 9% ation

optional l'y in the,RhepRBschcelofa Fedtict#aidhatraéatalystand @rlicatisai d
reaction m xture co rhsan;hone or_norge su stliuteag fr Snsub(félet ut.ed

epsi | on capr ol acPRF@nally in‘the presencgofa eycfization rajalyst & PRajusesaldos o a
process for produsadtforniigtuiie @mprixing ene anprors snhstiteted ormmsubstibsted ut ed
or unsubstituted e%gﬁi | on cqg&t%t ans, e.g., epsilon caprolactam which

on capro

This invention further relates to a process for producing a
reaction mixture comprising one or more substituted or unsubstituted
epsilon caprolactams, e.g., epsilon caprolactam, which process
comprises: (a) subjecting one or more substituted or unsubstituted
alkadienes to hydroxycarbonylation in the presence of a
hydroxycarbonylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
pentenoic acids; (b) subjecting said one or more substituted or
unsubstituted pentenoic acids to neutralization with a base to produce
one or more substituted or unsubstituted pentenoic acid salts; (c)
subjecting said one or more substituted or unsubstituted pentenoic acid
salts to hydroformylation in the presence of a hydroformylation
catalyst, e.g., a metal-organophosphorus ligand complex catalyst, to
produce one or more substituted or unsubstituted formylvaleric acid
salts and/or one or more substituted or unsubstituted epsilon
caprolactam precursors; and (d) subjecting said one or more substituted
or unsubstituted formylvaleric acid salts and/or one or more

SUBSTITUTE SHEET (RULE 26)



process conprises: (a) subjecting one or nore substituted or unsubstituted
al kadi enesyhQghyads oxycarbonyl ation in the presence of a PCT/US98/0735

hydr oxycar bonyl ation catal yst, e.g., a mnetal-organophosphorus PI gan

conpl ex catal yst, and neutralization with ammonia to produce one or nore
substituted or unsubstituted pentenoic acid salts, e.g., ammoni um
3-pentenoate; (b) subjecting said one or nore substituted or unsubstituted
pentenoic acid salts to hydrofornylation i12the presence of a

hydr of ormyl ati on catal yst, e.g., a netal -organophosphorus |igand conpl ex
catal yst, to produce one or nore substituted or unsubstituted fornylvaleric
acid salts, e.g. et oYl - ; substituted
or unsubstitut edsuel%é' géldjé%gtrl% ac %ﬁ%?@%&%(ﬁ@% aﬁ%&?%e%.{slﬁ#ég?i ng said
one or nore substedugtive aminationbit the pregencs ¢fa vedustive amination catalysd/ or
one or more Subsidd bratsablon BRI Hf G REChONCARIAAHARRERSHESOr S L0

reductive cyclization in_ ¢ resefnce of ‘a reductive cycli @%"O éat al yst
to produce sai d Proguce saidyeaction MEHHFE SOMPTiSRE oRe AHOTE SHOsHEYeEPTor

unisu{ost [ Eut ed eQ%émfﬁa%@égﬂmpmla“aftﬂs- ~ This invention also
relates to a process for oduci ng,.a reagtion m.xture conprising one or
nore substituted or unsubgi‘}inﬁdmé té?)’%iyﬁgﬁ“{tgﬁﬁ?]&t satrQBa;pg&&g.? hi—fgsi | on

cagr ;)! ?CE a(rjn whigriedpenges sesdiqn kr'nfil;esure(ae)npmhr'1 ingohierng more substitnted or )
substituted or u i adi_enes rq . t he
presence of a hyl%?éﬁf;&%\?:ﬁ%ﬁgq)sghnoﬁapggfaacltérgxg: X’gf’ge?ﬁjéﬁgﬁ lr%%?%‘%@%era%gr%%ﬁ%‘sphor us
| i gand conpl ex @roeessstomprises: dalsubjecting oneor enaretsaibstituted ar

unsubsti t ut ed bstit kadi to hvd b tion in tha pres@Sdd &YW C
acids: (b) subj eSubstituted alkadienes to hydroxycarbonylation in the presehc]

t ut,
pent enoi ¢ aci ds Rlreyearonpylatiamcatplystapdon @%-@%@353@3 ITBEEJ%BPQ
substituted or uamplekichtdlgst, Red afiraliastién sAth amBosia togPsaaLe Bhe or
3- pent enoat e; (% sub e(‘ttl ng,sai d ope.or re,substitut g or _unsubstituted
pent enoi ¢ aci d PY%SJE ME%PBWPE??@}F@H?PW@?}F&E#?S bit-&
hydr of or nyl at i oramatoxiiyat 3-pentenocateytd) ahbjectiparsapd onp oo mere supatittuteshgt ex
catal Yot 0 PSR G oA 031 shh 30 an PRSI St d B! 1 L

acid salts, e.g., ammnlrum al era nor e tuted

or unsubst i t ut edfepydraforraplasionceadalystce gr, sometalorgapopheapijorus liggndai d

one or nore complex catalyst, to produce one or more substituted or unsubstituted

s

formylvaleric acid salts, e.g., ammonium 5-formylvalerate, and/or one
or more substituted or unsubstituted epsilon caprolactam precursors;
and (c) subjecting said one or more substituted or unsubstituted
formylvaleric acid salts and/or one or more substituted or
unsubstituted epsilon caprolactam precursors to reductive cyclization
in the presence of a reductive cyclization catalyst to produce said
reaction mixture comprising one or more substituted or unsubstituted
epsilon caprolactams.

This invention also relates to a process for producing a
reaction mixture comprising one or more substituted or unsubstituted
epsilon caprolactams, e.g., epsilon caprolactam, which process
comprises: (a) subjecting one or more substituted or unsubstituted
alkadienes to hydroxycarbonylation in the presence of a
hydroxycarbonylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
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substituted or unsubstituted fornylvaleric acid salts and/or one or nore

substi t ut eqdzjmgﬂ;gubst i tuted epsilon caprolactam precur sor SpdQudogflbssti ve
t

cyclization in e presence of a reductive cyclization catalyst to produce
said reaction m xture conprising one or nore substituted or unsubstituted
epsi l on caprol act ans. This invention further relates to a
process for producing a reaction m xture conprising one or nore substituted
or unsubstituted al dehyde acid salts, e.g.,-¥Bernylvaleric acid salts such
as triethyl anmoni um 5-fornyl val erate and amoni um 5-fornyl val erate, and/or
one or nore substituted or unsubstituted epsilon caprol actam precursors

whi ch process corﬁggttgggic?égésgq%jeﬁ%gg%ggméﬁe ﬁi{'ﬂﬁﬂé%’ﬁb@ﬂtﬂe&ﬂ}wbs" I tuted

unsaturated acid’s énolc acid salts such as triethyl anmoni um
3- pent.enoat e and wnfwhstitHiesl pentengisaacids to npytnedizatiep veith AMMEniHEo pr esence

of a hydrof or nyl grblacé ahalo¥ TheresubstitBtdEoRhinMHBRARABE® pEARHbSe héidaalts,
corrpl ex catal yst, to roduce aid reac&q‘%ﬁ& m Xtég%.(:o' rsin one oOor nore
|

substituted or urfsBrb@fPARBIM4-BERsFRe2 sulye ORI IOTepr e
substituted or unubtituted ecunpsbdtitated pentaniantidrsatts todiydroformylation

o epsi | on capr ol bR AN ths Ffudennsliich Bl Grad ek "ot least
10% by wei ght andrganophadphous higagdtcomplgx eatadystyty pbedwehire/admioye t he
processes of this, oV ' . . . . - 14-
Thi's invention yaioptiied sk upsybstituted formylyaleric acid salts, 2., ammonium, |
gener at ed react i énfornxrluakerstanandémene or more substityteyl or unsmbstitutade

substituted or ungpdlshichplod et iProtusehs; ArdCd $abjeetitig saf@Dhk ¥R more
caprol actam rf})r, g bstifuted or

unsubstituted f orsh‘;}r’ﬁt/iﬁ?@q(@ 5{3{“&%&%@# lf%’rrg‘/ ,‘e’afqrri"e”!% Isﬁﬁ;ﬁﬁrﬂdﬁ?ﬁ one or

5-fornyl val er at e mork subsitued or Lasabstialted dipeilod REprdlaciagn PrediBE6rs to

substituted or unsybst.ituted silon caprol actam pregursors. ..

(3) optional I y GBSV fEfizatiann th Brrsgrce ACRBEdneHY 0 bizntion setalyst o

salts, e.g., tridblproduvesaidnreactiontmixtarecangrizimgpone or fqresubstitnted or
unsubstituted epsilon caprolactams.

This invention further relates to a process for producing a
reaction mixture comprising one or more substituted or unsubstituted
aldehyde acid salts, e.g., formylvaleric acid salts such as
triethylammonium 5-formylvalerate and ammonium 5-formylvalerate,
and/or one or more substituted or unsubstituted epsilon caprolactam
precursors which process comprises subjecting one or more substituted
or unsubstituted unsaturated acid salts, e.g., pentenoic acid salts such
as triethylammonium 3-pentenoate and ammonium 3-pentenoate, to
hydroformylation in the presence of a hydroformylation catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, to produce said
reaction mixture comprising one or more substituted or unsubstituted
aldehyde acid salts and/or one or more substituted or unsubstituted
epsilon caprolactam precursors.

The processes of this invention ¢an achieve high
selectivities of butadiene to epsilon caprolactam. Selectivities of
epsilon caprolactam of at least 10% by weight and up to 75% by weight
or greater may be achieved by the processes of this invention.
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(4) optionally one or nore substituted or unsubstituted pentenoic acids,
e.g., Cisy or c acids, trans-3-pentenoic acids, 4- S8 cid,

ci s-2- pent‘g?lg@(}rsam ds and/or trans-2- pent enoi ¢ aci ds; andp&o1t Jofas8 (5)
one or nore substituted or unsubstituted butadi enes, e.g., butadiene;
wherein the weight ratio of conponent (1) to the sum of conmponents (2), (3)
and (4) is greater than about 0.1, preferably greater than about 0.25, nore
preferably greater than about 1.0; and theldei ght ratio of conponent (5) to
the sum of conponents (1), (2), (3) and (4) is about 0 to about 100,
preferably about 0.001 to about 50. Thi s invention al so rel ates
in part to a batchw se or

conpri si ng: (R hOUMS) oL ROTHEL FelafERE pt e e etbiviee o
fornyl val eric aciodtialously ge@ratedr@mmnmmmmmﬂl val erate and
ammoni um 5-fornyl val erat e, ?”d/o?fe ot s@%tﬁu%é’@%f hhHﬁE&lﬁfte&'@ﬁbﬁlP&E' tuted
epsi | on caprol act am precursors (2) optionally one or nore
substituted or m%tmsamw&ﬂmpmomte%c. d salts and/ or

3-fornylvaleric acid saltgp) optionally one(&)moré)ﬁhbﬁlﬁitb& of it sAbstituted
substituted or uf[;sub ti.tuted. valeric a

15 iopleric 35id S 15 ofrie TrTioBHE, bifprmlyelgrate and

unsubstituted p%hﬁfb@mﬁma&lf&rﬁﬁllvhlieraee and/br 6mé by hmoresobstit@edent enoat e and

ammoni um 3- pent eno t e we rati f corrponent (1) to the sum

of conponents ( 5&’&’8“{%? é’a‘faé)lro a%ga}{n u\?rs% preferably greater

t han about 0.25, nore pref(8) abloptgne&lwmnetmoabsubstltlﬁedan@ntshbsméltgdt

rati o of conpon . is about O
nmp e a%llc dbg'glté 0‘@% O%rltﬁf(i)ﬂyai Hﬁl%ﬁuﬁﬁ-h péribnéitd dnd)

to about 100, pr out Thi s
I nvention furth@mﬁmv@s?'rpﬁnﬁﬂrqatﬁo a reactlon mxture conpri sing one or

nore substituted or unsub§r4)tut dpicaadly ek &aﬂf@ééﬁbﬁﬁﬁte&og unsepstitutaed
caprolactam in which sai

reaction mxture is s§ whi ch
conprises: (a) SRERLERPICAGIAsnE &y Clin-RERSHOLS ?‘i}flg 'g%%%g??lg é‘% 1
al kadi enes t o hyshndsyeiaraeid)Wislipsntenoicaeids and/or trans-2-pentenoic acids;
and

(5) one or more substituted or unsubstituted
butadienes, e.g., butadiene;
wherein the weight ratio of component (1) to the sum of components
(2), (3) and (4) is greater than about 0.1, preferably greater than about
0.25, more preferably greater than about 1.0; and the weight ratio of
component (5) to the sum of components (1), (2), (3) and (4) is about 0
to about 100, preferably about 0.001 to about 50.

This invention also relates in part to a batchwise or
continuously generated reaction mixture comprising:

(1) one or more substituted or unsubstituted
formylvaleric acid salts, e.g., triethylammonium 5-formylvalerate and
ammonium 5-formylvalerate, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors;

(2)  optionally one or more substituted or unsubstituted
4-formylvaleric acid salts and/or 3-formylvaleric acid salts;

(3)  optionally one or more substituted or unsubstituted
valeric acid salts; and
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presence of a hydroxycarbonyl ation catalyst, e.g., a netal -

or ganopho i gand conpl ex catal yst, and neutralizati Gy ase to
produce oﬁgﬂg?uggke substituted or unsubstituted pentenoic aC|Jk§gﬁ?£; (b)
subj ecting said one or nore substituted or unsubstituted pentenoic acid
salts to hydrofornylation in the presence of a hydrofornylation catalyst,
e.g., a netal-organophosphorus |igand conpl ex catal yst, to produce one or
more substituted or unsubstituted fornylvak¥+c acid salts and/or one or
nore substituted or unsubstituted epsilon caprol actam precursors; and (c)
subj ecting said one or nore substituted or unsubstituted fornylvaleric acid

sal ts and/or one or more sgypsti Bﬁﬁij&ﬂaftig oﬁ@%t}ﬁbf'etéﬂl?s‘éitﬁ?&i bPUnEABSLACEAM

precursors to reductive anjinatio L he garesen(;e of a reductive am nati on
catal yst and cycPPREANG agigisadiaklgy, tricthylapmoninme3-pentenaatpiang: i on

catal yst to prodgdgfiméaiinFpeAtedbath;xt ure conprising one or nore
substituted or ungubstituted, epsilon caprol act

) Thi s
i nvention yet fuMifEPT} BIGWVES tﬁa&grqfcpm?qeeézﬁwlxﬂ%&fw@ ceRRIRERIHP) one
or nore substitutfd (8) ispwabet thail 85oenGil| preferdlilylgpeitirthad. dbout@2s,l on
caprol actam in which Sﬁl d, y eact iton m xtgret ﬁ) RI §RAL ed ‘bﬁta grogess whi ch
conprises: (a) S{fb‘]r&ﬁr,e ed'aB A %‘fléana out .U, an e weighit ralio o
-16- subst i t ut ecmponent(ddoithatsam af éampenestst(d), {¥Hand y8hiskahopt£ foon i n

the bresence of gBydioyySARIANY) Bhhofofdh AktioncBed - o Metal -

or ganophosphorus 1T gand ex catalyst, "to oducé one or nore
substituted or unsubsti tut ddipmmentioncfuathetsrelates in@srt do amgastipn one or

mor e substi t ut edpQLLSiRthlibineethPG 995&1)9&&1%%??09 d}ﬁgbgﬁtﬁmfimom gh C

base to produce one Qr nore substituted of unsubstitute ent enoi‘c, aci
salts; (c) subj cEePrRjactams, &b, epsilony e@pralactam, inwhigh aﬁgﬁwtwmwmre

Eegt e Poi c faci d saf pﬁe;ila@e@ YTeOprgceys aﬂﬂié}F céxﬁpmeszﬁwsﬁw@eﬁﬁt@e or more
ydr of or nyl ati on_cat st, _€.Q. net.al,s organophosphor us J'i gand. canpl ex
catalyst, to pr oﬁﬁ@%t%ﬁgé SF q?%?‘?sétﬂ)@fli 3(45?‘@%“8?’ Qﬁﬁ?ﬁﬁ%’p{ ha] glgyalﬁg\pwmg’ieer ic
aci d sal ts and/ opreseacef adiyarexpetrbonykadionr catalysbsé.gt, @t matalpsi | on
caprol act am prec : :gpﬂ . ' ' ' X tLLpMted or
unsubsti t ut ed fo?frﬁ%%{/%her Coxéx%?lééésigq ?@g%%%ﬁzhgﬁg’n%}&%%ﬁga& S ?lt‘ku{t}éldaeor
unsubstituted epba$eto prgsiusemmen more substituted or unsubstituted pentenoic
acid salts; (b) subjecting said one or more substituted or unsubstituted
pentenoic acid salts to hydroformylation in the presence of a
hydroformylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted

formylvaleric acid salts and/or one or more substituted or
unsubstituted epsilon caprolactam precursors; and (c) subjecting said
one or more substituted or unsubstituted formylvaleric acid salts '
and/or one or more substituted or unsubstituted epsilon caprolactam
precursors to reductive amination in the presence of a reductive
amination catalyst and cyclization optionally in the presence of a
cyclization catalyst to produce said reaction mixture comprising one or
more substituted or unsubstituted epsilon caprolactams.

This invention yet further relates in part to a reaction
mixture comprising one or more substituted or unsubstituted epsilon
caprolactams, e.g., epsilon caprolactam, in which said reaction mixture
is prepared by a process which comprises: (a) subjecting one or more
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precursors to reductive amnation in the presence of a reductive am nation
cat al yst W sgké zation optionally in the presence of a Cﬁ'&l‘/ﬁ&@%ﬁ?ﬁ‘

catal yst to pro uce said reaction m xture conprising one or

substituted or unsubstituted epsilon caprol actans. Th| S

i nvention also relates in part to a reaction mxture conprising one or nore
substituted or unsubstituted epsilon caprolactans, e.g., epsilon
caprolactam in which said reaction mxturdés prepared by a process which
conprises: (a) subjecting one or nore substituted or unsubstituted

al kadi enes to hydroxycarbonylation in the presence of a

hydr oxycar bonyl &Qﬁ?@

conpl ex cat al ys'?é db% ﬁﬁéeda{)yﬁ#l za%tgmte&l aﬁéﬁgneﬂ&ﬁ? uc@%&drgﬁpﬂlo? e
substituted or upnsa@bece ofla bydpescerbonylaticn catalyst, eggam ni um

3- pent enoat e; argﬁﬂg?ﬁi?ﬂf&ﬁ é}ig‘ina%xﬂ;slemhﬁalwtb b Ip&&l&sé dHe tmdBSt i t ut ed

pent enoi ¢ acid salt ydr o on [nt
hydr of or myl ati onS or Enguﬁsfét%éaens?%ﬁabﬁé éﬁ L%aﬁ?&d g8 ex

cat g' yslt to pr 0&5%@sﬁﬂﬁxwtgmmikﬂb&fﬁﬁmepbménbﬁﬂwhﬁﬂotmétﬁ;dalﬁmtmgi val eri g
acid salts, e. mpni u r val er at e r.one_or ubstitute
or g vnt% ase g&pr (f) ce’oné or more Sugs%gtu%ed S él&sgpl&?m%s epsi | on
capr ol act am pr eCplsErﬂ:@nslc aoid shlty; @)biibjecting shid dneoe nrersmbetitutedtart ut ed or

unsubsti t ut ed for gEngPg%{e&%%aéég A/ Qr ﬂi}%fo fﬁn?ﬂ?ﬁé ?}ége«;lqeor

unsubsti tuted ep‘%ﬁl ursors ve C atron in
t he presence of of a bgdoafoxmyatiin Q%ﬂaﬂyﬁt, &g, Malt@'a@PQE @@hﬁpé ligangt i on

m xture conprisipng,oRe c‘%.'i:al?ﬁf SoPtBahtd bhedr %oﬂém@ﬁ%ﬁeﬁt&%@ﬁkt@ﬂted

caprol act ans. i"nvent i on further re t%z én part to a
reaction mi xtur ef%‘m?é\'alﬁlﬁgi%éa]é? angfer A% Moge &9 feQbst it ut ed

epsi | on capr ol achAgEhstitubed ep#iiid @ﬁpx‘b@@tﬁhﬁpiéhmsdr@ aid (d) sufbjeetirgpedidon

Tor e subst i £ ut ocPt OX HeB SHPEH s R E TS OAYAERE B P on n ¢ he
presence of a hydmdfnyoaelwnubat substitated ystunsebgtituted epsidén caprolactam
or ganophosphor us gﬁ% 7 @ghﬁéu é‘&ﬁhﬁ&&mgﬁ tﬁ%g;g%&bc%? aXedBtife

substituted or u% pen enol ¢ ecting said one or
more subst i t ut edaminatien batalyst and prelizatiincoptienaly in thepresensaef dn

cyclization catalyst to produce said reaction mixture comprising one or
more substituted or unsubstituted epsilon caprolactams.
This invention also relates in part to a reaction mixture

comprising one or more substituted or unsubstituted epsilon
caprolactams, e.g., epsilon caprolactam, in which said reaction mixture
is prepared by a process which comprises: (a) subjecting one or more
substituted or unsubstituted alkadienes to hydroxycarbonylation in the
presence of a hydroxycarbonylation catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and neutralization with
ammonia to produce one or more substituted or unsubstituted
pentenoic acid salts, e.g., ammonium 3-pentenoate; (b) subjecting said
one or more substituted or unsubstituted pentenoic acid salts to
hydroformylation in the presence of a hydroformylation catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, to produce one or
more substituted or unsubstituted formylvaleric acid salts, e.g.,
ammonium 5-formylvalerate, and/or one or more substituted or
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wi th anmonia to produce one or nore substituted or unsubstituted pentenoic
acid salts anmoni um 3- pentenoate; (c) subjecting said _one or nore
in

e q.
substi t ut egoogsg'ﬁ#gubst ituted pentenoic acid salts to hydrofP&rTM!’é@Yséﬁ

the presence of a hydrofornylation catalyst, e.g., a netal - organophosphorus
| i gand conpl ex catal yst, to produce one or nore substituted or
unsubstituted fornylvaleric acid salts, e.g., amonium 5-fornyl val erate,
and/ or one or nore substituted or unsubstituyed epsilon caprol actam
precursors; and (d) subjecting said one or nore substituted or
unsubstituted fornylvaleric acid salts and/or one or nore substituted or

bstituted i | | act t ducti |ization,i
the presence of AJSURGEITGE RRUPR SEPFOIRCR Aroaurepts arkis) subiechiesaid i on
m xture conpri si mewranore susstitabid br unsabistituted fotmyivalérdd aejgssdlts
| act ) This | ' . ' t
enction i ur e SRV 78 prPtishe sEBSkyaH o SlnsubbhiBied Sndticibedrtoitiam! © °
al dehyde aci d salprsumsors to fastuejiveayelization inithepresesge of asreductive
triethyl ammoni umeggif Q84 Lé’t%hfét%%rﬁﬂﬂc@é‘lﬁ'&@‘e%%i@ﬁw{ﬂi_-é{ g@ﬁb@fg&gs@ﬂ%i”

one or nore t1tuted

or unsubst it ut ed ers substitaiedbrrnunsebsiitased spsidon papialestams. d reacti on
mxture is prepared by a prgessveMticAHIREF rafesSinbpH&itonOraieioar more
substituted or unsubstit ut ed unsat urated acbd ,gua{fts, _er.&%}., eﬂtcgnm. aci d
salts such as tr MBPHRYTeSATORTISHECHR AT BBecEbsHfted s HastbstiutedApsifon ¢ o
hy flr f’f ornyl at ihon cﬁprdlhetlapmaﬁg@ epsilloxﬁcim?laltﬁta{rwitx athioh ;aed aéa/cg%on miﬂl;qrea
net al - or ganopnos or us L,gan cO ex » al ysS r uce sal [eacti on
T xture comprisi A PERATEH R RRAGTEE WiHER smbriseRs (i SrPIt g Sheigh it adi o
sal ts and/ or one substitutedsurbstsuhstidutest alinadidrssi todiysbtospsErbonyladroimmthem
recursors. | ' t Qizs 4 i on are

Si stinctive i nsofpgﬁs%nscetqr#eg}g’{%ﬁggéée@rap g}&%ﬁ{efétaﬁset g'rgg’tél %&g%hi eve the
generation of hi gugarephasphpruelisend spmplencatalyss) BrPEadicePRe FeMAE? whi ch
can be suitably empkfi@dd d¥ EnbIRGEPherteRoRSEIAS (b B@bj@&?ﬂ?@?ﬁ& be O

are distinotive. matapeibuletor inbudited penfmat pridsd avustAlAAR for

t he production ofwighsnmontafs praliicethe or merasubstitntéd oh unsubstituted
pentenoic acid salts, e.g., ammonium 3-pentenoate; (c) subjecting said
one or more substituted or unsubstituted pentenoic acid salts to
hydroformylation in the presence of a hydroformylation catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, to produce one or
more substituted or unsubstituted formylvaleric acid salts, e.g.,
ammonium 5-formylvalerate, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors; and (d) subjecting said
one or more substituted or unsubstituted formylvaleric acid salts
and/or one or more substituted or unsubstituted epsilon caprolactam
precursors to reductive cyclization in the presence of a reductive
cyclization catalyst to produce said reaction mixture comprising one or
more substituted or unsubstituted epsilon caprolactams.

This invention yet further relates in part to a reaction

mixture comprising one or more substituted or unsubstituted aldehyde
acid salts, e.g., formylvaleric acid salts such as triethylammonium 5-
formylvalerate and ammonium 5-formylvalerate, and/or one or more
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yi el ds w thout generating | arge anmounts of byproducts, e.g., ammoni um

sul fate. O 98/46565 Detail ed Description

FNdroxycar%%nﬁfa fon Stage or Step The hydroxy@gFﬂgﬁ?VQ§§on
process of this invention involves converting one or nore substituted or
unsubstituted al kadi enes, e.g., butadiene, to one or nore substituted or
unsubstituted unsaturated acids, e.g., cis-3-pentenoic acids, trans-3-
pent enoi ¢ aci ds, 4-pentenoic acid, cis-2-petg-enoic acids and/or trans-2-
pentenoic acids, in one or nore steps or stages. As used herein, the term
"hydr oxycarbonyl ation” is contenplated to include all permssible

hydr oxycar bonyl at i,0n.pro¢cesses R l,nvol,ve converting one or nore.

Subst i Tuted of  uRMHLRLEE doarRatied SHRY o5 {BDE aHePE PLRBSRPT IO

uns]tcjbist!tut ﬁ'd unsaﬂmfgth@m;lqﬂugm&%i@heedby ahprbcessywhidloeprhptises) process

userul 1n this iRE ohg of ' mére’ titdte tituted unsaturated acid

-19- U S. Pat e%%pﬁﬁggatlon eri a klo E)I-‘}Lu?%}és uflfle(ﬁ1 on ar# e9& date

herewi th, the di saltsa.g.¢pentendic acidsaltsctrghoastriethytaromoniyny 3pentercate| n

general , the hyd 4 }é;dq. ﬁﬂm | or

nore substitut edég‘?ﬁ&%glgg%ﬁjk) ggteg]ltoggediqgn S %ﬁ{ carlglgﬁﬁr%ﬁg%%égﬁg% %water

in the presence Bydeplerpglajion eatglystye.gmnt metaloongapaphesphausdigande

ﬁ ugst i tut eg orI Udtsr_ﬁﬁﬁﬁetxi éa‘ﬂ&l%dt,%ﬁﬁ?aﬁéé sdidaféa(éﬁoln miﬁ:ture cox%qpri_E oneor
ydr oxycar bonyl ati on reaction m xtures, e Vi erei a i ncl udes

any sol ution derWEESFE%’_r#"Jﬁa %&%@ﬁ%ﬁﬂ%%ﬁy&%%ﬁ?ﬁﬁ%ﬁ%ﬁﬁn Pbcess

t hat contains at nioeﬂsubstmttﬁedrmuinsm&thte& epdilon d@rolaﬁytaﬂlmbﬁrsm’s. |

conponents, i.e., the uns .aci 0 - ) A e

al kadi ene, carbon nonoxi dZﬁg{égggﬁéfaﬂgggﬁmg%?%h}snl&ggéﬁgﬁta;reé%%é%g%endi ng to

mose emﬁl o%eg aimgofar g Guupratessestthe theitmrepazatinmgthiev e tho generadionr ofm
ence the r @p% 9‘?‘}” E.ﬂ&ﬁ . isto

be understooé tﬁ% t ég yd?%§§§§i) onyréﬁﬁﬁgﬁr{%#%ﬁgy%gﬁﬂg%?tions

enpl oyabl e her ei $1iéably axaplegedan acompmereishpreasssiorohedmanntacture akdi t i onal

i ngredi ents suchemilonh@gRoldetam. VEaRicdll8F, the reaction mixtures of this
invention are distinctive insofar as the processes for their preparation

allow for the production of epsilon caprolactams in relatively high
yields without generating large amounts of byproducts, e.g.,
ammonium sulfate.

Detailed Description

Hydroxycarbonylation Stage or Step
The hydroxycarbonylation process of this invention

involves converting one or more substituted or unsubstituted
alkadienes, e.g., butadiene, to one or more substituted or
unsubstituted unsaturated acids, e.g., cis-3-pentenoic acids, trans-3-
pentenoic acids, 4-pentenoic acid, cis-2-pentenoic acids and/or trans-2-
pentenoic acids, in one or more steps or stages. As used herein, the
term "hydroxycarbonylation” is contemplated to include all
permissible hydroxycarbonylation processes which involve converting
one or more substituted or unsubstituted alkadienes to one or more
substituted or unsubstituted unsaturated acids. A preferred
hydroxycarbonylation process useful in this invention is disclosed in
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been geliberately enpl oyed in the hydroxycarbonyl ati on process or formed in
situ durin ocess. Exanpl es of such ingredients that e

pr esent |ngyég%ﬂ%9pronnter such as a carboxylic acid, and iﬁﬁgﬁFﬁbfﬁ?ﬁed
type products, such as saturated or unsaturated hydrocarbons and/.or
unreacted isomerized olefins corresponding to the al kadi ene starting

mat eri als, and byproducts, as well as other inert co- solvent type
materi al s or hydrocarbon additives, if enpl-dged. Al kadi enes

useful in the hydroxycarbonylation are known materials and can be prepared
by conventi onal processes Reaction m xtures conprising al kadi enes may be

hydr oxycar bonyl atysh BAREABRUFRH SRR TR T 78l on an even date
sufficient to prdurewithydhe disdesiracf deichrieinearppyated hﬂrgm bx |re€e(rpmq i es
and accept abl e 1 g5, AhK 2k $RToLFArBEnYIEtioR! $t8For Q@ﬁé@%ﬁgrﬁ%s reacting

conti nuously.

Il lustrative subsmeonmeresabstitated or imsapstitwnied; @k@dkec%st‘?% GarbeR; al s
useful in the hydpgxyedeiMwaidran thigsiesencd AL dalhlyfldnd asprddioter b t ed

to, conjugated aliphatic diolefins_represented t,h ornmu
CH2 = C - C = cHZroduce one or mqre supg EEEP?@E o7 UBH ﬁiﬁt“i?‘i 45‘~§123?rF8‘i6‘(’“‘3

different and are hydrogen T}t@h @ﬁky@érb&nﬁ,ﬂbﬁbhtruhaﬁbmmmmdssémphyable
hydr ocar bon r adi

b d
contain substitu 5“{ gy%}ca St Pgiﬁ' 6’6%?819‘}%%58’9" : aré%%e%ogg g&é’g’gén%r
silyl groups). | Hydroxptarbenplation priekss ﬂh&tachxﬁams&ttaheashgomtaenommfsoﬁr e

g?te?glr ngy, ! fﬁgr B 8ﬂle> g%ﬂaﬁrg&fe?ﬂé P ﬂﬁ:ﬁn(é}ﬂ@%q Eﬁh%ne | E%ur#?e?f acid
(CH err]=CH CH=GHodnet,)a cwtg}yspmmteéalkadlgn@mh@m sonaxide gag gnd
"al kadi ene” is copieAPLAISHLtRbRE dHSeHIndBE T RN EmpIiEd dndes and
produced by the hydroxycarbonylation process from whence the
hydroxycarbonylation reaction mixture may be derived. It is to be
understood that the hydroxycarbonylation reaction mixture
compositions employable herein can and normally will contain minor
amounts of additional ingredients such as those which have either
been deliberately employed in the hydroxycarbonylation process or
formed in situ during said process. Examples of such ingredients that
can also be present include a promoter such as a carboxylic acid, and in
situ formed type products, such as saturated or unsaturated
hydrocarbons and/or unreacted isomerized olefins corresponding to the
alkadiene starting materials, and byproducts, as well as other inert co-
solvent type materials or hydrocarbon additives, if employed.
Alkadienes useful in the hydroxycarbonylation are
known materials and can be prepared by conventional processes.
Reaction mixtures comprising alkadienes may be useful herein. The
amounts of alkadienes employed in the hydroxycarbonylation is not
narrowly critical and can be any amounts sufficient to produce
unsaturated acids, preferably in high selectivities and acceptable
rates. Alkadienes may be fed either batchwise or continuously.
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unsubstituted conjugated diolefins, including all perm ssible m xtures
conprisin nore substituted or unsubstituted conju i fins.
Il lustrat igv\/og&g#‘sgésui tabl e substituted and unsubstituted al E@%f’ﬂ#@gv%ﬁ

(i ncluding derivatives of al kadi enes) include those perm ssible substituted
and unsubstituted al kadi enes described in Kirk-O hner, Encycl opedi a of
Chem cal Technol ogy, Third Edition, 1984, the pertinent portions of which
are incorporated herein by reference. -20- The catal ysts useful in
t he hydroxycarbonyl ati on process include, for exanple, Goup 8 9 and 10
metals or metal conpl exes (supported or unsupported), Goup 8, 9 and 10
netal halides and esters (8. Pdd Lerr]..apd_RdlL] errl. al,l.adi um

bi s(di benzyl i dene acet one)@“%H‘@ﬁ&’&sj{bséﬁh%‘g?ﬂﬂ]%{?u!?g#l%%ﬁa alkadiene

di car bonyl acet ylshaeting aiateriataliisefin] i) th&h@drexychrb@gflatioh reaptien includepup
8, 9 and 10 net gl -l . - he.

1 | i A2 AGRHRURE, GRl Rl i Biolefine A(BrELARATY the

homogeneous or formula:het er ogeneous form Such catal ysts may be prepared by
met hods known in the art. Suitable netal-ligand conpl ex catal ysts
useful in this invention are descﬁ%ta) nmore fully hereinbel ow

The perm ssible netals which nake up the -ligand conpl ex

catal ysts include Goup 8 9 and 10 netaljs gel ected from r hodi um
(Rh), cobalt (Co), iridium(lr), rug nl_@nZRybH%ron (Fe), @A) ni ckel
(Ni), palladium(Pd), platinum(Pt), m um (Gs) ‘and m xtures

thereof, with the preferred netals being palladium rhodium cobalt,

i ridiumand rut | rsqhl : ’ | t

and rut heni um @@%&ﬁ@égﬁzz%%u% Tngé%ie'?ﬁgfs& tla%gﬁ%%‘g’%?ﬁtﬁ ude,

for exanple, ordadegeroephsubstitutedaramasstitutedhpdrpeavhon radiegl. The
| i gands, or m Xty egichBEtaR be 14 %Mg&cﬁé&%ﬁﬂp@ﬁw}%ﬁsﬁbmts
whi ch make up

The perm ssible organopﬁosphorus&{rl gands t he, net al -

ligand conpl exeéegnalkiberiupsnbplgepatams, amigo eTauRS OF SHYl grqums). ang

DOLIY' ( |0r g?nop homﬁlkﬁ%ﬁ?ve tﬁ%ﬂﬂ%@ abaldiers ist%&ingenﬁt-teriaﬁsrm biadierd,i -

and pol y- (organgphosphi tes r,.perm ssi bl e organop or .

| i gands i ncl ude,IQQRTFQEXM%@,Y?&PS%%B&@@W?@tgg}e&&n3‘%&%&“ ??ﬁ’ﬁb&’,

am no phosphi ne¢hamdkadieneiskarting matepial is butadiene itgeld€ zﬁ&a[de, f or
CH=CH2). For purposes of this invention, the term "alkadiene" is

-

contemplated to include all permissible substituted and
unsubstituted conjugated diolefins, including all permissible
mixtures comprising one or more substituted or unsubstituted
conjugated diolefins. Illustrative of suitable substituted and
unsubstituted alkadienes (including derivatives of alkadienes)
include those permissible substituted and unsubstituted alkadienes
described in Kirk-Othmer, Encyclopedia of Chemical Technology,
Third Edition, 1984, the pertinent portions of which are incorporated
herein by reference.

The catalysts useful in the hydroxycarbonylation process
include, for example, Group 8, 9 and 10 metals or metal complexes
(supported or unsupported), Group 8, 9 and 10 metal halides and esters
(e.g., PACl2 and PdIy), palladium bis(dibenzylidene acetone), Pd(OAc).,
palladium on carbon, dicarbonylacetylacetonato rhodium (I), RhCls,
Co2(CO)s, Group 8, 9 and 10 metal-ligand complex catalysts and the
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exanpl e, heteroatom containing |igands such as 2,2'-bipyridyl and the

like. Stil erm ssi ble ligands include, for exanple, heteroatom
cont ai ni ngwcf)%dg‘ﬁégsosuch as described in U S Patent Appli caf CESHUITBSY

No. (D-17646-1), filed March 10, 1997, the disclosure of which is

I ncorporated herein by reference. Mxtures of such |ligands may be
enployed if desired in the netal -1igand conpl ex catal yst and/or free

| igand and such m xtures may be the sane otgfifferent. By "free

ligand” is neant ligand that is not conplexed with (tied to or bound to)
the metal, e.g., palladiumatom of the conplex catalyst. This

' ti ' t..intepded to be Limted i hy .t h

permi ssibl e || gallie: deyAgREcamEyiaon PeiaYstSquag bedhdipTongeneons or

successful pract heterogenduus formeBudncatatysts ahaylbperdpardd by methods
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nucl earity for nsthisrnteention hee drearibedt more fubyihereitbelowwn. Al though it is

not intended herein to be @HH@%rfn‘?sﬁﬂYe ﬁx@%ﬁ’l{s%ﬂfch’ﬁ%ﬂ@%ﬁﬁ&nf@téﬁﬁgéﬁ&’ It
C n i mpl est 1o

appears that the catal ytic species nmay I S Si rm consi's
essential ly of termplexmatalystoinshade priatd and d0unetals splegtediframd car bon

monoxi de when usgthdium (Rh), cobalt £€0))¢kiA%AEr)) ¥tReniaas PRAY liAdd Me)! eacti ons
invol ve the use of .a r)al -].i gan égrrpl ex cat st as described herein. O
course mxtures B’f"@h&ﬁ‘ cBf ?‘gié‘t!%( hPAFEBuBEE%épPWBHnl( S0 @yd maKtures
anount hOl(‘j net al -tﬁe@‘a?fj t‘:ﬁelﬁrmheprf@ﬁéd/ﬁiegarsaf@ﬁ ;iajtmadi\@m_,gheaimﬁ, mw;it;m of a
i ven roxycarhonyl atign reaction need o e that. m ni, num amun
%ecessa?/y toypr o’\ﬁ@e/"? ﬁ@adﬂi‘\;ﬁﬁnm’alf‘mﬁ%ﬁ’g%%f%g i%ﬂfa‘%&&’rf&%ﬂmé&z}% oyed
and which will famdirsthedienhaspecibtly pllddinst. The peandbsibleligandsiindbdeget al
necessary to cat i r o | af ] '

i nvol ved?/ In gen%%é%gnﬁﬂg’ ‘g’ga%’l@gk’ gé%%ﬁghgf%ﬁa%‘g%ﬁ réﬁgfra?l%%%hs ever al
parts per milliohgendsevanimtupes dwreobpratsrghly oxgamepboppptisligandsgands
can be enpl oyed Tﬁe?@m?&‘i‘%'di%ﬁhbﬁﬁéﬁkﬁﬁh@li/ s WhithRadk JRhOnfekal-
general |y from ahou O.S:é Jess to abou,éi 00:1 or greater, The cgt al yst
concentration w 133%"%@ ficidile E2/0R BeBoh§H FRORRY Aisa kRt BR

conditions and poly-(organophosphines), and organophosphites, e.g., mono-, di-, tri-
and poly-(organophosphites). Other permissible organophosphorus
ligands include, for example, organophosphonites, organophosphinites,
amino phosphines and the like. Other permissible ligands include, for
example, heteroatom-containing ligands such as 2,2"-bipyridyl and the

like. Still other permissible ligands include, for example, heteroatom-
containing ligands such as described in U.S. Patent Application Serial
No. (D-17646-1), filed March 10, 1997, the disclosure of which is
incorporated herein by reference. Mixtures of such ligands may be
employed if desired in the metal-ligand complex catalyst and/or free
ligand and such mixtures may be the same or different. By "free
ligand" is meant ligand that is not complexed with (tied to or bound to)
the metal, e.g., palladium atom, of the complex catalyst. This
invention is not intended to be limited in any manner by the
permissible ligands or mixtures thereof. It is to be noted that the
successful practice of this invention does not depend and is not
predicated on the exact structure of the metal-ligand complex species,
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sol vent enpl oyed. I n general, the organophosphorus |igand
concent r aty ' ydr oxycar bonyl ati on reaction m xtures na e from

bet ween at%ﬁ?w%é.}S%S and 25 wei ght percent based on the tot ﬁfff@?ﬁ%’s”of t he
reaction mxture. Preferably the ligand concentration is between 0.01 and
15 weir ght percent, and nore preferably is between about 0.05 and 10 wei ght
percent on that basis. In general, the concentration of the
metal in the hydroxycarbonyl ati on reacti on-28-xtures may be as hi gh as about
2000 parts per mllion by weight or greater based on the weight of the
reaction mxture. Preferably the netal concentration is between about 50
and 2590 parts RghicH kbbb festt A tnbFSSoh A, YEhGHEaPlndof higher, 'O,
m xture, and normugleafity firims. i IndeetyBenexdutrodueaats 4@0known. Althpeugls per
mllion by weight; Lot : ]15%.% re.

In addition to p égﬁéfg}tgﬂﬁggglg@%gn% %é;ﬂ%g{f(gltégﬁﬁtthgé&g o'r rfxec L ig.ji:'dind (i.e.,
ligand that is riiscaunplibappenrs thatitheratalitia shesiasanpy in its simplestaform be
present in the hydoxeashomyy of hl?élg{e%aﬁd E’Jingﬁiﬂanddsbﬁbinationdwﬁﬁ%h@l d 9and

may correspond to any _ of the ‘ahove-defined I I scussed above
as enpl oyabl e hed ¢arbop menpxIdeayheR useGt the free | i gand be the

same as the ligand of the Aghsted tHihpdoRFBADONGRitRdY Béactions invelvelthred.
However, such i agq%s negdjllgotwge Hi’i sange |Qtan{?§gl .\{)eah . rocess. The
hydr oxycar bony! ati°dh & B& T oA Ray° ??f%tat%s P avHTPe e.re%IQ ogEe

hi gher, of free mhixtanes giesudntatabfsteeanlalsnbé bmployed if degihedx yisr bonyl ati on
reacti on nedi um Ly, it 3 {4 ion is
carried out in t%@&%&ﬁé@ﬁgﬁﬂéﬁgw% i mpl&y%%%iﬂ rgg%tj, l?‘oéh%’&oetrjat%aé% mol es of
coor di nat abl e ptroedivan of a givien mydeoxycarbonylasioarrgsriion need sndyibe hat t o

" the react | on BARRMH dAbER Recessary 1 PRAIACRHE gRAin oL Qo o
bei ng the sum ofigémea tothe emPlOYeda%Wﬁgﬁ?ﬁ “éﬁ(ﬁ‘aﬁliﬁ t%‘@ﬁ@sﬁf‘ng’é’rﬂ# pagf theat s
bound (conpl exedhtil9tickAnount of mdhl RedesRarEtAtatAlyzRahe piticulg amount of

free (non- compl Gell vearbony SRR LRHAN BvBIRRP 1Y) S bl SR bt OV o 1

concentration can range from several parts per million to several
percent by weight. Organophosphorus ligands can be employed in the
above-mentioned catalysts in a molar ratio of generally from about
0.5:1 or less to about 1000:1 or greater. The catalyst concentration will
be dependent on the hydroxycarbonylation reaction conditions and

solvent employed.

In general, the organophosphorus ligand concentration in
hydroxycarbonylation reaction mixtures may range from between
about 0.005 and 25 weight percent based on the total weight of the
reaction mixture. Preferably the ligand concentration is between 0.01
and 15 weight percent, and more preferably is between about 0.05 and
10 weight percent on that basis.

In general, the concentration of the metal in the
hydroxycarbonylation reaction mixtures may be as high as about 2000
parts per million by weight or greater based on the weight of the
reaction mixture. Preferably the metal concentration is between about
50 and 1500 parts per million by weight based on the weight of the
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addi tional coordinatabl e phosphorus can be supplied to the reaction
medi um of oxycar bonyl ation reaction at any time an
sui tabl e n‘gﬁﬁg)rysgé g. to maintain a predeterm ned | evel fdl%(j?‘l:[e}gwaaa?ﬁd

in the reaction nmedium I n an enbodi nent, the

hydr oxycar bonyl ati on reaction I nvol ves converting butadiene in the
|l i quid phase in the presence of carbon nonoxi de, water, palladium
and an organi ¢ phosphorus, anti nony -B8- arsenic ligand to a reaction
m xture conprising pentenoic acids, e.g., cis-3-pentenoic acids,
trans- 3-pentenoi ¢ acids, 4- pentenoic acid, cis-2-pentenoic acids

and/ or trans-2-p
Soa. ?&{c?{gﬁl ﬁm?tﬁ and more %referabl% is betw?%n about '{(I) gﬁdr%‘z)?t ire as

a het er ogeneous parusazemmlbonﬂuuwelght bﬁ§ed dibthﬁg‘é‘ﬁ@iwfﬁéplrgémeorrpound
However, hormgenﬁ? rpystens are preferred. Since palladiumin situ fornms a
conplex with the lTigand, the choice of the initial palladlumco ound is in

general not critical. Exanphé@dd mom&ﬁéb%m&hgapﬂWwﬁfﬁaﬁ 9% e
pal | adi um sal ts Bfand ¢ e SXgERHhahiid hbﬁc&ﬁ ToxedUivithnihe léthua{ kaial)

Carbouvl e A Aoy Db Bpacad i &mﬁyﬁmar Sk geaexé{%eésa' Footch
et TR zfrfmmz‘e PRI ATOE b et
Anot her group of % ﬂ&r%b%’aﬁ%sggwp? E%i‘le?%& Sfr% é% QQI-P%L 1"?%’]E aﬁ?%dl um
conpl exes such ahgpnﬂ badhersaace by Itheétganalmf Uhléd'('natadd)gand 1:c)mplu(¢a|t;11yst
acetate, Pd(NO[e Hpua@drlﬂo%e?faggcm npou 41 hLA180EnaSERRS) oy Bl ©

of a suitable he eneous pa I's pal I'um on
exchange resin, BisesSasThehyidrexyearbonnlatinn weshiongaaydsva meﬂm

sul fonic acid glrﬁibﬂ’%s or hlgher, offree_ ffé‘&x@b@f’%ﬂ@%f&h%@%l@ﬁé' adi um Im)l ar
e B Ritn Foaront oo, PR E O © b VST o
effect is V\eakerhﬁﬂﬁb:dyyafhuiiﬁﬁﬁoﬁlrebcﬁm ¥é ca/ﬂne:d/mhbheﬁwpreseﬂch ofjifrom
T e L
preferably from about 0.5 to about 10 moles of coordmatable
phosphorus per mole of metal present in the reaction medium; said
amounts of coordinatable phosphorus being the sum of both the
amount of coordinatable phosphorus that is bound (complexed) to the
palladium metal present and the amount of free (non-complexed)
coordinatable phosphorus present. Of course, if desired, make-up or
additional coordinatable phosphorus can be supplied to the reaction
medium of the hydroxycarbonylation reaction at any time and in any
suitable manner, e.g. to maintain a predetermined level of free ligand
in the reaction medium.

In an embodiment, the hydroxycarbonylation reaction
involves converting butadiene in the liquid phase in the presence of
carbon monoxide, water, palladium and an organic phosphorus,
antimony or arsenic ligand to a reaction mixture comprising pentenoic
acids, e.g., cis-3-pentenoic acids, trans-3-pentenoic acids, 4-pentenoic
acid, cis-2-pentenoic acids and/or trans-2-pentenoic acids.
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arsenic or antinony atons. The hydroxycarbonyl ati on can optionally be
carried out in the presence of one or nore phosphine |igands. The

phosphi ne: S Y¥MEpFosphorus (e.g., organophosphite) |igand rBFHESIBETISE may
range between about 1:10 and 10: 1. When a conpl ex of the |igand
and palladiumis separately prepared before being added to the

hydr oxycar bonyl ati on reaction, an inproved activity of the catal yst and an
i mproved selectivity to the desired 3- and.g4pentenoi c aci ds may occur
conpared to the situation in which this conplex may be forned in situ. Such
a conpl ex of WO 98/ 46565

- 25- pal | adi um anﬂ;hﬁ . hereinafter c st .precursor,
can be prepared by F??Sf] q?ﬁn? th %ge lé%‘r 888ve
with the hihgtabgehboss prauaagxm%om;ﬂﬁmdahi ¥s pdohwgendouspalladiveent .

for exampl o, comBRnE HWE A hEmiakn S it iBrms 1% SRR, Bifeel "o
for exanpl e, palladivmo sp kit formses complexTwetinthe ligand, theeheicatifthe
performed in they, nitial Rallﬁﬁﬁﬁﬂcc%xrﬂ:;mﬁid is lgﬁéﬂ&?n&f e DL mpl ettt S

I ncl ude organic <8 enzene, toluene; Xylene, or
al i phati ¢ sol venbemogeneous pallad;s@mrpomporamiame patigl me‘ﬁ@ilﬁsé?f e,

Bref or ably & he. coranples oigiOheld, sulfoniceid “ﬁ.“?getéﬁﬁp“ SRR by
crystallization @Pr?ﬁa’é g glemsrardpydrogen "’i?ﬁfé’l’ Q‘n@mﬁ g )e{J
?t m)SpEeri cI pr esmtslhcmlaihhnﬂma@tﬂbyﬁe WWedC UEgatiples of suchmlhelﬁmp?r aLed
romthe sol vent on of the
cﬁ%gat a s Si‘é”‘f‘ﬁb? IB&EI'%, %’é‘l\?a{agquIg KzP%‘Ii‘pPﬁé%#

sol vent. The sol| prec r'sor ied to the
hydr oxycar bony| atbiesgoni dbhis(ally péladym chloride). ﬁngf&w\grﬁgppﬁe

catal ySt precur sgfediodiio én.m% S §ARGAM SoBboaRhy R PaRBffium complSaP! Vi ng

at ed

the resulting
above, the hydr ogéifg’a?%Bﬁg qre ﬁCPEVlacetonat$§%4(éP%@22f Rd(IDiasgtatet in the
presence of a prBa@eR)z,and paliedium (beniyfhﬂmb@f@tdmgum e:ia:ihpb)@frml e,

protoni c organi c aci.ds, |nor ani c ac Le 3 BF[err],
and precursors g"bl?qé BLaRs Réhéa}% compoun ﬁ‘fc%’ﬁfadqum ot &n'ion

hydr oxycar bonyl aéxah@ngaﬂdsin @ash abifor prstanoe andog@Xchange fiesin containftige, for
exanpl e, carboxyhi algl ds nd ssulfonl c acids with 1 to 30 carbon
atons. These carsbc} %ﬂ MR oni ¢ acids may be substituted with

The preferred ligand:palladium molar ratio is generally

between about 1:1 and 10:1. When this ratio is lower, palladium can
precipitate, whereas when this ratio is higher, the catalytic effect is
weaker and byproducts such as vinyl cyclohexene and high molecular
weight products can form. The optimum ratio will depend on the
choice of the specific organic groups bounded to the phosphorus,
arsenic or antimony atoms. The hydroxycarbonylation can optionally
be carried out in the presence of one or more phosphine ligands. The
phosphine:organophosphorus (e.g., organophosphite) ligand molar ratio
may range between about 1:10 and 10:1.

When a complex of the ligand and palladium is separately
prepared before being added to the hydroxycarbonylation reaction, an
improved activity of the catalyst and an improved selectivity to the
desired 3- and 4-pentenoic acids may occur compared to the situation
in which this complex may be formed in situ. Such a complex of
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hydroxy, C[err]-Clerr] al koxy, am ne and hal ogeni de groups, for exanple,
chl ori de 1 de. Exanpl es of preferred suitable carbo ' |

i ncl ude béﬂgggggg%id or derived conpounds, such as 2,4,6-t?%#@%ﬁ@ﬁ%g§
benzoi c acid, neta- and parahydroxy benzoic acid, and product 3-

and/ or 4-pentenoic acids. Exanples of preferred suitable sulfonic acids

I ncl ude net hanesul fonic acid, trifluoronethanesul fonic acid and para-

t ol uenesul foni c acid. Exanple inorganic aci2fs i nclude HC , HBr

HBF[err], Herr]PJerr], Herr]PJerr], Herr]SJerr] and H . Exanples of

mat eri al s capabl e of - 26-
amon; um and el IGTEAERE 53 HIBEE, Harelna Rk k- Byl pf b 3R BT, 1O

hal i des, and or gmwsm@bmmmsanaibachmummpﬁupd@me@mbsdg@wemﬂyt e the
range of from alpsiingl TBIS]'&DE?I sﬁﬂ@féf%bf‘i‘% H‘?ﬁ%lsol\‘?exgb TERApE

The particul ar hydyoxycarbon react’i on con It ons are not arro
critical and carfr¥bPEgRsuEe ﬁé%pptyenﬁlya} oxpedenpeyatiresiandm dor pxample,

sufficient to pragWwesntdRdultsEtaid1o0°GCThe perglfeaea@i Bé, ForR¥aRfplet i rred
tanks, tubular reactors and the |like. The exact tlon condi ti %ns wll be
gover ned by ¢ ne BRSPLBHETBRFSY el Ve B kAol ANE ReEr I

sel ectivity, actdbsehye of ax‘retEmpm sfasuzsibile spleabs indyde asgaiklsoR&rithe
intrinsic react|V|t 3) dﬁnesm uestl nadttie sﬁsﬁlllty of the
al kadi enes and tfﬂ € prl% Wﬁf}%%’ f)?%dﬁ'(lf 5’1}%5%?9 SR ti ons.
Products may be exapupley belxaid, eneﬁxy[}qmmtembaﬂe nmhanolnazeirweaauﬂ ptharfaled i f
e o al t noualh b &lABhYic 16y pAS fadill PIGNGEH thd OB RX prbERREE S0 20n°

wi t hout purificati on ecover rification ma appropri ate

means, which wi lifolpbed élowbbea@ec@mﬁ bie grypfal mtw@rqf%@l%ﬁsabns PUPQHSORNd

catal yst enpl OYQﬁlde%nﬂ)r@éém | uﬁ&ﬁogpﬁéﬁé b?éds%‘e Mlﬂ%ﬁﬂdt%ecursor
extraction, absortlon atl értlve E}&ranan the like

O course, it i€ Rﬂ?& ‘1" ‘Flé? VPH PBiPTr eact i on
condi ti ons enpl eyagovation bﬁtlg@svaivaﬁd 'm‘hetdohdtqa}naly@t puélaﬁ'tsur shr deazisily
Ponduct ed at o EgPRlieg e the bodPEy o M BrReRAI BF SRRERIENS tarting
dissolving the catalyst precursor m one of the reactants or solvents and
supplying the resulting mixture to the reaction.
As indicated above, the hydroxycarbonylation is
preferably carried out in the presence of a promoter. Suitable
promoters include, for example, protonic organic acids, inorganic acids,
Lewis acids, e.g., BF3, and precursors capable of generating acids
under hydroxycarbonylation conditions. The protonic organic acids
are, for example, carboxylic acids and sulfonic acids with 1 to 30 carbon
atoms. These carboxylic and sulfonic acids may be substituted with
hydroxy, C1-C4 alkoxy, amine and halogenide groups, for example,
chloride and bromide. Examples of preferred suitable carboxylic acids
include benzoic acid or derived compounds, such as 2,4,6-trimethyl
benzoic acid, meta- and parahydroxy benzoic acid, and product 3-
and/or 4-pentenoic acids. Examples of preferred suitable sulfonic acids
include methanesulfonic acid, trifluoromethanesulfonic acid and para-
toluenesulfonic acid. Example inorganic acids include HCI, HBr,
HBF4, HsPO4, HsPO3, H2SO4 and HI. Examples of materials capable of
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conpound of from about 1 to about 10,000 psia. In general, the

hydr oxycar L on process is operated at a total gas pressure of carbon
nmonoxi de awgd/%g%ﬁ ene starting conpound of |ess than aboutPEHB¥IPESE and
nore preferably | ess than about 2000 psia, the mninumtotal pressure being
limted predom nately by the anmount of reactants necessary to obtain a
desired rate of reaction. The total pressure of the hydroxycarbonyl ation
process will be dependent on the parti cul ar-26-

-27- catal yst system enployed. It is understood that carbon nonoxide can
be enpl oyed alone, in mxture with other gases, e.g., hydrogen, or may be
produced in situ under,.reactj.on conditiaons. -urt her,,.the

hydr oxycar bonyl atgleBﬁr?)tf% 238 ﬁﬁ§°‘889958 r‘l"&’dﬁef gﬂ' dggx;g:afgmlﬁgﬂntcgﬂgié}o&su re
from about 25[ er ih€utle smmoni @M0imd alkyl dmmypeiemdhslideshyliralionetalivdides i on
reaction tenper afogéé‘m%fac??ﬁ%{iidéé’,[a‘?@ J,,%g&%sﬁbf'glid%gph‘i{erd&o{xﬁt B{ﬁxfbo?ﬁ&t%? for
all types of al kadrene starting’materical's. 1he tequ{)erature nus e
sufficient for réngenenallyoinotharangefdromeabordrlytonQ mole eguiyelends peem
ﬁ_rrplho%/ed), b;,lt ngﬁ%t\%%é]'%g alR@tuml gatnﬁ ortc?t altyst ?ecorrpoisitig)n Of(r:]urs. At
ig enper at ur es i C vary, w cat al yst, system enpl oyed),_  the
formation of undesired byprk }C%a@hygmwmy R’éﬁ%a,"t’f?é‘)ﬁ"é’@éﬁ}?l}s

The quantity of weé @bt wa@fowly dieficdlHdYAn be ralngl éfﬁictiv@h?d‘ﬁ@i arbesiyldtiene
nol ar equi val ents r‘it%iﬂ%’rsl S energl%@?etv\ﬁ}efg abqut 0..1:1.a thO%é
preferably betwe&M spiticient fo pTpdyce thejungataratediacids, The Le3giers apout
0.5:1 and 2:1. Pmedyebebtiyrédtaniad, aububirireacforsandrthediledi Ehe exsctaleaction : 1.
Water may be fed_.gej 'QﬁE ] ' S ‘ .

hydr oxycar bonyl at ?%‘?11 r eggit?fllgﬁé‘”g?r%ﬂ{?e& Bc)’_ o{ﬁ%g%&f} oﬁ*ﬁoﬁgs%rbg%%%egleé% S&gﬁger or
an organi ¢ sol vehigh Tatalyel selectivitmfastivity lifemennd pasecof aperability, 8¢ oduct
unsaturated aci dgy,elgls Yhd intPHsit i'éfdtfvig)ﬁof"ﬂfg @kﬁ@?&rﬁé@%ﬂ'@@ﬁgﬂ RO tHehe

crmpl oyed, *Sul t abPESHERAY Hhe Bikvdhencs wd dle doriard ERSAHAFEPOBTEFS et o s,

ket ones, al i phat rgadtorfégiititions FroaGeisiaas befledo¥sred s pSitidutanes,

pol yethers,  chl ot gt ot IS, 08 30005 st RIS SRrdbi) By e AV
introduced to the next reaction zone without purification. Recovery

and purification may be by any appropriate means, which will largely
be determined by the particular alkadiene and catalyst employed, and
may include distillation, phase separation, extraction, absorption,
crystallization, derivative formation and the like. Of course, it is to be
understood that the hydroxycarbonylation reaction conditions
employed will be governed by the type of unsaturated acid product
desired.

The hydroxycarbonylation process may be conducted at a
total gas pressure of carbon monoxide and alkadiene starting
compound of from about 1 to about 10,000 psia. In general, the
hydroxycarbonylation process is operated at a total gas pressure of
carbon monoxide and alkadiene starting compound of less than about
3000 psia and more preferably less than about 2000 psia, the minimum
total pressure being limited predominately by the amount of reactants
necessary to obtain a desired rate of reaction. The total pressure of the
hydroxycarbonylation process will be dependent on the particular
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whi ch does not unduly adversely interfere with the intended

hydroxycar paely reaction can be enployed and such sol ts_may i ncl ude
WEE AR Fesobfitsh

those dis eretof ore conmonly enpl oyed in known neta

hydr oxycar bonyl ati on reactions. M xtures of one or nore different solvents
may be enployed if desired. Illustrative preferred solvents enployable in

the production of unsaturated acids include WO 98/ 46565

- 28- ket ones (e.g. acetone, nethyl2T-hyl ketone and nethyl i sobutyl
ket one), esters (e.g. ethyl acetate, nethyl acetate and

but yr ol act one) , hydr ocar bons (e g. benzene, toluene and xyl ene),

ni tr ohydr ocar bons I tr en ( her,

di oxane, %’iatl%%tysg P g?rﬂ%élﬁ& *le-ﬁ‘) Tpfﬁ 9%%61‘85(#1 aét c%r??%%%nﬁgg%ﬁ

di i sopr opyl be emipleydd abumlef i mdzbuxereithustihe ngassiucﬂig abydroegenipr may

sul f oxi de and begro@ﬁéemﬂasggyglplﬁg*E'Q%@L%or?&ﬂad‘iﬁlogg' ane. The anount of

sol vent enpl oyed | ect invention and need
only be that anmount Fygtherc thehydeoxysarbonydetdon jprocess may be

Pyg;ggyc]a; bggng&&m&@@% ia%a%ﬁgn%@hiﬂ&éﬁﬁ% from abodtfms Eﬁ!oaé%ﬁt mdcf ree

the .a I vent, may e fr 0
percent by wei ghflngﬁnﬁ’é? af r@’@"‘ﬁ&? WW@F’E}H{‘ temper ngé on

the total weight t@ﬁbéﬁlez(bw Wﬁ@ﬂfbﬂhll&méﬁaﬁﬂlﬁﬁxene startlmgxt ure
starting materi al the invention,

Lhe hyr oRyACEFiBbh, Thp tePPEaluP SHON B SHELCIRRF hASRLIOH0 B 0r nor e
| i quid phases, e(which mayaarawith catulpst systpimoampldged), prtoeatssekighrthat
andi or react ant s BB arcRtIH B FopaERh b ik, AERHM PerhbaecRi ATty |

sel ectivities depsieany wibre elgwéaysmpmnloxe@)nﬂye formatioreaf undesired
carrying out the Wi trative application of
this technology IS the g%ue'é"ugﬂf?lcaﬁ?ﬁy gxégbarét))dggil ation of ol efll rﬁ‘

enpl oyi ng sul fonat ed phosp ﬁélqai Hy W%‘}ert%éd&PPSB?EFﬁ‘@é{tcé’Ft}%"c

process carried Gater: Buﬁiﬂiéh%lﬁuﬂﬂi' uqaivar.l@nﬁéarrattiocluIgasnleyalayl%aabe@eabmﬁ or

Lhe prevaraton B VRS Sty BSRALSRohiS, DL A el e

As descri bed her preferdbly hebweghaboat 6dhl aind 2:d. IFreferdablypthe molar ratie of

hydr oxycar bonyl %a@&:ﬁﬁfﬂigﬁé imo&oﬂtl?‘iWa%}ym%r 73 @ﬁ@ﬁ{et%atchwise or
continuously.

The hydroxycarbonylation reactions may be conducted in
the presence of water or an organic solvent. The solvent preferably
does not react with the product unsaturated acids and will not itself be
hydroxycarbonylated under the reaction conditions. Depending on the
particular catalyst and reactants employed, suitable organic solvents
include, for example, ethers, esters, ketones, aliphatic or aromatic
hydrocarbons, fluorocarbons, silicones, polyethers, chlorinated
hydrocarbons, carboxylic acids and the like. Any suitable solvent
which does not unduly adversely interfere with the intended
hydroxycarbonylation reaction can be employed and such solvents may
include those disclosed heretofore commonly employed in known metal
catalyzed hydroxycarbonylation reactions. Mixtures of one or more
different solvents may be employed if desired. Illustrative preferred
solvents employable in the production of unsaturated acids include
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substituents, such as cationic or anionic substituents, which wll

render the talyst soluble in a polar phase, e.g. water. Qptionally, a
phase-trang'?%ﬂﬂ'ﬁ%al yst may be added to the reaction m xtuPETﬂJ§93/°73g/3
facilitate transport of the catalyst, reactants, or products into the
desired sol vent phase. The structure of the ligand or the phase-

- 29- transfer catalyst is not critical and will depend on the choice of
conditions, reaction solvent, and desired ggducts. When t he
catalyst is present in a nultiphasic system the catalyst nay be separated
fromthe reactants and/ or products by conventional nethods such as

extraction or degcantation. The reactjan m.xture itself y consist of one
or nore phases; g? Ded 488y f Pn?*@e%%ﬁ@ﬂ&}}ﬁ%en%9§§mw S%“Wié&%%)at t he
eﬂd of Ij he re?ctésterb&e.@mtﬁgkaa&ﬂgee,adgthylmeﬁfteanadnﬁyﬂolae&mmt to separate
the products fr e cat St . Q.. exa . S._.Pat ent

5,180, 854, the gﬁié‘lh"&éﬁs‘é‘%o%‘%eé‘%gﬁ‘%’ ok ep%’?‘g?@&gﬁgfﬁﬁﬁhﬂ PO R U ce.

T_hte hydroxyc?r boteys.atitmmbenaendle etteart dege diphenyh ethere dmxanepf organif

ni trogen cont ai i . ageous
because they i rrgf?éc%)gae e?%%a}gﬁgﬁﬁsg&%%f ?{‘@@gﬁgﬁ@%@g#gﬁ%@?ﬁm trogen
cont ai ni ng basesether), sudfoxidestandeyléones %@éeaﬁ , direethak awkfoxide gpdi di ne,

QUi ol | nes and | Cesoprag LIy, il SHIRnGP IR beuns SPAUIVER: LRloadayl ot e
N, N- di et hyl ani | PofeS ifieal tod iy '%ﬁ#iiPVﬁ%‘}ION?Rgg}e@{irﬂﬂ%Ygﬁﬁi‘éF Agrount

N, N- di but yl t ol ui gliffieien¥, td-faéillinBteiH e Iy iy erbohglation fhaztiba andisolubilize

b tri le. T, f,Aite. t ai ni b f bout
0.1:1 or Iess toaﬁ%%ﬁéﬁ%ﬁdﬁég hgdnd, flﬁ%&%‘%r%gﬁw jﬁﬁﬁﬁ;é&%@?%ﬁe@'ﬁﬁgh St or
sal t. rarige frony abertriegexend byrmeeight updoabdnt 99 qrerbentybyawiet

. | ‘h ; ) ) ;

bt adi ene. a5 dect ey Basdd o L RO y@Eh B e INHGRFHEHRGINIGH el
(a) carbon nonowixfareghiading materiabe of pal | adi um and an or ganophosphor us

ligand and optionally a prgﬁgﬁ%mnﬁn%%mggn@ﬂi&g@hg nuously brought

into a reactor | gymix(y;gart'b%%ylation reaction mixture may consist of one or more
lquid phases, e.g. a polar and a nonpolar phase. Such processes are
often advantageous in, for example, separating products from catalyst
and/or reactants by partitioning into either phase. In addition, product
selectivities dependent upon solvent properties may be increased by
carrying out the reaction in that solvent. An illustrative application of
this technology is the aqueous-phase hydroxycarbonylation of olefins
employing sulfonated phosphine ligands for the palladium catalyst. A
process carried out in aqueous solvent is particularly advantageous for
the preparation of unsaturated acids because the products may be
separated from the catalyst by extraction into an organic solvent.

As described herein, the phosphorus-containing ligand for
the hydroxycarbonylation catalyst may contain any of a number of
substituents, such as cationic or anionic substituents, which will
render the catalyst soluble in a polar phase, e.g. water. Optionally, a
phase-transfer catalyst may be added to the reaction mixture to
facilitate transport of the catalyst, reactants, or products into the
desired solvent phase. The structure of the ligand or the phase-
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hydr oxycar bonyl ati on takes pl ace; (b) continuously separating
part of th n mxture fromthe reactor;

%b%gﬁggg (c) separating fromthe separated r eac RSP ABHE e
unreact ed carbon nonoxi de, unreacted butadi ene and unreacted water and
returning these reactants to step (a), and isolating the pentenoic acids;
and (d) returning the remaining mxture of step (c),
contai ning pal | adium and the |ligand and optigmal |y the sol vent and the
pronoter to step (a). Preferably a part of the remaining m xture of step
(c) is separated fromthe mxture and led to a drain (purge) I n order to

prevent a build up of  bypraducts in the crr reac mxt

Step (a) can be p&a glbf fsbqv’é‘i’fa?n‘r)\ﬁ%»lsa ﬁéif"ggrﬁflé’n Oé‘@n?l nuousl y
stir Ir tEd t ankl r eafédifdlﬁgn?, ﬂéﬁb?gﬁ s6Rledfand dekired prbdugtsoduct SI S t h

si nmul t aneously stripped fr el i eparat i e
car bon nonoxi de, but adi ene% a‘%gafﬁgligﬁ?mrle a XUl PhagR sy REm dRe: i on
m xture in step («a)talysmdwybelsépamddlfromahemacwsan%rqmiﬂhytstb}e car bon
nonoxi de is separ [

sinmple gas- i qur%ng'gﬁ og?i tﬁﬁﬁé Qg‘%gg #Pagzt% e%f'}‘}el@a%%g ?ﬁé%g!r:\tgenm C
aci ds can be sepamixtedtefitself may consist iof nneioxtrooxe phassspaltermativaly othed by

i sol ating the pentenghbhadt's gétefnigﬁa H&%ﬂ%ﬁ'&@ a&&ﬂe"éﬁfdeéf thBrx%B%@ﬁ’b fBPe
but adi ene and water ate separate romthe reaction LN epar ate
step foll owed by e¥amplendditign of@ sacend satvendite sanatgtefthsrﬁrpﬂecﬁsgﬁmmhﬁg

reaction mxture. ca‘%ﬁl}%’taSe@nfo?fexfaPrﬁMaU S@a‘é‘éﬁfﬂ%‘ 51380,864 DehPE¥sEIRETRS of N
vari ous ways, for“’(ﬁxcgl,nl % vaporati on or by distillation.
The choice as to WAt SL}HF?’T%’S% ‘?}r?l’il yt’ﬁ’ CIFH8E- suitable will depend on
the physical properties of Thehydrmowadbonylabeonsapiiepedormed in the The
ratio of the re ni_n ture of . ste IS T r a)
and the part whi CBRGs DrdeBi pisRosh btraliind o, A AT 8 B fiPec
cont ami nants (f orbmmphd;e advarddgeowy because they improve the catalyst stability.
Examples of aromatic nitrogen containing bases include N-heterocyclie
bases, for example, pyridine, alkylated pyridines, quinoline, lutidine,
picoline, isoquinoline, alkylated quinolines and isoquinolines, acridine
and N-methyl-2-pyrrolidinone or N,N-dimethylaniline, N,N-
_diethylaniline, N,N-diethyltoluidine, N,N-dibutyltoluidine, N,N-
dimethylformamide, benzimidazole and benzotriazole. The amount of
nitrogen containing base may range from about 0.1:1 or less to about

10:1 or greater based upon the unsaturated acid or salt.

In a preferred embodiment, the hydroxycarbonylation
involves the preparation of pentenoic acids by hydroxycarbonylation of
butadiene as described above wherein the following steps are
performed:

(a) carbon monoxide, water, a source of palladium and
an organophosphorus ligand and optionally a promoter and a solvent
are continuously brought into a reactor in which the
hydroxycarbonylation takes place;

(b)  continuously separating part of the reaction
mixture from the reactor;
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allowed in the reci rcul ating reaction m xture. Wen a |large part wll be
sent to thg d; a | ow degree of contamnation in the recgircul ating

-31- reactlon mxture will be the result and vice versa. ‘F'ﬁ’éls?sﬁ7?§? of the
remai ning mxture of step (c) which is returned to step (a) and the part
which is processed to a drain will depend on the amount of contam nation
formed in the hydroxycarbonyl ati on and the acceptabl e |evel of

contam nation in the circul ating process sggpeam The part which
is sent to the drain will contain apart fromthe above nentioned

contam nants al so the val uabl e palladiumand |igand and opt i onal |y pronoter
and sol vent (provided pronpoter and solvent are used

hydr oxycar bonyl ation). Pr feraﬁ??alfaién% °Fha?%ﬁﬁpalrﬁﬁ%dgﬁacg’8wt88%ct and
sol vent wi || be umzeheteddairbomntdrioxide, xinreacted bntdérenbmraﬁunrﬁaagai)w&lwr reuse

LQEE?JZ”‘S?SQS&?@ eI O PRRBAN A 80 (0L SR B ARl ¢ e

byproducts is bypcilssand ation, crystallization and extracti on.

As indicated above, it maygpe ?‘éﬁ“ i éﬁmé Perﬁﬁfzﬁiiﬁ‘ﬂfitxtﬁﬂ?ofsteﬁ s anner

hydr oxycar bonyl ati on process o nvent]on_l In
general , continGentaiping paljediuse apddhedigandoand eptionally the selyent aayl the

hydr oxycar bonyl fp&'bﬂﬁtém ﬁ)eisqd) ePﬁeféiv@dl& langh IRE Ehé fbthainivetdifarden

nonoxi de and vvatg {ﬂt} Clﬁl d eneQus reaqti&ﬁr}p ture conpr.ising a
sol vent and t he St %Fep? e ‘hFH Sture AL é%@l&t(m‘ég A® pressure
condi tions favomalﬂ)életdﬂ‘dvbﬂt hxbixﬂﬂ(upaufbypydaiowm tie tireulatingateaotioft arti ng

mat eri al (s); )x%i'tlt? y| ng make-up quantities of the al kadiene starting
material (s), carpbon nonoxi de and water to the reaction nedium as those
reactants are used up; anﬁteplla)r@anb@perfgrmhémlssvemdlmafmemmiplaclm

product (s) In_agyoiRifituste Sk talitere0nl AUOITREAGRAINGATBERTRG | ed out

in a si ngI € pass ;;%.1 erern a vapaorous m Xt ure conpri si ng
unr eact ed al kadPE @tlaustmﬁbta.m@w;aﬁtp@pedrfwmébgmz%lphﬁgmur ated acid

product i S enoved f from t BRphi4lihg thﬁé&ibo@ﬂngh&x%ebﬁfﬁiéﬂ@Qﬁ&t%rtaiiﬂ

onsaturat e acl g rodct | s restered S ke o LGN ata LT o

medi um for t he pexformiedgheraréms whyouGenerdliypthie carbon monoxxde is
separated first from the reaction mixture in, for example, a simple gas-
liquid separation unit. The butadiene, water and the pentenoic acids
can be separated from the reaction mixture in one step followed by
isolating the pentenoic acids from butadiene and water. Preferably the
butadiene and water are separated from the reaction mixture in a
separate step followed by the isolation of the pentenoic acids from the
remaining reaction mixture. Separation of the various compounds can
be performed in various ways, for example, by simple flash evaporation
or by distillation. The choice as to which unit operation is the most
suitable will depend on the physical properties of the compounds to be
separated.

The ratio of the remaining mixture of step (c) which is
returned to step (a) and the part which is processed to a drain will
depend on the amount of contaminants (for example, byproducts)
allowed in the recirculating reaction mixture. When a large part will
be sent to the drain, a low degree of contamination in the recirculating
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SUBSTI TUTE SHEET (RULE 26) - 32-

recycl i ng wiwsugsgdact ed al kadi ene starting material (s). HouRvetisesiotsssay be
desirable to enploy a continuous process that involves either a liquid

and/ or gas recycle procedure. Such types of recycle procedure may involve
the liquid recycling of the catalyst solution separated fromthe desired
unsaturated acid reaction product or a gaszggcle procedure, as well as a
conbi nation of both a liquid and gas recyct®l-procedure if desired.
[I'lustrative liquid and gas recycle procedures are disclosed in U S
Patents 4,148,830 and 4, 247, 486, the disclosures of which are incorporated

herein by referepgation mxxture w111 b¢.=.| ﬁh@fhs%[@&ﬂ&mtvéﬁat The ﬁa!%ibe&tﬁh‘én the
unsaturated acid m xtures ratggl;l fromthe pther co ngig of the

crude reaction n?@@ﬁ%§gifwm%ﬂf%WB oy st zeduzngdita,step (a uced
ggl 32yt sui t abl te Wl eI0Th pﬁﬁs@ﬁ't{é §éﬁﬁh&bilpde1!t9@§dl@ﬂ$l;§ mltmf}et %ﬂ‘ or exanpl e,
nt extraction, crystalldzation,, pr axpla i sti ?}? r le

vapori zation, phé&ia é& Bi e%‘Bé‘b P%Y]l jon g Fhe,8 @PF?R
evapor at i ]gn andhldvel ﬁf&mtammanbndnftge ama%] tahcgpgmtdss stwezat ur at ed aci j}lx
m xtures fromthe other c 145 BATA GAN JBhEAN Soark $r

b T on "G TBR AR Wrth 1 Sorft Wt/ REA Wil AREMN ok
b et ek AN R A

d di uU. t 1 5,
and copending U ., ay @5&8 g%ﬂﬁiélgiﬁ o land s c&@crﬁgé@iﬁeaaﬂon{o'téﬁ&'n&by

1995, both incorp erence. r eac roduct can
be subjected to Solyerk are usedin tfs%b&ﬁ%&’i)’@ﬁrmnﬂ%m)p nerateraily theluced

pressure through é‘ll&&i@x‘fﬁ%ﬁﬁrﬁ i dci@brodudUrni BolvERRaill be isblatdd frohd eHismay be
useful in conduc ar bon | atj on reagction The
Substi tut ed-and THIEAPGRHEH to AdHBIAEEE RS AEHeS thate emrgnds iphtheed by the
hydr oxycar bonyl ahiéroxgeaganslation (step () Excanples,of gloksibbs pravessts tsuch as
113001 g6k JARS T RN S i SRE DL R il b
Il lustrative of distillebion, suystallizatenh and extraction.
As indicated above, it may be desirable to carry out the
hydroxycarbonylation process of this invention in a continuous
manner. In general, continuous hydroxycarbonylation processes may
involve: (a) hydroxycarbonylating the alkadiene starting material(s)
with carbon monoxide and water in a liquid homogeneous reaction
mixture comprising a solvent and the catalyst; (b) maintaining reaction
temperature and pressure conditions favorable to the
hydroxycarbonylation of the alkadiene starting material(s); (c)
supplying make-up quantities of the alkadiene starting material(s),
carbon monoxide and water to the reaction medium as those reactants
are used up; and (d) recovering the desired unsaturated acid product(s)
in any manner desired. The continuous process can be carried out in a
single pass mode, i.e., wherein a vaporous mixture comprising
unreacted alkadiene starting material(s) and vaporized unsaturated
acid product is removed from the liquid reaction mixture from whence
the unsaturated acid product is recovered and make-up alkadiene
starting material(s), carbon monoxide and water are supplied to the
liquid reaction medium for the next single pass through without
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unsubstituted unsaturated acid internediates (including derivatives of

substi t ut g‘%&r g&subst ituted unsaturated acid internedi at %ﬂdﬁ?ﬁ)@g@
/46" .
se ed aci ds

- 33- th perm ssi bl e substituted and unsubstituted unsatura

whi ch are described in Kirk-OQ hnmer, Encycl opedia of Chem cal Technol ogy,
Fourth Edition, 1996, the pertinent portions of which are incorporated
herein by reference. The unsaturated acids described herein are useful in a
vari ety of applications, such as cheni cé2-i nternmedi ates and the |ike.

The unsaturated acids produced by the hydroxycarbonyl ation step of this

I nvention can be separated by conventional techniques such as distillation,

extraction, pPr&§leRhpdhe WhresEtsd lAkadipabiseartilPHAtAAS1(ER PALALVOR it Phase
separation or ot hgr syi t@bl e means. For, exanple, a crude react)’on product
can be subj ecRay ke dasizakieitpemp Mﬁs@&ékwmra@esgtt%@&mmlms githerauced

pr efssrr e thr quﬁ{@aﬂ&?kgds@g@icﬂé bﬁdgaﬁr&OtSﬁéYﬂtyﬂi%a?Fﬂe&?cltd b&b&é#@bi OB nmay bte
useful in conductin r.gqxycar.bon i on Teaction step. e subsequen
neutral i zati oﬂla&u‘t"ﬁg’%ﬁ 1&%’8}’ ‘QH?%&J;@V %@al&ﬁﬁﬁ?}é‘?’é’@ i1 Btﬁg AR heed to
separate the tiesdésired adsaturdtdd acidirbactiéh produetpe regdscyele phﬁ:eﬁﬁmie
reaction m xt ] . | i age. o The
neutralizati o%é g’:%%%%@%’%%%é@éf‘ ﬁng%ng‘? gég%@g,{\?gﬁf‘#? R@O%ei?élrgl’f nor e
substituted odesinedibBlustvative linuid andiged recydis pracedurespars disciosedi ds, to
one or nore s ty I i 4t t | : e.g.,

pent enoi ¢ aci ﬁ’a?%@%%gaéség ﬁglrﬂgi4r'12;14'}te’%seﬁl’ﬁi;‘lr%r‘%i éﬁéﬁﬁegﬂf%}??%tﬁiei S

cont enpl at ed meorprnatert herqin hysreferenceni ted to, all perm ssi bl e

neutralization processekn d¥hiepibddiifent f ERIRVIAVEMIEN OHE @fsdtarftedulsd i t ut ed
or unsubstituted unsaturated acids .o gﬂe @{ nor e substi tﬁed o]
unsubst i t ut ed™IRNENES MA%Re Separated from fhe pther iom 8 Phipe al i zation

nmay be conductemttidnrmbgutéeinwiiicx iioauheatyiratddoarid axturss steegrodusediener al ,
(1 et 1 B L O BRI G SRR Bl oUbeL | 1 0
substit ut ed oexamplehsolvent extraction, crystallization, precipitation, distillation,

vaporization, phase separation, wiped film evaporation, falling film

evaporation and the like. A method for separating the unsaturated

acid mixtures from the other components of the crude reaction

mixtures is by membrane separation. Such membrane separation

involving metal-ligand complex catalysts can be achieved as set out in

U.S. Patent No. 5,430,194 and copending U.S. Patent Application

Serial No. 08/430,790, filed May 5, 1995, both incorporated herein by

reference. A crude reaction product can be subjected to a distillation-

separation at atmospheric or reduced pressure through a packed

distillation column. Reactive distillation may be useful in conducting

the hydroxycarbonylation reaction.

The substituted and unsubstituted unsaturated acids that
can be prepared by the hydroxycarbonylation process include, for
example, alkenoic acids such as cis-3-pentenoic acids, trans-3-pentenoic
acids, 4-pentenoic acid, cis-2-pentenoic acids and/or trans-2-pentenoic
acids and the like. Illustrative of suitable substituted and
unsubstituted unsaturated acid intermediates (including derivatives of
substituted or unsubstituted unsaturated acid intermediates) include
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unsaturated acid salts. - 34-

I n particul wo,esassssor nore substituted or unsubstituted pentgapiy § ?@ can
be reacted with a base to produce one or nore substituted or unsu strtuted
pentenoic acid salts. For exanple, 3- pentenoic acid can be reacted with
triethylamne to produce triethyl ammoni um 3-pentenoate or wwth anmonia to
produce ammoni um 3- pentenoate. The neutralization of unsaturated acids to
unsaturated acid salts may be carried out hgsconventional nethods.
Unsaturated acids useful in the neutralization processes are known
materials and can be prepared by the hydroxycarbonyl ati on process descri bed
above or by conveptional pethods, Reaction m xtures c npr|S|n sat ur at ed
aci ds may be usefthpseperpissibip substititiedAnd naaubstue amsa&u@%ﬁacwis in the

neutralization stgfichartdestdbé®ih KiskiQthadér, @lﬁ:y@ edéa af'Eh%ﬁﬁh'Qlt

sufficient to pr ent gnoi refe abI

sel ectivities. %cﬁnoﬁgy ’ ?Hgi’ogé@%gﬁﬂ%’i ﬁetpﬁ ipgn gP?‘gﬁHo‘Eﬁg ofwhish arfi ¢

acid to a pent en@ncorpora:teaaiéreixsbyQéfeirance)vxﬂ‘heamstamtdtedIalcidssﬂéschbeﬁ bases
cont ai ni n ﬁgeiu%icatlri m

i nclude, for exa nitro
et byl an ne. t 11 oPROPITCT] B B OFIAN 18 SPEERGT O APhRR P
tri benzyl ani ne, dmtarh;ddnt@s)dmhthmhkd.l phenyl net hyl ami ne, di net hyl ami ne,

di et hanol am ne, pyri di ne, | triazole,
et hyl enedi am ne, _and tet ra %& sﬁar%égggécm (ah%F%%?%%et al ed;%dr oxi des,

al koxi des, car bokydnexsarbenyle n@en@étbm@ﬁnalegqa@ be sepayat Mydrox!de
pot assi um hydr ox bgﬁveﬂthéﬁw%@bﬂﬁﬂftﬁé's%h a%oﬁbﬁma%hh%tﬂ‘étmh' F’ dpithtibaxi de,

sodi um car bonat e, and,_pot assi um B hat e) ni um or al noni um
hydr oxi des and c&%i‘u}%@» feery! r%%?ﬁ’%}'rﬁ W’d géeparatwn 01‘0 er

E ri rret Ey: But yl Flrfﬁ’ﬁﬁ:ablé ﬂx)édhﬁxll"dﬁ eﬁaf[ﬁi 1@butcyhammh 7101 bywmlc@l@be

rime enzyl a . trie e ni_um ace

tetraet Kyl arrm%nl JF:QLBOQ%/ ]%ﬁl %ﬁSgﬁ%th‘?%ﬁ?ﬁyﬁon%%g °LA8 ‘&‘é%oxyl at es,
(e.g. octyltri rrephgﬂsplnesthrmxghlmﬂapﬁedﬁlsiellatlenrcabxmm Bezxpivei distilptionxi de,
ethyltriphenyl phasahpD L WERINA"BREHEtnk thEHy SR OFBLRIRIRN Y liBtion step.

The subsequent neutralization of the unsaturated acid may be
conducted without the need to separate the unsaturated acid from the
other components of the crude reaction mixtures.

n~

Neutralization Stage or Step
The neutralization process employed herein involves

converting one or more substituted or unsubstituted unsaturated acids,
e.g., pentenoic acids, to one or more substituted or unsubstituted
unsaturated acid salts, e.g., pentenoic acid salts. As used herein, the
term "neutralization" is contemplated to include, but is not limited to,
all permissible neutralization processes which involve converting one
or more substituted or unsubstituted unsaturated acids to one or more
substituted or unsubstituted unsaturated acid salts. It is understood
that neutralization may be conducted during the hydroxycarbonylation
stage or step. In general, the neutralization step or stage comprises
reacting one or more substituted or unsubstituted unsaturated acids
with a base to produce one or more substituted or unsubstituted
unsaturated acid salts.
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- 35- hydr oxi de), bi s(hydrocar byl - phosphi ne)i m ni um hydroxi des, (e.g., -

bi s(triphe i ne) i m ni um hydroxi de, bis(tribenzylphos { kLB UM
hydr oxi de) . 6 erﬁé;t ively, the base used for neutralizati onpg?ﬂﬁ%%%?d

pent enoi ¢ aC|d may be incorporated into the ligand structure (e.g.

tris(di met hyl am nophenyl) - phosphi ne,

bi s(di met hyl am noet hyl ) phenyl phosphi ne), either as the netal-1igand conpl ex
catalyst or as free ligand. The ampbunt of hgse enpl oyed shoul d be
sufficient to neutralize, at least in part, the unsaturated acids.

The reactors and reaction conditions for the neutralization reaction steps
are known in the art. The parti cuI ar neutralizatjon reaction conditions are
not narrowWy critical and Hiculay, @q%momsﬁbﬁtl?‘bﬁeaﬂt‘mﬁ? #ted ons
sufficient to Pfﬁ&ﬁ%ﬁ &’é cAPbe &Q&%H%ﬁh%db@@éfbﬁﬁﬂtﬁze oHecor @ags or s nmay

be stirred tanks reactors an e reac

condlltlons will Pebsiiute %uBW]Pﬁét‘GG tpeegmlsﬁf‘ 53&? @Sﬁeﬁéﬂﬁp&oﬁg hi gh
Sﬁl ectivity and ﬁ@ﬂﬁn@i‘c m@bahlﬂelﬁenctegisw}]ﬁitnafhylmmmwpmhmer eactivity of
the starting mateci uest nd the st rtin

mat eri al s agd t hig? ?fg‘é/f q%é #éﬁ‘? GRRRTECT Y Fﬁénlﬁ%gg%téggc%% |t|o%s
Recovery and purafhmaimnmmtmoém &he npptratizativs ofemsaturateéd meidd tecl ude
distillation, ged[a#18%a}('c§>§};£§‘%te'c%9rle8%‘%1bﬁ;t éo‘men%{o)@ Mdtheaki on,

derivative for rra‘?n%a
neutralization reaction coHdsaﬁlma&‘etbaeldsmseﬁ@lrmwn@ﬁrﬁhé%mﬁrm’oﬁ%ﬁ%e any

effective neut raliZplowR RERERANGE] i Bé ﬁi‘é‘ﬂﬂreacb oX§eafionétion
unsaturated acid salts, the reaction of aﬁ g{ﬁas W th a base,
the tenperature mgs%@e%mbﬁﬁcabéme ordty suer; CHOP so hi gh
that the unsaturﬁﬁﬁﬂnrasb&@ aasafigesed abids xﬁayléertmtfhl bereini The a

e s ure o gy Akl Ll g gaAE b BT e

unsubstitut ed unsatrowdy eritizal dndaansbe aay amurttesmﬁmltéd prpduee

ggjgr 2;: tz 2t 'Saghpéé)x&%ﬁﬁ csaél@ggﬂgepxoé}gra%’lyqﬁr}ﬁgﬂ selddfiviigkd.oni ng: al kenoi c

The base useful in the reaction of a pentenoic acid to a

pentenoic acid salt is not narrowly critical. Illustrative bases include,
for example, nitrogen containing bases (e.g., ammonia,
trimethylamine, triethylamine, trioctylamine, ethyldioctylamine,
tribenzylamine, diethylphenylamine, diphenylmethylamine,
dimethylamine, diethanolamine, pyridine, bipyridine, benzimidazole,
benzotriazole, ethylenediamine, and tetramethylethylenediamine),
alkali metal hydroxides, alkoxides, carboxylates, carbonates and
phosphates (e.g., sodium hydroxide, potassium hydroxide, lithium
hydroxide, sodium methoxide, lithium butoxide, sodium carbonate, and
potassium phosphate), ammonium or alkyl ammonium hydroxides and
carboxylates (e.g. ammonium hydroxide, trimethylbutylammonium
hydroxide, tetrabutylammonium hydroxide,
trimethylbenzylammonium hydroxide, triethylphenylammonium
acetate, and tetraethylammonium benzoate) alkyl phosphonium
hydroxides and carboxylates, (e.g. octyltrimethylphosphonium
hydroxide, tetrabutylphosponium hydroxide,
ethyltriphenylphosphonium hydroxide, trimethylbenzylphosponium
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- 36- tri et hyl ammoni um 3- pent enoat e, ammoni um 3- pent enoate,

octyl tri et g amgsgsl um 3- pentenoate, including m xtures conpipicgiigs/f8s OF
more unsaturated acid salts. Illustrative of suitable substituted an

unsubstituted unsaturated acid salts include those perm ssible substituted
and unsubstituted unsaturated acid salts which are described in

Kirk-OQ hmer, Encycl opedia of Chem cal Technol ogy, Fourth Edition, 1996, the
pertinent portions of which are incorporatgg. herein by reference.

The substituted and unsubstituted unsaturated acid salts produced by the
neutralization steps of this invention can be separated by conventi onal
techni ques such _as distillation, extraction, sublimatjon, precipitation,

crystallizati on,hYdEWE'ﬂa};é’i%(bﬁdrmﬁrbﬁlﬂbﬁ%ﬁélmﬂmyw ¢fe(egui t abl e
reans. Fgr eXa”Mﬁtﬁiﬁhéﬁ&l?hotéﬁﬁﬁié)&@irﬁﬁﬁﬂH&&x&&aﬂebe subj ect eg tota
istillation-separat]on atnospher, ¢ or, reduced pressure. .Reactive .
distillation ma 15!59‘*]%’%?38?}1?%%%268@% }{‘Yfgr%&gr Aﬁigﬁtb‘ﬁ"@e’i&]?%ﬁ? st ep.
Theds u t)s Sque ?L ieeld ﬁéﬂﬁéﬂ%ﬂ%ih@ﬁoﬁfofft?é p¢mt . éﬁd}ibﬁtcﬁﬁn%% ble &gdc?&-paﬁte?énto o
conducted witho he ne 0 _separ at.e .t he at.urated Aci,d s romthe
ot her conponent g’%ﬁlgﬁﬂa Foghure Zé)tgt fréﬂdmn)gfﬂy .m°H§?8P8f}3?)WP§E’?%n St age or
Step bis{ i byl afminoathyl ypbenylpleespddne), eithler astthe metaldigansh of
al dehyde acid s ] P o) ' i I nor e
aubst] tuted or oREpRefrialu Y 18s HaenA TG flobhe of BAOEnEy A 0
ol efi ni ¢ conpoustosld be seffirientitamentratizecatileast in part the amsehuradadxi de and
hydrogen in thepigsence of a solubilized netal- ligand conplex catalyst

and free ligand in a-‘liquid nediumthat also contains s‘g_l vent fﬁré éihe
catal yst and |igand. The E&&%&@SWW%%?%QWBPS'W e BeRiraligawon

singl e pass nDd@ehdtich St¥psidrd foveia$n tieE wet.eTHaRAticalarBégtraligatioabl y in a
continuous liquid catalysy., recycle nner as descyibed bel ow.. The ,.
hydr of or nyl at i oﬁe%{tﬁﬁbgé?‘#}&qléaﬁ' ﬁi%ﬂm%f%%ﬁzﬁf ﬁ’é&é’?‘ﬁe‘}?ﬁ??n% 8‘&?%%}5%nd to
any known processutwalization conditions sufficient to produce one or more unsaturated
acid salts. The reactors may be stirred tanks, tubular reactors and the
like. The exact reaction conditions will be governed by the best
compromise between achieving high selectivity and ease of operability,
as well as the intrinsic reactivity of the starting materials in question
and the stability of the starting materials and the desired reaction
product to the reaction conditions. Recovery and purification may be
by any appropriate means, and may include distillation, phase
separation, extraction, absorption, crystallization, derivative formation
and the like.

The particular neutralization reaction conditions are not
narrowly critical and can be any effective neutralization procedures
sufficient to produce one or more unsaturated acid salts. For the
reaction of unsaturated acids with a base, the temperature must be
sufficient for reaction to occur but not so high that the unsaturated
acids undergo undesirable side reactions, i.e., a temperature of from
about 0°C to about 200°C, preferably about 20°C to about 100°C.

Illustrative substituted and unsubstituted unsaturated
acid salts that can be prepared by the neutralization processes include
one or more of the following: alkenoic acid salts such as
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- 37- techni ques such as preferably enployed in conventional liquid
catal yst rwﬁmsdgydroforrryl ation reactions. As used herein, ,{} Fo%sﬁ‘
"hydrof ornmyl ation” is contenplated to include, but is not [im al |
per m ssi bl e hydrofornyl ati on processes which invol ve converting one or nor e

substituted or unsubstituted ol efinic conmpound salts to one or nore
substituted or unsubstituted al dehyde acid salts and/or one or nore
substituted or unsubstituted epsilon caprol éf-am precursors. In general,

t he hydrofornylation step or stage conprises reacting one or nore
substituted or unsubstituted unsaturated acid salts with carbon nDnoxide
and hydrogen in t

substituted or un@ﬁeb : IBF% tP%g%gllé%&% &ﬁ;ﬁ&%ﬁ@l}g&gﬁeﬁ

substituted or un@qtﬁbtnefcbybdnmpmmﬁ-@aptmmmmbwemnyat%re@mmm at ed

to include, but agg GPindrb ’ﬁﬂs%@ufs&ed%fd SAILEOIBudtPhtive \Sﬁbﬁfthﬁlea&i%t&ﬁtéc?

I m nocaproic acid or_ salts _thereof am n(g %‘prolcﬁ 3 /or, salt

t her eof , caprol ac%"&‘gnlt‘méﬁ staruted ymsatprated aciq salts include ‘P?ﬁﬂ%"s‘msé %Ies or

g_rri nes dter! ved frsims%nﬁwd aﬁﬂﬁinﬁb@ﬁltdteﬂﬂﬂ'nsét&rﬁ@&@ad aalistvflﬁchcarr@es ltoondl ng
imers, triners oliga i,on,reaction

m xtures enpl oyab FI%’FBI %&Q@e@eﬁ’r@n%lme?%éﬂ%g gX]Iff

correspondi ng hydfedrthriiditiong1996pties pettiedn tnpor tions tofiwhieh ak'eand:or;aoraated

anount of four di gredients or conponents, i.e., the al dehyde
acid salt productﬁé O;f%%gﬂg% 8% caprol actam precursors, a netal-ligand

conpl ex catal yst, opti onal |’;7he sebst:ttgtedcamhmwbstrtg&ed unsaturated aridgsaltfent
for said catal ys}_ﬁ fheed b tixre‘;-‘r?e[dtiﬂgﬁ{'aﬂﬁoé &eﬁ) 'df@hfﬂh%hﬁoﬁ%a&x%&@éﬂrﬁ%& 0

t hose enpl oyed and/ or progu nyJ.at 1 on process from whence
the hydrof or nyl at Jbﬁm?‘@é’étq S§t1 @ Hstladen #Xthaction derived. By

(I reg Itlgandb i's gtﬁﬁﬁh?ﬁbﬁapﬁwmﬂﬁaﬁua-ytstaﬁadnbitetamenﬁamb sﬁ:@aﬁmmd with
I e 0 Or ound e um at O
catalyst. It is tRP ‘bJ@ Bd’éi' Oghgt éj’t"r‘f@fg BRSr ﬂ?t’ 8%‘?{9??‘?’&%’?9‘@% mi xture

conposi tions enplmaatiba ﬂredactnca:mbe anbjevbedrto h\distilldticmseparatiomat anount s
of atmospheric or reduced pressure. Reactive distillation may be useful
in conducting the neutralization reaction step. The subsequent
hydroformylation of the unsaturated acid salt may be conducted
without the need to separate the unsaturated acid salt from the other
components of the crude reaction mixtures.

Hydroformylation Stage or Step
The hydroformylation processes involve the production of

aldehyde acid salts, e.g., formylvaleric acid salts, and/or one or more
substituted or unsubstituted epsilon caprolactam precursors by
reacting an olefinic compound salt, e.g., pentenoic acid salt, with
carbon monoxide and hydrogen in the presence of a solubilized metal-
ligand complex catalyst and free ligand in a liquid medium that also
contains a solvent for the catalyst and ligand. The processes may be
carried out in a continuous single pass mode in a continuous gas
recycle manner or more preferably in a continuous liquid catalyst
recycle manner as described below, The hydroformylation processing
techniques employable herein may correspond to any known processing
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- 38- addi tional ingredients such as those which have either been

del i ber at ey wnpideeyed in the hydrofornylation process or fopraEUsesO7388t u
during said process. Exanples of such ingredients that can also be present
i nclude unreacted olefin salt starting material, carbon nonoxi de and

hydr ogen gases, and in situ forned type products, such as saturated

hydr ocar bons and/ or unreacted isonerized ol glns corresponding to the
unsaturated acid salt starting naterials, ﬁ hi gh boiling |iquid
condensation byproducts, as well as other inert co-sol vent type materials
or hydrocarbon additives, if enployed. In an enbodi nent of
this invention, e@dﬁzﬁqﬁesadﬁkt}i ay ei@mblgeemptdyeyiau oumvehtaohylhhqﬁrd ngrﬂaiyston

reaction mxture to (lh_o g i%?x {1 éd %‘lﬁd

degr adati on. For %‘5& LATAPER gnc ude r at i on
reaction m xtur e"hpdroeﬁuhnyladmgn"aslaomtmmplfatedhéo m@adaph@tsmqfelmn
described in U S s%%le“@dr%f&?ndylgagn ﬁﬁ@e@é%}?ﬁﬁr}ﬁv e%h@@rﬁlﬁ one

i ncor por at ed her & y ref ysts sefu In the
hydr of or nyl ati on opmewhsb:@utmbomnambm@mé odefiRic COMROUR ks torppe or

perm ssible neta | |
B 8 and 10 mot Atordfliut HPuhlERtAtbd al Geliyl AR eX@sadIot BAS of oup

t d f h
rut heni um (Ru), M§ %’E’éfﬁu?ﬁd;&ngrlf %uﬁé&héa*l%cepmlg%# f%lfﬁqﬁsg’fn;t 1)
0331 :Jm (Gs) and @bﬁéicﬁleﬂld H?dﬂiﬁrmy\ldtfbri Steporedtage edmmisesyebeting omleo:d'l um
Comal 1O L o B L R R, i o,
exa{rpl e, ;)Lgano?wa@anddr}ghngm s the preserwegdrocatalysbip prpg‘amlgne or
m xtures thereo e
or ganophosphor us e gasfr\%§&\/\# ﬁ&ﬁ&gg&@&?@%‘ﬁ?%}ﬂ?{gé } conp g&%ﬁ h?#\téqlnﬁde
or ganophosphi nes subs@tutedmrmnswstltuted epsiiah pap %Qﬁﬁ@hﬂm’é‘fé% lfes), and
or ganophosphi t es ’°°%%2%‘h@m° rnc‘iﬁde, Bt axl'e"‘ﬁé‘t Relived €5, %@Qﬁf‘xﬁﬁi@l tes). O her

per m ssi bl e organo orus [1g I,ncl ude
or ganophosphoni té@‘m gieTéH ?T'ﬁ, imdnocanrais %@?ﬁﬁ@%ﬁ%ﬂ‘?ﬁgﬁl i ke.
Still other per mé&h@b&pﬂdl@dé‘idsaﬁdiﬁf gaRs thereof, caprolactam, caprolactone,

imines, hemiaminals, imides, amides or amines derived from
formylvaleric acid and its salts, and the corresponding dimers, trimers
and oligomers.

The hydroformylation reaction mixtures employable
herein includes any solution derived from any corresponding
hydroformylation process that may contain at least some amount of
four different main ingredients or components, i.e., the aldehyde acid
salt product and/or epsilon caprolactam precursors, a metal-ligand
complex catalyst, optionally free ligand and an organic solubilizing
agent for said catalyst and said free ligand, said ingredients
corresponding to those employed and/or produced by the
hydroformylation process from whence the hydroformylation reaction
mixture starting material may be derived. By "free ligand" is meant
organophosphorus ligand that is not complexed with (tied to er bound
to) the metal, e.g., rhodium atom, of the complex catalyst. Itis to be
understood that the hydroformylation reaction mixture compositions
employable herein can and normally will contain minor amounts of
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- 39- for exanple, heteroatom containing |ligands such as described in U S

Pat ent Apgic 6idgsen Serial No. (D-17646-1), filed March 10, pdPRses/ibss
di scl osure of which is incorporated herein by reference. M xtures of such

| i gands may be enployed if desired in the netal -ligand conpl ex catal yst
and/or free ligand and such m xtures may be the sane or different. This

I nvention is not intended to be limted in any manner by the perm ssible

or ganophosphorus |igands or mixtures there®® It is to be noted that the
successful practice of this invention does not depend and is not predicated
on the exact structure of the netal-ligand conpl ex species, which may be

present in their,JRRGRHFIGAediditE 4GHEAS tA0SE Whith BAVE either BBEALY fOrns.

| ndeed, the exact _structure 1. s not known. t hough it is not .intended
herein to be bouiflinezataly W@Y?‘?b‘% @@g?fém/}lgfmﬁ%?%am"&%% of formedb iy s ¢ hat
thte fa_t al yti cI SREkt %ﬁw 5dif) ﬂrbﬁ]s%j.[ M?ﬁpléﬁwﬁhﬁﬁg?dimwhhtghhﬁm b hed
metal in conplex conbjpnati on wi e a nd. carbaon .npnox en used.
The term "conpl &“es%%é H@@%BPE??F"%‘EB@%%% sg?‘rgrf%mf?gﬁﬂgﬁéza_ h%rﬁdi nati on
corrp;)und for rrﬁld xhy?bﬁdemnd)lay@{og@n_egatses,rmcb_imbﬁutfonnedéypqpgdmtm: Ies
or atons capable of_.in | : ronically
poor nol ecul es ﬁ%ﬂ%‘ﬁg&%@%‘ﬁbg?ﬁsﬂ{’%& | rg'f%%acgggé I%&g%é‘dl n&ggltgndent.
exi st enﬁe. Eor ecoargsiponding td t@uﬁw@mt@a@ﬂ@a&@@ﬁpgiméténg& and high
or ganophosphor us, l:{: : :
ganopnosp %thﬂ?ggfjﬂ%Xd@ﬂ%%?%ﬁbggfodﬁ?éfgsewm9.§ RIERE M0 06 50RieRME

each havi ng one avai e or uns C{§é0 ,gctr ns which are each
capabl e of f or nitygeamatasials wathydrecanbentadditiyes.d éﬁ’éﬁ%ﬁ’tl y or possibly in

concert (e.g., via chelatignin\enibbdiftRntRI8his insehtionestoxindedditivies eans
al so properly cla

i fied I so b { d

M h Che metal - BeempeveipcheieRmaRasen e poh s e P yRl L R

Cont Al o2 irganphospitstosigandsiughingoiegmadationn f sattmlyopndne
| i gands i ncl ude, %% 8‘? ?&ﬁg‘:’igfé&he F‘&??&ﬁ?{”%ﬁ"%‘f&%@ar y@éﬁhsrtgl&?ut ed %r yl,
acyl, CFlerr], Qegrafiafienrdf thenrggmyhasphitedigant rRedesqrargdon UmelPetanteach
Ris the same orngi§5gu&¥o, 3RY distlGsute bt whiches ifborporated herein by

reference.

The catalysts useful in the hydroformylation process
include metal-ligand complex catalysts. The permissible metals which
make up the metal-ligand complexes include Group 8, 9 and 10 metals
selected from rhodium (Rh), cobalt (Co), iridium (Ir), ruthenium (Ru),
iron (Fe), nickel (Ni), palladium (Pd), platinum (Pt), osmium (Os) and
mixtures thereof, with the preferred metals being rhodium, cobalt,
iridium and ruthenium, more preferably rhodium, cobalt and
ruthenium, especially rhodium. The permissible ligands include, for
example, organophosphorus, organoarsenic and organoantimony
ligands, or mixtures thereof, preferably organophosphorus ligands.
The permissible organophosphorus ligands which make up the metal-
ligand complexes include organophosphines, e.g., mono-, di-, tri- and
poly-(organophosphines), and organophosphites, e.g., mono-, di-, tri-
and poly-(organophosphites). Other permissible organophosphorus
ligands include, for example, organophosphonites, organophosphinites,
amino phosphines and the like. Still other permissible ligands include,
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- 40- unsubstituted hydrocarbon radical, e.g., the alkyl or aryl),

acetate, pewoMeaése, acetyl acetonate, SO[err], BF[err], PF[ r],
NO[err], CHerr]O, CHerr] =CHerr], CH[err]:CHCI—I[err]CI-I[er?]U,ﬂUSgM%
CHerr]CH=CHCH err], Cerr]Herr]CN, CHerr]CN, NO NHerr], pyridine,
(err]Herr])[err]N, nono-olefins, diolefins and triolefins,
tetrahydrofuran, and the like. It is of course to be understood that the
conmpl ex species are preferably free of any 88ditional organic |igand or
ani on that m ght poison the catalyst and have an undue adverse effect on
catal yst performance. Preferred netal -ligand conpl ex catal ysts include

o i o S BNl B A b U8,
of available cgo?d’i%ﬁ%ﬁ g@ﬁhg?‘ilégcs%q“p%lﬁgﬁ di‘t% é@ 113, filad Marehid 0, Aggﬁe&:% t.
I, e oL o ot A T o B i e
characteri zed by SH{:RE@?@S Jh&Y Vﬁg-ligﬂgiﬁ?‘ﬁ gﬁhﬁﬁ%%gﬂﬁggg%%@é’g pgr
netal, e.g., rhodatalyst’endfoi érbedligamed antl swwhanistiures eshy bathe bameadral yti ¢
oy be_ compl exed ST barion SR RRAPRE: BHEsRaslE BRI Ay BlhagRct o7
or ganophosphor us blyi thersniissiblevrgsnaphesphohunligandx primixtarestheepfn It is
enpl oyed by the tﬂ% g@‘ﬂo%ﬂﬁgé .ﬂ@sﬁ&%ﬁéﬁﬁ? Bractice ?f t}his inve Qo&é‘ﬁo’% _
or ganophosphi nes that” may serve as_ the_l'igand of the netal-oqrganophosphjne
conpl ex cat al yst depenéantisaalmyadingted Bﬁi%h@ axagh AErustureef i rlkﬂﬁ-‘ﬁi i on
oy o SE P bt et b bt o
di cycl oal kyl aryl ﬁﬁ‘éé‘iﬂ{'?‘% T né%gad‘éqfkf?’m’isa’ %ﬁﬁg’s%fﬁ , strifcbure 18 not
LS e o bt ot et o
Fr1 or ganophosphi TS HERIgtS AiasguEr FEaBeoSnatis (¥ AERf plflen il IR e
salts of sulfoni eimpledt fofm canbist essentaallyl of Bhe presabitonomples corabidadion
quaternary ammoniyig, ¢GRIRGHAASn P BE- YA mohlgide WhERsRA.
The term "complex" as used herein and in the claims
means a coordination compound formed by the union of one or more
electronically rich molecules or atoms capable of independent existence
with one or more electronically poor molecules or atoms, each of which
is also capable of independent existence. For example, the ligands
employable herein, i.e., organophosphorus ligands, may possess one or
more phosphorus donor atoms, each having one available or unshared
pair of electrons which are each capable of forming a coordinate
covalent bond independently or possibly in concert (e.g., via chelation)
with the metal. Carbon monoxide (which is also properly classified as
a ligand) can also be present and complexed with the metal. The
ultimate composition of the complex catalyst may also contain an
additional ligand, e.g., hydrogen or an anion satisfying the
coordination sites or nuclear charge of the metal. Illustrative

additional ligands include, e.g., halogen (Cl, Br, I), alkyl, aryl,
substituted aryl, acyl, CF3, 02F5, CN, (R)ZPO and RP(O)(OH)O

(wherein each R is the same or different and is a substituted or
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-41- any of the hydrocarbon radicals of such tertiary non-ionic and ionic
or ganophosyig y be substituted if desired, with any suj
sugstlﬁuen?w%%§§ﬂgges not unduly adversely affect the de5|rééﬁﬁggﬂﬁ§sof t he
hydr of ormyl ati on reacti on. The organophosphi ne |igands enpl oyable in the
hydr of ormyl ati on reacti on and/or nethods for their preparation are known in
the art. Il lustrative triorganophosphi ne |igands may be
represented by the fornul a: -40- [err]

(1) wherein each Rl is the sane or different and is a substituted or
unsubsti tut ed nDnovaIent hydrocarbon radi cal, e. g , an al kyl or aryl

;?gimgal)'r glrjie;iiglreu ag subst ﬁuﬁﬁxalc% lk mula} %regggg'?non
the aryl radi cal £ nc J:e%lace ?Wle sgda’ £, eﬂ’ Qnﬁ?cﬂ’ ’SI |yl
radi cal s sucE as CHj (=B{I-IG b =]=CH®§I }-lradJH: H_QH:Q @Q 2; a;:yl
radi cal s suc as - ar y radita as - acyl oxy
radi cal s such asC QFN 3 apradines 23553 u@ﬁnwlef@&%ﬁwl&gpgamﬁ

-N(R2 O R2; | as - ereipn Mr sents

i ngrg;ﬁl( c) or org%ﬁ’i ole fi‘éﬁ’&a 7 ng%f'?ﬁg%’ra?%gﬁ%ﬁémqglﬂ? rs? Eal s such as

- g(c)][{rr] F[ err}f enhlrerstroadltltaatsheucﬂnp@@: spdsi & dxe; px%ﬂéﬁdbﬂyﬁ'eé&d'laﬁagr' snsuch as

- err]; sulfe r.adica

cyano, trifluoro aa%?fg%%%uﬁ%?égﬁlaﬁ?%gﬁ%mléﬁep?lﬁ%t %%ﬁa@ﬁfr aé?ih

Rl err] indivi dualhayeraapuaéuemdvem est&vbonrcadia]fy&éper&)rmlahsel Preferreat
bstituted I n

ami o subst | ¢ ugﬁ?@%ﬁ%‘fmﬁy&h@%?@@ﬂ?gﬂé EBhydgy f”’e“l ZofieophRsbiigs

represent a di valigandsompler gatalyets QMrhﬁdmmrorgamp 08ph1te hgand complex

catalysts.

The number of available coordination sites on such metals
is well known in the art. Thus the catalytic species may comprise a
complex catalyst mixture, in their monomeric, dimeric or higher
nuclearity forms, which are preferably characterized by at least one
phosphorus-containing molecule complexed per metal, e.g., rhodium.
As noted above, it is considered that the catalytic species of the
preferred catalyst employed in the hydroformylation reaction may be
complexed with carbon monoxide and hydrogen in addition to the
organophosphorus ligands in view of the carbon monoxide and
hydrogen gas employed by the hydroformylation reaction.

Among the organophosphines that may serve as the
ligand of the metal-organophosphine complex catalyst and/or free
organophosphine ligand of the hydroformylation reaction mixture
starting materials are triorganophosphines, trialkylphosphines,
alkyldiarylphosphines, dialkylarylphosphines,
dicycloalkylarylphosphines, cycloalkyldiarylphosphines,
triaralkylphosphines, tricycloalkylphosphines, and triarylphosphines,
alkyl and/or aryl diphosphines and bisphosphine mono oxides, as well
as lonic triorganophosphines containing at least one ionic moiety
selected from the salts of sulfonic acid, of carboxylic acid, of phosphonic
acid and of quaternary ammonium compounds, and the like. Of course
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-42- a heterocyclic radical with the nitrogen atomand in am do

substi t uewigrosaigsds as (O N(Rlerr])[err] and -N(Rerr])C(O) REeusdsasssh

-Rlerr] bonded to N can al so be hydrogen. Illustrative al kyl radicals
include, e.g., nmethyl, ethyl, propyl, butyl and the like. Illustrative aryl
radi cal s include, e.g., phenyl, naphthyl, diphenyl, fluorophenyl,

di fl uorophenyl, benzoyl oxyphenyl, carboet hoxyphenyl, acetyl phenyl,

et hoxyphenyl , phenoxyphenyl, hydroxyphenyh4kxuboxyphenyl

trifluoronethyl phenyl, nethoxyethyl phenyl, acetam dophenyl,

di et hyl car banyl phenyl, tolyl, xylyl, and the like.

l I'Tustr ?t : Vf S ﬁ%ﬁiy‘;] éﬂh@WBMéPéalb Eﬁ's\ildﬁ ,teﬂ;iﬂr_-'y néri-igyie muldobatphi ne,
ri s-p-tolyl phosphine, I, S- p- oxyphe phQsphi ne, . .

tris-p-fluoroph®RgeR ?£ F}qrg"sab?ﬁu ﬁ?@%ﬂﬁgaﬁlﬁfﬁ%ﬁhﬁw suitable

tris-di met hyl amgnbstienen it rives mot pimuly didvieesaly piffesp thedesired result of

t - but yl di phenyl pho | n n ut vl di phen hosphi n . :

n- hexyl di phenyl %HS?%%H@W%&SH%?@F@?W@*& cg}'ﬁ%@%ﬁﬁs&hme ligands )

di cycl ohexyl pheryphplogable incthet hydnofomhybagiqrhresehionsnd/or ethodpfordhieime,

DOP, i.e., (4R AEASNO} .

isopropylidene-é?g%%#ﬂ%g}8?3???2?5?2?5%%ﬂ%n | phosphi no) but ane and/ or

(4S, 5S) - (+) - O-i sopropyl i ddhastragivs tryengsnpphogphine ligands may be

bi s(di phenyl pho ] A4S, 5R)-(-)-0Oisopropylidene-2, 3-

dihydroxy-l,4-bﬁgP%¥%%§%§Pgﬁgggﬁéﬁg%%utane, substituted or unsubstituted

bi cyclic bi sphosphi nes such as 1, 2-bis(1,4- cyclooctyl enephosphi no) et hane,

1, 3-bis(1,4- cycl ooctyl enephosphi no) prgpane, 1, 3-bis(1, 5-

cycl ooct yl enephosphi no) propane and 1,R'bi s(2, 6-di nethyl -1, 4-

cycl ooct yl enephosphi no) et hane, subs¥itytjed or unsubstituted bis(2,2'-

di phenyl phosphi nonet hyl ) bi phenyl s QE_ bis(2,2' -

di phenyl phosphi nonet hyl ) bi phenyl and Myis(2, 2' -di (4-

f I uor ophenyl ) phosphi nonet hyl ) bi phenyl ;" xant phos, t hi xant phos,

bi s(di phenyl phosphi no) ferrocene, bis(diisop{Bpyl phosphino)ferrocene,

bi s(di phenyl phosphi no) rut henocene, as well as the alkali and al kaline earth

nmetal salts of sulfonated tri phenyl phospf&i, es, e.g,, of (tri-
wherein each R1 is the same or different and is a substituted or

unsubstituted monovalent hydrocarbon radical, e.g., an alkyl or aryl
radical. Suitable hydrocarbon radicals may contain from 1 to 24
carbon atoms or greater. Illustrative substituent groups that may be
present on the aryl radicals include, e.g., alkyl radicals, alkoxy
radicals, silyl radicals such as —Si(R2)3; amino radicals such as —
N(R2)9; acyl radicals such as —C(O)R2; carboxy radicals such as —
C(O)ORZ; acyloxy radicals such as —OC(O)R2; amido radicals such as
—C(O)N(R2)9 and —N(®R2)C(0)R2; ionic radicals such as —SO3M
wherein M represents inorganic or organic cationic atoms or radicals;
sulfonyl radicals such as —S09R2; ether radicals such as —ORZ;
sulfinyl radicals such as —SOR2; sulfenyl radicals such as —SR2 as
well as halogen, nitro, cyano, trifluoromethyl and hydroxy radicals,
and the like, wherein each R2 individually represents the same or
different substituted or unsubstituted monovalent hydrocarbon radical,
with the proviso that in amino substituents such as —N(R2)9, each R2

taken together can also represent a divalent bridging group that forms
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-43- sul f ophenyl ) phosphi ne and of (m sul f ophenyl)di phenyl - phosphi ne and
the like. wo98/46565 More particularly, illustrative PCT/US98/07358

met al - or ganophosphi ne conpl ex catalysts and illustrative free

or ganophosphi ne ligands include, e.g., those disclosed in U S. Patent Nos.
3,527,809; 4,148,830; 4,247,486; 4,283,562; 4,400,548; 4,482,749, 4,861, 918;
4,694, 109; 4,742,178; 4,851,581; 4,824,977; 5,332,846; 4,774,362; and WO
Pat ent Application No. 95/30680, published &renber 16, 1995; the

di scl osures of which are incorporated herein by reference. The
or ganophosphites that may serve as the ligand of the netal-organophosphite

Iiggndtcomf)lt ex Caa]gdezz&bcyasu fHdtif:éIQﬁithi&%&Qtz}f&ge%%oﬁr@f@ﬁﬁﬁﬁﬁtaﬂd r;action
proauc m Xtures O ) nve ) (0] (6] | C Y

i nactive) or chi r%?bs(tﬁb‘ﬁpt%‘f‘i‘@l ﬁﬁﬁ(w(%&aﬁﬁeg@méhﬁﬁ%% the art.
Anong the or ganophgsddl tEN datPdlsthe HiRiregers INhstratige alkyd fraliit@ls include,

oF ¢ he.hydr of or nyP B TBRIRECCHIHPRYE YL RN the a1 DRP RGN Eary! Fadiodfs"

oo gatoplos sl spoemaplond it ecnopaeats ety

I nventi onyand/ or f?&%%’ﬁ?‘yﬁ%egyﬂec?hg% E’Sﬁ?’%@?’gﬁ’ %?%ﬁﬂ‘&g‘ﬁﬂieﬁﬁ?"@%wi

Repr esent ati ve nophenaxyphenyt fyidresyphsnyilncirbdeyplerngd, trifluonpméthylpheanyla:
Wher oi , ; .

hydr ocar bon r adi A LaEplshetyT Histaht gt RV ARy IR By, |

as trival ent acycxylgl,and the likeent cyclic radicals, .e.g., trivalent
Tllustrative specific organophosphines include, e.g.,

triphenylphosphine, tris-p-tolyl phosphine, tris-p-
methoxyphenylphosphine, tris-p-fluorophenylphosphine, tris-p-
chlorophenylphosphine, tris-dimethylaminophenylphosphine,
propyldiphenylphosphine, t-butyldiphenylphosphine, n-
butyldiphenylphosphine, n-hexyldiphenylphosphine,
cyclohexyldiphenylphosphine, dicyclohexylphenylphosphine,
tricyclohexylphosphine, tribenzylphosphine, DIOP, i.e., (4R,5R)-(-)-O-
isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane and/or
(48,58)~(+)-O-isopropylidene-2,3-dihydroxy-1,4-
bis(diphenylphosphino)butane and/or (43,5R)-(-)-O-isopropylidene-2,3-
dihydroxy-1,4-bis(diphenylphosphino)butane, substituted or
unsubstituted bicyclic bisphosphines such as 1,2-bis(1,4-
cyclooctylenephosphino)ethane, 1,3-bis(1,4-
cyclooctylenephosphino)propane, 1,3-bis(1,5-
cyclooctylenephosphino)propane and 1,2-bis(2,6-dimethyl-1,4-
cyclooctylenephosphino)ethane, substituted or unsubstituted bis(2,2'-
diphenylphosphinomethyl)biphenyl such as bis(2,2'-
diphenylphosphinomethyl)bipheny! and bis{2,2'-di(4-
fluorophenyl)phosphinomethyljbiphenyl, xantphos, thixantphos,
bis(diphenylphosphino)ferrocene, bis(diisopropylphosphino)ferrocene,
bis(diphenylphosphino)ruthenocene, as well as the alkali and alkaline
earth metal salts of sulfonated triphenylphosphines, e.g., of (tri-m-
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-44- al kyl ene radi cals such as those derived from

1, 2, 2-tri neiosisesesr opane and the like, or trivalent cycl oalkylesgrosadi cal s
such as those derived from 1, 3,5-trihydroxycycl ohexane, and the like. Such

nonoor ganophosphites nmay be found described in greater detail, e.g., in

U S. Patent No. 4,567,306, the disclosure of which is incorporated herein
by reference. Represent ati ve di organophosphites may i ncl ude

t hose having the formul a: -43- R P-OW

[err] hydr ocarbon radi cals containing from4to 40 carbon
atons or greater wherein R err] represents a substituted or

unsubsti t ut ed rmg\ﬂy Iﬁ!ﬁl)éih)bd?ﬁﬁ%@:@@of&ﬁ'- ?%&Pl)agﬁmﬂ-&mmﬁbm

above formula (I}l ncl kyl and aryl l'e ‘representative
substituted and Stituted dival ent hydrocarbon radicals represented by
R4 i ncl ude dival ent acycl |Mdra¢a¢abﬁlafﬁ5€1 itllugtrativie metatatrganoplidsphline

Bl Kyl eno- oxy- al KPaRex aFlyets BT BrahIE AT ardimfoho e dEmds o .
substituted or Lmnmhtck& ietgit ﬁmbsaﬁleeflaseﬂnin kl:8r BatariddNos.a52%809; 4,148,830;
al kyl ene- - al ky'@?&? 4%%‘3'402’8‘6‘ g h86%4rsa£1'£s§é ’7’4? azi‘§6 6281 1694 103 nore

preferred dival et thé % ehe tadical s such

as di scl osed nor437\4@ﬂl7y‘3,, 453@ 581,n4 824,973, 6332, 8465 . 4 %741,,3@ pand @ Haf@m 302

and the like, thﬁi SLH6 W D5PE06HD, PubiisBell N/ RIbE £6) 19958 kRe bY
reference. |1l us t|ve d|v cg aromat i c reéﬂbcals |nclude e.g., arylene,
bi saryl ene, aryl ogyrgs ofjRhich, sredncorporat 9’5#9Ibé’rﬁ-9 er&PﬁP'ene- oXy-

The organophosphites that may serve as the ligand of the
metal-organophosphite ligand complex catalyst and/or free ligand of
the processes and reaction product mixtures of this invention may be of
the achiral (optically inactive) or chiral (optically active) type and are
well known in the art.

Among the organophosphites that may serve as the ligand
of the metal-organophosphite complex catalyst and/or free
organophosphite ligand of the hydroformylation reaction mixture
starting materials are monoorganophosphites, diorganophosphites,
triorganophosphites and organopolyphosphites. The organophosphite
ligands employable in this invention and/or methods for their
preparation are known in the art.

Representative monoorganophosphites may include those
having the formula:

o
3/ AN
RE—0-P
\O/

(ID)

wherein R3 represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater,
such as trivalent acyclic and trivalent cyclic radicals, e.g., trivalent
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- 45- aryl ene, aryl ene-NX-aryl ene wherein X is as defined above,
aryl ene- S- woyd/ses and aryl ene-S-al kyl ene, and the |ike. Myguqegiggably

R4 is a divalent aromatic radical such as disclosed nore fully, e.g., in
U S. Patent Nos. 4,599,206 and 4,717,775, and the |like, the disclosures of
whi ch are incorporated herein by reference Represent ati ve of

a nore preferred class of di organophosphites are those of the fornula:
Ar-0 [er] -44-

[err] wherein Wis as defined above, each Ar is the sane or different and
represents a substituted or unsubstituted aryl radical, each y is the sane

or different andallgléndfhdieakfsudhQls thosdefRed Tedthsl, zzﬂhrﬁﬂb I?E-bﬁﬂle]{lg
I

group selected fro R5) [ err. e er
aroup set eot ed Lo hOLRR b Libatent Syiloaotend B Grule et e phose AbLond
hydrogen, al kyI fm!h d;;ﬂ s-th,hydn@:jcryohshéxi@e lehd thdlike. a|SQBli phenyl, tﬁ| yl,
and ani syl , en_or h a ea 7 LS the sanme
or different and en%p?%% g& 6 ° ¥ &’h rﬁ’a? 1pgrea dﬁeﬁﬂls €-g»val ue
of 0 or 1. Such #i @aﬂmm%tbu‘té@ 306, thesdisclosdre of\ghnﬁutlsnnqumrdltede g.,
in U S. Patent NQSrei b aecand 4,717,775, the di scl osures of which are

i ncor porat ed herei'n by reference. resentative
tri organophosphit es may i nBEDERSentafive dwgmonhr@ fmay include those

having the formula:

and

~.

N

—0-W
\/

(I11)

wherein R4 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater.
Representative substituted and unsubstituted monovalent
hydrocarbon radicals represented by W in the above formula (III)
include alkyl and aryl radicals, while representative substituted and
unsubstituted divalent hydrocarbon radicals represented by R4 include
divalent acyclic radicals and divalent aromatic radicals. Illustrative
divalent acyclic radicals include, e.g., alkylene, alkylene-oxy-alkylene,
alkylene-NX-alkylene wherein X is hydrogen or a substituted or
unsubstituted monovalent hydrocarbon radical, alkylene-S-alkylene,
and cycloalkylene radicals, and the like. The more preferred divalent
acyclic radicals are the divalent alkylene radicals such as disclosed
more fully, e.g., in U.S. Patent Nos. 3,415,906 and 4,567,302 and the
like, the disclosures of which are incorporated herein by reference.
Hlustrative divalent aromatic radicals include, e.g., arylene,
bisarylene, arylene-alkylene, arylene-alkylene-arylene, arylene-oxy-
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- 46- [err] wherein each R8 is the sanme or

di fferent a% substituted or unsubstituted nonoval ent n
radical, e.qg. ,8?43%6%61' kyl or aryl radical, Suitable hydrocarbon'r g ?:%Fs may

contain from1l to 24 carbon atons or greater and may include those
descri bed above for Rerr] in forrmula (I). Representati ve

or ganopol yphosphites contain two or nore tertiary (trivalent) phosphorus
atons and may include those having the for+a:

10 [err]

[err] wherein X err] represents a substituted or unsubstituted n-val ent

2 he sans o (RPTLATYERE RN Rrerei £ if 8 iR Mg SfleneBen O
from4 to 40 cardnylers,omsl arydere-8fadkyleries ankieﬂmddm oMoye prefeeablydﬁ 198 a
substituted or L{*}gg@&l&r%ﬁqu&glﬁgh A}’.ygiir %gé&)g{bfl%qqllg ééﬁgﬁt@@' ng from

1 to 24 carbon a e sane or ere each ave a

value of 0 to 6,Patient Nose 4199,206 and4,71 7478, and the likepthe discloguges;

equals a + b. Gwﬁ%reﬁ%lhbofp%rhﬁbmex‘éﬁ'ﬂ s:te@é&enwat when 2 has a val ue of 2
or nore, each R9 radi cal or dlff and.when b has a

value of 1 or nore, each rr‘*é%l‘il }V g}‘g’ﬁpﬁé %@ﬁ%ogr di fferent.
diorganophosphltes are those of the formula:

Ar—0O

CH), \
? m P—O—W
(CHay /

Ar—0O
Iv)

wherein W is as defined above, each Ar is the same or different and
represents a substituted or unsubstituted aryl radical, each y is the
same or different and is a value of 0 or 1, Q represents a divalent
bridging group selected from -C(R5)2-, -O-, -S-, -NR6-, Si(R7)2- and -
CO-, wherein each R9 is the same or different and represents
hydrogen, alkyl radicals having from 1 to 12 carbon atoms, phenyl,
tolyl, and anisyl, R6 represents hydrogen or a methyl radical, each R7
is the same or different and represents hydrogen or a methyl radical,
and m is a value of 0 or 1. Such diorganophosphites are described in
greater detail, e.g., in U.S. Patent Nos. 4,599,206 and 4,717,775, the
disclosures of which are incorporated herein by reference.

Representative triorganophosphites may include those
having the formula:
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-47- Representative n-val ent (preferably dival ent)
hydr ocar bow098/4g565bri dging radicals represented by Xferr], P@qg)gg&,bn%
y RO above,

representative dival ent hydr ocar bon radi cal s represente

i ncl ude both acyclic radi cal s and aromatic radicals, such as

al kyl ene, al kyl ene-Qm al kyl ene, cycl oal kyl ene, aryl ene, bisaryl ene,
aryl ene- al kyl ene, and arylene-(CHerr])y-Qn(CH err])y-aryl ene
radicals, and the like, wherein Q miénd y are as defined above for
formula (1V). The nore preferred acyclic radicals represented by
Xerr] and R err] above are dival ent al kyl ene radi cals, while the
nore preferred aromatic radicals represented by X err] and R err]
above are divalent arylene and bi gl ene radicals, such as di scl osed

more fully, e.g., in US. Patent/Nos._ 3,415,906; 4,567, 306;

4,599, 206; 4,769, 498; 4,717, 77p—4@f5, 401; 5,202, 297; 5, 264,616 and
5,364, 950, and the |like, the diss osgﬁres of which are incorporated
herein by reference. Representati noval ent hydrocarbon radicals

represented by each R err] radical above include alkyl d aromatic

radi cal s. Il'lustrative preferred organopol yphosphites may
I ncl ude bi sphosphites such as those of fornmulas (VII) to (I1X) bel ow
[err] wherein each RS is the same or different and is a substituted or

unsubstituted monovalent hydrocarbon radical, e.g., an alkyl or aryl
radical. Suitable hydrocarbon radicals may contain from 1 to 24
carbon atoms or greater and may include those described above for Rl
in formula (I).

Representative organopolyphosphites contain two or more
tertiary (trivalent) phosphorus atoms and may include those having
the formula:

_ | ~10_
e O\P_ O\P—- x!
N o/ R‘O-o/

_ —q b

(VD

wherein X1 represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R9 is the same or different and is a divalent hydrocarbon radical
containing from 4 to 40 carbon atoms, each R10 is the same or
different and is a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms, a and b can
be the same or different and each have a value of 0 to 6, with the
proviso that the sum of a + b is 2 to 6 and n equals a + b. Of course it
is to be understood that when a has a value of 2 or more, each R9
radical may be the same or different, and when b has a value of 1 or
more, each R10 radical may also be the same or different.
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- 48- @] [err] wherein each Rerr],
Rl err] andw@esdehesof fornulas (VII) to (I X) are the sanme asp@fisspessgbove
for formula (VI). Preferably, each R er] and X err] represents a dival ent
hydr ocar bon radi cal sel ected from al kyl ene, aryl ene,

aryl ene- al kyl ene-aryl ene, and bisaryl ene, while each R err] represents a
nonoval ent hydrocar bon radi cal sel ected fror,P al kyl and aryl radicals.
Phosphite |igands of such fornulas (V) to'4(rX) may be found discl osed,
e.g., in said U S Patent Nos. 4,668, 651; 4,748, 261; 4,769, 498; 4,885, 401,
5,202, 297; 5, 235,113; 5, 254, 741; 5, 264, 616; 5, 312,996; 5, 364, 950; and
5,391, 801; the discl osur eRepreabhtativentrivalert (prefecablyadiehkaithhyérozakhon

r ef er ence. ca . R ent ati ve of re_pr rred cl es of

or ganobi sphos phikfréd@lggg a?ﬁc%iir%qretsﬁ%tqd}x %ﬁ‘ ft anegi %%F SRree %atsaﬁbve((ﬁyﬂe_nt

[err] hydrocarbon radicals represented by RY above, include bpth atyclic
radicals and aromatic radicals, such as alkylene, alkylene-Qm-

alkylene, cycloalkylene, arylene, bisarylene, arylene-alkylene, and
arylene-(CH2)y-Qm-(CH2)y-arylene radicals, and the like, wherein Q,
m and y are as defined above for formula (IV). The more preferred
acyclic radicals represented by X1 and R9 above are divalent alkylene
radicals, while the more preferred aromatic radicals represented by X1
and R9 above are divalent arylene and bisarylene radicals, such as
disclosed more fully, e.g., in U.S. Patent Nos. 3,415,906; 4,567,306;
4,599,206; 4,769,498; 4,717,775; 4,885,401; 5,202,297; 5,264,616 and
5,364,950, and the like, the disclosures of which are incorporated
herein by reference. Representative monovalent hydrocarbon radicals
represented by each R10 radical above include alkyl and aromatic
radicals.

Ilustrative preferred organopolyphosphites may include
bisphosphites such asthose of formulas (VII) to (IX) below:

7 O\P—— x!
N
o
= —ig
(VII)
[RIO_
O\P— x!
10
RI°-0 )
(VIID)
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- 49- Ar-0O [err]

wherei n ArwoQ®suedeserr], Rlerr], Xerr], mand y are as def iPE%HJs?Qﬁ%Es Most
preferably X err] represents a dival ent

aryl-(CHerr])y-(Qm(CHerr])y-aryl radi cal wherein each y

I ndividually has a value of 0 or 1, mhas a val ue of 0 or 1 and Q
Is -0-, -S- or -C(R5)2- wherein each R5 is the sane or di fferent
and represents a hydrogen or nethyl radi cal “48xpre preferably each
al kyl radical of the above defined R err] groups nmay contain from1

to 24 carbon atons and each aryl radical of the above-defined Ar, Xerr],
RO and R10 groups of the above formulas (VI) to (XII) nmay contain

from6 to 18 carbon atons and sg{d radicals may Be_ﬁfoe same or

different, while the preferrgd~ \quene rafii cal g7of“X[err] may contain from
2 to 18 carbon atonms and t r ef el ROt Xy+@neP r adi cal s of RO may

contain from5 to 18 carbon at 7~ In addition, \@r_eﬁl@rabl%% he di val ent

Ar radicals and divalent aryl radicals of X err] of the a( e fornulas are
phenyl ene radicals in which the bridging group represented by -

(CH err])y- (Q m (whkRin kh¥h RS RX0R4 X105BiA ubEVITPRPIRG U 3hS shihe as

defined above for formula (VI). Preferably, each R? and X1 represents
a divalent hydrocarbon radical selected from alkylene, arylene,
arylene-alkylene-arylene, and bisarylene, while each R10 represents a
monovalent hydrocarbon radical selected from alkyl and aryl radicals.
Phosphite ligands of such formulas (VI) to (IX) may be found disclosed,
e.g.,in said U.S. Patent Nos. 4,668,651; 4,748,261, 4,769,498;
4,885,401, 5,202,297; 5,235,113; 5,254,741; 5,264,616; 5,312,996;
5,364,950; and 5,391,801; the disclosures of all of which are
incorporated herein by reference.

Representative of more preferred classes of
organobisphosphites are those of the following formulas (X) to (XII):

Alr —
((sz)j\

X)
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- 50- positions that are ortho to the oxygen atons of the fornulas that
connect t heygapigsgsene radicals to their phosphorus atom of gdguésgiomsgas. |t
is also preferred that any substituent radical when present on such

phenyl ene radi cal s be bonded in the para and/or ortho position of the
phenyl ene radicals in relation to the oxygen atomthat bonds the given
substituted phenylene radical to its phosphorus atom

Moreover, if desired any given organophosphi"@%‘ in the above fornulas (V)

to (XIl) may be an ionic phosphite, i.e., may contain one or nore ionic

noi eties selected fromthe group consisting of: - SJerr]M
wherein Mrepresents an inorganic or organic cation,

- PO err]Mwherein MrepresentAranO(norgani c or organic o—R!°

cati on, - N(R[err i#[aerr err] wherein each Rgfr] is the sane
or different )Sfepre ts a hydrocarbop/radi cal
containing from 1to 30 c H-achos g, alkyl, aryl,

al karyl, aral kyl, ?m and c (&):g?kyl radicalg, and X2
represents an Hggrgan or organic ani on\ -
CJerr]Mwherein Mrepresents &n i ngrgani c or organic

cation, as described, e.g., iPA Patent Nos. 5, 059, 710; 5,(&3B692,
5,114,473 and 5, 449,653, the disclosures of which are incorporated h i n
by reference. Thus, if desired, such phosphite |igands may contain from1
to 3 such ionic noieties, while it is preferred that only one such ionic
noi ety be substituted on any given aryl noiety in the phosphite |igand when
the ligand contains nore than one such ionic noiety. As suitable
counter-ions, Mand XZArFﬂ the anionic noieties of tl® ionic phosphites
there can be mentioned!hydro (i.e. a proton), thg/calN ons of the alkal
and al kaline earth neﬂg lye.g. ithium sodium otassiym cesium
rubi di um cal ci um barfpnl nagne5| p-agg-sil~op—+pm the anmghi um cation,

guat ernary anmoni um ca pho on| um
((IJHZ)y

Ar—O O

(XII)

wherein Ar, @ , R, R10, X1 m and y are as defined above. Most
preferably X1 represents a divalent aryl-(CH2)y-(Q)m-(CH2)y-aryl
radical wherein each y individually has a value of 0 or 1; m has a value
of 0 or 1 and Q is -O-, -S- or -C(R%)2- wherein each R5 is the same or
different and represents a hydrogen or methyl radical. More preferably
each alkyl radical of the above defined R10 groups may contain from 1
to 24 carbon atoms and each aryl radical of the above-defined Ar, X1,
R9 and R10 groups of the above formulas (VI) to (XII) may contain
from 6 to 18 carbon atoms and said radicals may be the same or
different, while the preferred alkylene radicals of X1 may contain from
2 to 18 carbon atoms and the preferred alkylene radicals of RY may
contain from 5 to 18 carbon atoms. In addition, preferably the divalent
Ar radicals and divalent aryl radicals of X1 of the above formulas are

phenylene radicals in which the bridging group represented by —
(CH2)y+(Q)m—~(CH2)y— is bonded to said phenylene radicals in
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-51- cations, arsoniumcations and imniumcations. Suitable anionic
atons or r &b gsMeses ncl ude, for exanple, sulfate, carbonateP

chl oride, acetate, oxalate and the |ike. O course ‘any of the
R9, R10, X2 and Ar radicals of such non-ionic and ionic organophosphites of
formulas (VI) to (XIl) above may be substituted if desired, wth any

sui tabl e substituent containing from1l to 30 carbon atons that does not
undul y adversely affect the desired result o#0-the hydr of or nyl ati on
reaction. Substituents that may be on said radicals in addition of course
to correspondi ng hydrocarbon radicals such as al kyl, aryl, aral kyl, alkaryl

and cycl ohexyl supkitiougihat aF@MrthBCtb‘tﬁé ﬁwmb%f%hé t ﬁpdsctﬂa% such as
-Si(Rerr])[err]; amn(%{3 cal qaj iﬁ&e;&}@ﬁ{)err rgne

radi cal s such as SHMRACt g Ee 16833t lagrus(;a\ @cyl oxy
ragr Cﬁll(sR[ suc]h) as forﬁﬁil@}:R[Ilegsf zllso@ﬁb%@rédlaﬁiaﬁdxﬁr sulsdtitasnt %Mcﬁi QiHel) I[ E”]

an err C(RJ err]. su i ca al kox
radi cal s such as to ?‘rﬁh Wi‘iﬂ*‘cﬁ%@ ‘@ﬁgﬁ’ degdg[%‘rerq as%}h/gﬁgrt

radi cal s such as p&i[:mnrqf thpphepbmel radicils dh selation tastheR{xFgen] tor] 3hey r] ;

[ hal | f | s d
o Vel 1 25, el 005000 £bid g XAl JMIATES Dl SRRV, Fent
a monoval ent hydrocar bon r aMozaoveraifi llfadoﬁmﬂgtv@nl@'geaobbvs;dnm Qheg ,

al kyl, aryl, aral kybye RIKAIING (V‘Dq;o‘(}ﬁte%{iﬁ&ﬂﬂe B r‘i(ﬁ OV' SO
that in am no substituents such 'as - err err err ta
toget her can al soCPHBIREBRACT A, e\}amérmorﬁtrqrgﬁ g‘r’?@ hegreep ﬁgngstmg

het erocyclic radiefal with the nitrogen atom and in am do substituents such

- O N d_-
s be hycrogen. O cour se T t o0 SHseor S rarSaa i nlRRAgR: frplab

substituted or unsubstituted hsaticgar bon radi cal s groups that make up a

particul ar given organophosphi pesiRyReei 81 § %iﬁs&{tsddx{ frrrgfrrgﬂﬁm or orgamc

More specifically illustrative subst ituents include pri secondary and
tertiary alkyl radicals such agatiam,hyl, ethyl, n- propyl, isopropyl, butyl,

sec-butyl, t-butyl, neo-pentyl N(Rl%&z wh@f‘é&hreach R11 is the same or different
and represents a hydrocarbon radical containing from
1 to 30 carbon atoms, e.g, alkyl, aryl, alkaryl, aralkyl,
and cycloalkyl radicals, and X2 represents an
inorganic or organic anion,
— CO2M wherein M represents an inorganic or organic
cation,
as described, e.g., in U.S. Patent Nos. 5,059,710; 5,113,022, 5,114,473
and 5,449,653, the disclosures of which are incorporated herein by
reference. Thus, if desired, such phosphite ligands may contain from 1
to 3 such ionic moieties, while it is preferred that only one such ionic
moiety be substituted on any given aryl moiety in the phosphite ligand
when the ligand contains more than one such ionic moiety. As suitable
counter-ions, M and X2, for the anionic moieties of the ionic phosphites
there can be mentioned hydrogen (i.e. a proton), the cations of the
alkali and alkaline earth metais, e.g., lithium, sodium, potassium,
cesium, rubidium, calcium, barium, magnesium and strontium, the
ammonium cation, quaternary ammonium cations, phosphonium
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-52- sec-anyl, t-anyl, iso-octyl, decyl, octadecyl, and the like; aryl

radi cal s swohsasssphenyl, naphthyl and the |ike; aral kyl radicgaspsisd as
benzyl, phenylethyl, triphenylnethyl, and the like; alkaryl radicals such

as tolyl, xylyl, and the like; alicyclic radicals such as cycl opentyl,
cycl ohexyl, 1-nethyl cycl ohexyl, cyclooctyl, cyclohexylethyl, and the |ike;
al koxy radicals such as net hoxy, ethoxy, progpoxy, t-butoxy, -

OCH err]CH err]OCH err], -(C[}{err]CH[err]YP rr]OCH err],

-(CCH err]CH err])[err]OCH err], and the |ike; aryloxy radicals such as
phenoxy and the like; as well as silyl radicals such as -Si (CH3) 3,

- ﬁl( (CIC—JI[O_B) ]3) : - Si ]( eatibhs aﬁéﬁlﬁﬂecdtidiﬁ ax?dﬁl_llﬂﬁnhﬁﬂ c&tibss. SSﬁlitaEISe ahldﬁlfi‘é Ei;om?]

- err err err]H ert ke osphi ne

radi cal s such as °rlsegf°é[] 'H{‘l‘éﬁi?’] é'g‘ mple,splfgte, ?arr%é?nag%ﬁhorsghf"gél E sugh as
- bO) CHI[ errj], dC(cﬁlldﬁdaé raith{:we; bxalaté @)ﬁ[iﬁgarlﬂt{ .err], and the |ike; I

car bonyl oxy radicals suc al's

such as -QCO Cerr]Herr] ﬁ%‘fﬂ?&?%}@ny q{iﬂ ﬁ‘?gﬁio égzl %g ﬁﬁ@éﬂg o'f@ﬂbﬁ

CONH err], - CON( @dheionfq and nt]imc-dldgﬂx@lﬂbqpénte]s of foxinulas WI& &o (X1 fabnye

radi cal s such as

such as -S(O CH er% E%%?"% h%%rcﬂ;xkﬁkgﬂrfek @Pﬁq} rad Fléig gles%t%ftg@éb%e a‘iﬂir?g

_sClerr]Herr], fxapdr i3 earkon ajoms ﬂ@ah oes: ng3anbHyagversaly affes §]i!|%h as

- EE 3 E g[[ et } E% er rdle%s{[xggr res urth’{f@hé %ﬁ 5 éfll)né'Fa&é@ ( SuBstilidrasthit eddy .

-P(O (Cerr] Her )cz[rb$ radp(a% ﬂ}t]l?xq)ép \P{qfé:p I4:])5'1'espond1ng hydrocarbon

-P(O I( H) ( C[f err] E[rﬁdfc]als saeklag la@ks‘lli keyl, aralkyl, I alkaryl ancB@ﬁloﬁexyll | | ust rat ive

exanpl es of such g osphi s J.nclu n

o e e sSFARBRERRS R ekl e Botab o] Bhalialy QU0 simi2

2, 2" - di yl ) phosphiahginoarsdienls EQCEQ@TIN(Rlz)z, phosphine radicals such as - aryl—

ad P(R12)9; acyl radicals sCH%x as -C(O)R12; acyloxy radicals such as S

OC(O)R12; amido radicals such as -CON(R12) and -N(R12)COR12;

sulfonyl radicals such as -SOgRlz; alkoxy radicals such as -OR12;

sulfinyl radicals such as -SOR12; sulfenyl radicals such as -SR12;

phosphonyl radicals such as -P(0)R12)9; as well as, halogen, nitro,

cyano, trifluoromethyl, hydroxy radicals, and the like, wherein each
R12 radical is the same or different and represents a monovalent
hydrocarbon radical having from 1 to 18 carbon atoms (e.g., alkyl, ary],
aralkyl, alkaryl and cyclohexyl radicals), with the proviso that in
amino substituents such as -N(R12)g each R12 taken together can also
represent a divalent bridging group that forms a heterocyclic radical
with the nitrogen atom, and in amido substituents such as -
C(O)N(R12)9 and -N(R12)COR12 each R12 bonded to N can also be
hydrogen. Of course it is to be understood that any of the substituted or
unsubstituted hydrocarbon radicals groups that make up a particular
given organophosphite may be the same or different.

More specifically illustrative substituents include
primary, secondary and tertiary alkyl radicals such as methyl, ethyl, n-
propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, amyl,
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[err] Li gand A

met hyl (3, 3wodigrksegut vyl -5, 5' - di net hoxy-1, 1' - bi phenyl -2, 2 dlwmpjght e
havi ng the fornmul a: [err]

-[[4,4" -bis(1, 1-dinethylethyl)-[1,1 -binaphthyl]- 22 d|yIIb|s(oxy)]b|s
- di benzo[d,f] [1, 3, 2]-di oxaphosphepi n having the fornul a:

-54-
-52-

sec-amyl, t-amyl, iso-octyl, decyl, octadecyl, and the like; aryl radicals
such as phenyl, naphthyl and the like; aralkyl radicals such as benzyl,
phenylethyl, triphenylmethyl, and the like; alkaryl radicals such as
tolyl, xylyl, and the like; alicyclic radicals such as cyclopentyl,
cyclohexyl, 1-methylcyclohexyl, cyclooctyl, cyclohexylethyl, and the
like; alkoxy radicals such as methoxy, ethoxy, propoxy, t-butoxy, -
OCH5CH90OCHg3, (OCHCHg)9OCHg, (OCH9CHy)30CHg, and the
like; aryloxy radicals such as phenoxy and the like; as well as silyl
radicals such as -Si(CHg)g, -Si(OCHg)g, -Si(CgHr)3, and the like;
amino radicals such as -NHy, -N(CHg)g, -NHCH3, -NH(CzHg),and the
like; arylphosphine radicals such as -P(CgH5)2, and the like; acyl
radicals such as -C(O)CHg, -C(0)C9Hjz, -C(O)CgHyp, and the like;
carbonyloxy radicals such as -C(O)OCHg and the like; oxycarbonyl
radicals such as -O(CO)CgHp, and the like; amido radicals such as -
CONHj, -CON(CHg)9, -NHC(O)CHg, and the like; sulfonyl radicals
such as -S(0)9CoHjg and the like; sulfinyl radicals such as -S(O)CHg
and the like; sulfenyl radicals such as -SCHg, -SCoHjg, -SCgHp, and
the like; phosphonyl radicals such as -P(OXCgHg)g, -P(O)(CH3)g, -
P(0)(CoHg)g, -P(0XCgHr)g, -P(OXC4Hg)g, -P(OXCgH13)9, -
P(O)CH3(06H5), -P(O)YH)(CgHs), and the like.

Specific illustrative examples of such organophosphite
ligands include the following:
2-t-butyl-4-methoxyphenyl(3,3'-di-t-butyl-5,5'-dimethoxy-1,1'-biphenyl-
2,2'-diyl)phosphite having the formula:
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Ligand C

6,6 -[[3, woddeses 1-di nethyl ethyl)-5,5" -di met hoxy-[1, 1' - bi peeisbderdss’ -
di yl ] bi s(oxy) | bi s-di benzo[d, fl [1, 3, 2]di oxaphosphepi n having the

formul a: [err]

6,6'-[[3,3,5,5 -tetrakis(1,1-dinethylpropyl)- [1,1"-biphenyl] -2,2"-
diyl ] bi s(oxy)]bis-dibenzo [d,f] [1,3,2] dioxaphosphepin having the
formul a: [er] -09- -55-

P—O OCH,

Ligand A

methyl(3,3'-di-t-butyl-5,5"-dimethoxy-1,1"-biphenyl-2,2'-diyD)phosphite
having the formula:

Ligand B

6,6'-([4,4"-bis(1,1-dimethylethyl)-[1,1'-binaphthyl]-2,2'-diyl]bis(oxy)]bis-
dibenzold,f]{1,3,2])-dioxaphosphepin having the formula:
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[er] 6,6'- [[3,3,5 5 -tetrakis(1,1-dinethylethyl)-1,

1' - bi phen di yl ] bi s(oxy) | bi s-di benzo[d, f]
[1,3,2]- d?/‘(k)léagﬁgsg%hepl n having the formul a: PCT/US98/07358
[err] Li gand F

(2R, 4R)-di[2,2'-(3,3",5,5 -tetrakis-tert-anyl-1,1"-bi phenyl)] -2, 4-

pentyl di phosphite having the fornul a: 54
ey~ e
(o p ] o<
P P.
/ AN
(o o~
Ligand C |

6,6'-[[3,3'-bis(1,1-dimethylethyl)-5,5'-dimethoxy-[1,1'-biphenyl]-2,2'-
diyllbis(oxy)]bis-dibenzo[d,f][1,3,2]dioxaphosphepin having the

formula:
OCH; OCH;3
CH3
CE:“ @ @ - CHa
o \p
o/ S0 07 0
Ligand D

6,6'-[[3,3',5,5'-tetrakis(1,1-dimethylpropyl)-[1,1'-biphenyl]-2,2'-
diyl]bis(oxy)]bis-dibenzo[d,f][1,3,2]dioxaphosphepin having the
formula:
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- 56- [err] (2R 4R) - di

2,2'-(3, 3" woosmaskgt rakis-tert-butyl-1, 1" -bi phenyl)]-2, 4- PCT/US98/07358
pentyl di phosphite having the fornmula: [err]

(2R, 4R)-di[2,2'-(3,3" -di-anyl -5,5" -di net hoxy-1, 1' - bi phenyl )] -2, 4-
pent yl di phosphite having the fornmula:

-55-

CHSCHZ ~

g 0 o) CH,

o000

Ligand E

6,6'—[(3,3‘,5,5'-tetrakis( 1,1-dimethylethyl)-1,1"-biphenyl]-2,2'-
diyl]bis(oxy)]bis-dibenzo[d,f]l(1,3,2])-dioxaphosphepin having the
formula:

CHsu. ,CHq
CH,—C — CH,
rd CH,

CHa\ @ @ /CHy
CH,;—C v CHs
cHf je, O CH,

P\ P\
o "o o7 o
Ligand F

(2R,4R)-di[2,2'-(3,3',5,5'-tetrakis-tert-amyl-1,1'-biphenyl)]-2,4-
pentyldiphosphite having the formula: |
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-57- [err] (2R 4R) - di

2,2" - (3, 3w -butyl-5,5" -dinethyl-1,1"-bi phenyl)] -2, 4-
pent yl di ph%'g)'pyﬁ{“ ;;’eéhavi ng the forml a: [err] PCT/US8/07358
(2R, 4R)-di[2,2'-(3,3" -di-tert-butyl-5,5"-diethoxy-1,1"-bi phenyl)]- 2, 4-
pent yl di phosphite having the fornmula:

-56-

9 C(CHg)2CaHs
C(CHa)2C2Hs

C(CHg)oCoHs
CoHs(CHg)eC  C(CHa)2CoHs
Ligand G

(2R,4R)-di[2,2'<(3,3',5,5'-tetrakis-tert-butyl-1,1'-biphenyl)}-2,4-
pentyldiphosphite having the formula:

CH%%

C
' ﬁCHZ‘CH’ *
c
C(CHYs O 0 C(CHY,

(CHyC o--(l)l3 PI_ O 6 C(CHy);
C(CHys
(CH)C C(CHy; C(CHy);
Ligand H

(2R,4R)-di[2,2'-(3,3'-di-amyl-5,5"-dimethoxy-1,1'-biphenyl)]-2,4-
pentyldiphosphite having the formula:
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- 58- [err]

(2R, 4R) - di W 98146663, 3' -di -tert-butyl-5,5"-diethyl-1, 1" -bi phepgrakostorsss
pent yl di phosphite having the fornmula: [err]

(2R, 4R)-di[2,2'-(3,3" -di-tert-butyl-5,5"-di methoxy-1, 1' - bi phenyl)]-2, 4-
pent yl di phosphite having the fornmula:

-57-
CH% CHs
/
C2Hs(CHy) gH P(CHalCoHs
o-P A= OCHg
o
C(CHg),CoH
CHO C2H5(CHy)C OCHq

Ligand I

(2R,4R)-di[2,2'-(3,3"-di-tert-butyl-5,5'"-dimethyl-1,1'-biphenyl)}-2,4-
pentyldiphosphite having the formula:

CH CH
C(CHas O C(CHg)s
P

o— —
C(CHa)s

Ligand J

(2R,4R)-di[2,2'-(3,3'-di-tert-butyl-5,5'-diethoxy-1,1"-biphenyl)l- 2,4~
pentyldiphosphite having the formula:
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-59- [err]

6-[[2" - 4“,% 1-di nmet hyl ethyl)-1, 3, 2- benzodi oxaphosph (Vﬁi é ] -

3,3 -bis(1 Sgl raréést%hyl et hyl)-5,5" -di net hoxy[ 1, 1' - bi phenyl ] QJ sé#( ‘ﬁé% 8-

bi s(1, 1-di met hyl et hyl ) - 2, 10- di net hoxydi benzotd, f] [1, 3, 2] di oxa-

phosphepi n having the forrrul a: OCH3 OCH3

[err]

6-[[2'-[1, 3, 2- benzodi oxaphosphol - 2-yl ) oxy] -83-3' - bi s(1, 1-di net hyl et hyl ) -
-di met hoxy[ 1, 1, "' - bi phenyl ]-2-yl | oxyl -4, 8-bi s(1, 1-di met hyl et hyl ) -2, 10-

CH% CH3

,CHy
CH
?

CH
(C"b)s C(CHy)s
CHCH,0 0— A~ 0 OCH,CHs
C(CHa)s

CHgCH;0 CCHIs  oCH,CH,

Ligand K

(2R,4R)-di[2,2'-(3,3"-di-tert-butyl-5,5'-diethyl-1,1-biphenyl)}-2,4-
pentyldiphosphite having the formula:

Cc
Haf.% ,CHy CHs

CH CH
C(CHy)a 9 9 C(CHa)3
CHCHs o-P A—0 ‘ CH,CHy
O 0] —
cicHls A
Ligand L

(2R ,4R)-di[2,2'-(3,3'-di-tert-butyl-5,5'-dimethoxy-1,1'-biphenyl)]-2,4-
pentyldiphosphite having the formula:
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di met hoxydi benzo[d, f] [1, 3, 2] di oxaphosphepi n having the fornmul a:
- 60- [err]
6-[[2 - (5¥928#8Fhyl - 1, 3, 2- di oxaphosphori nan- 2-yl ) oxy] - 3, FCHHYET358 _
di met hyl et hyl )-5,5" -di net hoxy[ 1, 1' - bi phenyl ] -2-yl]oxy]-4,8-bis(1, 1-
di met hyl et hyl ) - 2, 10- di net hoxydi benzo[d, f] [1, 3, 2] di oxaphosphepin
havi ng the fornul a:

-59-

CH&"’Q /CH{ ’CHS

‘CH CH
(CHa)a Q ('3 C(CHa)s
CHs0 o-P R—O OCHs
o) 0]
C(CHy)3
CHO C(CHs "o,
Ligand M

6-[[2'-[(4,6-bis(1,1-dimethylethyl)-1,3,2-benzodioxaphosphol-2-yl)oxy]-
3,3"-bis(1,1-dimethylethyl)-5,5"-dimethoxy(1,1'-biphenyl]-2-ylloxy]-4,8-
bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo[d,f][1,3,2]dioxa-
phosphepin having the formula:

OCH; OCHg3

{CH3)sC ‘ ‘ C(CHg)s
O O
C(CH3)s /
CH30 O O~ o G(CHals

~

Ligand N
6-[[2'-[1,3,2-benzodioxaphosphol-2-yl)oxy]-3,3'-bis(1,1-dimethylethyl)-

5,5'-dimethoxy{1,1'-biphenyl]-2-ylloxy]-4,8-bis(1,1-dimethylethyl)-2,10-
dimethoxydibenzo(d,f}[1,3,2]dioxaphosphepin having the formula:
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[err] 2'-[[4 ,8-Dbis(1, 1-dinethylethyl)-2,10-di met hoxydi benzo[d, f]
[1,3,2]- di oxaphosphepi n-6-yl] oxy]-3,3" -bis(1,1-dinethylethyl)-55"-
dinethoxyﬂﬂ?f&@“%§phenyl]-2-y| bi s(4- hexyl phenyl ) est er of Eﬁégﬁﬁﬁﬁﬁ%s
acid having the formul a: -61-

[err] 2-[[2-[[4,8,-bis(1, 1-di nethyl ethyl), 2,10-di net hoxydi benzo-
[d,f] [1, 3, 2]di oxophosphepi n-6-yl | oxy]-3-(1, 1-di net hyl et hyl ) - 5-

met hoxyphenyl ] net hyl | - 4- met hoxy, 6-(1, 1-di+@8 hyl et hyl ) phenyl di phenyl
ester of phosphorous acid having the formul a:

OCH3 OCH3
(CH3)sC ‘ ‘ C(CHa)a
A

@)
C{CHa)3 /
o0l -0
yd 0
oo Mo
C(CHa)s
Ligand O

6-{[2'-[(5,5-dimethyl-1,3,2-dioxaphosphorinan-2-yl)oxy]-3,3'-bis(1,1-
dimethylethyl)-5,5'-dimethoxy[1,1'-biphenyl]-2-ylloxy]-4,8-bis(1,1-
dimethylethyl)-2,10-dimethoxydibenzo[d,f][1,3,2]dioxaphosphepin
having the formula:

OCH,; OCH,4

(CHs)SCC(CH3)3
0 o

C(CH3)3 /
CHL0 O o ~O—CH,, _.CHg
/ P P\ Z\C\
O— ”~
CH4O Q 0 CH, ‘CH4
Ligand P

2'-[[4 ,8-bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo(d,f1{1,3,2]-
dioxaphosphepin-6-yl]oxy]-3,3'-bis(1,1-dimethylethyl)-5,5'-

dimethoxy([1,1'- biphenyl}-2-yl bis(4-hexylphenyl)ester of phosphorous
acid having the formula:
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[err] 3- et hoxy- 1, 3- cycl ohexanet hyl ene

tetrakis[ 3, 6-bis(1, 1-di nethylethyl)- 2- napht hal enyl ] ester of
phosphor o aving the fornmul a:
ferr] wgogg'%?g(l 1-di met hyl et hyl ) - 1, 4- phenyl ene t et raki 9|3 4 B &C1, °
di met hyl et hyl ) phenyl ] ester of phosphorous acid having the fornul a:
-61-
OCH3 OCHa,
(CH3)sC E E C(CH3)s
o) 0
C(CH3)s / \
CH30 O O /o@(on)SCHS
P P
e AN
CH30 O 0] 0 (CH2)sCH3
C(CH3)3
Ligand Q

2-[[2-][4,8,-bis(1,1-dimethylethyl), 2,10-dimethoxydibenzo-
[d,f1(1,3,2]dioxophosphepin-6-ylloxy]-3-(1,1-dimethylethyl)-5-
methoxyphenyllmethyl]-4-methoxy, 6-(1,1-dimethylethyl)phenyl
diphenyl ester of phosphorous acid having the formula:

C(CHg)s
Ligand R

3-methoxy-1,3-cyclohexamethylene tetrakis(3,6-bis(1,1-dimethylethyl)-
2-naphthalenyl]ester of phosphorous acid having the formula:
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[err] met hyl enedi - 2, 1- phenyl ene tetrakis[2, 4-bis(1, 1-
di net hyl et hyl ) phenyl] ester of phosphorous acid having the fornula:

[err] wd 98/4k56sDi phenyl ]1-2,2' -diyl tetrakis[2-(1,1-di th&%@sa*

met hoxyphenyl ] ester of phosphorous acid having the fornmula:

- 63- [err] Still other illustrative

or ganophosphorus |igands useful in this invention include those
disclosed in U S. Patent Application Serial No. (D-17459-1), filed
on an even date herew th, the di scl osure ®2-which i s incorporated
herein by reference. The netal -1igand conpl ex catal ysts
enployable in this

C(CHi)‘} & + (CHa)
ooy
(CHa)C C(CH3)

Ligand S

2,5-bis(1,1-dimethylethyl)-1,4-phenylene tetrakis{2,4-bis(1,1-
dimethylethyl)phenyl]ester of phosphorous acid having the formula:

C(CHa)s
(CH3)3C-©—O P o o—p O—Q—C(CH3)3
C(CH3)s C(CHj)g C(CHg)s
2
Ligand T

methylenedi-2,1-phenylene tetrakis[2,4-bis(1,1-
dimethylethyl)phenyl]ester of phosphorous acid having the formula:

@@

cHae<_H— P—to—_D-cioHas
C(CHa)a |
2

C(CH3)s
{1,1'-biphenyl]-2,2"-diyl tetrakis{2-(1,1-dimethylethyl)-4-
methoxyphenyl]ester of phosphorous acid having the formula:

-0

Ligand U
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i nvention may be fornmed by nethods known in the art. The netal -

| i gand conpl ex catal ysts may be in honbgeneous or heterogeneous

form For woskaswse, prefornmed netal hydrido-carbonyl - PCT/US98/07358
or ganophosphorus |igand catal ysts nay be prepared and introduced
into the reaction m xture of a hydroformnyl ation process. Mre
preferably, the netal-ligand conplex catalysts can be derived froma
netal catal yst precursor which nay be intrquced into the reaction
medium for in situ formation of the active atal yst. For exanple,
rhodi um cat al yst precursors such as rhodi um di car bonyl

acetyl acetonate, Rh[err](err], Rh[err](COJ[err], Rh[err](COJ[err],
Rh(NO[err])[err] and the | i ke mgy—be ipatRoduced into the reaction

m xture along with the or ganoph y gand for the in situ
formati on of the active cat al yst 5/ ef erred enbodi nent of this
I nvention, rhodium di car bonyl _acet@l acgtonate is_enpl oyed_as a

r hodi um precursor an actedlin t&e pLesenc o®‘ Elnt with the
or ganophosphorus lig =0 toY orjm a ‘cat al yti hod 0 ‘3 Adphosphor us
| i gand conpl ex precurso ¢l is introducgd in readt or al ong
W th excess free organo%‘%@ﬁﬁ’c,rus | i gand fqr thgﬂpﬁ;&i‘?tu flar mati on
of the active catalyst. In any®event, it is sufficient for“the
purpose of this invention Ligand V - 64-

t hat carbon nonoxi de, hydrogen and or ganophosphorus conpound are all

| i gands that are capable el |l exed with the t al,. and, t hat. an
active netal -organophosphﬁ%ﬁ of;ﬂ%gﬁﬁi%g@éyg,g{gq@pﬁp@gﬁe s ligands ?Seeggﬁrbn
m xture under t thi<chndintionninchsdathosetdiscloyed i O #yPatendApalietionSerial
More particul arl g tepre 0 | L c .
consi sting esser%\:ta‘?'a@ ;él%?ééﬁ’s% gb‘l)clflaggé’(y e%e@?ﬁigﬁgvg%gpﬁlg%gﬁsgéc%glﬁ%gv#dch
conpl ex precursosmmrabwmdme_mbnmfergoceﬁent and free organophosphorus
ligand. Such precursor conpashidtans Hﬁ&&&ﬁéﬁ&ﬁﬁé,ﬁs%kﬁdﬂoﬁfhﬁﬁﬁﬁﬁéUt'0“

O e e e Lo i h ar e R % &
l'igand as defi nqghhfaY &iripleArtataliistabify Beirhosiogehbogs sPhetdragenansbe
enployed, e.g. rtgxgrgll. Yor instance, preformed metal hydrido-carbonyl-

organophosphorus ligand catalysts may be prepared and introduced

into the reaction mixture of a hydroformylation process. More

preferably, the metal-ligand complex catalysts can be derived from a

metal catalyst precursor which may be introduced into the reaction

medium for in situ formation of the active catalyst. For example,

rhodium catalyst precursors such as rhodium dicarbonyl
acetylacetonate, RhoOg, Rhy(CO)19, Rhg(CO); g, Rh(NOg)3 and the
like may be introduced into the reaction mixture along with the
organophosphorus ligand for the in situ formation of the active
catalyst. In a preferred embodiment of this invention, rhodium
dicarbonyl acetylacetonate is employed as a rhodium precursor and
reacted in the presence of a solvent with the organophosphorus ligand
to form a catalytic rhodium-organophosphorus ligand complex
precursor which is introduced into the reactor along with excess free .
organophosphorus ligand for the in situ formation of the active
catalyst. In any event, it is sufficient for the purpose of this invention
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di carbonyl acetylacetonate, Rh[err]Jerr], Rh[err](COJ[err],
Rh[err] (CO[err], Ran(NO[err])[err], and organophosphorus |igand rhodi um

car bonyl hywdrasdesss Car bonyl and or ganophosphorus |igands, iptTRSbs/@Bsseady
conplexed with the initial netal, nay be conplexed to the netal either
prior to or in situ during the hydrofornylation process. By
way of illustration, the preferred catal yst precursor conposition of this
i nvention consists essentially of a solubiljzed rhodi um carbonyl

or ganophosphorus |igand conpl ex precursor @ét‘al yst, a solvent and free

or ganophosphorus |igand prepared by form ng a solution of rhodium

di carbonyl acetyl acetonate, an organic solvent and a |igand as defined

herein. The orgaflophasbbe hndxids hydregeh hiid oeghratospherey cdmipowed beay|
tenperature as Wil EA008 BoY pRECARRITEOF B CuRsBRt ROfb FRo B AL and that
substitution reaaniactivemyetiab-of gaxidphioapharun/ligeret catglystds poessntdn the
desired. Ay sultallendhaancunly B chiithihs b th hbeviborlam ahaar Lony!

acetyl acetonate co 108X precursor and I 'um or ganopho orus I gand
conpl ex precursoreag l@nsol ubl e can be enpl oyed. The anounts of rhodi um

conpl ex cat al yst precur sorpops gpglg?lgﬂlylgr’gatéﬁﬁ FERROBNER 6§1lei§ncanbe

- 65- | igand, as well as.thel r nts prese

catal yst precur slrmedgeasist 4%&1%3823913@5\}%%@11%‘1 ybiliged aa &r%flqn%%eﬁam nts

enpl oyabl e in t hggdwdleor léwi}ﬁcuﬁs”bmra%ls»%s & otdiindc kolvent had fr@xperl ence

has -shown t hat t?r}% acgi)é cet (Pjiltag]te I%@é‘cﬁggéﬁ%s?%%at% S

repl aced after t er ent

Itlhgandt e.g., h?/pln'queed bgefohnmgmlsokﬁ:ﬂm of a ameggahsigirtisgmaterial, gachiastao form
e active conp n S,

the acetyl acet on‘g‘)émﬁl%ﬁhé{%%‘ﬁ%eg%@n@ %rasl%?éégﬁ sag&#ﬁr&?aw}ﬂwﬂﬁa’o br-iay>

hydr of or ny| at i onnetopelin femplexscomshinationfwibm a hgam@aétdeﬁnedrémram WABJ t he

product al dehydesﬁ@éﬂle%ﬂé’taﬁ'@%@rtir% IhtBAalBaydsd EmPEed, el rhb§ium
A yet ¢ precor UBRRIT acltialitbndte, RY &Q’fﬁrﬂzﬁg@‘iaiﬁﬁgk‘?ﬁﬁﬁqgﬁheéf ficient

cat al yt i C precursor co OS I ons rovi
met hod for hand|Rh@\IDt;é3,racudjmmnpphgspms&aamd chodivpdeagbonyh

St' art-up. Carbonyl and organophosphorus ligands, if not already complexed with

the initial metal, may be complexed to the metal either prior to or in
situ during the hydroformylation process.

By way of illustration, the preferred catalyst precursor
composition of this invention consists essentially of a solubilized
rhodium carbonyl organophosphorus ligand complex precursor
catalyst, a solvent and free organophosphorus ligand prepared by
forming a solution of rhodium dicarbonyl acetylacetonate, an organic
solvent and a ligand as defined herein. The organophosphorus ligand
readily replaces one of the carbonyl ligands of the rhodium
acetylacetonate complex precursor at room temperature as witnessed
by the evolution of carbon monoxide gas. This substitution reaction
may be facilitated by heating the solution if desired. Any suitable
organic solvent in which both the rhodium dicarbonyl acetylacetonate
complex precursor and rhodium organophosphorus ligand complex
precursor are soluble can be employed. The amounts of rhodium
complex catalyst precursor, organic solvent and organophosphorus
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wonpm Setsa . e

Accordingly, the netal-ligand conplex catalysts used in the process of this
I nvention consists essentially of the netal conplexed with carbon nonoxi de

and a |igawehosmgded | i gand bei ng bonded (conpl exed) to the rEiPhsok/d7ids
chel at ed and/ or non-chel ated fashi on. Moreover, the term nology "consists

essentially of", as used herein, does not exclude, but rather includes,
hydr ogen conpl exed with the netal, in addition to carbon nonoxi de and the
or ganophosphorus |igand. Further, such term nol ogy does not exclude the
possibility of other organic |igands and/ or%nions that might also be
conplexed with the netal. Materials in anmounts which unduly adversely

poi son or unduly deactivate the catalyst are not desirable and so the

catal yst most degydabl g wallidsahehf praBhal ciBd dimeHe phUsir AR thtlyst

carbonyl ligands of an active netal-li1gand conplex catal yst be present

, nmay
as a result of DRTESYTIQTLARROSIEONYmMAY GopPusly correspan It9§ OSFHMSHNLY o

result of in si Fém}gwgiﬁlbﬂé g th&hgdrofoaylatidhprdtess 60tHis dRvertigrion nonoxi de
gases enpl oyed Idﬁ r of E this i

Ae ot ed e hy dOPR R hRL AR dRE S AReiHadetoRese el SEheararursagang

conpl ex cat al ystcatalydtss refladed after the Bydeoforsxylation process has begun with

- 66- m Xt ur es . Ly st | so I f. desired. The
anount of netal é?Pl%fgn IB(t:g gkg‘fé’t}gt’?d}gge%’r%%@H?%éggﬁgero%act i on nmedi um of a
gi ven hydr of or myrganophespluarius digand to fivryn bhe aptive complereatadysttasnecessary
to provide the g gl 0 : ] ' -whi ch
wi Il furnish thgé%g%iﬂs&f%éov%f %ggagéﬁ%%g&égﬁg(?%? ?’cﬁgﬁ%gﬁgg%%}ég%}??ﬁé%ssar y

to catal yze the f5eed from the pyeswser agtadystamdardendreformylatipn gonditipnssis
di scl osed e.g. ipnmhedRortthdPictidnade@RifWith the pd6@eitdldehde Sat andst

by el ght . Or gartpitaBTRaEeY Cpdnmensante hE RprEyermy R e Tasee. ReRFtned
catalysts in a neflsaichrpieferred rhodiemalcbimplen oatabptié pPecuriorocorhpssitibns about
10001 o 9128 oy, ERAIKFARGED AR bl BRI P |
general , the or gdedpwosprtesnusor ingtaldrsbhydrofermnylationnstart-up.
Accordingly, the metal-ligand complex catalysts used in

the process of this invention consists essentially of the metal

complexed with carbon monoxide and a ligand, said ligand being

bonded (complexed) to the metal in a chelated and/or non-chelated

fashion. Moreover, the terminology "consists essentially of", as used

herein, does not exclude, but rather includes, hydrogen complexed with

the metal, in addition to carbon monoxide and the organophosphorus

ligand. Further, such terminology does not exclude the possibility of

other organic ligands and/or anions that might also be complexed with

the metal. Materials in amounts which unduly adversely poison or

unduly deactivate the catalyst are not desirable and so the catalyst

most desirably is free of contaminants. The hydrogen and/or carbonyl

ligands of an active metal-ligand complex catalyst may be present as a

result of being ligands bound to a precursor catalyst and/or as a result

of in situ formation, e.g., due to the hydrogen and carbon monoxide

gases employed in hydroformylation process of this invention.

As noted the hydroformylation reactions involve the use of
a metal-ligand complex catalyst as described herein. Of course
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hydr of ormyl ati on reacti on m xtures may range from between about 0.005 and
25 wei ght percent based on the total weight of the reaction m xture.

Pr ef er abl ywoms/dbségand concentration is between 0.01 and 15pe@hmbioRed cent,
and nore preferably is between about 0.05 and 10 wei ght percent on that

basi s. In general, the concentration of the netal in the
hydr of ormyl ation reaction m xtures nmay be as high as about 2000 parts per
mllion by weight or greater based on the weight of the reaction m xture.

Preferably the nmetal concentration is bet wB8n about 50 and 1000 parts per
mllion by weight based on the weight of the reaction m xture, and nore
preferably is between about 70 and 800 parts per mllion by weight based on
t he Y\e: ght gf thﬂmtﬁmd'l d)ﬁxlmchi Ofattfury@ts <|:a_1n alsg be empldjae_ﬁqgﬂééii?eﬁﬁ.t Thihe

nmetal -1igand conpl ex .cat al yst ree ligan . e, i gand, that .| s not

conpl exed with ﬁ%o%tt %It’}leﬁi}i%a}%‘gc%@p%?‘é?@%ysfﬁfﬁ?ﬁH’;’/gh‘c’)?e‘i“iﬂqrht i on

reacti on nmedi ummatiani pfe givgahydrafyrmylatiaprendtion reoed aily beehabove- def i ned
ligands di scusseghaboye a%o%%%%ﬁeﬂr%’vﬁe é}{e éi%exq %&t% Egﬁjcetnrﬂzaattiérp e free

| i gand be the sane as

-67- t hdlepirgd e befemployad waid- whighnailt fummish thebasig for atisdasy thie
However, i SaeisntnGed ' ' rocess. The
hydr of or myl at i oﬁar%{elghtb%o may | nsgltneggﬁa?g t?%ggar%‘g?%g{yg%%ﬁgﬁgr of :

Ve U . :
free |igand per Bydrefosmy wreapt%wwﬁm_dqumsgdxsehseé_sc& ite thenabpven
Preferably the hyslitidrsdpatRintonis ?aﬁém,r\th&ca(t_alysvc%dné%ﬁtrwoﬁ laﬂnl%ﬁgénce
of fromabout 0,25 to aggut ?0 no .oftocoordl nat abl e@ghos horus, and
more pref er abl y 5B SFYE Paﬁ.%p?romgﬁ’&ﬁ‘t_ fﬁ?vﬁﬁlé%erﬁ?mc V&gt abl e
phos p?or u ? per |®_J1ganop}|meqﬂmlrup ligands can Hetmnhph@@ﬂuﬁ][th@%wtmméﬂiéhed t
amount s of coor - ; in sum,of . bot e moun
of coor di nat abl g“}’?}%‘?gﬁgr{@%? %ﬁféﬁ'@oﬁgﬂhﬁa}l&r g e%Pé)&l)tlbr%th{gess to aboply 5
present and thelf r greater eTlia catalpsiptomcenirativorwilhbe dependent on the
phosphor us pr esaglroftFmyRitiGE red&id;letﬁiﬂ%ﬂonﬂﬁﬁ'sﬂﬂle%t .e?rgﬂh,g%&’. nal

led to t

coor di nat abl e phosphorus can be supp 0 e reactio 'um of
the hydrofornyl ati on react®8fnaralathe exganophasphorasligand comcentrationin

e.g. to maintai hydrifopaglaish pesttioeVv@lixtired hefy F o bdthReh oot ON
0.005 and 25 weight percent based on the total weight of the reaction
mixture. Preferably the ligand concentration is between 0.01 and 15
weight percent, and more preferably is between about 0.05 and 10
weight percent on that basis.

In general, the concentration of the metal in the
hydroformylation reaction mixtures may be as high as about 2000
parts per million by weight or greater based on the weight of the
reaction mixture. Preferably the metal concentration is between about
50 and 1000 parts per million by weight based on the weight of the
reaction mixture, and more preferably is between about 70 and 800
parts per million by weight based on the weight of the reaction
mixture.

In addition to the metal-ligand complex catalyst, free
ligand (i.e., ligand that is not complexed with the metal) may also be
present in the hydroformylation reaction medium. The free ligand may
correspond to any of the above-defined ligands discussed above as
employable herein. It is preferred that the free ligand be the same as
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medi um As indi cated above, the hydrofornylation

catal yst may be I n heterogeneous formduring the reaction and/ or

duri ng t hewo osliésés separation. Such catal ysts are parpdtuSaioriss
advant ageous in the hydr of ormyl ati on of ol efins to produce high
boiling or thermally sensitive al dehydes, so that the catal yst may be
separated fromthe products by filtration or decantation at |ow

t enperatures. For exanpl e, the rhodi glcatalyst may be attached to a
support so that the catal yst retai ns¥ts solid formduring both the
hydr of or nmyl ati on and separation stages, or is soluble inaliquid
reacti on nedi um at high tenperatures and then is precipitated on

cool i ng. Ced ont the ligand ofthepﬁaeﬁdlt-lhédr&diwmblé)mathh%t relmplbgeﬂ CBI(o&}eW%i' nmay be
i npregnat ed onto_a or such_as_inorgani c_oxi de

al umina, silica,54 ?’tyl Lé%ﬁ) TR ths sameny, Aoy, VFBrPrB‘k‘?ﬁ“‘faZBée resins.

The catal yst nnyh;hh‘oﬁ:mgdatxeﬂ reaction may involvaupdoilidi meldsher higher, of , a
ool 11e Of o 5%l igaSALRL XSbio i a3 o B Rt il rL A Cbb . |

coating the pores sal I'te SS e-su
98/ 46565 Preferably the hydroformylatmn reaction is cargigd out in the prmmbyst S

are particul arl yé‘?ﬂé&ﬁ"&b%%@‘% (Péb{ﬁé{g?@%&lgs QPSo Hlﬂﬁ’c%tﬁle phos hogl'us an

regl oi soreric al es 1n eterm ne

size of the zeo|m9eepnaferqléz|£m1wb9ut8r §®9b@wt301§u&a$ af wrélreﬁ#ablﬁ i ds
such as inci pi er§ hdy?ham ei"ﬁio@é‘oﬂﬂéta esRAY tRe FéttRrskiedhad; saidt he

art. The solid cat us for till, be c rrpl exe one or
nmore of the Ii geﬁﬂigu%fesf‘? %‘B@@ Ijg?ép?‘ﬁwsbhgmgf gp\l\%‘gﬁ al ysts
may be found in afrﬁbuﬂ%eﬂ’r(ﬁdoedmhtaw phésphord®tHat iéCbmﬂﬁB(-cBﬁﬁaleﬂai)ab the
Lett. 1991, 8, 209; t 91, 2

Nature, 1989, 339 i3} bﬁ%‘é‘ %‘%&ﬁp“’%’gg}e% “5%59@%3&)1“%% {natable

1987, 39, 243- Zaﬂmsphorus present. Of cour§ehaf dbmded;rma]ae-alp)mtadrhylobel attached
toathin film %ﬂbf . or
pol yphenyl enesul ordmatabl Sgﬂges E@rgf)fa Suﬁﬁ ﬁgé%’zﬁggk{ey&gﬁ? R%a%%a& 1990,
63, 213-221. the hydroformylatmnmecﬁimmt @mycfam%xyhmapy saitablesisaacro an

i nsol ubl e e.pOloViRIntai® ﬁ&ﬁ‘éﬂ&téﬁ’ﬁ:@x@ahe%l ATEREAE PR ER & Ped@idnai Ni Ng
| i gand, suc as a phosphi ne or phosphite, incorporated into the

pol ymer. Such ™€
As indicated above, the hydroformylation catalyst may be

in heterogeneous form during the reaction and/or during the product
separation. Such catalysts are particularly advantageous in the
hydroformylation of olefins to produce high boiling or thermally
sensitive aldehydes, so that the catalyst may be separated from the
products by filtration or decantation at low temperatures. For
example, the rhodium catalyst may be attached to a support so that
the catalyst retains its solid form during both the hydroformylation
and separation stages, or is soluble in a liquid reaction medium at high
temperatures and then is precipitated on cooling.

As an illustration, the rhodium catalyst may be
impregnated onto any solid support, such as inorganic oxides, (e.g.,
alumina, silica, titania, or zirconia) carbon, or ion exchange resins.
The catalyst may be supported on, or intercalated inside the pores of, a
zeolite or glass; the catalyst may also be dissolved in a liquid film
coating the pores of said zeolite or glass. Such zeolite-supported

SUBSTITUTE SHEET (RULE 26)



pol ymer - supported |igands are well known, and include such
commercially available species as the divinyl benzene/ pol ystyrene-
suppor t ed ¢ bflgdgy/! phosphi ne. The supported ligand is not par; m.,%\é
the choi ce of polynmer or phosphorus-containing species incorporate
into it. Descriptions of polyner-supported catal ysts nmay be found in
for exanple: J. M. Cat. 1993, 83, 17-35; Chentech 1983, 46; J. Am

Chem Soc. 1987, 109, 7122-7127. In the heterogeneous
catal ysts descri bed above, the cat #8tst may remain in its

het er ogeneous formduring the entire hydr of or myl ati on and cat al yst
separation process. |In another enbodi nent of the invention, the

catal yst may beca%lawé%sfa%g pAPtifularly advaiflafdbis Mipibdudife ol diahdre of its

nmol ecul ar wei ght reaction nedrfum at el evated

tenper at ures, bIRSipisaRIeEIG 3 EeiébY@ﬁ?ﬁ)W high selegtyaty, g, detenminesdchy thepergy

catal yst separ agizef the zeslne. rmeécﬁﬁxﬁaégﬁi%uppomng cataBysts Salsefids,
pol yrer - supported cat al%}slits are descr,

Pol
1992, 33, 161; Suchs 1ent Wi g?‘é’éﬁ%eigb"mt“hmm 5’0% e

- 69- art. The solid \M&ﬂh yéﬂﬁxﬂsﬁbﬂmudlmay ati}lde domnplexed ketleong @lﬁﬁous

or suppo . € rLl ou ase

due to PR oE R G biehfill ARARN BBolS., TRSEhEHaRY be Stk Tif Lalped

deconposi ti on omay be foundria fiometampla:l «HeMyHeCata[lB@l Tth 863368, Gatakmy t hen

be separated f rg 1991, t%@ C(?.ﬁ Tt"ﬁléted[%f‘{ |1g9r1a;w§nzﬂ zgn?cant ation.
I N

Pent enoi ¢ acid ts use processes are
known materials &ﬁ’érsz}@ Qe3§9€‘b‘%& é§5bﬂ} @ﬁtﬂl 985 96h§§3t§'<7y3€efr BalyCati on and
neutralization s¢gpspgleagresmd above or by conventi onal nethods.

e e o o FB shedin gatalppbrhay be attadid A B B er
hydr of or nyl at i omesilefanesupport) &mh\dsyced:lluﬂésMetmqummyphenylenmmme anmount
el ectiviti es, a8 QUGB o UBhire 3o Bl o BOPRRZRL 1 o1 condi 11 ons
may i ncl ude any suThelrhediumeatalsbfayrhd aitachedtnam insolubleer et of ore
T e T ] e L
hydr of or nyl at i offch as a phosphine or phosphite, mcorporated into the polymer. S
polymer-supported ligands are well known, and include such
commercially available species as the divinylbenzene/polystyrene-
supported triphenylphosphine. The supported ligand is not limited by
the choice of polymer or phosphorus-containing species incorporated
into it. Descriptions of polymer-supported catalysts may be found in
for example: J. Mol. Cat. 1993, 83, 17-35; Chemtech 1983, 46; J. Am.
Chem. Soc. 1987, 109, 7122-7127.
In the heterogeneous catalysts described above, the
catalyst may remain in its heterogeneous form during the entire
hydroformylation and catalyst separation process. In another
embodiment of the invention, the catalyst may be supported on a
polymer which, by the nature of its molecular weight, is soluble in the
reaction medium at elevated temperatures, but precipitates upon
cooling, thus facilitating catalyst separation from the reaction mixture.
Such "soluble" polymer-supported catalysts are described in for
example: Polymer, 1992, 33, 161; J. Org. Chem. 1989, 54, 2726-2730.
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process may range fromabout 1 to about 10,000 psia. In general, the
hydr of ormyl ation process is operated at a total gas pressure of

hydr ogen, wardsmasesssonoxi de and all other conponents of | ess rdTWws98/07358
about 1500 psia and nore preferably | ess than about 1000 psia, the

m nimumtotal pressure being limted predom nately by the anmount of
reactants necessary to obtain a desired rate of reaction. The total
pressure enployed in the hydrofornylation reaction nay range in

general from about 20 to about 3000 psia, '&%éf erably from about 50 to
2000 psia and nore preferably fromabout 75 to about 1000 psia. The
total pressure of the hydrofornylation process will be dependent on the

pﬁrtiCULar cat al _y;t SySt_efWﬁhIEﬂWhEQ(ll-odit%m catalystishinahc?teﬂdgéf ﬁe?mwpﬁfically,
t he carbon nonoxi de partia essur.e o . t.he RQf or thon
reaction in geneﬁ%pogrgesﬁ ﬁpﬁlﬁbgﬁ?r’%ﬁ‘fté%lﬁcafqe(ﬁl out in t%asggfﬁyl%@%%‘ﬁ ¥ and
preferably fromthedhighdoilinglpoirts bfdhe productahahe to avoid dedvepositioy efi
partial pressureyl r e

P70- " about 303&6&@2?%%@8%%?’;‘% oA mdy ten be separated from | | |
general , the nolthe praduet mixewedoniibvaien ¢s decantatidus hydr ogen may range

from about 100:1 or great eperitanaRomtiq baktdQsetul ifsthe HytoRsralAatise car bon
nonoxi de to -gaseous hydrogen nolar ratjo being_tfrom ab&{)wh:llo to about

10: 1. The car borPTREPRSRE @& kmewiymatexalsand can bgmrepar ¢ be dependent
in part on the Wdrbﬁ}t'éa&*boﬁﬁla%idfﬁhn& yieueralpiaticyedps described above é@kbpon
nonoxi de partial pressure, s lﬂ%bﬁ s%tlflcuegt for the.h droforrrgl atj on
reaction, e.g., vﬁnﬁgﬂ?]eml ody; Heachion myxiunes coMRFLTIDE RERERQIC 254G | 1o
occur at an accegiisanayrbetwsefabhereih. Theextvant of pehtenwicacidsaltat e and/ or
nor mal / br anched LAt e o

parti al pre’ssuree%tg)ggggnstg%’fl}g’%fg&ggﬁﬁﬂée%%rlgétgl?%f)g@ Sﬁ%ggggggﬁnt o]
occur at an acceye amy emound sufficiend to prodregHformylvalpric agith aaltepreferably t i ng
materials and i qhq{igﬁcgeﬁ; iti@§. 1 sonerization of internediates to undesired
I somers, occurs. It 1s understoqQd that_ carbon npnoxide and hydro?e can be
enpl oyed separately, in nikeehydrpformglationteastion canditignsmusking , or
may be produced dhy sihitablentgpe Hydaeforfiylatiodicbh@itfons heretofore employed for

producing aldehydes. For instance, the total gas pressure of hydrogen,

carbon monoxide and other components of the hydroformylation
process may range from about 1 to about 10,000 psia. In general, the
hydroformylation process is operated at a total gas pressure of
hydrogen, carbon monoxide and all other components of less than
about 1500 psia and more preferably less than about 1000 psia, the
minimum total pressure being limited predominately by the amount of
reactants necessary to obtain a desired rate of reaction. The total
pressure employed in the hydroformylation reaction may range in
general from about 20 to about 3000 psia, preferably from about 50 to
2000 psia and more preferably from about 75 to about 1000 psia. The
total pressure of the hydroformylation process will be dependent on the
particular catalyst system employed.

More specifically, the carbon monoxide partial pressure of
the hydroformylation reaction in general may range from about 1 to
about 3000 psia, and preferably from about 3 to about 1500 psia, while
the hydrogen partial pressure in general may range from about 1 to

SUBSTITUTE SHEET (RULE 26)



Further, the hydrofornylation process may be conducted at a reaction
tenperature fromabout 20[err]C to about 200[err]C, preferably from about
SO[err] C twoakesks 150[err] C, and nore preferably from aboupbcpRsedirssadout
115[err] C. The tenperature nust be sufficient for reaction to occur (which
may vary with catal yst system enployed), but not so high that |igand or

cat al yst deconposition occurs. At high tenperatures (which may vary with
catal yst system enpl oyed), isonerization of internediates to undesired

i somers may occur. O course; 79t is to be al so understood that
t he hydrofornyl ation reaction conditions enployed will be governed by the -
type of al dehyde salt product desired. The hydrofornyl ati on
reactions are alapgu€800y ﬁﬂddals{b?eﬁwﬁ%ﬁ?a%uw%rab%tqsosr;giw'fnsol vent

for the matal-llgandcrrple catal yst and free % Dependi'ng on the
particul ar cat algfaeralyhe molar ratxo $f carbon monoxlde ogaseous hydrogen may -

reactant s empl oyaige Sk abbat 00rGgreatert dboutcl morliﬁs, En@pRiferred
al cohol s, al kanes,, al kenes ers i gher” hoi i ng
al dehyde " conden$atheh %ése%? gXEE"geé’s’P@ a§' B@?gg‘? %ﬁ‘v ani nes,

aromatics and tHel0 td<eboxﬂn}0 uiThebéarbsnimemdixidbiand h:bah:agampaurndhl y

adver sel y | nt o1 (RLALL il AiAEg dEol oLy bakl 0 L SAEhIanorABabe

enpl oyed and su vent's ma ude ose ose ere connonly
enpl oyed in knompiey@ cat al yzed hydr of or myl ati on reacti ons. M xtures of

one or nore different sol gy g?lgle ddgg ?gmw&sgufpﬁéﬁqbé&ﬁgmqh W th

regard to the productlon of one _nay. cﬁﬁ oy al yde
aci d conpounds ¢be hydpefaamala t@@rwtméwd%f%e@temm agdsmlctdadesired to

be ItOL oduced andfgimyivelaic ?ﬁd'éam t8beaiysiean aeciplabRERBSBEE A6t Ky product s
as the main organjc _sol.vents

B e O e e Feachitn Bl SRUPEPEm AL brant LA A gl may
afccolr gl Egldy I : Ibaedmattmafecegpt{abbrlo@d Hyldwgmspm‘qmlcpmlsd bare Ilmishcbepr oduct i |) on

of al dehyde sa ne
esters ( )é g. %ﬁfﬁdg%g‘f&? tk%@ %?chxlygatl&‘f ?%g&%rfaﬁ O%‘r?\lg% 4 Jf%%gc?ﬁ E%ch ar bons
(e.g. nitr obenzéﬂ@} busmiet se 1'(1 ghat bydmgpnabmrd@tarmrg naa:td Syﬁn
1,4-butanediols ﬁ%@nﬁa‘dﬁﬂék%ﬁsomenzatmn of intermediates to undesired isomers,

occurs. It is understood that carbon monoxide and hydrogen can be

employed separately, in mixture with each other, i.e., synthesis gas, or
may be produced in situ under reaction conditions.

Further, the hydroformylation process may be conducted
at a reaction temperature from about 20°C to about 200°C, preferably
from about 50°C to about 150°C, and more preferably from about 65°C
to about 115°C. The temperature must be sufficient for reaction to
occur (which may vary with catalyst system employed), but not so high
that ligand or catalyst decomposition occurs. At high temperatures
(which may vary with catalyst system employed), isomerization of
intermediates to undesired isomers may occur.

Of course, it is to be also understood that the
hydroformylation reaction conditions employed will be governed by the
type of aldehyde salt product desired.

. The hydroformylation reactions are also conducted in the
presence of water or an organic solvent for the metal-ligand complex
catalyst and free ligand. Depending on the particular catalyst and
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Suitabl e solvents are disclosed in U S. Patent No. 5,312,996. The anmount of
sol vent enployed is not critical to the subject invention and need only be
t hat anountvosusisksesi ent to sol ubilize the catal yst and free pifppgskoisst he
hydrof ormyl ati on reaction m xture to be treated. In general, the anount of
sol vent. may range from about 5 percent by weight up to about 99 percent by
wei ght or nore based on the total weight of the hydrofornylation reaction
m xture starting material . In an enbodi ment of the invention,

t he hydrofornylation reaction m xture may cohisi st of one or nore l'iquid
phases, e.g. a polar and a nonpol ar phase. The reaction can be conducted in
a liquid phase fromwhich the product and/or catalyst can be separated by

STELaiél)ﬁ?a'n%ﬁs‘?“:g%?‘*s?’?%'°§ﬁ?' SRR organty %“qﬁﬂégﬁ;“‘éfgq& P Rbsses
-72- are often léi S: & e Br @Wé‘ﬁﬁ’lg eg% ehy Alpgom
cat SI ytst alnd/ ;)r alflahydgbsndbmsm?fdn bypwdwm {He@or%sl; b@trer@hﬁ%@desl Berditiyt | 03 o
product selectivjties de ent__up r ncrea se y
carryi ng out theélpéré%st' agﬁmlaglc Iﬂ’té@?ﬁ@g X'%égﬁﬁ I?H@’\ﬁﬁté%ﬂfﬁéjﬁ _
this technol ogy usdulyeadwpureelysnpérfers Wytdrtife)miryﬂxda&d hydndfonhyiatrm errpl _oy| ng
sul f onat ed phos 'aﬁo%x cﬁﬁ'ﬁesel%\?iol}f ?{lgugg %@h@}ﬁ olrnA{ O % carried

out in aqueous saol ven n eous e pr arati on of
al dehyde salts biigelgsed hﬁeetpfqrew@mna wpmwgrxatlgmwmha&sa@éym@st by

nder go sel f - conparonMylatRe HAtliond, MEkAE o of blle pPHAGE ISR dlvariad 10
aqueous sol uti on™&¥ iﬁfé"ﬁk&'@&&é@eﬁyﬁ‘ﬂagégeneml Wlth regardAg §8‘|° g@tgon

here:n the phowﬂmduhya@aélalsmmohbqafaﬁe of améﬁy&élauiawﬂf hﬁtagyl ation
catal yst may contain a substy t ue uch as cati c or
ani oni ¢ subst i t UEATEPO %ﬁf%t‘w}f‘? nﬁ@ﬁ?@gﬁ I‘fg tpif’ E‘Eﬁss% E}B’Fig’oll??%r

phase, e.g. watemnd/Gpbighexibojling apdelsyde liqait mnmsatmﬁtbmydhﬁsaéd;hd tO
the reaction mi actants, or
products into t)r(#elugg ég;{&@ eh@%ﬁs%é@&i nm% £|Itecu aixfﬁgyfl?gand or the
phase- transfer @@@anwfm ypmdtmtstcanaa,lsrahq mﬁomdpéddsl@ﬁdtahd usedi ce of

accordingly. Illustrative preferred solvents employable in the

production of aldehyde salts include ketones (e.g. acetone and
methylethyl ketone), esters (e.g. ethyl acetate), hydrocarbons (e.g.
toluene), nitrohydrocarbons (e.g. nitrobenzene), ethers (e.g.
tetrahydrofuran (THF) and glyme), 1,4-butanediols and sulfolane.
Suitable solvents are disclosed in U.S. Patent No. 5,312,996. The
amount of solvent employed is not critical to the subject invention and
need only be that amount sufficient to solubilize the catalyst and free
ligand of the hydroformylation reaction mixture to be treated. In
general, the amount of solvent may range from about 5 percent by
weight up to about 99 percent by weight or more based on the total
weight of the hydroformylation reaction mixture starting material.

In an embodiment of the invention, the hydroformylation
reaction mixture may consist of one or more liquid phases, e.g. a polar
and a nonpolar phase. The reaction can be conducted in a liquid phase
from which the product and/or catalyst can be separated by extraction
into a separate liquid phase. A product-containing phase may also
spontaneously separate during or after the reaction. Such processes
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conditions, reaction solvent, and desired products. When t he
catalyst is present in a nmultiphasic system the catal yst may be separated
fromthe ne@odsatss and/ or products by conventional mnethodsp&tgResaTiss
extraction or decantation. The reaction mxture itself may consist of one
or nore phases; alternatively, the nultiphasic systemnmy be created at the
end of the reaction by for exanple addition of a second solvent to separate
the products fromthe catal yst. See, for exanple, U S. Patent No.

5, 180, 854, the disclosure of which is inco?%brated herein by reference.

I n an enbodi nent of the process of this invention, an olefin can be

hydr of ornmyl at ed al ong with a pentenoic acid salt using the above-descri bed

nmetal -1igand corpk %iteﬁaécﬁiah%é?e_odsrlns Pitexedsple, séparating Yoddt< B0 _
-73- al dgag%de d&rl vative 011; t he ’9' efinis aﬁso}%rodu:igg along with
t he f or myREAEY FRAQE repctapts by partitioning into either ghase, of
di fferent ol ef i midditi¢mrgrodgctedlectivities dapehdent upon selvehoyedpertiesdaayr ed,
i n the hydrof orpyl.at.i cLlLo I . h
hydr of or myl at i o%@é’éﬁ%%%g’?'é%’?@’;‘sé’&“{?&ﬁF reﬁ%% %?ﬁ ﬁ%g{ ‘%%Xnﬁ ﬁwe%’r oducti on
of fornylvaleri &maWIUamthaﬁorbgfﬂhysit&ﬂmOi{quaISiﬁxg gupreoysqhase aci d
salts in the pr : l.ef.| ﬂﬁﬁ% ' . :
preferably 4 toﬁgggﬁgar gﬂ&g?gﬂgfﬁ%%%?ﬂ%? g %ggﬁ%%%gﬁg%mgﬁgﬁggg%?%%ﬁn
ol ef i ns_cont ai ntherhediwm caialys. Ghppetesacortied Puhdn agaeous sekvienl is
material m xt ur garQéula¥Fadditagod R foptha Pephl ok bf fldRhiyds salts
Comrerci al al pha ol efins conta nlngfour oreﬁecgb%%% .
contai n mnor anBtAtsE ‘o RIS Pé‘ls‘dBﬁ ineFeparatediron) the frtalyst/hy; extrastion
correspondi ng saitersd efganicseirenboAltertativaly, aldéhypduamliivhalend tof | ns
need not necessaridy be rified.fromsanme prior to ' s .
hydr of or nyl at ed%nde¥go selP—gomiens%tmn rlefif:ﬁg??’aﬁev?pgftegﬁ]oe ¢ 8?@?%?%“& arting
mat eri al s i ncl udgueous solutioptes-thlesfldebyde hydrates. ol ef i ns, 1, 3-di enes, al kyl
al kenoat es, al kenyl- -al € . al I
al kenal s, and the I|ike, eAS.ad,%aHB@& ﬁ?getn%/ F}Eﬁé@o%%%@sgﬁl@fi&%ggt@ﬁga for
1-pentene, 1- heiamshodinge hydecformylationecatalyst may copbaincanyl of i gaehax, of
i- ﬁodegene, 1- a siﬁssf&ﬁf&ts,lsdcﬁtésaé&ﬁgﬁ@ or Janiolnic subsHERRACHRREh will
-nexadecene, }er?gérat%%ccggglys% _sgl%a?e o gnpeo’lar phase, e.g. water. Optionally, a
phase-transfer catalyst may be added to the reaction mixture to
facilitate transport of the catalyst, reactants, or products into the
desired solvent phase. The structure of the ligand or the phase-
transfer catalyst is not critical and will depend on the choice of
conditions, reaction solvent, and desired products.

When the catalyst is present in a multiphasic system, the
catalyst may be separated from the reactants and/or products by
conventional methods such as extraction or decantation. The reaction
mixture itself may consist of one or more phases; alternatively, the
multiphasic system may be created at the end of the reaction by for
example addition of a second solvent to separate the products from the
catalyst. See, for example, U.S. Patent No. 5,180,854, the disclosure of
which is incorporated herein by reference.

In an embodiment of the process of this invention, an
olefin can be hydroformylated along with a pentenoic acid salt using
the above-described metal-ligand complex catalysts. In such cases, an
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nonadecene, 1-eicosene, 2-butene, 2-methyl propene (isobutylene), 2-
nmet hyl but ene, 2-pentene, 2-hexene, 3-hexane, 2-heptene, cycl ohexene,

propyl ene Mf@sﬁpropyl ene trimers, propylene tetraners, p#@i%!@s%%‘ss
i soprene, 2-ethyl-1-hexene, 2-octene, styrene, 3-phenyl-1-propene, 1,4

hexadi ene, 1,7-octadiene, 3-cycl ohexyl - 1- butene, allyl alcohol, allyl
butyrate, hex-1-en-4-ol, oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-
but enyl acetate, vinyl propionate, aIIyI propi onate, nmnethyl

met hacryl ate, vinyl ethyl ether, vinyl methy$- ether, vinyl cyclohexene,
allyl ethyl ether, nethyl pentenoate, 3-pentenoic acid, n-propyl-7-
octenoate, pentenals, e.g., 2-pentenal, 3-pentenal and 4-pentenal;

pentenol's, e.d., aleh! Hé%ﬁv’a‘tﬁfeﬂﬁ"}h@r&eﬁﬁqg Esopﬁr%ﬁ%@% alﬁllé)?tﬁﬁpﬁﬂi trile,

-74- 3- pent enepi tr| I m de, 4-net styrene sopr opyl
styrene, 4-tert- g’PWeﬁ?é toha- rret hyl styrene

4-tert-butyl -al pha-net hyl Mntftﬁtégofﬂuﬁeﬁﬁﬂt&ﬁ@ﬁiﬁ’i%@%ﬁfﬂi’ﬁ@i&%na%@ﬁ@%b

| T onene, bet a. prBHedatt ArBiadh i tof BRGrorEleied aparions Mofenc.

| i nal ool , and t hprdfen‘eéﬂy ﬂléthwdrdfomiyﬂm:wmee@d:wdnstm éspmmlbdﬁsef&yfdrr&ieude,
for exanpl e, Ln h ht h .

3- et henyl phenyl %%gﬁ‘ly‘{f‘}{’@tfgé’g’ﬂ% ?1%1{ ﬁ %IE§| %ﬁ#@ if@? entenoic

4- et henyl - 2- f| wanidisaliisdmthe pa‘eee_ncbmﬁddp ml&ﬁnxooﬂtlammgfrdni 229930)styr ene,
7 ethenyi e, PRSP R0, carbbd RRALD %‘Zﬂy‘@%ﬂﬁqtﬁwﬁr‘t}%eﬁ&mﬁwhe

pr openyl benzene, obuty openy
like. Other ol ef§l 1@86%&%9% pﬁtﬁ@@é’oswbpntatpm @ﬁrwe lashstarting as

described in U. Snaf&ﬁ&h&n%reé oB8lelp@lphd Bléfﬁissﬁ@ﬁitre?nﬂlf olehiheh is

I ncor por ated her f I ndi cat e |
general |y pref er¢ %r ?i@ﬁ?ﬁﬁﬁfeﬁ%‘:m%wrﬂ B g@§§%6mstfﬁ?¥
invention in a contaimumisomamoants bﬂc@z&eep@idmgdﬁtem@kb&ﬁwaﬂd/ﬁd f f‘lﬂ’u&at ion
processes are i nv rof o ting
the ol efinic saIJt %ﬁgﬁ%ﬂgé]n%{ﬁg??%é Pgar%rgt%ﬁo Pgo%aﬁﬁ&‘(gg} c ?t%?ﬁﬂ%n in
a |iquid honpgerzasdsnotargressarily e poeifochfy pns.satge@rm.ﬂbodlmngt he
nmet al -1i gand Corﬁymf&%ﬂhy&_ and free ligand; (b) nmaintaining reaction
Illustrative of other olefinic starting materials include
alpha-olefins, internal olefins, 1,3-dienes, alkyl alkenoates, alkenyl
alkanoates, alkenyl! alkyl ethers, alkenols, alkenals, and the like, e.g.,
ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-nonene,
1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-

pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-
nonadecene, 1-eicosene, 2-butene, 2-methyl propene (isobutylene), 2-
methylbutene, 2-pentene, 2-hexene, 3-hexane, 2-heptene, cyclohexene,
propylene dimers, propylene trimers, propylene tetramers, piperylene,
1soprene, 2-ethyl-1-hexene, 2-octene, styrene, 3-phenyl-1-propene, 1,4-
hexadiene, 1,7-octadiene, 3-cyclohexyl-1-butene, allyl alcohol, allyl
butyrate, hex-1-en-4-ol, oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-
butenyl acetate, vinyl propionate, allyl propionate, methyl
methacrylate, vinyl ethyl ether, vinyl methyl ether, vinyl cyclohexene,
allyl ethyl ether, methyl pentenoate, 3-pentenoic acid, n-propyl-7-
octenoate, pentenals, e.g., 2-pentenal, 3-pentenal and 4-pentenal;
pentenols, e.g., 2-pentenol, 3-pentenocl and 4-pentenol; 3-butenenitrile,
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tenperature and pressure conditions favorable to the hydrofornylation of
the olefinic salt starting material (s); (c) supplying make-up quantities of
the ol efi r\jvgg@%sks starting material (s), carbon nonoxide angcnspggRgsto the
reaction nediumas those reactants are used up; and (d) recovering the
desired al dehyde salt hydrofornyl ation product(s) in any manner desired.
The conti nuous process can be carried out in a single pass node, i.e.,
wherein the al dehyde acid salt product is renoved fromthe |iquid reaction
m xture from whence a product is recovered74nd make-up ol efinic salt
starting material (s), carbon nonoxi de and hydrogen are supplied to the
liquid reaction nmedium for the next single pass through w thout recycling

the unreacted olghifichenitrile/$2heseAlRide, 4-methyl styrene, 4-i 1st
-75- sagls‘i> Start r%e'mat eri ® Fowever it 1soprop¥ Y dest

(s),. However, it | neral |y desirable
to enpl oy 4-er Yh%fdfﬁ%n?)rﬁé’g%mt*ﬂb}fl ﬁtmevésteéi"f’ﬁgﬁ'agpgﬁtfﬁﬁa‘yind/ or
02 AL R o ST T g o et o
metal -1i gand corfgfile ane%ﬁol,éégléyli}ggséa' cBf E’B&F&Fe%et}af%ﬁ\epﬁe desired
Zl (iléelgyggor eact i Qﬁcyclopentadie)ﬂa},lcy(lsb)ctaﬂimte, aanqj}mmlep}iadll@l,gandthe k& EatS ent

) ) or a . ) C vl NU S,
Patent 4, 247, aa0hst illupirative deRAR GBS BTt BaEhefinfle ' 0 ' 01
recycl e procedurgohivtyligrensy 2-vinyl-6-meboxsinaphtbulene, dfethanylpbesyl pat ent s
4,148,830 and 4, . 'Hkqfla;] h Y. Lence
t hereto. The m)glt?‘l 4%1?' g_ g?‘?{aegli ethen}_d%gd o%ﬁ}ﬁkgg%%géﬁé’%%?s%@g%t hi s
i nvention conpr ifbégohlw,rﬁj&ﬁ'dlhy r°'1qu@£ '@@P&I"ﬁ'&y Pﬂm% %r ocess.

! Inlt gf;; g_t ;;/gss?%%{aéﬁﬁt&%eﬁ%&wﬂmhahb,t %Iﬁeﬂeﬁlgaaﬁﬁppnfﬁ? ether, salt

i i at _can,be preepar.ed by the pracesses i s

i nvention i ncl ud®°B FPﬁ%é‘H lﬁwqﬂi}&mgﬁ @ZFB?T@F?QHB’&% gther and
salts hSIUCh as 5-+the rl?qel. v(atlﬁenj dlefiniccemapisndnihdhde substituted aryl ethylenes
triethyl amoni um5 I K ni r sy e ‘1
octyltriethyl am*?gnclleﬁg{lg #‘é‘?ﬁf@?@?a e. 'ﬁ#ﬁt?g‘%érgtt%ed{%l%sﬁet%%& 18
substituted and inesnposatiedhergimbyiarfarencei d salts (incl udi ng

deri vatives of substitut echephisubRtdveuliad ALUP Bratbebl &ty out

i ncl ude those perm.ssible sybstituted aqr}d unsubstj tuted al dthde aci d

sal ts whi ch nmay the hydze afign pregese ol 1Bis I¥eaiionaRR Fepiapu

In general, continuous hydroformylation processes are well known in
the art and may involve: (a) hydroformylating the olefinic salt starting
material(s) with carbon monoxide and hydrogen in a liquid

us manner.

homogeneous reaction mixture comprising a solvent, the metal-ligand
complex catalyst, and free ligand; (b) maintaining reaction
temperature and pressure conditions favorable to the hydroformylation
of the olefinic salt starting material(s); (¢) supplying make-up
quantities of the olefinic salt starting material(s), carbon monoxide and
hydrogen to the reaction medium as those reactants are used up; and
(d) recovering the desired aldehyde salt hydroformylation product(s) in
any manner desired. The continuous process can be carried out in a
single pass mode, i.e., wherein the aldehyde acid salt product is
removed from the liquid reaction mixture from whence a product is
recovered and make-up olefinic salt starting material(s), carbon
monoxide and hydrogen are supplied to the liquid reaction medium for
the next single pass through without recycling the unreacted olefinic
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Chem cal Technol ogy, Fourth Edition, 1996, the pertinent portions of

whi ch are incorporated herein by reference. Il lustrative
substi t ut substituted epsilon caprol actam pre 4&? can
be preparggﬂ%§ﬁf e processes of this i nvention includgegﬁg&%V£ re
substituted and unsubstituted 5- formylvaleric acid salts,

I m nocaproic acid and/or salts thereof, am nocaproi ¢ acid and/ or
salts thereof, caprolactam caprol actone, i m nes, hem am nal s,

i m des, am des or ami nes derived from -Td-ornmylvaleric acid and its
salts, and the corresponding dimers, triners. and ol i gomers.

[l lustrative of suitable substituted and unsubstituted

- 76- epsi | on cggggkﬁqﬁﬂgmﬁq:gﬁ g%?-rﬁo"‘i&’(&'%iiggfg%%}sﬁgééﬁfﬁbﬁftose% L,tuted

and unsubstituted epsilon capro am precurso I'nc ose pe sible
substituted and &AeRHBEPYS PEECEssdhpbinvalpeveitbenmipsruid andfosgamrenycleny be

described in Kirgrdefarys., SEK ' ) HRWn i

Edition, 1996, t Iéd%?rti nelilt Y%ir)éﬁog%}&gfafe igqaaﬁr%learﬁﬁg?géorat egfﬁgéréil:tn by
ref erence. and may inve %M&Hﬁi@?ﬁyc pgigiithe metalligand eamaplerdenyde
salt nixtures Wthb’S*QPh{]wdrﬁdeﬁeliﬁmﬁa Hﬂnﬁ%}‘l@ﬂeﬁﬁ@&@]&é&ﬁd@feécgﬁncéuge
reaction mxtures_in c e e salt ur e uced by any
sui t abl e net hod.5@&%%}’§%§ﬁr§§g@ﬁgﬂﬁ%oﬁk%§%%? ‘fi‘f&ggéﬁﬁmaesa%m vent
extraction, crystyzld praxedore sdcls asldisdlbssd e gqrinrl S Ratent pjBRT486 parwéll on,
sublimation, w LR ratl . 4 filmeyv ration the |ike.
It may be desire ?%?#?n%%%&?ﬁgpgﬂgg%@édpa?gidﬁﬁ geﬁyfgﬁzﬁ{%sdgfﬁﬁne‘%sgﬁ I on
mxture as they "Bhe disglopuges pf saighUtcPatontod, 148930 angdag247 486ardescr i bed
i n published PatiGrfoRQRAl Bbrdei bif RALYrid8 BB ot AL lobP Bl ALY 08835, A

met hod for separ atd ngpth}a a:odehy e salt mxtures fromt er conponents
of the crude red®fdrtPrmylationprosess o IRYANtiLH eRTRPTIGAS aZeDinReNST ane
separation can Qigwidivatalget ascyedd ppotdessn U. S. Patent No. 5,430,194 and

borh i nar por at ed her of o BIPETAES Sebsivied apdeummietrisier eldARYp aRid at | on

or aninati on andattyuitermedmtesthat can be prepared by the processes of this
invention include substituted and unsubstituted formylcarboxylic acid
salts such as 5-formylvaleric acid salts and the like, e.g.,
triethylammonium 5-formylvalerate, ammonium 5-formylvalerate and
octyltriethylammonium 5-formylvalerate. Illustrative of suitable
substituted and unsubstituted aldehyde acid salts (including
derivatives of substituted and unsubstituted aldehyde acid salts)
include those permissible substituted and unsubstituted aldehyde acid
salts which may be described in Kirk-Othmer, Encyclopedia of
Chemical Technology, Fourth Edition, 1996, the pertinent portions of
which are incorporated herein by reference.

Mustrative substituted and unsubstituted epsilon

caprolactam precursors that can be prepared by the processes of this
invention include one or more substituted and unsubstituted 5-
formylvaleric acid salts, iminocaproic acid and/or salts thereof,
aminocaproic acid and/or salts thereof, caprolactam, caprolactone,
imines, hemiaminals, imides, amides or amines derived from
formylvaleric acid and its salts, and the corresponding dimers, trimers
and oligomers. Illustrative of suitable substituted and unsubstituted
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t he al dehyde salt m xtures may be conducted w thout the need to separate
the al dehyde salts fromthe ot her conponents of the crude reaction

m Xt ures. A process for producing one or nore | or
wossssss A0 . ﬁﬁ%}x}ﬂ;ﬁg

unsubsti t ut acid salts fromone or nore substit

unsubstituted unsaturated acid salts is disclosed in copending U S. Patent
Application Serial No. (D 17765), filed on an even date herewith, the

di scl osure of which is incorporated herein by reference.

Particul arly when conducting the process o0f768-his invention in a continuous
|l iquid recycle node enpl oyi ng an organophosphite

-77- | i gand, undesirabl e acidic byproducts (e.g., a hydroxy al kyl
phosphoni c acid) o' - phas hL Iigand
and the al dehyde over %ﬁ’g%agg#geé&f:ﬁf%%é&% ggwaggp%ao?

bypr oduct s undesandyngub m@tgdm@ﬂmmpmlaatammr@dursm)Imq.iadd th&a:h aC| ds

are often insol %ﬁnls&bﬁé‘ﬁuﬁﬁfgﬁe&%n@ﬁéﬁ&tﬁﬁﬂ%%ﬁ}}@?@d@ﬂ&hﬂ can | ead

to precipitation of an unde at1 nous nay al so
pronote the aut GREECHYSATs Whish aay ba described he Kige{Qthmery Binsyolopediatfe

or ganopol yphospmhanhdag@'&ﬁnum? FeumﬁEaitQ&?SﬁQ%‘ th@péﬂxﬂaﬁﬂ“f;bﬂfbn%\fe good

stability agai nst farmation f‘éi such .aci ds. However S problem
does occur, the WH& e/ DSPTROBAteS ReTRaR bYRelerences a continuous i quid
recycle pr ocfess may be padsesh embloahinieﬂtwlthﬁﬁheeﬁﬁeﬁeﬁf}ﬁabéd Meh ﬂ@é?lt
separation of t roduct ere

through any sui {}gb}&%%g %Iysbebg%qr%agﬁégl}? ﬂbeé’ ﬁé’ﬁ;‘%% e ed of
am ne Anber | yst neestion ImxgureSAmbwhio}Btheﬁambhydadalﬂmmtukes ateprehued byone
or all of the Ugﬂﬁﬁﬁﬁ%l@ AetHYE @X{E?ﬂ%%ép%rgﬁbﬂrméﬂtoﬁ&ﬁnél RiqaCyPOr ation

into the hydrof ation reactor ne such basic
ani on exchange re&8mplgesplventextyagtion cerystalligationedistillatipny ¥aporicatjers and

any such bed maypiigetRphlatie, rﬂﬁmﬁnéﬁgﬁoﬁlﬁépﬁﬁﬁ%@aﬁ&éﬁ&y'ﬁaﬁfh?ﬁhﬂes' red.
Alternatively if _desired, a al | i d- cont d catalyst
recycle stream rfY¢PREARIR PB@ t]c"'ﬁei’rl§fe Qférmgg&)equg,quﬁt@ TEFYen EX
operation and t lproductsdiomathecriuide et ctdion heixbuedad tlest £xb foﬁrﬂdﬂ&h&&ﬂ@h
fashion as outliged, 3N\ FapgifeHdemitd 3k Aebrib & 1 GublEn&iPaBl, Ot aci dic

Cooperation Treaty Patent Application WO 88/08835. A method for

separating the aldehyde salt mixtures from the other components of

the crude reaction mixtures is by membrane separation. Such

membrane separation can be achieved as set out in U.S. Patent No.

5,430,194 and copending U.S. Patent Application Serial No.

08/430,790, filed May 5, 1995, both incorporated herein by reference.

The subsequent reductive eyclization or amination and cyclization of

the aldehyde salt mixtures may be conducted without the need to

separate the aldehyde salts from the other components of the crude
reaction mixtures.

A process for producing one or more substituted or
unsubstituted aldehyde acid salts from one or more substituted or
unsubstituted unsaturated acid salts is disclosed in copending U.S.
Patent Application Serial No. (D-17765), filed on an even date
herewith, the disclosure of which is incorporated herein by reference.

Particularly when conducting the process of this invention
in a continuous liquid recycle mode employing an organophosphite

SUBSTITUTE SHEET (RULE 26)



by- product prior to reusing the catalyst containing liquid in the
hydrof ormyl ation process. Likew se, any other suitable method for renoving

such aci diyoBygsgsluct s from the hydrofornylation process Ofpélﬂbésﬂﬂggfnt i on

may be enpl oyed herein if desired such as by extraction of the aci a
weak base (e.g., sodium bicarbonate). The processes useful in
this invention may involve inproving the catalyst stability of any organic
sol ubi l'i zed rhodi um organopol yphosphite conplex catal yzed, liquid recycle
hydr of ormyl ati on process directed to produ€|ng al dehydes fromolefinic
- 78- unsat urat ed conpounds whi ch nmay experience deactivation of the

catal yst due to recovery of the al dehyde product by vapori zation separation
froma reaction u { o)
h@?ﬁﬁ ﬁhdéﬁk%le%ﬁ&rﬂggirﬂﬂﬁgts (@E‘g éﬁgi gﬁ Fig ghbtéﬁ‘i’oxﬁc

r hodi um or ganopo hosphi t tal C
i mpr ovenent conpBfl M@'éﬁ?‘ﬁ?%ﬁ@ toreagiien 0%5@%9%’&%&9 q'@rﬁ‘i‘h ]W\e

presence of a h@l&é}@fdecdve@thbtcbﬁg@moﬂtﬂrag%«mdss .SERe %ﬁﬁaﬁ&ﬁféﬁlsﬁchcopendl ng
Ferfi

U S Pat t t S al 789 1996, th
0 oot baura! of PP prBRodi s REeSirahBLleovart bk GoteniaPancs the hgand. Such 5"

processes usef ulcids drei aftemireolulale inethei rerotive mixtusey and subhk ihyalubilityi c
stability of th St of any
or gani ¢ sol ubi | ?#é@fﬂﬁ&?ﬁé&ﬁg&fég %%&d“’ﬁ{j?m}%‘#%% gﬁ@n E&P’%gtbﬁ éég
hydr of or nyl at i omayr alsesn‘omote¢he¢utoca}ta&cm&rmmmbf]ﬁnthélr aeidid ef i ni c
unsaturated co PSfactd h I a
portion of an grnggnl C cé;%l g‘gerﬂ}ggﬁ@ﬁgg rga gi%su%%l tIQQP g%)]‘g&%tgﬁpl ex
catal yst sol uti Sasdavepienthaye mtabtlﬂérsagaanat
phosphor us aci dm)mwowtﬁﬁ ﬁBBlEHx QoEs st@ul Nhed N ﬂfﬁa@ﬁbﬁtéfﬂﬁeﬂﬁ(f@éﬁ
prior to (or preglrabl %Yfi g?ratlono t he sire
5-fornyl val eri c° gicgneapeus ’&m FEE P PFPEHTS RY eé}?sﬁﬁ‘géﬁ'&%""ﬁﬂff’ﬂﬁmre
Sﬁl ut Ih on in or gprefeﬁabiglaftai) lsépar:u’bibﬂ eﬂﬂy@deélrécea%rmgmmﬁglamhd sdlt sai d
phosphor us aci dj SQ and t retur ni ng
the treated cat 3? ‘?C%glgﬁ%?glﬁ’ 1 r‘f gF%?%i’i%Wf?ﬁbﬁg?%‘ﬁffl&?n e’g‘g}ea
exanpl e, copendreﬂ;nwl&h 2andyed wﬁmmmﬂmbe@t&resm,se gQHmberlga® Arml

and the like, to remove some or all of the undesirable acidic byproducts

prior to its reincorporation into the hydroformylation reactor. If

desired, more than one such basic anion exchange resin bed, e.g. a

series of such beds, may be employed and any such bed may be easily

removed and/or replaced as required or desired. Alternatively if
desired, any part or all of the acid-contaminated catalyst recycle
stream may be periodically removed from the continuous recycle
operation and the contaminated liquid so removed treated in the same
fashion as outlined above, to eliminate or reduce the amount of acidic
by-product prior to reusing the catalyst containing liquid in the
hydroformylation process. Likewise, any other suitable method for
removing such acidic byproducts from the hydroformylation process of
this invention may be employed herein if desired such as by extraction
of the acid with a weak base (e.g., sodium bicarbonate).

The processes useful in this invention may involve
improving the catalyst stability of any organic solubilized rhodium-
organopolyphosphite complex catalyzed, liquid recycle
hydroformylation process directed to producing aldehydes from olefinic
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e

08/ 753, 505, both filed Novenber 26, 1996, the disclosures of which are
I ncorporated herein by reference. In an enbodi nent of this

i nventi on, “Qf:;s%gg&ésat ion of netal - organopol yphosphorus |1 gm%gg&(
y 0 u

cat al ysts cause an inhibiting or poisoning organononop

conpound can be reversed or at |least mnimzed by carrying out

hydr of ormyl ati on processes in a reaction regi on where the hydrofornylation
reaction rate is of a negative or inverse order in carbon nonoxi de and
optionally at -78- -79- one or nore
of the following conditions: at a tenperature such that the tenperature

di fference between reaction product fluid tenperature and inlet cool ant

t t . re: ! f .
ronox e par t alhsararaiR o MBI ARTNY cxpERERcEdEa iRl SRIC
pressure, hydr ofeatalystdueto recavery of the eldehyderprodugichyvaperizatiomg sai d

hydr of or nyl ati onyeBLPSBES @ﬁa%e%@fi@ﬂ@;rﬂ@ﬁ%o@&téﬁﬂ%ﬁfaﬁhﬁ{gpﬁgH hfnt to
g o car pon m)(;]OXI,

prevent and/or |essen cycli e parti ressure, hydrogen
partial pressurd&® ‘i@&ﬁﬁgﬁ' aeryTRor sphitessasmpher cetalyst andti on rate

and/ or tenper at H@eliydd pebdurtt dtHeyish prioveMendicofiprivifg eafryiRg odt Byxidr ogen
conversion sufficient to prevent, and/gr Iessen(#y(i_lll ng of..carbon nonoxi de
partial pressur&2PRPFAEGRFeparation in the presence of 4 e?tQ%WF]éﬁnHﬁr%%‘?hr e,

hydr of or nyl at i orcorgeainidorSeegtfer exathple, copaediag Ul S. RatenpAppiidation Serial

hydr of or nyl ati o r 7e@n n_ol ef ,LRi t u.atyed co ngd .
conversi on suff %‘?e@ﬁ%’@ é@%aegi Ngﬂ%ﬁn%’?r P@s g%%&z@g |c¥1§](88% rec(gf‘%%wﬂﬁ%noxi de
partial pressuréncirporatpdrhgrein byireferessure, total reaction pressure,

hydr of ormyl ati on reaction r ?.prnr . Ifﬂ]g%,qig
hydr of or myl ati on process. T‘S}gééﬁrq‘%g%ée%x%ifﬁt e, %%%gﬁvdé}#%i LS gtogrr?t
Appl i cation Ser AEPTRBIngydyernydrobtic shabilitynef herrgangphaspivte igandipnd| osur e

of which is incqhfgicat£l§sheyadilityoof 418f 6FgHi€solubilized rhodiuk-pref erred

enbodi nent of this inwention for producing. ope qr rg substituted or

unsubst | tut ed e SEFRIPRCsRRRteReanteomplax atalyrsd hydeotapmyterion Rpriess

(a) subjecting direected torpreduihg tldaltydds drom niefbsic unshedr=bd 2dinpoandse. g. ,

butadiene, to hyfg 9&%9’3{'&9@& @6&89135& &Q%tﬂfgefteﬂggt 8 fporl:ion of an organic
solubilized rhodium-organophosphite ligand complex catalyst solution
derived from said process and which also contains phosphorus acidic
compounds formed during the hydroformylation process, prior to (or
more preferably after) separation of the desired 5-formylvaleric acid
salt product therefrom, with an aqueous buffer solution in order to
neutralize and remove at least some amount of said phosphorus acidic
compounds from said catalyst solution, and then returning the treated
catalyst solution to the hydroformylation reactor. See, for example,
copending U.S. Patent Application Serial Nos. 08/756,501 and
08/753,505, both filed November 26, 1996, the disclosures of which are
incorporated herein by reference.

In an embodiment of this invention, deactivation of metal-
organopolyphosphorus ligand complex catalysts caused by an
inhibiting or poisoning organomonophosphorus compound can be
reversed or at least minimized by carrying out hydroformylation
processes in a reaction region where the hydroformylation reaction rate
is of a negative or inverse order in carbon monoxide and optionally at
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a hydroxycarbonyl ati on catal yst, e.g., a netal - organophosphorus I|igand
conpl ex catal yst, to produce one or nore substituted or unsubstituted

unsat ur at e.g., pentenoic acids conprising cis-3- aci ds,
trans- 3- pgﬁlgzﬁ%‘?%saci ds, 4-pentenoic acid, cis-2- pentenoic am%ﬂﬁana/ or
trans- 2- pentenoi ¢ aci ds; (b) optionally separating the
unsaturated acids fromthe hydroxycarbonyl ati on catal yst;

- 80- (c) subjecting the unsaturated acids to neutralization

to produce one or nore substituted or unsub$9ituted pentenoic acid salts,
e.g., cis-3-pentenoic acid salts, trans-3-pentenoic acid salts, 4-
pentenoic acid salt, cis-2-pentenoic acid salts and/or trans-2-pentenoic
acid salts; ( ) 1:56 h or
unsubst i t ut ed penflgr%ln%oraec& FM&O& ro QQP tgﬁlﬁgpéﬁ?%%%r écislkei%?ge of a
hydr of or nyl at i onteraperatare deffgrenca heéwaeno'eg@tmppn@c}mérfhgd|te@muamnpl ex
catalyst, to pro t R e o val eric
QHH%?IH%%QIar{f%ﬁx?%‘Qﬁgié is 191eg)3' R 5?@4:41&”& ) EB!J%{S

acid salts, e.g. 0 sa| e or nore, substituted
or unsubstituted® ﬁ@%ﬂﬂ@%?’&%ﬁ J@ﬁyggqgure h}' rogen partlgbpressure

optional Iy separ gtahgeddttord ﬁféﬁéhi‘é\'de@f&%ﬁa%htl%aﬁﬁeﬂ‘rbf@and/or
hydrof ormyl ation _ca

more substitut ed® ?}Pﬁ%&%ﬁ%&%ﬁ%@lﬁﬁa&%g@% f“g agﬁaﬁ# gg:ado(r)ne
?2: dlr;g{ ievzugsf: : it;h&ﬂxggﬂ?ajmmmﬂcmg?ltb@evawm&/otMsis:ageyclmgmﬁ ; I0 ot
or to. am naton St EAPORRCYAIE] Rt hFaLiln Fariel sréfi iR 0.
cyclization in theagioaspressurd, hydrefdriydation reactiby sate mdfnnmmpelsai;nde one
or more substi tuﬁﬁﬁn%rsa'f@?&a%fo& g?ﬁﬂﬁie*)%hscg?ﬁggfﬂ?%%cofve%ﬁ nEPsi 1 on

caprol actam
i nvention for pr&aificient @rﬁreapnﬁﬁpé/@ﬂsgqm excdipgof ogbem sonaxi P@ﬁbﬁl on

caprol actans i nvgleaere }ngéﬁ @m %hsﬁﬁal reactlon pressure &)
subj ecting one Oi} go trtute subst | ka |enes§ § 9
but adi ene, to hy&¥ We nre qrhrq %% ge ure during sai

hydroformylatxon process; and at an olefinic unsaturated compound

H

conversion sufficient to prevent and/or lessen cycling of carbon
monoxide partial pressure, hydrogen partial pressure, total reaction
pressure, hydroformylation reaction rate and/or temperature during
said hydroformylation process. See, for example, copending U.S.
Patent Application Serial No. 08/756,499, filed November 26, 1996, the
disclosure of which is incorporated herein by reference.

A preferred embodiment of this invention for producing
one or more substituted or unsubstituted epsilon caprolactams involves
a process which comprises:

(a) subjecting one or more substituted or unsubstituted
alkadienes, e.g., butadiene, to hydroxycarbonylation in the presence of
a hydroxycarbonylation catalyst, e.g., a metal-organophosphorus
ligand complex catalyst, to produce one or more substituted or
unsubstituted unsaturated acids, e.g., pentenoic acids comprising cis-3-
pentenoic acids, trans-3-pentenoic acids, 4-pentenoic acid, cis-2-
pentenoic acids and/or trans-2-pentenoic acids;

(b)  optionally separating the unsaturated acids from
the hydroxycarbonylation catalyst;
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a hydroxycarbonyl ati on catal yst, e.g., a netal - organophosphorus I|igand
conpl ex catal yst, to produce one or nore substituted or unsubstituted
unsat ur at egoeliesks € 9., Pentenoi c acids conprising cis-3- ppehisedlPhes aci ds,
trans- 3- pentenol c acids, 4-pentenoic acid, cis-2- pentenoic aclds and/or

trans- 2- pentenoi ¢ aci ds; - 81-
(b) optionally separating the unsaturated acids fromthe
hydr oxycar bonyl ati on catal yst; (c) optionally subjecting the

unsaturated acids to isonerization in the gesence of a heterogeneous or
honobgeneous ol efin isonerization catalyst to partially or conpletely
| sonerize the 2- pentenoic acids and/or 3-pentenoic acids to 3-pentenoic

aci ds and/or 4- pentenoic ubdectgng the amsgmratetf!i@dgctb'x{séglbﬁ{lﬁtamt on,

unsaturated acids to neutr |za? Ce one or nore
unsubstituted pet@ MI@e@@mrgaoxessuI@tgtuteép;nasbb?ﬂfeﬂ@d@eatermlsac s,

trans- 3- pent enoi §a1%§'éj S@is@-peﬂteﬂ?ﬁ‘é‘é@iﬂ%a%@‘ﬁfﬁlssﬁbkntéﬂ&c gcﬂeéh‘lfsnﬁlc aci d
salts and/or trans- ente oi a,C| sa%ts ecting

sai d one or mor cPERIECIG el #ally CrEpeD qrtqaféeldp%%tseﬂeﬁ/erg@rhf %mx 003
hydr of or nyl at i ona¢jid ddls; pr esence of a hydrof or nyl ation catal yst e. g., a

nmet al - or ganophosphorus |igapd co cat al,yst, n nor e
substituted or unsubstitut&d fof e\,: rqa&dggpdyrgg? essqué ’3“93 or

5-fornyl val eri ¢ ansdbstituted paﬂtwomaadcsraltaﬁodz;&irbﬁirmﬁaadnon the prrbsericeut ed

| |
The Tormyivarer o SepFERGistion catalyst, sia ekalortoBBp oS iRl N0
(g)  subj ecti ngeaaplexgasalyst,torroduee pne ar mor@rsubﬁﬁlﬁ@@tdi Qmu@substxtuted
fornylvaleric acfd}nﬁﬁbéﬁrﬁ%&’ﬁaﬁéﬁ' &g 0ne fo?fnsﬂpﬂ@n%%ﬁi k41! £64RF one or

unsubstituted epsilon ga pr ol act am pr 8¢ur sor 0 reductive cyclization in
the presence of Borggubshiute WEI‘F&S ﬁ@ﬁ“’?%‘t%ﬁ‘}@ @Prelactary eFEokHi nat i on

in the Iolresencehof a reduc(d)ve @;saimdll;osemtaaimgstfhe&hﬂmwfdlmgatamalgs
optionally int rese tjon caayst to produce said one or
frgp ﬁh%ﬁ%&q rfgiption talydt S84

nore substituted
subjecting said one or more substituted or

unsubstltuted formylvaleric acid salts and/or said one or more
substituted or unsubstituted epsilon caprolactam precursors to
reductive cyclization in the presence of a reductive cyclization catalyst
or to amination optionally in the presence of an amination catalyst and
cyclization in the presence of a cyclization catalyst to produce said one
or more substituted or unsubstituted epsilon caprolactams, e.g., epsilon
caprolactam.

Yet another preferred embodiment of this invention for
producing one or more substituted or unsubstituted epsilon
caprolactams involves a process which comprises:

(a)  subjecting one or more substituted or unsubstituted
alkadienes, e.g., butadiene, to hydroxycarbonylation in the presence of
a hydroxycarbonylation catalyst, e.g., a metal-organophosphorus
ligand complex catalyst, to produce one or more substituted or
unsubstituted unsaturated acids, e.g., pentenoic acids comprising cis-3-
pentenoic acids, trans-3-pentenoic acids, 4-pentenoic acid, cis-2-
pentenoic acids and/or trans-2-pentenoic acids;
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epsilon caprol actans, e.g., epsilon caprolactam In an enbodinment, step (d)
may optionally include subjecting the unsaturated acid salts to

| soner i zatyy@hsugses he presence of a heterogeneous or honogen%quﬁ-,ggbﬁgg n

i somerization catalyst to partially or conpletely isonerize the 2-

- 82- pentenoic acid salts and/or 3-pentenoic acid salts to 3-pentenoic
acid salts and/or 4-pentenoic acid salt. The ol efin

i someri zation catalyst in step (c) nay be any of a variety of honbgeneous
or heterogeneous transition netal -based cat8dFysts (particularly Ni, Rh, Pd,
Pt, Co, Ru, or Ir), or may be a heterogeneous or honpbgeneous acid catal yst
(particularly any acidic zeolite, polyneric resin, or source of H+, any of
which may be nodified wt ne R i n

i sonmeri zation catalysts arteQKnO%IJHHIE’héeé art hhrgg&er{g{%lgéo)r%??z%gﬁs%&%an be
conduct ed by coﬁh@ﬁ%ﬁdﬁﬁﬂc%‘b@@&ﬂﬁ%cmn n the art. As used herein, the

term i sonerization” is cqgj enmghilysikjettifle thbWnsheuraeid hiids b6 to al
perm ssi bl e ISOITEI’I zat [ oNn Processes nvol ve conver.ti n@ one OI’

substituted or JRSWEERANGRR ewﬁ@% 2 BPERYOBFRAS T hAIRegENSPES al8

substi t ut egl or ua&ubﬁtzatluheﬁtélyne B pa@&mllycwdompletely 1someé'1ze\mr2-t he
processes for pro e.conduct

Ctages (1. e [intend i pR oy 3pentrate £ e sBRurRan B d&%}gnd/ or
4- pent enoi ¢ aci cpemtelnmccawlset of conditions and t hen produci ng a pentenoic
acid salt fromthe 2-pent I C | tenoi c
aci d under anot her set of Et(E:igndl 6%1155318}‘?&% pro u%%ﬂgﬁgéggp&ralﬁﬁﬁg eric
acid salt under terapHuee ene onmwhsmn?,qd or unpubgiitated Péﬂtetlwl%%ﬁduct t he
first and third s%‘li%% Alig - %&m%?é 468 shli@Mrans-3- %e&%@ﬂéid%l@ jpot al
pressure from 250 p5| afgg si and to ¢ohdyct econ stage at,k a
tenperature f r orReBGENPis Pékrf‘é‘?aﬁﬁn NOAC B hiTams-2sefntegoimo

psi. The sane oracqﬂgﬁngent nmet al -1i gand conpl ex cat aI yst can be used in the
first and third stages. ot her. cq;ndlt s can_be tg 1% di fferent
in both stages. Reductlv Lycl §upieq ?@B‘me or more substitited oFy o1 j ve

cyclization proaasmbstitotedpentemonr amdg;admeto hydroformylation in the presence

of a hydroformylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
formylvaleric acid salts, e.g., 5-formylvaleric acid salt, and/or one or
more substituted or unsubstituted epsilon caprolactam precursors;

(D  optionally separating the formylvaleric acid salts
from the hydroformylation catalyst; and

(g) subjecting said one or more substituted or
unsubstituted formylvaleric acid salts and/or said one or more
substituted or unsubstituted epsilon caprolactam precursors to
reductive cyclization in the presence of a reductive cyclization catalyst
or to reductive amination in the presence of a reductive amination
catalyst and cyclization optionally in the presence of a cyclization
catalyst to produce said one or more substituted or unsubstituted
epsilon caprolactams, e.g., epsilon caprolactam. In an embodiment,
step (d) may optionally include subjecting the unsaturated acid salts to
isomerization in the presence of a heterogeneous or homogeneous olefin
isomerization catalyst to partially or completely isomerize the 2-
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L

or nore substituted or unsubstituted fornylvaleric acid salts, e.g., 5-
fornylvaleric acid salt, and/or one or nore substituted or unsubstituted

epsil on capy@b@gdsgsn pPrecursors to one or nore substituted Ofrmcosnrss
- 83- unsubstituted epsilon caprolactans in one or nore steps or. stages.

As used herein, the term"reductive cyclization" is contenplated to include
all perm ssible reductive cyclization processes which involve hydrogenation
and cyclization for converting one or nore substituted or unsubstituted
fornylvaleric acid salts, e.g., 5-fornylval82ic acid salt, and/or one or
nore substituted or unsubstituted epsilon caprol actam precursors to one or
nore substituted or unsubstituted epsilon caprolactans. As used herein, the

term "hydr ogenat ig¥htehsic &R 8410 8h&MrRpittehdfieadd |saI§.§ &mﬁéﬂeﬁoic arcid

hydr ogenati on processes, which in conjunction wth cyclization 1nvolve
converting one orsasrandppdmentencic se1dsaltnstituted formyl val eric acid

salts, e.g., 5- fornylval erTie élefig iS@nerizatidh@atAHst I stEpf (@) fiHyHd éﬁ%'%fl or
unsubstituted epsilon capol actam Brec?{éors to ong or,nore suﬁ tituted or
unsubstituted epd Y%Iﬁe@a%;}bq’ﬁ%%. S RL heterogpnpons trapgifignmpta sﬁﬁqdzat i on"
i s contenpl ated teatalystsuparticulaphr Ni,sRhpPé, By,dls, Bl crrirproranasy de gv\,hi chi 3
conjunction with | ' 0, rii one _or e substj.tute
or unsubstituted }{%ﬁl{rﬁgﬁ ggﬁg ?}ghg@égl%%?‘%s&\{g c%f;ﬁ?%t @ﬂﬁﬁ?@?ﬁéf‘% AENY salt,
and/ or one or norZeokts Polxmerd reginy e atancetofi et angsef whickamay becmadified
precursors to ongyigh oRBI? MbRSiraheitith ertﬂ@f“@ﬁ&h%fﬁfﬁﬁs%ﬁ?éﬂi%ion

caprolactans. In general, the reductive cycljzation step or stage _conprises
reacting one or (BFAIYEiSATe knavey 1 the axlaRd the issmenizrtion ean becondneted

and/or one or noibgy cubshtibbhksroebduREUasivw ih eHe APET ASMscaM bRl tRéterm

precursors v R B Sl ssences of Bucal At L REATEE 5 o

Fornyl val eri ¢ acipdrsassikledndmerizaetion|procesaps efthch anvdlve comivartingusaf of i n

by the. hydr of or gt 2e e B BEAr G2 dn e SR sRla e 3Rl ek AieplpRRe ™

processes. React eidstoaubstisutasnoy ursubptitoted dapentenaicacidi salts and/ or

epsi | on caprol actam When the processes for producing a formylvaleric acid salt
are conducted in three stages (i.e., first producing 2-pentenoic acids, 3-
pentenoic acids and/or 4-pentenoic acid under one set of conditions and
then producing a pentenoic acid salt from the 2-pentenoic acids, 3-
pentenoic acids and/or 4-pentenoic acid under ancther set of conditions
and then producing a 5-formylvaleric acid salt under another set of
conditions), it is preferred to conduct the first and third stages at a
temperature from 75°C to 110°C and at a total pressure from 250 psi to
1000 psi and to conduct the second stage at a temperature from 60°C to
100°C and at a pressure from 100 psi to 500 psi. The same or different
metal-ligand complex catalyst can be used in the first and third stages.
The other conditions can be the same or different in both stages. .

Reductive Cyclization Step
The reductive cyclization process involves converting one

or more substituted or unsubstituted formylvaleric acid salts, e.g., 5-
formylvaleric acid salt, and/or one or more substituted or unsubstituted
epsilon caprolactam precursors to one or more substituted or
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precursors may be useful herein. The anounts of fornylvaleric acid salts
and/ or epsi I on caprol actam precursors enployed in the reductive

- 84- CYGly 5 step is not narrowWy critical and can b%cﬁﬂ)@s@r@ﬁ%‘ts
sufficient to pro uce epsilon caprolactam preferably in hi
selectivities. The reductive cyclization process may be

carried out in one or nore steps or stages and in any perm ssi bl e sequence
of steps or stages. In a one step process, epsilon caprolactamis the
desired product |eaving the reaction zone.-8n a nultistep or nultistage
process, internediate products are the major products |eaving the

I ndi vi dual reaction zones. The particul ar reductive

cyclization reachQihetRtid é@fqﬂ%ﬁ%t% RS bl Blerdt stafesS

effective hydrogenatlon_an | zation condjtions su nt to pro uce
the epsilon capréfeddeensin, thedermqaaegdnetivegydization a%eortf&matq ingtude

:ﬁaCLOFtS and thegll p Iéﬁms-EﬂﬁeQ'ééﬁEtﬁr@@Ijéliﬁhdipﬂfﬁcéés%?iﬂﬂlchll?b&vtﬁover ned b%’
e best conpro en a st sel ecti vi vity,
lifetine and ea?&"gp Vﬁ%P‘P t“"}’c %Ifgr V@Héxgﬁpﬁmsmer? %‘é‘ét’rt\‘h%?‘%

the fornylval erigr msxﬂ)ssﬂhtai m&m{raﬁs@ﬁﬂ Ad saBB! @3 G-fommylesleriecicid balt,
question and the s ci/abl I |t of {: drval eri.c d, sal.ts and/or .e SI I on
caprol act am pr e AREEF & %ﬂ maxé sd’Z’§ 3}5@9’ %Ta‘é{‘?‘b‘?f"’%%‘béi’s ‘B’f%"r
conditions. Il qmecarsowsatmbneerumm sulmstitiibed aounsubstituted apsibey be

enpl oyed in the Q ware descri bed,
for exanple, in %\@’)ﬁ%@g %&%ﬂ%@?(%zﬁi‘fg Qly%gg%%}%} ﬁé di scl osures
of which are i ncongemplated Iterlaclmdlgwll pemnissihle hydoogenatioraprasesses svhiehed

after a parti CUIlﬁrco‘h tidwwmp &ﬁ%ti?:ﬂﬁh%ﬁ@ do‘hvgﬁc?h BHe drtigagh they may
be introduced to e neg reactlon Z0 t pur| atlon Recovery and

purification map Pﬁ»&l y be

determ ned by tfmnﬂwal@ﬂb amdewltl md/aabheloaeﬁmmewﬁw oreiRsubsttutedd
may i ncl ude di st| | l.ation g se seEar at i gon extracti orgsmg gl tion,
crystal i zati on,CPSUPP\FAPTIACHAIP RIEFUESOLS B0 PR OF pyoge st Whi | e not

wi shing to be bomaixblsmtate,d gpmilanced proldchaxmsy At e dnlyeiremmycthvet teom of an

epsilon caprol acLam DRI nteétnPlate@ to include all permissible cyclization
processes which in conjunction with hydrogenation involve converting
one or more substituted or unsubstituted formylvaleric acid salts, e.g.,
5-formylvaleric acid salt, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors to one or more
substituted or unsubstituted epsilon caprolactams. In general, the
reductive cyclization step or stage comprises reacting one or more
substituted or unsubstituted aldehyde acid salts and/or one or more
substituted or unsubstituted epsilon caprolactam precursors with
hydrogen in the presence of a catalyst to produce one or more
substituted or unsubstituted epsilon caprolactams.

Formylvaleric acid salts and/or epsilon caprolactam
precursors useful in the reductive cyclization process are known
materials and can be prepared by the hydroformylation steps described
above or by other conventional processes. Reaction mixtures
comprising formylvaleric acid salts and/or epsilon caprolactam
precursors may be useful herein. The amounts of formylvaleric acid
salts and/or epsilon caprolactam precursors employed in the reductive
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T e

formylvaleric acid salt, and cyclization to epsilon caprol actam may

- 85- proceed through a variety of internediates. The catal ysts which are
best abl e ﬁ te the selectivity or rate of such atragf. g%gégn Wil |
depend on thé particul ar nechani smfollowed. Catalysts capa 0

catal yzi ng hydrogenati on or dehydrogenation reactions are desirably used.
The hydrogenation may be carried out using a variety of known catalysts in
conventional anobunts. Such catal ysts conprise a variety of materials,

i ncl udi ng honbgeneous and het er ogeneous caBétysts, such as palladlun1

rut henium platinum rhodium copper chromte, nickel, copper, cobalt, and
the |ike. These nmetal catalysts can be supported on a variety of supports,

i ncluding titani o1 Pan ig,ngm i ke, and
may be further c}crmt egﬁg gﬁddttl ona?wr;é‘ FEE or %?ﬁﬂ@eaa |t|&§§téfor
exanpl e, bari urns yiHisigah %@m@qemﬂeﬁ]ca@éd@ﬁt% preferabiyqin gk bdenum
cobalt, and the delétivikeder illustrative catal ysts conprise a variety of

mat eri al s, including hono %n g]tr’r? eneous cat abgst S,. or ot her
Goup 8,. 9 and 10 netal sgﬁteob%bé’rc ‘Eﬁ’rg R PTORess may be gartied gubin ot o
nitrides and Cardned&Smomdtetplsexrlsltkges aiinémeaﬁytpdxmembl@/ﬁ@enwobete@umorted
on a variety of or di t e

silicon carbide, %ﬁg%h fff U fllaj% &es%,leaanr%ﬂ%g a%?##a?@%@a?%h?ﬁgg&e anadi a and
the like, and rregrotlucfr leaving t}mmwtmn meadmannﬂmlstemoahmlmstageher

ol ybdenum  cob t‘%%seat‘%%?‘%mte?@“‘é%& th A FodS st viRg 8 © T
zinc. Avariety ipfivi Hﬁb’éﬁ?@b‘@@ zo8e84 ysts may al so be’ enpl oyed, for exarrpl e
rhodi um rutheni um cobal tThe Eﬂtﬁ!ulaﬁﬁed&wdé | bptizStioh reabiib soditRAsbe

O e B A A A 83

simlar materialeyclization conditions Bhéfi¢igt WPfﬁu@mhbmilbﬁ RapPolabianssir ri ed

UL 0, & S5 P o R P S Bl 010060 396,
exact reaction condltmns will be governed by the best compromise
between achieving high catalyst selectivity, activity, lifetime and ease
of operability, as well as the intrinsic reactivity of the formylvaleric
acid salts and/or epsilon caprolactam precursors in question and the
stability of the formylvaleric acid salts and/or epsilon caprolactam
precursors and the desired reaction product to the reaction conditions.
Illustrative of certain reaction conditions that may be employed in the
hydrogenation and/or cyclization processes are described, for example,
in U.S. Patent Nos. 3,652,549 and 4,730,041, the disclosures of which
are incorporated herein by reference. Products may be recovered after
a particular reaction zone and purified if desired although they may be
introduced to the next reaction zone without purification. Recovery
and purification may be by any appropriate means, which will largely
be determined by the particular epsilon caprolactam precursor
employed, and may include distillation, phase separation, extraction,
absorption, crystallization, derivative formation and the like.

While not wishing to be bound by any particular theory,

the hydrogenation of an epsilon caprolactam precursor, e.g., 5-
formylvaleric acid salt, and cyclization to epsilon caprolactam may
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conventional nethods. For exanple, reaction tenperatures may range

- 86- fromabout 50[err]C to about 400[err]C or higher, preferably from
about 100CJPeeipOudt 300[err]C for a period of about 1 hour gérdi@gmrise about
4 hours or longer with the |Ionger time being used at the | ower tenperature.
Reaction pressures may range from at nospheric or subatnospheric to about
3000 psi or greater. Preferably, mld tenperatures and | ow pressures are
general ly considered desirable, consistent with acceptabl e catal yst
performance and lifetine, and epsilon capr8bactam precursor and epsilon
caprol actam product stability. The anount of hydrogenation catal yst used is
dependent on the particul ar hydrogenation catal yst enpl oyed and can range

f bout

o about 0, oLy LB Byt e St A
cyclization readdsbabls ttaprtapgﬁelhheW&lﬁtohm‘i@r@@uﬁb&tmﬁsml‘m I east
one functional ity ge aﬁec f %Qﬂﬁ%a%%ﬁg%é%idi%tfo%ﬁledg (AR F4S h,agébﬁm ne

may or nay not need yst the particular ‘e
capr ol act am pr ecfrcgda genﬁgﬁwg HPeihﬁ’gﬁﬁgﬁW%Orb%ea&B‘é@F@g @Idg?sﬁébbésar y
to enploy a cat gigeqt . |t stlll may be desirable to do sot0|rrprovethe

selectivity or rate of th gaformalon her epalo(}lgt rolactam
precursors nmay necessitat YHEEeHa l&ﬁ’&ﬁ}f&’&p@l‘ﬁ‘@ ‘%ﬁn)" g vagiety of, |,
mechani sm of t hekiggweh icatly. ﬁlﬂs inaeventionghamdants Sheh eptilysts coagprisest am

precursor, the yselyl ft e}}g, 1Vr\1'|c udlggho?n geﬁf?gug%'iﬁ ?p%?gl@gugpm | on

capr ol act am prec‘{?rré reacti on may
be perforned in Malyam)rsuphlwtxmlkaﬂmﬁnmthemmSJa&m@lm rhoditem;, copper

al i phatic hydr oc&rrg ﬁ?%%fﬁdég%ﬂﬁ &dtﬁgféi i & Eesﬁlés@%éf%m ats

et hanol , ketones an out _usi n e pure epsilon
caprol act am prem}@#S%PpQﬂﬁedepsﬁY%ﬁeWa WW@? ludingb¥ani®d a ni xture of

byproducts fr Omxhagn%h!m §ﬂw§%@9ﬁﬁmiﬁat %écﬁﬁféﬂd)fhéﬁﬁﬁé'eﬁﬁ&mdyf bé Rerther

transformation is arrli) eser]:e of ter | t fieilrable

that the sol ventPromQted Yeﬁfﬁ H}? gw eBPdé s 3‘?&,51!3&?? e
manganese, zirconium, selenium, calcium, molybdenum, cobalt, and
the like. Other illustrative catalysts comprise a variety of materials,
including homogeneous and heterogeneous catalysts, or other Group 8, .

9 and 10 metals, copper, chromium oxide, and a variety of metal
nitrides and carbides, and the like. These metal catalysts can be
supported on a variety of supports, including titania, lanthanum oxide,
ceria, silicon carbide, magnesium silicate, aluminas, silica-aluminas,
vanadia and the like, and may be further promoted by additional
metals or other additives, for example, barium, manganese, zirconium,
selenium, calcium, molybdenum, cobalt or other Group 8, 9 and 10
metals, copper, iron, and zinc. A variety of homogeneous catalysts may
also be employed, for example rhodium, ruthenium, cobalt, nickel and
the like. Such catalysts can be promoted or stabilized by a variety of
ligands including nitrogen or phosphorus containing materials such
amines, phosphines, phosphites and similar materials.

The hydrogenation reaction may be carried out in any
desired manner, for example in a tubular or a stirred tank reactor, and
the like. The hydrogenation reaction can be carried out by
conventional methods. For example, reaction temperatures may range
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-87- conponents of the reaction m xture, except any heterogeneous

catal ysts that may be enpl oyed. A two phase system may al so be
used, prowygisRgesageduate mxing is achieved. Such a systemﬁglg&%%%gs[ may be
used to facilitate recovery of epsilon caprolactamafter t i on
reaction by extraction, phase separation or crystallization. Cyclization
reaction conditions may range from about O[err]C to about 400C and

subat nospheric to about 3000 psi or greater for a period of about 1 hour or
| ess to about 4 hours or longer with the l88ger time being used at the

| ower tenperature, nore preferably fromabout 50[err]C to about 350[err]C
and from about 50 psi to about 2500 psi. The anpunt of catal yst used, if

, isd d ' | yst | d
Sbout 0. 01 wel oonb Abu 0T b4 Ehed 40dicE o Ble e p X B P e b BE 10 G o
the total wei ghto abouthd0®Caforiarpemed of abéwt 1 houmay léss toetiout d leowre cronbi ne

hydr ogenat i on am;,g@ T | Rﬁn%% [ ' '

As i ndicated ab VG,?'?JP%EK?&%SH l%’?'e eé’%&%ﬁ%ﬁ%éﬁ?ﬁ%ﬁ%ﬁ?#&%ﬁol act ams
produced by t hePPREHRR PrassEyes mayirangedrap aimasphericorambatmospheie to
separat ed by coab@it 3000psilaGrehtsic Prfeabiy, milaltehl firhBivesSXid W | ON.
preci pitation, creyst allization,., nmenbr, n%dfjggar t.ion or other suitable
means. For exanPBieSuresqregenezally icBﬂSIBf'3 sipahlepeonsistent Mith t o a

di stillation-sepeeptahia catalpstipaforshaticoand ¢ideline, Ahdsspsilontdappelabtain packed
distillation co eaciiveydistillation e, useful 4 n condycti ng the
hydr ogenat i on aiﬁ%méf/scql?i a}éi i %%Sﬂl%‘éa&rf’tﬁftt%?’e%rﬁ%ﬁﬁ#’f‘ﬁ 2 ';Rhf* &9 °<§Jnd
Cyclization St elydnogenation catalyst déesl isadhipenident anithatparticalet cycli zati on

rocess involv ‘] S | inhut ed
1I‘O ornylvaleric gl?(g%ggﬁi%bﬂga%%"gé?g?%ﬁ%%%yétlgg%lﬁg)é# ? ﬁggt?\gpgr one or
mor e subst i t ut eWeight peEeanitarilasete abeyt Yhweightopercentopgeentes of the totehe or

nore substit ut egteipht WASHOStdrtitigemhatPhlsOn caprol actams in one or nore steps
The cyclization reaction of an epsilon caprolactam

pi'ecursor in which at least one functionality is a nitrogen containing
functional group such as amine may or may not need a catalyst,
depending on the particular epsilon caprolactam precursor employed.
Although it may not be absolutely necessary to employ a catalyst, it
still may be desirable to do so to improve the selectivity or rate of the
transformation. Other epsilon caprolactam precursors may necessitate
the use of an appropriate catalyst. Since the mechanism of the
cyclization reaction depends on the epsilon caprolactam precursor, the
useful catalysts will be selected based upon the epsilon caprolactam
precursor employed.

The cyclization reaction may be performed in any
appropriate solvent, such as water, aromatic or aliphatic hydrocarbons
or functionalized solvents such as methanol, ethanol, ketones and the
like, or may be carried out using the pure epsilon caprolactam
precursor or the epsilon caprolactam precursor and a mixture of
byproducts from the earlier stages of the reaction sequence. If the
transformation is carried out in the presence of water, it is desirable
that the solvent mixture employed be capable of dissolving all
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WD 98/ 46565 - 88- or
stages. As used herein, the term"cyclization" is contenplated to

i ncl ude aI si bl e cyclization processes which in conjugci th
am nation |nv '@%%convertlng one or nore substituted or #ﬁ%?%%
formylvaleric acid salts, e.g., 5-fornylvaleric acid salt, and/or one or
nore substituted or unsubstituted epsilon caprolactam precursors to

one or nore substituted or unsubstituted epsilon caprol actans. As

used herein, the term"reductive am nati ong7.s contenplated to include

all perm ssible reductive am nation processes which in conjunction
with cyclization involve converting one or nore substituted or

unsubstituted fornyl val aci d aI ts aleric acid salt,
and/ or one or ”qugxy ?? ﬁ?}é%lr Wﬁs@ﬁ&%rgu%mpgﬁe%emmt am
precursors to omatavlystmﬁmtsnhyﬂmta:hpbyed unsubstituted epsilon

caprol actans. In general p%c;légt gg@enq:%gg%ﬁ[}&a‘qgﬁé)cl |.z Itmé;%ﬁequate

steps or stages conprise reac ing. on
unsubstitut ed almidingds achieved! Suchraigyatenn howeveny maytesusad tocfacilitate

unsubsti t ut ed e%h&&&%%@?ﬁleﬁaﬁ}egam %ﬁf&tﬂbtcgcltyﬁ FEL YA BY

ani ne or anmonia in esence a cata )él ce one or° nore
substituted or mmﬁfs%m phage spraradiprean s %lhaﬁ@on Cyclization reaction

11 :JS'([jI‘ at :c ve SUQ%hﬂiﬁﬁrgjm]c gg}qaﬁgglfp&hlgwﬁg)ob)for%d(ﬁl‘ﬁmog and acid salts
e et hyl ammoni uRRERIPRGRGF  abast SipGRstor Sraaber iir mperiad of abput 1

t hei rI ol : goner s m'hesstdwhhxmehoﬁfs oi-lcgig‘wlrvmh&hd 16thyfer! tithe. bemg used
Fornyl va eric acj silon capko m p u

in the reducti vetgkﬁgﬁgl‘%' ﬁe’gﬁ%‘ﬁ‘f‘? I?ﬁf? 8h %F%@é(s@o%aebqﬁd@gbsn@t%ﬁ@l s

and can be prepMCmdﬁenhamlwm ppimabmufszﬁmspsieéﬂne berbunb@f eatalyst

by ot her conven
fgr nyl val eric agilsgasal t gﬁior ?ﬁ)n Cg&?ﬁ{dgéfﬁ ﬁﬁ curgIl}Sred and %an
useful herein. Tﬁ@gaﬁmm@m OfQirwy;gleh mrpenh@t less 4p @bouhdpovelsbbu | on

capr ol act am pr e@eéresttorashehtatest thie tobsl weikitldr¢Re @mﬂ,ﬁ{g ﬁﬁxtéﬁﬂls It may
cyclization steﬁ) ?rrowg g i cal d c an anount
sufficient to p 8&%@3%‘&% iﬂﬁ' Yé’é‘{g&ﬁ‘ﬁ ationiigRs into a
selectivities. singlereaction zone.
As indicated above, the substituted and unsubstituted
epsilon caprolactams produced by the reductive cyclization step of this

invention can be separated by conventional techniques such as
distillation, extraction, precipitation, crystallization, membrane
separation or other suitable means. For example, a ¢rude reaction
product can be subjected to a distillation-separation at atmospheric or

"-reduced pressure through a packed distillation column. Reactive
distillation may be useful in conducting the hydrogenation and
cyclization reaction step.

Reductive Amination and Cyclization Step(s)

The reductive amination and cyclization process involves
- converting one or more substituted or unsubstituted formylvaleric acid
salts, e.g., 5-formylvaleric acid salt, and/or one or more substituted or
unsubstituted epsilon caprolactam precursors to one or more
substituted or unsubstituted epsilon caprolactams in one or more steps
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- 89- The reductive am nation and cyclization process may be
carried out in one or nore steps or stages and in any perm ssi bl e sequence
of steps QWO§QQQF§. In a one step process, epsilon caprolag&fﬁ&%ﬁvﬁgga
desired product l[eaving the reaction zone. In a nultistep or nultistage
process, internediate products are the major products |eaving the

I ndi vi dual reaction zones. For exanple, in a three stage process, an
epsi l on caprol actam precursor, e.g., 5-fornylvaleric acid salt, may be
converted to an imne in a first stage, th8&3im ne nmay be hydrogenated to an
amne in a second stage, e.g., 6-amnocaproic acid or salts thereof, and
the am ne may be cyclized to epsilon caprolactamin a third stage. In a two
st age process, [J O : b SOK: wie D-for leric acid
salt, may be co%\?esfﬁ?%éd’l'cf?srggﬁ ﬁkfeghgﬁﬁ%é}%g e.ha.aﬁog; gm&ﬁlotgaur%{e? t'21(\”(;i d or
salts thereof, nncladpialbpemwgér,le gyielizatiomprosessesywhishdpsionjenction with | on
caprol actam i n an3RGes Riv8ER cofveFRHE SRR BoRY MBARuLsd bP eRBubsidiutedual

transformati ons nmay occur, sq that in"a two stage pr.Qcess, sgme cyclization
may occur in théowlgftaf%rﬂ%@@?l salts, e.g., -formx‘kfé?% arid ek, SnA/PRRRO AT and
cyclization reaghbresulebidutddnsudsishsiitutodepsiMy ceproladtam pRshugasrsiie any
effective am nation_and cg‘g%ql zta%‘i)sé)n condi)t i.é)q;s suf fi ci ent toagﬁrlod ce the
epsi | on capr ol a@REAF Bk substitgied gp gngubstityted epsilon sapProlaehiams. A8ct or s
and the l|ike. Thsedhesein, the termn "pahubtiviecarnimationts cgntemphlatet to ihdudest
conprom se bet i eN | X C [ V] CL 1 V&l . Jifetime
and ease of opﬁ%@?,g{%%g%‘ﬁn&%%gﬁﬁ ??é\‘%%%ésréé’g%lﬁhl i\% %é/ﬁﬁgw?ﬂ% :
fornyl val eri c advith sy¢hzationdinyolegeinventingmmsl cromane pubstifuted ori n quest i on
and the stabili Hﬂxs‘ai)s'éiﬂﬁegq?@eﬁ&l@lé’ﬁb GefLsAtS . 4.55 Tvalest a0 salt,

caprol act am precursors an desi red react |]&gﬁg‘ir]o uct .to the yeaction
conditions. || @80fofoneormore substituted oriuns § lmaqam{ncs%m
Snpl O'ygddi nfthep& lbfs\/’@ﬁiﬁl%hafdgﬁé sﬁ?gﬁﬁﬁt 4 7%0 8'281@11?’@%%&‘%35 azfe731 445
escribed, for exa in L. S Pate oy X , ,
and 5. 068, 399, FABFIIPCRmL 1o Zengral e Fearistive A inatin.and &Y difetisn
ref erence. Prodstdps orestages cauprise edacting one opanovecauibstituted or

unsubstituted aldehyde acid salts and/or one or more substituted or

unsubstituted epsilon caprolactam precursors with hydrogen and an

amine or ammonia in the presence of a catalyst to produce one or more
substituted or unsubstituted epsilon caprolactams..

Illustrative substituted and unsubstituted formylvaleric
acid salts include, for example, 5-formylvaleric acid salts such as
triethylammonium 5-formylvalerate, ammonium 5-formylvalerate, or
their oligomers and their hydrates or oligomers, and the like.
Formylvaleric acid salts and/or epsilon caprolactam precursors useful
in the reductive amination and cyclization process are known materials
and can be prepared by the hydroformylation steps described above or
by other conventional processes. Reaction mixtures comprising
formylvaleric acid salts and/or epsilon caprolactam precursors may be
useful herein. The amounts of formylvaleric acid salts and/or epsilon
caprolactam precursors employed in the reductive amination and
cyclization step is not narrowly critical and can be any amounts
sufficient to produce epsilon caprolactam, preferably in high
selectivities.
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- 90- reaction zone and purified if desired although they may be
I ntroduced to the next reaction zone w thout purification. Recovery and

purificati wpsspggsgge by any appropriate neans, which will | aﬁéﬁ’f.!!ssﬂﬁsss
determ ned by the particular epsilon caprol actam precursor enployed, and

may include distillation, phase separation, extraction, absorption,
crystallization, derivative formation and the |ike. The
reductive am nation reaction can be conducted at a tenperature of from
about O[err]C to about 200[err]C for a per®8d of about 1 hour or less to
about 4 hours or longer with the |Ionger tinme being used at the | ower
tenperature, preferably fromabout 10[err]C to about 150[err]C for about 1

hour or l'ess to about 2 haWeréduckiedShinatich HRAGyEE L5 Brocedl nidiPH
20[err]C to about 12 1 hour or |éss. The tenperature

&
ert]C for about t

shoul d be suffi(‘,’f"gﬂf"gh}% 1’11*8&8&"6%0%“68&9{1' stageLan aMraﬁrwwﬂ{’@%lt al yst
systen) but not sequén@ofatepo of stupRsdThai bHb wbdEpidress,epstishicappslasnasi ti on
or polynerizati gpt osi " Ihe I edtngt i ve,.am nat i 4n reaciéilégn can be
conduct ed over & WH%d ?5?1%31'%4 o leavneltde raastion 2opg I mulsistener; ¢ o
about 2000 psi gmultistagepedeessintermediate prodadts aredhe tmhajer prodwadtson
reaction at pre . : ! g t 0Q0 Ld.
reductive am na?%ﬁéégé#“g%%écéggbﬁé egf flfe?)gfeg%ﬁ%l%t ‘?{'eaﬁﬁ% %&gg vapor
states or nixtupsecespcdmepsilameaprrlattapn precunsond.g., Gformylvaletinaciht al yst
system used. HydsRIgIhyBE EoiberbbfEs 4hSnBAe iR% ﬁ?&sﬁﬁgi%%’qﬁi@e%ﬁa#

lifetime of the hydro engélon catal ys nfa s p

St . I(ggerab_ly
enpl oyed as t he DYAFoganated 40 8n amning Heaserend stages eig, G-oAvBACARN9S acidount s,

preferably in exteaksahersdfsand blle amifR)nAS Headclied b6 epsifisit S4prolactaMdr i ety
of ways, includin S | i qui,d, and as, in solution 1n for exanple
water, or as am%%i t@fﬁ‘ﬁ%ﬁag - %g‘ivﬁts? B#oqeﬁs’s%hﬁpﬂf%f:a@'ﬁg?‘&ﬁm ate
manner. Any excpsecwasone.g, bfomngivalaticacid paltatrey Iod tomiertyd directdy iton i s
complet i The Rigs 6 5 deipha RSLLLg R LB N 1R, ana
sol ution, or asthe pednemaybe cyclized to epsilon caprolactam in a second stage. Of

course some overlap of these individual transformations may occur, so

that in a two stage process, some cyclization may occur in the first

stage.

The particular amination and cyclization reaction

conditions are not narrowly critical and can be any effective amination

and cyclization conditions sufficient to produce the epsilon

caprolactam. The reactors may be stirred tanks, tubular reactors and

the like. The exact reaction conditions will be governed by the best

compromise between achieving high catalyst selectivity, activity,

lifetime and ease of operability, as well as the intrinsic reactivity of the

formylvaleric acid salts and/or epsilon caprolactam precursors in

question and the stability of the formylvaleric acid salts and/or epsilon

caprolactam precursors and the desired reaction product to the reaction

conditions. Illustrative of certain reaction conditions that may be

employed in the reductive amination and/or cyclization processes are

described, for example, in U.S. Patent Nos. 4,730,840, 4,730,841,

4,731,445 and 5,068,398, the disclosures of which are incorporated

herein by reference. Products may be recovered after a particular
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-91- Some of the reaction steps or stages may involve th
use of a catalyst. Such catal ysts are known in the art and can be used in
conventi onwo ggmesest s. For exanpl e, the hydrogenation of an pfpiRedifdsan

am ne may advant ageously enploy an appropriate hydrogenati on catal yst.

Catal ysts suitable for possible internediate imnation reactions, e.g.,
conversion of an al dehyde to an imne, include mld acids, for exanple

m neral acids, and carboxylic acids, such as hydrochloric acid, phosphoric
acid, sulfuric acid, acetic acid benzoic a®0d, and the Iike. Qther acidic
materials may al so be used, such as nol ecul ar sieves, silicas, alum nas and
al um nosilicas, clays, and hydrous titanates. Heteropol yacids, sulfonic

aci ds, phenol s ofeactibfrzofit lagldypiGfied sf d@kRsd althotFl tRey P bE$REFoduced

It may al so be atg)v nta&gous Lo renove th% vvatﬁr rodyuced 1'n an_ i nternedi ate
i m nation reacti rF%ﬁ)P Jragiion zene withant, cghian.i Regeyew andt r act i on,

abs ?r pt : on and lcpﬂtéﬁcdﬁi&emaahebyﬂﬂyeipm'pm{w mmt, ﬁﬂﬁentdvﬂm' aQEelﬁr'Ifé
articul ar epsi _ recursor oye e _water my no e
ipnt enti onal | 5 r e%dl'\e/e B{e?u?fg’ggn?gﬁ‘?‘? rteﬁﬁﬁ{%ﬁai;’bcq?ﬁt@nﬁé’f?mﬁs%@w"}fﬁ
reaction. and may ipglude distillation, phase sépartation) exyrambiony abborpiioar,
theory, the redl{ﬁ«y_i,ﬁé iﬁﬁ&ﬂtd%a‘ﬂvfﬁrﬁfaﬂdno%h&@ﬂéﬂl&m am precursor, e.g.,
sal t I'za 0

5- fornylval eric aci and_ cyc tion t'o epsiTon caprol actam may
proceed through a vari ety T¥e regustiveciminationmrencsiona¢ans be conduttedrad shest

able to pronote tehfperahieldffirdm diout B°€ 1ofaboig 0B CIBRA UG bPRH Mt 1
depend on the parti cullar g"ra hani g\ fol | oped. Cat al gsés capabl e of
cat al yzi ng hydr i 16%F aﬁa‘@% gyEher langer suth thadonger ame beipgpsaded.
A further f t r ansfatrthetiower tmpbmﬂge&cpﬁe@éraiﬁﬂﬁ%ﬁﬁ%bbﬁt llbﬁcrtatiilﬁ)hi:?ﬂofm i mne
to am ne functi ' h. €., roogsgnati reaction. This transfpr | on
may be carried gﬁfghé%n%hgﬁggr :f%s[sytogqebq?%cgmo%% DEET, froxe prePergE{y
hydr ogenat i on oratddlopt 264€ tatabont 4262C fer aboutnl honventlesmalhamount s.  Such
catal ysts conpritgmpriire@hbuti bIBLEAdi8hE for reaction to occur (which may vary

with catalyst system) but not so high as to cause 5-formylvaleric acid

salt decomposition or polymerization.

The reductive amination reaction can be conducted over a
wide range of pressures ranging from about 20 psig to about 2000 psig.
It is preferable to conduct the reductive amination reaction at
pressures of from about 100 psig to about 1000 psig. The reductive
amination reaction is preferably effected in the liquid or vapor states or
mixtures thereof. The total pressure will depend on the catalyst
system used. Hydrogen partial pressure can be chosen to maximize
the lifetime of the hydrogenation catalyst.

Ammonia is preferably employed as the aminating agent
in these reactions in conventional amounts, preferably in excess
amounts, and it may be fed to the reactor in a variety of ways,
including as a liquid, and a gas, in solution in for example water, or as
ammonium salts in solution or in some other appropriate manner. Any
excess ammonia is preferably separated off after amination is
completed. The formylvaleric acid salts and/or epsilon caprolactam
precursors may be fed to the reactor in any convenient manner, such as
in solution, or as a neat liquid.
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-92- I ncl udi ng honogeneous and het er ogeneous catal ysts, such as
pal I adi um ruthenium platinum rhodium copper chromte, nickel, copper,
cobalt, a 59965- | ke. These netal catalysts can be support g Aodio¥s3si €t Y
of supports, “Tncluding titania, magnesiumsilicate, alum na, vanadi a and
the like, and may be further pronoted by additional netals or other
additives, for exanple, barium nanganese, zirconium selenium calcium

nol ybdenum cobalt, and the Iike. OQher illustrative catalysts conprise a
variety of materials, including honbgeneot®l-and het er ogeneous catal ysts, or
other Goup 8 9 and 10 netal s, copper, chrom um oxide, and a variety of
metal nitrides and carbides, and the |like. These netal catal ysts can be

supported on a variety Ofsgﬂgp&*ﬁlg’re%,gﬁéfégﬁ%%}é@ﬁ%ﬁméﬁm Lgdde,

ceria, silicon carbide, nmagnesi um si S1”l T ca- al um_nas,

vanadi a and t heofld tatalystd tatalysts aze kpowrnirethegriaand canbaiuaediinl s or
e b contRht AT Bfouste! P oxERINRTEREhy digbORLIMH o3l MfilriéBo

cal cium nol ybdcenum. co or ot her 0 8, 9 and 10 mefal s, copper,
iron, and zi nc.amaywHpraRgy SAVABHEROVEHIEMPIOR AN APPTARKIAtE Bd%e@ﬁgigayed,
for exanpl e rhogditygstr ut heni um cobalt, nickel and the |ike. Such catalysts

can be pronoted or “stabiljzed by a.vari “of .Jjgands including nitrogen or
phosphor us cont ai ni ng nat&#t V§1}/Ss§}l’}}‘/|§%lﬁ1?ﬂ€2‘,’s ?%E‘?’aﬁﬁb?’}ﬁ?tt"é% and
simlar mat gfi atedctions, e.g., conversién blfdh_(lﬂdehyd@tt? ardniihe;inchyd .elm:ildar rk i ed
out in any desire nner. for_exampl e,in a,tubul ag. or. ixred tan
react or, gnd tl‘%"l&?’&g{r eﬁ@&?&%&%ﬁﬁ‘éﬁ’ ?@%8?%%()0#%@5&%%’ %QF{} iagd' out by
conventi onal nehyrhoshloFir acidaphbspharémacido sulfenpoecid, aceticracyd bemzpic f r om
about 50[err]C er - B4 - Dyl t
&8?9%8%?%? ?i?i% Oltfericidic ﬁf?n%lggfagfr% o/'bé 185 AUl as

100[err] C to abou ] for a period o “ 1 hour or l'ess, to about
4 hours or | ongeelegular sigees,ciliess, mlwminas agd uminesilisas, daxs, atrliln“perat ure.

Coact o o SSUSRE R pANR | O ShIRALIS iUt ok o B
gener gl ly co%si@éﬁiﬁaﬂ’@gﬁ’ F"a%eé%,gl%w g{s@:ﬁ% ¥iath accept abl e (F:)at al yst
performance and Iifetine, Itandyeflse beadvaptagatisamremove the water

produced in an intermediate imination reaction by, for example,

azeotropic distillation, extraction, absorption and other like means.

Alternatively, and depending on the particular epsilon caprolactam

precursor employed, the water may not be intentionally removed, but

be carried through to the next stage of the reaction.

While not wishing to be bound by any particular theory,
the reductive amination of an epsilon caprolactam precursor, e.g., 5-

formylvaleric acid salt, and cyclization to epsilon caprolactam may
proceed through a variety of intermediates. The catalysts which are
best able to promote the selectivity or rate of such a transformation
will depend on the particular mechanism followed. Catalysts capable
of catalyzing hydrogenation or dehydrogenation reactions are desirably
used.

A further transformation in the reaction sequence is the
reduction of imine to amine functionality, i.e., hydrogenation reaction.
This transformation may be carried out using a variety of known
catalysts, such as hydrogenation or dehydrogenation catalysts, in
conventional amounts. Such catalysts comprise a variety of materials,
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- 93- precursor and epsilon caprol actam product stability. The anount of
hydr ogenati on catal yst used is dependent on the particul ar hydrogenation

cat al yst aggbgyags and can range from about 0.01 weight per s to
about 10 wel gﬁt percent or greater of the total weight of tq,ﬁg;uss?%‘rﬁt}l?ﬁg

mat eri al s. The cyclization reaction of an epsilon caprol actam
precursor in which at |east one functionality is a nitrogen containing
functional group such as amne or imne may or may not need a catal yst,
depending on the particular epsilon caproﬂéctanlprecursor enpl oyed.

Al though it may not be absolutely necessary to enploy a catalyst, it stil
may be desirable to do so to inprove the selectivity or rate of the

transformati oninG,Q8te ﬁBﬁi'oF@ﬂe&@soéﬂh %%E%Hgghgﬁ%b; ggaﬁﬁgy%mcgsssi tate the

use of an appropriate catalyst. Since the I sm°of the cyclization
reaction depend@1 I ReId mum,@&wauabtrbgﬁmcmm,chm@%mkelcat al ysts
Wil be sel ect egppas eebalbOdnd bRe fike! ITHeseanetllaatAFsty @F1bE ShppoRkaed-

The cyclization reacti may pe rf.orngd in any approprj.ate splvent, such
n wator ar ond VARG O ARET R T BROUAR TS, DI EROIR G e AR nt <
such ats ) met han&hna_dfahand lthe kidde taﬁd magl bbffartﬁé@ﬂoﬁiotﬁﬁ)by}midiﬁbhhbld 0 ;Jt

usi ng the pure_eps n_gapr amprecurser jor..the e on _caprol.act am
precursor and ﬁ%ﬁ%%@)& aﬁfﬁﬁ‘éaﬁ Ee?{?%%??’ SRRy Fgﬁ% TG0 HE
reaction sequeseleniwm, chkiumansilybdenimn colaltcand the bke. iQthene presence of
vater, 1t i's dethi@bliGe RalybiCRRbMESh A & AR ME dnRfufiARAD! € Of

di ssol ving al |l _conponents o e reactron mxture, exce et er ogeneous
catal ysts t hat hempogsacenpppddeterogeneous catalysts; opofrerfaranp8Handllal so be

used, providi ngndtdRy)espper]ichiraihth GSHLYed a valkidly df Dstat Mitduenel . May be
used to facilitate,recov {@/&g{( epsi | on caagro ctam after the cyclization
reaction by exf’?’é@fi?%rﬁn‘g %e%ﬁ? magtad catalysis gan be supported onia; ot i on
reaction condi vasiesy ofiyupporgs, inchidiageitaniX; laatldouin 6iQfcterid; siiicbn
subatmospheri ¢ oL §;3B0ul A0 R ¥hi e HEHFas’ Sica-A1GHiRTs adtlRl ank

the like, and may be further promoted by additional metals or other

additives, for example, barium, manganese, zirconium, selenium,

calcium, molybdenum, cobalt or other Group 8, 9 and 10 metals,
copper, iron, and zinc. A variety of homogeneous catalysts may also be
employed, for example rhodium, ruthenium, cobalt, nickel and the like.
Such catalysts can be promoted or stabilized by a variety of ligands
including nitrogen or phosphorus containing materials such amines,
phosphines, phosphites and similar materials.

The hydrogenation reaction may be carried out in any
desired manner, for example in a tubular or a stirred tank reactor, and
the like. The hydrogenation reaction can be carried out by
conventional methods. For example, reaction temperatures may range
from about 50°C to about 400°C or higher, preferably from about 100°C
to about 300°C for a period of about 1 hour or less to about 4 hours or
longer with the longer time being used at the lower temperature.
Reaction pressures may range from atmospheric or subatmospheric to
about 3000 psi or greater. Preferably, mild temperatures and low
pressures are generally considered desirable, consistent with
acceptable catalyst performance and lifetime, and epsilon caprolactam
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- 94- hour or less to about 4 hours or longer with the | onger tinme being
used at the | ower tenperature, nore preferably fromabout 50[err]C to about
350[ err] C ¥REMSHM about 50 psi to about 2500 psi. The anDuPCT/E9BMAsSS! yst
used, if any, is dependent on the particular catalyst enpl oyed and can
range from about 0.01 wei ght percent or |less to about 10 wei ght percent or
greater of the total weight of the starting materials. It nay be desirable
to conmbine am nation and cyclization stepsgg.nto a single reaction zone.

As indi cated above, the substituted and unsubstituted epsilon caprol actans
produced by the reductive am nation and cyclization step of this invention
can be separated by co a(\g}((:{]tronal techni ques such as distillation,

extraction, prdEepHrseriasyl epsilon canrplastamnproguet stakilisyp Thetamount obt her

sui t abl e neans.hydyo g@ﬂ@ﬂi‘(@ﬂa@ataﬂ wmrse&@ﬁémxﬂroﬁ% &xrdftuldgr SUbj ected to a
educed pressure through a

distillation- rati on at or

packed distill irﬁ-@ﬁg%r'am °a€€é¥ meiqrresltrm sapgangafroza abeut 401 n

ICFIndu'ft i ?g t he wagh\‘:per@mmrrlaﬁs ﬂ)’labcﬁh lﬂ‘.t Ty degm p@ﬂ:ehegﬁ @ftﬁ?tdf&he total f
ustrative e at, can be prepared by the processes o

this inventi on%élgﬁ 8@2%5 a}rg I&S&%‘I‘ﬁ]@f am and substituted epsilon

caprol actans (e.g., al phél‘héaeydxzagmmmacﬁehtd'mebﬂcﬁumola&teﬂl epsilon

caprol act ans) . 3| Liuted

epsi | on caprol grt ams %r né‘fﬁa %érta%%e csuoo alﬁ%qug}ﬁ %?‘o‘fo ?%B§

i ncl ude those peReienalgre %ﬂjwanand imineipsay puvey ppbheeha

capr ol act ams _Weagdly, 8.4 Gl SchQ il J%B'aa em cal
Technol ogy, Fourt teig f?'é or rti }on(%&?*?r?gp%?%?c sgg{re

i ncor por at ed h@PH? may not be absolu neeeSSpEY te apionet ans

desc ][ i bed her ]?Icat&lyst ,ib Bfl¥1|mh? ba deiraH1¥ ltlefdo%{)dogﬁﬂo% l%he%%l"é%tﬁ%tyt &el
manuf acture o i pers (especia on astics, bristles,
film coatings rggey%{lﬁ)eetf 7 1.‘??et$(,’n‘p§%?f Ei;?ig ?J‘Q‘FP)H% PrRAITSpEmay
crosslinki ng agenessitate rthby,lsreeif laangppropyidteeatalyst. Sindechecindchysisftofind
the like. the cyclization reaction depends on the epsilon caprolactam precursor,

the useful catalysts will be selected based upon the epsilon

caprolactam precursor employed.

The cyclization reaction may be performed in any
appropriate solvent, such as water, aromatic or aliphatic hydrocarbons
or functionalized solvents such as methanol, ethanol, ketones and the
like, or may be carried out using the pure epsilon caprolactam
precursor or the epsilon caprolactam precursor and a mixture of
byproducts from the earlier stages of the reaction sequence. If the
transformation is carried out in the presence of water, it is desirable
that the solvent mixture employed be capable of dissolving all
components of the reaction mixture, except any heterogeneous
catalysts that may be employed.

A two phase system may also be used, providing adequate
mixing is achieved. Such a system, however, may be used to facilitate
recovery of epsilon caprolactam after the cyclization reaction by
extraction, phase separation or crystallization. Cyclization reaction
conditions may range from about 0°C to about 400°C and
subatmospheric to about 3000 psi or greater for a period of about 1
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- 95- The processes of this invention can be operated over a
w de range of reaction rates (mL/h = noles of product/liter of reaction
sol uti on/ hW§98/465865pi cal | y, the reaction rates are at | east BCINUSOOLISE or

hi gher, preferably at least 0.1 miL/h or higher, and nore preferably at

|l east 0.5 mL/h or higher. Hi gher reaction rates are generally preferred
froman econom c standpoint, e.g., smaller reactor size, etc.

A process for producing one or nore substLé&ged or unsubstituted epsilon
caprol actans fromone or nore substituted or unsubstituted al kadi enes is

di scl osed in copending U S. Patent Application Serial No. 60/016,126, filed
April 24, 1996, the disclosure of . which is |ncorporated herein by

ref erence. hour or lesstreaheoug ddseurs arlonger with the lopgentimebeingrusedd out
usi ng, f orThexarrat the BwérREnp&ia tﬁ@%?&‘et &féﬂdﬂffﬁt‘?ﬁ absatcsm t&%b@utslt urry
reactor. The op si,ze an Q yst s epend on the
type of reactor éﬁ@&&ﬁ? fiﬁg%r?g?%@% i tf’laﬁl%‘% %@ I@&cfl‘g@@mau%mﬁqata lyst
spherical cat al uséd,[ifiahycisedépendent enrthd p‘a@txcﬁ?eﬁycafth ¢ bﬁi}ﬂbﬁt}l an¥ ehnf i xed

bed reactors rti.cles are er k pressure
within the reacf%’?fe fggf%’eg%&f’ %@grﬂ‘ﬂg PELE St TS IS ahas esses of
this inventi on pemehtor gneater of thelmtaﬂ)&telght)of thengtianting métestulon]t mislyh
recycl e of unc t I reactigon;can be
Conduct ed i n a2 doptable Xl doohil hisiitfer o BolidAtion H0BRURRE SRME G, i n
series or in pa¥efichien z9neit may be conducted batchwise or conti nuousl y in
an el ongat ed tubul ar zoneAQrinaﬁat@@apévélﬁﬁB sasﬁﬁ\%uteﬁ%&*ﬁﬁéﬁ

construction 0 ed sho be inert g ﬁg materlaﬁ%s during the
reaction and t SF ‘?"’lPé'P a@PH“H “%in.u PrreaTe H%Y%aﬁ’énﬁﬁ%apé W t hst and
the reaction t%mhlzatluh&%eﬁﬂﬂﬂmirsﬁﬁwﬁﬁsn cblﬁdfb’sséphrhfﬁd B¢l besvemtbnal adj ust

the quantity of, s artl n% tertlialgi]@% I ng h@nts | nt.ro uced bat chwi se or

continuously i S Ph%uﬁs Hhav N BEELRIBHORhe reaction can
be convenientl ycmrstalhz&ticnmtehé)mmmpaeatlen pe othér yuitableahedmd. "Fohe

desi red mol ar " GlhfipR old608 L BELEA0pIBIGH! Aluhe JRelRA BB De

effected by the I ncrefenta one
separation at atmosphenc or reduced pressure through a packed

distillation column. Reactive distillation may be useful in conducting
‘the reductive amination and cyclization reaction step.

Illustrative epsilon caprolactams that can be prepared by
the processes of this invention include epsilon caprolactam and
substituted epsilon caprolactams (e.g., alpha, beta, gamma, delta and
N-substituted epsilon caprolactams). Illustrative of suitable
substituted and unsubstituted epsilon caprolactams (including
derivatives of epsilon caprolactams) include those permissible
substituted and unsubstituted epsilon caprolactams which are
described in Kirk-Othmer, Encyclopedia of Chemical Technology,
Fourth Edition, 1996, the pertinent portions of which are incorporated
herein by reference.

The epsilon caprolactams described herein are useful in a
variety of applications, such as the manufacture of synthetic fibers
(especially nylon 6), plastics, bristles, film, coatings, synthetic leather,
plasticizers and paint vehicles, crosslinking agent for polyurethanes,
synthesis of amino acid lysine and the like.
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- 96- starting materials to the other. Al so, the reaction steps can be
conbined by the joint addition of the starting materials. Wen conplete
conver si orwp98#6865desi red or not obtainable, the starting nptEUSE0E3s8an be
separated fromthe product, for exanple by distillation, and the starting
materials then recycled back into the reaction zone. The
processes may be conducted in either glass |ined, stainless steel or
simlar type reaction equipnent. The reactgﬁn zone nmay be fitted with one
or nore internal and/or external heat exch&dhger(s) in order to contro
undue tenperature fluctuations, or to prevent any possible "runaway"

reaction tenperatures. The processes of this invention nay be
conducted in one or nore @mmooeswwdézhisﬁmenﬁwmambebpemted@vsrage
process, 5- for L

t ubul ar reactor%%%ﬁgﬁgg ? er ?fleo tf?ﬁ"&?&gﬁﬁegaorf?ggéct {3, The
exact nunber of Sﬁhﬁtﬁn/bﬁu@t e@a’ﬂﬁlpn rgéeagame&h t9.Qhw/béser

conpr omi se bet ?ké’fék&'& taeastaoqlmkﬁ&lﬁfg}iew Axd ﬁ@féyﬂféfé(rabllyﬁﬁ“ me
and ease of ope iﬁa I %y_ltntrl nsic reactivit

starting nateri M@PPB ghar-t rasaction rgtes are gengnal Wg mat eri al s
and the desired pi'@f%ﬁféd)ﬂoﬁf 86ebnéid SndpReit, @, comdllelr @88ctor size, ete.

In an enbodi ment, the pro esses ug}eful in.this i nventlo Fﬁx carried out
in a nmultistaged reactor X RIOAPSIRE 9B OF [T subs ¥ndi ng U. S.

Pat ent Appl i cat uasubstifwted N@sﬂaﬁ taprolddtarhi lfﬂﬂn@&ehb\&ﬁﬁb@ﬂuﬁﬁ;t&@&ﬁr t he

di scl osure of Ve I | tistaged
reactors can b\gﬁg Hbéﬁtd&@ﬁ%[lﬁgﬁﬁ ggﬁ%ﬁiﬁ })%e?llgaﬁ%gﬁéﬁﬁépsﬁjﬁgﬁe%r eate nore
t han one theor eARpéllcatleacﬂermi NOa@UOibérlzﬁeéﬁed April 24,1896, the discldsuke

havi ng a nunber ,pHiGRE R ﬁdﬁté@hgﬁéihrlglfefﬁ denuous stirred tank reactor

vessel. Multiple reactive_stages wt single vessel is a cost effective
way of using the reactor q‘b&éﬁpcﬁﬁeﬁﬁéﬂlﬁl%’ﬁgﬁmﬁfééﬁthvwlﬁi@g’nunber

of vessels that fatdieiiplesa\MiddbderéRaek, Lfluidbad pb£iter,! diea SRIFRyY rESdtot.S
The optimum size and shape of the catalysts will depend on the type of
reactor used. In general, for fluid bed reactors, a small, spherical
catalyst particle is preferred for easy fluidization. With fixed bed
reactors, larger catalyst particles are preferred so the back pressure
within the reactor is kept reasonably low.

The processes of this invention can be conducted in a
batch or continuous fashion, with recycle of unconsumed starting
materials if required. The reaction can be conducted in a single
reaction zone or in a plurality of reaction zones, in series or in parallel
or it may be conducted batchwise or continuously in an elongated
tubular zone or series of such zones. The materials of construction
employed should be inert to the starting materials during the reaction
and the fabrication of the equipment should be able to withstand the
reaction temperatures and pressures. Means to introduce and/or
adjust the quantity of starting materials or ingredients introduced
batchwise or continuously into the reaction zone during the course of
the reaction can be conveniently utilized in the processes especially to
maintain the desired molar ratio of the starting materials. The
reaction steps may be effected by the incremental addition of one of the
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-97- Fewer vessels reduces the overall capital required and mai ntenance
concerns with separate vessels and agitators. The substituted
and unsubswowsrieses epsi | on caprol actans produced by the proeepsser/@bsst hi s

i nvention can undergo further reaction(s) to afford desired derivatives

t hereof. Such perm ssible derivatization reactions can be carried out in
accordance with conventional procedures known in the art. Illustrative
derivati zation reactions include, for exanp|e, hydrogenation,
esterification, polynerization, copolyneriZation, am nation, alkylation,
dehydr ogenati on, reduction, acylation, condensation, oxidation, silylation
and the |ike, including permssible conbinations thereof. This invention is

not intended tosmtih}gffflhﬁéi'iﬂsta&}iemh&?r%, t}!i@rmgirahaﬁépé Canlbei vatiéation
reactions or pernm.ssihl.e gerivati . Q stituted an nsyhstitute

epsi | on capr ol a‘é%ﬁ?.e%byﬁ’e"om a&gﬁﬁma %&m{nagzpnp si'ffent i on,
after optional eumpleteavnversidn ispsotl desixedporahatodbdainablé, theGtartingrer i s
produced from epsi i 0 rgst%;j{]? [ or batch
pol ymeri zation gfgélgglssg‘gﬂ{?%Q%%ﬁ?t?%g&w%hgﬁf?&@s%% or %rl_)%nn%hnyl on 6,
pol ymeri zat i on Sistilladions edddiheptattingmaterialnthep recycleddrark iape Fhen

caprol act am ( M}egcton zbhd) + H20 [err] am nocaproic acid (nol. w. 131)
[err] nylon 6 (nDl. wt. 14, 000 - 20, 000), + HZ(%. ngi-tab e reactors and

pol yneri zati on reaction cBABIPIPERFEes Mayhe epndnciegin BiASEC, 1 |

I n a conti nuousstadhleE® kit b @imflad EPHS redvtivh dijifipinent "IHeereactiph 2bast am i s

ek, 1om SLO1 545 SILBITRE 50,5 30 USLA SO ST O eLer
acetic acid) anekchianger(s)lih drderstostonibral uirtthe tearperatyyet fluctabiionacorstoar e
e gL e e T ARIAT A AR gbibign en oL
mel t ed caprol act am sol ut i Theiproedsees of thieinventinh maydreepriducted ireonegrt i on
vessel where polbPREteiRldrtaBES UFSr example, in a one stage process, 5-
- 98- .
formylvalerate may be hydrogenated in the first part of a tubular
reactor and cyclized in the latter part of the tubular reactor. The exact
number of reaction steps or stages will be governed by the best *
compromise between ac}ﬁeving high catalyst selectivity, activity,
lifetime and ease of operability, as well as the intrinsic reactivity of the
starting materials in question and the stability of the starting
materials and the desired reaction product to the reaction conditions.

In an embodiment, the processes useful in this invention
may be carried out in a multistaged reactor such as described, for
example, in copending U.S. Patent Application Serial No.08/757,743,
filed on November 26, 1996, the disclosure of which is incorporated
herein by reference. Such multistaged reactors can be designed with
internal, physical barriers that create more than one theoretical
reactive stage per vessel. In effect, it is like having a number of
reactors inside a single continuous stirred tank reactor vessel.

Multiple reactive stages within a single vessel is a cost effective way of
using the reactor vessel volume. It significantly reduces the number of
vessels that otherwise would be required to achieve the same results.

SUBSTITUTE SHEET (RULE 26)



The reaction vessel, which is generally eight to ten neters high and
nmounted vertically, is usually equipped with several independent heating
jackets t h¥MO 688501 the tenperature of the reactants as thpgr/psesm7siswn t he
tube. Pol ynerization occurs at atnospheric pressure as the reactants pass
slowy through the tube and as the tenperature increases to about

275[err]C. After 20-24 hours, the nylon 6 polyner reaches equilibrium and
is extruded as strands into a water quenclyng bath; the strands are then
cut into chips that are al so stored under nitrogen. In a batch
pol ymeri zati on process, high-purity nelted epsilon caprol actam (about
80[err]C is punped into an autoclave. Water, which serves as an initiator,
i s added to forlfgwer vessalsmdases the averall capitelbragmizad.ard otainbenandeut i on i s

i ncreased to 22@ngdHPwithGephrSte v Sal SndBgiGasRS Wi th increasing
tenperature, and pol yneri éatpi oNn QCCUrLS. Addi tion of a polymer

chain termnator such as F‘F@tﬁ'&tﬂdm%?%bﬁmué@,@lpnﬁ!ﬂ%ﬁmdm’@mshus t he
viscosity of thsrodasédbyAhbProsies af thislintentibh Rahhithdtags %ﬁﬁ&ﬁm duc
conversion to polyner, has peached e j brium, water js. fFenoved, by reducing
the pressure td'eﬁﬁtﬁ?’é Sg%affﬁﬁ‘ﬁaﬁ%"?ﬂ?em'ﬁ&%s ther t§u°h§"ﬂ'§&}§%‘? y to

achi eve t he dederixhtimatinitactions ghh beitdigied bet pd@ordmaewith t he

aut 11 br i am _Feaa oGy REbmspaafe iRk o' 0, R AHe @t Aty AR e er
quenchi ng bat h;reattdons inchade, for example, hydrogenatippsesterification, For
pur poses of thig. L-an, }ﬂﬁ}@tn ¥ s " enplated to
i nclude all pel}ﬂ%@}éga%hggh%é un s%ﬁfﬁt%gﬁ{g’g%?"%%lﬁﬁgkbgen and one
carbon atom Ssehygseganadion, sedehion rey aEgnatasslensationnexidation; e
het eroat ons. | Rilgldtie@endshedike, ‘iﬂ@luﬂ%@iﬁn‘?&sﬁbﬁy&h‘%ﬁ%%ﬁﬁ tlagféo de

a

acyclic (with W.t hout het erpoat ong) ,an cljic, branched an nbr anched,
car bocyclic angﬁﬂﬁf’éﬁf&ﬂ f%’,mfa}”&ﬁﬁna?‘é t ﬁ%‘@#&ﬁdﬁeﬁl}ycm@ln@&ﬁib;}' tg’@rrpounds
whi ch can be suyesmissibldderivatization réadtdshs or permissible derivatives of

- 99- substituted and unsubstituted epsilon caprolactams.

In an embodiment of this invention, after optional
purification of epsilon caprolactam, nylon 6 polymer is produced from
epsilon caprolactam by continuous polymerization or batch
polymerization processes. In both reaction processes for forming nylon

6, polymerization occurs according to the following reactions: epsilon
caprolactam (mol. wt. 113) + H20 — aminocaproic acid (mol. wt. 131)

— nylon 6 (mol. wt. 14,000 - 20,000) + H20. Suitable reactors and
polymerization reaction conditions for nylon 6 are known in the art.

In a continuous polymerization process, high-purity,
molten caprolactam is taken from storage and pumped to a tank where
controlled amounts of water (the initiator), recovered monomer and
oligomers, a chain terminator (e.g., acetic acid) and other additives
such as heat and light stabilizers are mixed together. The caprolactam
is maintained in a nitrogen environment both in the holding tanks and
throughout the polymerization process. The melted caprolactam
solution is then filtered and metered into the reaction vessel where
polymerization occurs.
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ePsgpeen s

As used herein, the term"substituted" is contenplated to include al
perm ssi bl e substituents of organic conpounds unl ess otherw se indicated.

I n a broadWeBRss65 t he perm ssi bl e substituents include acydrusssiegsgyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromati ¢ substituents of organic conpounds. Illustrative substituents
include, for exanple, alkyl, alkyloxy, aryl, aryloxy, hydroxy,

hydr oxyal kyl , am no, am noal kyl, hal ogen agﬁnthe like in which the nunber
of carbons can range from1l to about 20 or preferably from1l to about
12. The perm ssible substituents can be one or nore and the sane or
different for appropriate organic conpounds. This invention is not intended
to be limted in any nannéﬂldogeacﬁenpmssélswﬂmbé}mssgda&trhﬂyeig}ﬁ: toftefTo@H¥rs

ds. chegm cal
glogprrgﬁtnssare iden ?ﬁng%g:o anclgrf 14?%@2}1}}’1&@8%?%%&\.% g} t he
El enents reprod &%@%P engheatingjecketsi thatkentirel the'temyperatutdafitheCot t on,

Geoffrey W1 ki nseictant Bathey pasdilownRtB!hBOC Bofpdidbhtiol betu@d Sons.

Inc., 3rd Edition, exarrpl es
are provided toam‘PPH]é?nF pressurg s theirsactapsspasgslowly through the tube

Exanmple 1 and 2e thid ﬁb%é?altﬁfé iﬂc?éad@rtf) a%Hﬁﬁ’Q‘?@“@ mr@@aﬂ %{lﬁét h 0.11

grans of Pdl2 ( and O cri re| n (2
mol |igand per Bﬁ’%&’aﬁﬁﬁf" r%@eﬁgggﬁgn%a@ghq %Hr'a&afﬁﬁﬁ

nitrogen, t hen 215tona inatér qresciihgbaghlthl: stravddare theti ¢dt inité ehﬁ)scthat

but adi ene, “algo#tg{é‘a 8£d¥¥i§%r%é]e2 nol es per nol e butadi ene) and 1.09

grans of N-rreth pyrro hone " ( % nt er nal standard) were added via

syringe. The react or was pnashkafchpelymerizatidn @rosss chighepuritpnmeltdd, t hen
heat ed t 0 110[ Cepdifon AlhrdlactaltPtiibbut BY°E) WiplmBed it adatbdtifrd o 3aa! ¥2 e

by gas chromato

But adi ene was 9861'6@?1%"?“[3@@3 ay Enipiagen ds adiisd te foroonpdomedfeeplwiemand
: the temperature of the solution is increased to 220-270°C. The

pressure increases with increasing temperature, and polymerization
occurs.

Addition of a polymer chain terminator such as acetic acid
controls molecular weight and thus the viscosity of the resin. After
several hours, when the caprolactam conversion to polymer has
reached equilibrium, water is removed by reducing the pressure to
achieve a vacuum. The removal of water is necessary to achieve the
desired molecular weight. After the water removal, the polymerization
mixture may be held until the molecular weight reaches equilibrium.
Finally, the molten resin is extruded as strands into a water quenching
bath; the strands are then cut into chips.

For purposes of this invention, the term "hydrocarbon” is
contemplated to include all permissible compounds having at least one
hydrogen and one carbon atom. Such permissible compounds may also
have one or more heteroatoms. In a broad aspect, the permissible
hydrocarbons include acyclic (with or without heteroatoms) and cyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic organic compounds which can be substituted or
unsubstituted.
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3-pentenoi ¢ acid and 32.4% of 4-pentenoic acid.

Exanple 2 A 100 mlliliter Parr autoclave was charged with 0. 05
grans of Re6l98/4¢56§00 ppm Pd), and 0.66 granms of Ligand A degayusegoBer ei n
(2 nol ligand per nole palladiun). The reactor was seal ed and purged with
nitrogen, then 25 mlliliters of dry 1,4-dioxane, 3 mlliliters of
butadiene, 1.2 mlliliters of water (2 noles per nol € but adi ene) and 1. 08
grans of N-methyl pyrrolidinone (as an inte standard) were added via
syringe. The reaction m xture was pressurléqu wi th 1000 psi carbon
nonoxi de, and heated to 110[err]C. After 2 hours reaction tine, the m xture
was anal yzed by gas chromatography. Butadiene was 22% converted. The

product m xture contai nedAS%s88thRireidy, kRO tefAI"Substithted” is contemplated to
Exanpl e 3 I|t ut ocl ave was harggg with 0.11

e ot %ol [ erinelndesl npmistible sphstiuonte of edfiEYdntittn o

he[ ﬁi n 53 nol |¢mmh ;mndrfdtedpdhlaahmadasﬁce, ﬂmqm:tm. 1ssn§he '_s\da!tmientm p]lcjrged
W nitro en,

but aci ene. 5 SRS Rolie'dd (I8, Btaithea bl AnBiaRed Aok 843 O
grans of N-net hip¢teyecyslicdaromati¢ andaroriaromatid suhsiituents) of mrganicdded vi a
syringe. The refo‘}ﬁ%\b%ﬁss g?s%? 1%:&@%%’616&1;1&&9&19&& ﬁ%ﬁ%ﬁm% ge and the

m Xt ure heated ours reac time, ure was
anal yzed by gasalétiesyaesyh a5KiPxyphydenxys aydsex Ebrﬁ’é‘ﬂoeﬁml i»oduct

m xture contai nﬁ&loéan%ﬂaq{he%mmwmmtﬁeh@me&c&%a%oﬁs@eam | froacid, and
15. 5% of i soval er|

e.
1101- to aboutxéol%nmrﬂ quf?@bllbﬁqma!u‘ioo@%é%’ghew F‘S‘&f ‘Sl&et h 0.10
grans of Pdl [ ergdbstitdentpean Be onexvrdndreténdthesanie dr giffedertt fdescri bed

herein (2 mol 1} dand REE oIRASicRRAh AR THiIdnbERGER s WEPiteRkEH 15Bd
limited in any manner by the permissible substituents of organic
compounds.

For purposes of this invention, the chemical elements are
identified in accordance with the Periodic Table of the Elements
reproduced in "Basic Inorganic Chemistry” by F. Albert Cotton,
Geoffrey Wilkinson and Paul L. Gaus, published by John Wiley and
Sons, Inc., 3rd Edition, 1995.

Certain of the following examples are provided to
further illustrate this invention.

Example 1
A 100 milliliter Parr autoclave was charged with 0.11

grams of PdI; (1000 ppm Pd), and 0.81 grams of Ligand A described
herein (2 mol ligand per mole palladium). The reactor was sealed and
purged with nitrogen, then 25 milliliters of dry 1,4-dioxane, 3
milliliters of butadiene, 1.2 milliliters of water (2 moles per mole
butadiene) and 1.09 grams of N-methylpyrrolidinone (as an internal
standard) were added via syringe. The reactor was pressurized with
1400 psi carbon monoxide, then heated to 110°C. After 2 hours
reaction time, the mixture was analyzed by gas chromatography.
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purged with nitrogen, then 25 mlliliters of dry 1, 4-di oxane, 3 m'IIi.Iiters.
of butadiene, 1.2 mlliliters of water (2 noles per nole butadiene) and

1. 07 gramwobs/déseet hyl pyrrolidinone (as an internal standagehugslogssgdded
via syringe. The reaction mxture was then pressurized with 500 psi carbon
nonoxi de and heated to 95[err]C. After 2 hours reaction tine, the m xture
was anal yzed by gas chronmat ography. Butadi ene was 35% converted. The
product m xture contai ned 94. 5% of 3-pentenoic acid and 5.5% of 2-pentenoic
aci d. Exai¥le 5 A 100
mlliliter Parr autoclave was charged with 0.10 grans of Pdi[err] (1000 ppm
Pd), and 0.47 grans of Ligand F described herein (2 nol |igand per nole

5 e o b e
mlliliters of ,dr - di oxane, iliters.of .butadiene, 1.2 mlliliters
of water (2 roPaR 8?0%?&%&885?&%%%&{ 4Lpentergl Py of

N- et hyl pyrrolidinone (as an internal standard) were added via syringe. The
reaction m xture was pressurized with i g carbon nonoxi de and heated to
110[err]C. After 2 hours reaction ti ne]g’—?ﬁﬁgfgrrzrxture was anal yzed by gas

chr omat ogr aphy. But adi end 128 milli¥iteyReaartasdoclave wassthargediwithubdbcont ai ned

99. 9% of 3- pen ' ' ; ?ﬁﬂ 6
A 1000 millilit r&%g(rbrf qjaalﬁl g_((:]f%({/oepg\%sp%)ﬁaaflge%ee\ng{%mg.cfgl %?%%BAE% pbrefiadi um
bi s(di benzyl i dbgEeind2dnal igand pepmaleppllagnime. The geaster sras § apd
dezcr [ beddhe_r '?Eﬂréfd ¥Rth hitgﬁggh,%gén_rzlyl ﬁﬂpi?itb%f;ﬂ%]. LII;_@Ziﬁgégtgjr wa:s),4seal ed
and purged wi nltroge n Jiters o r - di oxane,
mcroliters of I@%@éﬁgé’gh’s‘&?—ﬂ%e{li’ hg}lﬂll*lha‘?rée"%ﬂ@teﬁ#g’?}5§ PSH , 1
mllili terI of but@di'elﬁéhan@ 14081gtdmsé bg N-memhylmifﬁﬂi(?ﬁone (ashaz|1 intern?l |
-102- nol es I adi n .0 rans,. yrrolidi none
(as an inter nag&sl}&a%gz?‘%}l E\?gflgag%ﬁi%ngég' ?%%irﬁggt.l&’rﬁg"?%’té"c%ﬁgn m xt ure was
pressurized wi pressarizedsvitha10drpsivathonimonaniie, aaddwated taAOTC) C. After 2
hours react i on Al hbifs FlattidhiMBS R HiXARS wiis 8RSlyzed by gas

chromatography. Butadiene was 22% converted. The product mixture

contained 99.9% of 3-pentenoic acid.

Example 3
A 100 milliliter Parr autoclave was charged with 0.11

grams of PdIz (1000 ppm Pd), and 0.73 grams of Ligand M described
herein (3 mol ligand per mole palladium). The reactor was sealed and
purged with nitrogen, then 25 milliliters of dry 1,4-dioxane, 3
milliliters of butadiene, 1.2 milliliters of water (2 moles per mole
butadiene) and 1.09 grams of N-methylpyrrolidinone (as an internal
standard) were added via syringe. The reactor was pressurized with
1400 psi carbon monoxide and the mixture heated to 110°C. After 2
hours reaction time, the mixture was analyzed by gas chromatography.
Butadiene was 9% converted. The product mixture contained 59.2% of
3-pentenoic acid, 25.2% of 4-pentenoic acid, and 15.5% of isovaleric
acid.

Example 4
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chromat ogr aphy. But adi ene was 91% converted. The product m xture contai ned
95. 5% of 3-pentenoic acid and 3.5% of 2-pentenoic acid.

Exanpl e 7 woO 98/46565 A 100 milliliter Parr autoclave was pghrarsysor3sgs t h
0.15 grans of palladi um bi s(di benzyli deneacetone) (1000 ppm Pd), and 0. 44
granms of Ligand F described herein(2 nol |igand per nole palladium. The
reactor was seal ed and purged with nitrogen, then 25 mlliliters of dry

1, 4-dioxane, 34 mcroliters of 57% aqueous H (1 nole iodide per nole
palladium, 1 mlliliter of butadiene, o-¥Whilliliters of water (2 nol es
per nol e butadi ene) and 1.04 grans of N nethyl pyrrolidinone (as an internal
standard) were added via syringe. The reaction mxture was pressurized with

380 psi tcar bon {nonomt de a@do@@ﬁﬂn}[ﬁteﬂf@fﬁ&uto@rﬁehg@é adaxrg@dlsmharmc AL ter

m nut es reac i on m X ze raphy.

But adi ene was ?ﬂ/lg&tzé&ggqﬂ?nbﬁ GSL?\Q'{%S R?L%?S}y ﬁ‘ﬁgﬁaﬁ g wei ght

g( 3- }oen§3 enoi c lmeﬂa Mofllg%nﬂmmndhtpdllaﬁiunby ’Eheoﬂamtor \passeaﬂbg and ﬁng. .
anpl e aut ge Wi t

granms of pal | adlGRT %.V%l?au %RgL @Hét) rff Emg?ne d 0.44 grans

of Ligand F desnﬁhhwshé'rbeltadmmpllngﬂﬂxtemofwatm' (Bahbledipemmolehe react or

was seal ed and t

1, 4- di oxane, b?ﬂé@\%?xe?‘”a%gri;b’g?‘? va erf ﬁgg%@ﬁlﬁ%%hh# ﬁoﬁ%iggénggx ¥%rlﬁa(}1d| ene,

1.2 nilliliter §tw )avereaddsdasiasyrings: clhrireartionapixiige wasghgnans of

N- et hyl pyrr ol ﬁbwﬁ%éﬁlﬁﬁsmmbﬁréﬁboﬁ&ﬁaﬂéﬁﬁé and e384 €6 98°@. Mftdye. The
reacti.on m xture vvasﬁgress rlzgg?%t‘tl}‘?,oo psi car ongasgltl)mde and, heat ed
[

to 110[err]C. AouLs T ewasinalyze romatography.
SUBSTI TUTE SHEButaRidrie was 35% converted. The product mixture contained 94.56% - 103-

of 3-pentenoic acid and 5.5% of 2-pentenoic acid.

Example 5
A 100 milliliter Parr autoclave was charged with 0.10

grams of PdI; (1000 ppm Pd), and 0.47 grams of Ligand F described
herein (2 mol ligand per mole palladium). The reactor was sealed and
purged with nitrogen, then 25 milliliters of dry 1,4-dioxane, 3
milliliters of butadiene, 1.2 milliliters of water (2 moles per mole
butadiene) and 1.08 grams of N-methylpyrrolidinone (as an internal
standard) were added via syringe. The reaction mixture was
pressurized with 220 psi carbon monoxide and heated to 110°C. After
2 hours reaction time, the mixture was analyzed by gas
chromatography. Butadiene was 18% converted. The product mixture
contained 99.9% of 3-pentenoic acids.

Example 6
A 100 milliliter Parr autoclave was charged with 0.15

grams of palladium bis(dibenzylideneacetone) (1000 ppm Pd), and 0.44
grams of Ligand F described herein (2 mol ligand per mole palladium).
The reactor was sealed and purged with nitrogen, then 25 milliliters of
dry 1,4-dioxane, 34 microliters of 57% aqueous HI (1 mole iodide per
mole palladium), 1 milliliter of butadiene, 0.4 milliliters of water (2
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m xture was anal yzed by gas chromat ography. Butadi ene was 2% converted to
3-pent enoi ¢ aci d. Exanple 9 A
160 mllil wessHsssemetically stirred autoclave was purged w pdr/dsesotisgrr]/ CO
and charged with a catal yst solution consisting of 0.15 nmol of

di car bonyl acetyl acetonato rhodium (1), 0.74 mmol of Ligand F descri bed
herein, and 30 mlIliliters of tetrahydrofuran. The autocl ave was
pressurized with 10 psig 1:1 H2/CO and heated to 85[err]C. A solution of
the triethylammoniumsalt of 3-pentenoic g@%ﬂ was prepared by addition of
23 mmol of triethylamne to 22 mmol of 3- pentenoic acid in 2 mlliliters
of tetrahydrofuran. This solution was added to the autoclave by syringe and
the react}on m mdeepafgsgﬂum@diehe)o%ﬂ@ 110(52?L g:iac.hblafN-%aelthﬂpy}MHhain&ﬁé er 17g
m nutes of reac n_at naer Siy.la1l.H err as _.chromat ogr aphy
anal ysi s of thet(ésgﬁgtlfl%%ngl 3@@%@{1\5 r?ﬁgfl?dﬂae%y’é éﬁsﬁ“ﬁ%@%@ﬂ t he

fol | owi ng resul mixt@Btvas psessurized withel372 paiicdrboitammnokide) alndcheated to
formyl val eric aghdss 2 ' L& and.l 0 - ' '

Beaml o 10 16%. Fes KphEl teaoRoh Al i bt f0MRed By Bar e s
purged with 1:1chpomategrapbyiaBysadienerwas 8ifmtopyertedi Fheoprodmet mixture of
0.14 mmol of di ) s | fF O Li gand F
descri bed herei E&E%ﬁiga%gsgqffkglsﬁ%@gﬁ@? a{ag??gﬁ]%ér%f‘)g?aﬁ& t%ﬂgicaué%cl ave was
pressurized with 100 psig 1:1 Herr]/CO and heated to 85[err]C. 20 mml of

3-pentenoic acid was added to the auto@smufipley7 Syringe and the reaction
eaction at 85[err]C unde AL “ri’%é@ﬁ%ﬁ%ﬁ%ﬁﬂﬂbﬂﬁzfyﬂ :
of the reacti ongpamswfpalladiovindds|dilendydideaehceones(1000 pphd RS and 0.44
5-fornylvaleric

acid, 5%of 2-p n‘ﬁal%g |fg" (}/%%li%?&g%%%/g g;h%%%g%?éﬁg?éang&g# %%m"?g/%gﬁa&%lm r'i :

-104- The reactor was sealed and purged with nitrogen, then 25 milliliters of

dry 1,4-dioxane, 34 microliters of 57% aqueous HI (1 mole iodide per
mole palladium), 1 milliliter of butadiene, 0.4 milliliters of water (2
moles per mole butadiene) and 1.04 grams of N-methylpyrrolidinone
(as an internal standard) were added via syringe. The reaction’::
mixture was pressurized with 900 psi carbon monoxide and 200-psi H,
and heated to 110°C. After 30 minutes reaction time, the mixture was
analyzed by gas chromatography. Butadiene was 92% converted. The
product mixture contained 92.6% by weight of 3-pentenoic acid and
7.4% by weight light by-product, possibly butane.

Example 8
A 100 milliliter Parr autoclave was charged with 0.15

grams of palladium bis(dibenzylideneacetone) (1000 ppm Pd), and 0.44
grams of Ligand F described herein(2 mol ligand per mole palladium).
The reactor was sealed and purged with nitrogen, then 25 milliliters of
dry 1,4-dioxane, 0.3 milliliters of valeric acid, 3 milliliters of butadiene,
1.2 milliliters of water (2 moles per mole butadiene) and 1.08 grams of
N-methylpyrrolidinone (as an internal standard) were added via
syringe. The reaction mixture was pressurized with 1300 psi carbon
monoxide, and heated to 110°C. After 2 hours reaction time, the
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Exanpl e 11 A 160 mlliliter magnetically stirred autocl ave was
purged with N2 and charged with a catal yst solution consisting of 0.15 mol
of di car bwoydsassdsyl acet onato rhodium (1), 0.73 mmol of Li geerrusestesssri bed
herein, and 30 mlIliliters of tetrahydrofuran. The autocl ave was
pressurized to 10 psig with N2 and heated to 85[err]C. A solution of the
triethylamonium salt of 4-pentenoic acid was prepared by addition of 21
mol of triethylamne to 22 mmmol of 4-pentenoic acid in 4 milliliters of
tetrahydrofuran. This solution was addedP8- t he autocl ave by syringe and
the reaction m xture pressurized to 100 psig with 1:1 Herr]/CO After 155
m nutes of reaction at 85[err]C, under 100 psi 1:1 Herr]/CO gas

chromat ogr aphynfigiresias Qfxa edrbga%et@ iroRiRgpFdphy aButddiehe WR2%HCI ds)
th 3% 5-for nylr\%lgl(erl c acid, 3% of branched

provi ded t he fO”O\?‘r}ﬁ%}’r
fornyl val eri c ST §E® ’PeQ e 8% d and <1% of 2-pentenoi ¢ aci d.
Exanple 12 A 160 mlliliter nagnetically stirred autoclave was

purged with 1:1 Herr]/CO and chargedg{g’ QE l% gat al yst sol ution consisting
of 0.15 mmol of dicarbonyl acetyl aceto ium (1), 0.66 mml of Ligand

F described herein, and dﬁ@ilmlilllhtelemgxfetlcallyaﬂtWedfamtmiaVG'Masaut ocl ave

Was pressuri Zeghutd d3&91‘oﬂs 9 FY/E & dd ith 208ed1§ &ﬂuﬁgneb%{'lgi 40
e aut ocIa %’[ {(} h

mrol of 4-pentenol [of ave nge an
reaction m xt u? gé& Pé\gﬁ’agb 1!}2190 ¢iytarefpnatorhp HQTIHC@ Oﬂfém@a ef on was
el g. AfCer 2 zﬁﬂa‘ﬁ”‘f}f R a5 of
'Ito ﬁlegr eaction p?‘&ﬁ’ﬁ Ve ‘?5?%9?‘??@8%8 W’gf" &/Psﬂg%rgﬂ ‘f"g’ ’7‘88@6&;&/ °aé]'§%cy
5-fornyl val eri A sabitdon smmmmmmdmumgmbem@mhd& add@owefs val eric
?ibg 6% of Z'Bree'f)ta%&? b§ a%%'iﬁlor? 925% ﬁ%néhyrii%ncing%o(}2 mmol o£31 60
mlliliter magpentepaidacidin ﬂrdeMemcdfebe&akadrofuran This solution was

added to the autoclave by syringe and the reaction mixture pressurized

to 100 psig with 1:1 Ho/CO. After 170 minutes of reaction at 85°C,

under 100 psi 1:1 Hy/CO, gas chromatography analysis of the reaction

products (as their free acids) provided the following results: 88% of 5-

formylvaleric acid, 7% of branched formylvaleric acids, 5% of valeric

acid and 1% of 2-pentenoic acid.

Example 10
A 160 milliliter magnetically stirred autoclave was

purged with 1:1 Hy/CO and charged with a catalyst solution consisting
of 0.14 mmol of dicarbonylacetylacetonato rhodium (I), 0.60 mmol of
Ligand F described herein, and 50 milliliters of tetrahydrofuran. The
autoclave was pressurized with 100 psig 1:1 Hy/CO and heated to 85°C.
20 mmol of 3-pentenoic acid was added to the autoclave by syringe and
the reaction mixture pressurized to 150 psig with 1:1 Hy/CO. After 150
minutes of reaction at 85°C under 150 psi 1:1 Ho/CO, gas
chromatography analysis of the reaction products provided the
following results: 75% of 5-formylvaleric acid, 6% of branched
formylvaleric acids, 8% of valeric acid, 5% of 2-pentenoic acid and 4%
of 3-pentenoic acid.
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purged with 1:1 Herr]/CO and charged with a catal yst solution consisting
of 0.14 mmol of dicarbonyl acetyl acetonato rhodium (1), 0.65 mml of Ligand
F descri beggohgugdss. 26 mol of benzotriazole and 50 m ||l p&i8osar3ss
tetrahydrofuran. The autocl ave was pressurized with 75 psig 1:1 Herr]/CO
and heated to 85[err]C. 20 mmol of 3-pentenoic acid was added to the

autocl ave by syringe and the reaction m xture pressurized to 150 psig with
1:1 Herr]/CO After 105 m nutes of reactign at 85[err]C, under 150 psi 1:1
H err]/CO gas chromat ography anal ysis of'lpze reaction products (as their
free acids) provided the followng results: 73%of 5- fornylvaleric acid,
8% of branched fornylvaleric acids, 7% of valeric acid, 7% of 2-pentenoic

acid and 4% of 3-pentenoic acid. Exanpl e 14
A 160 milliliter magnetically stirred utoclla § was purged with N err] and
charged with a catalyst solution consig(!?ﬁ%'—%i-o. 15 mol  of

di car bonyl acet yl acet onat oArtaimililitey mAgédicablyl stiried agboadave wascri bed

ot easur i zed i BuiEed i Np Sad Rt B0 i W BPaty O ol BRE ARk .15
tri et hyl ammoni umsel of difathonyiacet pPenetomate rhedivmmeld, H78ramel obLigand Fi on of

20 mmol of tri eawmdgfex%ﬂm,;é#&@}ﬁ !mﬂfilifér@,%?tgfrgﬁﬁaﬁgﬁi'éh.a'?'}lg aufodave

T e S hevsiebon L0 msou N e oAb gl
E% err} ; % Af t eﬁheﬂ-ﬁ@et}(ﬁy%&hﬁ'ﬁorﬁﬁrﬂ l@ﬂ@to’qu%e&%tﬁﬁéﬂc%idt @au@@p?jﬁ&lt)bﬁsi ltﬁ _
err . gas chronm a s, of . the reacti.on products (asg.their
free acids) pr o@&é“gffnt ‘%@f&%ﬁ\/\?ﬁﬁ}@bﬂﬂn@?e @@éﬁ?‘%‘-’lf r‘ﬁ??’%ﬁ“@?q °1§&Pd, 1%
of branched f or #yhilhliters of ¢etrdhydtduraf. Thisolatieniwas 8ddedto £he pent enoi c

3\8 SS?ZgSéOSA) of gﬁ%%%w gquﬁég and the reaction mixture presgliraégd to 10%@1?' e 15

A 160 millilitewithayddd/648.| Afteri155cninutescif xeactinmsat 85°C, yndegd®Opsin N2
and charged wi t §.1aH6/IG gbal chi8htitb o 3 S A5G he Yedtion produ®i®laf

di car bonyl acet y| acet.onat o_r.hodi | ), . Q. 74" mol o? Li gand” F .
descri bed her ei Helg eﬁlﬁ)lﬂmﬂ%@e@ﬁﬂ!ﬁ&ﬁ%!ﬂﬁ g?%‘.’fg‘ﬁ@’%ﬂ%me

acid, 3% of branched formylvaleric acids, 4% of valeric acid and <1% of
2-pentenoic acid.

Example 12
A 160 milliliter magnetically stirred autoclave was

purged with 1:1 Hy/CO and charged with a catalyst solution consisting
of 0.15 mmol of dicarbonylacetylacetonato rhodium (I), 0.66 mmol of
Ligand F described herein, and 50 milliliters of tetrahydrofuran. The
autoclave was pressurized to 30 psig with 1:1 H2/CO and heated to
85°C. 40 mmol of 4-pentenoic acid was added to the autoclave by
syringe and the reaction mixture pressurized to 120 psig with 1:1
H>/CO. The reaction was maintained at 85°C and the autoclave
periodically repressurized to 120 psig. After 220 minutes of reaction at
85°C, gas chromatography analysis of the reaction products provided
the following results: 77% of 5-formylvaleric acid, 6% of branched
formylvaleric acids, 9% of valeric acid, 6% of 2-pentenoic acid and 2%
of 3-pentenoic acid.
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was pressurized with 15 psig N2 and heated to 85[err]C. 20 nmol of trans-
2-pentenoic acid was added to the reactor by syringe and the reaction

m xture prawonsaesesl to 100 psig with 1:1 Herr]/CO After 1p@rhrishdismess of
reaction at 85[err]C under 100 psi 1:1 Herr]/CO gas chromatography

anal ysis of the reaction products provided the follow ng results: 5% of
5-fornylvaleric acid, 2% of branched fornylvaleric acids, 76% of valeric

acid, 16% of 2-pentenoic acid and 1% of 3- tenoi c aci d.

Exanpl e 16 A 160 mllilirte” magnetically stirred

aut ocl ave was purged with 1:1 Herr]/CO and charged with a catal yst
sol ution consisting of 0.15 mmol of dicarbonyl acetyl acetonato rhodi um
(1), 0.67 mmol of Li gand F descrifetmpRi g3 n, 9.75 grans of 28-30 %

aqueous ammoni um h hde. ution 16 npl e[r 14. 23 grans
019 wat er and 35 i ?’%?é?é’i’%ﬁ&eﬁ%’ﬁ%‘ﬁg}&?ﬁ}’a%%GW#H@CL%‘{%WPQW \?vas
pressurized to 3Birged withdihHaGO andlchirged|with eacatalysttsotution 8opsistihg. 33
nmol of 3- pent engi | . t eSSV and
The reacti on m o Crubfisll of dioatthyBelsffla guclite bAHAND, Db |
After 135 ni nut dédgandFodescrihed herein,26 ganel of lenzotrazale @midos0 milliliters was
cool ed and t ran%ff%frﬁﬁg&fbfﬁrﬂ‘x.a%e autoclaQ‘ét&ééaPi‘mﬁﬂzEg‘%{i'r?gﬁ@f rigg([.jf ‘o a

all owed to separate. The bottom _. aqueous Tayer was t|
reactor cont ai nilﬁﬁEQ @P‘i%aﬁd to 85°C. .20 swngheh3 weptenrirasid was @dded ¢at al yst
and 20 nillilitehe svutod8veBYsyringe it E108! Be BN inikbuRY Proxdfiezedld 15N The

reactor was sealed, . . d,und 30 psig Herr] "an e reactlon
m xt ure heat ed tpglgl%i[}b}'rl]%m Aﬁmgﬁmgﬁé“’e‘%@%ﬁ@l §t%§%:(5e'é§§?fi 1000
psig wi th H err ]psi Afl Hp/CQfgas chrommtograshpanabaiy sftheateatBchgrodactsnder

1000 psig H2, t | P . cool ed.. d sgurized and
sanpl ed. Gas Ch?%%%l?%%?%%&%%) é%ij;gg}dsed the mwxﬁg résults: 3% of 5.

-107-  of the dotroyivetens acidd8® efferanshedvbrgylvaderic acideg96odf wederici ¢ aci d
and 17% of epsi lzefy ¢@PLPLAfERoic acid and %ofs;pgnngpxggﬂ@cm.e i nvention has

been illustrated by certain of the preceding e t is not to be
construed as being limted thereby; but rather, the invention enconpasses
the generic area as Example 14

A 160 milliliter magnetically stirred autoclave was
purged with N2 and charged with a catalyst solution consisting of 0.15
mmol of dicarbonylacetylacetonato rhodium (I), 0.73 mmol of Ligand F
described herein, and 28 milliliters of tetrahydrofuran. The autoclave
was pressurized with 15 psig N2 and heated to 85°C. A solution of the
triethylammonium salt of trans-2-pentenoic acid was prepared by
addition of 20 mmol of triethylamine to 24 mmol of trans-2-pentenoic
acid in 4 milliliters of tetrahydrofuran. This solution was added to the
reactor by syringe and the reaction mixture pressurized to 100 psig
with 1:1 Ho/CO. After 145 minutes of reaction at 85°C under 100 psi
1:1 Hy/CO, gas chromatography analysis of the reaction products (as
their free acids) provided the following results: 9% of 5-formylvaleric
acid, 1% of branched formylvaleric acids, 68% of valeric acid, 21% of 2-
pentenoic acid and 1% of 3-pentenoic acid.

Example 15
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AN L e e

her ei nbef ore di scl osed. Various nodifications and enbodi nents can be nade
W t hout departing fromthe spirit and scope thereof.

-108- WO 98/46565 Cl ai ns PCT/UL98/073%8
process for producing one or nore substituted or unsubstituted epsilon
caprol actans which conprises: (a) subjecting one or nore substituted or
unsubstituted al kadi enes to hydroxycarbonylation in the presence of a

hydr oxycar bonyl ati on catal yst and neutralgﬁgtion with a base to produce one
or nore substituted or unsubstituted penf€fttic acid salts; (b) subjecting
said one or nore substituted or unsubstituted pentenoic acid salts to
hydrof ornmyl ation in the presence of a hydrofornylation catalyst to produce
one or nore substituted ok 160smillilitértunagnétically stilesd sutvelareswhss and/ or

and (c) subj ecth &"" i 0 0T Ut R £ PRl PO G ABR PR GEOLT
fornylval eric aomplofdicarbonylacetylacetonatoahodinm &)6574 MGboﬂ:agand F
unsubsti tut ed fd%%bhﬁ@d?l%?éﬂ ahhHy ﬂﬁ?ﬁ fElss?JS ﬁ Yxe L ﬁ{:dc eﬁé n the

presence of a uctrve am_ hatlon P zation op ronat 1y in

the presence ofWas presspyiged srith 16ns)g Nzt@%hmdéosﬁﬁ aibnmolmfrteanS-
substituted or ipsufesioid Adig@waPRddEMtFBRY ﬂéa%% syrm e and the reagl:lo? on

f du bstit d stituted e
P rr of act ans witEHES ReuBzed (0D B e mibhd: bR G. ddies Lelbsunniaeet o
Enzubstltug ed Iabhanlmeaes5lt©ulmyidrqmqm umﬂm@,ogas éhﬁoh@abﬂ@tgﬁéﬁ!i}@t e of a
roxycar bon catal yst ,to e _one su st
u%subs%ll t ut edypglr?;bggn{%l ghé%¥ (nb§ro fSeB’E‘%‘”n 8"185 rﬁB‘LFJ]té dﬁj‘%sqfl t ut ed
or unsubst i t ut ddfoyentiealeric awid,@%tof branthe formyﬂmiemctdudas Y69 of walerizduce
oné or nore Sg%ﬁd t1l€9§g%%r e%'@é%&ﬁ%‘cfc?&xﬁ&l I%Bfg%‘b%h?ex?oﬁt;%ﬁ{;' ts; (c)

subj ecti ng sai d ore or e substit or uns entenoi c acid
salts to hydrofornylation in the presence of a hydroformnylation catalyst to

Example 16
A 160 milliliter magnetically stirred autoclave was

purged with 1:1 Hy/CO and charged with a catalyst solution consisting
of 0.15 mmol of dicarbonylacetylacetonato rhodium (I), 0.67 mmol of
Ligand F described herein, 9.75 grams of 28-30 % aqueous ammonium
hydroxide solution (0.16 mol NHs), 14.23 grams of water and 35
milliliters of tetrahydrofuran. The autoclave was pressurized to 25
psig with 1:1 Hy/CO and heated to 85°C. 33 mmol of 3-pentenoic acid
was added to the autoclave by syringe and the reaction mixture
pressurized to 150 psig with 1:1 Hy/CO. After 135 minutes of reaction
at 85°C, the reaction mixture was cooled and transferred to a glass
bottle where two phases were allowed to separate. The bottom
aqueous layer was transferred to a reactor containing 5 grams of
chromium promoted Raney nickel catalyst and 20 milliliters of 28-30%
aqueous ammonium hydroxide solution. The reactor was sealed,
placed under 230 psig Hz and the reaction mixture heated to 120°C
where the pressure was increased to 1000 psig with Hz. After 125
minutes of reaction at 120°C under 1000 psig Hs, the reaction mixture
was cooled, depressurized and sampled. Gas chromatography analysis
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produce one or nore substituted or unsubstituted fornylvaleric acid salts
and/ or one or nore substituted or unsubstituted epsilon

capr ol act aspoygAgssssors; and (d) subjecting said one or norep §oslobsged or
unsubstituted fornylvaleric acid salts and/or one or nore substituted or
unsubstituted epsilon caprol actam precursors to reductive amnation in the
presence of a reductive am nation catalyst and cyclization optionally in
the presence of a cyclization catalyst to produce said one or nore
substituted or unsubstituted epsilon caprdPactans. 3. A
process for producing one or nore substituted or unsubstituted epsilon
caprol actans which conprises: (a) subjecting one or nore substituted or
unsubstituted abfehdl eGS0k %rbﬁﬂ%&%@%ﬂ@ﬁ}’ﬁé@ééﬁltﬂ: OY8 Bf PARERUEd §hda

hydr oxycar bonyl ﬁ%o catlal ystgﬁnd neutralization with anmonia to produce
one or nore substf® PR cAREQIBS &Myt ed pentenoic acid salts; (b)

subj ecting said one or nore substituted or unsubstituted pentenoic acid
salts to hydrofornyl ation iyj,the esence ,of hydr of.or myl atd.on catal yst to
produce one or nore substi &%@ﬁ{%wmﬁﬁx?ﬂﬁ?%@w&?i%@%al ts
and/ or one or nuoffthespriesedingtexznoples)itiib siot tobedonptaiuedmsdeging limitedn

precursors; an , i is r [t . Of
unsubstituted for(r}r%/]i)ffa gfz%%hg%it§%slgygi£ﬁgngp %ﬁ%ﬁ%&%ﬁfﬂﬁ%&%@éﬁﬂt%ﬁ ed or
unsubstitut ed cheteinbeforsdisclosed marions modificationscand embodjmentsedmhei n
t he presence of i i | ; r said one or
nore substitut elglﬁg F%ﬁﬁgﬁ%es/??ﬁ?%ﬂc? ?8&51?%%3%13{;) r%f%%%bf%s@gygﬁ 4,
A process for producing one or nore substituted or unsubstituted epsilon
caprol actans which conprises: (a) subjecting one or nore substituted or
unsubstituted al kadi enes to hydroxycarbonyl ation in the presence of a
hydr oxycar bonyl ati on catal yst to produce one or nore substituted or
unsubstituted pentenoic
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acids; (b) subjecting said one or nore substituted or unsubstituted
pentenoic acids to neutralization with anmonia to produce one or nore
-110- SV 58/idses ed or unsubstituted pentenoic acid salt SpefrRisossssecti ng
said one or nore substituted or unsubstituted pentenoic.acid salts to
hydrof ornmyl ation in the presence of a hydrofornylation catalyst to produce
one or nore substituted or unsubstituted fornylval eric _aci or
one or nore substituted or unsubstituted epsilon caprolactamp I S;
and (d) subjecting said one or nore substd®&ted or uniﬂ“ﬂnmﬂ'_f \'W““
fornylvaleric acid salts and/or one or nore substitut ¢BRitK BNEAHST Tt Wt ed
epsil on caprol actam precursors to reductive cyclization i fi the presence of
a reductive cyclization catalyst to prqgemssai d one or nore substituted
or unsubstituted epsilon caprol actans. 5. A process for
produci ng one or nore substituted or unsubstituted al dehyde acid salts
and/ or one or nore substil.ut edAgrocsssdbs producing ens o anormgulsstittedror

Choubst it ut ed RS RRLHEGE spHisCelda% SRmT AN GatIEls: (ol ShiBttipe cpg e o
a hydr of or ny| atémmorasubstituted opussubstitufed alkedignesdpe substituted or

unsubstituted %M&&%hg}&?dﬂ th ﬁf@{gﬁc{sgggg ofh H?&E;foéé%%ﬂéx %e

unsubstituted epsi] capr ol actam pret
process of cl ai¢atalyshand neutralizaticn with adase topsadacs ene e moneadi ene

conpri ses but adifiReitutdoSiRSubdtit@ed Pentétioi®abid sH16s (Pesiljeetifg 3aid _
conpri ses 3-pentenoic acid t{]@ éubst Is%.nx)t gg or. unsubstit yted, pentenoi c acid
salt conprises “R&¥HORSFEDsYbed orunsubstityuted pentepgicacid salisdo; « ut ed
f or rr;t/) I val er a'([j e [q,yﬂrp_ I fdmeﬁaﬁﬂ-infiﬁrmlpmlr,-amecofaa;hgid_ﬁ{fbmymmx? betadydtsol t ut ed or
unsubstituted epsi,l gn capraol acta npri{ ses i.b.on rolactam .
7. The proc es}grogflg% I°§|er?F i eﬁ'@sﬁﬁ .lﬁ%d ﬁ{,gp%?@%tmtgﬁ ?‘%ﬁn%@tai?’% Pméiorrpri ses
a netal -1i gand ssdtsamd/or aneloy snore substituted or unsubstituted epsilon

caprolactam precursors; and (c) subjecting said one or more substituted

or unsubstituted formylvaleric acid salts and/or said one or more
substituted or unsubstituted epsilon caprolactam precursors to
reductive amination in the presence of a reductive amination catalyst
and cyclization optionally in the presence of a cyclization catalyst to
produce said one or more substituted or unsubstituted epsilon
caprolactams.

2. A process for producing one or more substituted or
unsubstituted epsilon caprolactams which comprises: (a) subjecting one
or more substituted or unsubstituted alkadienes to
hydroxycarbonylation in the presence of a hydroxycarbonylation
catalyst to produce one or more substituted or unsubstituted pentenoic
acids; (b) subjecting said one or more substituted or unsubstituted
pentenoic acids to neutralization with a base to produce one or more
substituted or unsubstituted pentenoic acid salts; (c) subjecting said
one or more substituted or unsubstituted pentenoic acid salts to
hydroformylation in the presence of a hydroformylation catalyst to
produce one or more substituted or unsubstituted formylvaleric acid
salts and/or one or more substituted or unsubstituted epsilon
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-111- 8. The process of claim7 wherein said netal -1igand
conpl ex catal yst conprises a netal selected froma Goup 8 9 and 10 net al

conpl exed wiotdg/sggssor ganophosphorus |igand sel ected from a nERgusesdhzss tri -
of claim?7

and pol y- (organophosphi ne) |igand. 9. The process of
wherein said netal -ligand conpl ex catal yst conprises a netal selected from

a Goup 8, 9 and 10 netal conplexed with an organophospg ll and IJ
sel ected from (i) atri organoghosphi ne lig mg “Mﬁﬂl‘l}“}‘! y
the forml a: : -109- [err] whetr ei‘n ach R err]

Is the sane or different and is a substituted or unsubstituted nonoval ent
hydr ocar bon radi cal ; (ii1) a nonoorganophosphite represented by

the formula:  caprolactam precursors; and (d) subtjec_tin% saidrd or mépE cabEtifvted
represents a substit te,('j: or nsutfst Ituted riva ed?t hxdr ocar bon radi cal
cont ai ni ng f r orfATAREbAG! E@ﬁdaﬁmaw#@rwracgﬁiéa tg;and/or one ormore(j j j) g

di or ganophosphigubstititetsanuesubiutitulbed bpsilorm aprolactam precursors to
reductive amination in the presence of a reductive amination catalyst
and cyclization optionally in the presence of a cyclization catalyst to
produce said one or more substituted or unsubstituted epsilon
caprolactams.

3. A process for producing one or more substituted or
unsubstituted epsilon caprolactams which comprises: (a) subjecting one
or more substituted or unsubstituted alkadienes to
hydroxycarbonylation in the presence of a hydroxycarbonylation
catalyst and neutralization with ammonia to produce one or more
substituted or unsubstituted pentenoic acid salts; (b) subjecting said
one or more substituted or unsubstituted pentenocic acid salts to
hydroformylation in the presence of a hydroformylation catalyst to
produce one or more substituted or unsubstituted formylvaleric acid
salts and/or one or more substituted or unsubstituted epsilon
caprolactam precursors; and (c) subjecting said one or more substituted
or unsubstituted formylvaleric acid salts and/or one or more
substituted or unsubstituted epsilon caprolactam precursors to
reductive cyclization in the presence of a reductive cyclization catalyst
to produce said one or more substituted or unsubstituted epsilon
caprolactams.

4, A process for producing one or more substituted or
unsubstituted epsilon caprolactams which comprises: (a) subjecting one
or more substituted or unsubstituted alkadienes to
hydroxycarbonylation in the presence of a hydroxycarbonylation
catalyst to produce one or more substituted or unsubstituted pentenoic
acids; (b) subjecting said one or more substituted or unsubstituted
pentenoic acids to neutralization with ammonia to produce one or more
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-112- Ferr] wherein R4 represéhts a

substituted or unsubsti di ent hydrocarbon radi cal containing from4
to 40 car bwo s8t4es65 or g{ ; i " ﬁesents a substitut gy {9% ’013§s
unsubsti tut ed nonoval ent. 4 d| cal containing from 0 car bon

‘-’G‘;—:_

atons or greater; (iv) a trlorganophosphlte represented by the
fornmul a: [err] wherein each R8 is the sane
or different and is a substituted or unsubstituted nonoval ent hydrocarbon
radi cal ; and (v) an organopol¥pProsphite containing two or nore

tertiary (trivalent) phosphorus atons represented by the formul a:
[err]
substituted or unsubstituted pentenoic acid salts; (c) subjecting said

. one or more substituted or unsubstituted pentenoic acid salts to .
hydroformylation in the presence of a hydroformylation catalyst to
produce one or more substituted or unsubstituted formylvaleric acid -
salts and/or one or more substituted or unsubstituted epsilon
caprolactam precursors; and (d) subjecting said one or more substituted
or unsubstituted formylvaleric acid salts and/or one or more
substituted or unsubstituted epsilon caprolactam precursors to
reductive cyclization in the presence of a reductive cyclization catalyst
to produce said one or more substituted or unsubstituted epsilon
caprolactams.

5. A process for producing one or more substituted or
unsubstituted aldehyde acid salts and/or one or more substituted or
unsubstituted epsilon caprolactam precursors which comprises
subjecting one or more substituted or unsubstituted unsaturated acid
salts to hydroformylation in the presence of a hydrofofmylation
catalyst to produce said one or more substituted or unsubstituted
aldehyde acid salts and/or one or more substituted or unsubstituted
epsilon caprolactam precursors.

6. The process of claim 1 wherein the substituted or
unsubstituted alkadiene comprises butadiene, the substituted or
unsubstituted pentenoic acid comprises 3-pentenoic acid, the
substituted or unsubstituted pentenoic acid salt comprises 3-pentenoic
acid salt, the substituted or unsubstituted formylvalerate comprises 5-
formylvaleric acid salt, and the substituted or unsubstituted epsilon
caprolactam comprises epsilon caprolactam.

7. The process of claim 1 wherein the
hydroformylation catalyst comprises a metal-ligand complex catalyst.
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wherein X err] represeWr unsubstituted n-val ent '
hydrocarbon bridging r cal from2 to 40 carbon atons, each R9
is the samm«dﬁferen \‘ﬁm nt hydrocar bon radp@q:)gsgs/mssg

-113- cont ai ni ng fro rson*at ons, each Rerr] is the sane or

different and is a substlﬁuﬁed or unsubstltuted nonoval ent hydrocar bon

radi cal containing from1l to 24 carbon atons, a and b can be the sane or
different and each have a value of 0 to 6, with the provi so that the sum of
a+bis2to6and n equals a + b. -111- 10. The process of claim
7 wherein said netal -1igand conpl ex catal yst conprises a netal selected
froma Goup 8 9 and 10 netal conplexed with an organophosphorus |igand

ha\éi ?gtt[ledforrmla - 8. | The p r?ce[stsro&"]clalm7whamﬁ@afailﬂéwpltig§§@ts ?
supstituted or uns StI ed nonoval en ca optainlng rrom
e 18 cor bon CHISHEX sately St caPrisas B Tne IS oed drum & Caowp By Bimndld
represents a substaltdobepsleped wiﬁubatorguheﬁhwpﬂoruadigaaid selected from & he same

o o oo oy B By T AR o o b 0110

Si(Rerr])[err]- and -CO, wherein each R5 is the sane or different and

represents hydrogen, al kyé. r adfﬁ@b?o&% 'RUikP P wherein said metal-ligand
complex catalyst comprises a metal selected from a Group 8, 9 and 10
metal complexed with an organophosphorus ligand selected from:

(1) a triorganophosphine ligand represented by the
formula:

wherein each R1 is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical;
(ii) a monoorganophosphite represented by the formula:

O
A
R=—O~-P
\ 7/
O

wherein RS represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;
(iii) a diorganophosphite represented by the formula:
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1 to 12 carbon atons, phenyl, tolyl, and anisyl, R6 represents hydrogen or
a nethyl radical, each R7 is the sane or different and represents hydrogen

or a nmethykyoegleseyl . and mis a value of 0 or 1. PCT/E998/07358€
process of claim7 wher ein said netal -1igand conpl ex catal yst conprises a

netal selected froma Goup 8, 9 and 10 WO 98/ 46565
-114- nmetal conpl exed with an organophosphorus Ilgand havi
formul a selected from

[err] wherein x[err] represents a sudéituted or unsmnmqmm \“\
n- val ent hydr ocar bon bridgi ng radical containing from

at ons,

4/\

P—O—W
\ /

wherein R4 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater;
(iv) a triorganophosphite represented by the formula:

P/Ocl)i8
AN

OR

wherein each R8 is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical; and

(v) an organopolyphosphite containing two or more
tertiary (trivalent) phosphorus atoms represented by the formula:

[RI0_
/ O\ O\P_ !
\0/ R0

| q —'b

wherein X1 represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R? is the same or different and is a divalent hydrocarbon radical
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each Rerr] is the sane or different and is a dival ent hydrocarbon radical
containing from4 to 40 carbon atons, and each R err] is the sane or
di f f erent vends/gesesn substituted or unsubstituted nonoval ent perudegdisggar bon

radical containing from1l to 24 carbon atons. 12 The
process of claim?7 wherein said netal -1igand st conpri ses
a nmetal selected froma Group 8, 9 and 10 netal co EB%E" Ilﬂ"ﬂ

or ganophosphorus |igand having the fornul a sel ecte

-115- Ar-0 -113-

containing from 4 to 40 carbon atoms, each R10 is the same or
different and is a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms, a and b can
be the same or different and each have a value of 0 to 6, with the
proviso that the sum of a + bis 2 to 6 and n equals a + b.

10.  The process of claim 7 wherein said metal-ligand
complex catalyst comprises a metal selected from a Group 8, 9 and 10
metal complexed with an organophosphorus ligand having the formula:

wherein W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater,
each Ar is the same or different and represents a substituted or
unsubstituted aryl radical, each y is the same or different and is a
value of 0 or 1, Q represents a divalent bridging group selected from -
C(R9)2-, -O-, -S-, -NR6-, Si(R7)2- and -CO-, wherein each R5 is the
same or different and represents hydrogen, alkyl radicals having from
1 to 12 carbon .atoms, phenyl, tolyl, and anisyl, R6 represents hydrogen
or a methyl radical, each R7 is the same or different and represents
hydrogen or a methyl radical, and m is a value of 0 or 1.

11.  The process of claim 7 wherein said metal-ligand
complex catalyst comprises a metal selected from a Group 8, 9 and 10
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[err] wherein X err] represents a substituted or unsubstltut ed

n- val ent hydr ocarbon bridging radical containing from2 to 40 carbon
at ons, wo%84é5659 is the same or different and is a divapapis E" car bon
radi cal containing from4 to 40 carbon atonms, each R err] 1S e sane
or different and is a substituted or unsubstituted Tronovarent

hydr ocar bon radi cal containing from1l to 24 carbon
the same or different lmmmmlmﬂ“ III'

and represents a substituted or unsubstitlied aryl radical, ceach ® iss *the
same or different and is a value of 0 or 1, Qrepresents a dival ent
bridging group selected from - C(R[err])[err] -0-, -S, -NR[err]-

Si(Rerr])[err] w{\f}p oF r rent
and repr esentsm ‘ri:gm (? ?gﬁggﬁ@t}h ?‘ng %aﬁqﬁ?éﬂgﬂ%fg%"ﬁgtons,
phenyl, tolyl, setged %&'05194 R6 represents hydrogen or a nethyl radical,
each R? i's the sane or dlfferent and represents hydrogen or a nethyl
radical, and mis a value of-0 or 1. 13. The process of
claiml1 wherein the reactio is cgRducted irn the presence of an olefin and
an al dehyde of the olefin is OgTﬂQuced. 14. The process
of claim1 which is conduct xate B2 from about 50[err]C to
150[err]C and at a total preégssur m about] 200 psig to about 1000 psig.
15. A batchw se or continugusly ner ated rjeaction m xture conpri sing:

(1) one or nore substituted-or unsubstituted epsilon caprol act ans;

O

P—OTX!
10__ /
R O
2
10
O0—R
9/ \ /
P—O—X O—P
\ o No—gr1

wherein X1 represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R9 is the same or different and is a divalent hydrocarbon radical
containing from 4 to 40 carbon atoms, and each R10 is the same or
different and is a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms.

12.  The process of claim 7 wherein said metal-ligand
complex catalyst comprises a metal selected from a Group 8, 9 and 10

metal complexed with an organophosphorus ligand having the formula
selected from:
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(2) optionally'one or
acid salts and/or one or
caprol act rsors;

nor

substitute or unsubstltuted pentenoi c acid salts;

optionally one or

e substituted or

(3)

nore substituted or unsubstltuted pent enoi ¢ aci ds;

more substituted or unsubstituted formylvaleric
unsubstituted epsilon
optional |y one g¢TA8ysR7358

(4)

and

(5) one or nore substituted or unsubstituted butadienes, wherein the

wei ght ratio of conponent (1) to the sum of conponents ( (3) and (4) is
greater than about 0.1; and the weight reltlide of ”“l“““l"I"“”II”““I
SUBSTI TUTE SHEET (RULE 26) D-17777
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about 0 to about 100.

caprol actans in which said 1
conpri ses:
al kadi enes to hydroxycar bony
hydr oxycar bonyl ati on cat al ygt
or nore substituted or unsul
sai d one or nore substitutedg
hydr of ornmyl ation in the preg
one or nore substituted or U

(a) subjecting one

conponent (5) to the sum of conponents (1),

16.

eAEt+On m xture is
lor no substi t ut
in e prese

nd neutral. i

) st ut ed peni€noi C

gjJnsub tuted p
émc hydr of or m

(

(2), t3)%and (4)°is"

A reaction m xture as cl ai ned
in claim15 conprising one _nore substituted_

or unsubstituted epsilon
br epared by a process which

bd or unsubstituted
hce of a
W<l th a base to produce one

el d salts; (b) subjecting
entenoi c acid salts to
y| ation catal yst to produce

nAribsOI t ut ed fornyl

leric acid salts and/or

I
one or nore substituted or unsubstituted epsFT"'QcaproIactan1precursors
and (c) subjecting said one or nore substituted or unsubstituted
formylvaleric acid salts and/or one

pr— O0—R10
(qfﬁail\\\\\\\\ ////,

B P—O—X'—O—P
(CI‘Iz)y /

! 10
Ar—0O O—R

Ar —O,

1
Iy N

m

(CHy)y

P—O—X'—

7

N\
\/

Ar—oO

wherein X1 represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each RY is the same or different and is a divalent hydrocarbon radical
containing from 4 to 40 carbon atoms, each R10 is the same or different
and is a substituted or unsubstituted monovalent hydrocarbon radical
containing from 1 to 24 carbon atoms, each Ar is the same or different
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or nore substituted or unsubstituted epsilon caprol actam precursors to

reductive amnation in the presence of a reductive am nation catalyst and

cyclizati ofwepddidesgsal |y in the presence of a cyclization cat %/B roduce
said reaction m xture conprising one or nore substituted or unsubstTtut ed

epsi l on caprol act ans. 17. The reaction m xture—ef—¢ttai m
16 in which the process further conprises derivatizing the one or
substituted or wunsubstituted epsilon caprol actans. lﬂ"“ “ ! l“ﬂiﬁﬁﬁ
The reaction mixture of claim17 in whichlife derivati

conpri ses hydrogenation, esterification, polynerization, copolynerlzatlon
am nation, alkylation, dehydrogenation, reduction, acylation,

condensat | on.  hd3ebAbentass HhakH R8P rRbgliEsiol dryf BEBLAE RS i T Ol

-118- erivative re su
unsubstituted et $armeoxiderent and isra valaerpf D7or 1, Q represents a divalent
bridging group selected from -C(R9)2-, -O-, -S-, -NR6-, Si(R7)9- and -

CO-, wherein each RS is the same or different and represents
hydrogen, alkyl radicals having from 1 to 12 carbon atoms, phenyl,
tolyl, and anisyl, R6 represents hydrogen or a methyl radical, each R7
is the same or different and represents hydrogen or a methyl radical,
and m is a value of 0 or 1.

13.  The process of claim 1 wherein the reaction is
conducted in the presence of an olefin and an aldehyde of the olefin is
also produced.

14.  The process of claim 1 which is conducted at a
temperature from about 50°C to 150°C and at a total pressure from
about 200 psig to about 1000 psig.

15. A batchwise or continuously generated reaction
mixture comprising:

(1)  one or more substituted or unsubstituted epsilon
caprolactams;

(2)  optionally one or more substituted or unsubstituted
formylvaleric acid salts and/or one or more substituted or
unsubstituted epsilon caprolactam precursors;

(3)  optionally one or more substituted or unsubstituted
pentenoic acid salts;

(4)  optionally one or more substituted or unsubstituted
pentenoic acids; and

(5)  one or more substituted or unsubstituted
butadienes;
wherein the weight ratio of component (1) to the sum of components
(2), (3) and (4) is greater than about 0.1; and the weight ratio of
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component (5) to the sum of components (1), (2), (8) and (4) is about 0
to about 100.

16. A reaction mixture comprising one or more
substituted or unsubstituted epsilon caprolactams in which said
reaction mixture is prepared by a process which comprises: (a)
subjecting one or more substituted or unsubstituted alkadienes to
hydroxycarbonylation in the presence of a hydroxycarbonylation
catalyst and neutralization with a base to produce one or more
substituted or unsubstituted pentenoic acid salts; (b) subjecting said
one or more substituted or unsubstituted pentenoic acid salts to
hydroformylation in the presence of a hydroformylation catalyst to
produce one or more substituted or unsubstituted formylvaleric acid
salts and/or one or more substituted or unsubstituted epsilon
caprolactam precursors; and (c) subjecting said one or more substituted
or unsubstituted formylvaleric acid salts and/or one or more
substituted or unsubstituted epsilon caprolactam precursors to
reductive amination in the presence of a reductive amination catalyst
and cyclization optionally in the presence of a cyclization catalyst to
produce said reaction mixture comprising one or more substituted or
unsubstituted epsilon caprolactams.

17. The reaction mixture of claim 16 in which the
process further comprises derivatizing the one or more substituted or
unsubstituted epsilon caprolactams.

18. The reaction mixture of claim 17 in which the
derivatizing reaction comprises hydrogenation, esterification,
polymerization, copolymerization, amination, alkylation,
dehydrogenation, reduction, acylation, condensation, oxidation,
silylation and permissible combinations thereof,
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19. A derivative of the one or more substituted or
unsubstituted epsilon caprolactams of claim 17.
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