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PROCESSES FOR PRODUCI NG HYDROXYAL DEHYDES

Brief Summary wh ovlagood Nventi on Technical Field PCT/USDT 06849

i nvention relates in part to processes for selectively produci ng one or
nore substituted or unsubstituted hydroxyal dehydes, e.g.,

6- hydr oxyhexanal s. This invention also relates in part to reaction

m xtures containing one or nore substituted-or unsubstituted

hydr oxyal dehydes, e.g., 6-hydroxyhexanals, as the pr|n0|pal product (s) of

reaction. Background of the I nvent ion Hydr oxyal dehydes,

eg., 6-hydroxyhexanals, are vapgy EROP RSN ch are useful, for
example, in the pr oducti on of el [ fone, epsilon caprol act am
adipic acid and 1, 6- hexanedi ol : rently used to produce

hydr oxyal dehydes have vari ous di sadvant ages For exanple, the starting

mat er-i al s used to produce 6- %wﬁh vl i vel Y expensive. In
addi tion, the selectivity to G- a'n'a'?'s—l‘n—p'rr or art processes has
been | ow ACCOW woul d be desirable to sel ectively produce

hydr oxyal dehydes from a rembImaéxst:drnﬁéim@sn\fﬁrst@pﬁdca@emxegélaémmyi by a

process whi ch can e eiployed SOMBLEALLY or unsEELOSHE 0L Liker s aent i on

It has been di scBiert adienes oOr pentena fd to
| i near hydr oxyal ggh@bxdnwhewaéw This wsn@gn ajso nelafeq jin part tnweqction

di scovered that piRgRires adstdirih @Iﬁelosr,m&egsubsﬁlt@ﬁéaqira:msaﬁsueag i nt er nal

Pty (CN A I

3-penten-1-ols hlyfdreampnyl ated to 6-

Background of the Invention
Hydroxyaldehydes, e.g., 6-hydroxyhexanals, are valuable

intermediates which are useful, for example, in the production of
epsilon caprolactone, epsilon caprolactam, adipic acid and 1,6-
hexanediol. The processes currently used to produce hydroxyaldehydes
have various disadvantages. For example, the starting materials used
to produce 6-hydroxyhexanals are relatively expensive. In addition,
the selectivity to 6-hydroxyhexanals in prior art processes has been
low. Accordingly, it would be desirable to selectively produce
hydroxyaldehydes from a relatively inexpensive starting material and
by a process which can be employed commercially.

Disclosure of the Invention
It has been discovered that alkadienes or pentenals can be

converted to linear hydroxyaldehydes in high selectivities. It has also
been discovered that unsaturated alcohols, e.g., alcohols possessing
internal olefinic unsaturation, can be hydroformylated to
hydroxyaldehydes, e.g., terminal aldehydes, in high normal:branched
isomer ratios, e.g., 3-penten-1-ols hydroformylated to 6-
hydroxyhexanals in high normal:branched isomer ratios. In particular,



hydroxyhexanal s i n high normal:branched isoner ratios. In particular,
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surprisingly iosRb@eed that butadi ene can be converted to ‘lf.ﬁg
6- hydr oxyhexanal s, e.g., 6-hydroxyhexanal, by enploying cata %%ﬁ;aw ng

hydr ocar bonyl ati on/ hydr of or nyl ati on/i soneri zati on capabllltles It has
further been discovered that high selectivities and high nornal:branched

i somer ratios may result from conducting.gthe hydrocarbonylation in the
presence of a netal-ligand conplex catalyst and optionally free ligand in
whi ch the Iigand is preferably of high basicity and [ow steric bulk and in

the. presence ofs @bk Sbrisindly diflyeRidall butlaibAPLARRL SoftumaYRy W Lh an

i oni zabl e hydrogen 0 Thi s
i nvention rel aliggax @-hy @%ﬂ’sﬁé@nﬁbs egrndtthpdraxybeasanal, byrempleyingt i t ut ed or

unsubstit ut ed Mﬁh@té{ hbdﬂ{yﬂﬁd‘mc&h@nylaﬁm &fomfﬂyqéﬁﬂﬁhﬁmméﬁhﬁfbrpomrl se
subj ecti ng one_or brrloé b$ | ﬁh bedl, diDSUBs 4&}@ ﬁ? enes

but adi ene, to f F‘?)o#y AT e PHES PV EES 18 Iatlon
catal yst, e.g. hlgh n@maLbramcg@shcspms'p‘n@msnaym&gmoaﬂucungltlsxet and
%?;Ff or gylggh BH did&agl?diuﬁll&lﬁ%in}gﬂﬁeaﬁn{;alsér;&@’&ﬁfé%ﬁyhgéﬂd)&xﬁﬁfeﬁ'cﬁﬁéel Otf gm rea
substituted or &gggg{lftﬁyjpg%alm ﬁ 3@83@1 and'is pregrglﬂ s invention
al so rel at es t bagicity epddewfsterip butiuand in tine presencoofa $ndtmbte!rutedanr

unsubst i t ut ed mgimwﬁhfb% xﬂﬁsconfpoand with aRYiShABReN r\?Kah)fcormri se
subj ecti ng one unsubstitute pentena sto

hydr ocar bonyl afrPB’ha ‘h“'t’rs]g ﬁf’ e of a hydrocarbonyl ation catal yst, e.g.,
a netal - organophosphorusThlsganehtlmnrqibaestoqn‘abqssesfdrqarpdudngenem or nore

substituted Ornib?%ﬁﬁiﬂxédﬂe&%rum%&m&? ﬁﬁcévgldeh des,e.g.,6- NS

i nvention furthe at es cesse ucl
E éroxy exanals whic compr?se subj cting one gr more substituted

or unsubstituted alkadienes, e.g., butadiene, to hydrocarbonylation in
the presence of a hydrocarbonylation catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and hydroformylation in
the presence of a hydroformylation catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, to produce one or more
substituted or unsubstituted hydroxyaldehydes.

This invention also relates to processes for producing one
or more substituted or unsubstituted hydroxyaldehydes, e.g., 6-
hyciroxyhexanals, which comprise subjecting one or more substituted
or unsubstituted pentenals to hydrocarbonylation in the presence of a
hydrocarbonylation catalyst, e.g., a metal-organophosphorus ligand
complex catalyst, to produce one or more substituted or unsubstituted
hydroxyaldehydes.

This invention further relates to processes for producing
one or more substituted or unsubstituted hydroxyaldehydes, e.g., 6-
hydroxyhexanals, which comprise subjecting one or more substituted
or unsubstituted unsaturated alcohols, preferably having at least 4
carbon atoms, e.g., penten-1-ols, to hydroformylation in the presence of
a hydroformylation catalyst, e.g., a metal-organophosphorus ligand



one or nore substituted or unsubstituted hydroxyal dehydes, e.g., 6-

hydr oxyhexanal s, which conprise subjecting one or nore substituted or
unsubstituted unsaturated al cohols, preferably having at | east 4 carbon
atons, e.g., ReHLHkwdy 0l S, to hydrofornylation in the presenmeisyresssy - .
hydr of or xnyl ati on catal yst, e.g., a netal -organophosphorus |igand
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catal yst, to produce said one or nore sub8tituted or unsubsti tuted
hydr oxyal dehydes. This invention yet further relates to

processes for produci ng one or nore substituted or unsubstituted

hydr oxyal dehyde ) W€ BuBstituteder (a) subjectin
one or nore sg%gPlle?u(tqg%lyg?’qﬁrd?gu {ﬁﬁéﬁgﬁégﬁ' kadi eﬁgs, e.g.f but adi eJne, tog

hydr ocar bony! at Pesubshitused Bydoxyea €-hydr ocar bonyl ati on catal yst,
e.g., a metal - or ganophosphhisiavénigemgletcfurtherreladestyprocessesfonduce one  or

mor e.substi t ut ed Sucily 4RS bt H‘bgg gﬂﬂé}?@géﬁ 8t GHadtR0Ehyddyhldehydes

subj ecting sai dPENE 67 hor e su or uns St“ht ui.ed unsat urate

al cohol s to hyded d-hydeasybaxanals fehich.comprisesfa) SURIRFIOEANH ATILPES:
Cfg SIUZZ t ;a?aga’n sﬁb%fﬁixﬁlracé eF gﬁgiiﬂfﬂtmpéd)alhdiér@a,ndgc bupadieneioal yst, to
'Flj'he hydr ocar bo n§V§¥?°gﬁb ?‘8’3%{3?% HR E%eﬁ&%%%%%@%ﬁ%‘?%%‘t‘%(‘ g}ggﬁggat%gls@’ehydes '
hydr of or ny! at i or-g-cnuetahongendphospherunligant cqpplexnsptalyst, i pro it
ﬂ'yl(‘;; event, Z??OEP?:E{%?%&E?&&%@H%&%E%BSW& yasaturatddegicélaglsad (b)t he
Thi's 1 nvent o ap6gerny Zpid ShEbehors bbbt S\ iR Bled hicdthbitea
substituted or aiwhbls tiothydrafompylahigminidippresence of a hydroformylatity hexanal s,
whi ch conpri ses cheapdtl 8%, ANMebil-dFphRophaphoius Ieghral complextasilyst)ted
Preoence of a ?m?é‘qte?s%ii?ﬁ%s g <SRRG FBF fibbuiio TVrogen I1 the
met al - or ganophodyHoryaldéhyses. Mydxowgmxlgﬁism aprctipiyeonditiens ipstep
optional l'y free (}jffthd Ryd¥obsinefatbs resctiter @nditheid inkteg (ormay be the
same or different, and the hydrocarbonylation catalyst in step (a) and
the hydroformylation catalyst in step (b) may be the same or different.
This invention also relates to processes for producing one
or more substituted or unsubstituted hydroxyaldehydes, e.g., 6-
hydroxyhexanals, which comprises reacting one or more substituted or
unsubstituted alkadienes, e.g., butadienes, with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce one or more substituted or
unsubstituted unsaturated alcohols, e.g., penten-1-ols, and reacting
said one or more substituted or unsubstituted unsaturated alcohols
with carbon monoxide and hydrogen in the presence of a metal-ligand
complex catalyst, e.g., a metal-organophosphorus ligand complex
catalyst, and optionally free ligand to produce said one or more
substituted or unsubstituted hydroxyaldehydes. In a preferred
embodiment, the metal-ligand complex catalysts are metal-

organophosphorus ligand complex catalysts and the promoter is the




unsubstituted unsaturated al cohols, e.g., penten-1-ols, and reacting sai d
one or nore substituted or unsubstituted unsaturated al cohols w th carbon
nonoxi de and hydrogen in the presence of a netal-1igand conpl ex catal yst,

e.g., a netal.: phosphorus |igand conpl ex catal yst, a ' 1y
free |ligand 5)09{')780 uce said one or nore substituted or ungg.g@?ﬁo%gd

hydr oxyal dehydes. In a preferred enbodi nent, the netal -ligand conpl ex
catal ysts are netal - or ganophosphorus |igand conpl ex catal ysts and the
pronoter is the WD 97/ 40000 4- '
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starting materials, internmediates or products of the process.
This invention further relates fo.Rpra esy.for pr ' e or nore
substituted oM HsTHES F%b@g ’ﬂ?%ffb@%ﬁg%’%%déé%sé’?é’?&@t%% f oxyhexanal s,
whi ch conpri sprocessacting one or nore substituted or unsubstituted
pentenal s wi th carbon. nﬂﬁ?%ﬁ%ﬁ’d}ﬁfd}ﬂ%l‘)ﬂﬁteh o b?&esﬁs&ﬁ?ﬁ?ﬁﬁn?_ q

S i gan

met al -1i gand conpl ex cata ,,€.0., A al; ,or ophgsphor u
conpl ex cat al SR OF BR¥E ﬁulﬁ%tﬁ%‘f%f’r gﬂﬁ“b%g{‘sﬁ&?finngxggié@gﬁﬁ%ﬁ&t% produce one
or nore substhydrogghexanals)suiich icomperisel ydadingdontetryoose substitutedoer r ed

embodi ment, _tResuihed betRBHaIARh ArfidH Alolskideand Kiireker ko@@PhoSphor us

| i gand conpl ex cat st”and,the, pronpter iI.s the one ‘gr, hore starting
materi al s, | nBUEEHBeR HAmetRgan ETPISK GaRRIVED §cfcd metal- Thi s
i nvention yetorgdhbpkésphelas Hgahd cpmpesaatalystrandpa prorodtey 2nde or nore

jmu.bSt I tut ed_ Ocro t'ijor}lsalf&sﬁgé Hhﬁﬂd%%@dﬂi@' Qfore s sgitute@' ydr oxyhexanal s,

Satur at od aRRURSE IO BYEORRIRSHIIPHOLR APrETEd SRRBH i,
unsaturated a \ a , e.g.,
pent en- 1- ol s, metdlHigaidesin pler @xtalgsiisch meyalragenophospherys bgamte of a
netal -1 1 gand conpil : = boseher us |igand
conpl ex cat al ?ﬁé‘i‘ng'eg)r?é‘?%%?d. %%%F?%pﬁrg%&rllggfg%dn é’tjglg%;ag%uce Is?l%r d one or nore
substituted omaterialssintermediates or products of the process.

This invention yet further relates to processes for
producing one or more substituted or unsubstituted hydroxyaldehydes,
e.g., 6-hydroxyhexanals, which comprise reacting one or more
substituted or unsubstituted unsaturated alcohols, preferably having
at least 4 carbon atoms, e.g., penten-1-ols, with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and optionally free
ligand to produce said one or more substituted or unsubstituted
hydroxyaldehydes.

This invention also relates to processes for producing one
or more substituted or unsubstituted hydroxyaldehydes, e.g., 6-
hydroxyhexanals, which comprises: (a) reacting one or more
substituted or unsubstituted alkadienes, e.g., butadienes, with carbon
monoxide and hydrogen in the presence of a2 metal-ligand complex
catalyst, e.g., a metal-organophosphorus ligand complex catalyst, and a
promoter and optionally free ligand to produce one or more substituted
or unsubstituted unsaturated alcohols, e.g., penten-1-ols, and (b)
reacting said one or more substituted or unsubstituted unsaturated
alcohols with earbon monoxide and hydrogen in the presence of a



hydr oxyal dehydes. This invention also relates to processes
for producing one or nore substituted or unsubstituted hydroxyal dehydes,
e.g., 6- hydroxyhexanals, which conprises: (a) reacting one or nore
substituted oryd'eqebget | t ut ed al kadi enes, e.g., butadienes, wpCEUSIWISS9
nonoxi de and hydrogen in the presence of a netal-ligand conplex catalyst,
e.g., a netal-organophosphorus |igand conplex catalyst, and a pronoter and
optionally free ligand to produce one or nore substituted or unsubstituted
unsaturated al cohols, e.g., penten-1-ols,-5and (b) reacting said one or
nore substituted or unsubstituted unsaturated alcohols wth carbon
nonoxi de and hydrogen in the presence of a WO 97/ 40000

PCT/ US97/ 06849 4.1 ligand comple catalyst, e.g., a metal-or, anoplosphorudBgatd | i gand
conpl ex cat al ysx[n, e.gg, a rreri'af-

. or gan osphor i gand ~ .gonpl ex catal yst,
and optional |y famplekicgtalyst énﬂr"é’a’ﬁé‘éﬂg T‘?Triéﬁ?é‘%(sa? pr%aﬂf%s%’at?ﬁi‘{rut ed or
unsubstit ut ed hydrexsybdtitaibed 66 undiisstitubgdhydaxpaldghpdéesorTheact i on
condi.tions in sie a e r [ [ conditions in
step (b) may beﬁ¥<gré)g%%a}}?§9g?rﬁ& ﬁatcf\égézﬁ{)@m% q{lﬁe (ag%gﬁat%i%gnyl ation
catal yst in stchydreformylating reagtion emditignein %fﬁpé'aillanaygie S8MEO b) may be
the sanme or di faﬁfef?&'it-, and thg hydrocarb%nﬂhﬁ&_l icavdpdt inrstépl (4)ard thel ates | 3
part to a process,far .oduc a nerat e
Peact i on i xt ur BYrlompyiRLioR (atdystin AL WY Ry Bf 8 @%ﬁ@t&ggﬁ%@ﬁsubst ed o
or unsubstituted 6-  hydFigsynesation Sirthergelates iy prebdpr REQeESS for
(2)  optionall rm%ixfga BREGWIEDSF béntitbudly jerwdrasdd FdscBidn mixedtesn- 1- 0l s,
e.g., cis-2-penten-1-0l, trans-2-penten-1-ol, cis-3-penten-1- ol ,
trans- 3- pent en- 2BP&@YE or 4-penten-1-ol; _(3).  optionally
one or nore substituted did)unsmesrimeresubstisutedprosmsbstittgdS-and/ or cyclic
lactol derivati¥ggroxyReesals fe.g., 6-Hrdroxyiixanhl;5- hydr oxypent anal ;

(2) optionally one or more substituted or unsubstituted
penten-1-ols, e.g., cis-2-penten-1-ol, trans-2-penten-1-ol, cis-3-penten-1-
ol, trans-3-penten-1-ol and/or 4-penten-1-ol;

(3)  optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof, e.g., 2-
methyl-5-hydroxypentanal;

(4)  optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof, e.g., 2-ethyl-
4-hydroxybutanal;

(5)  optionally one or more substituted or unsubstituted
pentan-1-ois;

(6) optionally one or more substituted or unsubstituted
valeraldehydes;

(7)  optionally one or more substituted or unsubstituted
pentenals, e.g., cis-2-pentenal, trans-2-pentenal, cis-3-pentenal, trans-
3-pentenal and/or 4-pentenal;

(8) optionally one or more substituted or unsubstituted
1,6-hexanedials, e.g., adipaldehyde;

(9)  optionally one or more substituted 1,5-
pentanedials, e.g., 2-methylglutaraldehyde;



(4) optionally one or nore substituted or unsubstituted
4- hydr oxybut anal s and/or cyclic |actol derivatives thereof, e.g., 2-ethyl-

4- hydr oxybut anal ; (5) optionally one or nore substituted
or unsubstit ent an-1-ol s; (6) optio or
nor e substitﬂ?g%mggﬁunsubstituted val er al dehydes; Berhibs E?)
optionally one or nore substituted or unsubstituted pentenal s, e.g.

ci s-2-pentenal, trans-2-pentenal, cis-3-pentenal, trans- 3- pentenal
and/ or 4-pentenal; (8) -eptionally one or nore substituted
or unsubstituted 1, 6- hexanedi al s, e.g., adipal dehyde; (9)
optionally one or nore substituted 1, 5- pent anedials, e.g.,

2- met hyl gl ut ar al dehyde; . . .
PCT/ US97/ 06849 (10) opthQIqurlm 8Pffdre substituted 1,4-butanedials,

(10) opti onal 188-oRd-Gimethylsusipeldehyde and rethylsnrsinaisiehydesapd
2, 3-di met hyl succi nal dehyli) aefle ar aidrglsabstitutad de hyidabstittnted

(11) one or substituted butadienes, e.g., butadiene;
wherein the V\ng{uq'ﬁgl%g%% ég ?’qt&ileﬂg (1) to.the sum of conponents (2),

(3), (4), (5) wl@fa)em tlﬁ we(é)t ra&lg)ofaﬂ@pe&eﬁ)t (13 te;thayswn of gampanents 0. 1,
Er gf e;ﬁgl %/hgr §gt ,€8), K@ﬁ(ﬁ)@t%)?mO(SBRS) ﬁﬁ&eu@)rxefgeéaiéwh@i aBbe 0 uhan about o
preferabl y abdué andthe Wélgiﬂié‘a srécommwﬁ mpfb@éﬁom%tétl ng one

or nore subst l(h)ﬂ(ﬂ}j (@f (4)‘1(5)11(@'[('1)[1(@@95)%@@1@%%1:0@& 0to abyitothene, with
car bon nDnOX|de

n r Hgesence of a netal-llgand conpl ex
catalyst, e.gP Wé’t “8 @‘?ﬁoﬁ%‘é"dﬁor ts |igand conpl ex catal yst, and a
pronot er and Vdpphmracasy wmvsesgmln&orpﬁ@d@eeemtﬁntmxe substituted or
unsubstituted butadienes, e.g., butadiene, with carbon monoxide and

hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to proeduce one or more substituted or
unsubstituted penten-1-ols and reacting said one or more substituted
or unsubstituted penten-1-ols with carbon monoxide and hydrogen in
the presence of a metal-ligand complex catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and optionally free ligand
to produce said batchwise or continuously generated reaction mixture.
In a preferred embodiment, the metal-ligand complex catalysts are
metal-organophosphorus ligand complex catalysts and the promoter is
the one or more starting materials, intermediates or products of the .
process.

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

(1) one or more substituted or unsubstituted 6-
hydroxyhexanals, e.g., 6-hydroxyhexanal;

(2)  optionally one or more substituted or unsubstituted
penten-1-ols, e.g., cis-2-penten-1-ol, trans-2-penten-1-o}, cis-3-penten-1-
ol, trans-3-penten-1-ol and/or 4-penten-1-ol;



unsubstituted penten-1-ols and reacting said one or nore substituted or
unsubstituted penten-1-ols with carbon nonoxi de and hydrogen in the

presence of a netal-ligand conplex catalyst, e.g., a netal -

or ganophosphorwg,ﬁjmg@,nd conpl ex catal yst, and optionally freedrugansssdst o. .
produce said batchw se or continuously generated reaction mxture. 1In a
preferred enbodi nent, the netal-ligand conpl ex catal ysts are

met al - or ganophosphorus |igand conpl ex catal ysts and the pronoter is the
one or nore starting materials, internmedi&tes or products of the process.
This invention yet further relates in part to a process for producing a
bat chwi se or continuously generated reaction m xture conprising:

(1) one or more substityged dHti ?]'ﬁﬁ%é' drh6rk Sibstitd ooy BRsidRakstede: J. |
6- hydr oxyhexanal ; _oRt | gln | Ly .one or mr e sEbst ituted
or unsubstit ut e@-hydreryRentangls andloreyclig fact -‘g%h‘i/aéh‘fef-tgﬁfe" ) €8 &

t rans- 2- pent en- inéthyl-5it5-ddo3giehednal; ol, trans-3-penten-1-ol and/or

4-penten-1-ol; ; ;
PC'FI)' ) USSQ / 063 49 W87/ 4(%Q9091a11y one or more substxtui_:efi_ or unsubstituted

(3) optional | y4cmedroxybisanals and/en excli lastoldenivatives thegeof, e.g., 2-ethyl-
5- thlr ogyﬁeg'ﬁ ngng};]?gﬁ%Wtaﬁggl ic lactol derivatives thereof, e.g., 2-
Subst i Ut od or unsubet it Bk CPHORAN S hery SBkRfd & SRS HRR
derivatives thempeptan-g-ads; 2-ethyl-  4-hydroxybutanal ; (5)
optional Iy one or nore sufgsti tefitRshadly stitserimord silstitutqiort ansubsctitated
(6) optionall Y ONe. PLhIRLE o3 bstituted or unsubstituted valeral dehydes;
and f‘% Yhffa nore substituted or unsubstituted pentenals,
e.g., cis-2-pentenal, traf¥e- 2-qneermare sebstitatetbon unsubstitptadpentgaalsenal

e.g., cis-2-pentenal, trans-2-pentenal, cis-3-pentenal, trans-3-pentenal

and/or 4-pentenal;

wherein the weight ratio of component (1) to the sum of components

(2), (3), (4), (5) and (6) 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 (7) to the sum of components (1), (2), (3), (4),

(5) and (6) is about 0 to about 100, preferably about 0.001 to about 50;

which process comprises reacting one or more substituted or

unsubstituted pentenals with carbon monoxide and hydrogen in the

presence of a metal-ligand complex catalyst, e.g., a metal-

organophosphorus ligand complex catalyst, and a promoter and

optionally free ligand to produce said batchwise or continuously

generated reaction mixture. In a preferred embodiment, the metal-

ligand complex catalyst is a metal-organophosphorus ligand complex

catalyst and the promoter is the one or more starting materials,

intermediates or products of the process.

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 6-
hydroxyhexanals, e.g., 6-hydroxyhexanal;



and/ or 4-pentenal; wherein the weight ratio of conponent (1) to the sum
of conponents (2), (3), (4), (5 and (6) is greater than about 0.1,
preferably greater t han about 0.25, nore preferably greater t han about
1.0; and thewoywdogdet rati o of conponent (7) to the sum of @Rﬁ (1),
(2), (3), (4, (5) and (6) is about O to about 100, preferably about

0.001 to about 50; whi ch process conprises reacting one or nore
substituted or unsubstituted pentenals with carbon nonoxi de and hydrogen
in the presence of a netal-ligand conpBex catalyst, e.g., a netal -

or ganophosphorus |igand conpl ex catal yst, and a pronoter and optionally
free ligand to produce said batchwi se or continuously generated reaction

mxture. In a preferred cgybo catalyst is
B heLal - or ganophos hg{{’gf_grb %h%?borre%bgﬁ%\g{ea orddsgﬁ%ﬁltttﬁggglreg% gr L he

one or nore st%4ftS -y 8PP~ ft?%%?l?&&?%ﬁ i‘§’¥’cﬁls'5TRﬁﬂNS%$‘§ -QJ§ thams- process.
Thi.s inventi orB-péBtemHohhnd/orm-pmtbn-tleola process for producing a

() one-or more. subst (o) gﬁgﬁﬁ%ﬁ“i%éﬁ?g% bl Sublifeq f WHihae .
6- hydr oxyhexari yflroxypenta nats gnd/ep gyelic lactol denvatlves ereof, e.g., 2-
PCT/ US97/ 06849methyl- 5-hydroxypentanal - 8-

2 bst te | tut
G5 2- ponton- 1ot traniib. o OpRoRAY 4REbE kErESuBEAAY o pnSubasifGica
3- pent en- 1- ol %hmﬂmxylrub@mlenndlomcychc lactol derivatives fimreof, s;g;%m&hyly one or

nore substi tut@ﬁyefgxlybamlg hnded 5-hydroxypentanals and/or cyclic |actol
derivatives thereof,

optionally one or rmre st |°Pﬂ?réﬁﬁl%9nﬁﬂ§éb°égﬁ/'g?et %ei"hW'dWﬁ‘?ﬂal s 4

and/ or cyclic vadenaddehpdesyati ves thereof, e.g., 2-ethyl-
wherein the weight ratio of component (1) to the sum of components
(3), (4) and (5) 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 (2) to the sum of components (1), (3), (4) and (5) is about 0
to about 100, preferably about 0.001 to about 50;
which process comprises reacting one or more substituted or
unsubstituted penten-1-ols with carbon monoxide and hydrogen in the
presence of a metal-ligand complex catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and optionally free ligand
to produce said batchwise or continuously generated reaction mixture.

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

(1)  one or more substituted or unsubstituted 6-
hydroxyhexanals, e.g., 6-hydroxyhexanal,

(2)  optionally one or more substituted or unsubstituted
penten-1-ols, e.g., cis-2-penten-1-ol, trans-2-penten-1-ol, cis-3-penten-1-
ol, trans-3-penten-1-ol and/or 4-penten-1-ol;

(3) optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof, e.g., 2-
methyl-5-hydroxypentanal;



4- hydr oxybut anal ; and (5) optionally one or nore
substituted or unsubstituted valeral dehydes; wherein the weight ratio of
conponent (1) to the sum of conponents (3), (4) and (5) is greater than
about 0.1, prelebndvop greater than about 0.25, nore preferalPCpusoresser - -
than about 1.0; and the weight ratio of conponent (2) to the sum of
conponents (1), (3), (4) and (5) is about 0 to about 100, preferably about
0. 001 to about 50; which process conprises reacting one or nore
substituted or wunsubstituted penten-1-0l-8-with carbon nonoxi de and
hydrogen in the presence of a netal-ligand conplex catalyst, e.g., a
nmetal - organophosphorus |igand conplex catalyst, and optionally free

Iig?nd to produce said %(afch ﬁ%n@ﬂy%ﬁ@'bi'wﬁ%hhsﬁﬁit@d%?msﬁbmnedl
i xt ure. i nv. nt| to process
for produci ng 4hpdremhuianys gfgﬁichol%ﬁxgpglt@%?ﬁ%raeg{ I%% E&Pﬁ}r e

conpri si ng: -hydroxybutanz(li) one or nore substituted or unsubstituted
6- hydroxyhexanals, e.g. g rbé) 1P eradRmore substituted or unsﬁBQtltuted
optionally one or nore su stit or unsubstituted penten-1l-ols, e.qg.,
ci s-2- penten 1- pentapriyple; o- pent en- 1 ol, cis-3-penten-1- ol,

trans- 3- pent en- 1- ol and/ ae) 4- p@lmtoaalljzonb ‘or more substituted or(tm)subst@qutedmal |y
one or nore substlt ﬁ é)s unsubstltut ed 5 hydr oxypent anal s and/ or cyclic
lactol derivati VAST :

2- met h roxypent an VO
97/ 40000 optmnally one or re su% Citm: p or unspgsrt,'lfgégc} / 06849
- 9- entenél‘h), e. g Qﬁé-&%bﬁitéﬂalomn@m-pmtenah loist-3-penthabytrans-

unsubsti tuted ro a or cyclic lactol derivati ves t her eof ,
e.g., 2-ethyl- ééPe 9 %@@Z?rnfgﬁn&%q{

g{ option t‘}/t(rieor
more substituted or unsud§9| tLRPé’(PnaHQr?P&r?TIn@Iess“b tituted o unsubstitute
1,6-hexanedials, e.g., adipaldehyde;

(9)  optionally one or more substituted 1,5-
pentanedials, e.g., 2-methylglutaraldehyde;

(10) optionally one or more substituted 1,4-butanedials,
e.g., 2,3-dimethylsuccinaldehyde and 2-ethylsuccinaldehyde; and

(11) one or more substituted or unsubstituted
butadienes, e.g., butadiene;
wherein the weight ratio of component (1) to the sum of components
(2), (3), (4), (5), (6), (7), (8), (9) and (10) 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 (11) to the sum of components
(1), (2), (3), (4), (5), (8), (T), (8), (9) and (10) is about 0 to about 100,
preferably about 0.001 to about 50;
which process comprises: (a) reacting one or more substituted or
unsubstituted butadienes, e.g., butadiene, with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce one or more substituted or
unsubstituted penten-1-ols, and (b) reacting said one or more
substituted or unsubstituted penten-1-ols with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a



(6) optionally one or nore substituted or unsubstituted val eral dehydes;
(7) optionally one or nore substituted or unsubstituted pent enal s,

e.g., cCis-2-pentenal, trans-2-pentenal, cis-3-pentenal, trans- 3- pent enal
and/ or 4-pent : (8) optionally one or ut ed
or unsubstitd?ggbmm%?6-hexanediaIs, e.g., adipal dehyde; WQR§“ﬁERﬁ&“J (9)
optionally one or nore substituted 1, 5- pent anedi als, e.g.,

2- met hyl gl ut ar al dehyde; (10) optionally one or nore
substituted 1, 4-butanedial s, e.g., 2,30di net hyl succi nal dehyde and

2- et hyl succi nal dehyde; and (11) one or nore substituted or
unsubsti tuted but adi enes, but adi ene; wherein the weight ratio of

conponent (1) ﬁxgtél %F§H6’Blﬁ;sh)ﬁ EE%IdScom]ngc cféaﬁg%t] Qﬁh’og%%}xallsr@ée (7. (8),

(9) and (10) is grealer 't han about
0.25, more prefgd ‘H’o Yo preduse é?g Fb‘&?&tﬂr COHQHBOU%chgePﬁéatﬁéurgmtl%t i 0 of

conponent ( 11)mixturéeThe bydtocmohmoyiatics readtion conditiodsin stepXa) 4l . (6),

g Q)ut<gg) (9) ﬁl@%fd}QéoA@x&@awea%tﬁBg ﬂonjsqg ste gz;n)ef ef%%ggagﬁgts tﬁ 3?; 4°

FoC
or  unsubsti tqn@ﬂptﬁﬁtaﬂﬁ‘@ﬁh% ydrogarb %Felﬁﬂen%talmttmsé%ntﬁirandmham de and
hy;:lrf)gen in tE@d}ﬁﬁﬁﬁMﬁ:&i caamﬁtdfxskéﬂ@)h;nﬁﬁﬁwmés&ﬁbfﬂrmﬁ‘%re%tg g a

met al - or ganophosphor us ljigand conml e fB% @aﬁfm ‘H’ 1 er an

optionally free ligand to uce
unsubst i t ut ed preduangm rsastionmixteye comprising oneiot moere substituted orsubst i t ut ed

or UnSUbStltUtlﬂfhdbeﬂtﬂ%d rsxyulaéhﬁﬁtsb@ Woﬁ%%alsw gen in the

EEZ'EI:'/S Eggs / 82 82 rI"%;[:easls_clo Fies Foh 11%3( one’ (t)ra m¥)re substituted ox_‘LanubstltV\&dq [

met al - or ganoptedksadienes, d.8.gbhnthdienss, withcearbbp snonaxide apd hydadden inr ee
the presence of a metal-ligand complex catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce one or more substituted or
unsubstituted unsaturated alcohols, e.g., penten-1-ols, and reacting
said one or more substituted or unsubstituted unsaturated alcohols
with carbon monoxide and hydrogen in the presence of a metal-ligand
complex catalyst, e.g., a metal-organophosphorus ligand complex
catalyst, and optionally free ligand to produce said reaction mixture
comprising one or more substituted or unsubstituted
hydroxyaldehydes. In a preferred embodiment, the metal-ligand
complex catalysts are metal-organophosphorus ligand complex
catalysts and the promoter is the one or more starting materials,
intermediates or products of the process.

This invention also relates to a process for producing a
reaction mixture comprising one or more substituted or unsubstituted
hydroxyaldehydes, e.g., 6-hydroxyhexanals, which process comprises
reacting one or more substituted or unsubstituted pentenals with
carbon monoxide and hydrogen in the presence of a metal-ligand
complex catalyst, e.g., a metal-organophosphorus ligand complex
catalyst, and a promoter and optionally free ligand to produce said
reaction mixture comprising one or more substituted or unsubstituted



| igand to produce said batchwi se or continuously generated reaction

m xture. The hydrocarbonyl ation reaction conditions in step (a) and the
hydr of ormyl ati on reaction conditions in step (b) my be the sane or

di fferent, andvobrsdegodr ocar bonyl ati on catalyst in step (a) amrdTU$87/06849
hydr of ornmyl ation catalyst in step (b) may be the sane or different.

This invention yet further relates to a process for producing a reaction
m xture conprising one or nore substituted or unsubstituted

hydr oxyal dehydes, e.g., 6-hydroxyhexanal sl1-which process conprises
reacting one or nore substituted or unsubstituted al kadienes, e.g.,
but adi enes, with carbon nonoxi de and hydrogen in the presence of a

met a: -1 gandI C ORpékyaRiehlysd. , Irﬁa@rgfeﬁrd@eéxﬁbodinml f,amnh_eﬁm a?ﬁ i ggnd
conpl.ex catalys ter d .ee i Q.produce one
or nore substi t%ﬂ%gﬂ%rcgt%%gu ¢t ﬂeg{\e%ggﬁégl?%ﬁég é‘bs lé\?%’b‘*ﬁ‘ﬁ?? eé.caFg,int
penten- 1- ol s, aadd theprometerdathe omeonmone startizggnateriads, intermedistesi t ut ed
unsaturated al cohptoiiuctd éfithedrb@dasonoxi de and hydrogen in the pr Iesencg of
a netal -l1igand conpl ex tal.yst..e.g. .. a nmetal-organophqgsphorus. |igan
conpl ex catal yst, and oSﬁ’SﬁéﬁV?”r gﬂ*‘i‘?rg‘g?ﬁﬁeﬁtﬁo B%Uﬂf%ﬁ(%%'g?{?% on
m xture conpr i seastfonmeixtnreeomeps singtone orguoxer substititedi drudrstbstituted
hydr oxyal dehydegyddokyaldeh§isy, 98! @ma%m@mmewmaﬁfoké&%ﬁ,pﬁ&gpl ex
catal ysts are netal.- or ganophosphqr %%ﬁand c nPtex catakégéi and t he :
pronoter is thelGENE° éng’fegﬁ“ﬁﬁsﬁs“ ‘E'r‘fnaq"g’,s 1tyted ynsath or products
of the process. aleohols, preferablyThasingratdeastahcarben atahat eg., penterpt-obsss f or

roducing a r i ) : hSi | K
nsubst i tuted  Futk oo eI *‘?"“’%ﬁﬂ?ﬁg@é pREiches HPE moudl BRafl
conpri ses reac‘f‘{"i’lﬁleﬁr?@t Vs"r)frﬁrga’ %Hlfg?“?"ﬁ?@&p ?S%HEESQF?’P%P%P%\%‘M enals with
car bon nonoxi decatalyshyaidgetionally free pigend e praduce said edacktioganiktureonpl ex
catalyst, e.g., Al | d x catalyst, and a

e bRl el 1] eimgﬂi s Biiifed ¢ bEfERed

pronot er and op{b‘i‘gnal Ily E produce sald reaction mxture
conpri si ng one BYIEYRIAENFdes-+ uted or unsubstit ut ed WD 97/ 40000
PCT/ US97/ 06849 This invention yet further relates to a process for

producing a reaction mixture comprising one or more substituted or
unsubstituted hydroxyaldehydes, e.g., 6-hydroxyhexanals, which
process comprises: (a) reacting one or more substituted or
unsubstituted alkadienes, e.g., butadienes, with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce one or more substituted or
unsubstituted unsaturated alcohols, e.g., penten-1-ols, and (b) reacting
said one or more substituted or unsubstituted unsaturated alcohols
with carbon monoxide and hydrogen in the presence of a metal-ligand
complex catalyst, e.g., a metal-organophosphorus ligand complex
catalyst, and optionally free ligand to produce said reaction mixture
comprising one or more substituted or unsubstituted
hydroxyaldehydes. The hydrocarbonylation reaction conditions in step
(a) and the hydroformylation reaction conditions in step (b) may be the
same or different, and the hydrocarbonylation catalyst in step (a) and
the hydroformylation catalyst in step (b) may be the same or different.



-11- hydr oxyal dehydes. In a preferred enbodi nent, the netal -1igand
conpl ex catalyst is a netal - organophosphorus |igand conpl ex catal yst and
the pronoter is the one or nore starting nmaterials, internediates or
products of t{g oRkddesESS- This invention furthegfelates, to a
process for producing a reaction mxture conprising one or nore
substituted or unsubstituted hydr oxyal dehydes, e.g., 6-hydroxyhexanal s,
whi ch process conpri ses reacting one or nore substituted or unsubsti t ut ed
unsat ur at ed al cohol s, preferably havinggat |east 4 carbon atons, e.g.,
pent en- 1-ol s, wi t h carbon nonoxi de and hydrogen in the presence of a
netal -1igand conpl ex catalyst, e.g., a netal -organophosphorus Iigand

conpl ex catal yst, and PRL b?&%lsjséfs x{)frtﬁFs ihbgﬁagntcgngr%%%?@_gl d reaction

m Xt ure COITpI‘I Si ng one or unsu
hydr oxyal dehydégjectivities of alkadleneﬁwpgntw&ww@neg@m -}-alsttocd relates to a

prgC?StS IOEI phydmyhe:t:ﬁtxdltsaﬁéléﬁleéﬁﬁhlééefﬁ&méhlﬁbl%&o@e or nore |
substituted or nsubsti e r oxyhexanal s,
which process ‘g Rglé%mﬂ é’? F‘?@%é% g%ﬁ%%r?&%e@%%g??@t g?
unsubst it ut ed grdeder m&e @Tgeved)bnt thii prosegsesiof this Anventiom nMsndﬁleand

hy?r Iogen int Eﬁrd&ﬁ@s’%@ﬂﬁ%hﬁfm%ﬁﬁﬁﬁ:cg};( Iaggitwe &gh&ﬁgﬁﬁs@&ﬁéd ls;%n%r{

nmet al - or ganophosphor us

optionally frek® ‘?g&rﬁj’ }flﬂgaf%’cf&b’gﬁﬁﬁb(??yﬁ‘ﬁg ﬂ?é‘dﬂ??r unsubst i t ut ed
unsat urat ed al bydrsixghexanals ipbiglenoimal:branghed {someremtiosng sai d one or
more substituted or Un?%ﬁ'th&%oﬂaﬁt&féE@ﬁz6%:&%94E%tc}%rﬁé?e r bon
nonoxi de and hydrogen in the cfsenﬁlg a netal - conpl ex catal yst,
e.g., a netal-%?ﬁﬁﬂﬂﬁﬁ prr@Le N IBIXSPEBCOMPHISIDGS ¢ and opti onal | y
free ligand to produce dard rcafmoanrmsuhmtatecbmms@ﬁgumddi-or nor e
substituted Orh&':!i}%&pﬁ&*éﬂﬂlgde hgq;ﬁg‘xﬂ*lgég{%g . The hydrocarbonyl ati on

reacti on conditions in r’of or myl ati.on reactlon

conditions in step (b) bé’ mELeRN Bﬁdf‘g'r‘é‘?ﬁ“ stititegdpenten-1-
hydr ocar bony| atlspegc @isapentem1adl cirafsl-pendentlhd, tig-pértem/l-alt, txamseat al yst

in step (b) may agtddls-ol AR/ 4-BbhieRl £61;-
(3)  optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof, e.g., 2-
methyl-5-hydroxypentanal;

(4)  optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof, e.g., 2-ethyl-
4-hydroxybutanal; and

(6) optionally one or more substituted or unsubstituted
valeraldehydes;
wherein the weight ratio of component (1) to the sum of components
(3), (4) and (5) 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 (2) to the sum of components (1), (3), (4) and (5) is about 0
to about 100, preferably about 0.001 to about 50.

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

(1)  one or more substituted or unsubstituted 6-
hydroxyhexanals, e.g., 6-hydroxyhexanal;
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The processes of this invention can achieve high selectivities of

al kadi enes, paywheiMebed and penten-1-ols to 6- hydroxyhexanal eCTius®106849
selectivities of penten-1-ols to 6- hydroxyhexanal s of at |east 10% by

wei ght and up to 85% by weight or greater may be achi eved by the processes
of this invention. Al so, the processes of this invention can achi eve high.
normal : branched isomer ratios, e.g., butlddi ene

hydr ocar bonyl at ed/ hydrof ornyl ated to 6- hydroxyhexanal s in high

nor mal : branched i somer rati os. This invention also relates in

Fa;t to a batchwise or gqgnt idrapeiuﬁhuy gﬂélef' ﬁid?g stbstituted ofunkubstita®edr i si ng:
1) . one or nore sulstituted. o un 14 tut eds 6- /dr oxyhexanal s, e.g.,
6-nycl oxyhoxanafoneot 10 i Gt ALl iy dpmigf e St
unsubstituted pentransB-penten-1-el apd/oxdpenterehtobn- 1- ol , trans-2-penten-1-ol,

ci s-3-penten-1-ol, trans<3) 3- pptibRAHY vRé oA REHre substiRitb& Br 4nShbstituted
(3) optional | re,subsiitute nsub

one or 0 tityted
5 hydr okypent arhISEmYPERAAL PRI Y labin YaRvaRkes thefeeh e60 % | -
net hyl - 5- hydronppﬁmlsﬁal_aydroxypentanal; (4) optionally one or nore
o vat | ves ey aof. 6. g 15 SPHONENS YK AE. puBdifufitd o GhbGerfiudd
(5)  optional !éx'%é!H@’ingﬁ%‘Péséa icé’ﬁ‘E%E‘cg‘?‘%\ﬁ‘é’aﬁé’Fﬁ" f‘&&rsﬁg e ZPehy des:
wherein the yvelg—hydrmylbutmialcorrponent (1) to the sumof conponents (3),
(4) and (5) is greater tgﬁv a*ag%ngu}onpgﬁ trﬁghxs@{.ﬁté&%;um@&t&fa@é& 0. 25,

nore preferably greater an about 17 0; wel g rati1o of conponent
(2) to the sum BM@BRpselents (1), (3), (4) and (5) is about 0 to about
100, preferably about 0. @61 t optibnally bfe or more substituted ohuasubstitntedn
further rel at esydip-fAkydes; andat chwi se or continuously generated reaction
m xture conprising: ’ re substituted, or

.- one or .
unsubstituted 6- hydroxﬂ)axaﬁBF‘Q’,‘glig'Q’.‘? oewaﬁgﬁw%sta gr unsubstituted

pentenals, e.g., cis-2-pentenal, trans-2-pentenal, cis-3-pentenal, trans-
3-pentenal and/or 4-pentenal;

wherein the weight ratio of component (1) to the sum of components
(2), (3), (4), (5) and (B) 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 (7) to the sum of components (1), (2), (3), (4),
(5) and (6) is about 0 to about 100, preferably about 0.001 to about 50.

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

(1)  one or more substituted or unsubstituted 6-
hydroxyhexanals, e.g., 6-hydroxyhexanal;

(2)  optionally one or more substituted or unsubstituted
penten-1-ols, e.g., cis-2-penten-1-o0l, trans-2-penten-1-ol, cis-3-penten-1-
ol, trans-3-penten-1-ol and/or 4-penten-1-ol;

(3) optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof, e.g., 2-
methyl-5-hydroxypentanal;
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(2) optionally one or nore substituted or unsubstituted pent en- 1- ol s,

e.g., Cis-2-Reabskds O+ trans-2-penten-1-ol, cis-3-penten- ]PCT/USQJ(/omsv

trans- 3- penten-1-ol and/or 4-penten-1-ol; (3) optional I'y
one or nore substituted or unsubstituted 5- hydr oxypent anal s and/ or cyclic
| actol derivatives thereof, e.g., 2- nmet hyl - 5- hydr oxypent anal ;

(4) optionally one or nore substitutedr unsubstituted
4- hydr oxybut anal s and/or cyclic lactol derivatives thereof, e.g., 2-ethyl-
4- hydr oxybut anal ; (5) optionally one or nore substituted

or unsubstituted pent 3%;,}; ;%kj\?i;gaallx ope or mdoerﬁ sabggguteg%?tunsgg 1%te(ri] € or

nore substituted or uns eral (7)
optional |y oned-bydrgybutanalsiand{arsyelic M@MV@@WGGI thengefitecgialethyl- g.

Ci s- 2- pent enal 4. P,a%}@b&tmtenal Ci S- 3 pentenal , trans- 3- pentenal
and/ or 4-pentena %F pe % ratio OL é&rﬁgnent éé%t(% &he sum
of conponents  (2), (3)?/ (4 PYPE} Ya ol ) e S o Oh nsgpaiituted |
preferably grqa&ré-an- -olsan about 0.25, nore preferably greater than about

1.0; and the weight rag o RbtisAANY 8RB lor bid ts (1),
(2), (3. (4, (58 ’ :i)sl AEING ORB br txore'slh B%btgug?g?‘é"?ggﬁéymggout
0.001 to aboutvalgraldehy es' This invention yet further relates in

part to a batchw se or (7rontoptionally pngenamaresubstituted on unsubstituted
conprising: Jpentenals, e.g., c1s(-é-)pentél{‘£ ﬂrangl@r ﬁer&@ﬂﬂ efstd ﬁgnﬂ!rna ypsitituted
6- hydr oxyhe ?ﬁﬂ“g g %/H r oxghexana
optionally on BF“ %’é't‘% PER%€B2br unsubstituted penten- 1- ols, e.g.,
ci s-2- pent en-1-ol, tr an38)2 penptwna]ly ohe o umraspbahmtedor unshbstituted
trans- 3-pente é'}ﬂajxaﬂ@ pg@?@ tygg (3) optionally
one or nore su stltute gr su tu rQH¥p§ nal s and/or cyclic
| actol derivatives therd8t, &pgona Y°“HEP?R}'FSB‘ ﬂp‘int anal ;
pentanedials, e.g., 2-methylglutaraldehyde,
(10) optionally one or more substituted 1,4-butanedials,
e.g., 2,3-dimethylsuccinaldehyde and 2-ethylsuccinaldehyde; and
(11) one or more substituted or unsubstituted
butadienes, e.g., butadiene;
wherein the weight ratio of component (1) to the sum of components
(2), (3), (4), (5), {6), (T), (8), (9) and (10) 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 (11) to the sum of compenents
(1), (2), (8), (4), (5), (B), (7), (8), (9) and (10) is about 0 to about 100,
preferably about 0.001 to about 50.
This invention also relates in part to a reaction mixture
comprising one or more substituted or unsubstituted hydroxyaldehydes,
e.g., 6-hydroxyhexanals, in which said reaction mixture is prepared by
a process which comprises reacting one or more substituted or
unsubstituted alkadienes, e.g., butadienes, with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce one or more substituted or
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(4) optionally one or nore substituted or unsubstituted

4- hydr oxybut angb97/#000d or cyclic | actol derivatives thereof, ec@uss7odisyl. -

4- hydr oxybut anal ; (5) optionally one or nore substituted or
unsubstituted pentan-1-ols; (6) optionally one or nore
substituted or unsubstituted valeral dehydes; (7)

optionally one or nore substituted or unslfstituted pentenals, e.g.,
ci s-2-pentenal, trans-2-pentenal, cis-3-pentenal, trans- 3-pentenal and/or
4- pent enal ; (8) optionally one or nore substituted or

gntsggf]; | }ut gge %&%ﬁﬁ%@%&m&eﬁ -alcdHdiD@l %1 ?’é’ 1-ols, anid reacting (9)
P onal 1Y 01 iid b r Hore subdkEStell of s g EH g buraeb bloghels
substituted 1, 4witht carboln atonoxide and thﬁ)gdnnnlthg ipsesenice af al eiwtdkligand

2- et hyl succi nal §’ca§’=ﬂ§‘st e OExetal-orgra]. or@d hg%&dacocﬁf 9%}:' tuted or

unsubsti t ut ed ut'adl ene erein rati o of
conponent (1) t@te ﬁ'@ B?‘ epfigand 39 pro ceseléreaﬁg}m‘{ﬂeﬁfure( 7), (8),
(9) and (10) ifscomﬁsmg %@mmﬁéﬁwﬂmmiggdm%x%m%
0.25, nore pre{;{g dfePldfdfibodilltht e ar]: é 10 0

t (11 2 6), (7).
comenent e il o o,
50

. the oneldn morastarting maldesialy, dhttraredidtepaf produces sfghet i on
m xture corrprle‘?o@gs one or nore substituted or unsubstituted
hydr oxyal dehyd e.g., 6-hydroxyhexanals, in which said reaction m xture
is prepared by a process Eh}%lnve@mﬁ”@ébev eelatesiiy Ranbtop regtions ubst i t ut ed

or unsubsti t utmiktark acin@fising endlor mbké sabstitased ¥ hhswkstiatedTONOXI de and

hydrogen in the, pe360aehied o ! &hybt xR i whith Vel eackiol
mixture is prepared by a process which comprises reacting one or more
substituted or unsubstituted pentenals with carbon monoxide and
hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce said reaction mixture comprising one
or more substituted or unsubstituted hydroxyaldehydes. In a preferred
embodiment, the metal-ligand complex catalyst is a metal-
organophosphorus ligand complex catalyst and the promoter is the one
or more starting materials, intermediates or products of the process.

This invention yet further relates in part to a reaction

mixture comprising one or more substituted or unsubstituted
hydroxyaldehydes, e.g., 6-hydroxyhexanals, in which said reaction
mixture is prepared by a process which comprises reacting one or more
substituted or unsubstituted unsaturated alcohols, preferably having at
least 4 carbon atoms, e.g., penten-1-ols, with carbon monoxide and

hydrogen in the presence of a metal-ligand complex catalyst, e.g., a
metal-organophosphorus ligand complex catalyst, and optionally free
ligand to produce said reaction mixture comprising one or more
substituted or unsubstituted hydroxyaldehydes.



et al - or ganophosphorus |igand conpl ex catalyst, and a pronoter and
optionally free Iigand to produce one or nore substituted or WO
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-15-  unsukggbikbed unsaturated al cohols, e.g., penten-1-gs ?ﬂ%&”
reacting said one or nore substituted or unsubstltuted unsatura

al cohols w th carbon nonoxi de and hydrogen in the presence of a

netal -1igand conplex catalyst, e.g., a netal -organophosphorus |igand
conpl ex catalyst, and optionally free Jjggand to produce said reaction

m xture conprising one or nore substituted or unsubstituted
hydrnyaIdehydes. In a preferred enbodinent the netal -1 1 gand conpl ex
catal ysts are rretal-org ophas rus I| t he
pronoter is the one or 13 gygxﬂ”%als P ??rﬁggilé’?%éx products

of the procesemprising one or more subgtitnted ve mﬁuhstm»tednbvdr@qyai@ydns,part to
a reaction megd U Gﬂ‘ﬂe%'aﬁﬁlsoﬁ?w‘hﬁ mﬂréﬂ&%ﬂhﬂiﬁﬂ 94 prepErBg byt ut ed
hydr oxyal dehyde)e% % %% a%a s1 ai; r ti ony m xt ure
i s prepared by? BYGPR% g&"i’\/ﬁ?}'&?ﬁ n%’;slrg%%m?%ﬁ%?? 3:06?1@“ "H@?‘g T substit ut ed
or unsubstit utxmbubstlttmedIadkadl‘ehe&;arg)ohumdmesolm rbby trawxidd and he
presence of a E% apéeea&* acﬁte%lyl%an@cﬁn ple® catalyst

nmet al - or ganophads rus at rom)t er an
optionally fr éEe‘H ‘Q’b'gﬂ“ﬂg"aﬁ ngsf“é‘iﬁo" g F%Wlﬁtx?ﬁﬁl@RFBWp?F‘F one or
nore substit ut@dxmllyrfﬁedoﬁgaﬁmtceph-ddyde ong ar deirg debstifuted opr ef err ed

enbodi ment, thg \%‘%P a osphoru
l'i gand corrpl ex cat st a &sir%gﬁgfrs ééﬁpﬁmeﬁlrmé Hnd (Pzggfcgﬁﬁqngp >
materials, i ntser-érea? ar ESOrSrs“BF%B{'PE& or gpspbgtityted eggaturate d alcoho Thi s

i nvention yet »frﬂhtcbﬂforrmloabm]elamﬂ&grdrogmmt}eaptesence oﬁamwtel -Bgarpd | si ng one

or nore substi upst it . M

6- hydroxyhexanr(fl’‘Hspehgx Qét\ﬂiﬁ hpg dfﬂ%gég&r X% ure r ?leé by a process
whi ch conpri se&8talygl @indp %ﬂy ga’!‘ﬁB%PT %aa'érr%ﬁe Jpixtyres
unsaturated al daﬁfpﬁsing phefoe nadrle\subatitutgd @t unsubstituted hydroxyaldehydes.

The hydrocarbonylation reaction conditions in step (a) and the

hydroformylation reaction conditions in step (b) may be the same or
different, and the hydrocarbonylation catalyst in step (a) and the
hydroformylation catalyst in step (b) may be the same or different.

The reaction mixtures of this invention are distinctive
insofar as the processes for their preparation achieve the generation of
high selectivities of 6-hydroxyhexanals in a manner which can be
suitably employed in a commercial process for the manufacture of 6-
hydroxyhexanals. In particular, the reaction mixtures of this
invention are distinctive insofar as the processes for their preparation
allow for the production of 6-hydroxyhexanals in relatively high yields
without generating large amounts of byproducts, e.g., pentanols and
valeraldehyde.

Detailed Description

Hydrocarbonylation Stage or Step
The hydrocarbonylation stage or step of this invention

involves converting one or more substituted or unsubstituted



| east 4 carbon atons, e.g., penten-1l-ols, with carbon nonoxi de and

hydrogen in the presence of a netal-ligand conplex catalyst, e.g., a

nmet al - or ganophosphorus |igand conpl ex catal yst, and optionally free 1|igand
to produce saiwlop®m@obd on N xture conprising one or nore SubPCTIUSHTEES4
unsubsti tuted hydroxyal dehydes. WO 97/ 40000
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This invention also relates in part to a reaction m xture conprising one -
or nore substituted or unsubstituted hydrbkyal dehydes, e.g.,

6- hydr oxyhexanal s, in which said reaction m xture is prepared by a process
whi ch conpri ses: (a) reacting one or nore substituted or unsubstituted

al kadi enes% e. gaLkaawxﬁditegga,or\Mﬂa subktittedop @nsdbstifuted ndatigated n t he
presence of a nd. ¢

met al - or ganophgg%aia?l r? g‘ggrtﬁ%ﬁ é’gé g’é%ﬁ%k/g‘?bsgiatﬁ%g%mb‘r%% Sg rtu%erﬁl d

optional Iy f reepmfganb W@Q@r@d&@%ﬂ wihstisutedpramsubstitateded or  unsubstit ut ed

unsaturated al Cgﬁﬂl aﬁeﬂyde@e'ﬂhé*hy&r&bﬁbor@lﬁhdxbéta %Q%téﬂof thad d one or
nore substitute unsubshgc ‘gd upsat urat e

monoxi de and. hyBIEREARMEY 38 e B s st pr adtsl RrftBtAk R Ay ot
e.g., a netal - conmstepiprogsssr uPﬁ wsegateins khe term Chydrogarbonylagiondis onal | y
f ree ligand to Eﬁrﬁgﬁﬁﬁat%ﬁ'tg 1ﬁﬁﬁﬁ€ 'aﬁrbéﬂxﬁﬁéif)l% h}‘ﬂ?%‘bﬁhﬂ&tﬁﬂ%ﬁéesw €

substituted or u Stifute ony] ati on
reaction condit ’i”l’f"i"tee‘i?“("ﬁ%/“ ?ﬂ’ém .'fﬂ& 8%/}’ Ct? 1 1‘{3n

conditions in saquad(émesrtaymbarixiwesmbstxmtedd»rmnbsm;utadainsatmrated
hydr ocarbonyl at ahaﬁfa%woaicome& oﬁ@&- Afofle bisstitQ¥ of Qhsitlstitheyy cat al yst

in step (b) may sane or di The reaction

m xtures of thi Ee’i‘ttW@ﬁt‘PcﬂPea‘?’é“m%?‘;hﬁ’WVé oriypsypstitufed; he processes for

t hei r preparat i hpdmxpaldehytibe hepenerhl, dhe hfydrdeagtiorsediion steptoretagd

6- hydr oxyhexana&o%b;f;s@s :‘E&@Bﬁ& o%'o?%%&u?%t&%ﬁ%@@r&uﬁ%&wd i n a

commer ci al - pr OCa n te 2a agt it a:qyon me;J?léZ an)é%n%ro en i

particul ar, the lanesne g dufipdiengs, with & g
the presence of a metal-ligand complex catalyst, e.g., a metal-
organophosphorus ligand complex catalyst, and a promoter and
optionally free ligand to produce one or more substituted or
unsubstituted unsaturated alcohols, e.g., penten-1-ols and/or reacting
one or more substituted or unsubstituted pentenals with carbon
monoxide and hydrogen in the presence of a metal-ligand complex
catalyst, e.g., a metal-organophosphorus ligand complex catalyst, and a
promoter and optionally free ligand to produce one or more substituted
or unsubstituted hydroxyaldehydes, e.g., 6-hydroxyhexanal. A
preferred hydrocarbonylation process useful in this invention is
disclosed in U.S. Patent Application Serial No. (D-17761), filed on an

even date herewith, the disclosure of which is incorporated herein by

reference.

The hydrocarbonylation stage or step involves the
production of unsaturated alcohols or hydroxyaldehydes by reacting an
alkadiene or pentenals with carbon monoxide and hydrogen in the
presence of a metal-ligand complex catalyst and optionally free ligand
in a liquid medium that also contains a promoter. The reaction may be



I nvention are distinctive insofar as the processes for their preparation
allow for the production of 6-hydroxyhexanals in relatively high yields
wi t hout generating | arge anounts of byproducts, e.g., pentanols and

val er al dehydewo 97140000 Det ai | ed Descri pt p@fiysornssss . .
Hydr ocar bonyl ati on Stage or Step The hydrocar bonyl ati on
stage or step of this invention involves converting one or nore
substituted or unsubstituted WD 97/ 40000 .
PCT/ US97/ 06849 -18- -17- al kadi enes to

one or nore substituted or unsubstituted unsaturated alcohols and/or
converting one or nore substituted or unsubstituted pentenals to one or

nore substitut gg9éq gﬁﬁﬂpé%ﬁﬁﬁﬁ&xs Qﬁ%{@ﬁgﬁhﬂg@ écomayéjé%par bonyl ati on

stage or step of thi I nvent | on rmég (e cted in one or more steps or
stages, pref er SBEXFI&MABRET OF BHPTEIEeITabIyAR & contintousiliquid gatalestm

"hydr ocar bony| aé¢yele’ mannet asidesqiladddsklow. iTid higlirocdrboaglationSprdbéssing
hydr ocar bonyl atj . | che. ' e _or._ nore

Clbsti tuteq or AmBEArERDITantihaRid MY HErEBBNER BB kA IroiieRne o

unsubstitut ed $¢E¥¥IReRed al cohols and/ or converti ng one or nore

substituted or unsubstitThehydpsvarbsfylatibe ppoess mitfirds eipibydbie ed or
unsubsti t ut ed hQ}(droﬁ dehydes ener t he hydrocar,bonyl ati on step or

stage conprises freac l?llﬁes )ré\g SSIrut%?glr(ge%Yl Pﬂﬁ‘é‘fdc%TeiPﬁgdHﬁ i tuted
al kadi enes, e. §ydrosarbenydaden prpcess thatomayeontain a leasd shyerasgewnti of t he
T Coonce o, E g oG at o gt lalournnd
o SonEOMoSEOr Uk SO RSB Bl S obetinipeaie '
unsat urat ed al pooropter andypoptionallydined lighnd,sadd ingredients cqrrespoading tor e
substituted or théseldisployed addrR Prodaded MY tHe Kdr8edrboAPRRIONSo8éd hydr ogen
in the pres encle_m(l)x; w errrxgé %Il'né i’xly %%Qrﬁo%ﬁét%‘n process mixture starting material

may be derived. By "free ligand" is meant organophosphorus ligand

that is not complexed with (tied to or bound to) the metal, e.g., rhodium

atom, of the complex catalyst. It is to be understood that the

hydrocarbonylation process 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

hydrocarbonylation process or formed in situ during said process.

Examples of such ingredients that can also be present include

unreacted alkadiene or pentenal starting materials, carbon monoxide

and hydrogen gases, and in situ formed type products, such as

saturated alcohols and/or unreacted isomerized olefins corresponding

to the alkadiene or pentenal starting materials, and high boiling liquid

byproducts, as well as other inert co-solvent type materials or

hydrocarbon additives, if employed.

The catalysts useful in the hydrocarbonylation stage or

step include metal-ligand complex catalysts. The permissible metals

which make up the metal-ligand complexes include Group 8, 9 and 10

metals selected from rhadium (Rh), cobalt (Co), iridium (Ir), ruthenium

(Ru), iron (Fe), nickel (Ni), palladium (Pd), platinum (Pt), osmium (Os)



catal yst, e.g., a netal-organophosphorus |igand conplex catalyst, and a
pronoter and optionally free ligand to produce one or nore substituted or
unsubstituted hydroxyal dehydes, e.g., 6-hydroxyhexanal. A preferred

hydr ocar bony! @id #feseocess useful in this invention is di scpomessriossad). S. .
Pat ent Application Serial No. (D 17761), filed on an even date herewth,
the di scl osure of which is incorporated herein by reference.

The hydrocarbonyl ati on stage or step invol ves the producti on of

unsat urated al cohol s or hydroxyal dehydes-18 reacting an al kadi ene or
pentenals with carbon nonoxi de and hydrogen in the presence of a

nmetal -1igand conpl ex catalyst and optionally free |igand inaliquid
medi um that  al sg, £ORLRIrES tRerdbf WtE the phGeireathétals BaMgRRodium, cobaléD
97/ 40000 RCT/ US97/ 06849

-18- carri edrisiivm andrethenivmemore preferally chodiym, cohalt 4t i nuous gas
recycl e manner mithenhiuvin pespleiallylrhotlium. Thetpemmisssbleiligands daclubdgsfor recycl e

manner as descr é}%@ﬁlggeéxggpggggsﬁ#?ggg‘% Qﬁ%é‘ﬁi&%@;d%r&ﬁﬁéa‘&it%on& echni ques

enpl oyabl e herer . nown pr ocessi t.echnj ques.
The hydr ocar borljgandsoar prskwes thereof, mrefegably srganephoge Hemnd§ges any
sol ution deriverhé permiiRible ofgafphoshligus Mgdhds awhiciny el uptipr metals t hat

Comonents, |+ o EpReiEboPiPUPhad bomblltes qéﬁffﬁéf%“gi‘%e RIbRChEIME O 0
metal - i gand comshude maned, iy trigang highsrqrolefrreaperisiog Pvls)rg F%@%PPﬁ‘gﬁd: sai d
. nar gggf nts cor gls%ga% glﬁsbssbcbffrhliilﬂbﬂsieilw lagdewaneriobulk. dllistratiye t he
hy ocar oy AL i B e Debe NS 0Bl o7 brocess
or ganophosphor uergaingahesphines, organpphosphitese PERANIPHISPRIMEES 0 or bound to)
the netal, e.g.qrgaRoghédphiitedorfandpdsphomisan tiogbnicysitaining ligarids, be
understood that oxtgra]a%ophosphorus sulfur-containing ligands, organophosphorus silicon-

containing ligands and the like. 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. 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, which may be present in their

mononuclear, dinuclear and/or higher nuclearity forms. Indeed, the

exact structure is not known. Although it is not intended herein to be

bound to any theory or mechanistic discourse, it appears that the
catalytic species may in its simplest form consist essentially of the
metal in complex combination with the ligand and carbon monoxide
when used.

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



hydr ocar bonyl ati on process m xture conpositions enployable herein can and
normally will contain mnor anounts of additional ingredients such as

t hose which have either been deliberately enployed in the

hydr ocar bony | \gbio9koges 0CESS or forned in situ during said prq&gg%gl npl es
of such ingredients that can al so be present include unreacte a?ﬁa | ene
or pentenal starting materials, carbon nonoxi de and hydrogen gases, and in
situ forned type products, such as saturated al cohols and/or unreacted

i someri zed ol efins corresponding to theal kadi ene or pentenal starting
materials, and high boiling liquid byproducts, as well as other inert
co-sol vent type materials or hydrocarbon additives, if enployed.

The catal ysts ' . |_at i I 3. 51 { ncl ude

rotal | gand chparbsnebie pEKenRaieaiRte Ros LB e iBnddl "0 (e
net al - 1i gand cemployrble hereinde- @rgapeshospharie ligandse mayspossesscanedrf r om

rhodi um (Rh), mebéphodphdrus dbhék atbnid, lehch hubﬁgdﬂérﬁva(iﬁ%)e of ifRghdreg) . ni ckel

(N), palladi um"‘%?élecgrloﬁg iw%@?x (alx?é l:achoxszaﬂga% eg o}-ming gfggrd\%)at%w 40000

PCT/ US97/ 06849P3! . and i xt ur es
thereof, with edvalentdfondrindependantisher prpsitipitt concetboleag.1 via chieldtiinim and
rutheni um norg;tpripeshatall Y Oalbsh Wibnoxhlwhiadi th alsh préjsety Massifiegakal | v

rhodi um The pehm Sé bl e |%ands | clrgge, flor d eé‘[a | e, ﬁrg@{%)phosphorus,
or ganoar seni ¢ aft§2B ig‘éﬁ{’oﬁ Py Seny AnfLrRTaPieyed Wi ﬁ&e@e% eretst, preferably
or ganophosphor ui$irhatgenerspositiamef fher srnssies catalysjamay hbmpontais dri gands whi ch
make up the neatfditipnaprégmia%g?w&fdg@nldr%%isﬂ@Bh F}IE@ free

or ganophosphorus LJigand , ude nopo-, di-, trj- her

polgy- ( gr gaﬁoph‘ﬁ’gbﬁi‘é‘g 'l s&‘i?ﬁr%'dﬂ‘l:fi?ar CQ‘SF%? %{}Q’SI’?"%O ugfrali¥gh basicity and

| ow steric buladditichakligands/imcludes erg. dsdlbgen ClgBapbhakkyhary, | i gands

i ncl ude,h foL exi¥pitGted a@ngwyﬁ,mpﬁ,mg?g,scmmp@%&s RE*(O@(@H)O

or ganophosphonj tes,. o ophosphi ni , _orga 0s rus

ni ?r oggn- cgnt aé“h}‘?@“ﬁ ‘?‘tf;’g@é% the 6&68%9?@%"6%283%&%8?8 WRELT ni ng | gands,

or ganophosphorusswhistitet®d- hydrocarbon radical, e.g., the alkyl or aryl), acetate,
acetylacetonate, SO4, BF4, PFg, NO2, NO3, CH30, CH2=CHCHg,

CH3CH=CHCHg2 CeH5CN, CH3CN, NO, NHg, pyridine, (C2H5)3N,

mono-olefins, diolefins and triolefins, tetrahydrofuran, and the like. It

is of course to be understood that the complex species are preferably
free of any additional organic ligand or anion that might poison the
catalyst and have an undue adverse effect on catalyst performance. It
is preferred in the metal-ligand complex catalyzed hydrocarbonylation
process that the active catalysts be free of halogen and sulfur directly
bonded to the metal, although such may not be absolutely necessary.
Preferred metal-ligand complex catalysts include rhodium-
organophosphine ligand 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 hydrocarbonylation process may be



containing ligands and the |ike. Oher perm ssible Iigands include, for
exanpl e, heteroatomcontaining |igands such as described in U.S. Pat ent
Application Serial No. (D 17646-1), filed March 10, 1997, the di scl osure
of which is i mpospmomt ed herein by reference. M xtures of POTUShHi/EEsdads - .
may be enployed if desired in the netal -1igand conpl ex catal yst and/ or
free ligand and such m xtures may be the sanme or different. It is to be
noted that the successful practice of this invention does not depend and.
is not predicated on the exact structure-d¥ the nmet al -1 i gand conpl ex
species, which may be present in their nononucl ear, di nucl ear and/ or

hi gher nuclearity forns. |ndeed, the exact structure is not known.
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mol ecul es or at erganophosphife ligand of the hydroe@rtwnylai@Oprocess mixture

PCT/ US97/ 06849 gtarting materials are mono-, di-, tri- and poly-(organcifliosphires) &l SO
capabl e of indepe denﬁan|st nce, . For  ex l.e, éhe | Tgands ~ enpl oyabl e
herein, i.e., o ‘b‘gh%?) 5GP °slppb%‘?‘?d§1:’aﬁ‘g£p}b‘l§§ H¥S: one or nore phosphorus
donor atons, easlkyhdiarylphosphinesidialkytanyliphosphimesd pair of el ectrons which

are each capabl gjc9f1oh MyFRdpospRfHed] BAdSalk GRI ospRilkd Ndependent |y or
possi bly in conceft | rhQn nonoxi de
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selected from the salts of sulfonic acid, of carboxylic acid, of phosphonic

acid and of quaternary ammonium compounds, and the like. Of course

any of the hydrocarbon radicals of such tertiary non-ionic and ionic

organophosphines may be substituted if desired, with any suitable
substitutent that does not unduly adversely affect the desired result of
the hydrocarbonylation process. The organophosphine ligands
employable in the hydrocarbonylation process and/or methods for their
preparation are known in the art.

INustrative triorganophosphine ligands may be
represented by the formula:

RI

A
\l
R

P 1

(D

wherein each Rl is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical, e.g., an alkyl,



coordination sites or nuclear charge of the netal. Illustrative additional
| i gands include, e.g., halogen (O, Br, |), alkyl, aryl, substituted aryl,
acyl, CFlerr], (err]F[err], CN, (R[err]PO and RP(O (OH)O (wherein each R

is the same Qyo 4oy ENt and is a substituted or unsubstit y& @Wcar bon
err

radical, e.g., the alkyl or aryl), acetate, acetylacetonate,

BF[err], PF[err], NJerr], NJerr], CHerr]O CHerr]=CHCH err],
CHerr]CH=CHCH err], Cerr]Herr]CN, CHerr]CN, NO NHerr], pyri di ne,
(err]Herr])[err]N, nono-olefins, digggfins and triolefins,
tetrahydrofuran, and the like. It 1is of course to be understood that the
conpl ex species are preferably free of any additional organic |igand or
ani on t hat mgh son th atal yst and have an undue adv _se effect on
cat al yst perfo? 1 g ary, é'aé}“ 2 @refgrred embpadiment.ash Roiathex

catal yzed hydrmﬁebndﬂafenoandﬁs sélestedtfherh priva a AEhlkyt, seadrdarylalkile free of
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art us the ¢ ) I,e alyst mxture,
in their nonor®rl gt&daﬁ%”? W%ﬁg%eéﬁnﬁ{ﬁﬁﬁfﬂﬁ@% %Twhi ch are
preferably chaﬂlml@hhzt&ﬂ hkozy radigals, mtltpm%m‘onméasmm&d gilylg nol ecul e

conpl exed per wgliédls sﬁclﬂ as ~-SRRR)YNamifs radical fRBVE —N(R2%; %?F' dered that

the catal ytic spgcies t he erred cat al yst enpl oyed Tn.the
hydr ocar bony| Z&%RI%EH §§‘ﬁ9§6)3§j carboxy ragjoa éﬁW(O)ORZ

PCT/ US97/ 06849acy10xy radicals such as —OC(O)R2; amido radicalslsuch as conpl exed with
car bon TONOK: e MR/ EARSINR2RIG KB ErdiEals Qi BEOBSGRRNOT Us |1 gands

in view of the carbon nonoxid hydrogen gas enp y the
hydr ocar bony| avhexeipMaepresents inorganic or organin eationic sterasmephadipplsnes t hat

may serve as tsulfonyl rg@mdls_@fuch% FES@HRE; evher phdiealdisieh aePORE; cat al yst
and/or free sulfld P)p cﬁ aﬁglsa lalsg—ggR%f sélgrelylh xya%caig LE&”X L at &E? process

m xture
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)2, each R2 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(R2)9 and —N(R2)C(O)R2 each —R2 bonded to N can also be
hydrogen. INustrative alkyl radicals include, e.g., methyl, ethyl,
propyl, butyl, octyl, cyclohexyl, isopropyl and the like. Illustrative aryl
radicals include, e.g., phenyl, naphthyl, fluorophenyl, difluorophenyl,
benzoyloxyphenyl, carboethoxyphenyl, acetylphenyl, ethoxyphenyl,
phenoxyphenyl, hydroxyphenyl; carboxyphenyl, trifluoromethylphenyl,
methoxyethylphenyl, acetamidophenyl, dimethylecarbamylphenyl, tolyl,
xylyl, 4-dimethylaminophenyl, 2,4,6-trimethoxyphenyl and the like.
Illustrative specific organophosphines include, e.g.,
trimethylphosphine, triethylphosphine, tributylphosphine,
trioctylphosphine, diethylbutylphosphine, diethyl-n-propylphosphine,



starting materials are nono-, di-, tri- and poly-(organophosphi nes) such

as triorganophosphi nes, trial kyl phosphi nes, al kyl di aryl phosphi nes,

di al kyl aryl phosphi nes, di cycl oal kyl aryl phosphi nes,

cycl oal kyl di ar weimapdsi nes, triaral kyl phosphi nes, PCT/US97/06849 . .
tricycl oal kyl phosphi nes, and tri aryl phosphi nes, al kyl and/or aryl

di phosphi nes and bi sphosphi ne nono oxi des, as well as ionic

tri organophosphi nes containing at | east one ionic noiety sel ected from
the salts of sulfonic acid, of carboxylic-28id, of phosphonic acid and of
guat er nary anmoni um conpounds,” and the |ike. O course any of the

hydr ocarbon radi cals of such tertiary non-ionic and ionic

organophosr)hi nﬁszh EEylReprdpyhh hﬂ%dldfietﬁQmelh@ h%plliuﬁ%ny sui tgbl e | f
substitutent tha ve ct.t.he desired result o

t he hydrocarbonj#ﬁﬂ?gﬁ“%hﬁﬁdﬁﬁ% ¥H§ gﬁ@%ﬁ% %ﬂ??dp 8 HH% enpl oyabl e in
t he hydrocar bonyﬂrq!hemulnh@phw,&ndv’peﬁolylphmjdsné,dm&prer r preparation are

known in the art methox henylphosp}hhle Uit d-@dnh 48y TdrhRIoBBERAPIDASAMIRE, | | gands may
be represented g

(1)  wherein ea@l‘%’ ?nxlgyrwlé%ﬁe‘lwkﬁp'r*?@rlah?sp&ﬁaen% a substitut ed or
unsubsti t ut ed nomaybdiphényiphosplankonhezylidiptienytplypsphizee, al kyl ,
97/ 40000 cyclchexyldiphenylphosphine, dxcyclohexylpheny}phosphme',a CT/ US97/ 06849

S22 tricyclohexylphosphine, tribenzylphosphine, DIOP, i.e., (4R,5R)-(-)-O-
isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane and/or
(48,55)-(+)-O-isopropylidene-2,3-dihydroxy-1,4-
bis(diphenylphosphino)butane and/or (4S,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'-
diphenylphosphinomethylbiphenyl and bis{2,2'-di(4-
fluorophenyl)phosphinomethyl}biphenyl, MeC(CHzPPhs)s (triphos),
NaO3S(CsH4)CH2C(CH2PPhg)s (sulphos),
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-
sulfobhenyl)phosphine and of (m-sulfophenyl)diphenyl-phosphine and
the like.

The preferred organophosphorus ligands which make up
the metal-organophosphorus ligand complex catalysts and free
organophosphorus ligands are high basicity ligands. In general, the
basicity of the organophosphorus ligands should be greater than or
equal to the basicity of triphenylphosphine (pKb of 2.74), e.g., from
about 2.74 to about 15. Suitable organophosphorus ligands have a pKb



cycloal kyl or aryl radical. In a preferred enbodi nent, each R err] is the
same or different and is selected fromprimary al kyl, secondary al kyl,
tertiary al kyl and aryl. Suitable hydrocarbon radicals may contain from1

to 24 carbon g greater. Illustrative substituent groyRsmuseds 9 may
be present on the hydrocarbon radicals include, e.g., substltu?
unsubstituted al kyl radicals, substituted or unsubsti tuted al koxy

radi cal s, substituted or unsubstituted silyl radi cal s such as _
-Si(Rlerr])[err]; amno radicals such agp4N R err])[err]; acyl radi cal s

such as -C(O R err]; carboxy radicals such as -C(OOR[err]; acyl oxy
radi cal s such as -OC(O R err]; amdo radicals such as -

A NCRLEXT]) | G AHou? by %&f {Je)f&faﬁﬂﬁﬂiﬂ of 41t B {oaﬂo%t%'ﬁ 2HE T di?

-Sgerr]M S Lnor cor Qr a ohrc atoms or
radi cals;  sup¥ederably agkduofaboyt B ta \é#quS foniflastnagiyecal s such

as - g?[ Rfr r] ] o;%ﬁhﬁ%lﬁbﬁphb?ﬁkdﬁgéﬁd§u@fubﬁl th'i@ﬁ[mion SRl g,ewxi ik ﬂ;;]h f:al s such
as -SeR[err | rr S al.pgen

nitro, cyano, Tal?lﬁ fqeg%'?orirlg Hﬁﬁmn %gcﬁ }’ﬁRLa@' g&ﬁ?:ga\gxﬁa "tsﬁé“] ﬁ@% wher ein
each Rlerr]  invehtipodavey stepﬁbyﬂhm icientda prometeltife er ent substituted or
unsubsti tut ed Wvﬁlb%ﬁyld%&iﬁrﬁﬁeﬁbﬂn%%@t&% bul¥ éffimbh&dditayd so t hat in

bstit t
?g‘p?‘ o R BN Paﬁv%ﬁéﬁ?m}*wﬁé?%‘wm@r}h PeRiAlTh e olmart >0,
with the nitrocpme agberof2D°, preferahly dowen hmnmlallthth%sterm(@lh(@) 2 and

Al ky! rad, cal o SP%‘*"?’*‘“@‘*““@ O Bl = I eyl octyl
cycl ohexyl , |3955%W?‘°Wr é‘ﬁaf‘éﬁ%am &‘%lsr‘%ﬁdl kl%“ﬁ&//?“d Feiﬁq %‘él?‘s iyncl ude,
e.g., phenyl imahivteh for, example opthsbiphiteddorf unambstitrated| tri- pnlmaryeyl oxyphenyl ,

car boet hoxypheﬂ)i!yl lﬁ)ﬁﬁﬁl‘)ﬂeg t@@ BY ltrio By MONOSPRELY, |diethy R YNGR P
trifl,uor.oneth

hydr oxyphenyl ; ..c {}1 g}

acet am dopheny‘?1 8&1 Fﬁ ?%?W)pﬂbﬁwa’?' ?ﬂ“’yi% Wmes

4- di met hyl am ndiptieriphenyd phosphine mbetigilyppNeNydimethlylphenyiphosphine), di-

Il lustrative slgqﬁ,gafr Q1KY 1%5;99.9@@;}% Iphéh m@s@% tri met hyl phosphi ne,

triethyl phosph rlbut

di et hyl but yl pH ‘5)‘§§M]’r§8?r‘lﬂ ?151)“ :bgf)@lyﬁﬂéf @E’ﬁ¥¥}§g sphine), YBTERRBH000

PCT/ US97/ 06849a1kyl-tert—alkylphosphmes (e.g., diethyl-tert-butylphosphine), mono-
primary-alkyl-diarylphosphines (e.g., diphenylmethylphosphine),

Qoxyethylphenyl

mono-primary-alkyl-di-secondary-alkylphosphines (e.g.,
dicyclohexylethylphosphine), triarylphosphines (e.g., tri-para-N,N-
dimethylaminophenylphosphine), tri-secondarylalkylphosphines (e.g.,
tricyclohexylphosphine), mono-primaryalkyl-mono-secondaryalkyl-
mono-tertiary alkylphosphines (e.g., ethylisopropyltert-
butylphosphine) and the like. The permissible organophosphorus
ligands may be substituted with any suitable functionalities and may
include the promoter as described hereinbelow.

Table 1

Organophosphorus Ligand
Trimethylphosphine
Triethylphosphine

23p



-23- di et hyl i sopropyl phosphi ne, di et hyl benzyl phosphi ne,

di et hyl cycl opent yl phosphi ne, di et hyl cycl ohexyl phosphi ne,

tri phenyl phosphi ne, tris-p-tolyl phosphine, tris-p-

met hoxyphenyl| phospdoosee, tris-di net hyl am nophenyl phosphi ne,  pcruse7/06849
propyl di phenyl phosphi ne, t-butyl di phenyl phosphi ne, n-

but yl di phenyl phosphi ne, n-hexyl di phenyl phosphi ne,

cycl ohexyl di phenyl phosphi ne, di cycl ohexyl phenyl phosphi ne,
tricycl ohexyl phosphi ne, tribenzyl phosphin@5-DIOP, i.e., (4R 5R-(-)-O
isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane and/ or
(4S,5S5)-(+)-0Oisopropylidene-2, 3-di hydroxy-1

bls(dlphenylphoqghhqg% yp Sp ﬁ@@/or (4S, 5R) - ( ) C)lsopgqpylldene 2, 3-

di hydr oxy [ hi no) but ane, substitute unsubst i t ut ed
bi cyclic blsphobiﬁ Hggwgﬁﬁﬁpggpl 2-bis(1, 4- 84

cyc: oocE y: enepEd‘s‘p&%hhaﬂuneléSsbLs( (114:5 8.4

cycl ooctyl enep is -

cyclooctylenephgzpﬁfﬁo 8{ Bﬁ:n 1, 2-bis(2,6- dlnethy} f

cycl ooct yl eneph E g q’f-ﬁ'ﬁ aspRE t ut ed or unsubstliQrtled bis(2,2' -

di phenyl phosphi Arinytlohexyiphbgphinesuch as bis(2, 2' - 10

di phenyl phosph rr;]m}]) d bis(2,2"-di(4-
f: Eoregghgnglsfplhmgﬁé on'ee?hm¥%]he%yl | i/(EC( CH[ eIrE] PPh[%r r])[err] (triphos),
Nag err] S(C err ?Jr‘f'é’ryﬂlj'l)‘(ﬂél[l ’Q—I[ er r] PPhlerr])[err] _Qéul phos),

bi s(di phenyl phoihbhmb)lf:ﬁﬂolwgmaosbhk(dl i sopropyl phosphsno) f errocene,

bi s(di phenyl pho as well as the al kalig and al kal i ne
wﬂhw ﬁﬁﬁﬂ )é; Lo im

earth netal sal trlphenylphosphlnes e.qg., of (tri-
sul f ophenyl ) phodgHPriae Bifgeny! ) di phenyl - p‘ﬁgsphi ne and the

li ke. Trxphenijl}ﬂmsphﬁerred organophosphorus | i ggads whi ch nmake up
t he netal - organ t sts an ree
or ganophosphor u?PPES%gﬁé?\{e}lyﬁmﬁ]@%%&ﬁ?hgﬁhq%%ds I ngI tgner al, the

basi ci ty of the IsHBAReibRmIPRosPkiagds shoul d be gre3Bdr than or equa
to the basicity of triphenyl phosphine (pKb of 2.74), e.g., from about 2.74

to about 15. Suitable or IRIYRE Qgﬁn‘?&ﬂsﬂi hit%%%/er}%xgal-aOrBt!ﬁtx)ophosphine
complex catalysts and illustrative free organophosphine ligands
include, for example, those disclosed in U.S. Patent Nos. 3,239,566,
3,627,809; 4,148,830; 4,247,486; 4,283,662; 4,400,548; 4,482,749,
4,861,918 and U.S. Patent Application Serial No. (D-17459-1), filed on
an even date herewith, the disclosures of which are incorporated herein
by reference.

Other illustrative permissible organophosphorus ligands
which may make up the metal-organophosphorus ligand complexes and
free organophosphorus ligands include, for example, those disclosed in
U.S. Patent Nos. 4,567,306, 4,599,206, 4,668,651, 4,717,775, 3,415,906,
4,667,306, 4,599,206, 4,748,261, 4,769,498, 4,717,775, 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 which are incorporated herein by
reference. Still other illustrative permissible organophosphorus
ligands which may make up the metal-organophosphorus ligand



WD 97/ 40000 PCT/ US97/ 06849
- 24- of about 3 or greater, preferably a pKb of about 3 to about 12, and
nore preferably a pKb of about 5 to about 12. pKb values for illustrative

or ganophosphagg$kdegiands useful in this invention are given gdidddfosssrl! € |
bel ow. In addition, the organophosphorus |igands useful in this i nvent i on

have a steric bulk sufficient to pronote the hydrocarbonylation reaction.
The steric bul k of nonodentate organophosphorus |igands should be | ower
than or equal to a Tolman cone angle of-2810[err], preferably | ower than or
equal to the steric bulk of tricyclohexylphosphine (Tol man cone angle =
170). Organophosphorus |igands having desired basicity and steric bulk

include, for exgpy l@xes%&ﬁf”ﬂeé ‘61- gtligkhlhggnélﬁ ds8Rie¥cribed
al kyl phosphi nes & | OC 2/ OSF ;h osphi ne,
di et hyl i sobut y*B ggg%dﬁ%f;’ tb‘ﬁl‘??é 1pn e‘J(':if’f'aryl phosphl nes (e.g.,
di et hyl phenyl phosphi ne, hetgtal fighnt-cdimpien yatabwesty epipdariblef) theli -

[ -al kyl -
Gi et hyl i sopr opyPS O%STE. ngﬁli%llnett i Q%ﬁghe%@?pﬁﬁ??ﬁd B rethpds piors filly
al kyl -tert-al kﬁl @em#ec@@nt heyempejovosT hemgtal-rmno-
pri mary-al kyl - digalhyll q@lﬁgﬁﬁhbﬁ%y&temy bélirphempLéemddts| @ Hete¥dgBRdous

i cyel ohexy! ot 19 phos R A B IR el Tgfon pesiopoy o v .

di et hyl am nop h| ne), tri-secondaryl al kyl phosphi nes (e.g.,
tricycl ohexyl phosph| ne) Me@thémy&ﬁchbﬂorﬁl&tﬁbrﬁ% BeRkYe ﬂﬁ)(rblv

nono-tertiary Rhi th ro re- uty hOSphI ne)
and the like. %é g?ﬁ? ?Z %Pg%ﬂ@ﬁﬁ%’%é%&?g as%@%ﬁb‘?'ﬁ@ﬁ? MhePubsti t ut ed
with any sui talsp@rqeumxtnmmoﬁ suchgatalpstsecpan dlse be dmplopedif desired. The

descri bed her eianfdirtvef metal-hgand complex catalyst gresent in the rJé%l@ioﬁ !

Or ganophosphor t h hi ne
8.7 Triethyl pE%SAF}HI Lofa given hydrocarbonylatmn process neg‘c?l z%yg TR

minimum amount necessary to provide the given metal concentration
desired to be employed and which will furnish the basis for at least the
catalytic amount of metal necessary to catalyze the particular
hydrocarbonylation process involved such as disclosed, for example, in
the above-mentioned patents. In general, the catalyst 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
hydrocarbonylation process conditions and solvent employed.

In general, the organophosphorus ligand concentration in
hydrocarbonylation process 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
hydrocarbonylation process mixtures may be as high as about 2000
parts per million by weight or greater based on the weight of the
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- 25- Tri-n-propyl phosphi ne 8.7

Tri-n-butyl phosphi ne 8.4 Tri-n-octyl phosphine
8.4  Tri-tertwbwymbgohosphi ne 11. 4 PCT/US97/06849

Di et hyl -tert-butyl phosphi ne 10.1  Tricycl ohexyl phosphi ne

10 Di phenyl net hyl phosphi ne 4.5

Di et hyl phenyl phosphi ne 6.4 .
Di phenyl cycl ohexyl phosphi ne -27- 5 Di phenyl et hyl phosphi ne
4.9 Tri (p- met hoxyphenyl ) phosphi ne 4.6 Tri phenyl phosphi ne

2.74 Tri (p- N, N-di nmet hyl am nophenyl ) phosphi ne 8. 65
Tri (p- et hyl phe%a):ﬁbﬂiﬁmm Preferably the metal cordeBdration is between abodbr e

articularly, il t al h |

Pl Lseraci v f 1 e anIRDS patisreraniigh R vt B fifsed oH R WligRERF NG b 20
di scl osed i n U. SeaPtbs mixbioe, aﬁdﬂ@'e‘:‘]ﬁﬁferabb is betveed: about wblﬁﬁp 247, 486;
4, 283, 562; 4, 409;;%&*?_ fln?ﬁ?onmeglﬂ 1a8dd 94 8hawdightSf tRatkrealtioopl i cat i on

Serial No. (D174 on an even date herewith, the disclosures
of which are inc®? ﬁ‘t ed herein = by reference. Q her

illustrative perm ssi bI e dngfﬂdimbl\Dsqatimfnreta\lerImom}Waxchtaw freke up the
et al - or 9anoPhospRAI d. AR ﬁs]w R¥ESorfyed Mm}fyﬂmmqmmagl i gands

i ncl ude, for exa sed I N U.S. Patent Nos
4,599, 206, 4, 668al§8be presept inthe hyr mrwlatmlhs@@? o5 §5kep ypeéggng
4,748,261, 4, 769488gadd iy dotbespbndab ah§of the BbA@2defived ﬂ;&@hpm

5,254, 741, 5,264, O%Qm,ggg,ggnagﬁlscgss%% 390 28 Uhplogurioh i B Tthe discl osures

of which are incorpor erenc 1| ]tratlve
per ni ssi bl e orgah’tﬂﬁﬁé’ﬁ dibatthe freg B&Wé& Mh%ﬁafﬁﬁ;?s he meta
met al - or ganophospfaidisothplgandtalyst employed. However, such hgands need not be

the same in any given process. The hydrocarbonylation process may
involve up to 100 moles, or higher, of free ligand per mole of metal in
the hydrocarbonylation process medium. Preferably the
hydrocarbonylation stage or step is carried out in the presence of from
about 1 to about 50 moles of coordinatable phosphorus, more preferably
from about 1 to about 20 moles of coordinatable phosphorus, and most
preferably from about 1 to about 8 moles of coordinatable 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 rhodium
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 hydrocarbonylation process at any time and in any suitable
manner, e.g. to maintain a predetermined level of free ligand in the
reaction medium.

The substituted and unsubstituted alkadiene starting
materials useful in the hydrocarbonylation stage or step include, but
are not limited to, conjugated aliphatic diolefins represented by the
formula:
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PCT/ US97/ 06849 - 26- conpl exes
and free organophosphorus |igands include those described in the

hydr of or nyl at {ybsa6dhi 0N bel ow. The netal-ligggﬂu X
catal ysts enployable in the hydr ocar bonyl ati on step or stage n%g%%g? o

formed by nmethods nore fully di scl osed in the hydroformnylati on section

her ei nbel ow. The netal - | i gand conpl ex catal ysts may be in honbgeneous or
heterogeneous formas nore fully disclgged in the hydrofornylation '
section her ei nbel ow. As noted the hydrocarbonyl ati on stage
or step involves the use of a netal -1igand conpl ex catal yst as descri bed
herein. O course m xtures of such catalysts can al so be enployed if
desired. The ampbunt of netal-ligand conplex catalyst present in the

reaction medi um of a given hydrocar bo‘ﬂl%ﬁi on process need only be that
m ni mum anobunt necessary to provide thejgiven netal concentration desired
to be enployed and which will furrgigh tae dagg,for at lea )the

catal yti c anmount of metal necessary fo catal yzezthe parti cular

hydr ocar bonyl ati on process invol ved such as disclosed, for exanple, in

the above- nment i Wh&kin ®i1edriE Roldie 3R ShAle orl diffefctitAndSAre AR/ AFB4d, at | ON can
range from sevagaeil arts pgr .m | él on to sever&g ger cent by weight.
Or ganophosphor Pg‘ﬁh%@ sphstithted op upsbstithteq Bydrrsabonstadierledhe cat al yst s
in a nol ar r atialkadieges esm bk lirfeas or dpanthed smdleai cdrtain substtqeats 1000: 1 or
greater. The c . t ' ' . de ’
hydr ocar bonyl af( F?n’ agir{t")ﬁ%%gﬁgi)%%‘fokf&gﬁ#ﬂe}%’dﬁgg%\éﬁpggg} Flggle%]a %p,s) ’
In general, thdligstratierisyiablaalkadiane startins materials ar¢ butadiene,
hydr ocar bony! atissgrepepditsethyl ktitddienelryclopegiadiendaibthopspreR®UMost 0. 005
and 25 wei ght . . | . e Fon m xt ure.
Preferably t he&ge?eg_'_g lﬁéﬁg%ﬁﬁéﬁ#ﬁﬁgﬁ eg{r%rl.bé.) %\iéfl?ﬁ%{elggéﬂmei ght
percent, and md 39%7 SFHFRHYs ét%@ﬂs%?b‘gg Isgopentiphy U terfei ght per cent
on that basis. "alkadiene” is contemplated to include all permissible substituted and
unsubstituted conjugated diolefins, including all permissible mixtures
comprising one or more substituted and 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, Fourth Edition,
1996, the pertinent portions of which are incorporated herein by
reference.

Illustrative substituted and unsubstituted pentenal
starting materials that can be used in the processes of this invention
include one or more of the following: cis-2-pentenal, trans-2-pentenal,
cis-3-pentenal, trans-3-pentenal, and/or 4-pentenal, including mixtures
of one or more of the above pentenals. Illustrative of suitable
substituted and unsubstituted pentenals (including derivatives of
pentenals) include those permissible substituted and unsubstituted
pentenals which are described in Kirk-Othmer, Encyclopedia of
Chemical Technology, Fourth Edition, 1996, the pertinent portions of
which are incorporated herein by reference.



In general, the concentration of the netal in the hydr ocar bonyl ati on
process m xtures may be as high as about 2000 parts per mllion by weight
or greater based on the weight of the WO 97/ 40000
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m xture. Preferably the netal concentration is between about 50 and 1500
parts per mllion by weight based on the weight of the reaction m xture,
and nore preferably is between about 70 and 1200 parts per mllion by

wei ght based on the wei ght of the reactior29- m xture. _ In
addition to the netal -1igand conpl ex catal yst, free ligand (i.e., ligand
that is not conplexed wth the rhodiumnetal) may al so be present in the

hydr ocar bonyl ati on st age r ond
(o any of the above. defi ngghé Gt Qfﬁ?ﬂro-ggf’oonyiét% %é&ﬁ@ﬂ cGﬁHlti&fs #£ep

osp or us: ajl.ni di d
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ségme as the Ihl lgapﬁbceﬂuivéaﬁsufﬁmht to prodgiee dne orphcre urshhinased elvpholsent.

wever, suc | h
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Er ef er abl yf t Pe 2Bty Clafebivny hid ease sﬂcqgeamxtﬁ,]gmen agahe etgirié i n t he
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resence o {1 on o ARy B e IS BB gPT
phosphorus, and stasting mpatdrialabhg the desiapd geactionpraguch tothegeastion
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3000 psia and more preferably from about 50 to about 2000 psm The
total pressure of the hydrocarbonylation process will be dependent on

the particular catalyst system employed.

More specifically, the carbon monoxide partial pressure of
the hydrocarbonylation process 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
about 3000 psia, and preferably from about 3 to about 1500 psia. In
general, the molar ratio of carbon monoxide to gaseous hydrogen may
range from about 100:1 or greater to about 1:100 or less, the preferred
carbon monoxide to gaseous hydrogen molar ratio being from about
1:10 to about 10:1. The carbon monoxide and hydrogen partial
pressures will be dependent in part on the particular catalyst system
employed. It is understood that carbon monoxide and hydrogen can be
employed separately, either alone or in mixture with each other, i.e.,
synthesis gas, or may be produced in situ under reaction conditions
and/or be derived from the promoter or solvent (not necessarily
involving free hydrogen or carbon monoxide). In an embodiment, the
hydrogen partial pressure and carbon monoxide partial pressure are



manner, e.g. to maintain a predetermned level of free ligand in the

reaction nedi um The substituted and unsubstituted

al kadi ene starting materials useful in the hydrocarbonyl ati on stage or
step include, wjlr400002r € NOt linmted to, conjugated aliphatigefi LS
represented by the formul a: WO 97/ 40000 Fftb@hilad® .
PCT/ US97/ 06849 -28- [err]

wherein R err] and R err] are the sanme or different and are hydrogen,

hal ogen or a substituted or unsubstitutedsgfydrocarbon radical. The

al kadi enes can be |inear or branched and can contain substituents (e.g.,
al kyl groups, hal ogen atons, am no groups or silyl groups). Il lustrative

of suitable al kad; ' N . ' , ' 2ne
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al kadi enes descV? ®%i rk- O hmer, Encycl opedi a of Chemical Technol ogy,
Fourth Edition, Further, the hydrocarbonylation 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),
conversion of penten-1-ols to undesired byproducts may occur.

Of course, it is to be also understood that the
hydrocarbonylation process conditions employed will be governed by
the type of unsaturated alcohol or hydroxyaldehyde product desired.

To enable maximum levels of 3-penten-1-ols and/or 4-
penten-1-ols and minimize 2-penten-1-ols, it is desirable to maintain
some alkadiene partial pressure or when the alkadiene conversion is
complete, the carbon monoxide and hydrogen partial pressures should
be sufficient to prevent or minimize derivatization, e.g., hydrogenation
of penten-1-ols or further hydrocarbonylation of penten-1-ols or
hydrogenation of alkadienes.

In a preferred embodiment, the alkadiene
hydrocarbonylation is conducted at an alkadiene partial pressure
and/or a carbon monoxide and hydrogen partial pressures sufficient to
prevent or minimize derivatization, e.g., hydrogenation of penten-1-ols
or further hydrocarbonylation of penten-1-ols or hydrogenation of
alkadienes. In a more preferred embodiment, the alkadiene, e.g.,
butadiene, hydrocarbonylation is conducted at an alkadiene partial



1996, the pertinent portions of which are incorporated herein by

ref er ence. I'lustrative substituted and unsubstituted

pent enal starting materials that can be used in the processes of this

i nvention | netoataoeepe or nore of the foll ow ng: cis-2-pent eretryse7/06849 . _
trans- 2- pent enal , cis-3-pentenal, trans-3-pentenal, and/or 4-pentenal,

I ncl udi ng m xtures of one or nore of the above pentenals. Illustrative of
sui tabl e substituted and unsubstituted pentenals (including derivatives
of pentenal s) include those perm ssibl e-®kbst it ut ed and unsubstituted
pentenal s which are described in Kirk-Qhmer, Encyclopedia of Chenmi cal
Technol ogy, Fourth Edition, 1996, the pertinent portions of whi ch are

i ncor por at ed her presstixe wf@eatﬂr(than 0 psi, prefédabby/ gread&0than 5 psi, and more

PCT/ US9 7( 06849 referabl er than 9 si; at a carbon monoxld'e?artlal pressure g of
The particul ar dr(gcar a.t I O étion conditlon re oW y
critical and cané{f@ %?ht;b%é'f Bg P ¥ &%ﬁ%ﬁﬁ"}?&?f’é’ﬁl aqslrr@e&meé@rably

sufficient to prgrhata'mmmpsmandumadiyﬂragadpsdtmfmbsstﬁ-é ofgreater than he
hyd | dehyd
bgs{ O)é)c/)?rpr gmysgsgggwg)gn acﬂyg%k'?\ﬁ%ﬁ%i ;t'la%fmgﬁq’ BE ‘Fﬁﬁ%g’e‘”ﬁs& Py,

lifetinme and eas®0 @fi. operability, as well as the intrinsic reactivity of
the starting materials in Thehydrotarbsgy Id%{hnfﬁ:%béésl1§}éléﬁc6n|a%ctedslhgﬁh%' gg
materials and th r N AR Q i on condi t.i ons.
The hydrocar bony aeiglg%#\e (gflaa eoq%‘;rtegt ég “%gﬁ ef‘FanserHV’ & iTREFHER SFBA™NGI t abl e
t ype hydr ocar bonSH Horganie compoRrph Wi aatlm@ablehydwpge;y@phpfﬁmwum ng

al cohol s or hydrmmlldw%m:ssmﬂubﬁta&lve r@ﬁx@ﬁéﬁﬁﬁ?ﬁﬂwm%ﬁam 3 g%% "
hydr ocar bonyl at i na e 1.n e

1)6 000 psia, prefe &@?y‘?’%?‘%%'b‘%ﬁ{ §%mt°@°m%3 %Bﬁﬁlgl Waktte P ?%]S 'ithé?lér abl y
from about 50 t othierhanodymitrpaikaneseetones; mitrilps.cunines (ef. tplyeroles and

hydr ocar bonyl at l@pheﬁﬂaﬁﬁﬁewahﬁndbe(éigpae&aﬁhdeﬁmonfohedxpaﬁa' cul ar catal yst
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P illustrative promoters useful in this invention are given in the Table II

below. The promoter may be present in the hydrocarbonylation
reaction mixture either alone or incorporated into the ligand structure,
either as the metal-ligand complex catalyst or as free ligand, or into
the alkadiene structure. The desired promoter will depend on the
nature of the ligands and metal of the metal-ligand complex catalysts.
In general, a catalyst with a more basic metal-bound acy! or other
intermediate will require a lower concentration and/or a less acidic
promoter.

Although it is not intended herein to be bound to any
theory or mechanistic discourse, it appears that the promoter may
function to transfer a hydrogen ion to or otherwise activate a catalyst-
bound acyl or other intermediate. Mixtures of promoters in any
permissible combination may be useful in this invention. A preferred
class of promoters includes those that undergo hydrogen bonding, e.g.,
NH, OH and SH-containing groups and Lewis acids, since this is
believed to facilitate hydrogen ion transfer to or activation of the
metal-bound acyl or other intermediate. In general, the amount of



t he hydrocarbonyl ati on process in general may range from about 1 to
about 3000 psia, and preferably fromabout 3 to about 1500 psia, while

t he hydrogen partial pressure in general nay range fromabout 1 to about
3000 psia, anggd-mbspably fromabout 3 to about 1500 psia. |Bepyus pal ,
the nolar ratio of carbon nonoxi de to gaseous hydrogen may range trom -
about 100:1 or greater to about 1:100 or less, the preferred car bon
nonoxi de to gaseous hydrogen nolar ratio being from about 1:10 to about
10: 1. The carbon nonoxi de and hydrogen pagsi al pressures will be
dependent in part on the particul ar catal yst system enployed. It is
under st ood that carbon nonoxi de and hydrogen can be enpl oyed separately,

ei t her al one or ) 1 C j a1 S YL i or nmay
be produced in gf%&ﬁéﬁéfﬁeﬁ ﬁrgﬁl %lz)n irlt%ir%anxjés per rgﬁl&ﬁg’r&ﬁgﬁ ?OI%%}) Y% rom t he
promoter or sol 98merqandtbyeeight ar maye base o the tefal weightyefitbgen or carbon
nonoxi de) . | n aRyérdeashoBlation Bfocess Miftg@BaBig inaterddlgssure and car bon
nonoxi de partial pressure are WO 97/ 40000

PCT/ US97/ 06849 - 30- sufficient to
prevent or minimze derivatization, e.glableJlirogenation of penten-1-ols
or further hydrocarbonyl ati on of penten-1-ols or hydr ogenat i on of

al kadi enes. The hydrgcarbonyl ation is preferably condycted at a hydrogen
partial pressure and£§§93%¥ nonoxi de parti al preSSLwékéufficient to
prevent or minin ze ROMR+alkybf substituted or unsulia9t ut ed
pentan-1-ols, and/ orRegpeRELHEd Oor unsubstituted  vaggial dehydes.

Further, the hydrocaﬁ[&%' %y@rocess rr% be condu, Zg at a reaction

t emperature from abo ¢f 5oL A err ] C, ﬁ$ erably from about
50[err]C to about 150[err]C, eshdacebamigelef erably from about 65[err]Cto
about 115[err]C. TheriRpPeRINH,e(RLRkyDe sufficient fojgyjreaction to occur

(which nmay vary with g st system enpl oyed), but g& so high that
| i gand or catal yst dB %tion occurs. At high ten%‘ atures (which may

vary with catal yst sREQOHsR0Regkky)), 19-20
RSH (R=alkyl) 10-11
RSH (R=aryl) 8-11
CNCH:CN 11
Diarylamine 21-24
Pyrrole 20
Pyrrolidine 34

The concentration of the promoter employed will depend
upon the details of the catalyst system employed. Without wishing to
be bound by theory, the promoter component must be sufficiently
acidic and in sufficient concentration to transfer a hydrogen ion to or
otherwise activate the catalyst-bound acyl or other intermediate. It is
believed that a promoter component acidity or concentration which is
insufficient to transfer a hydrogen ion to or otherwise activate the
catalyst-bound acyl or other intermediate will result in the formation
of pentenal products, rather than the preferred penten-1-ol products.
The ability of a promoter component to transfer a hydrogen ion to or
otherwise activate the catalyst-bound acyl or other intermediate may



conversion of penten-1-ols to undesired byproducts nmay occur.
O course, it is to be also understood that the hydr ocar bonyl ati on

process conditions enployed will be governed by the type of unsaturated
al cohol or hydgesyade@ehyde product desired. TCTAURAbesdy - -
maxi mum | evel s of 3-penten-1-ols and/or 4- penten-1-ols and mnimze

2-penten-1-ols, it is desirable to maintain sone al kadi ene parti al
pressure or when the al kadi ene conversion is conpl ete, the carbon
nonoxi de and hydrogen partial pressures sB8uld be sufficient to prevent
or mnimze derivatization, e.g., hydrogenation of penten-1-ols or
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In general a less basic metal-bound acyl will require a
higher concentration of the promoter component or a more acidic
promoter component to protonate or otherwise activate it fully, such
that the products are more desired penten-1-ols, rather than
pentenals. This can be achieved by appropriate choice of promoter
component. For example, an enabling concentration of protonated or
otherwise activated catalyst-bound acyl or other intermediate can be
achieved though the use of a large concentration of a mildly acidic
promoter component, or through the use of a smaller concentration of a
more acidic component. The promoter component is selected based
upon its ability to produce the desired concentration of protonated or
otherwise activated catalyst-bound acyl or other intermediate in the
reaction medium under reaction conditions. In general, the intrinsic
strength of an acidic material is generally defined in aqueous solution
as the pKa, and not in reaction media commonly employed in
hydrocarbonylation. The choice of the promoter and its concentration
is made based in part upon the theoretical or equivalent pH that the
promoter alone at such concentration gives in aqueous solution at
22°C. The desired theoretical or equivalent pH of promoter component



t hi ophenol s, nitroal kanes, ketones, nitriles, amnes (e.g., pyrroles and
di phenyl am ne), amides (e.g., acetanide), nono-, di- and trial kyl ammoni um

salts, and the Iike Appr oxi mat e pKa val ues for illustrative prom)ters
useful in thiggoIMgigsi ON are given in the Table I bel ow. @f;ﬂ gqa

may be present |n t he hydrocarbonyl ati on reaction m xture erther one or
I ncorporated into the ligand structure, either as the netal-1igand

conpl ex catalyst or as free ligand, or into t he al kadi ene structure. The
desired pronoter will depend on the naiggre of the ligands and netal of
the netal -l1igand conpl ex catal ysts. In general, a catalyst with a nore
basi ¢ netal -bound acyl or other internmediate will require a | ower
concentration | £ hough it
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employed, suitable promoters preferably include solvents, for example,
alcohols (e.g., the unsaturated alcohol or hydroxyaldehyde products
such as penten-1-ols or 6-hydroxyhexanals), thiols, thiophenols,
selenols, tellurols, alkenes, alkynes, aldehydes, higher boiling
byproducts, ketones, esters, amides, primary and secondary amines,
alkylaromatics and the like. Any suitable promoter which does not
unduly adversely interfere with the intended hydrocarbonylation
process can be employed. Permissible protic solvents have a pKa of
about 1-35, preferably a pKa of about 3-30, and more preferably a pKa
of about 5-25. Mixtures of one or more different solvents may be
employed if desired.

In general, with regard to the production of unsaturated
alcohols or hydroxyaldehydes, it is preferred to employ unsaturated
alcohol or hydroxyaldehyde promoters corresponding to the
unsaturated alcohol or hydroxyaldehyde products desired to be
produced and/or higher boiling byproducts as the main protic solvents.
Such byproducts can also be preformed if desired and used accordingly.
Illustrative preferred protic solvents employable in the production of
unsaturated alcohols, e.g., penten-1-ols, or hydroxyaldehydes, e.g., 6-
hydroxyhexanal, include alcohols (e.g., pentenols, octanols,
hexanediols), amines, thiols, thiophenols, ketones (e.g. acetone and



ROH (R=al kyl ) 15-19 ROH (R=aryl)

8-11 RCONHR ( R=hydr ogen or al kyl, 15-19

e.g., acetam de) Rlerr[NH err], R[err]NH[err] (R=al kyl ) 10-11
RCH2NJ err] WO 97/40000 8-11 RCOCH[ BcT/y$97/06849 - -
(R=al kyl) 19- 20 RSH ( R=al kyl)

10- 11 RSH (R=aryl) 8-11

CNCH err] CN 11 D aryl am ne

21- 24 Pyrrol e -35- 20

Pyrrolidine 34 The
concentration of the pronoter enployed wll depend upon the details of
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by sever ?' I ﬁCt Giromotés wmngh@y bé Rgefid e ehisriavemtiorwindide, fopexampler

composi ti on of tAEGERArPSEURReRp RS t"?&?“@’ﬂ”&@%‘*’gﬁﬂ”ﬁ%ﬂem o the

t enperature. Pr dmﬂremmlMQbmeg,ri:qa%«@-hyégq»:gpbpnylphosphme), tris(3-
carboxypropyl)phosphine, tris(3-carboxamidopropyl)phosphine,
diphenyl(2-hydroxyphenyl)phosphine, diethyl(2-
anilinophenyl)phosphine, and tris(3-pyrroyl)phosphine. The use of
ligand promoters may by particularly beneficial in those instances
when the unsaturated alcohol or hydroxyaldehyde product is not
effective as a promoter. As with the organophosphorus ligands which
make up the metal-organophosphorus ligand complex catalysts and
free organophosphorus ligands, the organophosphorus ligand
promoters preferably are high basicity ligands having a steric bulk
lower than or equal to a Toiman cone angle of 210°, preferably lower
than or equal to the steric bulk of tricyclohexylphosphine (Tolman cone
angle = 170°). Indeed, the organophosphorus ligand promoters may be
employed as organophosphorus ligands which make up the metal-
organophosphorus ligand complex catalysts and free organophosphorus

ligands. Mixtures of promoters comprising one or more
organophosphorus ligand promoters and mixtures comprising one or
more organophosphorus ligand promoters and one or more other
promoters, e.g., protic solvents, may be useful in this invention.

In an embodiment of the invention, the
hydrocarbonylation process mixture may consist of one or more liquid
phases, e.g. a polar and a nonpolar phase. Such processes are often



their ability to transfer a hydrogen ion to or otherw se activate such a
catal yst-bound acyl or other internediate under reaction conditions
sufficient to result in the formation of al cohol or hydroxyal dehyde
products, but wydysbeeehi gh as to result in detrinmental side rﬂ?ﬁbﬁﬁﬂﬁqu

the catal yst, reactants or products. In cases where the prono

conponent acidity or concentration is insufficient to do so, al dehyde
products (e.g., pentenals) are initially formed which may or may not be
subsequently converted to unsaturated al cggols, e.g., penten-1-ols, or

hydr oxyal dehydes, e.g., 6-hydroxyhexanal . In general, a less
basi ¢ netal -bound acyl will require a hi gher concentration of the
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PCT/ US97/ 06849 render the catalyst soluble in a polar phase, e.g. waté4-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

f

o

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 this invention, an olefin can be
hydrocarbonylated along with an alkadiene or pentenal using the
above-described metal-ligand complex catalysts. In such cases, an
alcohol derivative of the olefin is also produced along with the
unsaturated alcohols, e.g., penten-1-ols, or hydroxyaldehydes, e.g., 6-



sol utions should be greater than 0O, preferably fromabout 1-12, nore
preferably from about 2-10 and nost preferably from4-8. The t heoreti cal
or equival ent pH can be readily cal culated from val ues of pKa's at the
appropri at e prWgosdeescOnNponent concentration by reference trrTRiSdMNeEBId

t abl es such as those found in "lonization Constants of Organic Acids in
Agueous Sol ution" (1 UPAC Chem cal Data Series - No. 23) by E. P Serjeant
and Boyd Denpsey, Perganon Press (1979) and "Dissociati on Constants of

| norgani ¢ Aci ds and Bases i n Aqueous Se8TH ion" (I UPAC Chem cal Data
Series - No. 19, by D. D Perrin, Perganon Press. Dependi ng
on the particular catalyst and reactants enployed, suitable pronoters

preferably incl . fa] : teridlf@ra/nsat ur at ed
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to enpl oy unsat dlcahel, allines)alkenés, aYkiresy efhdes) \ldelpydesphizher beilirgspondi ng
to the —unsat %ﬁaxe%aﬁfqggfgéio% R k&%@xd%tgfsogﬁﬁﬁés feidgd to be
produced and/ or |.g°ner rrrng g%r ogﬁ%gs as the main protrc S"§| vents.
Such bypr oduct s aptines|azomigéicg aafldhadike; iAnjesyitahie salyent schielz deesmotg| v.
Il lustrative preahgalyeadwreélyGntsrferef#ish Ch@ltyalé®hiyardchtbdnydatit i on of

nsat urat ed al colgln Endhe BBILEA: MSkaos U oY IE Bl AT SonEns - ©

hydr oxyhexanal , r?an%ﬁ u ] ] 4., pentenols,
hexanedi ol s), amaycke emplayed if desivgsh cRbistrative:nygterred sejveniscamployablg
WO 97/ 40000 in the production of alcohols or hydroxyaldehydes include ketd#feb/(kigd7/ 06849

acetone and methylethyl ketone), esters (e.g. ethyl acetate),

hydrocarbons (e.g. toluene), nitrohydrocarbons (e.g. nitrobenzene),
ethers (e.g. tetrahydrofuran (THF) 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
hydrocarbonylation 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
hydrdcarbonylation reaction mixture starting material.

Ilustrative substituted and unsubstituted unsaturated
alcohol intermediates/starting materials that can be prepared by
and/or used in the processes of this invention include one or more of
the following: alkenols such as cis-3-penten-1-ol, trans-3-penten-1-ol, 4-
penten-1-ol, cis-2-penten-1-ol and/or trans-2-penten-1-ol, including
mixtures comprising one or more of the above unsaturated alcohols.
The preferred unsaturated alcohols have at least 4 carbon atoms,



- 35- met hyl et hyl ketone), hydroxyal dehydes (e.g., 6-hydroxyal dehyde),
| actols (e.g., 2-nethylvalerolactol), esters (e.g. ethyl acetate),
hydr ocar bons (e.g. di phenyl net hane, tri phenyl et hane), ni t rohydr ocar bons

(e.g. nitromewssmenel, 4- but anedi ol s and sul f ol ane. Sui tab;,e,r%%qigw
solvents are disclosed in U S. Patent No. 5,312, 996.

I ndi cat ed above, the pronoter nay be incorporated into the

or ganophosphorus ligand structure, either as the netal-Iigand conpl ex
catal yst or as free ligand. Suitable orgagphosphorus |igand pronot ers
which may be useful in this invention include, for exanple, _
tris(2-hydroxyethyl)phosphine, tris(3- hydroxypropyl)phosphlne tris(2-
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I ¢, sol vents,
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i nvention, the freenljganst dbbmaintainiog rpadiestemperature amypmaarest of one or
more |iquid  RbAGRRnsaGorable) fe Ky osBERPALh JPHAS SlkaHEHe B OCESSES are
often pentenal starting material(s); (c) supplying make-up quantities of the

alkadiene or pentenal starting material(s), carbon monoxide and

hydrogen to the reaction medium as those reactants are used up; and

{d) recovering the desired unsaturated alcohol or hydroxyaldehyde

product(s) in any manner desired. The continuous reaction can be

carried out in a single pass mode, i.e., wherein a vaporous mixture
comprising unreacted alkadiene or pentenal starting material(s) and
vaporized alcchol or hydroxyaldehyde product is removed from the
liquid reaction mixture from whence the aleohol or hydroxyaldehyde
product is recovered and make-up alkadiene or pentenal starting
material(s), carbon monoxide and hydrogen are supplied to the liquid
reaction medium for the next single pass through without recycling the
unreacted alkadiene or pentenal starting material(s). However, it is
generally desirable to employ a continuous reaction that involves
either a liquid and/or gas recycle procedure. Such types of recycle
procedure are known in the art and may involve the liquid recycling of
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in, for exanple, separating products from catal yst and/or reactants by
partitioni ng iwbereetoher phase. |In addition, product sel ectrorbssedessd . _
dependent upon sol vent properties may be increased by carrying out the
reaction in that solvent. An application of this technology is the
aqueous- phase hydrocarbonyl ati on of al kadi enes enpl oyi ng sul f onat ed .
phosphi ne |igands, hydroxyl ated phosphi ne39-1igands and ami nated phosphi ne

| igands for the rhodiumcatalyst. A process carried out in aqueous
solvent is particularly advantageous for the preparation of alcohols or

Bydr O?yal fl_ehyd_eshebfzzﬁa-;@,zajls1|@gaxmaccﬁﬁxaxi:s:tcaaSalysﬂEoiuh‘@nSsepﬁraa;_éc?;ﬂglaixr1 cire _amrﬁt al yst
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substi tuents, WhGhindolve a lig8id&QItalyas re@wé Pidced@el Hithi ipiAdRataysPhase,
e.g. water. q)tlonailﬁ/ a eghas -transfer ¢ t@Jgst ma%/ be aqggd tp the
reaction nixt ur 5295 Progedyres are knpyndn g - CREINSLRRGS, 4R sueh B 5 or
products into thatalysigetyobel prasedures iplincemnikimplaetacontisuodslyloe | i gand or
the phase-  tranghRitteAlR¥Rbve & PRtioROfthE Bhuffbablibh pPSRER Inédiubd)e

choi ce of condi tj ons, rearﬁ‘l %51 mveﬂt andwgegl? red (fr odyct s. -
When the cat al ySpniainineee.gnthp alcohol py pydroxya feproqurds theat al yst may be
separ at ed fr om stlebilzdtmetad-ligadfamonygplexi aatadysty free tigand) amdatgami¢ hods such

one or mor e phasaLet A HeIPs bipdaRREhialee MLt By heP. | oY be or eat ed
at the end of t EX&%&E@?‘W&“%@ PB¥ unreacts @"é‘b‘gif”f“? %Pﬁ?te&ag]'é@dﬁ&gsol vent to
separ at e t he pr odatetial,fcadvort menoxiadeaindhydrsgen (dyar g} digslobvedlinSaidPat ent  No.
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In an enbodi nment thi's. I nyenti on, gg 0, n, can \?gc rocar bonyl at ed
along with an afiad BIRPTIETSERRTALAT WRereip thedesupd aleolaler i hed et al - 1i gand
conpl ex cat al yshygdrdxyakiehlyde pzeductdn distilbshinl onkeori matd staged uhfler ol efin i s
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yaroxyal aenyae . n tive liquid medium. The vaporized or distilled desired alcohol or
hydroxyaldehyde product so separated may then be condensed and
recovered in any conventional manner as discussed above. The
remaining non-volatilized liquid residue which contains metal-ligand
complex catalyst, solvent, free organophosphorus ligand and usually
some undistilled alcohol or hydroxyaldehyde product is then recycled
back, with or with out further treatment as desired, along with
whatever by-product and non-volatilized gaseous reactants that might
still also be dissolved in said recycled liquid residue, in any
conventional manner desired, to the hydrocarbonylation reactor, such
as disclosed e.g., in the above-mentioned patents. Moreover the
reactant gases so removed by such distillation from the vaporizer may
also be recycled back to the reactor if desired.

Recovery and purification of unsaturated alcohols or

hydroxyaldehydes may be by any appropriate means, and may include
distillation, phase separation, extraction, precipitation, absorption,
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hydr oxyhexanal . M xtures of such olefinic starting materials are described
more fully i nyioysbagslr of or nyl ati on section herei nbel ow. PCT/USY06849 |

t hose i nstances where the pronoter is not the solvent, the i
hydr ocar bonyl ati on process is conducted in the presence of an organic
solvent for the netal -1igand conpl ex catal yst and free organophosphorus

| i gand. The solvent may al so contain di sggl ved water up to the saturation
limt. Depending on the particular catalyst and reactants enpl oyed,

sui tabl e organi c solvents include, for exanple, alcohols, alkanes,

al kenes, al kyn her.s. al deghydes, higher ,bailj.n hydr ocar bonyl ati on
bypr oduct s, ke?’?_ﬁéaglf“ggé?&%‘F“ﬁ’rﬁ\éa%e?P%’é%PPaf‘ﬁnV%‘iW%W%WCPe@%nd t he
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the .i ntended hygbjeetralenydirtillation/Rpabdtim &@éhxb@spﬁ_@wcgﬁlé ?Mdﬂwes of one
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ni t rohydr ocar bpn €.g., hjtrobenzen

and sul f ol ane. gsam(f%g%laé'epvs@ﬁ%n g‘PéemB?IQE’F oskesubseguent pat ent No.

5,312, 996. Thehpdmiotmylationlof¢he unsatpiratetialicshdlahayg be cbsddicted whiftemgubj ect

i nventi on and Ryl tH .S ilize the
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catal yst and free |1 gan ‘bony on reactron mxture to be
treated. In ge?@?ﬁ?’}eq{tﬁé’fe%?rmrﬁfic%m%ﬁ“rﬁ&y range from about 5 percent

by weight up to about 9@hilermewishingveilgihowrrd tondey patisklHnrdaletiohot al

wei ght of the | £ ' ) i nat eri al .

11 ustrati ve sﬁ%éﬁ?f%?‘%ﬁf’%‘?tdﬁgﬁ ShECE ARl Byt e bishatfy SRachiox
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5730, R Pl AT« Sy
conpri si ng onedB/oRdrrenenel ithip Giroghis of Hirsiigh oReBITBIS interpprdiptesf er r ed
unsat ur at ed al Eohoh S-pentenal and/es 4-péneaiddn NThisdA®ention is not intended to

be limited in any manner by any particular reaction mechanism, but

rather encompasses all permissible reaction mechanisms involved in

hydrocarbonylating one or more substituted or unsubstituted

alkadienes with carbon monoxide and hydrogen in the presence of a
metal-ligand complex catalyst and a promoter and optionally free
ligand to produce one or more substituted or unsubstituted
unsaturated alcohols or hydrocarbonylating one or more substituted or
unsubstituted pentenals with carbon monoxide and hydrogen in the
presence of a metal-ligand complex catalyst and a promoter and
optionally free ligand to produce one or more substituted or
unsubstituted hydroxyaldehydes.

Hydroformylation Step or Stage
The hydroformylation step or stage involves the

production of hydroxyaldehydes, e.g., 6-hydroxyhexanals, by reacting
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- 38- preferably 4 to about 30 carbon atons, and nore preferably 4 to
about 20 carbon atonms. Illustrative of suitable substituted and

unsubsti t ut ed wgsideoirt ed al cohol s (i ncluding derivatives of pcrussadesssat ed
al cohol s) include those perm ssible substituted and unsubsti tut ed

unsat urated al cohols which are described in Kirk- O hner, Encycl opedi a of
Chem cal Technol ogy, Fourth Edition, 1996, t he pertinent portions of
whi ch are incorporated herein by referenetl- As indicated

above, it is generally preferred to carry out the hydrocarbonylation stage
or step in a continuous manner. In general, continuous hydrocarbonyl ation

process may 'nVQ ﬁdxe):%mwdﬁ&%\gb Biteat1-B8, m@drlsaﬂlﬁm;@aemtenal
starting materl

car bon noxi.de,.and en i qui d
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catal yst, and 6ptfiméllggﬁ1eel lighlo} immi lmqtadnnerbuneﬁmtladsp cantpinsaa splvenind
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to the reacti onhgétbgemiathe presence af h anétal-tigand semiplax cadalyst dd r ecovering

the desired Unsgﬁﬁée@gﬁf@ %ﬁh ifa 1?ﬂa%xahg?m&eals%gﬂuﬁ%s(éLowémﬁgy

manner deS|red
pass node, i.e. fonthercatalyst bgéﬁ fhe DEpeessesmaY ibej cagriad ophit 84 al kad| ene
or pent enal st akénthgudtit higkl ;(&)m&miamvaiﬁkﬁrtimﬁﬁhsgae&bojcl@md’n,tﬂroxyal dehyde

product i s renoygd ré)%}%ﬁ@ in 4 %‘A&ﬂn{oﬁéfh Wod cdba st chﬁ{fHa%‘éPﬁEat he
e hysirpfe

al cohol or hydrgkyal overe make-up al kadi ene or
pentenal starti ﬂgscr E@cﬁﬁﬁéFlﬁ&%ﬁhé‘g‘&l?ﬁsare suppl i ed
to the liquid empléyable nefhmmégoéorﬂs@oadxb afly Kglotvrppaessding tefhnidquedsout
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i nvol ves hydroformylatlon reactions. As used herem the term
"hydroformylation” is contemplated to include, but is not limited to, all
permissible hydroformylation processes which involve converting one
or more substituted or unsubstituted unsaturated alcohols, e.g.,
alcohols possessing internal olefinic unsaturation, to one or more
substituted or unsubstituted hydroxyaldehydes or converting one or
more substituted or unsubstituted alkadienes to one or more
substituted or unsubstituted pentenals. In general, the
hydroformylation step or stage comprises reacting one or more
substituted or unsubstituted penten-1-ols with carbon monoxide and
hydrogen in the presence of a catalyst to produce one or more
substituted or unsubstituted 6-hydroxyhexanals or reacting one or
more substituted or unsubstituted alkadienes with carbon monoxide
and hydrogen in the presence of a catalyst to produce one or more
substituted or unsubstituted pentenals.

The hydroformylation reaction mixtures employable
herein include 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



either a liquid and/or gas recycle procedure. Such types of recycle
procedure are known in the art and may involve the liquid recycling of
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nmetal -1igand conpl ex catal yst sol ution separated from t he degﬁ?@ 3 mﬁ?“@ohm
or hydroxyal dehyde reacti on product(s). As indicated above,

t he hydrocarbonyl ati on stage or step may involve a |liquid catalyst recycle
procedure. Such liquid catal yst recycle.ggocedures are known in the art. ’
For instance, in such liquid catalyst recycle procedures it is conmonpl ace
to continuously or intermttently remve a portion of the liquid reaction

product medi ump roduct,
the solubili zecy met zﬁHPﬁ cfe %lrir;gf‘%g&e‘)?tug Jpe%l 1@4{@% %gﬁ% gani c
sol vent, as welqptign Qﬁ%ﬁ&# nd and ancaganic soly hbl}lgtmn if?ldiiajdar bonyl ati on
and unr eact ed aiamgsemd eaidfeed Hgahdssaaasmmdlm Qéz*rébporﬁﬁﬁé)wmﬂéeox' de and

hyd [ m.t he ar bonyl ati on
racior, 1o a diaplofed BRUEE prbfuced By B tocplyion BrORESs BbBuner oi n ¢ he
desired al coholwmncemm&ommrprw@@n rhixtuiestartiog matemén’my nor e
stages under ¥ deHved. QB'ylﬁfQQe Hgaﬂﬂ'el\é&hﬁgn@é@ﬁﬁ ospho ﬁ?&’ngcﬂ t§s and

separ at ed from he | i ri dlstl sired

al thol or A%?ﬁ?ld‘@qﬁqhag]é? EP)aé’@anr@ ¢-Be g %ﬁm’sed and
recovered in aﬁtbenmnlﬁmaIMnhes tasbedlmmedlthhbﬂm The remaining
non-vol atili Zedmﬂdrﬂfékﬂxylﬁ%xﬁfh%cmh%xﬁaﬁ @dxﬁ oégﬁbﬁé eJn' %le ﬁ&féﬁ’ﬁ tn

catal yst, sol vent g res ?lg hos or us (ﬂg

undi stilled al G ’?j’?a g 88’6-?‘&96‘8\& of additiopa B&ﬂ;&tﬂ)@&ts back, with
or with out fumsubbmastthess whidh mvajeshexebhenadehtgrateﬂy\enmed\mrthby product
and non-vol ati Iy ?@fo%%ﬁ&i&x ﬁf&@&@&tﬁn}d@atln@hﬁmunﬁ%r%d ﬁxlms.gs gbe di ssol ved

in said recycl n, a con I on el desired, to
t he hydrocar bo ag?p Sﬁ Off—ﬁ %{ Biere @‘GBFF that can'also be present include

unreacted unsaturated alcohol or alkadiene starting material, carbon
monoxide and hydrogen gases, and in situ formed type products, such
as saturated hydrocarbons and/or unreacted isomerized olefins
corresponding to the unsaturated alcohol or alkadiene starting
materials, and high boiling liquid aldehyde condensation byproducts,
as well as other inert co-solvent type materials or hydrocarbon
additives, if employed.

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



as disclosed e.g., in the above-nentioned patents. Moreover the reactant
gases so renoved by such distillation fromthe vaporizer may also be
recycl ed back to the reactor if desired. Recovery and
purification wiosmsmbur at ed al cohols or hydroxyal dehydes maychesdesasy
appropriate neans, and may include distillation, phase separation,
extraction, precipitation, absorption, WO 97/ 40000
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crystallization, menbrane separation, dedBvative formation and other

sui tabl e means. For exanple, a crude reaction product can be subjected to
a distillation-separation at atnpospheric or reduced pressure through a
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manner by any i cul ar reacti on pechani s asses all
permissible re <¥t § PerRissabie organqphespherusy lgaﬁ*ﬁﬂl"émlt FTQ‘P& ¥& or nore
substituted or tebewbsdd thitdlie satdeasfud peactidetdf thizrinoantiom aseglgotand hydr ogen

iogt ;[ gﬁalplr ;S]?Pcﬁeﬁén@ana'fé fbt {er%%ﬂe& SHRhE¥xEA BYthr&0ER rgg&lﬁltg%ldand

complex species, which may be present in their mononuclear, dinuclear
and/or higher nuclearity forms. Indeed, the exact structure is not
known. Although it is not intended herein to be bound to any theory or
mechanistic discourse, it appears that the catalytic species may in its
simplest form consist essentially of the metal in complex combination
with the ligand and carbon monoxide when used.

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



ligand to produce one or nore substituted or unsubstituted unsaturated
al cohol s or hydrocarbonyl ati ng one or nore substituted or unsubstituted
pentenal s with carbon nonoxi de and hydrogen in the presence of a

met al -1 i gand q@@tpapocat al yst and a pronoter and optionall ypéf,ggm}okagnd to
produce one or nore substituted or unsubstituted hydroxyal de es.

Hydr of ornyl ation Step or Stage The hydrofornylation step or
stage involves the production of hydroxyal dehydes, e.g.,

6- hydr oxyhexanal s, by reacting Wa4€7/ 40000

PCT/ US97/ 06849 -41- an olefinic

conpound, e.g., penten-1l-ols, with carbon nonoxi de and hydrogen in the

presence of a rgj, mlad:igﬁrk‘ilte%%mlﬁl%a?%ﬁ Hett thldpeta2P Ak dYe Tree 1 gand in
a liquid medium jhat SO nta ﬁ e catalyst and |igand
or the producti BP“%e]r‘ﬁ Lgﬂt ggengﬂ B oﬁlgﬁb%grpound e.g.,
but adi ene, wi t Fsubstibetedranybraayb C2F5/(ENQGB2P@ abRP@AOIDO of a

netal -1igand c C I | 1 | n.a liquid

medi um t hat al ggmé% aigér?g %%ﬁ%rﬁegp?g?&%gxgégsggSlsft’&g&g ‘#I gand. The
processes nay psubstiteteddydrpearkon radivel, Reuthesslkyl er pmd) agetate,i n a

cont i nuous gas acetyplaetetonate; 8§04 BF4, RFe; NOgf NO3bCH30\ GHeeBHCHIgus |iquid

catal yst recycl

processi ng techint dus G ‘3’@%@1‘22‘?& ANERO, Nitg i OB o
processi ng t eclnpaerelefi nsSdtqle pretrplebing, tetrahydref umn,caml/ﬁmhbmalt i quid
catal yst recyclig ofcé\)(x‘éé%%fﬁﬂdﬁ'st%ﬂd&ﬁﬂﬁh% 1éssy&@£§ mr;ﬁ*eﬂarab term

porm 51 bl o nydFet 81 SEHGHPET oERArE e N wlgRb e BEne or
nore substitut e@t!db'Stmsdl beve et wed umadnarse effert ancaltalyst perfgtmanceal Itohol s
possessi ng i nt g5 ppéfepked intile MBEANIFaN @pleP cAaBy78H HYArSform§HfiRdd t ut ed or
unsubsti tuted r})éactlé salha%%geasctl(\)rg cggariyse\tstbler}gee &eha(iogen and sulfur directly

bonded to the metal, although such may not be absolutely necessary.

Preferred metal-ligand complex catalysts include rhodium-

organophosphine ligand complex catalysts and rhodium-

organophosphite ligand complex catalysts.

The number of available coordination sites on such metals

i1s 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,



more substituted or unsubstituted al kadienes to one or nore  substituted
or unsubstituted pentenals. In general, the hydr of ormyl ati on step or
stage conprises reacting one or nore substituted or unsubstituted
pent en- 1- ol s wid bydpddgbon nonoxi de and hydrogen in the preseatasoinsssd
catal yst to produce one or nore substituted or unsubstituted

6- hydr oxyhexanal s or reacting one or nore substituted or unsubstituted

al kadi enes wi th carbon nonoxi de and hydrogen in the presence of a

catal yst to produce one or nore substi#dted or unsubstituted pentenals.
The hydrofornyl ation reacti on m xtures enpl oyabl e herei n include any

sol ution derived fromany correspondi ng hydr of ormyl ati on process that nmay

contain at |eas&c§&9ﬁk§f§?}}lﬁho§ hineb Q4/cl Al f181=@PlphEBhRide8dr edi ents or

(I;(é_rrr})aggg'; 86 8I49 tnaraﬁ:ylphosphmes rlcycloaqﬁolcx))hosphmes, and trjaryiphosphines,

hydr oxyal dehydealkyl am'lr‘beaedrl dipbelphinessamd bisphbsgene mampdides; asavelbt
optional ly free, gﬂh &E&ﬁ@s%oﬁ%ﬂm AtZle &&9@%{]{%}& gid catalyst
and said free I| % S.Corres n‘P ri)gﬁpféirrployed
and/ or produceoﬁﬁg‘fﬂt%ﬁmﬁ}/ of Fﬁ?‘]lsé’tl 08t #idcdLarke ® onic

hydr of ornyl at i oaimd aadtof goaternary enﬁhmmnngmmimdsahndﬁhe like. (3 douese By

"free ligand ig m%tkﬁfcﬂwpﬂ%Q&Q&H%ﬂshgﬁ@Q‘tf:ﬂg%du-mpﬂ%n&RHE& exed wi th

(tied to or conpl ex
catalyst. It isonganpehespiinesHay bFﬁ&PS"tlhtte hf;ﬂéﬁseﬁeés withhapy suitablet | on
m xture conposisibzetisueiqthay dobenbicurdulycaiverselyaffoctrohlel desivellireswlbiofti N m nor

anount s of addlé WRlro fO%E&UI&E;%Ch? clim%s I'EQR&!%} \gg}ﬂ:&ﬂ Selther been

deliberately enp ess o orrred in situ
during said progeplpyableintbedy ?om}atmvgwe@etlewgd{qﬁpeMSafvrsﬂl% present
i ncl ude unr eachegavdtidd drekesiviicolohrtor al kadi ene starting material ,

carbon nonoxi de and hydrlﬂﬂ?ﬂaﬁ%@ﬁorfarﬁ%phgsﬁlifxé'lifggﬁﬁ‘sagn&)yﬁ’@ products, such

represented by the formula:

Rl
P/ R!
\Rl
)

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(0)R2; carboxy radicals such as —

C(O)ORZ; acyloxy radicals such as —OC(O)R2; amido radicals such as
—C(O)N(R2)2 and —N(R2)C(O)R2; ionic radicals such as —SO3M
wherein M represents inorganic or organic cationic atoms or radiecals;
sulfonyl radicals such as —SO2R%; ether radicals such as —ORZ;



as saturated hydrocarbons and/or unreacted isonerized ol efins
corresponding to the unsaturated al cohol or al kadiene starting mterials,
and high boiling liquid al dehyde condensati on byproducts, as well as other

i nert co-sol Wote7kotee nNeterials or hydrocarbon additives, if~goRb .
The catal ysts useful in the hydrofornylation process incl udlte met a@ﬁ?ga’n’d

conpl ex catalysts. The perm ssible netals which mnake up the netal -1i gand
conpl exes include Goup 8 9 and 10 netals selected fromrhodi um (Rh),
cobalt (Co), iridium(Ir), ruthenium (Ru4g- iron (Fe), nickel (N),

pal | adium (Pd), platinum (Pt), osmum (Gs) and mxtures thereof, with the
preferred netals being rhodium cobalt, iridiumand ruthenium nore

preferably rhodi cohal t an r%p especi.ally rhodiu The

perni ssi bl e |i GRRAYY ?F‘i?gi%?u s 21 %glfﬂ%5ﬁ%‘ﬁ?lf5§bﬁg@ﬁ§‘g]§rzg%§noar seni ¢
and or ganoant i mellas halpgedsnitos, cyane,urfdrhmetiof], ang lefdroap rydicals, _
OrEanoph?ﬁphor;A%d'ﬂ}ﬁ?ﬂ%?vahe}'gﬁx @fchl rmza;m:v?d‘mg% PRGN Sarht gRNDS whi ch
make u e nmetal.- i gand, conpl exes. i.ncl ude or ophosphi nes, e,g., nono-,
di- t Pi . and d?}’ferent\ﬁ%ggﬁ\&eggﬁ unsubstituteg monogra en@ hy Eocarbon radigal,

PCT/ US97/ 06849 with the proviso that in amino substituents such as <48{R2)9, each R2

Pol - (or ganophdicrl Pahefpih S0 3RRBRE Y d o toagiodiaPh thef frpmts
i ncl ude, for erdmierocyeligradiptiovithdhemitrogen gtovo pindspramidoes, ani no
phosplhi neﬁ ?nd sb?@tiﬁielﬁts sSéh hé oioom«%%graﬁdssMRg)dzé@mm%achmlﬂﬂde, Pf ?r t
Aopl | cat o SePPRRSAGE N s 9B ge By Erpeertliivar riiveosliybepricaln ncladec  osur o
of which is i ne@.pmethydetiel cprophl; bubyleamd tiee like.xIllusteatite asiradicapands may
T gand and suck aRabatel 5*#%“%5%%%‘%5?}%“993%?@%@?@ﬂ?&”@%’%ﬁ{'i on 15
not intended t&B&% IPWHS}EE&YX’rFaémPt nyﬁ)f“?ﬂépb%’i‘)fﬁ gthogyphenyl,
or ganophosphor phehoxpphinydrhydresyplenylwarbafyphlehyl, srifluvordmethnigierdydat t he
successful  practdibexPdthlyiPifenyl Bid Bl o B8Ry Aimethylcarbamylphenyl, tolyl,
xylyl, and the like.
Ilustrative 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 (4S,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'



depend and is not predicated on the exact structure of the netal-1igand
conpl ex species, which may be present in their nononucl ear, dinuclear

and/ or higher nuclearity forms. Indeed, the exact structure is not known.
Al t hough it | swi¥sbddbended herein to be bound to any theory perruser/06849
mechani stic discourse, it appears that the catalytic species may in its
sinplest formconsist essentially of the netal in conplex conbination wth
the ligand and carbon nonoxi de when used. The term "conpl ex" .
as used herein and in the clainms neans ad4goordi nati on conpound forned by
the union of one or nore electronically rich nolecules or atons capabl e of
i ndependent exi stence wth one or nore electronically poor nolecules or

at oms, each of_vmhgéhylhﬁg }gﬁgﬁgﬁbﬁ?ﬁéﬁ}l%@ﬂ%gmg’ﬁm st ence. For

exanple, the liga a retn, i.e. . orggnophosphorus |igands,
may possess one daphewdpboifﬁagmr )l?iﬁa%‘wlaﬁ%?(&tﬂ% 4ravi ng one avail abl e

or u gs hared paiflucrbpkémydiplusphidvntdthglibiphenipl, xapntghos, tHixhntpliosg a
chelation it D iptRaRphJpRREDAE cee LisRBRBL Y tbsbfio Helrottng + V! @
classified as is(diphrnylphesphinereiheppeanesas well asothe alkel apdialkakige net al .
The ultimate ceEpelshidtalnsalis éfhxlfonapidtrisitsndliptadspitiesnt.gq of Gt-ai-n an

S(;?iargioggal i gans%lfo%hgnyl)m&rp?l%@ax% o?&n-asmfgﬂhér?jhSdﬂﬂXé&Q-ﬁhQ%plh}&F/%\?/\Po 6849 .

-44-  coordi rtheilde-sites or nuclear charge of the nmetal. Illustrative
addi tional |igands incl udeore ghartichRirBg eNuétehtividmetal-orgahbphosphing

A A A Y
or unsubst i t utindludgde.gc 4hbemdisalgsedin UsS.PatentNoal &HR7.809a4.318,838¢ et at e,
ECi:I(EI etyl ac 34 &zc[ate <ra,r4,§ﬁ,f:86;ll 4,2851532{4,405’5&13}5 4]482N%f4’[8]6r1}m 2694 1cr@,r|[ g\l rl CN)’o
R R R
triol efins, tetréppithationNp, 9530680 publiched November 36, L1y ket 0 be

under st ood that dif@osifebbewhisiestmcaFporlted drei by refefe@Reof any additional
organic ligand or anion t Iﬁlte omggggplpo%&)ﬁ&@s l-tlrllaet 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:



catal yst and have an undue adverse effect on catal yst performance. It IS
preferred in the netal -1igand conpl ex catal yzed hydrof ornyl ati on

reactions that the active catalysts be free of halogen and sulfur directly
bonded t o t hewakabooo al t hough such may not be absol utely nec 106849
Preferred netal -1igand conpl ex catal ysts include rhodi um organogﬁgsphihe

| i gand conpl ex catal ysts and rhodi um or ganophosphite |igand conpl ex
catal ysts. The nunber of avail able coordination sites on
such netal s is well known in the art. -4Bus the catal ytic species may
conprise a conplex catalyst mxture, in their nononeric, dineric or

hi gher nuclearity forms, which are preferably characterized by at | east
one phosphor us-contai ni ng nol ecul e_conpl exed per metal, e.g., rhodium
As noted above, it is considered tha® the catal ytic species of the
preferred catal yst enployed in thg/h formyl ation reacti on may be

conpl exed with carbon nonoxi de and\@yﬂwogen in addition to the

or ganophosphorus ligands in view of ©he carbon nonoxi de and hydr ogen gas
enpl oyed by the hydrofornylation reaction 1 Anmong t he

or ganophosphi nes that nmay serve as the Ilgaﬁﬁ of the
net al - or ganophosphi ne conpl ex catal yst and/or free or ganophosphi ne Ilgand

of the hydrof okhératnl R& ré bh2Mh Shbdtithted oﬁﬁﬂédusﬁﬂu@ﬁw nt 2l €

L o1 9anoPhOSPRl eerhi ALJSAIPARBRAL B omy s B A8 SRV LRNOSENL SR,

PCT/ US97/ 06849 such as trivalent acyclic and trivalent cyclic radicalsy.g., tnvalent
fll cycl FEI Ikylhar wilgh %@ﬂtcﬁ@éﬂs sk |a9%h3éé| dirived ﬂbﬁsmlzﬂﬁ%net ropane
riaral kyl p os ric i nes iar
al kyl and/ or a QEPB E’h ﬁé@?@%ﬁ@?ﬁﬁ?ﬂ@am& %@é 55“’ as
ionic tri organﬁrpmiw ydrmysyclohexame, Andshe tike. Smehc noi ety sel ect ed

from the saltsnQincstdriph6saites mal Hé%@ﬁaﬁdbk&u@éa % gRbtd RARN00EC  acid
and of quater & .8 "BRGnt N %rg)é%“ Q&? '‘the thc&osure oF whic lSCl(I)IléIOrI'Sp%rated

herein by reference.

Representative diorganophosphites may include those
having the formula:

R4/ \P oO-W
\ /0
11D

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 (I1I)
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



any of the hydrocarbon radicals of such tertiary non-ionic and ionic
or ganophosphi nes may be substituted if desired, wth any suitable
substituent that does not unduly adversely affect the desired result of

t he hydrof or ")6*&5 J8bbo’ €action. The organophosphine |igands eoplsyxdess in .
the hydrofornyl ation reaction and/or methods for their preparation are

known in the art. Il1lustrative triorganophosphi ne |Iigands may
be represented by the formula: [err] wherein each R err] is the
sanme or different and is a substituted od9nsubstituted nonoval ent

hydr ocarbon radical, e.g., an alkyl or aryl radical. Suitable hydrocarbon
radi cals may contain from1 to 24 carbon atons or greater. Illustrative

substi tuent o1 qogichbat Feall§ BRARe, &0 | MtyRiY| allgtirisbey aliglonts, e. 0.

al kyl radicals oXY, ¥a |ca Si | s _such oS err])[err]
ani no radical s @EEWDQSNX Hepe Whﬁ?%‘x P‘Xéfqﬁegl%l’? %‘@’st‘&‘ﬁ% err]; carboxy
radi cal s such agnsubstiEhtaR[reondvalemyhyirpcarbonaativa, adhylese-Soake) GR{Oer r];
am do radical s asnlif%ic?éalkge QLDhERAR, 8 enbiiRR) QD Bere pitbel @R MBS Such as
-Sg err] Mwherern |no anlcl ga ‘:1 8]?
radi cal s; sul f aeyelie %1I5§"§Lﬂ39| gﬁ'{‘ﬂ"ﬁ[ ’r‘?s%‘{ ?s 1568°8% s such as
-ORlerr]; moreRAIB7 e400R0U.S. Patent Nos. 3,415,906 and 4,567,302 and the
PCT/ US97/ 06849 like, the disclosures of which are incorporated hereih‘g?\y‘ reference.

Illustrative divalent aromatic radicals include, e.g., arylene,

bisarylene, arylene-alkylene, arylene-alkylene-arylene, arylene-oxy-

arylene, arylene-NX-arylene wherein X is as defined above, arylene-S-

arylene, and arylene-S-alkylene, and the like. More preferably .R4 isa

divalent aromatic radical such as disclosed more fully, e.g., in U.S.

Patent Nos. 4,599,206 and 4,717,775, and the like, the disclosures of

which are incorporated herein by reference.

Representative of a more preferred class of
diorganophosphites are those of the formula:

Ar—0

(CHaly \
((EH2) y /

Ar—O

P—O—W

av)

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 R5 is the same or different and represents
hydrogen, alkyl radicals having from 1 to 12 carbon atoms, phenyl,
tolyl, and anisyl, RS represents hydrogen or a methyl radical, each R7



sul finyl radicals such as -SOR[ err]; sulfenyl radicals such as -SR2 as
wel | as hal ogen, nitro, cyano, trifluoronmethyl and hydroxy radicals, and
the like, wherein each R2 individually represents the sane or di fferent
substituted ogygkmbdest i tuted nonoval ent hydrocarbon radical, pe. X@;ﬁk@@e
proviso that in am no substituents such as -N(R2)2, each R2 ? T
toget her can al so represent a divalent bridging group that forns a

het erocyclic radical with the nitrogen atomand in am do substituents
such as C(ON(R2)2 and -N(R2) C(O) R2 each_ggz2 bonded to N can al so be
hydrogen. Illustrative al kyl radicals include, e.g., nethyl, ethyl,
propyl, butyl and the like. Illustrative aryl radicals i nclude, e.g.,

phenyl , napht hy r hen

benzoyl oxyphenylF’thgar oet hog?%%& iﬁlﬁ‘e%e%eq% %’&Hﬁ{g%g %7 é ical
phenoxypheny! , 4ffiFoaRalwe of Ocorr hoRyen wganqnhosphxmm

net hoxyet hyl ph@yhterahﬁhﬂm gophangl Pafhmmhma’émﬁlrmbﬁ%mt

xylyl, and the cixk%ﬁgs res ofwbH%}%fa)ﬁe inch orriaé cgﬁ%r\é?@ %{%' Soeo ganop%osphl nes

|nclude e.g., uhen H€ne, tris-p-

met hoxyphenyl phosphi ne, )hqps"eiﬁ-nﬁatme éphwophgsﬂhtesanay mduqbe those

chl or ophenyl phagtthg €he Fornsuldi met hyl am nophenyl phosphi ne,
propyl di phenyl phosphi ne, t-butyl di phenyl phosphi ne, n-

but yl di phenyl phosphi ne, n-hexyl di phenyl phosphi ne,

cycl ohexyl di phenyl phosphi ne, di cggBohexyl phenyl phosphi ne,

tri cycl ohexyl phosphi ne, tribengl %Iésphl ne, DIOP, i.e., (4R 5R-(-)-OC

i sopropylidene-2, 3-di hydr oxy- R (di phenyl phosphi no) but ane and/ or
(4S,5S)-(+)-0isopropylidene- 2 hydr oxy- 1, 4-

bi s(di phenyl phosphi no) but ane andpéé (4S,5R)-(-)-0Oisopropylidene-2, 3-

di hydr oxy- 1, 4- bi s(di phenyl phosphi no) but ane, substitugeg or unsubsti tuted
bi cyclic bisphosphines such as 1, 2-bis(1,4-

cycl ooctyl enep 8 i

cyel ooct yl enephosajélx{]ngga{ﬁ qgtheligxgg o?h%qergnt and is a substituted or

cycl ooct yl enepﬂ%ﬂhﬁt{%&fﬁﬂdﬂww hydroparben reditahe: gy an a)kyl or aryl

cycl ooct yl eneplradizal. nshﬁhbmdﬁuﬁhﬁohtﬂaﬂﬁﬁls)fnayrb‘éﬁbﬁh'ﬂ‘éﬁxtho@tﬁ( 2,2 -

WO 97/ 40000 carbon atoms or greater and may include those described above ?T ﬁ)§97/ 06849

in formula (I).

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

Rg/o\ : _—O\P_ 1
~ P

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



-47- di phenyl phosphi nonet hyl ) bi phenyl such as bis(2,2'-

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

f I uor ophenyl ) phosphi nonet hyl } bi phenyl , xant phos, thi xant phos,

bi s(di phenyl pRpgphidesw f er rocene, bi s(diisopropyl phosphi no) f ermorarsaresssy .
bi s(di phenyl phosphi no) rut henocene, as well as the al kali and al kal i ne
earth netal salts of sulfonated triphenyl phosphines, e.g., of (tri-

sul f ophenyl ) phosphi ne and of (m sul fophenyl)di phenyl - phosphi ne and t he
i ke. More particularly, ilblistrative netal -organophosphi ne
conplex catalysts and illustrative free organophosphi ne |igands I ncl ude,
e.g., those disclosed in U S. Patent Nos. 3,527,809; 4, 148, 830;

4,247,486, 4, 283i{ben tﬁnﬂQQa%suﬂut‘éﬁ%rmubémﬁﬁédQ:i&movélefiﬁ4 109;
4,742,178, 4,85

Appl i cation No. gf%‘@ﬁé@” 7“%‘2@% r?ﬂfa} t(iéz4i‘égc§i {md e iéggéures of

whi ch are incor ﬂmrt.hbsdnweaxedlﬁemntrambeanhdmve a value of 0 to 6, witie the
%?ZPOE?SZﬁQLLg ph @B %hn%esrdfﬁ ofd {2 %Hsgﬁdgfqdz@sfarzg Ofcourse 1t ‘he
processes and ra3q %Hnﬂgﬁﬁﬁ‘t‘f%kﬁ(ﬁ'\e afive p 851“?‘&‘? ﬁ%‘g‘aﬁe of the
achiral (opti calragicahamlyi hecthecsaneor diffefremt, landlvirlyerabﬂiasegvalypef&rmd are
wel I known in the, artae Rloradlcagfnag zﬁﬁpﬂg £ 9RQfRGRARNI tes that may

serve as the Ilgan rgangp |t mpl. ex al yst and/or -
free  organophosphite I i BaRressntath ‘@W&%S‘F é?’lllba“iaéﬁé? ?‘M TQFAZRQR e
starting materi aridghng radioalsrgprephtaiby Xésas dellragaeppdeapititedivalent
triorganophosphi 5,%%&@9 SRR, é%%ﬁ&}@ g{ﬁ abfe. %gﬂm%@ﬁabyaﬁ | i gands

AL b ooyt o e e U,
i ncl ude those Jllgpleng, dyBlballoylene,airylene, blsarjd‘&élﬂrﬂ'm&galkylene, and
PCT/ US97/ 06849 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 RO 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.

Illustrative preferred organopolyphosphites may include
bisphosphites such as those of formulas (VII) to (IX) below:

o

— 2
(VII)



-48- [err] wherein R err] represents a substituted or
unsubstituted trival ent hydrocarbon radical containing from4 to 40 carbon
atons or greater, such as trivalent acyclic and trivalent cyclic radicals,
e.g., trival eqioslbaehene radicals such as those derived from, T/USS7/06849
1,2,2-trinethyl ol propane and the like, or trivalent cycloalkffene radi cals
such as those derived from1, 3,5-tri hydroxycycl ohexane, and the |ike. Such

nonoor ganophosphites may be found described in greater detail, e.g., in
U S. Patent No. 4,567,306, the disclosur&2f which is incorporated herein’
by reference. Represent ati ve di organophosphites may i ncl ude

those having the formula: [err]

(rrer) wherein R err] represents a substituted or unsubstituted dival ent
hydr ocar bon radi cal containin rom4 to 4Q_carbon atons or greater and W
represents a substituted or ungpt®styHf uted nopoval ent hydrocarbon radical
containing from1l to 18 carbon atons greag er,.
Representative substituted and unsubsti Prte@t-#noval ent hydr ocar bon

radi cal s represented by Win tlhe abovefornuia (I11) include al kyl and
aryl radicals, while representjglifepSubsti tuf ed and unsubstituted dival ent
hydr ocarbon radi cal s represented by R err] n%l ude di‘\'/rﬁ&)ent acyclic

radi cals and divalent aromatic radicals. |llustrati ve(
o O0—R'®
-
R9\ >P—O—-X-'—O-—P<
O 0—R!° (IX)

wherein each R9, R10 and X1 of formulas (VII) to (IX) are the same as
defined above for formula (VI). Preferably, each R9 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 (XI1I):

Ar—0O.

|
(GHa)y \
(CHy)y /

| Ar—0

P—Ot+Xx!

X)



WD 97/ 40000 PCT/ US97/ 06849
- 49- di val ent acyclic radicals include, e.g., alkylene,

al kyl ene- oxy- al kyl ene, al kyl ene- NX- al kyl ene wherein X is hydrogen or a
substituted orwowsgedest i t ut ed nonoval ent hydrocarbon radi cal , pcT/US97/06849

al kyl ene- S-al kyl ene, and cycl oal kyl ene radicals, and the |ike. The nore
preferred divalent acyclic radicals are the dival ent al kyl ene radicals
such as disclosed nore fully, e.g., in US. Patent Nos. 3,415,906 and
4,567,302 and the like, the disclosures @8-which are incorporated herein
by reference. Illustrative divalent aromatic radicals include, e.g.,

aryl ene, bisarylene, arylene-al kyl ene, aryl ene-al kyl ene-aryl ene,

aryl ene-oxy- arylene, arylene-NX-arylene wherein X is as defined above,
arylene-S- arylene, and aryl ene-S-al kylene, and the |ike. Mre preferably

R4 is a divalent aromatic radical such as disclosed nore fully, e.g., in
U.S. . Patent Nos. 4,599,206 gpd 4, 717, 775, and the like, t% iscl osures of
whi ch are incorporated hereim by erence. epr esent ati ve

of a nore preferred cl ass oﬂ?ﬁbﬂiorg ophosphites are tjbse of the formula:
[err]

— 1 (1'V)
wherein Wis as defined abov?}'ﬂ each Ar i Pt h%‘i%neo&" ifferent and
represents a substituted or ((gﬂggb;i/(e/z aryl radical xiich y is the
same or different and is a valué 0 or 1, Qrepresents div?$ent
bridging group selected froMrg®err])[err]-, -0, -S, -KRFBT]-,
Si(Rerr])[err]- and - (XD

(XII)

wherein Ar, Q, R9,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(R5)o- wherein each R 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,
R and R19 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



CO., wherein each Rerr] is the same or different and represents

hydrogen, alkyl radicals having from1 to 12 carbon atons, phenyl, tol yl,
and anisyl, R6 represents hydrogen or a nmethyl radical, each R7 WO
97/ 40000 WO 97/40000 PCT/ uso7/ g i
- 50- Is the sane or different and represents hydrogen or g%?%”‘ﬂ‘“’
radical, and mis a value of 0 or 1. Such di organophosphites are descrl bed

in greater detail, e.g., in US Patent Nos. 4,599,206 and 4,717,775, the
di scl osures of which are incorporated he#din by reference.

Representative triorganophosphites nay include those having the fornula:
[err] (V) wher ei n each

R8 is the sane Iﬂfen?léct{eefa‘ﬂ%alé‘ﬁgwh?c}?tm& Exftg%guﬁ Feprdd gtﬂertam ed

bl
nyar ocar bon 1 adc L (R oREA s Haiel e cater an

Lor 1ar %E
phenylgne radisals iy greater and
may .i ncl ude t hqmeltmmdﬁnabade attheeofthe oy iatomgbﬂmléﬁwrﬁu(a's)that

i ar
I T
[err] ormulas. t 1s also preferred that any substituent radxca] when
present on such phenylene radicals be bonded in the para and/or ortho
position of the phenylene radicals in relation to the oxygen atom that
bonds the given substituted phenylene radical to its phosphorus atom.

Moreover, if desired any given organophosphite in the
above formulas (VI) to (XII) may be an ionic phosphite, i.e., may
contain one or more ionic moieties selected from the group consisting
of:

— SO3M wherein M represents inorganic or organic

cation,

— PO3M wherein M represents inorganic or organic

cation,

— N(R11)3X2 wherein each 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 inorganic
or organic anion,

~— CO2M wherein M represents 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 metals, e.g., lithium, sodium, potassium,



(v wherein X err] represents a substituted or unsubstituted n-val ent
hydr ocar bon bridgi ng radical containing from2 to 40 carbon atons, each
Rlerr] is the same or different and is a dival ent hydrocarbon radi cal

cont ai ni ng frowod7u4mesl0O carbon atons, each R err] is the sanercmuseriosssd WO
97/ 40000 PCT/ US97/ 06849
-51- different and is a substituted or unsubstituted nonoval ent

hydr ocarbon radical containing from1 to 24 carbon atons, a and b can be .
the sane or different and each have a val-68 of 0 to 6, with the proviso
that the sumof a + bis 2 to 6 and n equals a + b. O course it Is to be
under st ood that when a has a value of 2 or nore, each RO radi cal may be

the same or dif teyighl rubidiuit)eslchu gbardumd mi@nebiuin @hd stiftRimoeh Rl err]
radi cal may al sg_he t.he same or (yffer n resentative

T. . .
vl ot o ot o RmiRoifi SRS HudfemsTk Amoniug catiphs, RegPBERER opy asent ed
by X-err], as weations argqniugeeationsandiiminiem: cationgdSedtabboanicaiti cal s

represented by BPmalaneludeNfdretantint udfet6, dafbondtd dpleciphadd) hitriEat i C
radi cal s, such as ,al kyl eragﬁgglg I Ei e- Qm al kyl ene, cycl oal kyl ene,
=al Kyl

aryl ene, bi saryPE&fare. 28 e, and
aryl ene- (CH err]) [ err] - Qn©f @nijree mny[ofthe RY; R18X2 madi Antalicaladf sueh | i ke,

wherein Q M 3BM.i¥nid e dASnRreRRCHRAPKRE OF folrRiTH aéi) '&/Xm BBy €
preferred acycl i cbr%g%gal g Jﬁﬁeseated by X err an}a‘s err| above are
Gi val ent al kyl e b6 Stheiiated fjderersthny ¢ PRESIMSHAEIR AL Cal s
represented by FHoerx 1jto 30xadbiatims thatrdoed notihadulyeadierady afdcbitear yl ene
radical s, such @gsired result of the hydroformylation reaction. Substituents that may
be on said radicals in addition of course to corresponding hydrocarbon
radicals such as alkyl, aryl, aralkyl, alkaryl and cyclohexyl
substituents, may include for example silyl radicals such as -Si(R12)g;
amino radicals such as -N(R12)2; phosphine radicals such as -aryl-
P(R12)9; acyl radicals such as -C(O)R12; acyloxy radicals such as -
OC(O)R1Z; amido radicals such as -CON(R12)9 and -N(R12)COR12;
sulfonyl radicals such as -SO9R12; alkoxy radicals such as -OR12;

sulfinyl radicals such as -SOR12; sulfenyl radicals such as -SR12:
phosphonyl radicals such as -P(O)(Rlz)z; 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, aryl,
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)5 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.



disclosed nore fully, e.g., in US. Patent Nos. 3,415,906; 4,567, 306;

4,599, 206; 4,7
5, 364, 950, and

69, 498; 4,717,775; 4, 885,401; 5,202,297; 5,264,616 and
the like, the disclosures of which are incorporated

her ei n

by reference. Wy gougnt at i ve nonoval ent hydrocarbon radi cal srcx‘ﬁ;ﬁﬁo@ﬁ?”t ed
radl ca S. B

by each R err

[l1lTustrative p
such as those

(M1)

PCT/ US97/ 06849
(M 11)

| above include al kyl and aromatic radrca

referred organopol yphosphites nmay include bi sphosphites

of formulas (M) to (I X) below [err]
WD 97/ 40000 -56-
-52- [err]

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,
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; alicyelic radicals such as eyclopentyl,
cyclohexyl, 1-methylcyclohexyl, cyclooctyl, cyclohexylethyl, and the
like; alkoxy radicals such as methoxy, ethoxy, propoxy, t-butoxy, -
0CH20H200H3, -(OCHzCHz)zOCHs, -(OCH2CH2)3OCH3, and the
like; aryloxy radicals such as phenoxy and the like; as well as silyl
radicals such as -Si(CHg)3, -Si(OCHg)g, -Si(C3H7)g, and the like;
amino radicals such as -NHg, -N(CHg)g, -NHCHg, -NH(CgHg),and the
like; arylphosphine radicals such as -P(CgHs)2, and the like; acyl
radicals such as -C(O)CHg, -C(O)CoHjp, -C(O)CgHjp, and the like;
carbonyloxy radicals such as -C(O)OCHg and the like; oxycarbonyl
radicals such as -O(CO)CgHjp, and the like; amido radicals such as -
CONH,, -CON(CHg)g, -NHC(O)CHg, and the like; sulfonyl radicals
such as -S(0)gCoHg and the like; sulfinyl radicals such as -S(O)CHg
and the like; sulfenyl radicals such as -SCHg, -SCoHj, -SCgHjg, and
the like; phosphonyl radicals such as -P(OXCgHg)g, -P(OXCHg)o, -
P(O)XCgHg)g, -P(OXCgH7)g, -P(OXC 4Hg)o, -P(OXCgH{3)9, -
P(O)CH3(CgHjp), -P(O)YH)XCgHs), and the like.

i 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'-bipheny}-
2,2'-diyl)phosphite having the formula:



G Neh

(+X) wherein each Rerr], Rerr] and Xerr] of fornulas (VIl) to (Ixfﬂﬁ?é
the same as defined above for fornmula (VI). Preferably, each R err] and

X[ err] represents a divalent hydrocarbon radical selected from al kyl ene,
aryl ene, arylkggovnadebd/! ene-aryl ene, and bi saryl ene, whil e ea®cTREI706849 -
represents a nonoval ent hydrocarbon radical selected fromal kyl and aryl
radi cal s. Phosphite |igands of such forrmulas (VI) to (1 X) may be found
disclosed, e.g., in said US. Patent Nos. 4,668, 651; 4,748, 261; 4, 769, 498;
4,885, 401; 5,;202,297; 5,235,113; 5,254, 7487- 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 nore preferred
cl asses of organobi sphosphites are tbg§e of the following formulas (X) to
(XI1): [err] CH,-¢-CH, (X)
WD 97/ 40000 CH, PCT/ US97/ 06849
-53- CH,-C-
53-. [err] CH,0 O O\ 3-C-CH,
P—O OCH,
p, 3
CH,0 O
,C-CH,
CHy CH,
Ligand A

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

CH,
CH,-C-CH,

ol O
\

p—o-cu,
O

,C-CH,
CH; cH,

Ligand B

6,6'-[14,4'-bis(1,1-dimethylethyl)-[1,1'-binaphthyl]-2,2"-diyl}bis(oxy)]bis-
dibenzold,fl{1,3,2]-dioxaphosphepin having the formula:



(1)

(XI1) wherein Ar, Q Rerr], Rerr], Xerr], mand y are as defined
above. Most preferably X err] represents a dival ent

aryl - (CH err ] wg (CHerr])y-aryl radi cal wherein each |V|duaIIy
has a val ue o?bogé@mi; m has a val ue of O or 1 and Qis _écrm%mw
-C(R[err])[err]- wherein each Rerr] is the sanme or different and
represents a hydrogen or nethyl radical. Mre preferably each al kyl

radi cal of the above defined R err] groupg-may contain from1l to 24
carbon atons and each aryl radical of the above-defined Ar, Xerr],

Rlerr] and Rlerr] groups of the above formulas (VI) to (XII) may contain
from6 to 18 carbon atons and said radi be the sane or di fferent,
while the preferred al kyl ene radi cal/s py contain from 2 to 18
carbon atons and the preferred al ky of Rlerr] may contain
from5 to 18 carbon atons. In additig Rl y the dival ent Ar

radi cal s and dival ent aryl ra@h%gb- E&nggove formul as are

(" oD

Ligand C

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

formula:

OCH; OCH;

CH,\ @ @ _c r

CH3 CH3
CH3
P SN
/ \ / P. \

Ligand D

8,6'-[[3,3',6,6'-tetrakis(1,1-dimethylpropyl)-[1,1'-biphenyl}-2,2'-
diyl]bis(oxy)]bis-dibenzo[d,f]{1,3,2]dioxaphosphepin having the
formula:



WD 97/ 40000

PCT/ US97/ 06849 - 54- phenyl ene
radicals in which the bridging group represented by -
(CHerr])y-(QwosGidpmor])y- is bonded to said phenyl ene radi cCRCHUSI06849
positions that are ortho to the oxygen atons of the formulas that connect
t he phenylene radicals to their phosphorus atomof the fornulas. It is

al so preferred that any substituent radical when present on such phenyl ene
radi cal s be bonded in the para and/or ort#8- position of the phenyl ene
radicals in relation to the oxygen atomthat bonds the given substituted

phenyl ene radical to its phosphorus atom Mor eover, if
desired any given organophosphite igyfhe abovenfornulas (V1) to (XI) may
be an ionic phosphite, i.e., maeyEQP+Ei N onE-oLHBMe ionic noieties

- SCIerr]MV\,hereln M
. cati on,

ni c C
%v'- gach Rlerr] is the
sent s %ydr ocar bon radi cal

sel ected fromthe group con5|st|ng cﬂy
represents inorganic or organic

PJ err] M wherein Mrepresent r
gL

sane or di fferent

contai ning from cH 1 5 \Qon afohs, e. g, alkyl, aryl,
al karyl, aralkyl, /Ps.nd cycl o,?lIFRg(I radicals, and X err]
represents inorganic o) -
CJerr]Mwherein Mrepresents in ani

cation, as described, e.g., in : , ; 5, , ,
5,114,473 and 5,449,653, the d s Al kﬂ‘ i ncorporated herein

by reference. Thus, if desired, such phosphite |ligands may contain froml
to 3 such ionic noieties, while it is bLEF@ﬂﬁ%d that only one such ionic
noi ety be substituted on any given aryl noiety in the phosphite | i gand

when the |igand bcgnﬁ%ng P@chﬁﬁlgﬁnl-ﬁﬂﬁeﬁ%&hpﬁq $. lﬁ% Yi3-2Ap. sui tabl e

counter-ions, e an ﬁe |oh|c phosphi t es

there can be nerﬂlvﬂhﬁépmmfb@mn@[dé] 1e3, k- @iospphospheritah#oRg BF the alKkali

and al kal i ne earfobmud:als, e.g., lithium sodium potassium
CHa ,CHa
CH,—C C—cH,
CH:,/ CH,4
CHs @ @ CHs
H,—C v~ CHs
CHa/ O @) CH;,
/ ~N
/P\ ~ P~

OQUC

Ligand F

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



WD 97/ 40000

PCT/ US97/ 06849 - 55- cesium
rubi dium cal cium barium mgnesiumand strontium the anmoni um cat i on,
quaternary amngghMsgogat i ons, phosphonium cations, arsoni urg‘fﬁéggg,ﬂﬁ%?@nd
i mniumcations. Suitable anionic groups include, for exanp ate,
carbonat e, phosphate, chloride, acetate, oxalate and the I|ike.

O course any of the Rlerr], Rerr], Xerr] and Ar radicals of such _
non-ioni ¢ and ionic organophosphites of fgptrmulas (VI) to (X |I) above may
be substituted if desired, with any suitable substituent containing from1l
to 30 carbon atoms that does not unduly adversely affect the desired
result of the hydrofornylation reaction. Substj %ents that may be on said
radicals in addition of course toc'iao,r Qb‘tmdlﬂg ydrocarbon radicals such
as al kyl, aryl, aral kyl, alkaryl and GMC| oTlewI substituents, may include
for exanple silyl radicalgHgOEdCas F R[erﬁ)])[err;]c~,;.+3)2 Lno radicals such
as -N(R[err])[err]; phosphine d|6al such s - afa - R12) 2; acyl

radi cal s such as - C(CHRER).cey! di cal s su \aS 4 c(@qg,p)ﬂ err]; amdo
radicals such as -CON(R[ err]) [tet a0d -N(Rer])eesRerr]; sulfonyl
radical s such as -SQerr]Rerr]; Jak i cays{such as -CR[err]

sul finyl radicals such as -SCR[ \ 4 4 cal s such as -SR[err]
phosphonyl radicals suckk% CHY R[ er r‘Q_‘ as wel | as, hal ogen, nitro,
cyano, trifluoromethyl, Hy roxy r adi cal 5‘9 he31Q*HeC2HMer ein each R12
radical is the sanme or different and r% Pts a nonoval ent  hydrocar bon
radi cal having from1l to 18 carbon at fie g., alkyl, aryl, aralkyl,

al karyl and cycl ohexyl radicals), with the proviso that in amno

subst i tuentsdsmhﬂﬁ) -di [, R @3' 15) §' detrhkistdit-Bleyls 1, 1';1&5]39:;&1@9%,%& gan ?I so. )
represent a di rms a heterocyclic radical wt
t he nitrogen a %hl%ﬁg}ﬂrfosﬁﬂitg%ﬁﬁrg%ﬁa%&?fm{] s such as - C(ONRerr])[err]
and -N(Rerr])COR[err] each R err] bonded to N can al so be hydrogen. O
course it is to be understood that Cﬁg,y of ¢ %ltut ed or unsubstituted
hydrocarbon radi cals groups that nake™ /a paé I cular given

or ganophosphite nmay be the sane o&(cq_bff Hent . C(CHa)s

(CHysC °" C{CHy)s
C(CH3)3

(CHyC CICHYs " oy,
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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-56- More specifically illustrative substituents include
primary, secondary and tertiary al kyl radicals such as nethyl, ethyl, n-
propyl, |soprqg?§W“ﬁN;yl sec-butyl, t-butyl, neo-pentyl, n-lpexsiso7os8e ,
sec- anyl any I so-octyl, decyl, octadecyl, and the like; aryl radicals
such as phenyl, naphthyl and the like; aral kyl radicals such as benzyl,
phenyl et hyl , triphenylnethyl, and the |ike; alkaryl radicals such as
tolyl, xylyl, and the like; alicyclic radigdals such as cycl opentyl,

cycl ohexyl, 1-nethyl cycl ohexyl, cyclooctyl, cyclohexylethyl, and the

| i ke; al koxy radicals such as nethoxy, ethoxy, propoxy, t-butoxy, -

OCH err]CH err]OCH err], -(Ci}ﬂerr% [err])[err gﬁH[err]

-(CCH err]CH err])[err]OCCH err], a .{he CHoi k yI oxy radicals such as
phenoxy and the like;, as well as silyl agradt ¢crl s such as
-Si(CHerr])[err], -Si(OCHaHEEMLr ], |(C[C9|rr]H[ GGty ], and the
like; am no radical s such as -k [err -NHCH[ err],

-NH(C[err]Herr]),and the gyldke; WOT osph| {i cglsoHych as

-P(Cerr]Herr])[err], and the MNKe;, agyl rad)call Such as -C(OCH err],

-C(Oderr]Herr], -C(O)C[err]H[er 1 car bonyl oxy radicals

such as -C(O OCH err] and the |i kg kA rAadi cal s such as

-QcOderr]Herr], and the Iiéﬁ; do radlc. s Such as - CONH err],
_cON(CH err])[err]. -NHC(O CH &9, andzHsEHOe; s@F¥onyl radicals  such

as -S(C»[err]C[err]H[err] and the |ike; _su yl radicals such as

-S(OCH err] and the |ike; sulfenyl r;ﬂg%%dg such as -SCH err],

-SClerr]H err], -SCerr]Herr], and the |ike; phosphonyl radlcals such as

-P(O err]H er ¢ L err
PE og E g[[ et } H% er@}% eHlim 2 E% g)c? g[ai«@f,?t}%lesssr ﬁmg} rfi(ﬂ(ﬁbﬁ&ﬁ}lbi-ﬁa 1)lerr],
-P(O) ([ err] H erPqoykip °sph1?f(%3> She Frerdet [ et 1),

-P(O (H ((err]Herr]), and the like. Specific
| t I f h h lo ds include th

;Olrz rﬁglve exanpl es of suc organgp OSQH# oHgands i ncl ude the

2- -b tyl - 4- met hoxyphenyl (3, 3" -di -t - bucyl 5 Gme met hoxy- 1, 1' - bi phenyl -

2,2'-diyl)phosphite having the f ymp C(CHa)a

o— P—
C(CHa)z
ClCH3 o,
Ligand J

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



WD 97/ 40000 PCT/ US97/ 06849

-57- [err] Li gand A

met hyl (3, 3" -di-t-butyl-5,5"-di met hoxy-1, 1'-biphenyl-2,2'-diyl)phosphite
havi ng the f opgdrae0eber ] L6
6,6'-[[4,4" -bis(1l ,1-dimethylethyl)-[1, 1 -binaphthyl] e robies
-2,2'-diyl]bis(oxy)]bis-

-62-
CH%" ChHy CH3

CH CH
(C"h)s
CH4CHo0 O- P
C(CHa)s

CHLCH.0

C(CHg)z
O OCH,CHy

C(CHa)s 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:

ChHay,
%\, /CHQ ,CHS

CH CH
(CHa)y 9 9 C(CHa)a

CHaCH, o-f -0 6 CH,CHg
o N /

C(CHg)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:



di benzo[d,f] [1, 3, 2]-di oxaphosphepi n having the formul a: WO

97/ 40000 PCT/ US97/ 06849
-58- [err] Ligand C 6,6"-[[3, 3" -bis(
1, 1- di et hyl etWol9y/4@p&' - di net hoxy-[ 1, 1' - bi phenyl]-2, 2" - PCT/US97/06849

di yl ] bi s(oxy)]bi s-di benzo [d,f] [1, 3, 2] di oxaphosphepin having the for mul a:
[err]

-63-

Chsy, ,CHp P
CH “GH
S(CHs O o C(CHga
o-P
o)

C(CHg)s

Ligand M

CHZ0

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-yl] oxy}-4,8-
bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo[d,f][1,3,2]dioxa-
phosphepin having the formula:

-OCH3 OCH3
(CH3)3CC(CH3)3
C(CH3)3 /
CH30 C(CHg)s
P p©
CHZO O o ~o C(CHa)s
C(CH3)s
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:



Li gand D

1, 1- di net hyl pr opy [
di yl ] bis(oxy)] bis-dib
WO 97/ 40000 wo 97740000

-59-

[err]

,6'-[[3 ,3,5,5 -tetraki s(
1)-[1, 1 -bi phenyl]-2,2'"-
enzo[d, f][1, 3, 2] di oxaphosphepi n havi ng t he

Li gand E

PCT/ US97/ 06849 PCT/US97/06849

f or mul a:

6,6'-[[3,3,5 5 -tetrakis( 1,1-dinmethylethyl)- 1,1'-bipheny] -2,2'-
di yl ] bi s(oxy)] bi s-di benzo[d, f][1, 3, 2]-di oxaphosphepi n havi ng t he

-64-

OCHjs OCH3
(CH3)3C C(CHaz)s

O Q

C(CHg)s /
ol yor |\,

6-[[2'-{(5,5-dimethyl-1,3,2-dioxaphosphorinan-2-yl)oxyl-3,3"-bis(1,1-
dimethylethyl)-5,5'-dimethoxy(1,1'-biphenyl]-2-ylloxy]-4,8-bis(1,1-
dimethylethyl)-2,10-dimethoxydibenzold,fl{1,3,2]dioxaphosphepin
having the formula:

OCHy OCH,4

(CH3)3CC(CH3)3
O o
C(CHj)5 /
cHyo¢ o ]

cHo<_) o/

O—-CH,, _.CH

SO

O—CHZ CH3
Ligand P

2'-{[4 ,8-bis(1,1-dimethylethyl)-2,10-dimethexydibenzo[d,f}(1,3,2]-
dioxaphosphepin-6-ylloxyl-3,3'-bis(1,1-dimethylethyl)-5,5'-

dimethoxy[1,1'- biphenyl]-2-yl bis(4-hexylphenyl)ester of phosphorous

acid having the formula:



formula: [err] Ligand F (2R 4R)-di
[2,2'-(3,3,5,5'-tetrakis-tert-anyl-1,1'-bi phenyl)]-2,4- pentyldi phosphite

havi ng the fornmul a: WO 97/ 40000
PCT/ US97/ 0684 Sw0 97/40000 -60- [err] PCT/US97/06849
-65-
OCHz OCHj

(CHa)sC 0 O C(CHa)s

O 0]
C(CHa)a / \
cHao<_) o] 0 D cHascH
P
e N
cHso{! -0 0-¢_H-(cHascHs
C(CHa)s
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:

CH3 OCHs

(CHa)C CHZ@ C(CHa)s

0o o)
C(CHg)s /
CH,O O O

P

P

Ve
AN
chyo<_ D o o—@
C(CHa)s
Ligand R

3-methoxy-1,3-cyclohexamethylene tetrakis[3,6-bis(1,1-dimethylethyl)-
2-naphthalenyl]ester of phosphorous acid having the formula:



Li gand G _
(2R, 4R)-di[2,2'-(3,3",5,5'-tetrakis-tert-butyl]-1,1"-bi phenyl)]-2, 4-
pentyl di phosphite having the formula: [err]

Li gand H WO 97/40000 _ P $97/06849
(2R 4R)-di[2,2'-(3,3 -di-anmyl -5,5" -di net hoxy-1, 1' - bi phenyl )]-?,. -
pentyl di phosphite having the fornul a: WO 97/ 40000
PCT/ US97/ 06849 -61- [err]
-66-
(CH3) | é C(CHa)
O p—0 O—P
cHac<!_) C_M-ciong)
-2 2
Ligand S

2,5-bis(1,1-dimethylethyl)-1,4-phenylene tetrakis[2,4-bis(1,1-
dimethylethyl)phenyllester of phosphorous acid having the formula:

C(CH 3)3
(CH 3)30'@_ O—P O Oo—P 0‘@‘ C(CHj)s
C(CHa) C(CHg)s C(CHg),
Ligand T

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

@-CHg
14
(CHs)ch- o——+p —@c«:ns)s

C(CH 3)3 C(CH3)3 ,

-

Ligand U

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



Li gand | (2R, 4R)-di[2,2'-(3,3 -di-tert-butyl-5,5"-dinet hyl -

- bi phenyl )]
Li gand J

(2R, 4R) - di [ 2, 26 $@40@o0- di -t er t - but yl - 5, 5' - di et hoxy- 1, 1' - bi pheBgIr)s97/0@844-

PCT/ US97/ 06849

-2, 4- pentyl di phosphite having the forrmula: [err]

pent yl di phosphite having the fornmula: WD 97/ 40000
-67-
cmo@— P OCHa
C(CH3) C(CH3)3 5
Ligand V

Still other illustrative organophosphorus ligands useful in
this invention include those disclosed in U.S. Patent Application Serial
No. (D-17459-1), filed on an even date herewith, the disclosure of which
is incorporated herein by reference.

The metal-ligand complex catalysts employable in this
invention may be formed by methods known in the art. The metal-
ligand complex catalysts may be in homogeneous or heterogeneous
form. For 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-organophosphorus 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, RhgOg, Rh4(CO)19, Rhg(CO); 5, Rh(NOg)g 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



-62- [err] - Ligand K
(2R, 4R)-di[2,2'-(3,3" -di-tert-butyl-5,5"-diethyl-1,1"-biphenyl)] -2, 4-
pentyl di phosphite having the formula: [err]

Li gand L WO 97/40000 . pC _
(2R 4R)-di[2,2"-(3,3 -di-tert-butyl-5,5' -di methoxy-1, 1' - bi ph&GVIy] 06882, - -

pentyl di phosphite having the fornul a:

-68-

that carbon monoxide, hydrogen and organophosphorus compound are
all ligands that are capable of being complexed with the metal and that
an active metal-ligand catalyst is present in the reaction mixture
under the conditions used in the hydroformylation reaction.

More particularly, a catalyst precursor composition can be
formed consisting essentially of a solubilized metal-ligand complex
precursor catalyst, an organic solvent and free ligand. Such precursor
compositions may be prepared by forming a solution of a metal starting
material, such as a metal oxide, hydride, carbonyl or salt, e.g. a
nitrate, which may or may not be in complex combination with a ligand

as defined herein. Any suitable metal starting material may be
employed, e.g. rhodium dicarbonyl acetylacetonate, RhoOg,

Rh4(CO)q9, Rhg(CO)1 g, Rb(NOg)3, and organophosphorus ligand

rhodium carbonyl hydrides. Carbony! 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
ligand, as well as their preferred embodiments present in such catalyst



WO 97/ 40000 PCT/ US97/ 06849

-63- [err] Ligand M  6-

[[2' -[(4,6-bis(1,1-dinmethylethyl)-1,3,2-benzodi oxaphosphol -2-yl) oxy] -

3,3 -bis( 1, 1-wioewadopd et hyl ) -5, 5' - di met hoxy[ 1, 1' - bi phenyl | - 2-POTIUSIXQ484%] | 8-
bi s(1, 1-di met hyl et hyl)-2, 10-di nmet hoxydi benzo [d,f] [1,3,2] dioxa-
phosphepin having the fornula: [err]

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

1- di et hyl et hyl ) - -69- _

precursor compositions may obviously correspond to those amounts
employable in the hydroformylation process of this invention.
Experience has shown that the acetylacetonate ligand of the precursor
catalyst is replaced after the hydroformylation process has begun with
a different ligand, e.g., hydrogen, carbon monoxide or
organophosphorus ligand, to form the active complex catalyst as
explained above. In a continuous process, the acetylacetone which is
freed from the precursor catalyst under hydroformylation conditions is
removed from the reaction medium with the product aldehyde and thus
is in no way detrimental to the hydroformylation process. The use of
such preferred rhodium complex catalytic precursor compositions
provides a simple economical and efficient method for handling the
rhodium precursor metal and hydroformylation start-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 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 such as metal-bound halogen (e.g.,
chlorine, and the like) although such may not be absolutely necessary.
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.



5,5" -di met hoxy[ 1, 1' - bi phenyl ] -2-yl]oxy] -4, 8-bis(1,1-dinethylethyl)-2,10-

di met hoxydi benzo [d,f] [1,3,2] di oxaphosphepin having the fornul a:

WD 97/ 40000
-64- [err]

WO 97/40000

PCT/ US97/ 06849

6-[[2"-[(5,5-dinethyl -1, 3, 2-di oxaphosphori nan- 2-yl ) oxy] -

dinethylethyl)-5,5'-d|nethoxy[l 1' - bi phenyl]-2-yl]oxy]- 4 8 bIS(l, 1-.
di met hyl et hyl ) - 2, 10- di met hoxydi benzo[d, f] [1,3,2] dioxaphosphepin having

the formula: [err] -70-

As noted the hydroformylation reactions involve the use of
a metal-ligand complex catalyst as described herein. Of course
mixtures of such catalysts can also be employed if desired. Mixtures of
hydroformylation catalysts and hydrocarbonylation catalysts may also
be employed if desired. The amount of metal-ligand complex catalyst
present in the reaction medium of a given hydroformylation reaction
need only be that minimum amount necessary to provide the given
metal concentration desired to be employed and which will furnish the
basis for at least the catalytic amount of metal necessary to catalyze
the particular hydroformylation reaction invelved such as disclosed e.g.
in the above-mentioned patents. In general, the catalyst 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
hydroformylation reaction conditions and solvent employed.

In general, the organophosphorus ligand concentration in
hydroformylation 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
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 rhodium metal) may

Li gand OP 7S TI06849



Ligand P 2'- [[4 ,8-bis( 1,1-dinethylethyl)-2, 10-di methoxydi benzo [d, f]
[1, 3,2]- dioxaphosphepi n-6-yl]oxy]-3,3 -bis(1,1-dinethylethyl)-5,5"-

di met hoxy[ 1, 1' -

havi ng the forwobaaceo WD 97/ 40000 PCT/US97/06849

PCT/ US97/ 06849
Ligand Q 2-[][

bi phenyl ] -2-yl bi s(4-hexyl phenyl)ester of phosphorous
-65- [err]

2-[[4,8,-bis(1, 1-di nethylethyl), 2,10-di nethoxydi benzo-

-71-

also be present in the hydroformylation reaction medium. The free
ligand may correspond to any of the above-defined phosphorus-
containing ligands discussed above as employable herein. Itis
preferred that the free ligand be the same as the ligand of the metal-
ligand complex catalyst employed. However, such ligands need not be
the same in any given process. The hydroformylation reaction may
involve up to 100 moles, or higher, of free organophosphorus ligand per
mole of metal in the hydroformylation reaction medium. Preferably
the hydroformylation reaction is carried out in the presence of from
about 0.25 to about 50 moles of coordinatable phosphorus, and more
preferably from about 0.5 to about 30 moles of coordinatable
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
rhodium 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 hydroformylation reaction at any time and in any
suitable manner, e.g. to maintain a predetermined level of free ligand
in the reaction medium.

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 or alkadienes 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.,

acid



[d,f] [1,3,2]dioxophosphepin-6-yl]oxy]-3-(1,1-dinethylethyl)-5-
met hoxyphenyl ] met hyl ] - 4- met hoxy, 6-(1, 1-di net hyl et hyl ) phenyl di phenyl
ester of phosphorous acid having the fornmula: [err]

Ligand R  3- %) oo 1. 3- cycl ohexanet hyl ene POT/USOT/06849 .
tetrakis[3,6-bis(1,1-dinmethylethyl)- 2-naphthal enyll ester O?Tpﬁ’ospﬁorous
aci d having the fornul a: WO 97/ 40000
PCT/ US97/ 06849 -66- [err]

-792-

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
catalysts are particularly advantageous for producing one or more
regioisomeric aldehydes in high selectivity, as determined by the pore
size of the zeolite. The techniques for supporting catalysts on solids,
such as incipient wetness, which will be known to those skilled in the
art. The solid catalyst thus formed may still be complexed with one or
more of the ligands defined above. Descriptions of such solid catalysts
may be found in for example: J. Mol. Cat. 1991, 70, 363-368; Catal.
Lett. 1991, 8, 209-214; J. Organomet. Chem, 1991, 403, 221-227;
Nature, 1989, 339, 454-455; J. Catal. 1985, 96, 563-573; J. Mol. Cat.
1987, 39, 243-259.

The rhodium catalyst may be attached to a thin film or
membrane support, such as cellulose acetate or polyphenylenesulfone,
as described in for example J. Mol. Cat. 1990, 63, 213-221.

The rhodium catalyst may be attached to an insoluble
polymeric support through an organophosphorus-containing ligand,
such as a phosphine or phosphite, incorporated into the polymer. Such
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



Ligand S 2,5-bis( 1, 1-dinmethylethyl)-1,4-phenylene tetrakis [2,4-bis(1,1-
di met hyl et hyl ) phenyl ] est er of phosphorous acid having the forrmula: [err]
Ligand T nethyl enedi -2, 1-phenylene tetrakis[2,4-bis(1,1-

di et hyl et hyl b emnsbodoest er of phosphorous acid having the fompewhsprdessor] . -
Ligand U [1,1 -biphenyl]-2,2"-diyl tetrakis[2-( 1,1-dinethylethyl)-4-

nmet hoxyphenyl | ester of phosphorous acid having the fornul a: WO
97/ 40000 PCT/ US97/ 06849
-67- -73-

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.

When the rhodium catalyst is in a heterogeneous or

supported form, the reaction may be carried out in the gas phase.
More preferably, the reaction is carried out in the slurry phase due to
the high boiling points of the products, and to avoid decomposition of
the product aldehydes. The catalyst may then be separated from the
product mixture by filtration or decantation.

The hydroformylation reaction conditions may include
any suitable type hydroformylation conditions heretofore employed for
producing aldehydes. For instance, the total gas pressure of hydrogen,
carbon monoxide and olefin or alkadiene starting compound 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 olefin or alkadiene starting
compound 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 1500 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 process 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
about 3000 psia, and preferably from about 8 to about 1500 psia. In
general, the molar ratio of carbon monoxide to gaseous hydrogen may
range from about 100:1 or greater to about 1:100 or less, the preferred



[err] Li gand V

Still other illustrative organophosphorus |igands useful in this

i nvention include those disclosed in U S. Patent Application Seri al No.
(D-17459-1), $Hloadeda an even date herewith, the disclosure ,g@

i ncorporated herein by reference. The netal-llgan conp?ex
catal ysts enployable in this I nvention may be fornmed by nethods known in
the art. The netal - | i gand conpl ex catal ysts may be in honbgeneous or

het er ogeneous form For instance, pref-@dmed netal hydri do-carbonyl -

or ganophosphorus |igand catal ysts nmay be prepared and introduced into the
reaction mxture of a hydrofornylation process Mor e preferably, the

met al - organOphmrMSnbmaamd QéHQJs Mfdla%fe&fb beihg ik aBGE: From a
nmet al cat al yst ecur sor m be |n roguce nto t reactlon medi um

for in situ fof 'icﬁpé‘ft %ﬁ?@’arhodlum

cat al yst precupsesssreuwill be dlepemtiantudlpm't bnrthé partinday batadgstagsiem
Rh[err]Jerr], ¢ dl(CO)[err] Rh[err] (CO[err], Rh(qurr])[err] and the
| i ke may be intr duced |€ %the reaction nlxture aloug wth t

or ganophosphor us | i gand ¥8fPamoppxidemartia}l peassure sto ‘hbeééiﬁq}%ﬂt forat al yst .
In a pref err edtiethpdicfemhylationhieaction,eng., ohan uhsstivrated fﬂt:&ﬂﬂbﬂmd

acet yl acet onat ﬁ%?‘?gﬁm ﬁq:o%c@r ‘ripggla#@qu%@%ulysa%)rﬂgﬂgpgen liaclad in the

presence of a s ar ganop orm a
catal ytic rhodP{ﬁﬁﬁBFﬁM gat forghad Y yla loﬁrr@egh%tomuch i s

i ntroduced i nt at ahactepably rate dng notidd lghehat hy&%genﬁﬁi&ﬁaﬂbmm us .
ligand for the f&o&%a&%@eﬁ?ﬂ?& &1??0 %E#Q{Fed 1sgx%e1as| Sedrs! R ANy event, it

is sufficient ({3 I nven
understoo that carbon monoxxde and hydrogen can be employed

separately, in mixture with each other, i.e., synthesis gas, or may in
part 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 may be
employed, 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 penten-1-ols to undesired isomers may
occur.

Of course, it is to be also understood that the
hydroformylation reaction conditions employed will be governed by the
aldehyde product desired.

In the penten-1-ol hydroformylation step of this invention,
the penten-1-0l hydroformylation reaction can be conducted at a
penten-1-ol conversion and/or carbon monoxide partial pressure
sufficient to selectively produce the 6-hydroxyhexanals. In the penten-
1-ol hydroformylation reaction, the penten-1-0l conversion may be
complete or incomplete, and the partial pressure of carbon monoxide
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PCT/ US97/ 06849 - 68- t hat carbon
nonoxi de, hydrogen and or ganophosphorus conpound are all ligands that are
capabl e of beiwgampbexed with the netal and that an acti vecTresYabesks gand
catalyst is present in the reaction m xture under the conditions used in

the hydrofornyl ation reaction. More particularly, a catal yst
precursor conposition can be formed consisting essentially of a .
sol ubilized netal -1igand conpl ex precurs®dr catal yst, an organic sol vent

and free ligand. Such precursor conpositions may be prepared by formng a
solution of a netal starting material, such as a netal oxide, hydride,

carbonyl or sal {yaeh@higher oflbwét thantheCihrtiaY ppésstiPy of IDfdrogen &s conpl ex
conmbi nation wt as defined herein. Any suitable netal starting

a Ly d
mat eri al may belaes‘@?hﬁ €. e.g. rhodi um di carbonyl acetyl acetonate,
Rh[err]Jerr], Rh[ er r | (T} hydrdfeormylasion|readioreis dlso ponidugted i therr], and
or ganophosphor U?r%ée&%@ Af wak&0sH AMTHEANROBO etV LR fet4BH tordpléx

or ganophosphoru I, gands f not. alre conpl exed with the initial
netal, may be cGﬁiﬂlg‘i&&Pq fee i‘ﬁﬁﬁgngeé’?naﬁd%t@ {%R%%CP@A%‘%“WS%P? during

t he hydr of or nyl atactants employed, suitable organic solverdg inelpdef for lekamplert i on, t he
preferred catal b dryk (21 136} Nty ISt S
Bssent i ally of SXCBPLL AR al_‘*?ﬁ%%%ﬁ{é#"c%f B o it DA
conpl ex pr ecur s@ldehydgicangensationgypradpcts etphes eﬁgﬁ&rﬁﬁ%pﬁ?ﬁ‘%ﬂ i gand
prepared by f aniineg, srofcititsiamd the 1ikeo dnyrsuiitalie solvent sddtly Heesebatnat e, an
organic sol ve ' J | phosphor us
ligand readil 3‘3‘92'%? %&%ﬁﬁnﬁtﬁﬁ’ﬁyﬁgs %ﬁa{eﬁP%gﬁg’ﬁ?’g g‘p’?hodi um

e
acet yl acet onat er%%wnesarb%wg%dandr SOLHRDLT ﬁiﬁ}’r’é“’ﬁ’é’ OP®ssed by the
evol uti on of cadi@iosedimreidforgasmnitnly esuployed int kwown eeettal catalyzedy be

facilitated by BeAbfgmbiiigholddttiofs. MixiaR ddne dindrdl difibhdht soR/ediddi ©
solvent in which“bo e rhodi.um dj carbonyl acetylacetonate [ | ex
precursor and r FRRY bee égﬁﬁﬁf*-ug‘g?’g%ﬁh%‘ gard to ﬁ@@ﬁ?@‘b‘g@‘re
sol ubl e can be efipldehgdes, This praferned toémploydaldehydecanppamndsat al yst

precursor, organi .0l VARk +5PHe IARBYAL BARRINES BSsired (0¥ FroddtedBhi/ogS their
preferred errbodlhr_‘rg};lfg bo@lrixexg gﬁeﬂyﬂe ?llﬂ;%gd nggji%ﬁion byproducts as the main

organic solvents as is common in the art. Such aldehyde condensation
byproducts can also be preformed if desired and used accordingly.
Tllustrative preferred solvents employable in the production of
aldehydes 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.
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conpositions may obviously correspond to those anmounts enpl oyabl e in the

hydr of or ny| a{ygysgepcess of this invention. Experi ence hapeftisygsdabat  t he
acetyl acetonate ligand of the precursor catalyst is replaced after the

hydr of or myl ati on process has begun with a different ligand, e.g.,

hydr ogen, carbon nonoxi de or or ganophosphorus ligand, to formthe active
conpl ex catal yst as expl ai ned above. I78-a continuous process, the

acetyl acetone which is freed fromthe precursor catalyst under
hydr of ornmyl ation conditions is renoved fromthe reaction nediumw th the

product al dehyde and th lxﬁb'&hﬂléf?zt‘ﬁﬂhé‘ Venbiat E&m i
hydr of or myl ati on roceslsh.% aﬂée uge .0 sucﬁ; S? t&?ﬂgﬁ%ﬁg | ur%,l%%:?r%l ex

catal ytic predGREMN BURIRFSRAY AADsistf ppeframareiqnid phaseh 5§ &aPoland
efficient nettud 4 nonpeladiphage.tSwch probextes arpoften ndoantugbods mndor

hydr of orny| at 'eg:?nﬁ;lé‘,r%hﬁpating lpﬁoduct:s from cat]aﬁ‘éﬁgﬁqyd}qjeX%tahtkeb tal -1igand
conpl ex catal ysts used I n e_process _or ‘this nvention consists
essenti al | y ofPartisiopiginto eithexphase Inpdditions predusy selerdeitiesd a | i gand,
sai d Ihi lganddbeiepfgndepda@ﬂﬁedow@m@mdés m@ytﬂaalnamaaéd b carhveg ahed anflf or
non-chel at e . the ' ' .essentially
of ', as used the ﬁgéée}'lhér%?irﬁ%fg%es%"teenéx(ﬁr}lu%%‘?ft%yégrog? lesr?%%(}l&u%’g%s,_ eydr ogen
conpl exed wi t trqueousrphase hydrafermaylationsy olefinsariadkadienescemployaig t he |i gand.

Further, | S lsﬁlfghatdd ; éﬂﬁp&ﬁ@ﬁ{(ﬂ%@{or@ié tltdsmluhh@auagfss.i ml Ppriok¥ssOf t ﬁt Pﬁr
organi € I dandsS,an or anl ons ..M al,S0 e 0 exed,w e
neeal C var SRPRA SREOR poRRRE Y e e BT A B EABREXTE Lnauly
deacti vat e t hereparation ofaldehydeschesanstihe preducts mar be sepanased fnom
desirably is fth@@aﬁbﬁﬁm aRiraatit® e Gh agafRitlvaitudtdiabaiger, (. 9.,

Ty oot e A R R et A0
catal yst may [szpgeteddntbespiabilized ih mqueousciohetion ga e aldehsde hydrates.
precursor catalyst and/ s dscAbéd® hitdinOfhel ghosphérdsidomBaindily ligagd fordue to
the hydrogen qnd8aRaR KTBROFLUSI ARRE SR 265 hohain a6 OhSkib 8 ' 0"

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-

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.
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As noted the hydrofornylation reactions involve the use of a netal -1igand
conpl ex cat al wb oxgopdescri bed herein. O course m xt ures ofpcas97/06849 . .
catal ysts can also be enployed if desired. M xtures of hydr of or nyl ati on
catal ysts and hydrocarbonyl ation catal ysts nay al so be enpl oyed if
desired. The anpunt of netal-ligand conplex catalyst present in the
reaction medi um of a gi ven hydrof ornyl at i-fr r eact i on need only be that

m ni nrum anount necessary to provide the given nmetal concentration desired
to be enployed and which will furnish the basis for at |east the

catal yti c amount of netal g esthddiment 6fiha! process of ARisAAVERtioN, aarn

Q%g\r/gf ?nrem/: gtn:agg erf E{h ngkg%g&r\ér%gﬁe%%og% vﬂlﬂ? ﬁn%ns% teated Spog‘ﬁf °"can range
from-several paﬁﬁéﬂ diene Wllngltgﬁ abgve:desaribiedyag tgabﬁ ceipjex catalysts.

Organ0p|hOSph0rusnls]yaaes@escaﬂam |d@¥i@dtﬂvao1f|ﬂl@eakﬁ‘{x€isf£?§8 x%aﬁﬁled igggl ysts
ina nolar ratio,Q 0 s t,0 ab

greater. The cafM ‘?%gghce,&‘ﬁéf%ﬁ E%%%F oﬁé’eﬂé‘ﬁ?ﬁﬁj ﬁ"t °‘md that

hydr of or nyl at i othe ea&aﬁu@ate\dcﬂimhql oeacts hel form asnmpéeupw@ﬁreﬂxe metal more I n
gener al thetorg apiel aﬁ@hwx;ﬁgnlmﬁg?ggﬁ%@w&e d(;):;?e foMﬂggaﬂmcgﬁlghetlon
reaction mxtures ya}.nﬁn tﬁcﬂ]ts cabout . . 0.

percent based oﬁ ng frg 1 R corain of th B%ure. Preferably the
| i gand concentration is bbMivwes of diffeverd dé&finicweiajkadipre strtingand nor e
preferably is bg{#eaacRN e ngﬁyéadlf%lgsxremh%k 'i’ﬁﬁ)?ﬁxg?& idd1at basis.

In general, the concent tlon élg! "‘31@ 2%9 dr rné/l ation
reaction m xt ur ERGHM %f? }H’Fg‘ﬂ 5By a"HHH%aCE‘QPS lion by

wei ght or great ewdsﬁbdusnfulfwthepgd»duc@fontdféi hydreaghéxzmals iyure. Preferably

the metal conceg Hﬁifbﬁﬂyl'a%m%eﬁﬁ/ﬁ@ﬁbﬁg@ 4icohoR4nahd pl‘Q&Qxcggﬂi lﬁecgleﬁ]?% lr ;glnyby

wei ght based on f tion re

i s between abouf® %“&ﬁg%@% to P§e%§?abq¥141 to, {Bn QR GHRS: b‘éﬁ!\é@l‘“&n t he

wei ght of the rismbutyene, ariddntemal olefins containing from 4 to 20 carbon atoms
as well as starting material-mixtures of such alpha olefins and internal

olefins. Commercial alpha olefins containing four or more carbon
atoms may contain minor amounts of corresponding internal olefins
and/or their corresponding saturated hydrocarbon and that such
commercial olefins need not necessarily be purified from same prior to
being hydroformylated.

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,
isoprene, 2-ethyl-1-hexene, 2-octene, styrene, 3-phenyl-1-propene, 1,4-
hexadiene, 1,7-octadiene, 3-cyclohexyl-1-butene, allyl alcohol, allyl



In addition to the netal -1igand conpl ex catal yst, free ligand (i.e.,
I'i gand that is not conplexed with the rhodiumnetal) may WO

97/ 40000 PCT/ US97/ 06849
-71- al sowRpe7Rpgeent in the hydrofornyl ation reaction nmegium é@ﬁ free
| i gand may correspond to any of the above-defined phosphorus- co ?nlhg
| i gands di scussed above as enpl oyable herein. It is preferred that the
free ligand be the sane as the ligand of the netal - | i gand conpl ex

catal yst enpl oyed. However, such |igands-mgeed not be the sane in any

gi ven process. The hydrofornylation reaction nmay i nvol ve up to 100 nol es,

or higher, of free organophosphorus |igand per nol e of netal in the

o oY L2 BRIl ock S AP iy deEa el NI LIRS O

reaction is carried out e presence o ¥o%about 50
mol es of coor dibvery acelatssymat peopiaprtenalil proprasmge,anethyir om about 0.5 to

about 30 nol es méthaenyidie)aimilethyl ahesp}iﬁymet}geretm engfl ?&bﬁéxéﬁeﬁsent in
or Us

t he reaction f C ord| nat eing the
sum of bot h ¢ nat W%#ﬂ%rf Sy [benhef e BrmeniEr cheahiat pentinln
(conpl exed) t o etdie2-peptrnalidrpaatenal pndgemnfan Phatmm ecd., 21 ee
(non- conpl exed entapmrdllm@bﬁmnemhaﬁm diteRI1EAEMbutélefiOles8. | f desired,

feaction medPARBIERTL, %?%‘%ﬁ%ﬁ BRI bt0 Dissergil st ot b oy
sui t abl e manneitertebuyl styreme,mlpharmetybstyrenayidrtedt-betydialpha-fmathyl i gand i n
the reaction nmggyreqe, 1,3- dnsopropenylber:&éné Niges Blefgoaéﬂ%éﬁol tdfrole, iso-
hydr of ornyl ati gn taI . ter eneous orn1 duri g the
reaction and/ of2 gﬂf mn%}f/’géff%?s"le ﬁPﬁ't ﬂneréﬁa@ﬁ RNt s are
gﬂ( ; :j ::glngg I %/Oadm;l@gaé?rb&;:;s m'gboctald}eireoi:a\mrmbae Jilimalodl, ahéfthe\hk:{] des. so
that the catal ?Zg i:;nlglgl g se g?;?%ﬁizuéfg%?ﬁﬁkﬂdu&?%}% é&?ﬂgt ?at |>/on or
decantation at ‘TSR ERFERS TV ’@MB lﬁheé’él al yst may be
attached to a phppwkketopei4rathenylphenyl-2-thienylketone, 4-ethenyl-2-

fluorobiphenyl, 4-(1,3-dihydro-1-0xo-2H-isoindol-2-yl)styrene, 2-

ethenyl-5-benzoylthiophene, 3-ethenylphenyl phenyl ether,

propenylbenzene, isobutyl-4-propenylbenzene, phenyl vinyl ether and

the like. Other olefinic compounds include substituted aryl ethylenes

as described in U.S. Patent No. 4,329,507, the disclosure of which is

incorporated herein by reference.

As indicated above, it is generally preferred to carry out

the hydroformylation process of this invention in a continuous manner.

In general, continuous hydroformylation processes are well known in

the art and may involve: (a) hydroformylating the unsaturated alcohol

or alkadiene starting material(s) with carbon monoxide and hydrogen

in a liquid 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 unsaturated alcohol or alkadiene starting

material(s); (c) supplying make-up quantities of the unsaturated

alcohol or alkadiene starting material(s), carbon monoxide and

hydrogen to the reaction medium as those reactants are used up; and



the catalyst retains its solid formduring both the hydroformnylation and
separation stages, or is soluble in a liquid reaction nedium at high

tenperatures and then is precipitated on cooling. As an

il lustration, Jheukdagdi um catal yst may be inpregnated onto pamussnics®d . _
support, such as i1norganic oxides, (e.g., WO 97/ 40000

PCT/ US97/ 06849 -72- al um na,
silica, titania, or zirconia) carbon, or ion exchange resins. The

catal yst may be supported on, or intercal-@-ed inside the pores of, a
zeolite or glass; the catalyst may also be dissolved inaliquid film
coating the pores of said zeolite or glass. Such zeolite-supported

catal ysts are pagiicehitednlg/ tiRiaaM ARy dThy dYofteH i Ao BRodlict@Pireany

regi oi soneric al dehydes |n. high sel.ectivit as_det erm. n&eg tb%égx or e
size of the zeomannergegired: Thefon nPBPS%%d;?B? f?rhgefﬁf’%ﬁy Y5 oh"S61 ds,
such as inci pi epasswriodesise., wineréinw vap@eu&mmmsommgmma@wd n the
art. The solid ealkglusied MShAUHRadiRKe StirkingiRateilln %0d vipolizede of
nore of the ligands defin a |

| ove. crigtions, ,of such so cat al ysts
may be found i naidshydgvpeact 13 .reWBT’g%éPf‘? aleagi",“dfﬁf‘c%%%mo‘ﬁé‘}re&qrﬁl . Lett.
1991, 8, 209- 214¢hehce Chgalizhptie ptodunt id 8&byertdRnPRihkaAf unsdtinrated, 1989,
339, 454-455; ak%%%%r q.lé(%%? neg;a@a Y iﬁzéﬁaﬂs), VExlbbon(;ﬂBnoxidé aRd. 39,
243- 259. er%i),lumciiaéit mgy be gtta hzﬂto a.th'*nfilm
or menbrane supydregenaresupplied te the liguid-raaghign G‘Pe‘ﬁm ¢ PEXLEIDNe,
?—ﬁ deﬁ C(r]I i bed i ?pheg tmaghgﬁtﬂ?uﬂ\ﬂdcyc(:ilﬁg thelH0R, act?fg,)ur&hﬂuﬂéd alcohol or ,
e rhodi um cat a . 0 DY YeBEAleSBPPOT

t hrough an or gaﬁ(h)%%%gﬁ%traqugoéﬂ% (ﬁéﬁrﬁgaégg?’q ,su%ﬁ‘er_s % gﬁg@?ﬁu ne or
phosphi te, i ncoepiley agontingouneroseps Hhat invplves e’ﬁbF’yﬁiﬂ%Bﬁ &8%1 i gands
are well known, radidld pidcedieres USlch pesef eécytleypraveiviralaire walicknayen &rs t he
di vi nyl benzene! pal yof Y& Bty irURAYHE I id rBNKL BRSO hiedarighifa Suppor ted
ligand is not |inmted Dby i . .

complex catalyst solution separated from the desired aldehyde reaction

product(s), such as disclosed e.g., in U.S. Patent 4,148,830 or a gas

cycle procedure such as disclosed e.g., in U.S. Patent 4,247,486, as well

as a combination of both a liquid and gas recycle procedure if desired.

The disclosures of said U.S. Patents 4,148,830 and 4,247,486 are

incorporated herein by reference thereto. The most preferred

hydroformylation process of this invention comprises a continuous

liquid catalyst recycle process.

Ilustrative substituted and unsubstituted

hydroxyaldehydes that can be prepared by the processes of this

invention include, for example, 6-hydroxyhexanals such as 6-

hydroxyhexanal and substituted 6-hydroxyhexanals (e.g., 2-methyl-6-

hydroxyhexanal and 3,4-dimethyl-6-hydroxyhexanal) and the like,

including mixtures of one or more of the above 6-hydroxyhexanals.

Dlustrative of suitable substituted and unsubstituted

hydroxyaldehydes (including derivatives of hydroxyaldehydes) include

those permissible substituted and unsubstituted hydroxyaldehydes

which are described in Kirk-Othmer, Encyclopedia of Chemical

Technology, Fourth Edition, 1996, the pertinent portions of which are



the choi ce of polynmer or phosphorus-containing species incorporated into
i't. Descriptions of polyner-supported catal ysts nmay be found in for
exanple: J. Mol. Cat. 1993, 83, 17-35; Chentech 1983, 46; J. Am Chem

Soc. 1987, 1GgQg ofideaes 7127. In the heterogeneo 1@5%%?5
Li’%s

descri bed above, the catalyst may remain in its heterogeneou orm duri ng
the entire hydrofornylation and catal yst separation process. |In another
enbodi ment of the invention, the catal yst may be supported on a pol yner
whi ch, by the nature of its nolecular weigght, is soluble in the

97/ 40000 PCT/ US97/ 06849
-73- reacti on nedi um at el evated terrperatures but preci pi tates upon

cooling, thus f1§8+xjyo}§l¥eﬂr1%r8&t% o %gap%tdasgg h&ég!& hg action m xture.

Such "sol ubl e" ég for exanpl e:
Pol ymer, 1992, "bydromyal dqhyd@ gis t@n&mp ebto Bwludzem@tzsrao)t limited to, 6-

Wen the rhodi uiyd@ai:ﬁ{e@hawam:@ cbali@raeﬂﬁmg}&aﬁas or cligeprsed form the
reaction nmay be carri ed ?}?t | ca&cﬁ ﬁas ﬁté g letpreferabl%‘8 t he
reaction is carried out ipficated,p & Ry drpformpylation rege A¥i ng
poi nts of the pnmmetashqtadccattdyat/mcdcléqu'emet Saxch dfquid t:dmalxatddcwﬂe

al dehydes. The pabalureh af@knbWaksiRes Wikl edlde &I SIS PatBhORIGS! MM xture by
filtration or [ at1 Qn reaction

condi ti ons may fﬁ@%& fQZﬁ’?Géu?’llgﬁ’l@stWes Hi‘& ég gﬁi}l‘% taBre.dBAIFRI ons

her et of or e enplliguid catalyst yecyele procpdaireeityisl ecsmnfeor plans t@cordindduslyt ot al gas
pressure of hyqhagaiittent SRV PPSFHAOARE | kéh&fop%#ﬁﬁﬂé@ﬁ% dfifff t1 ng

10,000 psia.  ePRt @éﬁé?fs?é"%feathgﬁx  GRpRu D PR Gk o af o

ed at a
total gas pre:smpiex citalysts frge ligand; od organixsaleentydsovedf as or al kadi ene

starting pokigts Ip ?é&ctemﬂs%%ytﬂé%mdxﬁ,ﬂa oﬂvég BI ggéb'y I ess

LT cor e e R et
alkadiene starting material, carbon monoxide and hydrogen (syn gas)
dissolved in said medium, from the hydroformylation reactor, to a
distillation zone, e.g., a vaporizer/separator wherein the desired
aldehyde product is distilled in one or more stages under normal,
reduced or elevated pressure, as appropriate, and separated from the
liquid medium. The vaporized or distilled desired aldehyde product so
separated may then be condensed and recovered in any conventional
manner as discussed above. The remaining non-volatilized liquid
residue which contains metal-ligand complex catalyst, solvent, free
ligand and usually some undistilled aldehyde product is then recycled
back, with or without further treatment as desired, along with
whatever by-product and non-volatilized gaseous reactants that might
still also be dissolved in said recycled liquid residue, in any
conventional manner desired, to the hydroformylation reactor, such as
disclosed e.g., in the above-mentioned patents. Moreover the reactant
gases so removed by such distillation from the vaporizer may also be
recycled back to the reactor if desired.

In an embodiment of this invention, the hydroxyaldehyde
mixtures may be separated from the other components of the crude



desired rate of reaction. The total pressure enployed in the

hydr of ornmyl ation reaction may range in general from about 20 to about

3000 psia, preferably fromabout 50 to 1500 psia. The total pressure of

t he hydr of or mav@byeo00ar ocess wi || be dependent on the parti cwcarussgssdoal yst
syst em enpl oyed. More specifically, the carbon nonoxide
partial pressure of the hydrofornylation process in general may range
fromabout 1 to about 3000 psia, and preferably from about 3 to about :
1500 psia, while the hydrogen partial pBtssure in general may range from
about 1 to about 3000 psia, and preferably from about 3 to about 1500
psia. In general, the nolar ratio of carbon nonoxide to gaseous hydrogen

may  range fropeadiivn mikidrds i whichatheraldéhydeauixthirdareqsrodacsd by ARy

grc.el.; 3&&??068 49 suit\e/\\ﬁegryeﬂ)%%q %uitahle separation methods in(_:h?)gt_a, for e%%rpg%en monoxi de

to gaseous hydr sgwenhextgaction,caystellizgtionodistidlation, vaperizaiabpbese 0: 1. The
Car 00 oo, e sl a3 O ot i ok vpacsichiho 1
partial " pr essur Biendt Risike Ao toaRang ibe aidehygl medpsty fonih 6B PREr | on.
e.g., of an unsacantmnaixthcehsltheyt arecformied dhroughethenade dfdrapming agentan

Py of oryl ati of e arinAitlishod FULERECOSoeifibn 1okt PAGRE O <o hi gh
t Kat hyd;nc/)genat 2&??‘6?“%&%@%?2@%& ‘f M?&ﬁt&&ﬁr‘if@%gﬁﬁ MPEYG‘F s to )
undesi r ed i sonemsixtuwres fisom the ptherconhpoatentscofithe icrude metion mixtubesds d

hydrogen can bepgihlifihe %ﬁ;%«g&ﬁl sggi dth batte SephtdbiGiP6ih BE Refievéa ©-
a h

synthesis gas, of may In e nr ction

In sitl un r
condi ti ons. as set out in U gpt N ﬁﬁ&?&@éﬁdm&?@%ﬂf}é}é’%ﬂhﬁy be
conducted at aApphciiiam SeeiapdioaD8/480f790nikddoMiay H)[1605] kothdnadx@otateadO[ err] C
may be enpl oyege &ﬁ%‘}eife?éije){ rom about 50[err]C to about 150[err]C, and

4
nor e r ef er abl fromabot %'err to about 115[err]C. The tenperature
must bg y Ksin iLated]a ove, at the conc uLion o]f?or Juring)tr.ﬂ)e |

process of this invention, the desired hydroxyaldehydes may be
recovered from the reaction mixtures used in the process of this
invention. For example, the recovery techniques disclosed in U.S.
Patents 4,148,830 and 4,247,486 can be used. For instance, in a
continuous liquid eatalyst recycle process the portion of the liquid
reaction mixture (containing 6-hydroxyhexanal product, catalyst, etc.)
removed from the reactor can be passed to a vaporizer/separator
wherein the desired aldehyde product can be separated via distillation,
in one or more stages, under normal, reduced or elevated pressure,
from the liquid reaction solution, condensed and collected in a product
receiver, and further purified if desired. The remaining non-volatilized
catalyst containing liquid reaction mixture may then be recycled back
to the reactor as may, if desired, any other volatile materials, e.g.,
unreacted olefin or alkadiene, together with any hydrogen and carbon
monoxide dissolved in the liquid reaction after separation thereof from
the condensed 6-hydroxyhexanal product, e.g., by distillation in any
conventional manner. It is generally desirable to employ an
organophosphorus ligand whose molecular weight exceeds that of the



sufficient for reaction to occur (which may vary with catal yst system

enpl oyed), but not so high that |igand or catal yst deconposition occurs.
At high tenperatures (which may vary with catal yst system enpl oyed),

| someri zation M8ebeN- 1-ol s to undesired isomers may occu

O course, it“fgsgto be al so understood that the hydrofornyl EETER e i on
conditions enployed will be governed by the al dehyde product desired.

In the penten-1-ol hydrofornylation step of this invention, the

pent en- 1-ol hydrofornylation reaction cargde conducted at a penten-1-ol
conversion and/or carbon nonoxi de partial pressure sufficient to

sel ectively produce the 6-hydroxyhexanals. In the penten- 1-ol

hydr of ormyl ati , e onpl ete or

i nconpl et e, %? hgpﬁgllrht ﬁ]agr e&s%s(;t}iréﬂm?rlg‘éD ggg&%%eg?%i;m%g% ths WO 97/ 40000
PCT/ US97/ 06849 roxyhexanals eing produced in the hydroformylzgion processy be hi gher

OL Iﬁ\/\ﬁr ]Ehan ltmOuhartsuﬁhbwlﬁawy t@éhxﬁh{dé@egﬁﬂv&& extﬁhiﬁiﬂhldied abovef

The hydr of or ny ctiQn is peseceo wat er
or an organic so %/t%méﬁ‘%or t a1 §ﬁ éﬁgeré%‘ﬁg"l %%Para@atthﬁl nd free

li gand. Dependihysironyhexansgls frpcuﬂmrcaéab'at-ygntaanag reactiot mxtmre mpidey ed,

sui tabl e organl&d&@éd/ﬁi-&ssuwawdelow Qémﬁéﬂfﬁi‘é% 50, asoGRAR PossPblganes,

al kenes, al kyn et hers her..boi e e condensati on
bypr oduct s, ket‘%ﬁ@%ﬁ 8?@1 %ﬁ%ﬂ@@i s&’bﬁf‘i‘%ﬂ‘ J%‘?ﬁ%%c%m P)‘yr‘?gPFt(?s and the

| i ke. Any sui taWhensml a'lpha-mhmrhleﬁ@e@antant is alaﬁ&mplaylacbrthela}dehﬁderfer e with
the intended hygfRifveth Py §76 & IR RY such sol vents
may i ncl ude those aQ{jl sc@;'é!sde?dan iﬁ%@rﬁwﬁn&%ﬁgxéﬁﬁzgwmpgnom nmet al
catal yzed hydr of or nmy| a Haég‘ di fferent
solvents  may dmnedpilég&edia produsti frenh themmgtaidigand contplex eatalybtt o t he
production  ofcotglaingproduct sbitRhGhay take pRcs FPLAY saldslyde conpounds

temperature desired. In general, it is recommended that such

distillation take place at relatively low temperatures, such as below
150°C, and more preferably at a temperature in the range of from
about 50°C to about 130°C. It is also generally recommended that such
aldehyde distillation take place under reduced pressure, e.g., a total
gas pressure that is substantially lower than the total gas pressure

employed during hydroformylation when low boiling aldehydes (e.g.,
Cs and Cg) are involved or under vacuum when high boiling aldehydes

(e.g. C7 or greater) are involved. For instance, a common practice is to
subject the liquid reaction product medium removed from the
hydroformylation reactor to a pressure reduction so as to volatilize a
substantial portion of the unreacted gases dissolved in the liquid
medium which now contains a much lower synthesis gas concentration
than was present in the hydroformylation reaction medium to the
distillation zone, e.g. vaporizer/separator, wherein the desired
aldehyde product is distilled. In general, distillation pressures ranging
from vacuum pressures on up to total gas pressure of about 50 psig
should be sufficient for most purposes.

Particularly when conducting the process of this invention
in a continuous liquid recycle mode employing an organophosphite



corresponding to the al dehyde products desired to be produced and/ or

higher boi l'ing al dehyde |iquid condensation byproducts as the main

organi c solvents as is conmon in the art. Such al dehyde condensati on
byproducts canyelssoobe preforned if desired and used accor di regiTyus97/06849 . _
II'lustrative preferred solvents enployable in the production of al dehydes
I ncl ude ketones (e.g. acetone and net hyl ethyl ketone), esters (e.g. ethyl
acetate), hydrocarbons (e.g. toluene), nitrohydrocarbons (e.gqg. .
ni trobenzene), ethers (e.g. tetrahydrofur® (THF) and glyne), 1,4-

but anedi ol s and sul fol ane. Suitable solvents are disclosed in U S. Pat ent
No. 5,312,996. The anount of solvent enployed is not critical to the

subj ect inventi Qigaﬁﬂduﬂ@&irabié}lcﬁﬁ: bhabdacsfef., aijdroke alkil @hospbéribi | | ze

the catalyst ar'%w H%iﬂéd,?été{b%cpxﬂr?Eﬂéaygng&bﬁ 1&@&&¢manm<;ure to

be treated. In roma out 5
percent by weig H?#Me@ oyer the course git "@Fﬂssor e fopmatign oty on the

total weight of shblgbipetideices axdeitably Ideersitha condentiation sftthelligagdmat eri al .

\F’,\gwg 6/83(7)?828 49 Such acids are often insoluble in the reaction mlxtureﬁgud such

In an enbodi nentingfubilidy candead tmprecipitatiny offasy wydeairable gelabimeuson i xt ure
‘may consist of @RersuciBnd mhhydlsd Jﬁhﬁﬁ)% th@aatocataqulafomaamx 6f faethee! ar

phase. Such proces es a ant ageous_i.n separating -
products from cé‘Fﬁf EYP%F&’%%EWB& has osphiife } 1%?%%‘%Segﬁﬁtt§belther
phase. |n addit |pwn¢esp|oﬁﬂun@tms€item have g staudﬁxmgemstmb@fpwwh@
properties may Qﬁch%fd%aéﬁdnb%rcmhw PY@bRith doed B&uieﬁﬁtli@ﬂdlraaéﬂtﬁi sol vent.

An application of_this techn o] hase rof ornyl ati on
of olefins or alcluentfiteamg ﬁ%ﬁﬂn"“’gﬁfﬂﬁ’r‘& BI%' ?Héa ? B?i%fsgyor t he
r hodi um cat al ystpriok tp{ocesse prdarahlyedftcu)tsamraqme thesdﬂsvmh is

particul arly ad\t@ﬂ}@:g@wﬁnapﬁrad%t th&éﬁ'ﬂﬁf %hfdﬂ&hoinﬁéﬂemd%awaﬂﬁe the

:
golo\cjgﬁt S Alrm%/elr)ﬁéﬁji? aLs ea%gferrgg;n sué}leas?gtb X‘)%amxXe%m{)er(i rels{]r;[ %gn or ganl ¢

Amberlyst® A-21, 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-produet 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



al dehydes which tend to undergo sel f-condensation reactions, are expect ed
to be stabilized in aqueous solution as the al dehyde hydrates.

As descri bed herein, the phosphorus-containing |igand for t he rhodium
hydrofornylaﬁkggmﬁﬁbalyst may contain any of a nunber of HB?%

such as cationic or anionic substituents, which wll rende e ca alyst
soluble in a polar phase, e.g. water. Cptlonally, a phase-transfer

catal yst may be added to the reaction mxture to facilitate transport of
the catal yst, reactants, or products inigg.the desired sol vent phase. The
structure of the ligand or the phase- transfer catalyst is not critical
and wi Il | depend on the choice of conditions, reaction solvent, and

desired produ ent

mul ti phasic sys‘t%énfowlamon Br oqess m(rarg"’fhgg pgg%gérlégédi eTi’r’@ 8’ ?fgg& ant s
and/ or pr oduct@lséf'urate@ mmpuaﬁwlmh mayexpgarignee desativasionof

dﬁc antati f) P Ua?alyeaaﬁe e@recomafsi wmeldlaaigfderjﬁmdﬁ@my %pda{zmt dort mtDLe 4
phases; alternatiyv reat ed. a e en
of the reacti JffP B{}aetl‘%} fm’%%f n‘]fJ‘éthrc?%?‘l gﬁaéﬁoﬁ cgg%ﬂﬂl%@ﬂe\?@ﬁ?mtco separ at e
the products fsobshiliped rh@hum -grganoBelyphpsphitecomplex cotalystrad:nt No.

3\0 18% iggoot hexldésydeOsroaict)the iMipréverhént RHPMAhELAFIGE hi'sdy T ef erence.
PCT/ US97/ 068 4graponzat10n separation in the presence of a heterocychcﬁptrogen

In an enbodi neompeundhSee; fresmmyglef dvpendingditS. FateninApplitatidnSedal be
hydr of or ny| atqdoqis)msmrﬁféamwraz@(iggé%@%saasumq}fmmﬁse using the

above- descri bed netal - ex cat al yst such cases, an
al dehyde deri \}ﬁfqr\P@r?)tF t}Pré'e’d’lté‘ff eTeCsi so pr oduced along with the
hydr oxyal dehydes or penflhegocedses naefubaethis dnvehtidramay ihbavensat ur at ed

al cohol react %u;p%mrgnerﬁ mmiy%f& é%&'ﬁt:} B&H@& anPh6sp h1fquéﬂ-{]&’#ﬁ‘an certain
of the ol efins,and ragg BIIDP? orcm&; oim to rof or nyl at ed
itself than cdPPacAt Stt?fé ilitgof goy orgarnic Solubilized © ARy es of di fferent
ol efinic or aldrgameplesphitetligand comyilex catialyzedrhytiroforpiylatiah prdcesiesi red, in
the hydrof or mgialect&d'to producing aldehydes from olefinic unsaturated compounds,

the improvement comprising treating at least a portion 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, with an
aqueous buffer solution in order to neutralize and remove at least some
amount of said phesphorus 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



reactions. More preferably the hydroformnylation reactions are especially
useful for the production of 6-hydroxyhexanals, by hydr of ormyl ati ng
unsaturated al cohols in the presence of al pha ol efins containing from?2
to 30, preferapomraeds 20, carbon atons, including i sobut y| BCEAUSIINER4Y . -
i nternal olefins containing from4 to 20 carbon atons as well as starting
mat eri al -m xtures of such al pha ol efins and i nternal ol efins. Comrerci al
al pha ol efins containing four or nore carbon atons may contain nnor
amount s of corresponding internal ol efins-85-and/or their corresponding
saturated hydrocarbon and that such commerci al ol efins need not
necessarily be purified fromsane prior to bei ng hydr of or nyl at ed.
II'lustrative of gelRrmoresf thiedoléviirig dondimémy: adhteinperatiee satlptisatthef i ns,

L Lol b M e AR b S BRRE

al kenyl al kyl
propyl ene, butamdalnlﬁmlﬂfﬁrtempngQ apsufficiant én @re‘ﬂﬂﬁcﬁﬁé?ﬁ' lessengecene,

1- undecene, 1 d ﬁ@ﬁfca&bbhlxﬂ&m@e parﬁﬁt;f:aﬁhaﬁ@nﬁydr%gen Qi’ﬁﬂciﬂ‘%ﬁé\ﬁ‘e
1- hexadecene, F"H cene as ?f Jt eceg3 - el cosene,
2-but ene, 2- met tﬂ? ﬁFﬁ é%pfﬁsg%%% gymyla 1°nnr§f‘ﬁ6?‘bﬁ? n%n X pent ene,
2- hexene, 3- hexdemperatvrpiduming sajd rmylatmndmabeﬁseatdameﬂwn propyl ene

trimers, propyl %Gnéﬁaé W&sxoﬁ'%éﬁhﬁf‘ﬁ) pre'véﬂpéﬁ%r leksbh B%él ingr dfexene,
2- oct ene, styrene gene octgqlene

3-cycl ohexyl - E‘H}gg’ gres’sgﬁ; j"ydrogen par% DPEESSHE
PCT/ US97/ 06849 reactmn pressure, hydroformylatlon reaction rate and/8r tempé:rattyzrwt e,

hex-1-en-4-ol, smdﬁydmfoﬂn@yatlafﬁm&s‘e ath laf,Jdr &rfverdon but enyl
acetate, vi nyI p i,ona i onat e %fh I rret hacr Iatrg, vi nyl
othyl of her. @?B Fi oremrnt andlop Tesahs ey it ¢ perbor plapoRiga BATDE] o

met hyl penten oatm'gssmrpr bydzogén patrtiabpressuree hitehedastionegprgssurg; pent enal
3-pentenal and 413*?1‘? atx&?%a%&oﬂ r%é an&/og temﬁeratﬁf‘é‘&ﬁﬂn& s8id
3-penten-1-ol ydrognny?aq;wn process alrjltdea earH o]ehmc uri?’saturated compound
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.

As indicated above, the substituted and unsubstituted
penten-1-ols and 6-hydroxyhexanals produced by the hydroformylation
step of this invention can be separated by conventional techniques such
as distillation, extraction, precipitation, crystallization, membrane
separation, phase separation or other suitable means. For example, 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 hydroformylation
reaction step.

A one-step process involving the reductive
hydroformylation of one or more substituted or unsubstituted
alkadienes to produce one or more substituted or unsubstituted 6-



pentenenitrile, 5-hexenam de, 4-nethyl styrene, 4-isopropyl styrene, 4-
tert-butyl styrene, alpha-nethyl styrene, 4-tert-butyl-al ph a-nethyl

styrene, 1, 3-diisopropenyl benzene, eugenol, iso-eugenol, safrole, iso-
safrol e, anetyglosaépg! | Y ani sol e, indene, |inonene, beta-pi r}%{)&?
di cycl opent adi ene, cycl ooct adi ene, canphene, |inal ool, and PHL8S

illustrative ol efinic conpounds may i nclude, for exanple, p-

i sobutyl styrene, 2-vinyl-6-nmethoxynapht hyl ene, 3-ethenyl phenyl phenyl

ket one, 4-ethenyl phenyl - 2-t hi enyl ket one,-88- et henyl - 2- {1l uor obi phenyl

4- (1, 3-di hydro- 1-o0x0-2H i soindol -2-yl )styrene, 2- :

et henyl - 5- benzoyl t hi ophene, 3-et henyl phenyl phenyl ether, propenyl benzene,

i sobutyl - 4- pronggya s i ARENked i) &hﬁggwcba&m@g}sam& her

ol efinic conpo f % Stlt ted ribed in U S
OO o AL o o Ao dstaep o o

ref erence. which is mcorp%@aﬁeﬂdieﬂ'aixﬁbb pdfevence) Mwh@epmwésl invelvedgerred to
carry out t hetﬁ@/gfo%tug{x lo?rth Br ﬁ{og-g%ﬁﬁst%l.}tgﬁ' ¥ Hk\n\\{(g; tggg in a continuous

manner. | n gener con are well known

in the art anbywyhﬁma)é Y(rasiuﬁymby«%no Iﬂﬁgnﬂlbrdﬂlfﬂsaymmad al cohol
or al kadi ene SﬂﬁblolséaxmblﬁﬁitﬁhéEDSV\Péﬁ%nﬁﬂmiaaﬁBﬂS&ﬂPW‘@)hmwwn in a

| i qui d honbgen [8ucq n the nmetal-1igand
conpl ex cat al yggas(gg]gﬁ‘ &8’8%@3 g&% lf}b %ﬁ%ﬁP ﬁgwll"?‘gh@tlf‘ﬁ?fpf’éﬁﬁér ature
and pressure cbﬁﬂﬁ@bﬁﬁ@ﬁﬂangrable to the hydrofornylatlon of the
unsaturated al cohol or M@%&ﬂ%éﬁ%ﬂﬂmgmﬂmﬁhléi&é& to & ocﬁdemryl ng

make-up quantiti e unsat ur cohol tarting
Tt or i Bl () cRIB e M PHERRG B arad of Spgthefrufad & ?xy@ RERRS ( hose
reactants are whigh quplams WD 97/ 40000
PCT/ US97/ 06?;119 q I d sub_)ectmg one or more substltuted7(ﬁ' unsubstitited
recovering e Lre a praq In a manner
desired. The c% }ﬁﬁ?ﬁs g’é“é@‘?ef}é °3@"%n¥‘?r% Hfm ‘H% &’F%ﬁﬁnée l:‘Péass node,
i.e., wherein b)@lé?p@t ahlon catelysbigpgi 3lmg:allmrwmphdsphorus ligand
complex catalyst, and a promoter to produce one or more substituted or
unsubstituted unsaturated alcohols comprising 3-penten-1-ols, 4-
penten-1-ol and/or 2-penten-1-ols;

(b)  optionally separating the 3-penten-1-ols, 4-penten-
1-ol and/or 2-penten-1-ols from the hydrocarbonylation catalyst; and

(c) subjecting said one or more substituted or
unsubstituted unsaturated alcohols comprising 3-penten-1-ols, 4-
penten-1-ol and/or 2-penten-1-ols 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
6-hydroxyhexanals. The reaction conditions in steps (a) and (¢) may be
the same or different, and the hydrocarbonylation catalyst in step (a)
and the hydroformylation catalyst in step (c) may be the same or
different.

Yet another embodiment of this invention relates to a
process for producing one or more substituted or unsubstituted 6-
hydroxyhexanals which comprises:



unsat urated al cohol or al kadiene starting material (s) and vapori zed

al dehyde product is renoved fromthe |iquid reaction mxture from whence
t he al dehyde product is recovered and nmake-up unsaturated al cohol or

al kadi ene st aryyp9er4d¥dg €ri al (s), carbon nonoxi de and hydr ogercTarss7/essgpl i-ed
to the liquid reaction nmediumfor the next single pass through w t hout
recycling the unreacted unsaturated al cohol or al kadi ene starting
material (s). However, it is generally desirable to enpl oy a conti nuous
process that involves either a |iquid andBér gas recycl e procedure. Such
types of recycle procedure are well known in the art and may involve the
liquid recycling of the netal-1Iigand conpl ex catal yst solution separated
fromthe desired al dehyde(gd)eacéiméctingdssioicinose substithteborussilesiddted g. , in

U S Patent 4,14 0 or C 2€-9., in
U.S. Patent 4, Zéﬁ‘%g%“esaggme tadleeié «le Eg‘?ﬁoju%&cai}%g’%as‘o# bo Ehedél%ﬁr §uidand gas
recycl e procedumgdrdcadhmyletion catplpstel e gel omgtalsorgpnaphospboms ligandt s

4,148, 830 and 4.¢dp1486:taly2 2 aﬂdrs%maeér&d ﬂi@d@dbrh%ﬂﬁf:ﬂﬁﬁ%ﬁtﬁt&hﬁto The

nost preferred rofor this ipven rises a
cont i nuous %té'i“&f’ é’lf?&?%olﬁ%%@ﬁ%mpnsmg petiten: '0?51 ustrative
substituted and penserbi;{a]anﬂmﬂ' Z-Mnekylat dehydes that can be prepared by

t he processes of this n?/}entb ra{,ﬁ t16 8/eneen-9- d]lydlr gxanal S
such as 6- hydroxyh xapa

b t | t hexan
2- met hyl - S4pent %H‘C‘%% W %3/‘"?? ?%‘)?Vﬂe‘i?gﬂﬁ’ and t he
li ke, i ncI ud| ng m xt ure(ac)of opidoraallynmulgecting the %pemnel-hlsch gphdxanal s.

I1ustrative of gyisablg gﬁ i nqﬂqhagm;mrewmmgmmml dehydes

(i ncluding deri a Ives o r gx des ose m.ssi bl e
substituted and h!r’ﬁ%%?&??‘f%? n 8’%%1 mﬁhﬁr”écﬂg‘?&w]ﬁed in

Kirk- Ot hner, Endyohefisstise 2ipetbanilald and/be Sipentenyl;olsbuBipenteti-licdh, 1996,

Lhe pertinent Puiganesdhaishde VO 97/40000
(d) subjecting said one or more substituted or

unsubstituted unsaturated alcohols comprising 2-penten-1-ols, 3-
penten-1-ols and/or 4-penten-1-ol 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
8-hydroxyhexanals. The reaction conditions in steps {a) and (d) may be
the same or different, and the hydrocarbonylation catalyst in step (a)
and the hydroformylation catalyst in step (d) may be the same or
different.

The olefin isomerization catalyst in step (c) may be any of
a variety of homogeneous or heterogeneous transition metal-based
catalysts (particularly Ni, Rh, Pd, Pt, Co, Ru, or Ir), or may be a
heterogeneous or homogeneous acid catalyst (particularly any acidic
zeolite, polymeric resin, or source of H*, any of which may be modified
with one or more transition metals). Such olefin isomerization
catalysts are known in the art and the isomerization can be conducted
by conventional procedures known in the art. As used herein, the term
"isomerization" is contemplated to include, but are not limited to, all
permissible isomerization processes which involve converting one or



i.ncorporated herein by reference. As used herein, the term
"hydr oxyal dehydes" is contenplated to include, but is not limted to, 6-
hydr oxyhexanal s and its cyclic |lactols, hydrates or oligoners.

As indicated fkpssmosgbhe hydroformyl ation reacti ons may | NVat¥Bsokdag Vi d
catal yst recycle procedure. Such liquid catalyst recycle procedures” are”
known as seen disclosed, e.g., in U S. Patent Nos. 4,668, 651; 4,774, 361;

5,102,505 and 5, 110, 990. For instance, in such liquid catal yst recycle
procedures it is comon place to continu@sgsly or intermttently renove a
portion of the liquid reaction product medi um containing, e.g., the

al dehyde product, the solubilized netal -1i gand conpl ex catal yst, free

li gand, and L , - X oy cedidl 3id U b
he hydr of or myrt A el orindiftlshiniied o BURACH Bl el GO MGRHie 4 1 DY
unr eact ed unsattQeRES mapresHthstigpted of yngwbshbuted 4-penignrielsr i al , car bon

monaxi de and hydrogen (sWheashe protesseslof ehlisiifivamtich BRslidhBuctddoim twe

hydr of or myl at i ct o - di st t one.. €..0.,. .a

vapori zer/ sepa%g?%e%%\/\%'érf l,erlslinﬁﬁgaéJ cH&?’&’ShL&%% ééy%eéitﬁ?bldﬂétalﬁdé’rcﬁ'sti I1ed in
one or nore st Redtermddundsr ene set of conditiensandthempradusingsa 6r e, as
appropriate, angdsepiexaadl frofithid 2 pentdritiols, BEskriteh-11H8 ahdprad-zed or

distilled desired,al dehyd roduct s ) ratied .ma hen be cgndensed and
recovered in am n&%‘ﬁvéoﬁ%{ﬁ“?ﬁglano ﬁ"’ﬁgl"f‘é@%gﬁgﬂﬂs 2f péﬁ%?eer& t’f’t?@”&\é%‘ai ni ng
non-vol ati | i zedheifigst stageat & emperpture fromt75°GLod04C andgtraitatahpl ex
catal yst, sol vgibssdredfom 2509060 2000 Bsikid Yo sidRict DSk Sdcohll athgdl glehyde
product is theqrec¥cled b k‘gW%§° r wthout furt er#ret t as
desired, al ong “WFPPR at“\fﬁ:ﬁf‘%%ﬁ yod o‘g@f’ B¢ PSS temy 2%30?9 eous
react ant s that psi-ghhe sagte 91 diffesen tiatalystsaiandse usedsin therfosy ahddetdngui d

residue, in aniagdsOMRNGthPIbndRIOAS cafl B2 thg Gamelor digrebyarialidtRy! ati on
reactor, such a di sclosed e.g., in the above-nentioned patents. Moreover

the reactant “4%&®s so renoved by such distillation fromthe vaporizer may
al so be recycl ed back Thetprecessesobthis inwkadionawn be operated overa | n an

enbodi nent  of t4ide rhi¥e Bf t&itiohHatd/GH/RAY al:H61RY 48 prodiciAESSE FERYLISE

separated f1omLic, otRet COPONGN! 310t eddionGatSPare at least 05} HAACGC

higher, preferably at least 0.1 m/L/h or higher, and more preferably at
least 0.5 m/L/h or higher. Higher reaction rates are generally
preferred from an economic standpoint, e.g., smaller reactor size, etc.

The substituted and unsubstituted hydroxyaldehyde
products (e.g., 6-hydroxyhexanals) have a wide range of utilities that
are well known in the art, e.g., they are useful as intermediates in the
production of epsilon caprolactone, epsilon caprolactam, adipic acid and
1,6-hexanediol.

A one-step process involving the preparation of one or
more substituted or unsubstituted 6-hydroxyhexanals from one or more
substituted or unsubstituted alkadienes is disclosed in copending U.S.
Patent Application Serial No. (D-17477), filed April 24, 1996, the
disclosure of which is incorporated herein by reference.

The processes of this invention may be carried out using,
for example, a fixed bed reactor, a fluid bed reactor, a continuous
stirred tank reactor (CSTR) or a slurry reactor. The optimum size and



-.81- reaction mxtures in which the al dehyde m xtures are produced by
any suitabl e nethod. Suitable separation nethods include, for exanple,
sol vent extraction, crystallization, distillation, vaporization, phase

separ ati on, wwasshidobdon evaporation, falling fil mevaporationpaeraisdiossse .
like. It may be desired to renove the al dehyde products fromthe crude
reaction mxture as they are formed through the use of trapping agents as
described in published Patent Cooperation Treaty Patent Application WO
88/08835. A nethod for separating the al déhyde nixtures fromthe ot her
conponents of the crude reaction mxtures is by nenbrane separation. Such
menbr ane separation can be achi eved as set out in U S Patent No.

5,430, 194 and Csim;j&(ﬁfrtgeuaﬁlymtvﬁmdepeﬁﬂmhﬂMttf;péloﬁﬂ’dcﬁdr uded. @8/ 430, 790,
e Thateh: e aoRerRasi: ARSEABEIGhad Pﬁ Bt LSS0 articl i

As indicated a e conc usi on’ process of this

i nvention, the preferred forensyduidiratipne W ﬁ@ébedrn@estpé?,éargerrma prat

reaction m xt urgsrtiebéfarepricfdréd 68 fsSbadk priessure withnfHerdactoris R¥piP! €, the
recovery techni qa-ta xédblsql osed in U S Patents 4,148,830 and 4, 247,486 can

be used. For in continuous liquid catalyst rec cIe process
the portion of the |iqui dl‘he pmgsqeenfmzﬁtlumlt(mmbmmymt draxyhexanal

product, /cat al ySdtch @ Continub88RsBEb, WATH h b a|° %ﬁbnﬁﬁge%?tc bg tg gr ot o
va Orl Zer/ separa u S p
Oz B R rials Y Fadvired, e teag é‘ag Ap e panPed it d aifeleq or

el evat ed pressuresctionzonenor ixe alplyrality of zeadtion zonksitinaeries onde peealleind
collected in a @RS be cbRGStYE batchdsd bb‘&chﬁfmﬁ:%’él}f irﬁﬂx bfongatdd €d. The

remai ni ng non- voI il1zed cat aI st cont ai rea n mxture may
then be recycl etiokRAZzone or jeties,of Bf]b? nes- rﬂiﬁ‘%?* "gé&"f%“s E'ﬁ‘i? %t her
vol atil e mat eriemployedghould bmineatteetheoitef ting orateriabecdiing thomiction wit h
any hydrogen anghdgeidfibricalRRAVHE egh fpﬁ%ﬂe%iohm wsbieitelwhéﬁaatthen after
separation thereof f!rlcg E%PF ond nséd es ?%g/ éﬁgoﬁ c ct, e.g., by
i Sti @1 ation i FeRyon ERREEAIre ARd RERRRLFS HRBrades 2884ar, hpi et o
enpl oy an  or gﬂhuphﬁmptl{mmtyl ofgam1ng‘meemds ot ingredivgity mtre&wdds t hat of
the 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

starting materials to the other. Also, the reaction steps can be

combined by the joint addition of the starting materials. When

complete conversion is not desired or not obtainable, the starting

materials can be separated from the product, for example by

distillation, and the starting materials then recycled back into the

reaction zone.

The processes may be conducted in either glass lined,

stainless steel or similar type reaction equipment. The reaction zone

may be fitted with one or more internal and/or external heat

exchanger(s) in order to control undue temperature fluctuations, or to

prevent any possible "runaway" reaction temperatures.

The processes of this invention may be conducted in one or
more steps or stages. The exact number of reaction steps or stages will



WO 97/ 40000
PCT/ US97/ 06849 - 82- hi gher
boi | i ng al dehyde ol i goner byproduct corresponding to the hydr oxyhexanal s

bei ng produceggiefsbdge hydrof ornyl ation process. Anot her sui,éﬁ?&ﬁ,ﬂgsggov.e_ry
techni que is solvent extraction or crystallization. In general, 1t 1s

It
preferred to separate the desired hydr oxyhexanal s fromthe
catal yst-containing reaction m xture under reduced pressure and at |ow
tenperatures so as to avoid possible dogr adati on of the organophosphorus
| i gand and reaction products. When an al pha-nono-olefin reactant is al so
enpl oyed, the al dehyde derivative thereof can al so be separated by the

above net hods. I s i S |
separation of tbﬁ‘egmfer e%sdi lr)%t %@@Hﬁi&}?&%ﬁ%ﬂ% a@hﬁé&%f&%@ﬁ%&%& conpl ex
catal yst  confglesHNEYpRehNILY, Idghme ﬁﬁ?‘tféll’érégl-h% agwelhgs §he t abl e

t emper at ur e desntrémbic keadivity 6f theistarting amterirladaduebtion audithe di still ation

take pl ace at | %é Uk e C I 1 rr] C, and
nore preferabl ﬁ%@lg}y?ﬁ%{)&er a u{r;% | r?g%lﬁies ‘?%dngr% @ s{i"fserdg’%agw%&ﬁ%&%%[tgr rjCto
about 130[ er r ] the peagtionganditienfer al | y recommended that such  al dehyde
distillation take place Ihd@renilslifRat MhRIFdidseuseful i thlk Fventiis

t

ressure that i At i 2 . he t ot al S _pLe re enpl oyed
guri ng hydr of orﬁﬁi g??%%;l%%‘! ﬁﬁo%vgb\q%{lfialr%ﬁ&eagtﬂﬁ‘ég‘ f‘g% sc?"be%ér%'r r] agg y
Cerr]) are i nesampde.dn coperdingdé S PatentrAppligationi Serin] No.08/FPTEL3, (e. g.
C[grr]to[ hgrfamé% ofl Neoviesd rwésﬁf,rtﬂegﬁgame ohgﬁmmf 'nthﬂfdrh% is to

subj ec e liquid reaction pr um,renmoved from.the .

hder of ornyl at | gﬁr‘?l@ab&?&e_egcg’ g?éﬁmqg’s#ﬁf&cﬁeﬁﬁtﬁr 83%_89985‘539&“(’_"1? ze a
substanti al poirtesnakphypisal barriars dbatjcreate tiose thamdne thedretitalqui d = nedi um
whi ch now cont gkddtive éfﬂgérbﬁf#@s'seﬁym éﬁéét,SitqgﬁkeQitagﬁr%é%n%br oft han was

B o CVapor i zor FEASRTR.Bside §kisblh i tied B mattrer Spuuce 1 s
distilled. |n dbalsinde reaitive dtages withpn esingle yessehis agost dffestive acayofi
pr ]? fS sur est OP URsiry ﬂﬁlﬁﬂac&g?eﬁéé SoUiReOfit ﬁ@ﬁiﬂcg?ﬂy?ﬁ}iﬁﬁs ﬁ{/&mqg&]xﬂbpﬁ%fuct -
AL oot T o Bl PSSy wonl b e LAY B ' O
enpl oyi ng an oFgwespessgisreduces the overall capital required and maintenance

concerns with separate vessels and agitators.

The substituted and unsubstituted hydroxyaldehydes,

e.g., 6-hydroxyhexanals, produced by the processes of this invention

can undergo further reaction(s) to afford desired derivatives thereof.

Such permissible derivatization reactions can be carried out in

accordance with conventional procedures known in the art. Illustrative

derivatization reactions include, for example, hydrogenation,

esterification, etherification, amination, alkylation, dehydrogenation,
reduction, acylation, condensation, carboxylation, carbonylation,
oxidation, cyclization, silylation and the like, including permissible
combinations thereof. Preferred derivatization reactions and
derivatives of 6-hydroxyhexanal include, for example, reductive
amination to give hexamethylenediamine, oxidation to give adipic acid,
oxidation and cyclization to give epsilon caprolactone, oxidation,
cyclization and amination to give epsilon caprolactam, and



WO 97/ 40000

PCT/ US97/ 06849 - 83- | i gand,

undesi rabl e aci di c byproducts (e.g., a hydroxy al kyl phosphonic acid) my
result due to weagtdeosn of the organophosphite |igand and the pcrus9rossss . _
hydr oxyal dehydes over the course of the process. The formation of such
byproducts undesirably |lowers the concentration of the |igand. Such aci ds
are often insoluble in the reaction m xture and such insolubility can )
|l ead to precipitation of an undesirabl e g8latinous byproduct and may al so
pronote the autocatal ytic formation of further aci di ¢ byproducts. The

or ganopol yphosphite |igands used in the process of this invention have

good stability @gak hah'aﬁ Jr%aaéﬁ&ﬂt&ave l%lﬁéxﬁféd(i'ﬂs dm\f@wentioh ishi s
probl.em does occug Ef-él qﬁ 31 g Iion E’erl stream. a continuous
liquid recycle nden 5" 8 anym%ﬂr ] E‘Srpem%m Feferabl y after)
separation of tldendeazaieuh redn}xﬂ)m»y rpemssllblprdgmwwehef sdbstitptedandigh any

sui t abl e weakl yuggﬁbgmut@‘pg% SEyERERalsesi N, such as a bed of am ne
Anber | yst resin,

. 1 and 1 i ke, } Some or
all of the unde5| rabI e é&’i‘ By 05%6}6 ’éf’é"e&tﬁ%‘r the,teriny l?'yé{ x’BBrlast i on
into the hydr ebwremglatedoto inehxieall pérfxmdableaﬂnpamtds hahangahbeashohe basi c

AN 0N S LShaNIS HEER diffon oo a%&é] Kl e?ﬂﬁ R u”egmgyyi sgved and

any such bed may“be “easi grnve
desired. Altern®@veengor fnftr@ etexgatoms. b Pt reﬁl aweqsf themer&eﬁsa e
cont anmi nat ed cah&ﬂmrbcﬁmlcm(htarcgalm (wigh loe withouddietéddayornenmvdkeyelicf rom t he

cont i nuous 1 ecy gl e ARl ARBANINLRSCOMNRNL 8RN HeddoBhifl, BRomatiEHRY S

treated in the sarre lon as o reduce the
anount of acidi @OB?I%F'#GEIB%%"F GﬂmP@“’f@u‘gh’ﬁb ceRdecsibetiputed orc ont ai ni ng
liquid in the hyssabstitwedti on process. Likew se, any other sui tabl e

met hod for renoving such ggluggﬁhgye%o&léq%%f.sggé&@ ""%y"%%ﬂf’suc Aon

process of this |nvent|on as by
extraction of tfrclude al wmlﬁlbléaﬁvebsfawr% ofjorgagig campounsiscunlsthat e) .
The processes ustHdrwiseniriditsted n¥e atbroad aByedtthel peemissibly aubsbiguénts cat al yst

stapility of aglyxa&wéagch%ointawchéqqa;,tmi HH anbPLAHAPLYRERSRYE COMPl ex
y q eterocychc, aromatic and nonaromatic substituents of organic

compounds. Illustrative substituents include, for example, alkyl,
alkyloxy, aryl, aryloxy, hydroxy, hydroxyalkyl, amino, aminoalkyl,
halogen and the like in which the number of carbons can range from 1

to about 20 or more, preferably from 1 to about 12. The permissible
substituents can be one or more and the same or different for
appropriate organic compounds. This invention is not intended to be
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.



WO 97/ 40000 PCT/ US97/ 06849
-'84- hydr of ornmyl ati on process directed to produci ng al dehydes from
olefinic unsat urated conpounds whi ch rmay experience deactivation of the
catal yst due {@d7agggery of the al dehyde product by vapori Zai’(i:'ﬂﬂswmuy
separation froma reaction product solution containing the organic

sol ubi l'i zed rhodi um or ganopol yphosphite conpl ex catal yst and al dehyde
product, the inprovenent conprising carrying out said vapori zation
separation in the presence of a heterocyggic nitrogen conpound. See, for
exanpl e, copending U S. Patent Application Serial No. 08/756;789, filed
Novenber 26, 1996, the disclosure of which is i ncor porated herein by

r ef er ence. The processes useful in this invention may involve
i mproving the hydrolytic stability of the organophosphite |igand and thus
catal yst stability of any organic s 19 hodi um  or ganophosphite

| : gaﬂddcorr}ol ex ci'it ]9! yzed imet{ QﬁOOﬂ%ilHIitéi‘fbvﬁfKé‘a@Sst%ihrré'ﬂ hefH ﬁfbs&@:t'é?r oduci ng

al denydes rom..o L nlcC nsa e C UNQS | rove ng. conpri si ng

freating at | ogragt Was kB 02eSRpl HPAA Ky b slathotato Fhodiut

r hodi um or gano$heo8;mmeolof grialkylpboephivadefiped im Fabld Abelaterd ved from sai d

|to[] OCﬁsg a]pd Vm::ﬂi!(lfl_iﬁiei@ofiﬁﬁta?diéﬁg,mnh it ers ﬁ%‘%ﬁeﬁt%%fﬁg%f’ﬂmd gurl ?g
€ nydrotrtornyl,atl I, SS, an .agueous r olutron I n oraer (6]

neutral i ze andAVéﬁ@CEBgﬁﬁﬁgﬁgf e3§ﬁB&ﬁPagﬂm§§Pﬂipﬂg§6ﬁﬂ#ﬁ§w3€idic

conpounds fr ompsessarizetdavights - Thpsitafdrydreges/darbon meinoxidenip I/heativeat ed

catal yst sol uti;gQ Heatbd o thy désited %Bézjaﬂﬁ‘ers%ﬂ%‘
copendi ng U. S. I 0

fin T bA.f Ak 3&%‘1”13' e,

Pat e E Aggllcaaiﬁn Serial Nos. Beéﬁ , é an 8/ 753, 505,
both filed No$EFZEd tergPenajyEe, the reactor Was pressuztzegitp the desired,cor por at ed
herein by ref bydnegen/carbon monoxide ratio sat omtiin MabbnA a0id thei gasiuptekei on,
deact vation ofwargﬁﬁlgb?pred?rﬂﬁepa@dm% P BFakSutd G opﬂme%mwﬂ YL b
cause y an ré-r}])rlessxlurizrt]a t(())rth ?}n Pa Ivg eor %%y@ggep gasr%ogrmugngxggg PAJ nd can be

1/1 ratio. Samples of the reaction mixture were taken in dry ice cooled
vials via the sampling line at scheduled intervals and analyzed by gas
chromatography. At the end of the reaction period of 90 minutes, the
gases were vented and the reaction mixture drained. Further details

and results of analyses are set out in Table A.




reversed or at least mnimzed by carrying out hydrofornylation processes
in a reaction region where the hydrofornylation reaction rate is of a
negative or inverse order in carbon nonoxi de and optionally at WO
97/ 40000 WO 97/40000 PGI¢HES%/06602849. _
- 85- one or nore of the follow ng conditions: at a tenperature such
that the tenperature difference between reaction product fluid

t enperature and inlet coolant tenperature is sufficient to prevent and/or,
| essen cycling of carbon nonoxide parti&3-pressure, hydrogen parti al
pressure, total reaction pressure, hydrofornylation reaction rate and/or
tenperature during said hydrofornylation process; at a carbon nonoxi de
conversion sufficient to prevent and/or Iesgen cycling of car bon nonoxi de
parti.al pressure, hydrggen partial pressureg $otal reacti on pressure,
hydr of or myl ati on reaé?t gon rate and/or tenpegaBure during said

hydr of ormyl ati on pro&egs at a hydrogen congeesi on sufficient to prevent
and/ or | essen cycling &f carbon nonoxi de pa&tfal pressure, hydrogen
partial pressure, to@a‘# reacti on pressure, anydrof ornylation reaction rate
and/ or tenperature du;r;,,ngasa-ld an dn0h &b Iy %Iwﬂn QroGessSa & and at an

ol efinic unsaturated corrpound converS| on Sutfficient t6 prevent and/ or

| essen cycling of carp_:,bﬁn ~ PRAXILe ga;té@,] p_gQ@suLea JHydeogen parti al
pressure, total react ®n op-res:su-r@ Shy df of 6r Ay at +0R @ eastPon rate and/ or
tenperature during sai d hydrofornyl ati on process. See, for exanple,
copendi ng U. S. Pat ent Application Serial No. 08/756,499, filed Novenber

26, 1996, the  disclosure of RILR ihSolNGOLRQrAt ed ec;eqp, 4y reference.
As indicated above, g sdbStPLUtR®F & VARBLSLT t Pl = “perifen-1-ol s and

6- hydr oxyhexanal s premluced by the hydrofornylation step of this invention
can be separated by converg gal tecgnl ueososouc agcgiostiél ation,
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crude reaction product can be subjected to a distillation-separation at
at nospheric or reduced pressure through a packed distillation colum.
Reactive distillation nmay be useful in conducting the hydrofornyl ation

reaction st epwo 9740000 A one-step process involving th jy€
hydr of ormyl ati on of one .or nore substituted or unsubstitut edFCfrg%ég%‘gnes‘
to produce one or nore substituted or unsubstituted 6- WO 97/ 40000
PCT/ US97/ 06849 - 86-

hydr oxyhexanal s i s disclosed in copendi ng4U. S. Patent Application Serial
No. (D-17488-1), filed on an even date herewth, the disclosure of which
is incorporated herein by reference. Another process involving the

production of one or nore substituted or unsubstituted hydroxyhexanals by -

reducti ve hydrofornyl ation/ hydroforgylation_ is disclosed in copending U S.
Pat ent Application Serial No. (Dl?%&mlgl‘,’-izﬁ:&@ed on an even date herewth,

:tb\he (rtlrlosgl osure of which i IntdgA0paEdliBEEr overiedad étﬁré@}xegmpﬁétsgre .

n enbodi ment t [ r - pr ing one or
o 6 subst | tut S52eiDr s ERe .25 it Bt afka Pooly G nacfiona Bl HigifnE0

(a) subj ecti ndloRS mmaekef a tsiglkylphosphing defined bn Tabla Bdelawk3idi enes, e. g.,
buE afli e ?e, to hmnne?@ltwwtﬁié@% Z'Grknimﬁté}'l's_ﬂﬂ'%ﬂgﬁmélf aﬁfll lhﬁﬂli%ifélf&?nw azj ion
catal yst, e.g..;.a nmetal:qrganophosphorus |igand conpl ex cata .~and a
pronoter to pr éid@é’g’eoﬂ%“@?%rsgaré‘fﬁat j#lﬁ ’ée&g w ’E%@ET‘F?E@'&I’I;}{%&PM at ed
al cohol s conpr ipsi afhpdrsganisaronongnoxide ip d/t watid and heatydovo 80°6enden- 1- ol s;
(b)  optional ke depitbdtémperdiare thE peitod wak presbuPBH 20 the Helire@nd/ or

subj ccting sai BVARCESYSRBPE RONLHE (Rt Pt ADLE PLoRiLthe prsbeteleed
al cohol s conpr ivaswpoBitpred. oAfter aldecresise in pressure of 10%, the reactor was
re-pressurized to the initial value with hydrogen/carbon monoxide in
1/1 ratio. Samples of the reaction mixture were taken in dry ice cooled
vials via the sampling line at scheduled intervals and analyzed by gas
chromatography. At the end of the reaction period of 120 minutes, the
gases were vented and the reaction mixture drained. Further details
and results of analyses are set out in Table B.

Table B
Ex. Phosphine H2/CO  Buta Rate Selectivity (%)
No. (psi) diene (m/Il/ 3 & 4 Pentenols
Conv h)
(%)
20 t-butyldiethyl 300/300 60 0.8 13
phosphine
21 t-butyldiethyl 800/200 69 1.1 19
phosphine
22 cyclohexyldiethyl  300/300 76 0.7 75
phosphine

23 cyclohexyldiethyl = 800/200 82 14 80



pent en- 1-ol and/or 2-penten-1-ols to hydrofornylation in the presence of a
hydrof ormyl ati on catal yst, e.g., a metal-organophosphorus |igand conpl ex
catal yst, to produce one or nore substituted or unsubstituted

6- hydr oxyhexamned $7/4088tc reacti on conditions in steps (a) and (@eCr/useyosse® the
sanme or different, and the hydrocarbonyl ation catalyst in step (a) and the
hydr of ornyl ation catalyst in step (c) may be the sane or different.

Yet anot her enbodi ment of this invention relates to a process for

produci ng one or nore substituted or unsu®&tituted 6- hydroxyhexanal s

whi ch conpri ses: WD 97/ 40000

PCT/ US97/ 06849 - 87-

(a) subjecting one ﬁ;@h hLfnesubstituted or unsubstituted al kadi enes,

e.g., butadiene, to gggc {bonyl ation in the presence of

hydr ocar bonyl at i #h cat-2mupg letgyg. . a 309300 osaanopﬁcﬂsphor §§ | i gand

conpl-ex catal yst,- andplosphixot er to produce one or nore substituted or
unsubstituted u tur ols c hde N@a3- penten- 1- ghs, 4-

pent en- 1- ol and%? 2-%%%%?13%%&5; 2Rreov 83 Pbsf og?i onal |y
separating the 3- pentIéFPSPhBles, 4- pent en- 1-ol and/or 2-penten-1-ols from

t he hydrocar bonygat i %th9mi§hyx$ﬁl; 200/800 38 (cp.e optignally subjecting
r -

the 2-penten-1-ols ancKoo e penten-1-ols to isonmerization in the
presence of a heter og%nggt% or honbgeneous ol efin i sonerization catalyst -

to partially or conpletely i sonerize the 2-penten-1-ols and/or
3-penten-1-ols to 3-penten-1-o0ls an@x@mle Pgnt en-1-ol ; and

(d) subjecting said one gr re,.substitute r ... unsubstituted unsaturated
al cohol s conpri sing 2- per#élr?gofgﬁ}@?ers’pag té‘fﬁl@rf’-tfﬁ‘ﬁlgu %E?"&r“’ﬂ% pent en- 1- ol
to hydr of or myl apheged withhls1Ji4Crand chagged withia catalyst selution considting , e. g.,
a netal - or ganopgpPens gpainsq16/24 mfol) WeirbongladbiilhcetbRatdrP@HRAn QI)E OF nore
substituted or HQ%BES“ tlé’lto(gqg‘i m?noﬁ}’ﬂ(c?ﬁiwﬁééﬁ%ﬁ)s,ﬁﬁ Jff%}éé%@ condi ti ons

in steps (a) an
tetrahydrofuran. The autoclave was pressurized with 40 psig 1:1

H>/CO and heated to 80°C. 6 milliliters (3.73 grams) of 1,3-butadiene
was charged with a metering pump and the reactor was pressurized to
1000 psig with 1:1 Ho/CO. The reaction mixture was maintained at
80°C under 1000 psi 1:1 Hy/CO. Samples of the reaction mixture taken
after 90 minutes and 170 minutes provided the following results:

Time  Temperature H2CO  Butadiene Rate Selectivity (%)
{minutes) )] (psig) Conversion (m/L/h) 3&4 Pentenols
(%)
80 BO 500/500 81 0.7 66
170 80 §00/500 96 04 72
Example 28

A 160 milliliter magnetically stirred autoclave was
purged with 1:1 H2/CO and charged with a catalyst solution consisting
of 0.1126 grams (0.44 mmol) dicarbonylacetylacetonato rhodium (I),
0.6120 grams (1.69 mmol) P(CH:CH2CH20H)3, and 39.9 grams of
ethanol. The autoclave was pressurized with 40 psig 1:1 H2/CO and
heated to 80°C. 6 milliliters (3.73 grams) of 1,3-butadiene was charged
with a metering pump and the reactor pressurized to 1000 psig with



the sane or different, and the hydrocarbonyl ation catalyst in step (a)
and the hydrofornylation catalyst in step (d) nmay be the sane or
different. The ol efin isonerization catalyst in step (c) may

be any of awbariepy Of honpbgeneous or heterogeneous transigdiseroes49
nmet al - based catal ysts (particularly Ni, Rh, Pd, Pt, Co, Ru, or |r3“‘,‘ or -

may be a het er ogeneous or honobgeneous acid catalyst (particularly any
acidic zeolite, polyneric resin, or source of Herr], any of which may be
nodified wth one or nore transition nggals). Such olefin isonerization
catal ysts are known in the art and the isonerization can be conducted by
conventional procedures known in the art. As used herein, the term

| somer | zat 1 0nY.{ g,AH! TR 13heod thikfiie Wik mBtlafldd f080-L Wdddod. 2!
perm ssi bl e isoneri AgLion processes, Wil cn. 1 Vol ve converti n(lg one or
WO 97/ 40000  Psi 1:1 Ho/CO. Samples of the reaction mixture taken after 15 and 43

PCT/ US97/ 06849 minutes provided the following results: - 88- nmor e
substituted or unsubstituted 2-penten-1-ols and/or 3-penten-1-ols to one

or nore substituted g uns.ng,ja‘t“%t eqtoPeRL S e OlRS Selectivi When
t he processes of thi,ﬁnﬁ':ayent Q) are(mmducaneﬂf;%nn (;,.ufﬁ,) s@&ﬁ%‘éﬂfﬁ;e., first
produci ng 2-penten-1-ols, 3-penten-1-ols andhor 4- pent en- 1- ol under one

set of conditions andif hen pr&duci ngwoBed- shBydroxygdexanal ffgom the
2-penten-1-ols, 3-penuen-1-ols& and/ sposéo pent en-4ls ol undergg@not her set of
conditions), it is preferred to conduct the first stage at a tenperature
from75[err]Cto 110[err]C and at a total pressure from 250 psi to 1000
psi and to conduct the second stage dixample2®mperature frome60[err]Cto

120[ Ier r]C and ~gt a 102I GSSArﬂ)dIBHMiﬁemgrh@acﬁglgrmdﬂﬁkh p?@@%@?@atﬁbr di fferent
Cat el VoL 20 e Ry U Bt ot
The processes 8f2 mmel triphenylphosphinend.Somiliditens of win-3penpentd, 2&Bnge of
reaction rates pifilifels of 8Hy® alcdhol ERdUCHIliliteF oPdiglyRAE bk Pternal

standard. The reactor was pressurized with 5 psi carbon monoxide

and hydrogen in a 1:1 ratio, heated to 105°C, and then pressurized to

30 psi carbon monoxide and hydrogen. A sample of the reaction

mixture was after 0.5 hours, and then analyzed by gas

chromatography. Details of the reaction are set out in Table C below.

Example 30
A 100 milliliter overhead stirred high pressure reactor

was charged with 0.25 mmol rhodium(I) dicarbonyl acetylacetonate,
4.9 mmol triphenylphosphine, 1.5 milliliters of cis-3-pentenol, 26
milliliters of tetrahydrofuran, and 1 milliliter of diglyme as internal
standard. The reactor was pressurized with 10 psi carbon monoxide
and hydrogen in a 1:1 ratio, heated to 756°C, and then pressurized to 50
psi carbon monoxide and hydrogen. Samples of the reaction mixture
were taken at time zero and after 5.5 hours, and then analyzed by gas
chromatography. At the end of the reaction (5.5 hours), the gases were
vented and the reaction mixture drained. Details of the reaction are
set out in Table C.



solution/hour). Typically, the reaction rates are at least 0.01 mL/h or

hi gher, preferably at least 0.1 miL/h or higher, and nore preferably at

| east 0.5 mL/h or higher. Hi gher reaction rates are generally preferred
from an econonyo omkmogipoi nt, e.g., smaller reactor size, etc.PCT/US97/06849 ..
The substituted and unsubstituted hydroxyal dehyde products (e.qg.,

6- hydr oxyhexanal s) have a wide range of utilities that are well known in
the art, e.g., they are useful as internediates in the production of .
epsi | on caprol actone, epsilon caprol actam®7adi pic acid and 1, 6-hexanedi ol .
A one-step process involving the preparation of one or nore substituted
or unsubstituted 6-hydroxyhexanals fromone or nore substituted or

unsubstituted al kadi enes i s disclosed Exagleesndi ng U. S. Pat ent

Application Serial No. (D,1 7)ol | €d rhl . .24,.,1996, the l,s¢cl osure of

whi ch is incorporated heré’ri&{)‘ﬁp@ﬁ@ 5)1ied _aél stirred hig pressufﬁéeg?t§§esses of

this invention mess terged withl0&2tmuwl mhediuni() dieachoplybacetylacrtnhaberd

reactor, a flui 3 21U Shillilitks . tégacter (CSTR) or
% Q?qxga }%nr%lﬁh&gﬂg A 408 illilitbbd 83 Bt

I N 7
gc_sr/ ldr5r9)7/ / ngzgormilh..lterg%% e&%’y a?clzo%ol, an% 1 millilite¥\9f 8ig/lyxpg &@s xntemg}]ap e of the

catal ysts w || deaedardo Théredctyrevad presautioed withdlO psi carbemenadoxideor f 1 ui d
ped reactors, a :fiPhidroaBieh b0AL rftib Nokibd BRT5C aRd then feBlBii@ko/sy casy

fluidization. - e reactqrs, |larger catalyst articles are
preferred so t hesh5arbosTpenoFide gn Yﬁ"‘?&?é‘-?@%!@?@rs"lf h%é?ﬁclg“’nr’&?‘}&}ﬁ%bl y | ow.
The processes ofwéreitaken vt binme Berdandafter20 hotiry] angd then amalydeddy gaent i nuous
fashion WLh I GhyGitsfraie oA HE dnd P PhorioRE6 Hodls), e faRUWAE. The
reacti on can be conduc 8 In a _smgfle reaction zone or 1n a plurality of
reacti on zones, Ventedpnddhe reaction pkitugs draged, Defails ofdhegsaciierarsat chwi se
or continuously gepoftireTabaCed tubul ar zone or series of such zones. The
mat erials of construction enpl oyed should be inert to the starting
materials during the reaction and the fabyication of the equi pnent shoul d
be able to withstand the Example 32

A 100 milliliter overhead stirred high pressure reactor
was charged with 0.25 mmol rhodium(I) dicarbonyl acetylacetonate,
4.9 mmol triphenylphosphine, 1.5 milliliters of ¢is-3-pentenol, 26
milliliters of tetrahydrofuran, and 1 milliliter of diglyme as internal
standard. The reactor was pressurized with 5 psi carbon monoxide
and hydrogen in a 1:1 ratio, heated to 100°C, and then pressurized to

30 psi carbon monoxide and hydrogen. Samples of the reaction
mixture were taken at time zero and after 1.5 hours, and then
analyzed by gas chromatography. At the end of the reaction (1.5
hours), the gases were vented and the reaction mixture drained.
Details of the reaction are set out in Table C.

Example 33
A 100 milliliter overhead stirred high pressure reactor

was charged with 0.27 mmol rhodium(I) dicarbonyl acetylacetonate,
0.29 mmol (R)-(+)-2,2-bis(diphenylphosphino)-1,1’-binaphthyl, 1.5
milliliters of cis-3-pentenol, 26 milliliters of tetrahydrofuran, and 1
milliliter of diglyme as internal standard. The reactor was pressurized



reaction tenperatures and pressures. Means to introduce and/or adj ust the
quantity of starting materials or ingredients introduced bat chwi se or
continuously into the reaction zone during the course of t he reaction can
be conveni en{yg/orisbéebi Z€d i n the processes especially to  nNpoRbddmedde .
desired nolar ratio of the starting materials. The reacti on steps may be
effected by the increnental addition of one of the starting materials to
the other. Also, the reaction steps can be conbi ned by the joint addition
of the starting materials. \Wen conpl@Be conversion is not desired or not
obt ai nabl e, the starting materials can be separated fromthe product, for
exanpl e by distillation, and the starting materials then recycl ed back

| nto the  !e3th 30 paPBarhon monoxide and g}yd&%goﬁpg §S5ERidTRéafia fonduct ed in
, -

either glass Iin St al nl ess, stee ar fype, réagtion equi pnent.
The reaction féné’ anWrbBrfstt‘Féﬁé\?\ﬁ’moB eCa] om@quwéfwgwar ext er nal
heat exchan@aniplps bfitlos staction mixthreowersthkentatrtime abry #nd bftet gat i ons, or

to prevent %@%ﬁr&ﬁ%ﬁf e arHigﬁé%g E&?}o&&é}g%@dﬁ% a%t;'feh%gﬁnd of the

The processes of t'hi's Inven e cond : . nore steps or
stages. The exeaation(Rleours), the gasewers wented angithgaseaciion mixture o

97/ 40000 drained. Details of the reaction are set outin Table C. =~ PCT/ US97/ 06849
- 90- be governed by the best conprom se between achi eving high catal yst
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 enbodi ment, the processes
useful in this invention may be carried out in a nultistaged reactor such
as described, for exanple, in copending U S. Patent Application Serial

No. 08/ 757, 743, filed on Novenber 26, 1996, the disclosure of which is

i ncor por at ed



herein by reference. Such nultistaged reactors can be designed with
internal, physical barriers that create nore than one theoreti cal
reactive stage per vessel. In effect, it is:like having a nunber of
reactors insi ¢g) #488089! € continuous stirred tank reactor vesBerwsyzokasdtiple
reactive stages wthin a single vessel is a cost effective way of usi ng
the reactor vessel volune. It significantly reduces the nunber of vessel s
that otherwi se would be required to achi eve the sane results. Fewer
vessel s reduces the overall capital reg¥ed and nmai ntenance concerns
W th separate vessels and agitators. The substituted and
unsubsti tuted hydroxyal dehydes, e.g., 6-hydroxyhexanals, produced by the
processes of this invention can undergo.further reaction(s) to afford
desired derivatives thereof. Such perni $si bl e derivatization reactions can
be carried out in accordance with convnﬁlcmal procedures known in the
art. Illustrative deLLvatlzatlon r eact i ncl ude, for exanple,
hydrogenatl on, estekificatNon~ etHer i f§ on, am nation, alkylation,
dehydrogenation reducti on, acyl ation,y ﬁﬂensatlon carboxylatlon
carbonyl ation, oxidation, cycllzatlon.n§$ | ati on and the like, including
perm ssible conbi naBi®ns tBeg §E aPr ef@ | derivati zation reactions and
derivatives of 6- hyd?oxyhexanal |nclude- & exanpl e, reductive am nation
to gi ve hexanet hyl engdi am ne, OX|dat|onm %lve adi pic acid, oxidation and
cyclization to give gp5|lon“d§ﬁ%61§ctong agldatlon cycllzation and
am nation to give epS|Ion caprol act am WO 97/ 40000
PCT/ US97/ 06849 2 -91- hydr ogenati on
or reduction to glveUL~6 heXanedioPs. Thi nvention is not intended to be
limted in any manner by the pernissibl rivatization reactions or
perm ssi bl e der%atl !}as of Subshi wt ed nsubsti tut ed
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contenplated to include all perm ssible conmpounds having at | east one

hydr ogen and one carbon atom Such perm ssi bl e conpounds nay al so have
one or nore heteroatons. In a broad aspect, the perm ssible hydr ocar bons
i ncl ude acycl iz dpoddd Or W thout heteroatons) and cyclic, BEROsHdsdnd
unbranched, carbocyclic and heterocyclic, aromatic and nonar onmeti c -
organi ¢ conpounds whi ch can be substituted or unsubsti t ut ed.

As used herein, the term"substituted" is contenplated to i ncl ude al
perm ssi bl e substituents of organic conpqgpds unl ess ot herw se i ndi cat ed.
In a broad aspect, the perm ssible substituents I ncl ude acyclic and
cyclic, branched and unbranched, carbocyclic and het erocyclic, aromatic
and nonaromati c substituents of organ' mild ounds [llustrative
substituents include, for exanple, al ony, aryl, aryl oxy,

hydr oxy, hydroxyal kyl , amﬁgommmonyrheads’mmb bighapressnze reaktori n whi ch

]'Ehe mi mtaer gf fﬁ%angrrg*eanmnrwm fxﬁﬂﬂ!lo'k'dlcbd:@oﬂﬂ%'%ty?&e%ndf@"rﬁodlﬁiﬁfﬁr abl yd
rom o abou S U nts c re an
the sane or dif? orérﬂ fnﬁ#b(bﬁd&d@e ibfé E‘ %Hail%?ﬁi‘ ¥ln ention
i s not i nt endedmildiliber of 4-pantendl,i26 WIMMEthqnalhenqbénmlhhtéﬂd
substituents ofgjel a§ interAAPRYRE8rd. Th t Qfygt hi s

i nvention, the c%eﬁﬁ%a%%ﬁl?g PP sbar!é ﬂ%é%?ﬁilw °p Egg%%nwégggﬁgzswlt% t he
Peri odi c Tabl e B fiucarbqnmonpg e§§§|t8 r SHRE Cotlasri st ry”
by F. Al bert Coteaotor wasCpresturiged/td 25 psirwithd/Phytlrdgenfeavison pidnokidtieed by

John Wiley and g¢ sstﬁ‘?éd f&xnfhouxgr@hg‘iléidtgp ?s&e%%ﬁere vented and the reactiog! t @l n Of

ped and $ae reactt tion.
{'A;])egf?;)zlog\é\non el)él?xr% ﬁr%;l%d ana%yzeé)by gas Chromatogr ali) yr %’ € 'S tnven I on

PCT/ US97/ 06849 Hydroxyhexanal was formed in 97% selectivity. - 92-

Examples 35-38

Into a 100 milliliter overhead stirred high pressure
reactor was charged 0.07 mmol of dicarbonylacetylacetonato rhodium
(I), 0.35 mmol of a bisphosphite ligand as identified in Table D below
and depicted in the above specification, 25 milliliters of
tetrahydrofuran, and 0.5 milliliter of diglyme as internal standard.
The reactor was pressurized with 50 psi of hydrogen/carbon monoxide
in 1/1 ratio and heated to the temperature in Table D. At the desired
temperature, 1.0 milliliter of 3-pentenol was added and the reactor
was pressurized to the desired hydrogen/carbon monoxide pressures
set out in Table D. After a 5% drop in the reactor pressure, the reactor
was re-pressurized to the initial value with hydrogen/carbon monoxide
in 1/1 ratio. At the end of the reaction period of 120 minutes, the gases
were vented and the reaction mixture drained and analyzed by gas
chromatography. Further details and results of analyses are set out in
Table D.

Ex. Bisphosphite Temp. H,/CO 3- Selectivity to



Exanpl es 1-19 Into a 100 mlliliter overhead stirred high
pressure reactor was charged 0.25 mmol of dicarbonyl acetyl acet onato
rhodium (1), 0.9 mml of a trial kyl phosphine defined in Table A bel ow, 3
milliliters ofwbetapdbeene, 26 milliliters of a solvent as def ipgassoneeab! € _
A and 1 mlliliter of diglynme as internal standard. The reactor was
pressurized with 5 - 10 psi of hydrogen/carbon nonoxide in 1/1 ratio and
heated to the desired tenperature set out in Table A At the desired
tenperature, the reactor was pressurized-1@-the desired hydrogen/carbon
nonoxi de ratio set out in Table A and the gas uptake was nonitored. After
a decrease in pressure of 10% the reactor was re-pressurized to the
initial value w hy n/ car bo NOXj| in | 0. Sanpl es of the
reaction nixturéﬁgereﬂég en in drgcﬂge cggﬁéd vﬁ%%¥£§§% tﬁg sampling |ine
at scheduled intervals and anal yzed by gas chroreemgi#hy hydroxyhexanal of
the r.eaction period of 90 m nutes, the gases were vented q@l the reaction

m xture drai ned.35Furtg‘(gAng%8i S 8gnd reithﬁOOf €é1al yses aie set out in

Tabl e A WO
PCT/ US97/ 06849 36 Ligand F 95 -93200/6Pr] 94 WO587/ 40000
PCT/ US97/ 06849 37  Ligand D 85 100/100 44 65

38  LigandD 95 333/167 52 58

Examples 39-43
Into a 100 milliliter overhead stirred high pressure

reactor was charged 0.07 mmol of dicarbonylacetylacetonato rhodium
(1), 0.35 mmol of a bisphosphite ligand as identified in Table E below
and depicted below or in the above specification, 25 milliliters of
tetrahydrofuran, and 0.5 milliliter of digylme as internal standard.
The reactor was pressurized with 50 psi of hydrogen/carbon monoxide
in 1/1 ratio and heated to 95°C. At the desired temperature, 1.0
milliliter of 3-pentenocl was added and the reactor was pressurized to
500 psi with hydrogen/carbon monoxide in 1/1 ratio. After a 5% drop
in the reactor pressure, the reactor was re-pressurized to the initial
value with hydrogen/carbon monoxide in 1/1 ratio. At the end of the
reaction period of 120 minutes, the gases were vented and the reaction
mixture drained and analyzed by gas chromatography. Further details
and results of analyses are set out in the Table E.

Table E
Ex. Bisphosphite ligand 3- Selectivity to 6-
No. Pentenol hydroxyhexanal
Conv. (%) (%)
39 Ligand W 20 59
40 Ligand X 50 59

41  LigandE 67 55



~94- Exanpl es 20- 26 Into a
100 milliliter overhead stirred high pressure reactor was charged 0.25
mmol of di carbonyl acetyl acetonato rhodium (1), 0.9 mol of a

trial kyl phospibsgagdef i ned in Table B below, 3 mlliliters g‘ﬂﬁ?y’@%ﬁ
mlliliters of ethanol, and 1 mlliliter of diglynme as int dard—
The reactor was pressurized wwth 5 - 10 psi of hydrogen/carbon nonoxide in
1/1 ratio and heated to 80[err]C. At the desired tenperature, the reactor
was pressurized to the desired hydrogerypearbon nonoxide ratio set out in-
Tabl e B and the gas uptake was nonitored. After a decrease in pressure of
10% the reactor was re-pressurized to the initial value with

hydr ogen/ car bop, non |de 1/1 ratio. Sanples of the reaction m xture
were taken in ﬁ?y [ GHQd vials via tHe sanpl i#y |ine at schedul ed
intervals and 4hal ymhthezgahxs(d:mml)ogrmhy At g¢die end of the reaction

period of 120 m nut ghenbl&h vented and the reaction mxture
dr ai ned. Further de%l Ps Fprﬁ% resﬁéoqof anal yses are set out in Table B.

Table B hi ne Herr]/CO Buta Rat e Selectivity (%
No. (psi) diene (mL/ 3 & 4 Pentenols
Conv h) OCH 9 t - butyl di et hyl
300/3000 60 0.8 $Hs  OCH, phosphi ne dH?E - %Pdi et hyl
800/ 200 69 1.1 ' phosphi ne exyl di et hyl
300/ 300 76 0.7 phosphi ne exyl di et hyl
800/ 200 82 1.4 1Bu B Bu
O O
P P
Lxgand w ngand X
tBu MeMe 1BU
O °“3
O O :
tBu
I \
I 'I ' ethylene bis(di-t-butyl)
Ligand Y phenol(phenylene glycol-P),

Example 44-47
A 100 milliliter magnetically stirred autoclave was

purged with N, for 30 minutes and charged with a solution consisting



O 97/ 40000

PCT/ US97/ 06849 9
phosphi ne 24 n- but yl di et hyl 300/ 300 77 1.
phosphi ne o 97/5b06d Ny ! phenyl 200/ 800 53 0.
phosphi ne 26 et hyl di phenyl 200/ 800 38 0
phosphi ne Exanpl e 27
mlliliter magnetically stirred autoclave was

and charged with a catal yst sol ution consi@3-i ng
mol ) di carbonyl acetyl acetonato rhodium (1),
P(CH err]CH err]CHerr]OH)[err],

S5 Wil .‘.5;'
'#{erfégigjgi aREaIg réggx

autocl ave was pr

80[err]C. 6 m 1S
rfidentify

metering punp a

of 0.
0. 3515 ¢
and 44 1 grans

éﬂt

ra

t et rahydr of ur an.

elmil]ilitdAsf rtkﬁr%&i&gfaéﬁgﬁéaﬁ&
coRiplnat SIS TE AR
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PCTRIS97/06849
27

1
9
6

A 160

purged with 1:1 Herr]/CO .

1125 grans (0. 44
rans (2.94 mol)
The

ed\Mth a

Herr]/CO The rised iroTable® belbwaTheautdcavessdaspresstfized with GOr86fe diDOO psi
tggafl taFrFoJr‘ntao?tl' P ﬁ?eiifcgrﬁd’ﬂ(ﬁ@?oxﬁ%tfnrd RhtEd Byiigs and 170

1:1 H2/ CO Sarrp
m nut es prOV|de
But adi ene
Conver si on
90

500/ 500
Exanpl e 28
was
consi sting
(1),
grans of
H err]/CO and

of

1,3-butadiene Wal'fytﬁ'ggéxgggrbon monoxide. Samples of the reaction mixture taken

5o

Rat é‘-emPSéﬂfé&rﬁ .hsmcglq Table F. The tota} amount of 4
endarBon imowddde was as follows: Ex. 44 - 100 psi hydrogen

ez Ex. 45 - 100 psf3 ﬁydrogen and 100 psi

carlj)'on mon

enperature Herr]/CO
(psig)

(%
80

carbon monoxisle; E. 4 50 nsi bydraggnandcal pyi carben meng¥idss| ave

0.

1126
0.6120 graRpEopHe
et hartolthe thtal amagitofd: b

¥ mgéwnrbope@w

e@s%

purged W tdhdlE%. 4 100 mxmgsﬁahgqmovpsi Barbomabhahysitle.s Alfteiritha

%gi%mérjatlﬁ%d%? re}ﬁcgﬂ? %E% 889% ga?(b%

r hodi um
Q‘fz%dd 39 9

aboye.

eabadtion idterd Was nfaifitaihkd idotherhally angennd) of

after 150 minutes gave the results listed in Table F. Selectivities were
determined by gas chromatography and referenced to standard
response factors. 0.94 grams ( 7.02 mmol) of diglyme was used as an
internal gas chromatography standard in the reaction mixture.

Table F
Ex. Temp Ligand Rh(CO), 3-pentenol  Rate 6-
No. .(¢C) Z (acac) Conversion (m/L/h) Hydroxyhexanal
(g) (2 Selectivity (%)

44 85 0.355 0.02 13% 0.5 46.7

45 90 1.07 0.07 74% 0.70 54.3

46 105 0.14 0.02 96% 0.96 61.2

47 95 0.35 0.02 38% 0.41 54.4



W|th a nmetering punp and the reactor pressurized to 1000 psig with

WD 97/ 40000

PCT/ US97/ 06849 - 96- 1:1

Herr]/ CO TR §medel ON mM xture was mai ntained at 80[err]C psi
e

1:1 Herr]/CO Sanples of the reaction m xture taken after

m nutes provided the follow ng results: Time Tenperature
H err]/CO Butadiene Rate Selectivity (% (mnutes) ([err]C
(psig) Conversion (mL/h) 3&4 Pent engys
(% 15 80 500/ 500 53 2.6 70

80 500/ 500 89 1.5 78
Exanpl e 29 A 100 mlIliliter overhead stirred high pressure
react or was charged mol rhodi un(1) dicarbonyl acetyl acetonate,
2.2 mmol triphenyl phopphj mlliliters of cis-3-pentenol, 26
milliliters of ethyl qnd 1 milliliter of diglyne as i nt er nal

ized with 5 psi carbon nonoxi de and

0 105[err]C, and then pressurized to 30
psi carbon nono : Yanpl e of the reaction m xt ure was
after 0.5 hours, and mhen anal@zed by gas chromat ography. Details of the
reaction are set outpin Tabl e Cpbel ow.

Exanpl e 30 0/\0 A@O?ﬂjllllter overhead stirred high pressure
react or was chagrged wth 0.f25 RI rhodi un(l) dicarbonyl acetyl acetonate,
4.9 mol triphepy ' N iliters of cis-3-pentenol, 26
mlliliters of mlliliter of diglyme as internal

Ligand Z

Example 48

Tetrarhodium dodecacarbonyl (52.3 milligrams) and
Ligand F (1.17 grams) was dissolved in tetraglyme (80 milliliters). To
this was added nonane (1.07 grams) as gas chromatograph internal
standard, and cis-3-pentenol (25.8 grams). The mixture was charged
to a 300 milliliter stirred Parr autoclave and 200 psig of synthesis gas
was added (1:1 carbon monoxide:hydrogen). The reactor temperature
was raised to 95°C, synthesis gas was added to the reactor to bring the
pressure to 500 psig. The reaction was run for 157 minutes, before
being stopped. Gas chromatograph analysis of the reaction mixture
showed the following composition: valeraldehyde (23.7%), trans-3-
pentenol (8.7%), cis-3-pentenol (13.6%), branched hydroxyaldehyde
(5.6%), and 6-hydroxyhexanal (52.2%). The identity of the linear and
branched aldehydes was confirmed by gas chromatograph mass
spectrometry/infrared spectroscopy.

Although the invention has been illustrated by certain
of the preceding examples, it is not to be construed as being limited
thereby; but rather, the invention encompasses the generic area as



standard. The reactor was pressurized with 10 psi carbon nonoxi de and
hydrogen in a 1:1 ratio, heated to 75[err]C, and then pressurized to 50
psi carbon nonoxi de and hydrogen. Sanples of the reaction mxture were
taken at tinme womwdmnal after 5.5 hours, and then anal yzed by m=EsUs97/06849
chr omat ogr aphy. At the end of the reaction (5.5 hours), the gases were
vented and the reaction mxture drained. Details of the reaction are set

out in Table C WO 97/ 40000
PCT/ US97/ 06849 -105- -97- )
Exanpl e 31 A 100 mlliliter overhead stirred high pressure

react or was charged with 0.22 mmol rhodiun({l) dicarbonyl acetyl acetonat e,
4. I4I n}mlt tri p][lerltyéﬁahfb%ml ' ftﬁcl&se’éld Wdzﬁ@dﬂ mieait?ﬁcatiofﬁb g_rxa‘@ﬂfﬁdﬁlﬁehts:[ &fh b?
milliliters of e al.coho n m [, Ll.ter | ne as interna
standard. The r éﬁ@%‘%f’m{ °§R|5iregggbﬁ?$ g’é’&‘ #&*% ?‘P‘fﬁaﬁ is°88$§¥)‘?¥e noxi de and
hydrogen in a 1:1 ratio, heated to 75[err]C, and then pressurized to 50

psi carbon nonoxi de and hydrogen. Sanples of the reaction mxture were
taken at tinme zero and after 20 hours, and then anal yzed by gas

chr omat ogr aphy. At the end of the reaction (20 hours), the gases were
vented and the reaction mxture drained. Details of the reaction are set
out in Table C. Exanpl e 32

A 100 milliliter overhead stirred high pressure reactor was charged with
0.25 mmol rhodiun(l) dicarbonyl acetyl acetonate, 4.9 mol

tri phenyl phosphine, 1.5 mlliliters of cis-3-pentenol, 26 milliliters of
tetrahydrofuran, and 1 milliliter of diglyme as internal standard. The
reactor was pressurized wth 5 psi carbon nonoxide and hydrogen in a 1:1
ratio, heated to 100[err]C, and then pressurized to 30 psi carbon
nonoxi de and hydrogen. Sanples of the reaction m xture were taken at tine
zero and after 1.5 hours, and then



anal yzed b phy. At the end of the reaction (1.5 hours),
t"he gases mnmuum‘nm%n“he reaction m xture drained. Details of the
reaction aré sét but"if Tdble C Exanpl e

33 wo 9714630600 m I liliter overhead stirred high prepsyo@7iast or
was charged wth 0.27 mmol rhodiun{l) dicarbonyl acetyl acetonate, 0.29

mmol (R)-(+)-2,2"-bi s(di phenyl phosphi no) -1, 1' - bi napht hyl, 1.5 mlliliters
of cis-3-pentenol, 26 mlliliters of tetrahydrofuran, and 1 mlliliter of
diglyme as internal standard. The reactelO86was pressurized WO

97/ 40000 _ PCT/ US97/ 06849
- 98- with 10 psi carbon nonoxi de and hydrogen in a 1:1 ratio, heated to

75[err]C, and then pressurized to 120 pgj,igar bon nonoxi de and hydrogen.
Sanpl es of the reaction m xture were tg%én_at time zero and after 2 hours,
and then anal yzed by gas chromat ography. At the end of the reaction (2
hours), the gases were vdnt ed Aaprbeedscfor pacducing ohe brinere dnbstitmded Bet ai | s of

}:)2;_ / [Egg} IO(E)Sg 4grlﬁls§1%tst1%@ed' }ﬁrd-;@%ﬁd&ydes which coWBr%ys éggﬁgting one or

more substituted or unsubstituted alkadienes to hydrocarbonylation in
the presence of a hydrocarbonylation catalyst and a promoter and
hydroformylation in the presence of a hydroformylation catalyst to
produce said one or more substituted or unsubstituted
hydroxyaldehydes.

2. A process for producing one or more substituted or
unsubstituted hydroxyaldehydes which comprises subjecting one or
more substituted or unsubstituted pentenals to hydrocarbonylation in
the presence of a hydrocarbonylation catalyst and a promoter to
produce said one or more substituted or unsubstituted
hydroxyaldehydes.

3. A process for producing one or more substituted or
unsubstituted hydroxyaldehydes which comprises: (a) subjecting one or
more substituted or unsubstituted alkadienes to hydrocarbonylation in
the presence of a hydrocarbonylation catalyst and a promoter to
produce one or more substituted or unsubstituted unsaturated
alcohols, and (b) subjecting said one or more substituted or
unsubstituted unsaturated alcohols to hydroformylation in the
presence of a hydroformylation catalyst to produce said one or more
substituted or unsubstituted hydroxyaldehydes.

4. The process of claims 1 and 3 wherein the
substituted or unsubstituted alkadiene comprises butadiene, the
substituted or unsubstituted alcohols comprise cis-3-penten-1-ol, trans-
3-penten-1-o}, 4-penten-1-ol, cis-2-penten-1-ol and/or trans-2-penten-1-
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Exanpl e 34 "A 100 milliliter overhead stirred hi gh pressure
react or was woargeeb Wi th 0. 10 nmol of di carbonyl acetyl acet gaghusofésagh um _
(), about 0.20 nmmol of 2,2'-(bisdiphenyl phosphi nonethyl)1,1'-bi phenyl, 1
mlliliter of 4-pentenol, 26 mlliliters of ethanol, and 1 mlliliter of
diglynme as internal standard. The reactor was pressurized with 5 - 10 psi.
of 1/1 hydrogen/ carbon nonoxi de, and heatldJ-to 90[err]C. At 90[err]C, the
reactor was pressurized to 250 psi with 1/1 hydrogen/ carbon nonoxi de at
stirred for 1 hour. The reactor gases were vented and the reaction

m xture drai nedopafd analsﬂm&ubyd Gﬂﬁnﬁﬁﬁéﬁﬁ&taﬂhﬁdﬂbkyaﬁehydé’é’&ﬁﬂ? sEeganal was
formed in 97% s?lplﬁctl es 35-38

Into a 100 m | %?ﬂead stirred high pressure reactor was charged
0. 07 .mmol of di carbonyl acetyl acetonato rhodium (1), 0.35 nml of a

bi sphosphite ligand as idgntifTREpidtedbt Qaish Qe,{,pgyemaqu depicted in the

above specifica mII|I|ters of tetrah fur and 0.5

mlliliter of d&‘&ﬁ{ﬁﬁ?z‘é ¥latien ﬁ%‘f"tg’Pa‘??&Q?tb‘ms n EP? a‘ﬂ“hewas pressuri zed

with 50 psi of hydrufgnnﬁa&rdneanbmmmhtmnsm&der (bamay bethehssabedrt o t he

temperature in Eg@iﬁ %Hél?yc%ééﬂb%ﬂ ylatioBTASAGhL iiPsteb. &53@! héiter of
WHE

3- pent enol was ugi ze esired :
hydr ogen/ car bon T?]é? tin %tt?\fl\’qﬁhg‘ | S&T}S; O ent. 506 drop in

the reactor pressure, the reactor was re-pressurized to the initial value

with hydrogen/carbon monogi de Tud Brobeds 6fihns £12 hAG Sl st T eaction
period of 120 tes, qases wer e vented an ction mxture
dr ai ned and ang}’yg igt on catalyst comprises a met selected rom a Group

8,9 and 10 metal complexed with an organophosphine ligand selected
from a mono-, di-, tri- and poly-(organophosphine) ligand.

7. The process of claims 1, 2 and 3 wherein said
hydrocarbonylation catalyst comprises a metal selected from a Group
8, 9 and 10 metal complexed with an organophosphine ligand selected
from a triorganophosphine ligand represented by the formula:

wherein each R1 is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical.

8. The process of claim 6 wherein the ligand in step
(a) has a basicity greater than or equal to the basicity of
triphenylphosphine (pKb = 2.74) and a steric bulk lower than or equal
to a Tolman cone angle of 210°.
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‘%2[,?2&5"91!ﬂﬂlHHIlﬂlllelﬂ’lHlﬁt S s O D e, * B sphosphi te

Tenp. H err]/ Selectivity to WO 97/ 40000
PCT/ US97/ 0684 97140000 -101- rciNUso7deg@and
([err] O (psi) Pent enol 6-

Conv. (% hydroxyhexanal

(% 35 Li gand F 85 100/ 100 68 60 36 Li gand F
95 200/ 50 94 59 37 -1gsgand D 85 100/ 100 44
65 38 Li gand D 333/ 167 52 58

Exanpl es 39-43 Into a 100 mlIliliter overhead stirred high

pressure react or was cgarga Qgpicegyﬁtclg{qlqug cft%%l%@gﬁ%l% tagrl\ato

rhodium (1), 0,35 nnol |n Table E
bel ow and depﬁa@foﬁm&mﬁ%ﬁ ﬁ°¥1&?§158§)8\}§'°%§ venwrs%wcaz@mprgamners of

tetr ?hydr of ur aacidyatedhoR wader, phdrel, mioldsayxhd‘rpnasoangmé Jiedtond, titkaled N Ihe
reactor was pressurized, S| 0N _{DNOXi in
rati o and heat §a1 5 r’rof% ,ﬁg{,& € °5é2%ﬁe’89§‘2‘r‘r%'§&gf Btk or o gureﬁ\ Ililiter

of 3-pentenol $heregfided and the reactor was pressurized to 500 psi with
hydr ogen/ carbon nonoxide in 1/1 ratio. After a 5% drop I n the reactor
pressure, the reactor wa essurize value with

hydr ogen/ car bon monoxi deip © pPreqegs °§Yla{’ﬂ%géiﬁg%wi‘f’ﬁ%m Sa%action period
of 120 ni nut es] yﬂmfowybenmaéab@hwupmesammbwemd fromriax@roup 8r&i ned

and anal yzed b)énaa@ Rt AREAeAddWithFi brahofRésthofus ligand selected
from a mono-, di-, tri- and poly-(organophosphine) ligand.

11. The process of claims 1 and 3 wherein said
hydroformylation 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:

(8]
an
R=—0O—P
\0/
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and resul tIIHI HIREARIEIR, cot ou inehe Tabie = e e

Pent enol  hydr oxyhexanal - Conv. (99 (%

39 Li gand \WWO 97/40000 20 59 40 Li ganetruse7/06849 . _
50 59 41 Li gand E 67 55 WO
97/ 40000 PCT/ US97/ 06849

-102- 42 Ligand Y 92 44 43 et hyl i dene

bi s(di-t-butyl) 54 29 phenotlQ$henyl ene glycol - P) 2

[err]

wherein R3 represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;
(iii) a diorganophosphite represented by the formula:

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:

/ORB

P—\—- 0}?

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:

RIO_
RQ/O\P— O\P
\0/ 10 /
_ ®*—o Ay

— ot
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phenol ene gbycol -‘P)[err Exanpl e 44-47

A 100 mlli I wiesrsomgnet | cal ly stirred autoclave was purged Mlbsﬂfo% for
30 m nutes and charged with a sol ution consisting WO 97/ 40000

PCT/ US97/ 06849 -103- of 3
mlliliters of 3-pentenol, 26 mlliliters of tetrahydrofuran, Ligand Z
i dentified bel ow and di carbonyl acetyl acdd®nato Rh (I) in anmounts listed

in Tabl e F bel ow. The autocl ave was pressurized with 60-80% of t he total
anount of 1:1 hydrogen/carbon nonoxi de and heated to the t enperat ure
listed in Table F. The total anmpunt of 1:1

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
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 8, with the proviso that the sum
ofa+bis2to6and nequalsa+b.

12. The process of claims 1, 2 and 3 which is conducted
at a temperature from about 50°C to 150°C and at a total pressure
from about 20 psig to about 3000 psig.

18. The process of claims 1, 2 and 3 wherein the
process batchwise or continuously generates a reaction mixture
comprising:

(1)  one or more substituted or unsubstituted 6-
hydroxyhexanals;

(2)  optionally one or more substituted or unsubstituted
penten-1-ols;

(3) optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof;

(4) optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof;

(5) optionally one or more substituted or unsubstituted
pentan-1-ols;

(6) optionally one or more substituted or unsubstituted
valeraldehydes; '

(7)  optionally one or more substituted or unsubstituted
pentenals;

(8) optionally one or more substituted or unsubstituted
1,6-hexanedials;
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hydrogen/ mlll jll ﬂl&ﬁs as follows: Ex. 44 - 100 psi hydrogen and
100 psi 45 - 100 psi hydrogen and 100 psi car bon
nonoxi de; 50 pSI hydrogen and 50 psi carbon nonoxi de; and Ex. 47
- 100 psi hydwz;ggmomd 100 psi carbon nonoxi de. After the ROPUSINOCHPE . .
tenperature was reached, the autoclave was pressurized to the total
anount of 1:1 hydrogen/carbon nonoxi de described above. The reaction

m xture was mai ntained isothermally under 1:1 hydr ogen/ car bon nonoxi de.
Sanpl es of the reaction mxture taken dfller 150 ninutes gave the results
listed in Table F. Selectivities were determ ned by gas chromat ogr aphy
and referenced to standard response factors. 0.94 grans ( 7.02 nmol) of
diglyme was used as an (9t eréptiorgdly sier cxmbeosulisbitutddahdard in the
reaction m xture, TabI e F Ex. Te

Li gand Rh(CO)PEPﬁnegl?}g’ntenol Rat e w

6- [err] C)
(acac) Conversion (nm LY1W) optinmatiynesnranore S‘JbStlt“ted { -butanedx@bg,
(9) and Sel ect | vity(o99 44 85 0. 355 0. 02
13% 0.5 74%
0. 70 243 a6 (35 onp qmore subshiuted or unstifipnted (00
61.2 47 9butadiess; 0.02 38% 0.41 54. 4

Y\?OZT / ?g??? wherein the weight ratio of component (1) to the sum of Eszhpbisghts 06849
(2), (3), (4), (5), (8), (T), (8), (9) and (10) is greater than about 0.1; and
the weight ratio of component (11) to the sum of components (1), (2),
(3), (4), (5), (8), (T7), (8), (9) and (10) is about 0 to about 100.

14. A process for producing a reaction mixture
comprising one or more substituted or unsubstituted hydroxyaldehydes
which process comprises the process of claims 1, 2 and 3.

15. A process for producing one or more substituted or
unsubstituted 6-hydroxyhexanals which comprises:

(a)  subjecting one or more substituted or unsubstituted
alkadienes to hydrocarbonylation in the presence of a
hydrocarbonylation catalyst and a promoter to produce one or more
substituted or unsubstituted unsaturated alcohols comprising 3-
penten-1-ols, 4-penten-1-ol and/or 2-penten-1-ols;

(b)  optionally separating the 3-penten-1-ols, 4-penten-
1-ol and/or 2-penten-1-ols from the hydrocarbonylation catalyst; and

(¢)  subjecting said one or more substituted or
unsubstituted unsaturated alcohols comprising 3-penten-1-ols, 4-
penten-1-ol and/or 2-penten-1-ols to hydroformylation in the presence
of a hydroformylation catalyst to produce one or more substituted or
unsubstituted 6-hydroxyhexanals.

16. A process for producing one or more substituted or
unsubstituted 6-hydroxyhexanals which comprises:

This Sheet Has Been Replaced
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Li gand ZUM M’Lﬂ‘ Exanpl e 48
Tet rar ho Mﬂlumw (52.3 mlligrans) and Ligand F (1.17 grans)

was dissolved in tet faglyme (80 milliliters). To this was added nonane
(1. 07 grans) g8 oflgspecNr oAt ogr aph internal standard, and cimdgﬁg%@ﬂol
(25.8 grans). The m xture was charged to a 300 milliliter stirred Parr ~

aut ocl ave and 200 psig of synthesis gas was added (1:1 carbon
nonoxi de: hydrogen). The reactor tenperature was raised to 95[err]C,
synthesi s gas was added to the reactor tpidring the pressure to 500 psig.
The reaction was run for 157 m nutes, before being stopped. Gas

chromat ograph anal ysis of the reaction m xture showed the foll ow ng

e e pentenol 1 iéaéé’@e“yﬁﬁa Huthedes é@%f%"ﬁeﬁﬁ%?@ﬁ% gpF ubdhpstituted
6- hydr oxyhexanaikqdienes4o yrdf@cw@ﬁﬂ%tgprbm HecPresensgrof, a@nd br anched

al dehydes was Q@ﬂ‘rbddi‘ﬁduﬁhtlgﬁ&aﬁélymW&Woﬂﬁ&ﬁmo&@@ﬁbét@ﬁﬁéd ytinfrared
spect roscopy. | l ustrated

nvent|
by certain of WRE bStrne‘%tgglunsaEg(rgttg? hB{Q pﬁbstlngg & %%ﬁs‘?'? u‘ied as being
limted therewnt%ﬂ'qlamﬁé?rzﬁwenrﬂreml on enconpasses the generic area as

WO 97/.40000 (b)  optionally separating the 3-penten-1-ols, 4- B@Hﬁéﬂsg 7/ 06849
-105- 1-ol and/or 2-penten-1-ols from the hydrocarbonylation catalyst;

(¢)  optionally subjecting the 2-penten-1-ols and/or 3-
penten-1-ols to isomerization in the presence of a heterogeneous or
homogeneous olefin isomerization catalyst to partially or completely
isomerize the 2-penten-1-ols and/or 3-penten-1-ols to 3-penten-1-ols
and/or 4-penten-1-ol; and

(d) subjecting said one or more substituted or
unsubstituted unsaturated alcohols comprising 2-penten-1-ols, 3-
penten-1-ols and/or 4-penten-1-o! to hydroformylation in the presence
of a hydroformylation catalyst to produce one or more substituted or
unsubstituted 6-hydroxyhexanals.

17. A composition produced by the processes of claims
1, 2 and 3 comprising:

(1)  one or more substituted or unsubstituted 6-
hydroxyhexanals;

{2)  optionally one or more substituted or unsubstituted
penten-1-ols;

i (3) optionally one or more substituted or unsubstituted

5-hydroxypentanals and/or cyclic lactol derivatives thereof,

(4) optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof;

(5) optionally one or more substituted or unsubstituted
pentan-1-ols;

(6) optionally one or more substituted or unsubstituted
valeraldehydes;
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her ei nbef Elﬁlﬂ“ﬂammmm” ous nodifications and enbodi nents can be made
wi t hout deg 4 WIMORERE e 1t 1 spirit and scope thereof.

-106- Cl ai ms 1. A
process for p béld one or nore substituted or unsubstitut edTUS97/06849 . .
hydr oxyal dehydes whi ch conprises subjecting one or nore substituted or
unsubsti tuted al kadi enes to hydrocarbonyl ation in the presence of a

hydr ocar bonyl ati on catal yst and a pronoter and hydrofornylation in the
presence of a hydrofornylation catalyst 1d3produce said one or nore
substituted or unsubstituted hydroxyal dehydes. 2. A process
for producing one or nore substituted or unsubstituted hydroxyal dehydes
whi ch conpri ses subj ecti )0ne(ﬂﬁfongﬁz%n%lﬂ?%&‘e@&@ti%teﬂrb%uhﬁﬂbhﬂhﬁdd
pentenal s to hydrocarbonyl ation 1n the presence of a hydrocarbonyl ation
catalyst and a B?W&Sﬁ to produce said one or nore substituted or
unsubstituted hydroxyal deigydesoptionally one or more shbstitited qrrunsubstitted| ai m 1
whi ch conpri Ses; @ é}ggne st,ecti ng one or nore substituted or unsubstituted
al kadi enes to hylar ocarpbonyl ation (n the presenge. of ﬂ dr ocar bonyl ati on
catalyst and a promoter®o prtanadlyane ermﬂ’i?rséﬁ?&‘gyﬁ%t g‘ed or
unsubstituted upeatadedifld; al cohols, and (b) subjecting said one or nore
substituted or unsubstitu r at KefolafcI R I ion in
the presence of a hydr o#lgﬁlw?pg{b?‘%%}&cﬁeﬁy@% to S?l(gg%grem g%&%ﬁ%ﬁhgﬁ; nor e
substituted or andnsubstituted hydroxyal dehydes.

(11) one or more substituted or unsubstituted

butadienes;
wherein the weight ratio of component (1) to the sum of components
(2), (3), (4), (5), (6), (T), (8), (9) and (10) is greater than about 0.1; and
the weight ratio of component (11) to the sum of components (1), (2),
(3), (4), (5), (8), (7), (8), (9) and (10) is about 0 to about 100;
or a composition comprising:

(1) one or more substituted or unsubstituted 6-
hydroxyhexanals;

(2)  optionally one or more substituted or unsubstituted
penten-1-ols;

(3) optionally one or more substituted or unsubstituted
B5-hydroxypentanals and/or cyclic lactol derivatives thereof;

(4)  optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof;

(5)  optionally one or more substituted or unsubstituted
pentan-1-ols;

(6) optionally one or more substituted or unsubstituted
valeraldehydes; and

(7)  one or more substituted or unsubstituted pentenals;
wherein the weight ratio of component (1) to the sum of components
(2), (3), (4), (5) and (6) is greater than about 0.1; and the weight ratio of
component (7) to the sum of components (1), (2), (3), (4), (5) and (6) is
about 0 to about 100.



: m 1l or 3 wherein the substituted or unsubstituted
aI kadi enﬂmm’mn ﬂl& ml I ene, the substituted or unsubstituted al cohol s
conprise &ist3-perfted-1%0l, trans- 3-penten-1-ol, 4-penten-1-ol,

Ci S- 2- pent enwip &l4e8dad/ Or trans-2- pent en- 1- U9/

-107- ol and the substituted or unsubstituted hydroxyal defl{ e LB i se
6- hydr oxyhexanal . 5. The process of claim3 V\/nerel n the
hydr ocar bonyl ati on reaction conditions in step (a) and the hydrofornylation
reaction conditions in step (b) my be tihi@a.sane or different, and the

hydr ocar bonyl ati on catalyst in step (a) and the hydrofornyl ati on catal yst
In step (b) nay be the sane or different. 6. The process
of claiml1, 2 or 3 wherein said hydrocarbonyl ation catal yst conprises a
nmetal selected froma Groui 8, .9 and 10 netal conplexed with an

or ganophosphi ne |igand sel gct ef TeAEipen mixtHe comprising one gagnore

pol y- (or ganophmsistitnedd bF gasubstituted hydroxyaldéhydesﬂhﬁwﬁkﬁ%‘i& rédctional m 6
wher el the. or 4a0anRSe BIYRC LYY dreeds bF LALARTORTGRPY Ne 11 0and

represented by th

19. The process of claims 1, 2 and 3 further
comprising the step of derivatizing the one or more substituted or
unsubstituted hydroxyaldehydes in which the derivatizing reaction
comprises hydrogenation, esterification, etherification, amination,
alkylation, dehydrogenation, reduction, acylation, condensation,
carboxylation, carbonylation, oxidation, cyclization, silylation and
permissible combinations thereof.

20. A derivative of the one or more substituted or
unsubstituted hydroxyaldehydes of claim 19.
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wherein each Rlerr] is thﬁ!mumgmﬁ"ﬂymﬁnt and is a substituted or
unsubstitut ed _nonoval ent al .. - .. 8.. '.The process
of claim6 Wréfdi8 the Iigand i b step’ (&) has a:basi city’greatef:thaiier :
equal to the basicity of triphenyl phosphine (pKb = 2.74) and a steric bulk
| ower than or equal to a Tol man cone angle of 210[err].

-108- . 9. The process of cl-aim1 wherein the pronoter has a
pKa of about 1-35 and conprises a protjggsol vent, organic and i norganic
acid, alcohol, water, phenol, thiol, selenol, nitroal kane, ketone, nitrile,
am ne, am de, or a nono-, di- or trialkylamoniumsalt or m xtures thereof.

10. The process of claim1 or 3 whegei.n said hydrofornylation catal yst
conprises a netal selected froma G 1815 9 and 10 netal conplexed with an
or ganophosphorus |igand selected froma nono-, di-, tri- and

e i bosard hydr of & my! &% PEIeesSfar DERdusing brecy OrEeaPeaty By’ rom o
G oup 8, 9 ungubstituted hydropyaldebydies whichaomprptosybjectinglangaord sel ect ed
; {)(r)?ul .. ~ more substitBtdd 59&9@&8&@9&%@ﬂﬁahi&@%@o@?ﬂ&%ﬁmcﬁg’mbﬁoﬁ ha

the presence of a hydrocarbonylation catalyst and a promoter and

hydroformylation in the presence of a hydroformylation catalyst to

produce said one or more substituted or unsubstituted

hydroxyaldehydes.

2. A process for producing one or more substituted or

unsubstituted hydroxyaldehydes which comprises subjecting one or

more substituted or unsubstituted pentenals to hydrocarbonylation in

the presence of a hydrocarbonylation catalyst and a promoter to

produce said one or more substituted or unsubstituted

hydroxyaldehydes.

3. The process of claim 1 which comprises:
(a) subjecting one or more substituted or unsubstituted alkadienes to
hydrocarbonylaﬁon in the presence of a hydrocarbonylation catalyst and a
promoter tb produce one or more substituted or unsubstituted unsaturated
alcohols, and (b) subjecting said one or more substituted or unsubstituted
ﬁnsaturated alcohols to hydroformylation in the presence of a
hydroformylation catalyst to produce said one or more substituted or

unsubstituted hydroxyaldehydes.

4. The process of claim 1 or 3 wherein the
substituted or unsubstituted alkadiene comprises butadiene, the .

substituted or unsubstituted alcohols comprise cis-3-penten-1-o0l, trans-
3-penten-1-ol, 4-penten-1-ol, cis-2-penten-1-ol and/or trans-2-penten-1-



[err] : wher ei n each inguit or different and is a

substi tut ed unspbsti tut emlmnmnmjfl@mﬂ ocarbon radical ;; - 2 i-ll
(ii) a nonoordahobhibsphite represented vy 1 he farnul a:. & 0 RO A
-110- wherein X err] represents a substituted or unsubstituted n-vVval ént
hydr ocarbon bridging radical containing from2 to 40 carbon atons, each
Rlerr] is the sane or different and is a dival ent hydrocarbon radi cal
containing from4 to 40 carbon atons, eagy-R err] is the sane or different
and is a substituted or unsubstituted nonoval ent hydrocarbon radi cal '
containing from1l to 24 carbon atons, a and b can be the sane or different

and each have,a val,ue of 0 to.,6, wt he vi,so that, the sum aof

a+bi 52t 06andrf g Shstitulela or unsumsttlfﬁ.tgé PHET G deay QmPHEE 6-2 or 3
whi ch i's concydredyhéexandlenperature from about 50[err]C to 150[err] C and at
a total pressure fromabout 0.14 to about 21 MPa gauge (about 20 psig to

about 3000 psig). 13. The process of claim1, 2 or 3
wherein the process bat&hw sThemprocess oficdaghy whereiatthe a reaction nixture

hydrocarbonylation reaction conditions in step (a) and the

hydroformylation reaction conditions in step (b) may be the same or
different, and the hydrocarbonylation catalyst in step (a) and the
hydroformylation catalyst in step (b) may be the same or different.

6. The process of claim 1, 2 or 3 wherein said
hydrocarbonylation catalyst comprises a metal selected from a Group

8, 9 and 10 metal complexed with an organbphosphine ligand selected
from a mono-, di-, tri- and poly-(crganophosphine) ligand.

7. The process of claim 6 wherein the

organophosphine ligand is a triorganophosphine ligand
represented by the formula®

wherein each R1 is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical.

8. The process of claim 6 wherein the ligand in step |
(a) has a basicity greater than or equal to the basicity of
triphenylphosphine (pKb = 2.74) and a steric bulk lower than or equal
to a Tolman cone angle of 210°. '



conpri si ng: ( ubstituted or unsubstituted 6-
hydr oxyhexanal_s; ﬂ!l"lmuﬁlﬂuum&ﬂl}ﬁ y one or nbre substitutied -or:
unsubsti t ut ed Qéﬁt7e7|$- 1-ol s; L " s ¢+3) ' optionally one. of zhrorels:
substituted or unsubstituted 5-hydroxypentanals and/or cyclic |actol ’

derivatives thereof; : (4) optionally one or nore substituted
or unsubstituted 4-hydroxybutanals and/or cyclic |actol derivatives

t her eof ; (5) . optionally opggr nore substituted or
unsubstituted pentan-1-ols; (6) optionally one or nore
substituted or unsubstituted val eral dehydes; (7) optionally

one or nore substituted or u bstituted,pentenals: . 8
optionally one or nore £bst%§ﬁ°ﬁ?5%ﬁgaﬁgpi W@Helﬂ@%%%%r&%;a
-111- pKa of ab6@} 1-350phd comiprisedna protiowobvenitpstgdnit addlindrganic

pent anedi al s; _ . 10 opt Lonal | ¥ _one S | tut
1, 4- but anedi alagfd’aﬂﬁo}ml’ watér, Bhencfiﬁ€1o€ilb§1eéexa§,, ﬁ@ﬁ&g%ﬁ’ ?{%gé%d %?gle,
unsubst i t ut ed amine; iasmide;, omhenenn-,tdie ondrighkylammontimealponeriktyres to t he

sum of compongftseds2). (3), (4), (5), (6), (7), (8), (9) and (10) is
greater than agou? 0.1; and the weight ratio of component (11) to the sum
of conponents (1), (2), (3), (4), (5, (6), (7), (8, (9 and (10) is about

21_ ;?U?EOUt 100. 10. Tﬂe4'pré6¢é)£é)c§§scfé){m P oglycy %&éf'\r?cstéfg
hydroformylation catalyst comprises a metal selected from a Group 8, 9
and 10 metal complexed with an organophosphorus ligand selected
from a mono-, di-, tri- and poly-(organophosphine) ligand. '

11. The process of cléim 1 or 3 wherein said
hydroformylation catalyst comprises a metal selected from a Group 8, 9
and 10 metal complexed with an organophosphorus ligand selected
from:

(i) a triorganophosphine ligand represented by the
formula: :

wherein each Rl is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical;
(ii) a monoorganophosphite represented by the formula:

/o\ .
RE-0-P
N/
O



60rfp?i sing one or nore substl Hllmlllmlmﬂﬂﬂﬂ mlt ut ed hydroxyal dehydes whi ﬁh
153 T
Brgggii g?nglrllﬁ(r?'i%l,} r gr?g(rasps)rdduél n'g dhe Sor *noree substitut eb or ' ° Ny

unsubsti tuted 6-hydroxyhexanal s which conpri ses: (a)

subj ecting one or nore substituted or unsubstituted al kadienes to

hydr ocar bonyl ation in the presence of a hydrocarbonyl ation catalyst and a
pronoter .to produce one or nore substitutldd-or unsubstituted unsaturated

al cohol s conprising 3- penten-1-ols, 4-penten-1-ol and/or 2-penten-1-ols;
(‘b) optionally separating the 3-penten-1-ols, 4-penten- 1-ol and/or

2-penten-1-ols fromthe hydrocarbonylation catalyst; and (c)
subj ecting sai dgone 1 hore supst It ted or. unsubsti t ut eg unsat ur at ed
al cohol s conpr¥Rfrfn s E?R"@ﬁe‘i LR su ﬂtltﬁb'@ﬂ@'nuliSBIPStMF M-¥28dht en- 1-ol s to

hydr of or nyl at |hyairbaa1tﬂm mdgﬁfgcmdaﬁalac&mwngr mzshﬁiz ite mocﬁr@bnsitohfs produce

te bs. t t
76 " The. pr odast BYIEthe et ghah e B iR A9 Xeéle%b iserbamtadicat ed or
unsubst i t ut ed conbyiaing fiwm dntd 40 warldn atmps; each R10 is the same or different

-112-
unsubsti tuted zﬁdklsda ggggstl%%éﬁtagﬁ%& ?h@é&l?ﬁpﬁggéﬁg@%r?%?dmal
hydr ocar bony| £ontgindag srqm¢l ttQ)Q Fémaé?msoﬁ amdr ke canbet the aazae or

unsubsti t ut ed diffepdnt anddadth mbelasvmﬂ Ftde, %:ﬁ?ﬂ&@prém% %hat“the sum’
pent en- 1- ol and/ or - “optionally separating

the 3-penten- Bltblﬁ%pg’ngéﬁja‘ieﬁpaﬁﬂ/“op 2: pent en- ~~1 ols fromthe

hydr ocar bonyl ati on cat al yst; (c) optionally subjecting the
2-penten-1-ols andfor 3-y5  pe process of claim 1, 2 or 3 which is conducted at a

temperature from about 50°C to 150°C and at a total pressure from about
0.14 to about 21 MPa gauge (about 20 psig to about 3000 psig).

13. The process of claim 1, 2 or 3 wherein the
process batchwise or continuously generates a reaction mixture
comprising:

- (1)  one or more substituted or unsubstituted 6-
hydroxyhexanals;

(2) optionally one or more substituted or unsubstituted -
penten-1-ols; ;
(3) optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof;

(4)  optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof;

(5) - optionally one or more substituted or unsubstituted
pentan-1-ols;

(6)  optionally one or more substituted or unsubstituted
valeraldehydes; )

(7)  optionally one or more substituted or unsubstituted
pentenals;

(8)  optionally one or more substituted or unsubstituted
1,6-hexanedials;



penten-1-ols to isonerizap | f nce of a heterogenequs or
honogeneous O|]§I I@r?l sonerjtmuum ﬁgﬂiﬁﬂrt o partially dr conpletely: - -
i sonerize the lp en-1- Mo Os en-1-ol s to. 3-penten-1-0l's “and/ or

4-penten-1-o0l; and (d) subj ecting said one or nore
substituted or unsubstituted unsaturated al cohols conprising
2-penten-1-ols, 3- penten-1-ols and/or 4-penten-1-ol to hydrofornylation in
the presence of a hydrofornyl ation cat al 3itl-t o produce one or nore
substituted or unsubstituted 6-hydroxyhexanal s. 17. A
conposition produced by the process of claim 1, 2 or 3 conprising:

(1) one or nore SubSti(Tgl)lt edo 1%’?@3?’2‘ ic}g;ﬁlgge ggg%kﬁ%tgééﬂgxanal S;

(2) optionally one_or more S unsu pent en- 1- ol s;
(3)  optionalpeptanedigds;nore substituted or unsubstituted

- 5-hydroxypentanal s and/ Q'iﬂﬁycéﬂﬁoﬁm%%hgcﬁgxhﬁf‘é EME&iﬁd’t@ﬂq?%-buténedials;

(4) optionally one or nore substitute unsubst i t ut ed 4- hydr oxybut anal s

Y.
and/ or cyclic angk ol ~derivatives thereof; (5) optionally one

or nore substituted or ungubsénd o¥ afbreegiitatithted 6r unsubstituted  (6)
optionally ong or .nore. substituted or unsubstituted val eral dehydes;
WO 97/ 40000 Putadienes; |

PCT/ US97/ 06848vherein the weight ratio of component (1) to the sufhld@-components

7 ti | ' ' . ;
(oo s S A5 O WP oo
1, 6- hexanedi althbe weight ratio of compon@nt (13hte thexstn ofcoraponents (uK81i t ut ed

J#5- (), (4), (5), (), (T), (8), (9) and (10) is about O to about 100.

14. A process for producing a reaction mixture
comprising one or more substituted or unsubstituted hydroxyaldehydes
which process comprises the process of ciaim 1, 2 or 3.

15. The. process of claim 1. or 3 for producing one or more
substituted or unsubstituted 6~hydroxyhexanals which comprises:

(a)  subjecting one or more substituted or unsubstituted
alkadienes to hydrocarbonylation in the presence of a
hydrocarbonylation catalyst and a promoter to produce one or more
substituted or unsubstituted unsaturated alcohols comprising 3-
penten-1-ols, 4-penten-1-ol and/or 2-penten-1-ols; .

(b)  optionally separating the 3-penten-1-ols, 4-penten-
1-ol and/or 2-penten-1-ols from the hydrocarbonylation catalyst; and

(c) subjecting said one or more substituted or
unsubstituted unsaturated alcohols comprising 3-penten-1-ols, 4-
penten-1-o0l and/or 2-penten—i-ols to hydroformylation in the presence
of a hydroformylation catalyst to produce one or more substituted or
unsubstituted 6-hydroxyhexanals.

16. The process of claim 1 or 3 for producing one or

more substituted or unsubstituted 6—hydroxyhexé.nals which comprises:



pent anedi al s; _ fgpal | y one or nore substitut.ed

2 burancar gt gorgand | IAFHINIRIAAD" “one" *mofe’ st uteror
unsubstituted Bagadienes# twherel n sthe wei ght ratie of conporient .(1)..to
t he sum of conponents (2), (3), (4, (5, (6), (7)), (8, (9 and (10) is
greater than about 0.1; and the weight ratio of conponent (11) to the sum

of conponents (1), (2), (3), (4), (5, (6), (7), (8), (9) and (10) is

about 0 to about 100; or a conpositiol@nprising: (1)
one or nore substituted or unsubstituted 6- hydr oxyhexanal s;
(2) optionally one or nore substituted or unsubstituted penten-1-ols;

(3) optionally one or re yi d o ‘] e .
5- hydr oxypent anal s and/(gﬁmcysc‘ﬁlﬂg&lt‘g%% (%1% %eﬁo\ggtg !id\g%éh%%tgr eo\fr;xsubsmtuted
(4)  optionalkadignes ¢p hydrecanbonylationdndhepreatnes ofa ed

4- hydr oxybut 8ual-SeAbdnPlatfdt thtaly8E tO brafide/dhé YF tndrdubitituted or
ubstitu stitute

('5) optionally_one of, nore s ed or unsuy pent an- 1-ol s;
(6)  opti on¥msybsttutad wasaturgbed piephals gemprising Brpentea-1-ols, 4-
val er al dehydegntémd-ol and/or Z\Rﬁeme‘n—l(ou; one or nore substituted or

unsubstituted pentenal s, erein the weight. ratio of co nent, (1) to
the sum of conponents () (2)0P &@}%ITXE?P&(%)‘&%%BG?aﬁeq@ngf'eg FPETHER" about

0.1; and thelvaiayd/or @ penteh-1-olsfirvmo thathydépcdrbonlptationncatalgstyponent s (1),
E 2)1-’14( ?) (9, (5) and gp) 1!?.% tior@?ggép?eg%&ﬁ%#-gjeggﬁ%}lrglf 55 dYor3ur more
substitut ed penten-dmeisitodseenizationin thepresenca ofiai heteregeneouaori on
m.xture i s phepgetheBis iR iSReERization! GitAlyst t8-padtidllylcd completely
isomerize the 2-penten-1-ols and/or 3-penten-1-ols to 3-penten-1-ols
and/or 4-penten-1-ol; and _
(d) subjecting said one or more substituted or
unsubstituted unsaturated alcohols comprising 2-penten-1-ols, 3-
penten-1-ols and/or 4-penten-1-ol to hydroformylation in the presence
of a hydroformylation catalyst to produce one or more substituted or
unsubstituted 6-hydroxyhexanals.

17. A composition produced by the process of claim
1, 2 or 3 comprising: '

(1)  one or more substituted or unsubstituted 6-
hydroxyhexanals;

(2)  optionally one or more substituted or unsubstituted
penten-1-ols;

(3)  optionally one or more substituted or unsubstituted
5-hydroxypentanals and/or cyclic lactol derivatives thereof;

(4)  optionally one or more substituted or unsubstituted
4-hydroxybutanals and/or cyclic lactol derivatives thereof;

(5) optionally one or more substituted or unsubstituted
pentan-1-ols;
(6)  optionally one or more substituted or unsubstituted
valeraldehydes; ' '



19. The procejmﬂmm,“mr"m m r 3 further conprising the step of
derivatizing thelk H Et ituted or unsubstituted hydroxyal dehydes
in which the derivatizing"reaction conprises hydrogenation, esterificati on,
etherification, am nation, alkylation, dehydrogenation, reduction,

acyl ation, condensation, carboxyl ati-oril&af bonyl ati on, oxidation,
cyclization, silylation and perm ssi bl e conbi nati ons thereof. ,

20. A derivative of the one or nore substituted or unsubstituted

hydr oxyal dehydes of cl aim 19. 21. A process for producing

one or nore substitut e%oorr%nsubstit,ut ed unsaturated al cohol s which
conpri ses reacting onelr rfdFeACHORIRIX{ULE SAMBFISIRE QNS OT MOReUbatitkigdi0nes wi th

carbon no noxixﬁ@osﬁﬂﬂemuﬁreﬂﬁméh?aém WhiRh 8aiiCre@étich dﬂﬁtﬁ‘tle‘ is| COJTRIeEX

catal yst and a pronoter and opfionally free Iitgand to produce sald one or
more subst i tREPeESS OF claimdp % Bten By unsaturated al cohol s. 22.
A process according to claim?21 wherein the netal-ligand conplex is a

nmet al - or ganophosphorus |igand conplex and the optional free ligand is an
optional free organoph®sphdrhesprocassiof claim 1, 2 or 3 further cdfiprisingAther stepests

according t | (o) r ek n.t ubsti tuted,or un stituted,

al kadi ene cgir?% %iﬁ?‘eég é‘&t%n&iz‘grn%’g%n%lb téa:?u SYPE ni‘b‘eg Pya’f%@g‘?’ﬁ‘f&% &y which
unsat ur at ed thé¢ derfireitizingonepctionecompris8s hpdrogenation] estérificysion; phetificatibng! ,
4-penten-1-ql.. cis-2-penten,l-al andlor trans-2-penten-1-ol.

24. A pr o%ggg‘&g%cép‘gf 0y géllkyﬁﬁ‘?g?ﬁ{i?n’zrﬁd‘b‘?mﬁsa ?%W’icé’n‘g%m ed at a
hydr ogen parcarbakylaties,scarborytutions bieidation eycligatiang silylation aas pernsissiblEf i ci ent
t-o.prevent or _mini.m Zfﬁ)&formatlon of ‘substituted or unsubstituted

pent en- 1- ol SOTRPAHPRSIGLEOT yt ed or unsubstituted val eral dehydes.

20. A derivative of the one or more substituted or unsubstituted
hydroxyaldehydes of claim 19.

21. A process for producing one or more substituted or |
" unsubstituted unsaturated alcohols which comprises reacting one or more substituted
or unsubstituted alkadienes with carbon monoxide and hydrogen in the presence of a
metal-ligand complex catalyst and a promoter and optionally free ligand to produce
said one or more substituted or unsubstituted unsaturated alcohols.

22. A process according to claim 21 wherein the metal-ligand
complex is a metal-organophosphorus ligand complex and the optional free ligand is
an optional free organophosphorus ligand.

23. A process according to claim 21 or 22 wherein the substituted
or unsubstituted alkadiene comprises butadiene and the substituted or unsubstituted
unsaturated alcohols comprise cis-3-penten-1-ol, trans-3-penten-1-ol, 4-penten-1-ol,
cis-2-penten-1-ol and/or trans-2-penten-1-ol. '

24. A process according to claim 21, 22 or 23 which is conducted
at a hydrogen partial pressure and carbon monoxide partial pressure sufficient to
prevent or minimize formation of substituted or unsubstituted penten-1-ols and/or
substituted or unsubstituted valeraldehydes. -
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