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WO 2009/ 146984PCT/ EP2009/ 055121 Met hod for se arati

1-butene from C4-containin h drocarbon streans b
WO 2099r1abos4ryl ation  The present invention rctEP2009/055121

t he sel ective hydrofornyl ation of 1-butene to 5

val er al dehyde from as-contai ni ng hydrocarbon streans
Methaqhfors tingel -batdnéel front €y« omtalnirsg hyteoearbbadirdams by
hvdr ics frggu%ntly present in industrial streans together

ated and unsaturated C4 hydrocarbons. Ow ng
to the small boiling point difference and/or the very

| ow separation factor between isobutene and 1-butene,
The preseptinyaetieraralatesiie theselectiveckyshiofdroylatipnfaf ddhutbes to

vl e oo e U B LD ot
1-butemieXdridr iesbilmgngeonverti ng i sobutene to a derivative which

can be renoved easily fromthe remai ni ng hydrocarbon
m xture, and by dissociating the isolated derivative

sobubfi AN RGeS T AR Ebnet B G 8Rd dno

unsaturated C A rotaibongUOhing fwﬂhe@mpb@’i!hﬁg)gohhﬁiﬂ@i’mﬁdl@rnthe
of butyl rubber, polyisobutyl ene, isobutene oligoners,

very loyy seRrafatiotiacipRatvees isaisitens BasyiHuiene, isebutene cannot be

romov8l RPN o5 et k89 BT YhbdSnd 1lpRoRd
typicaltyeohitained fiorairahustrial ©iydeovdirish asxtaresi byt esnveddiraf isobutene to a
ducti on of roxlié{ges. In addition,, isobutene

defivatfsvgﬁ(:WBr\&R&égobeagér%o @RIV PO dhe rareaipingaidipeasRopmixiure, and
by dissﬁ%idlm?rtﬁé ligolatel %eﬁwgti\‘fékﬁi%éb&déﬁé%- de?%tifiﬁg:a?ephe o

i sobutene is renoved from C4 cuts, for exa
fraction of a steantracker, as follows: 25 After

Isobut%r%@é@élsg%ﬂég Wh@lffﬁé e)%rsbgr%aigglrpﬁénrgghi%oaet gfd products, for
exampiaor #td peIpafridres bt rebbét, pbRliddbutens a561UtENE oligomers,
drogenation (SHP) to |inear "butenes, the remainin

h
branchﬁﬁﬁaﬁ dehydest Camabaxylie asigiseCs ialasihplshgnr 6gelefinedin addition, it

, - ' i . : b

s useEB2RK oD 4R, Shele DAL H0 R Bl BB an

as an inteemetiiatefdrahe prodiidiish of petoxiddsy/ lin atifigibn( EdBEEnE tahiR
case of ethanol, and tert-butanol (IBA) 1 n the case of

used ag aPreeursar far theprepatalien phmetiacadic acid ppd stars shrreof.
renmoval , all three products can be dissociated to
i sobutene in a reversal of their formation. For the

Typicallys iabutene isfrenrovkdtfeome C,atitsydbl examplarthe G freition af ang
‘0@{??“0 3 at least two reaction stages are

steam xﬁ‘sn& YWBequired. Alternatively, isobutene can be
renoved froma C4 hydrocarbon streamwhich 5 typically
contains |l ess than 1% by nass of butadi ene (04 stream

After remayal bf thedmejarity 9t fhe polwoisahgatedonyedreearbonsaf frinvigaty |

. or selectively hydrogenated crack-C4 in the,
butadiefg, B sRfecteRHerCTA S afon A SPeiNG bydrBoRgion/SHiR M
e b e g S MhAE € of Stlectlolh hfRMenatod rack-
C4) is reatedwithmieohs) onssder. isabuterauforms methyl tert-utylesthet MTBE)

. isonerized tq 2-but s.. . Ih qui Ji_hrium positio

inthe op S8 BELE 8 i SR S B SPeranc
and terEREROITEIA) 39 the 8hscof @d 6 Whtet: OA Completion of derivatization
and removal, all three products can be dissociated to isobutene in a reversal of their
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15 When the isonerization is perforned in a reactive
distillation, a virtually 1-butene-free top product
WO 2290 ggqm)ved from whi ch pure isobutene
Lh% up further. The bottom product obt aﬁga@zoogmmm
i sobut ene-free m xture of 2-butenes. However, a
formatiohaFuethbagstalion bhigbblifdel a6 Well @R/ Jhats %Fﬁ%hg Riperdtions, at
t han the product prepared by the net hod
least tyeg repstipn stagss. arpaceardingly 1eqiitesihe is converted to the
| ess reactive 20 and al so econonmically less attractive
2-butenes. A further alternative consists in

Alterraipély] isobgtehb &ahi lghemaoesaciorvi let ©4 hydrbchtioRngrezmimahiced
but ene in the hydrofor | ation, in order

fyplca@wceeﬁlﬂﬁe%s #@Fo% by B@ﬁé@é ifnen&4rhtseam Eroay‘r%wd catalytic
crackﬂﬂ?%@%é’srs@él l%tﬁ’arg:ﬂ% é | so |veI% ng e%@ﬁéfe\ﬁ' cfr?éclg'cf g%ﬁ g{vl\?cl‘[%gowmg

utene an genera
mannachi eve sel ectivities of commercial interest. EP 0O 016
286 presents a process with which 1-butene can be
converted selectively to val eral dehyde in the presence
The sﬁfrhﬁgfﬁﬁ%!&l%% h HFbé téd 9R& D Hi ﬁ%dtgﬁi!éﬁe AQ@M@Y@é'ent is
an | east 1 excess of phosphine T'igand

selectivelyuhydrdgénated die)lwrt’ro ardsiduad cohtentieEbeled 5 ppm by mass, and
S t

o Bt o RoRE oS, e B poston

betwedAASH 384 AhdThK Rfortsic Q-fbuié]ﬁﬂsﬁ@%r Bké’ﬁlﬁﬁasa’d 80°C, Bt a ratio of
exanpl es. This also clains, wthout specifying

1:17experinental details, achievement of not nore than 5%
i sobut ene conversion at 65% 1-butene conversion wth
the ligands A described there. However, a 65% 1-butene

When ¢I®amse>nmrlzatlc|al‘s pérfcmmdwm PrAINs d%ﬁnﬂﬁbrt @ Weually 1-butene-free
ffici nt to satisfactorily sol ve the technical

top proglgca @fregpdﬁﬂafrpﬂbwnwblw&]@oantﬁnesmb%wrkw up further.
The b 8laTT ERURYES: bt 13 SRR HBRover. <
disadvantageds ¢hatrtbe umbmermrbas a Id/v@ruplmty! tharnther preduct prepared by

bseguyent | able to distil off |sobutene freed
the meJHoq SR BIATZalon NP AR daa BRI PO RaT SO bR dserieagive
and alé&e@&&n%af&“?e%ﬁeatﬁé’&%r?befén § 95% w th not nore than

% i sobutene 10 conversion. Preference is given to a
1 but ene conversi on of at Ieast 99% at an i sobut ene
he techni.c

A furtngf BNERBINT oPasiP i Bralouineaiie highel dSas i\t chutBhg godthared
to isob@Rhef the Ay rmHaGSH i$ BIRE td ‘ééﬂeﬁtnfél? IPér?mve 1-butene from the

C4- cont ai ni ng hydrocarbon m xture whi 5 conpri ses

mixture By hieexiermiation. driﬂvleem@raﬁh\@ raagtmtgrqﬁereeces bfif énéene and
isobutdfig i deresly B0 Wyl i o g racEn ierest

EP 0 0h§ #86f sresentaleshoeess GRARIHIEe d-Buere 62N bBHONYEAES Selectively
such that the end concentration of 1-butene is

to valecaidefivderinihy prrsesiretci dsabuitenentn the piecess deserikatkthiere,
howevéﬂ_? %U:Aﬁém q}gﬁ%ﬁ!ﬁﬁ%@%'e‘r B%&m Rg @5&9 is re%ﬂ redn 3Poder to

ENes.
achieve the desired selectivities, which again makes the process unattractive.

International application WO 2005/028404 makes use of the same process in its

examples. This also claims, without specifying experimentai details, achievement of
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20 requirenment can be considered to be a 1-butene
conversion of 95% at not nore than 5% i sobut ene

WO 2008/6884n. 1- But ene shal | be hydr of or nyl atRCT/ER2009/055121
n/iso selectivity of at least 97%at the termnal
carbon atomto give n-val eral dehyde. The process shall

not mee:thagidrs iishhiudgne convassioniad 808 &bekerseconviessioEmith the digands

probl em has been solved by a process for
Ades%ﬁéedﬂarél but ene from C4- 25 contai ni ng hydrocar bon

mxtures conpri sing i sobutene and 1-butene by
rofornyl ation, the catalyst system used consisting
HOWEW @rﬁe‘S %r1-butene can¥eisivhcarindIsway bgcengisleged to h@sufficient to

cais GRS BRO SISy e B SRIGRR L il Blntlfe. o
technlsabmluﬂlcm ﬁﬂbubcﬂ lowenithetti-buterd cohtnt well @@bv@théoﬂhéﬁhwﬂ ic

% g‘h contains one or nore heteroato
equmteﬂ%| g Sufeng ard Hie ispriers 2rhufens ipiosdens @q@enﬂy to be

t
oo G RS NG AP G o e,
consideared talbatai ‘cblétetme atinveesienbdf 95%basith tubllfjradremhaﬁ 5% isobutene
t ut onn nconnect e us r or
conveio, BieldPhea s SUrE b & b uiene SHDGHT 08/ ot IS 90Tk Mt

lsobut@ﬁeléBﬁVéﬁfohtdﬁn%@n%rlé% 9591yl radical which contains
one or nore heteroatorr? , the bisphosphite |igand of

t he above-specified fornula I belng used in an excess
of 10

The teBhnfaloBlerh Bk thSleigla debelod A nincgs i wilgh fuftete can

be hydrofsenlatéesslecthany fohtd GlcontdiniPyHyafoPBYE hitktare WRichf
ym)re ?han 95% It has r%w been ?orﬁ,gd that, froma

comprigesdephiulent agd H;lmt@eaabd iGN KeIPESE Srhvitenas: yvitheubisobutene

iso BB PECRie A5, 515, AR P B FEARAY prosnt e

hydrofpmayleteadryisdrédzed 0 mihinurh debrs) wdels thatahe ehé cbhcentration
mxture to an extent of nore than 99% by

d b
of 1-bubie s o TSRS e BPndane=tn BT diens Bber bei ng
{
thermddShantic'BchhB bUEMEGh 1-BER Bnd DLAINRLS R\ | |
requirabﬁﬁm&azmmmﬁegéd to beus &dbudmga tdreversion of ©66% at not more than
. . temperature.is Su uent

5% 'SOF?V EINETSIRN- hEHi ql.aﬁ he hiydzptdrm l%g%wﬁgra@t RIS O; Rlectivity
of at le8stO7%R| AR #enin A ars8h 3!6'1#’1' fo QlZQ?Wé?é‘r%ldé e/d% fhe process

catal yst 20 fraction and into raction conprising
shall ne¢@ ccmﬂ&mhtydomd ligard breasses ltearCEP) 686 286. f r act i on

i AL Bl ol LS Bt A 01
contalmrﬁy ﬁ?dr‘o@érb@ﬂ&ntxhﬁeé@:bhiﬁﬁsﬁ@; iBEN@Bha AT 1-Blitdnedy) Y One

chem cal reaction and a distillative workup, two
hydrofcymy@aﬂonatheetpataiysbw@gmax@d coansisting of one or the transition metals

of groups 8 to 10, preferably rhodium, and a bisphosphite ligand of the following

i | <.

oINPT~

formula | 0 O | where X
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25 obtained froma C4 hydrocarbon m xture conpri sing

i sobutene and 1-butene, specifically isobutene and the
WO 26B9Al4dehyde mixture with a high proportionpgT/EP2009/055121

val eral dehyde. In addition, any hydrocarbon m xture

conprising the irsoneric 2- butenes obtained can be

= divaldntlsubetitufear orfUJTstubeﬁtutetﬁb”sakkm%nede biszxpepé ead icdl whieh
reparation of oligomers or deh¥des

Conta@é@&@tQfdﬂ%refhﬁieﬁqaéorﬁ(%c‘éssdla@i@m stibegtuted oR é"ﬁlﬂﬁﬁéﬁtﬂtﬁén
i o SR i Al P E Al Pl S, 2 -
oxygemxaiR® anstRia s REKRY are iHgniicat padifierant, sutistitded ers) ,

es from,Fi scher-Tropsch syn tur
unsubBfihah Rynedetc wasarDestecaned SOk heesat el @nd R =
hydro@éﬁ 8t Q@é’sti‘ﬂ)’te&'mﬁﬁﬂﬁﬁgﬁﬁ@ﬂeh@kﬁ aF HFﬂ?&ﬁ ANHies @?ﬁ’t%fh% one or
m Xt ur es Ich arise fr hano (or ot

more balyew’tamé&;)) thedoisphedsphite Nigand jof tmaeabm/e ~speiuiftesl formula | being
used lpeﬁ% é‘)éc%%ﬁe%gg rn?q{gﬁéq r|p: cgﬁ QI 2} g)a’ﬁ]hzéﬁlég t(iﬁl@ tlrér%s?tfoa}xt I%E?al
and lek$ MeBH5% ﬁ'th&éﬂ)@ﬂtéi‘:e%'r%%bﬁlt Eéiih% cHhlsiedvaih 1 @Lﬁene conversmn

Edi ti on, 2007, pages 9 , 36, 93 - 97, 12
of momerteae©b&% f eedst ocks armng t hose menti oned above are

4 fractions from steancrackers, which are operated

primarily for production of et hene and propene ic and

It has how\tientfothe tHaaWreratLCl-2bhataising h%l@cafbb”n iBiseure! cﬁbmprlsmg
refinery gases, naphtha, gas oil, LPG (liquefied

isobutepe A éubﬁgtg%)thgﬁdbw@ne (Cﬁatq%@nvgggd |biydmd@9forrm44at|on at
o R 10 Bt BB Ul G W kAR i,

hyd rocmbaznu trxtots toi areextent bymprethant 30% bytveeight] tﬁé esremrsion of the

isobut BienhBing lessiiian 57 Byiiiae whiah it lshaxslerd Copsisting
of rhoduh‘r% éHcPé BREPhasHTfdl 'd@gcﬂit%qt MEDE W‘OGZUOG%S%GSE i§used and the

advant ageous to rénove unsat ur at ed ocar bons,
reactiopuiempesaturegistheiowli160&C. Subsaqde@tly,etbe hydmfurmylaffcbm mixtare is

preferagﬁyf §gg§ria% 'BFOS%SI%‘?‘? Wi .fécz{?%:; Bﬁ‘xﬁa"ggb&SPéa‘P OE)% %(éfﬂdysrf

fractiofriand lntbrdoﬁactbﬁddb?ﬁﬁﬁs%d; mé?eﬁrﬁlhiﬁghﬁ/d%i'b&as Wié exaddhyde
6th Edition, 2007, pages alternative to

fraction Bensisiingefl vaigraidebyde |vythrmn(n$cas@acﬂwtdrofm®dhsn 94 Y%a
sel ective chem cal conversion. For exanple,
1, 3- but adi ene can be hydrogenated selectively to 25

The prbcé&%cd@wlﬁ%ﬁﬁthealﬁvdm{ h&ethe foldwigtivatitage’: with@nh2ene
482. The 1 but adi ene can al so be renpoved at | east

chemm@éf@a@pn@ng@ disfillativeworkgpyiwossaght-gfter ingermediates are
obtamé'd ﬁ?ooc{egh 8%caftftin mﬂf%l(feo ?}f‘%‘?@é fs%b}.lf?%\ot d 1-butene,

ene, rineri za cycC ecatriene,

spemﬂcpailyymute@é aod tiey Ct elduhgdiezaikiuee witkes highnsropyitien of
cut. has been used as the raw materl al , what

va'eralé%mqa? n addigen, aysirpearkon KBS CABIPTISINg hedsqraegc 2-
I

butenct Blid Ean bd Uftzed 161 A BRI GIS T CaryfR e he pobafaton
of oligomérstaar®; aidehyidesbut ane, and the ol efins, isobutene,

1- butene and 2- butenes. WO

2009/ 146984PCT/ EP2009/ 055121 Typl cal conpositions of

i ' t ed

Feedstptibtth g BRELRS sEcuriy BRNBIIPNEBH ook BeBRAVHAE
petroleum fraatiops a’:mas mfmeaes,d@m@atﬂnrtshfeommrmkmg) plamtse(for exariple

in Table 1 bel ow
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5 Table 1 Steanctracker Steantracker Catcracker
Conponent HCC4 HCC4/ SHP Raff. | Raff. 1/SHP CC4

WO imsgl/ﬂ'@g480but ane re by mass] 1 - 4.5 1 '4'I5C%/E":P200§/055121

steamcrackers, hydrocrackers, catcrackers), mixtures from Fischer-Tropsch
syntheses, mixtures formed by metathesis of olefins, mixtures which are obtained by
dehydrogenating saturated hydrocarbons, and mixtures which arise from methanol
(or other oxygenates) to olefin (MTO) processes. These techniques are described in
the technical literature (H. J. Arpe, Industrielle Organische Chemie [Industrial Organic
Chemistry]; Wiley-VCH, 6th Edition, 2007, pages 9 ~ 12, 23, 36, 93 — 97, 120).

Preferred feedstocks among those mentioned above are C, fractions from
steamcrackers, which are operated primarily for production of ethene and propene
and in which the raw materials used are, for example, refinery gases, naphtha, gas
oil, LPG (liquefied petroleum gas) and NGL (natural gas liquid), C, fractions from
catcrackers or products from butane dehydrogenation plants. According to the
process, the C4 cuts obtained as by-products contain different proportions of
1,3-butadiene, 1-butene, Z-2-butene, E-2-butene, isobutene, n-butane and

isobutane.

For the process according to the invention, it is advantageous to remove
polyunsaturated hydrocarbons, such as 1,3-butadiene, from the feed mixture. This
can be done by known processes, for example by extraction, extractive distillation or
complex formation (cf. H. J. Arpe, Industrielle Organische Chemie, Wiley-VCH, 6th
Edition, 2007, pages 118 — 119).

An alternative to the removal of the polyunsaturated hydrocarbons is a selective
chemical conversion. For example, 1,3-butadiene can be hydrogenated selectively to
linear butenes, as described, for example, in EP 0 523 482. The 1,3-butadiene can
also be removed at least partially by selective conversions of the 1,3-butadiene, for
example dimerization to cyclooctadiene, trimerization to cyclododecatriene,
polymerization or telomerization reactions. When a crack-C,4 cut has been used as
the raw material, what remains in all cases is a hydrocarbon mixture (e.g. raffinate |
or hydrogenated crack-C, (HCC,)), which comprises principally the saturated
hydrocarbons, n-butane and isobutane, and the olefins, isobutene, 1-butene and 2-

butenes.
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37 37 n-butane [% by mass] 5 - 8 5 - 8 6-15 6-15 13
13 E-2-butene [% by mass] 18-21 18-21 7-10 7-10 12 12

WO Zbobif45984 PCT/EP2009/055121

Typical compositions of C4 cuts from which the majority of the polyunsaturated
hydrocarbons have been removed and which can be used in the process according

to the invention are listed in Table 1 below.

Table 1
Steamcracker Steamcracker Catcracker
Component HCC, HCCy/ |Raff. | Raff. I/SHP | CC,4 CC,/SHP
SHP
isobutane 1-4.5 1-45 (15-8 15-8 37 37
[% by mass]
n-butane 5-8 5-8 6-15 6-15 13 13
[% by mass]
E-2-butene 18 -21 18-21 |7-10 7-10 12 12
[% by mass]
1-butene 35-45 35-45 |15-35 15-35 12 12
[% by mass]
isobutene 22-28 22-28 |33-50 |33-50 15 15
[% by mass]
Z-2-butene 5-9 5-9 4-8 4-8 11 11
[% by mass]
1,3-butadiene 500 -8000 {0-50 |50-8000 |0-50 <10000 |0 -50
[ppm by mass]

Explanation
HCC,: typical of a C4 mixture which is obtained from the crack-C, of a
steamcracker (high severity) after the hydrogenation of the 1,3-butadiene
without additional moderation of the catalyst.
HCC4/SHP: HCC4 composition in which residues of 1,3-butadiene have been
reduced further in a SHP.
Raff. | (raffinate I): typical of a C4 mixture which is obtained from the crack-C,4 of
a steamcracker (high severity) after the removal of the 1,3-butadiene, for

example by an NMP extractive rectification.

- Raff. I/SHP: Raff. | composition in which residues of 1,3-butadiene have been
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[% by mass] 35 - 45 35 - 45 15 - 35 15 - 35 12 12
i sobutene [% by mass] 22 - 28 22 - 28 33 - 50 33 - 50

WO 2bpotuedegq butene [% by mass] 5 - 95 - 9 poreno009/055121

reduced further in an SHP.

- CCy4: typical composition of a crack-C, which is obtained from a catcracker.
CC4/SHP: CC4 composition in which residues of 1,3-butadiene have been
reduced further in an SHP.

The hydroformylation of the feed hydrocarbon mixture comprising isobutene and
1-butene is effected under conditions under which the 1-butene present in the feed
mixture is converted to an extent of more than 95%, and the isobutene present in the
feed mixture to an extent of less than 5%. Preferably, the 1-butene present in the
feed mixture is converted to an extent of more than 99% and the isobutene present in
the feed mixture to an extent of less than 5%. More preferably, the 1-butene is
hydroformylated with an n/iso selectivity of more than 97%.

For the selective hydroformylation, preference is given to using catalyst systems

consisting of rhodium and bisphosphites of the general formula I:

1
R R2
z 0O RS
X
\ \P Y. \ Rf
o— \O/ \O/P\O I
where

X = divalent substituted or unsubstituted bisalkylene or bisarylene radical which
contains one or more heteroatom(s),

Y = divalent substituted or unsubstituted bisarylene or bisalkylene radical which
contains one or more heteroatom(s),

Z = oxygen or NR®,

R', R?, R® R*are identical or different, substituted or unsubstituted, connected,
unconnected, fused or unfused aryl or heteroaryl radicals,

and R® = hydrogen or substituted or unsubstituted alkyl or aryl radical which contains
one or more heteroatom(s). The R, R?, R3 R* R®, X or Y radicals may be

substituted, for example, by at least one radical selected from aliphatic, alicyclic,



4 - 84 - 8 11 11 1, 3-butadi ene [ ppm by mass] 500 -
8000 0-50 50 - 8000 0-50 < 10000 0O-50 Expl anati on

WO 2d00+4698ai cal of a CA mixture which is obt gp@pEHI00W055121
the crack-C4 of a steancracker (high severity) after
t he hydrogenation of the 1, 3-butadi ene w thout

aromaiilt)ineteroatomatite neiked alighatichalicgalicamiséd alifiaticrbnati€CA
neterRC, BSEUPRaN e heterpe ch Baprocarboreaticals Ny f 1A g0earbon
Ao G B R TACE SR o0 S0 o B e
-Si(ORENM &R JORHR, 1SIB*HORM) ©ORIR*10r08KARP])g -DBIRT(ORE),,

. SRSt I gg ebLtd R o BRLl LoSR Lakle Lot souu
-SONRER?, .NR"R?, or -N=CR"°R%, where R'®, R? and R?' are each
independently selected from H, monovalent substituted or unsubstituted aliphatic and
aromatic hydrocarbon radicals having 1 to 25 carbon atoms, but excluding R?' = H,
and M is an alkali metal, alkaline earth metal, ammonium or phosphonium ion.

10 Preferred substituents, especially for X and Y radicals, are tert-butyl and methoxy
groups. The R, R% R®, R* radicals are preferably unsubstituted phenyl radicals.
Such radicals may, for example, be those as are present in the formulae I-1, I-2 or |-

3.

I-1

15
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reduced further in an SHP. CC4: typical conposition of
a crack-at which is obtained froma catcracker.
WO 2@@/12@884Cat composi tion in which residues FQfT/EP2009/055121
, 3- but adi ene have been reduced further in an P.
The hydr of ormyl ati on of the feed hydrocarbon n1xture
conprising is L. 1-butere is effected under
condi tions unge ¢ e present in the
feed m xture ent of nore than
_-®5% and the he feed m xture to
n extent of S ' e Pt ably, the 1-butene
esent jn the 3‘Q/Féeo mixture is converted to an
eibenyzdf\qp[g/f%a\‘99@6and the isobutene present in
the Peed m ®furetQCarmre _ghtless than 5% More
preferably, the ene i SyAydrohernyl ated with an
n/iso selecti nore than 979 For the
[ [ gnce is given to
usi ng catal yst™% BNl ondksti'ng of rhodiym and
bi sphosphites of the geﬁbral formula I: mh
where@dﬂovéks leglh'?é}b WeLab ditifReRi And g%é@HKﬁRW"PCHRQ,
| sar radica mhlch 20 contalns oné or nore
0O, NHImMR%aNlmreﬁ and R "dimay baithessarse ior diftedentrand may each be as
defneé&ﬁyPStltgbed bi saryl ene or bisal kyl ene radi cal which
3 ne or nore heteroaton(s), Z = oxygen or NR9,
Rl, R2, R3, R4 are identical or different, substituted

i tho et BRI 4 BRI e AR IR e e

or sulmtituted o unsubstltut ed al kyl or aryI radi cal
The R1, R2,

The R®, R%, R’, R® radicals may each independently be substituted or unsubstituted
aliphatic, alicyclic, aromatic, heteroaromatic, mixed aliphatic-alicyclic, mixed aliphatic-
aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radicals having 1 to
50 carbon atoms or H, F, Cl, Br, |, -CF3, -(CH2)i(CF2)CFs wherei=0~-9and j=

0- 9, -SiR?';, -Si(OR?");, -SiR?'(OR?"),, -SiR?';,0R?', -0SiR%'3, -OSi(OR?)s,
-OSiR*(OR*"),, -OSiR¥',0R?, -OR®, -COR", -CO,R", -COM, -SO-R™®, -SOR™,
-SO3R"™, -SO3M, -SO,NR™R?, -NR™R?, or -N=CR'"R¥, where R'®, R** and R*' are
each independently selected from H, monovalent substituted or unsubstituted
aliphatic and aromatic hydrocarbon radicals having 1 to 25 carbon atoms, but
excluding R?' = H, and M is an alkali metal, alkaline earth metal, ammonium or

phosphonium ion.

The R%, R®, R7, R® radicals may, for example, be substituted by one or more radicals
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substituted, for exanple, by at Ieast one radical
sel ected fromaliphatic, alicyclic, aromatic,

WO Pedgieeggymatic, mxed aliphatic-alicyclic, B98r2009/055121
al i phatic-aromatic, heterocyclic, m xed _
al i phati c-heterocyclic hydrocarbon radicals having 1

selected FOmcaliphaitic a4liwyslic, lérorﬁbﬁc,Bfetel‘oar%rﬁE@c_, naixed Sliphatic-alicyclic,
mixed %ﬁ%&ggﬁ%gégggéy%@@ ygg Eéipﬁ&ic-%xeér@ﬁ@ hzc_[qoca rbon

, e ) 2, -
radcab R0 PEARY dogis b EOLS. 05RO Erghere =
0 - 9 asd BRIV 9; SBIRKA 3, -FHQARE)S RB[R”(EOHR?J’.)%; ;ISiR?QORhZé,r-OSing,

> ) [ e,£ag
'OS'(Pm%%%Zf(%ﬁegﬁg@zf ﬁ&@%&%ﬁéﬁﬁ%&% & Qe
-SO,RP, LEGRIS LEDIRED _gbi Ihad b INR 28I QEELRD ?V—ﬁ(ﬁgm where

r.adi gal s having 1 to 25 carbon dtons, bl
R", R&R:’ ad Bhadayleiash dre ad definednaticaie, IrathieaXa rediesls the R® to R®

. i i ion. 10 f d
racicdl§ 58 prefEeDy St hefRges. ARoterelias\spanaiurashrsaroups, or
tert-bU§l Groupky Pref8bIE RO R? BERPEdicHEaRd thd R afd R® dicals are
radircals are preferably unsybstltut ed phenyl radi cals.
each iggpticalgirsa Morewyeferally theaRpreg Riaadicalsearasmathexy groups

and/oﬁft%sﬁ"énhrk*‘ﬂ%ﬁio%%“&?é‘t%ﬁ-b%'tﬁ'gr%a&s_m - 3. 15 1-1

The X in the bisphosphite is preferably an ethylene radical substituted by R", R?, R®
and R* radicals, where the R", R?, R* and R* radicals may be identical or different,
substituted or unsubstituted, connected, unconnected or fused aryl or heteroaryl
radicals. Possible substituents for the R" to R* radials are the substituents specified
for the R" to R* radicals. Particularly preferred bisphosphites are those which are
symmetrical, i.e. those in which X is an ethylene radical substituted by the R", R?, R¥
and R* radicals, where the R' and R", R? and R?, R® and R® and R* and R* radicals

are ach identical.

The divailent Y radical in the inventive bisphosphite may preferably be a substituted
or unsubstituted bisphenyl radical or bisnaphthyl radical. Possible substituents may
be the abovementioned substituents. The Y radical is preferably selected from the

bisphenoxy radicals of the formulae lla to lid

2 ¥
7 ~N
lla

10



1-3 where Q for exanple, may be the same or different
and may be CH2, CROR10, CHR9, 0, NH or NR9, V\,here RO
WO 2a0nd/1R4 may be the sanme or different and @@gp
as Gep?géd above for R9. 5 In the bisphosphite 05955121
radi cal may al so be an Xa radical RG6R5 The R6, RG,
R7, R8 gadicals y each i ndependently be substituted
or unsufstituted]10 aliphatic, alicyclic, aronmatic,
het er oarfomatic, i xed aliphatic-alicyclic, mxed
allphatlc aromatjlc, heterocyclic, m xed
i ¢ hydrocarbon radicals having 1
H, F, a, Br, I, -CF3,
0 -9and j = 0- 9, -SiR213,
2, -81R2120R21 - 0S1R213,
\ ( ; 0R2 )2, _0s1R2120R21, K COR19,
Nile’ OCQNl o 2R19 - SOR19, 15 -SO3R19, -SO03M
- S02NFR 9R20 _NRIS:X' 20, r< or -N=CR19R29, llmhere R19,
R29 and i ndependently selected fromH,
&g or unsubstituted aliphatic and
Iadlcals having 1 to 25 carbon
21 =/H and Mis an al kal
L4l , ammoni um or phosphoni um
selected flromafiphatic, alicyclic, aromatic,

xed al'i phati c- alicyclic, m xed
al i phaty’c- ic, YPeterocyclic, mxed
al i phat fc- het erocycl’i ¢ hydrocar bon radi calll¢ havi ng 1
to 50~car bon atorrB/F, a, Br, I, -CF3,

-(CGH2) 1 2) 1CF3 9iher e i =0 - 9and j =0 - 9,
-Si R21(0R21) 2, -Si R2120R21,
-Gsi R21(0R21) 2,

}{O o:j\ lid

or bisnaphthoxy radicals of the formula lli

2 ° ¥
~
5 I

which may be present in racemic, atropisomerically enriched or atropisomerically

pure form.

Particularly preferred inventive bisphosphites are the bisphosphites of the following

10 formulae la to Ic, where Ic may be prepared and used as the racemate or in

11



OSi R2120R21, -O0R19, -00R19, -02R19, -02M -SO2R19,

- SOR19, -SO03R19, -S03M -S02NR19R20, _NR19-20, t< or
WO 2005(888420, where RL9, R20, radicals are RSef@r3008/055121

each hydrogen, al koxy groups, especially nethoxy

groups, or tert-butyl groups. Preferably, the R5 and
atropiB6miesidalyedririched drixgrdpiscanstidaf Pﬁfﬁfb@ﬂrﬁ are ao each

identical pairs. Mre prefera% y the R5 and R6

radi cal s are nmet hoxy groups and/or the R7 and R8

radi cabhs.are tert-butyl groups. The X in the

bisphospﬂite i s preferably an ethyl ene radica
I, Rz, R3'" and R4' radicals, where
radicals nay be identical or
unsubstituted, connected,
or heteroaryl radicals.

bhe R1' to R4' radials are

o for the RL to R4 radicals.
ysphosphites are those which
in which X is an ethyl ene
e R1l, Rz, R3' and R4
and RI, R2 and Rz, R3 and R3'
5 34 g 20 are ach identiqggl. The
divalent Y radical in the inventive bisphosphite nmay
preferably be a substituted or unsubstituted bisphenyl
ht hyl radi cal. Possible substituents
ent i oned substituents. The Y radica
cted fromthe 25 bisphenoxy radicals
atolid ha lib tic

h Dl eOsubst i ue
UPsti t uent s 5P
Xicplarly prefe

Ib

ic

Very particular preference is given to using the catalyst system consisting of rhodium

10 and the bisphosphite with the following structural formula la

12
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lid or bisnaphthoxy radicals of the fornmula Il|

54. 111 which nay be present in racem c,
WO 2mooprieegaerical Iy enriched or atropi sonmeri gabt/r2068/055121
form Particularly preferred inventive

bi sphosphites are the bi sphosphites of the follow ng
10 forrﬁ,rbae Ié\@o I c, where I c may be prepared and
used as tlhe raclemate or in atropi sonerically

enri ched isonerically pure form la

In the catalyst system, the molar ratio of bisphosphite to rhodium is in the range from
less than 100 : 1to 1 : 1, especially in the range from 90 : 1 to 2 : 1, very particularly
in the rangefrom10:1t0 2 : 1.

The rhodium can be used in the form of salts or complexes, for example in the form
of rhodium carbonyls, rhodium nitrate, rhodium chioride, Rh(CO),(acac) (acac =

acetylacetonate), rhodium acetate or rhodium carboxylates or rhodium octanoate.

Bisphosphite ligands and the rhodium compound form, under reaction conditions, the
active catalyst species for the homogeneous catalysis. In the course of
hydroformylation, on contact of the inventive bisphosphite ligand and of the catalyst
metal with synthesis gas, a carbonyl hydride phosphite complex is presumed to be
formed as the active catalyst species. The bisphosphites and any further ligands may
be added to the reaction mixture in free form together with the catalyst metal (as a
salt or complex), in order to generate the active catalyst species in situ. It is
additionally also possible to use an inventive phosphite metal complex which
contains the abovementioned bisphosphite ligands and the rhodium metal as a
precursor for the actually catalytically active complex. These phosphite-metal
complexes are prepared by reacting rhodium in the form of a chemical compound or

in the O oxidation state with the inventive bisphosphite ligand.

Fresh bisphosphite can be added to the reaction at any time, in order, for example, to

keep the concentration of free ligand constant.

13
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5 Ib | c Very particular preference is given to
usi ng the catal yst system consisting of rhodiumio and

WO ;_td@@/m%aosphl te with the follow ng struct Lﬁ@flgpyoﬁgy@;mm

In the catalyst system the nolar rati
of bi sphosphl te to rhodiumis in the range froml ess
than 100 : Ito 1: 1, especially in the range from 90:
1, ry particularly 5 in the range from 10 :
The Cpnt:@ntﬂatlonlof tfreh ehadiwa inthe Axdtséormudationrmixkise ispraferably 1 ppm

oy 353000 STRL S o BB Sl L1400 ) s,

basedrbf @99 Rtaloesight(cfehs reactioptnilxdmet onate) , rhodi um
acetate or rhodi um carboxyl ates or rhodi um oct anoat e.

10 Bi sphosphite |igands and the rhodi um conpound form

The h&HRﬁénﬁéﬁﬁtﬁd r‘é%cﬁé’rﬁkdb%{af{?r'?ﬁed WitR tﬁé:&%r Es R ig/rh pﬁﬂ‘?c' €s

onbgeneous 'ysi's. e cour
complexds chobemdrisrmed , byoknavantrethiods, at hiescmbahfmrv@(ample in

Lsphosphite |igan nofthe,
5. FABE PSP Sy iRese S AR Cobon Morhde. SRbsRi (e it e | o
HeidelSe?§ UNBW Ytk Nfage 95 ff., (1980). In these methods, 1-butene is reacted in
the presence of the catalyst with a mixture of CO and H, (synthesis gas) to give Cs

aldehydes.

In this case, the Cs aldehyde fraction contains a proportion of greater than 90% by
mass, especially of one of greater than 93% by mass, of n-valeraldehyde, more
preferably of greater than 95% by mass and most preferably of greater than 98% by

mass of n-valeraldehyde.

The hydroformylation is performed at temperatures of 40 to 120°C, preferably at 40
to 110°C, more preferably at 60 to 95°C, most preferably at 70 to 95°C. The pressure
is 0.1 to 30 MPa, especially 1 MPa to 6.4 MPa. The molar ratio between hydrogen
and carbon monoxide (H2/CO) in the synthesis gas is preferably 10/1 to 1/10 and
more preferably 1/1 to 2/1.

The catalyst system is preferably dissolved homogeneously in the liquid
hydroformylation mixture consisting or reactants (olefins and dissolved synthesis gas)
and products (aldehydes, alcohols, by-products formed in the process, especially
high boilers). Optionally, it is additionally possible to use solvents and/or stabilizer

compounds, for example sterically hindered secondary amines or promoters.
The process can be performed batchwise or preferably continuously. In a continuous

process, it is appropriate, in order to achieve virtually complete 1-butene conversion,
to perform the reaction in a plurality of reactors. For example, it is possible to connect

14
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15 formed as the active catal yst species. The
bi sphosphites and any further |igands may be added to
WO 4008/145984i on m xture in free form together MﬂEF‘é@fég/%mm
catalyst netal (as a salt or conplex), in order
generate the active catal yst species in situ. It |s

a pluratity ofi stined|rgactbramf)s s blibisie icolunse ratittdreie Bérie4e In this case, the
| ex which contains the

liquid @5@&2’%@9&%‘6@%@%&@%@@% Brarassathiata e nexbdt isralso
possiBRUBldra% off \]ﬁ%om@%es i p I{\Jﬂﬁﬁ&%ﬁ%oﬁg i‘r‘dﬁl 5¥e§(ﬁ5raﬂoégfh%?b\}|t%

active co
produgtsearan eJdcésy, syetietsisngag, hl@douanmsm dutehé msrpr@ducms crentocal
oxi dation state with the

'”"C’dHﬁg@eﬂ éﬁﬁ' gaﬁagﬁaﬁhe Bextrgagier- The sastipn gaR plsodhmearded out
ina p@%&i@vr?ffjﬂ%}ﬁe@uétg%k%?éé‘& gnlnaédcﬁt% "tI’léTPeac{#F C%Fﬂ?er carried out
or exanpl e eep t concentration
ina C®m§mﬁi@ion®|ﬁ§teaneactorw;ms:menmmﬂfcht| on of the rhodiumin
the hydrofornylation mxture is preferably 1 ppm by
mass to 1000 ppm by mass and preferably 5 ppm by nass
If the &ien ROSHtARSMAKIABSSyicld Rk 3l hiY sgate-Binelyi
reaction m xt lIJI‘e F;eT%Z@%yﬁg%ﬁ%bﬁsnﬁkgtq%ﬁbgg%c?&g d, the

hydrofesmytatiag ¢anibercansiictast atdeastrgiriyat feonperatucespf m&aasthaan

100° Cb%t ﬂ?«{ée%ﬂﬁ%ﬁ&é&%w'&'a t hoedégs%% ﬂ@gggstwrtl be%at‘lhsgwo 2-butenes

occurd\bnmxg the" hydﬁ@fbrrﬁglatlowe%manﬁﬁé it Wouldebsl 9b§§?l§l@ to p@rate the
95 ff., (1980). In these methods, 1-butene

first reﬁgfqr@ag% Strst reaciors g agpagteneasaesdet atéemeeatyrﬁs afineeredhan

100y e LR R SR RSy s 1 o

example@RO&CNs a proport| on of greater than 90% by nmss,
especially of one of greater than 93% by mass, of
n-val er al dehyde, nore 15 preferably of greater than

The hyfe8fdan Fé‘ﬁéﬁ p?&ﬂjdi’%ﬁﬁ&% ﬁp%&@ﬁ%ﬂ ?tﬂfa‘ﬁﬁ Wftotatﬂ ?é%s?%gy

mass o n-val era atroni1s
fractiopsrapecifiedllainta thepeolamtenesfractlonq:)rodudﬂmmlop n(prirecipdilyyCat

acenye} o 495 BB 5Bt B2 g slBibtsiprgne

one or ¥ fuRB&ErFadlbhis) %Hﬁ@@céﬂgﬁsé(s)’@%er-ﬁ%oﬁ%r&fd étﬂis'té}hces from

bet ween hydrogen and carbon nbnoxi de (H2/ C0)

the reagiafithesi s gas is preferably 10/1 to 1/10 and nore
preferably 1/1 to 2/1. The catal yst systemis
preferably dissol ved honogeneously in the liquid 25

For exdwngle) ties radctibh afixtiir bR 188hehstor Naitet rehRRE! GFthE excess
ol efins, and di ssol ved synthesis gas) and products

synthe%lglg?éhyla@ cagy ke rraysleduy-disehaiged comiptatelyion partially after
conder B3 uBRARELRHbaorl el B, PR GRIFLA st ltion

into a G Iagkdrbcalbon coiRfuoe add a mixturexs ey srodliets) high! Boilbisged estalyst
am nes or pronpters. 30 The process can be
Sysmmpiﬁ?&\"ﬁééxﬁ‘&?%ﬁw §%°Q§?t%’r'éffé'?”afﬁﬂ disidlghionstenssi y. I1n a
conti nuous process, it is appropriate, in order to
achieve virtually conplete 1-butene conversion, to

Anotheppossibilitytin¢o reraove fraciionsomd by ahetfionothe retion sixioes,
ossible to connect a pluralit

. example, it is of
beginnGE L e ekerEha T awesianerBl shbssnes mhdaesoHetianly the high
boilers &6fipfiSing'the WRisBIVER Etaly Hosystem remain.
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l'iquid and/ or gaseous effluent of a reactor can be
passed into the next. It is also possible to draw off
WO 2000pmmeegled feed hydrocarbons froma react @’CT/E@Q@U@[OS&%
wi th products and excess synthesis gas, to condense
out the C5 products, and to 5 introduce the residual

Optiogalty ﬂhetd)sttllhevm mﬁ.}owﬂ @ehde prébedéd Be rémbvadf agdosorbef the
pe coil with internediate

in
catalyeEbinagoTatien setdesriooRoF Suemele. inBELID 2005 DLl
in a conbination of the reactor types nentioned. If
the aimis not the maxi numyield of C5 al dehydes but a

If, for ekamphsp doe redctant yised dvast 4 €, hydoodiredromistl@t witioh cemplised
artly at tenperatures of

onduct ed at, | east re than
isobut3ggcibafane s ieas Péwaﬂeeuteﬁsﬂanausq%@a@p.tfz%n%l'ew'r!ﬁ
fractiohs Ut @peaih&g:t he two 2-but enes occurs during the
hydrof ornylati on. For exanple, it would be possible to
a) dpebutase t(bailifg peint reb€t@y or the first reactors in a
r.eact.or sC t tenperatures of nore than 100C and
b)t'ﬁé&gsﬁﬁgﬁlpeg(?ﬁ @actor(s) at tenperatures of |ess than
c) 1RBGrefoTh-BRag ngT.Eny 848, ETﬂ%u%(‘Bfﬁrdfg‘*@)tdn@rZ-Q[&ﬁéﬁé (b.p.

can be separate distillation inhto at |'east three
-4c€) ons, specifically into the isobutene fraction,

B et BB U2 AR oo,

sazswsfcapdndze radidyDutdnad (b1 9PSeChraction(s) which
ﬁ“é&g e(s) other unconverted substances fromthe
pal rs CPHIPVQWP@'SQQH‘@dr@@éWBbW%% ure of the

| ast reactor, after renoval of the excess synthesis
gas, which can be recycl ed or discharged conpletely or
Isobuteae rérabved b thee pieess ademdinmyptodhe imdrﬁlbammea puritp efitnore

than 98 PG af Dorai et S oS PN RahEO v i Gabes,
utlllzedecﬁrihé’PU s%s%%tﬁﬁ\%@ Aa{%ﬁe ﬁ(abﬁeﬁo fhe two mixtures are

separated in furt I St t1on steps. Another
possibility is to renove fractions one by one fromthe
ture

The Co GRENIR oL a5 Afandts SrakanbromRiE erssAniyah

hydrodé‘hbh@ﬁ of HBHERYdES. TR cdingsftlor GdicPabiahysd lnScMFstfPéBtlon is more
tionally the distillative renpval can

than 9@%&)@@1@@8 ureeialaraldebiyde ogmha ?mmtedtﬂmrdiasaxnlywre by
in DE 10 .
velra 064 SR 8 B YR Bl

acid, n@eritydriiesy avpanigt ohierbl ch_compr i sed 5 i sobut ane,
n- but ane, 1-butene, the two 2-butenes and |sobutene

t he foIIovm ng fractions are obtained:

Aldol cbgag:geﬁ‘f&ﬁ o b,:,'é%e?ﬁr‘u Bliraichibn At tBial h?g#&@%ﬁgﬁor&% e aldol

conderisale hffordsea dbcanol thiRGle eovtaibidy Mdre fitar( 90% b awa d)
al dehydes wi th val eral dehy

2- prop%g@)an bwpéqﬁ@aog@%g{maﬁ@b wﬁerrqulategfg(;}hean@duchon of
plasticizerN GERYGOME 2R ubfedhts. a3 @ondensation of the Cs aldehyde

fraction, hydrogenation of the olefinic double bond of the aldol condensate and
subsequent oxidation of the aldehydic group can provide a decanoic acid mixture
with a high proportion of 2-propylheptanoic acid, which can be used, for example, to

produce lubricants or detergents.
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e) high boilers conprising the dissolved catal yst
system 15 | sobutene renoved by the process according

WO 2009/ tisggavent i on has a purity of nore than ﬁ@?’pEFng@g/o55121
content of |inear butenes is correspondingly below 1%
It can be utilized for the purposes nentioned in the
i ntroduction. The C5 al dehyde fraction contains snal

The RSBtk B g b P . ono

posswlﬂtyei&@ﬂt@'ﬁféb%?aﬂdh 6f'Bl g'[e%tarﬂ nd Whithy ﬁeﬁ&%x}?ﬁ%ﬁmers and

mass. Pure val er al defiyde can e renove
trimengicengtitite valuableal Id@hyledlatteﬁ foatlnprodiuicton thplaghicizexs and

aloon e Bl heection CaoRn Eoedals iefe 56 4F lskel-containing
catalye Wh@r@tdv@ﬁréhfchtn@epr@@uétk PO YESirdd afi blgb{%{t%ah@ﬁ Hith a nickel-

hydrogenation of the al dol condensate
contaigina meteragenenus mtait/at S}tsttgn ® advariage @E6ne prasssoof this kind

.S ht - aft r internedi ate
s, for%xaﬁﬁaﬁéé/ tﬁ‘??&ﬁf@t&’ﬁ %pﬂfgp @ég% lg'r gents and
I ubri cant s. Aldol condensation of the C5 al dehyde

fract drogenation of the ol efinic double bond of
Anoth?het"bnaaen Oéﬁmj%w%yé&r@smsmsmhm@quutaﬂcg ithiem ite 5 of

lden}fs, SHEHREry B CORETONGF R RE ARl riToldiy. anc
typlcachfoutmsvmmttumamf %}mehm&hl.ltaﬁal[rahr&i(fmmlfaldbﬁyw .ONHe’ a hlgtlt1

0 e e e ractl on co rrsin
PFOPOQ'OBtRfé(ﬁ 'esﬁwg% e a@@ehW%wwr.eémde\%%mhwe%f other
cataly51858 Ial@ptdphété fFot- '&ﬁﬁﬁtp?’% e&t:&m Ris O 19370 274, 181 08 475,

whi ch’ especi al | mers and trimers constitute
DE 109 48443 and EXEei%ﬂSaiBésafoatalystmopsBﬂugblf dvodidm and a

ciphosPhHE T kRS Bt S B9 T5 £ oo o
2-butenss AU¥iag 3his \BaEilydt OeIEas BBASEPYAEKTdéh rﬁe’ér@?—tﬁ&ﬁylb@%nal

omeri zation with a nickel -contai ni

is gfeaﬁ%&fgaag?&ﬁ&adrﬁgh ae&cwtlesyfsvaimalaewea(grmjebtmn 95%) can be

obtaingd BB sk of aCiothBe it Rsbecibitand Fiebcaon

demandiing a®nfatlousisptassphitss, &8 GedoribBd HopeRbMpIdtin F® ¢ eg6R0.
C5 al dehydes. The hydroformylati on can be carried out

with different catalysts and typically fornms a

The Cﬁ?la%%(?eo@gxrt rle?ﬁhg {‘ er a% dgﬁ%ggvx’ﬁé&h@# %g%sge%\/%@d

condemsativnrand sajbéequemd]ydtr rtmenQJ‘f 19 BRIo| eihd@dnssts tb 9 decanol
, in docunents DE 101 08474,

. t
mixtureyih &tﬁéé@q&s Cs gigle qutyae&tme/vtaﬁla thsepnapertion ofg2,  a

- f;
lrl s GREH 0o, 8 SR PR
2-methy§bdutaﬁab byﬁistﬂlabm of ordleb ta ebiain a bsgmquality decamnallnyisture with a

rati e vaI aki.ehyde and 2-nnet hyl but anal
conten QF{J y@?ep?ﬂ'\ﬁ 035“‘18 ap Bﬁg}%el ectivities of

val eral dehyde (greater than 95% can be obtained in
the case of use of a catal yst consisting of rhodi um
The Z-mathy#husanal aeinpved cdebendiedgfonvaniais puripospsidepbxdraple fos
escri bed, for exanple, in EP 0 213 639. The C5
prepari Qése%ﬁ/% 'm xture thus obtained can be converted, for
exanpl e by al dol condensati on and subsequent
hydrogenati on of the aldol condensate, to a decanol
When the preparatiom of decanad oof a Cq heiddedarben mixtuve isstheraimhit dh
the proportion of 25 n-val eral dehyde is | ess than 95%
it is advisable to renove a proportion of the
2-nmet hyl butanal by distillation in order to obtain a
hi gh-qual ity decanol m xtye wth a content of
2-propyl hept anol of nore an 90% The
2- met hyl but anal renoved can be used for various
pur poses, for exanple for 30 preparing isoprene. Wen
t he preparation of decanol froma C4 hydrocarbon
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appropriate to aldolize the C5 al dehyde m xtures of
the two hydrofornyl ations together. Exanples 5 The
WO 2009/ 046984y | ati on test was carried out in a PgTERARMHINS55121
aut ocl ave with nmeans of keeping the pressure constant,
gas flow neter and paddle stirrer. The autoclave was

apprdapriateto alddiize the Gs gloehpdersxtbrsseofithe hwa hlydoomolatidss
to et@gem fied below, but not yet with the olefin mxture
g be hydrofornylated. After exchanging the argon

at nosphere 10 by purging with synthesis gas (1: 1
CO H2), the reaction mxture was heated with stirring

Example®0 rpm) and under synthesis gas pressure to the
tenperature specified in each case, and then the exact

target pressure of 20 bar was established.
The h%hﬁ@mg?ﬂ@ﬂidrwest ResUaeiidd o intaUpSrt1e0ha] élytgilﬁf/@W'rﬁé@r% of

he synthesis gas pressure was
keepipg g aressyie canstdntogasfipwereter end pgdtist sitrrenv‘éfne atteclave was

filed e e shdo SAbslere: I, al SibBiias SieariefBpSimblt not yet

with theolefimenixatre ts Bﬁmyﬁﬁofbﬁﬁym@dbﬁﬁ@r ErdtrihginPRetdi§on atmosphere
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Subseﬁh@nﬁlyi&h@reﬁsfctlbhgﬁ&%rb%és%dd@t&@o%femﬁbr@&dreCéﬁd?ﬁhefs
t he rhodi um concentrati on was 40 ppm and t he

1,
aUtOCI%%Wﬁ§§|e§0@'@§es{ﬁe§’s@m purgad with\grgonThe anal ysi s was
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raffinate I had in each case the start conposition

Al tesspmtéme«u 6igrofitkel atefln frdtthrevtal beeﬁYdraf&@rMat@@%@}nnatmf the

09/ 146984PCT/ EP2009/ 055121 Tabl e 1 Conpo nent !so-
compog ipnspecified below), 50 g of eutectic mixture of bxphenyl and biphenyl ether
(Diphyl®, from Lanxess) and bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate (from Ciba)
in @ molar ratio of 1 : 1 relative to the ligand la used. The precatalyst used was

(acetylacetonato)dicarbonylrhodium (from Umicore).

Tests were carried out at 90°C, 100°C, 110°C and 120°C. The ratio of ligand la to
rhodium was in all cases 5 : 1, the rhodium concentration was 40 ppm and the
synthesis gas pressure was 2 MPa.

The analysis was carried out by means of gas chromatography.

The raffinate | had in each case the start composition specified in Table 1 (all values

in % by mass):
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n- But ane E-2- Butene 1-Butene !so- butene Z-2- Butene
1,3-Buta- diene Renainder in %by mass 4.09 10.63 7.69
WO 22008uebe472 4.68 0.18 0.20 Exanple: Hydr of pemdmigoenss 21

of raffinate | at different tenperatures

Table 1

Compo |lIso- n-Butane | E-2- 1-Butene |Iso- Z-2- 1,3-Buta- | Rem-
nent butane Butene butene |Butene |diene ainder
in % by {4.09 10.63 7.69 26.81 4572 14.68 0.18 0.20

mass

Example: Hydroformylation of raffinate | at different temperatures

The hydroformylation of raffinate | of the above composition was carried out at 90°C,
100°C, 110°C and 120°C. In all cases, no 1-butene could be detected any longer
after 720 minutes, which showed quantitative conversion of the 1-butene. At the
same time, the particular isobutene conversion (formation of 3-methylbutanal) after

720 minutes was at the following values:

90°C: 0.58%
100°C: 0.67%
110°C: 0.80%
120°C: 1.17%

The hydrogenation to saturated species likewise played only a minor role and was
less than one per cent, and less than one-and-a-half per cent at temperatures from

110°C.

In the tests at 110°C and 120°C, there was also a certain degree of isomerising
hydroformylation of the 2-butenes toward the end of the reaction, such that the yield
of n-valeraldehyde in these cases after 720 minutes was 102% and 105%

respectively, based on 1-butene used in the raffinate .

The pentanal formed from 1-butene (and, from 110°C, to a minor degree from
2-butenes) after 720 minutes was obtained with the following linearities:
90°C: 99.1%

100°C: 99.0%
110°C: 98.9%
120°C: 98.4%
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5 The hydrofornylation of raffinate | of the above
conposition was carried out at 90C, 100C, 110C and

WO 2000C148984al | cases, no 1-butene could be depegimEsb@@iy055121
| onger after 720 mi nutes, which showed quantitative
conversion of the 1-butene. At the same tine, the

The differences from Hil%utaea @-methytingadl. (formation of
3-met hyl butanal ) after 720 minutes was at the
foll owi ng val ues: 10 90C: 0. 58% 100C: 0. 67% 110C: 0. 80%
120C: 1. 17% 15 The hydrogenati on to saturated species
i kewi se played only a mnor role and was | ess than
one per cent, and | ess than one-and-a-half per cent at
tenperatures from110C. In the tests at 110C and 120C,
there was also a certain degree of isonerising 20
hydr of ornyl ati on of the 2-butenes toward the end of
the reaction, such that the yield of n-val eral dehyde
in these cases after 720 m nutes was 102% and 105%
respectively, based on 1-butene used in the raffinate
l. The pentanal formed from 1-butene (and, from
110C, to a mnor degree from 25 2-butenes) after 720
m nutes was obtained with the followng linearities:
90C: 99. 1% 100C: 99. 0% 110C: 98. 9% 120C: 98. 4% The
differences from 100% are 2-nethyl butanal. dains 1.
Process for renoving 1-butene from C4-contai ni ng
hydr ocar bon m xtures conpri sing i sobutene and 1-butene
by hydrofornylation, the catal yst system used
consisting of one or the transition netals of groups 8
to 10, preferably
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5rhodi um and a bi sphosphite ligand of the follow ng
formula | RL R2 where X = dival ent substituted or

WO gmylpfyggqm ed bi sal kyl ene or bisaryl ene radib,]gf\ %%0@%55121
iva

contalns one or nore heteroaton(s), Y =d
substituted or unsubstituted bisarylene or bisal kyl ene
radi cal which contains one or nore heteroaton(s), Z =

Clainexygen or 10NR9, and Rl, R2, R3, R4 are identical or

different, substituted or unsubstituted, connected,
unconnect ed or f sed aryl or heteroaryl radicals and

1. PrecesafonTsmaying 1hutens fromdes- @@ntawmaydrpger@@nanmre%r

oF/igd bRl 1 GRS B RGPSV, B BAGRREiem
usedbednsistingeaf ane carthetmﬂnonfrnatalmdfegronm Bdo df) pleferably
to 1 : tive . to the t|on 15 and | ess
thHW’B%C%? %{Sﬁ OFEB’%?@T@ ?fttégg?f ff@f”ﬁ%berted at a
1- but ene conversion ofginore than 95% 2. Process
according to claim1, gh&acterized in that the
concentration of the tpansition netal in the
h of ormmyl ati on i e is g ppmby mass up to 1000

XPppm 20by nass base‘j on t total weight of the
reacdfi on m xture. 3. RS according to either of

otaims 1_anth2, chBracgerized in that the molar ratio
of bi spRosphi t@)t;g rhodiumis In the rangewhemT)(QOdlvaJent

subthtec or bt Bafeas or e drranizar whish contans one
orbh@r@him&'@iat@n(sq Y Eogiaieht subdtitdtes of @ﬂgﬁbitftﬂl@ti Wsar{léné @r
Procéss according to angeone of clains

blSﬁlk)d%ﬁ Fictical ihueh MBI NSO isv0aPM$)e Zi< OXMgess
| enyeLt e

N SRO0 R N EhlcEleffod of tHENT sTERI TR I Slipdfi o
cohnéciel, undunnhactezr d)eraded rar;ﬂ lbaheferbatytrritals, and R® = hydrogen

rofor Iateg an n-/iso selectivity of nore
orlsﬁ ﬁtltgtﬁ% runsu s’ntuted alkyl or aryl radical which contains one or more
heteroatom(s), the bisphosphite ligand of the above-specified formula I being
used in an excess of a molar ratio of 100 : 1 to 1 : 1 relative to the transition
metal, and less than 5% of the isobutene present being converted at a 1-butene

conversion of more than 95%.

. Process according to claim 1, characterized in that the concentration of the

transition metal in the hydroformylation mixture is 1 ppm by mass up to 1000 ppm

by mass based on the total weight of the reaction mixture.

. Process according to either of claims 1 and 2, characterized in that the molar

ratio of bisphosphite to rhodium is in the range from 90 : 1to 1: 1.

. Process according to any one of claims 1 to 3, characterized in that the molar

ratio of bisphosphite to rhodium is in the range from 10 : 1to 2 : 1.
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7. Process according to any one of clains 1 to 6,
characterized in that 1-butene in the feed

WO 20pdrReaghkon mxture is renoved to an extentp@flg%gg{%?mm

5.

10.

11.

12.

13.

than 99% from C4- 10cont ai ni ng hydrocarbon m xtures

hydrof ornyl ation at tenperatures of 40 to 120C. 8.
PRIceSE 28cOERY 13i 1Yy bife 8NYlaipie1 @ 4CtHrEBtetized ih that less than 5%
characterized in that 1-butene in the feed hydrocarbon
offhgtisphuitene presslkis canvariedat arrbyenaspavension aaerertban

%- i scont ai ni ng hydrocarbon m xtures by

ydrof ornyl ati on at tenperatures of 70 to 95C. 9.

Process according to any one of clainms 1 to 8,
characterized in that the hydrofornylation is carried

- Pragesspeerrding toraiyQneeok daiges 1 fom ehasaetgrized Wrthat ddpuiene is

R RN RS e TP BE R o car i e

out within a pressure range from1.0 to 6.4 MPa.

. PrORaPS EOGH ARG ARV TR O TS bR GeTmsheepend By T Butene in

thél%‘édi H#&Hééﬁbfn]rﬁ%l?rb% Ferhofd ff %‘l t@%tgbf’?ﬁ@ﬁré’ﬂ%n(@% from Cs-

claims"1 to 11, aracteri zed |
coptainingthyidroaagbdry dixtcizesoion hyd nefarmylationatitempe tatimes efdd. to
12?2 13. Process according to any one of clains 1 to 12,
gracterized in that the reaction mxture is
separated into C5 al dehydes, isobutene, a high boiler
fraction conprising the dissolved catal yst system and

- Progessagconding i epy ansorfslaims4l torf, shesactadzast i thgt 1-dutene in

. toar 0 that 1 .
i ko000 55 € 8o Pahtbé 1Bk i o rom
cohtaining dydydcathammniixtugisvsy hgdreformngtiipdet tdmpératities f 79 to
@qgcordi ng to claim114, characterized in that the C5
95, dehydes obtai ned from sel ective hydrofornylation and
i somerizing hydrofornylation are conbined. 16. Process
according to claim13 or 15, characterized in that the

. Prafesd atzbydieg to anpoad aicaimst od, etiatactenizeal iddhat the

hygg)?(gr%ﬁ i oigaggq%%g&ta \}V{ﬂ’(\)lﬂ aaSr%sggr%SrSﬂSS ?}on? %qér f%d" Wa(.m

Process according to any one of claims 1 to 9, characterized in that the

hydroformylation is carried out within a pressure range from 1.0 to 6.4 MPa.

Process according to any one of claims 1 to 10, characterized in that the process

is performed continuously.

Process according to any one of claims 1 to 11, characterized in that the C,-

containing hydrocarbon mixture comprises 2-butenes.
Process according to any one of claims 1 to 12, characterized in that the reaction

mixture is separated into Cs aldehydes, isobutene, a high boiler fraction

comprising the dissolved catalyst system and further C4 hydrocarbons.
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14. Process according to claim 13, characterized in that the further C4 hydrocarbons

are subjected to an isomerizing hydroformylation to give valeraldehyde.

5 15. Process according to claim 14, characterized in that the Cs aldehydes obtained

from selective hydroformylation and isomerizing hydroformylation are combined.
16. Process according to claim 13 or 15, characterized in that the Cs aldehydes

removed are subjected to an aldol condensation, dehydration and subsequent

10 hydrogenation to 2-propylheptanol.
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