O Z. 6219 1 Process for preparing al dehydes by hydrofornylation of

ol efinically unsaturated conpounds, catalyzed by unnodified conplexes of
nmetal's of -groups 8 to 10 of the PTE in the presence of cyclic carbonic
esters 5 TheOpfes@hidinvention relates to a process for preparing

al dehydes by hydrofornylation of olefiniically unsaturated conpounds, in
particular ol efins, catalyzed by an unnodified netal catalyst derived from
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conpounds frmﬁmdrhepz%@éééslgf aE}Q%&h'&PéoafrPhgggﬂ%Sé and nl chﬁ Ogl‘rtes are

frequently wused as |1 gands. An overview ro ornyla
ol efins nayqﬁ¥§Qﬂﬁﬂj?%FQ¥S(§§@@QE¥9WVSA HERRMANN, 35 " Applied Honpbgeneous
Catalysis with Organonetallic Conpounds”, Vol. 1&, VCH, Weinheim New

fins can_easily be reacted in the
gfgzéng296'faézréggéaéngeg oﬁg Jﬁacompounds, ca%bon monoxide and

15 hydrogen in the presence of a catalyst to form the

aldehydes having one more carbon atom are known as
‘hydroformylation (oxo process). Catalysts used in these

_ reactlons are frequently' compounds of the transition .

" metals of groups 8 to 10 of the Periodic Table of the
20 Elements, in particular compounds of rhodium and of
cobalt. In comparison with catalysis by cobalt
compounds, hydroformylation wusing rhodium compounds
generally offers the advantage of higher chemo-
selectivity and regioselectivity and is therefore

25 usually more economically attractive.

The rhodium-catalyzed hydroformylation is  usually
carried out wusing complexes comprising rhodium and
compounds of group 15 of the Periodic Table of the -
30 Elements, preferably trivalent phosphorus compounds, as
ligands. For example, compounds from the classes of
phosphines, phosphites and phosphonites are freguently
used as ligands. An overview of the hydroformylation of
olefins may be found in B. CORNILS, W. A. HERRMANN,
35 “Applied Homogeneous Catalysis with Organometallic
Compounds”, Vol. 1&2, VCH, Weinheim, New York, 1996.



of phosphi ne-nodi fied rhodi um catal ysts. On the other hand, internal

ol efins and especially internal highly branched olefins require strongly
activating ligands 5 such as phosphite ligands. In addition, "naked" or
unnodi fied r@odi uakhas al so been found to be well suited in the case of

ol efins which are difficult to hydroforgwlate. These catal ysts conpri se
one or nore netal species which are forned under hydrofornylation 10
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phosphor us, i r ntlnD rticular phosphorus. The |igands can
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35 Exanpl es At$os @Rmks CRHE OB | phi heandsi sgpe todypypmdsphi ne,
trlS(n?t0|thﬁﬂﬂ§pbbﬂQaﬂHWéH@ b@'ﬁb&eFﬁEﬁ@P'B@oms of group 15 of
tris(p-netho ﬁ ¥ ﬁhosp e %g quorophe}yI)phos phene,
tris(p- chlor e 9 } 6§pm 1§1§ments owever modlfylng
tris(p- dEnethydandmopcﬁenyh)aphoiphllnd,e etehcdipheryd rb@hgephi Redrido,
propyl di phenéyi}&hpSpgr% ts EY{/X' d'apcﬁnyor alkene ligands, nor the
counterions of the metal salts used for catalyst
formation, e.g. halides such as fluoride, chloride,
bromide or iodide, acetylacetonate, carboxylates such
20 as acetate, 2-ethylhexanoate, hexanoate, octanoate or

nonancate.

Modifying ligands for the purposes of the present
patent application are ligands which contain donor

25 atoms from group 15 of the Periodic Table of the
Elements, for example nitrogen, phosphorus, arsenic or
antimony, in particular phosphorus. The ligands can be
monodentate or poleentate, and in the case of chiral
ligands, either the racemate or one enantiomer or

30 diastereomer <can be usged. Particularly important
examples of phosphorus ligands are phosphines, phos-
phinines, phosphinanes, phosphine oxides, phosphites,
phosphonites and phosphinites.

35 Examples of phosphines are triphenylphosphine, tris(p-
tolyl)phosphine, tris(m-tolyl)phosphine, tris(o-tolyl)-
phosphine, tris (p-methoxyphenvl)phosphine, tris{p-
fluorophenyl)phosphine, tris(p-chlorophenyl)phosphine,



phosphi ne, n-butyl di phenyl phosphi ne, n-hexyl di phenyl - phosphi ne,

¢- hexyl di phenyl phosphi ne, dicycl ohexyl 5 phenyl phosphi ne,
tricycl ohexyl phosphi ne, tricyclo- pentyl phosphine, triethyl phosphi ne,
tri(1-napht hgl k- phasphine, tri-2-furyl phosphi ne, tribenzyl phosphine,
benzyl di phenyl phosphi ne, tri-n-butyl phosphine, tri-i- butyl phosphine,
tri-t-butyl phosphi ne, bis(2-nmethoxy 10 phenyl) phenyl phosphi ne,

neonenthyld|phesybph@mehhpeamlhbghéh§alth%Eﬁhnea|ka"@@h f&&ﬁﬂaﬁg@'
anmoni um or theéﬁsalts of Léonated tri hosphi nes_suc

tris(m sul f oRYPPREATFY phoRpRFRELRRFRYLPRA PEﬁ%ﬁy|) tdb%h%%?%@h@@phrne 1,
2- b|s(dlcyclDhexyhphesphmw@pt&idﬂﬁhamylﬁhaﬁﬁhmm;Ioh@xyéﬁﬁpg pPPhBay et hane,

1,2- bis(dietp hi no) et Let hyl - phosphol ano) benzene

[Et- DUPHCS]Qﬁ g%ﬁ%9§?2 5- %u% ﬁ%?%h%%%%%?éﬁ%?pﬂ%ﬂﬁne [E$ £

2- bls(dlﬁéth@henﬁhﬁbﬁﬁphéyethanetrb¢3¢Hohexhypbhsphmneo)nEthﬁmeycloz 20

bi s( 2, 5- di mebbytpigapEEhane) ben@f{' EJLM-% 5@ 3( .

5- di et hyl phos hglgﬁo gt ane % ﬂ%@ ?dlphen§t H%%%%th%}benzene,

2, 3- bus(duph%hgﬁp bﬁ%sphu c?%#X&EhQSQ@h@@t 5- %m&yimhﬁﬁphﬂne,-

b!s(d!phenylm@wsphdﬂpheﬁylpthﬁﬁpﬂéhy|t&@lméghtf4ﬁ%oé§%1ne tri-i-

bls(dlphenyl hos h]il %§ 1 blg en% [ Bl SBI ]

bis(diphenyl gﬁ A Bb?%ne z EYHY%%%%%Phl%%OSpH?h%S%ﬂ@%thXY-

é 2(gi3@@Lpﬁiﬁ@XMngenybph?hpﬁbne ?somenthyldlphenylphosphlne

1S I phe 0e pnen I ne

(di phenyl phosp |%ﬁ?$%¢%o§%§8h b|s¥ %yﬁ%ﬁggbhpﬁ&F130 AEPRRAGM or

1, 2- bi s(di pt@ﬁwlphégémnoqinrépérﬁenazeﬂ ttmaahenylphosphlnes such as

(di-p-tol yI poealinoly dody1h 1hso- Progyliden -

3-di hydr oxy- bnﬁgglggen phospﬁlno ﬁ%;ﬁ 5hylphenyl)

2- (di phenyl %oxy 1, 1'% hﬂﬂﬂﬂquclohexylphosphlno)—
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phosphininephpﬁphn%ﬂgbnb@@zmmaylphenyEﬁ EUPHDSnyIphospmJniwa§n@ sl so

further i gandscileRoidd9tbidho) ethane  [Et-BPE], 1,2-bis(dimethyl-

rhosphino) ethane, bis (dimethylphosphino)methane, 1,2-

20 bis(2,5-dimethylphospholanc)benzene [Me-DUPHOS], 1,2-
bis(2,5-dimethylphospholano)ethane [Me-BPE], 1,2-
bis (diphenylphosphino)benzene, 2,3-bis (diphenyl -~
rhosphineo)bicyclo[2.2.1}hept-5-ene [NCRPHOS], 2,27~
bis(diphenylphosphino)—1,1’—binaphthyl [BINAP], 2,27-

25 bis(diphenylphosphino)—l,l’—biphenyl [BISRI], 2,3-
bis (diphenylphosphino)butane, 1,4-bis (diphenyl-
phosphino)butane, 1,2-bis(diphenylphosphino)ethane,
bis(2—diphenylphosphinoethyl)phenylphosphine, 1,1’ -bis-
(diphenylphosphino) ferrocene, bis (diphenylphosphino) -

30 methane, 1,2-bis(diphenylphosphino)propane, 2,2 -bis-
(di-p-tolylphosphino) -1, 1’ -binaphthyl, O-iso-
propylidene—2,E—dihydroxy—l,4—bis(diphenylphosphino)—'
butane [PIQOP], 2~ (diphenylphosphino) -2’ -methoxy-1,1’ -
binaphthyl, 1-(2-diphenylphosphino-1-naphthyl) -

35 isoquinoline, - 1,1,1-tris(diphenylphosphino)ethane,
and/or tris(hydroxypropyl)phosphine.



WD 00/55164. Exanpl es of phosphi nanes include 2,6 5

bi s(2, 4-di net hyl phenyl ) -1 -octyl - 4- phenyl phosphi nane, 1--
octyl-2,4;:6-triphenyl phosphi nane and further |igands described in WO
02/ 00669. Exanpl.es2ab phosphites are trinethyl phosphite, 10 triethyl
phosphite, tri-n-propyl phosphite, tri-igpropyl phosphite, tri-n-butyl
phosphite, tri-i-butyl phosphite, tri-t-butyl phosphite, tris(2-ethyl-
hexyl ) phosphEiampl esphEnyhdppesphide 1ddBlde 42 d6 -1 mBuhyl PRepYLLy1 -

hosphite, trjis(2:t-butyl-4-meth henyl). 15 phosphite,
Dot Shut DR BRLBREE heny ) phosoi 4 282017 (2 BB e Chy Lphesphi r4-

" Further exanphesyapbosphéniinal hydhiander ethpiiasphl ieahdgandscaspalein

descri bed, {Rte ! in 508, _.US 4 668,651, US. 4 748 261, . US 4
769 498, US ‘5@77910%%%?565 4%%%3365, 06 4P88EPR61N8H Gslbte 7%0?‘us 5
113 022, 2US Big73. 656 imeEhglphenyd] -1-UstF12684phefy LUBCSpMAR=81ES, US 5 360
938, EP 472 9Zdy1-EP4538 I 5. n erical|

hi nder ed phoagh?tes, nen%f%%ﬂﬁggggggﬁégéagﬁgthééﬂfr?%%€%§$épho%%ﬁP§%s whi ch
are substit ute8CHYPedonoWO502£BRP6PyI and/or tert-butyl substituents,

preferably in the ortho position relative to the phosphite ester group.

Further bisphosphite |igands.are nentioned, inter alia, in EP 1 099 677,
EP 1 099 67 ,X"‘\’z%’%‘%?oo . PROSRIDFesR7, aEP 475H1MetNpl01/PhssRhi Ve

~ 97/400010 30riNrBYL40@02splS t4769408] -fEFp23B689 e JERi2k4622¢  Exanpl es of
Pheny o pherBaS B B ey b gh S 9] Lo RoGBRE  n and
their 35 derPRagPhesein whith-atbutylsonepldsphitaydr ogeniat pasthal e
deteribed | Ve SRR e85 052 BuBEy D) SIRBAAE A0S 1838531982 and in
the German paf EHPRFRYTLaPhERRhibe 199 B3 2roa-TaHey DR 199t Baxgnloenylist onar y
phosphi abt e phoaistar e aasmimbmwpr4—§e@h&%_ahéﬂyp S diOsphfr e VO 95
06627, US 5 360, 338, JE, Py 082281, PPl es are €1 pheny, (pRenoxy) phosphi ne
sterically hindered phosphite ligands as are described,
inter alia, in EP 155 508, US 4 668 651, US 4 748 261,
US 4 769 458, US 4 774 361, US 4 835 299, US 4 885 401,
20 US 5 059 710, US 5 113 022, US 5 179 055, US 5 260 491,
US 5 264 616, US 5 288 918, US 5 360 938, EpP 472 071,
EP 518 241 and WO 97/20795. 2mong the sterically
hindered phosphites, mention may be made of the
triphenyl phosphites which are substituted by 1 or 2
25 isopropyl and/or tert-butyl substituents, preferably iﬁ
the ortho position relative to the phosphite ester
group. Further bisphosphite ligands are mentioned,
inter alia, in EP 1 099 677, EP 1 099 678, WO 02/00670,
JP 10279587, EP 472017, WO 01/21627, WO 97/40001,
30 WO 97/40002, US 4769498, EP 213639 and EP 214622.

Examples of phosphonites are methyldiethoxyphosphine,
phenyldimethoxyphosphine, phenyldiphenoxyphosphine,
6-phenoxy-6H-dibenzfc, el [1, 2] oxaphosphorin and their
35 derivatives in which all or some of the hydrogen atoms
are replaced by alkyl or aryl radicals or halogen atoms
and ligands as described in WO 98/43935, JP 09-268152



and its derivatives in which all or sone Ff the hydrogen atons are
replaced by alkyl or aryl radicals or halogen atons,
diBhenyI(nethoxy)phosphine, 10 di phenyl (et hoxy) phosphine, etc. In
industrial hgdzof6znylation, the reaction product, unreacted starting
materi al and catalyst are usually sepamated by distillation. The
Hydrofornylation is 15 therefore carried out in the presence of a
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exampl e, 357N V\o%i‘?%gf&s, WO 68249, ANphEIVEgEwEhozst) rttmsplpimesent

i ; i | asses of
rposeb{ pelimhenisterives Jateo sthistancgs: from the fol | owing cl as
(F:)lcj)rrgounds: Ioni triles, cyclic O Z 6219 6 acetals, alcohols, pyrrolidones,

1 i | ati on of
lactones, formamdes, sulfoxides and water. In the hydroforny
rel atively F&ngiR@ashrisgloltefdrnf (@nlatB)gn t hehseppeadt don Oforidimicaat al yst
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during 1D t hhsrdifetrie latirdnd ragarih esse obr ¥0EhBET 08! aNAl (B boi1ing
solvent go that the work-up by distillation gives a
high-boiling catalyst-containing fraction which can be
recirculated to the process. In many continuous
industrial hydroformylation processes in which rhodium

20 catalysts are used, the high-boiling mixtures formed as

by-product in the Thydroformylation are used as
solvents, as described, for example, in DE 2 062 703,
DE 2 715 685, DE 2 802 922, EP 017183.

25 In addition to the high boilers, it is possible to use
inert organic 1liquids (DE 3 126 265) and reaction
products (aldehydes, alcohols), aliphatic and aromatic
hydrocarbons, esters, ethers and water (DE 4 419 898)
as solvents. In GB 1 197 902, saturated hydrocarbons,

30 aromatics, alcohols and n-paraffins are used for this
purpose. '

The addition of one or more polar organic substances in
the hydroformylation process is disclosed, for example,
35 in WO 01/68248, WO 01/68249, WO 01/68252. For the
present purposes, polar substances are substances from

the following classes of compounds: nitriles, cyclic



additional ligand has been used. This results in the catalyst being | ost
t-o the process, which has a drastic adverse effect on the econom cs of the
process. 15 The unnodified rhodiumcatalysts are found to be particularly
unstable. The preyaiqing opinion anong those skilled in the art is that

t he nononucl ear conplex HRhW(CO 3 is, in the absence of nodifying |[|igands,
the species which is active in the 20 hydrofornyl ation. The conpl ex

HRh(CO 3 is on e e ow and under hi ressure
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equi | i bri ums#tkosidepurr@araspeci es which itself is not active but serves
as a reservoir of 25 active catalyst (E. V. Slivinskii, Y. A Rozovskii,

G A Korneeva, V. I. Kurkin, Kinetics and Catalysis _(1998), 39(6), 764 -
774) (A. R BF' miRe v hydrefexrplationy of i vrasREivedy Mldusktehain
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reversi bl e. has,, b st .t hat clusters.up 35 to Rh4(CO 12 can
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hydr of or ny| &% ofheondiadions canrineni setbdystabiakes béadenvhstimg ed (Yu.

B. Kagap, Y%h#x Rozovskidvidsm, V- i\4 I oG : 1 Kaor.neeva,
V. 1. Kurki nt: S M Loklthgvt,l Ki netl}e?gr;élré%agt aloifz 1_85%8? 2@%6)91’131-158%&
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back into acidtelwpeceindintest hydr eher grbatisen SmGemdidd-ons ke £ Kagan,
E. V. Slivinskii, V. Kur ki G A Kporneeva,. R A Aranovich, N N
Rehovskaya, B HEUSATRET NB LBk ST SIOTIORSy T SBEGYEOCT8R - 707) . The
formation of clusters is generally the cause of and the first step in the
formatien ofpRol thrfaf AL UNHESR] GhN BA:RIGELR! T ALES dfurdfCHlS dT N
particularly unstable. The prevailing opinion among
those skilled in the art is that the mononuclear
complex HRh(CO); 1is, in the absence of modifying
ligands, the species which is active in the
2Q hydroformylation. The complex HRh{(CO); is stable only
at temperatures below 20°C and under high pressure
(N.S. Imyanitov, Rhodium Express, {(1995), 10/11, 3 -
64) and is in equilibrium with a binuclear species
which itself i1s not active but serves as a reservoir of
25 active catalyst (E. V. Slivinskii, Y. A. Rozovskii,
G. A. Korneeva, V. I. ZXurkin, Kinetics and Catalysis
(1998), 39(6), 764 - 774) (A. R. El'man, V. I. Kurkin,
E. V. Slivinskii, S. M. Loktev, Neftekhimiyva (1990),
30(1), 46 - 52). Hydroformvlation-inactive clusters of
30 increasing molecular weight are formed from the
binuclear rhodium carbonyl complex. Under the
conditions of an intensive hydroformylation reaction,
the formation of the low molecular weight clusters is
reversible. It has been demonstrated that clusters up
35 to Rhy{(CO)12 can ke regenerated. The stabilization of
the active species under hydroformylation conditions
has likewise been able to be demonstrated (Yu. B.
Kagan, Y. A. Rozovskii, E. V. Slivinskii, G. A.



up by distillation, but sonetines also under reaction conditions.
Rhodi um contai ning precipitates deposit on walls of vessels and pi pes.
Thj s *l eads to considerable economcally disadvantageous catalyst |osses
and makes 15oreggubkanopl ant shutdowns and cl eani ng work necessary in
industrial use. Rhodium precipitates hawe to be recovered by neans of a
conplicated netallurgical route. 20 Because of the attractiveness of
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US 4 388 27 sal,t sy:0f et als of groups 1 an of the eri odi c Tabl e
the El enent gl,p zg Iﬁllogctlrm agtclu & ggge\fé’énemqson?iﬁ‘éh%rr eSPHStHPR
proposed as B rdsbrdent s RiMO10W-728 78 iliaigrspre pi priesses odedhe i tadser pt i on
of rhodium(%hfggIggt@gsg@ﬁQO%ndxggﬁ%éJCfg%gcggngHQgﬂég%é%ﬁ%}gglgresence
~ 10 oxides at el evated tenperature’l 0
economlcally disadvantageous catalyst losses and makes
15 regular plant shutdowns and cleaning work necessary in
industrial use. Rhodium precipitates have to be
recovered by means of a complicated metallurgical

route.

20 Because of the attractiveness of unmodified rhodium as
hydroformylation catalyst on the one hand and its
instability on the other hand, many processes for its

circulation and/or recovery have been proposed.

25 A series of processes in which removal of the rhodium
species from the reaction mixture is carried out by
means of solid adsorbents are known. Thus, for example,
DE 19 54 315 proposes weakly to strongly basic ion-
exchange resins based on polystyrene as adsorbents.

30 According to DE 20 45 416, regeneration of loaded ioen-
exchange resins can be carried out by treatment with
mixtures of lower alcohols, aliphatic amines and water
in the presence of oxygen. The rhodium pPresent in the
eluate is converted by evaporation and treatment with

35  hydrochloric acid into rhodium chloride hydrate which
can be reused as catalyst precursor. WO 02/20451 and
US 5 208 194 claim the recovery of rhodium from loaded

ion exchangers by incineration of these and isolation



of hydrogen. The patent describes a process basic ion-exchange ionically
bound of the resin is for the adsorption of rhodiumon resins which are
nodi fied wi th organophosphorus |igands. Regeneration carried out by
elution with 02 7S0lddtigon cont ai ni ng or ganophosphorus |igands. WO 97/03938
clains a process ?or t he adsorption of gctlve rhodi um speci es 15 and of

i mpurities on acidic ion-exchange resins. Regeneratlon is carrled out by

elution of t ur th a traI sol v in.a first, st nd
subsequentlyggy eﬁgtl%%égfu¥%e acfﬁge r hoarTim s %C|?§P 857 ac Bic

sol vent. TheU€a#aPyst aMi.creadidss bebnma@datecofewedups thisnday o8, the
appropriate @tes_»%dlls:eh»tgﬁa%en%tf' ORp el eﬂigﬂeh@]sg?et Exﬁae&er ”)ﬁ%i*&hgﬁaﬁ/g S um

di sadvantage of all the adsorptive processes recover
is the not s&LF¥PEct ofifly SArvercimngeDb| s§Séf1Sr el 2ber atliimeﬁed heagctive

speci es. %A pagseibeskisl.| edid n dihyermgto Widla oW 4 haprbBes g0l ¥8Pt SRk
sol vent m xtur,es

ose his purpose are not inert in
hydrofornyla?ﬁﬁﬁrgﬁﬁ Feégft%h%%%%%d Fyaqaiﬂﬁqgﬂuﬁa¢?9nex@ﬁ%yéllééﬂﬁlc
sol vents i ndacedshearia@ Iallghmlmum(odnhiacﬂmcangeﬂeffétédl ttén@:é;ﬂﬁdﬁéd in t
al dol i zati ong hy cohal s am pes. u n ation
reactions w R %Pﬁygéggaﬁ) hﬁgro tce ﬁ‘l‘?’ﬁe gaﬂétngf qﬁ 3%3 §9§
therefore abééﬁgréb?snéteggacySStdiﬂenbhe EhhﬂBﬂﬂMsmenbfonﬂdxﬁnhweohs or
sol vent i3 NhXLYEeS ;B RLENAEH Cildlian QJh die cata! vabas LS HRKRS the

recovery congept extremely technically 15'catad and expensi ve
contrast adéBPbFﬁéﬁYoH““FB% Qéﬁéﬁaﬁbéﬁ§hﬂrﬂﬁ sulssatflfent RaghhRAyahhdn

net al | ur gi Cabfotz.e Gk 0 ﬁwgaﬁmwceﬁerbyh@@éﬁcﬁi Reteis o sbdushhi al
i mportance. 8 Erocess is te %_ uy I%ibutwongy?égggéesi capabl e of
| mpr oveent : CACBRBoRg: peoRRspposrrons Y duas clafms
a process for the adsorption of active rhodium species
15 and of impurities on acidic ion-exchange resins.
Regeneration 1is carried out by elution of the
impurities with a neutral solvent in a first step and
subsequently by elution of the active rhodium species
using an acidic solvent. The catalyst which has been -
20 recovered in this way is, if appropriate after

rehydrogenation, reused in the hydroformylation.

A disadvantage of all the adsorptive processes for the
recovery of rhodium is the not satisfactorily solved
25  problem of reliberation of the active species. A person
skilled in the art will know that the solvents or
solvent mixtures proposed for this purpose are not
inert in hydroformylation but lead to secondary
reactions. For example, acidic solvents induce the
30 highly exothermic and difficult-to-control aldolization
of the aldehydes. Alcohols and amines undergo
condensation reactions with aldehydes and thus reduce
the product yield. It is therefore absolutely necessary
to remove the abovementioned solvents or solvent
35 mixtures before recirculation of the catalyst. This
makes the recovery concept extremely technically
complicated and expensive. In contrast, adsorption on

ion -eXchangers with subsequent ashing and metallurgical



ion exchanger is used as a consumable material and 5 ashing w th subsequent
metal | urgi cal work-up of the nmetal oxides is associated with further
extrenely- conplicated process steps. Also known are a series of processes
in which rhodi gm g3@9i s extracted fromthe output fromthe reactor by neans
of solutions of various conplexing agentgs and is recirculated to the
hydr of ornmyl ation reactor after it has been |liberated again. Thus, for

exanpl e, rhoghga umat alkeedhydr ofirdy! afiian 4dy t heg @56“9&%19&:}?&11
protonabl e nitrogen-containing |igands, extraction o t he rhodium conpl ex
wi th aqueousllﬁgf’g?aﬂ@ﬁr ot GRAET oRTOGREST edfr cheaRnoRadlYt heivnbdai ulvEo t he

process is koventhedesPEcERE08 2L .ingt denferd30 &Y lexbdies AAMERHS: ¢
solution is tecircul.ated di r.ectI\é t.o the reaction. _I.n" 20 EP 0_538 732,

extraction of SPhe 0PN T r ot t HESeaBFord WK W GusTBREESHRENe2RSI ut i on

“under syfit hegsbigas wptlessulsdguatai mmtal\lhﬂr@ﬁ{jdh’iQSﬂrofrﬂcaiu@is wagethéol ubl e
ol ymers su o] l'ig_aci l.efj c _aci 0 mers_an

'Bhogphononet ?/?g%gdb%g }%él ngﬁama%'}?,é%epdol %]tcthl'ill e%il%ﬂ”‘r‘%rs a%g_rer_“ay

pol yacryl ami @@8P&scebapl BXPAgSsagéaps.- EP 0 588 225 clai ms pyri dines,

qui nolines, 2,2'-bipyridines, 1,10-phenanthrolines, 2,2'- biquinolines,
2,2',6",2"-te ridines and porphyrins, possibly in sulfonated and/ or

car boxyl at edA{%g NRYN3 ROl é??ﬂ&saggnt?%l?o%ﬁ\ié?%r 0t L icdprlerdagnagent s
necessany i nifquREbAcestr oMY CoRfben expRnshve ARG ¥ dhf onobhai n. I n
addi tion, thege %)595 sses inyol vi ng(? two addi.tignal steps (extraction and

catal yst |iDeratTony FeGui P& af3FicrEas SETRHG IS i REDthT ay2nds 1S
Fur t her nor e, ree bress@sed n hehi the r hydirefoptrgdiapiiicat eseadtot he faleassi gal

- ' | . i Sti ' id.to be
\ngtewtoegf b;}bﬁ%g}%alggtn %{E%%@%E%ggiﬁrpﬁ%%up%g%é%: I%Txl)a%‘%&ar%r'girna% *¥f'gands
are al so knowhta{rEed3 3Bvdyofovsyiandons547)in Théheegensresgdrore or of
rel i berati ornpedt dbgo hy drgfrardgdtd 2614 QIR  extraction of

| the rhodium complex with agqueous acid, deprotonation
and recirculation of the rhodium to the process is
known from DE 196 03 201. In DE 4 230 871, the agueous
sclution is recirculated directly to the reaction. In
20 EP 0 538 732, extraction of the output from the reactor
with agueous phosphine solution under synthesis gas
pressure is claimed. WO 97/03938 claims water-soluble
polymers such as polyacrylic acids, maleic acid
copolymers and phosphonomethylated polyvinylamines,
25 polyethylenimines and polyacrylamides as complexing
agents. EP 0 588 225 claims pyridines, quinolines,
2,2'-bipyridines, 1l,10-phenanthrolines, 2,2-
biguinolines, 2,2’,6',2"-terpyridines and porphyrins,
possibly in sulfonated and/or carboxylated form, as
30 complexing agents. However, the complexing agents
necessary in agueous extraction are often expensive and
hard to obtain. In addition, these processes involving
two additional steps {extraction and catalyst
liberation) require an increased engineering cutlay.
35
Furthermore, processes in which rhodium precipitates in
the classical work-up of the output from the reactor by

distillation are said to be prevented by addition of



i i ried out by oxidation of the 5 phosphorus(lIl) Iigands. A
aﬁgghSZn;Zggagf this progess is the continuous stabilizer consunption. The
phosphorus(V) conpounds fornmed have to be discharged continually to ve
preVent accugukzat ieonsi n the reactor system Part of the rhodlun1|nfac v
formis 10 unavoidably discharged too. T@is process, too, is there gge
capabl e of inprovenent both technically and economcally. W 82/038

clains the dphbisphatien Tefr)Lheeutpyt, rom%%égéggeynyg;g;tqrsg/l ?k%%%ﬁﬁ% or

i o] en. In the presence t
;gragg p{ﬁsfﬁéﬁhgéroéégnﬁﬁgtioHSis4o£pai§éa)to The cegeespendbng orI
car boxylic arémibmhbcmoheaQE\Mﬂﬂgtrﬁydf$gggm§qé@§@ﬁ_§%ﬁgvéoyghgﬁkﬁg e
rhodiun1carbg5 Latgs. 20 The_rhodium carboxyl'ates can be récirculrated to |
the process. % glsadvéﬁtagga5rl?ﬁis Brbces8Yi s axiéatiéeds ypél d thedesire

product . SThePhgspberuapiBbL) sAedapaisents apipddiatn iy Dk A02n 49 dg@gcegg

. . ¢
escrjbes h of o | at i I presence .of catal ysts based on netals o
groupé 8 toyg% ofEF%e Pg%%g&%€5$§blestﬁ ﬁmﬁ?qﬁeﬂnﬁ§%§%ﬁﬁFh§%1f|eﬁhﬁy
phosphor us | PREFEROTUGIVH Cemmeunds bcfmrme@sthasebeimgbésedlﬁélé%@dfqééggsbf
The use of somRdhbaedymetal ﬁp@p@ggesag%uﬁg%%tioﬁf rou e8 5?%€%§§ Q¢
the Periodic Table is not described JP 10-226662 desCri bes~a o
the hydro- fO¥RyFAti oRagt MQﬁinFEecoﬁ@@@m@m|rﬂmm|ahtayehoddnﬁ]cﬁia ys .
i s usedlfogetdevoiriable sadsunnsgkll 0ko32 suhfignated, L iphenyl phos S:agegut
cocat al yst, Jp&.o rgngifi% cq%ﬁlﬁst is used. Theé reactlgn E% carTi

in the presence dﬁoa PO R CEmp¥henfPERY SRoREr PR | Eechmiigallve ol ar
conponent ca@Frdemiorllxanple, ethylene O Z. 6219 11 carbonate. The pol ar
conponent can be recirculated to the hydrofornylation reaction together

i [ d only for
with the acid and the catalyst. However, the.process can be use |
the hydrof offtyI 241 3%82¢ €épilealthsl efisrsilisiiom aoe Sheorpaiait VEtdm

reacti ves | redhenyedsef ®fmy1d €1 ol rQL€£6PSin the presence of oxygen.
' In the presence of oxygen, part of the aldehydes formed
in the hydroformylation is oxidized to the
corresponding carboxylic acids which react with the
rhodium species to form soluble rhodium carboxylatés.
20  The rhodium carboxylates can be recirculated to the
process. A disadvantage of this brocess 1s a reduced

vield of desired product. '

The as yet unpublished.patent application DE 102 40 253
25 describes hydroformylation in the Presence of catalysts

based on metals of groups 8 to 10 of the Periodic Table

of the Elements and modified by phosphorus 1ligands,

with cyclic carbonic esters being used as solvents. The

use of unmodified metal complexes of metals of groups 8
30 to 10 of the Periodic Table is not described

JP  10-226662 describes a process for the hydrof
formylation of olefinic compounds in which a rhodium
catalyst 1is used together with a sodium salt of
35 sulfonated triphenylphosphines as cocatalyst, i1.e. a
modified catalyst is used. The reaction is carried out
in the presence of a polar component and a carboxylic

acid. The polar component can be, for example, ethylene




and especially internal highly branched olefins, the activity of the

catal yst is far below that required for industrial uses. 10 The processes
known hitherto for circulation or recovery of rhodiumfrom processes which
utilize unn@difiédlPhodium as hydrofornylation catalyst are capable of
i.nprovenent fromboth a technical and ap1 econom c point of view 15
Accordingly, the prior art includes no technically and economcally

satisfactoryC@rboeaSefom&khephyﬂfOCOEngh?ﬁlhﬂﬂﬁobdmﬁﬁdﬂkﬁg%ﬁfég ?t 20 i s
difficult to usi_ng_un i fied rhodiumas c
tlher efore an o%yq{clférocgf%ﬁ@l Wt i 5reF 18POVFageE\ﬂeBI’ JEELy \ischagid
conS|derablyamﬂptbeeéatnlyhms Hespaet, unﬁ|@mddasﬁzﬁaﬁ2FéO?§é§ bA1yhi ch

t si n i spl.a
cat al yst recﬂaﬁrMh@aﬂydggf8§&Pﬁ§Q18 .d%'géﬁﬁf% gqfﬁg %%?ea¥% o5

- consi derably reduced cat al eactivation ang ‘or
pr event os§€§m%?r%5%ﬁﬁ§§trﬁécﬁlVargéndééﬁe@asa.dﬁﬁnnmﬁrmm&pmlefngky been

f ound thatlﬁhah%sﬂéﬂhéﬁﬁv"!h@bkﬁaﬂﬁh£%ﬁi n%%ﬁﬂéhé$ ggg%gygjcgﬂgounds

selectivity and. act|V| y e |ncreased and the up of
reaction n¥X? % H§8e035§ﬂ¥§ Cadd fRE Redioy ydatstzginlred cEor be

i ncreased canﬁmdetnbéy whes. the hydrofornylation catalyzed by unnodified
rhodiumis <carried out in the presence of cyclic carbonic esters as

sol vents. 35 The present invention accordingly provides a process for the
cat al yt € hyrof oprpkasices ofkmiwed i nhdéahkytounsidtir ategcaoapawds dsa@vn ng

froms3 to 24 &Labnon, at Qs Dngaidald dads! poal damodiblied catalyst, =

conprising at l|least, one netal groups 8
t hrerp El engnt@“%ljeﬁje?@l o ofar mivdd ofriny bat iéed catalystt herer esence

of at |east Ml bE Cﬁ:ﬁﬁ@@béméﬁ% erfrom Obothe & orBdhdiledil) ang an
_ economic point of view.
15
Accordingly, the prior art includes no technically and
economically satisfactory process for the hydro-
formylation of olefins which are difficult to
‘hydroformylate using unmodified rhodium as catalyst. It
20 is therefore an object of the invention to provide a
process which is considerably improved in this raspect,
in particular a process in which catalyst recovery can
be carried out simply and which displays considerably
reduced catalyst deactivation and is therefore able to

25 prevent losses of catalyst to a large degree.

It has now surprisingly been found that in the
hydroformylation of olefinically unsaturated compounds,
selectivity and activity can be increased and the work-
30 up of the reaction mixture can be made easier and the
catalyst stability can be increased considerably when
the hydroformylation catalyzed by unmodified rhodium is
carried out in the presence of cyclic carbonic esters
as solvents.
35 ‘
The present invention accordingly provides a process
for the catalytic hydroformylation of olefinically
unsaturated compounds having from 3 to 24 carbon atoms




where 10 R1, R2, R3, R4 are identical or different and are each H or a
substituted or unsubstituted aliphatic, alicyclic, aromatic,
aliphatic-alicyclic, aliphatic-aromatic or alicyclic-aromatic hydrocarbon
radi'cal havipgzfresdy to 27 carbon atons, 15 nis O - 5 is a divalent
substituted or unsubstituted, aliphatiﬁ alicyclic, aromatic,

al-i phatic-alicyclic or aliphatic-arom ?c hydr ocar bon radi cal having from

1to 27 carl ato he ortion of the carbo ester being
at least 1% gy wei g%t (%’8‘ Y%fﬁtefqr téjlac Tgf‘)%f §’<t &P g e 2 Ecgllo?"’tﬁ g °f& t he

i nvention ofmééﬁgoﬁﬂ% gEPePS 8a§18010enﬂ3tﬂ&ke?ertoﬂmsmmahidcnﬁath¢ out
the 25 hydr oboemhati Onuidkd i BhES e ol fled.: calalyslg. o

particul ar a, rhﬁgﬁyntcatal reuse e unno |f|e Iygt The
abovenent i one# f?%ﬁ???ﬁ%n6§ @Qﬂﬂ?%ﬁﬁséael@YG&}qtmﬁwbwmnataByeed

hydr of or riy| abifonhba¥eraullanrt ed thermal stability which generally restricts
the reaction tenperature to 120 - 130C. In the reaction of ethylenically
unsat urat ed conpounds whi.ch are dltflcult O Z. 6219 13 to hydrofornyl ate,

e.g. internal olefins and especi alfs Rer nal hi ghly branched ol efins, the
| i gand-nodi fied rhodiumcatalysts ¢ 0l ay .an industrially unsatisfactory
activity at reaction tenperatures bed by the thermal stability of the

| igands and the customary reagti
contrast, unnodified rhodi um

i pres ures of tom1 to 270 bar. In
significantly higher activity in the
reaction of ethylenically 10 uns t ounds which are difficult to
hydr of or nyl at e. However, the |l o t her®al st bility is a disadvantage (N. S
| nyani tov, Rhodi um Express, (1995), 10/11, 3 - 64). Exanples of
ethylenically unsaturated conpounds which are difficult to hydrofornylate
are 15 interpgl,gl efins and especially internal highly
10 RrY, R®, R®, R! are identical or different and are each H
or a substituted or unsubstituted aliphatic, alicyeclic,
aromatic, aliphatic-alicyclic, aliphatic-aromatic or
alicyclic—aromatic hydrocarbon radical having from 1 to
27 carbon atoms,
15 nis 0 - 5
X is a divalent substituted or unsubstituted,
aliphatic, alicyclic, arcomatic, aliphatic-alicyclic or
aliphatic-aromatic hydrocarbon radical having from 1 to
27 carbon atoms,
20 with the proportion of the carbonic ester being at

least 1% by weight of the reaction mixture.

The use according to the invention of carbonic esters
as solvents makes it possible to carry out the

25  hydroformylation in the presence of unmodified
catalysts, in particular a rhodium catalyst, and to
reuse the unmodified catalyst.

The abovementioned modified 1ligands usually used in
30 rhodium-catalyzed hydroformylation have a limited
thermal stability which generally restricts the
reaction temperature to 120 - 130°C. In the reaction of

ethylenically unsaturated compounds which are difficult .



branched ol efins which are present in the isoner mxtures obtained by

di neri zati on and oligonerization of propene and n-butene, for exanple
tripropene, tetrapropene, dibutene, tributene, tetrabutene and 20

pent abut ene. oThe pragess of the invention has, in particular, the
advantage that the catalyst has an incregsed long-term stability conpared
to catal ysts used in conventional 25 solvents. In addition, the solvent

used nakes thg h%%i&%rﬁ%tr'rr@rla(%f the gatalyst, {10 éf‘fméeéﬁm% 8Ep€‘ﬁ’£5%§| e

sinple, since the cataly present_in the phase In
car boni ¢ estéPtﬁggalaéh%%m¥%nPn@?QQ%%)Okﬁ%é%ﬁt thegat desd- @pd@ﬁéeday in

whi ch the workodpuins 30 cataipdrout (yighdy !l atizgn or vhauphasgii
separation). Thl? nlxtgre can_be.returne dlrectlg as catal yst SO|U¥I0n to
‘the hydr of or WPaFF8AFEREor . 2FhéVis¥par ati onT67C ﬁ@noutBEFPFFBHPFﬁé

react or ﬁhtolamltedcbyomheommmgmak)sﬂaumkﬂtynufLﬁmearigdndéaahangh35
mat eri al andcgsggﬁgkg gggagbhgggsf %yth% %&O%hqu % r t|on IS

significantly nore g Fe<on a St Tt han wor 5istlllat|on
Thermal stress on the catalyst under reduced pressure does not occur, so

that O Z 621& 150ﬁ@§a§9rnﬂﬁﬂﬁgﬂfﬁlé@aQﬁk%ﬁiﬂ¥t%! a%a|¥§%n§9 gﬁlg

net al - cont ai precipitates Is avolded. Surprisin eac ati
formation of Fﬁ 8F|V€Qﬁﬁﬁﬁtﬁxu%ﬂythespé@ﬁ€§l@ﬁd ﬂﬁﬁaleébﬁlanhﬁnély

preC|plua§esﬁn§aahsatea |akgﬁhxnﬁﬂﬁjded%TﬂbﬁepaagblOﬂd%&f%§ﬁ1é|att9n The
process of the.inyenti S it to carr out the, _

hydr of or ny!l aty on° ?rWHgéFﬁal ﬁwéﬁﬁg i%ﬁbﬁ@ﬁ é§§ﬁ$%%;%ﬁa?%%%EYa%ﬁrés of up
to 220C u3|n@lsaﬂahysagelabhawlrmmgammw&&puhabﬁyuhigm@@mééyjtylgibg,

conver sion and/1ihessel egl vl ek flpidie Dracotonmuation, espeelablyao!

internal hig ranched olefl can be i ner ase
process of t%@mPﬁV@ﬁﬁldﬁh¢%hde%Rﬂllﬂafﬂmﬂu@ﬂ byowahyd@bfexmnﬂbﬁemﬁaheut t he

inventias beifgereslri cdedrins and especially internal highly
branched olefins which are present in the isomer
mixtures obtained by dimerization and oligomerization
of propene and n-butene, for example tripropene,
tetrapropene, dibutene, tributene, tetrabutene and’

20 pentabutene.

The process of the invention has, in particular, the
advantage that the catalyst has an increased long-term
stability compared to catalysts used in conventional
25 solvents. In addition, the solvent used makes the
separation of the catalyst from the reaction mixture
simple, since the catalyst is present in the phase in
which the cyclic carbonic ester used as solvent is also
present, -regardless of the way in which the work-up is
30 carried out (by distillation or via phase separation).
This mixture can be returned directly as catalyst
solution to the hydroformylation reactor. The
separation of the output from the reactor into a
fraction comprising product and unreacted starting
35 material and a catalyst-containing fraction by phase
separation 1s significantly more gentle on the catalyst
than work-up by distillation. Thermal stress on the

catalyst under reduced pressure does not occur, so that



t hese particul ar exanples. A person skilled in the art wll be able to
deduce further variants which are |ikew se subject natter of the present
i nvention and 20 whose scope is indicated by the description and the
clainms. In thegpreeass of the invention for the catalytic hydrofornylation
of ol efinically unsaturated conpounds 25%,having from3 to 24 carbon atons,
in particular olefins, using an unnodified catal yst conprising at |east

one. netal Oofn@r oEPSmBridn 1%foflﬁ£'@t£’@é'%t%ﬂa@g@?w;tt%e% &Entgg the

hydroformylation_is carried out 1n the presence o | east one cyclic
car boni ¢ estBPtaf- C@@tﬁﬁélparﬁmﬁfquQ%tQ§245Gﬁﬁ@l@%ﬁmhﬁﬁéprﬁﬁlnﬂiy R3, R4

are identi caaeabtdlvfafceb@ntbﬁncio&rmﬁaﬁh 6fX fkhdt Dfe anithagt i EHERE,Q

unsubsti tuted allghat allq¥£||0 aropatic, ali,- ,phatic-alicy c?

al'i phat i c- ar SRECAESor <1l | YBHT L- GPBHALT Loy dPEES BN LA cal® haVPAY from
1 to 27 &ar bdargedwsavicdded- ih ksparditianeity sudlestiiltleftdédbmar unsubstit ut ed,
aliphatic, alicyclic, aromatic, aliphatic-alicyclic or aliphatic-aromatic
hydrocarbon radical having from1 to 27 carbon atoms, with the proportion
of the carboBhe psoeesiseiofg tde irFdrddsn Makgs wet ghvswibldetoeastricon

m xture. Theoﬁﬁb%héu@ﬂ;ﬁo@%rﬁ&lg$l@ﬁd gecafh kﬂé’f”%‘ ]]yorbfghz:hgﬁent and

be substituted by O, “alkyl or N-dla urt her nore,
t hese radlcaPéegéﬁs ﬂ§tﬁﬁﬂPQﬁﬂRRF%%a?fgpﬁu&§fﬁﬁ§1Qﬁﬁ$%W%géﬁ§a@YFQ§rlne

chloring,0 breairRag eOGaRE) cul@dly BRalr @B}k . TEN conversion and
the selectivity of the hydroformylation, especially of
internal highly branched olefins, can be increased in
this way.

15 The process of the invention is described below by way
of example without the invention being restricted to
these particular examples. A person skilled in the art
will be able to deduce further variants which are
likewise subject matter of the present invention and

20 whose scope 1s 1indicated by the description and the
claims.

In the process of the invention for the catalytic

hydroformylation of olefinically unsaturated compounds
25 having from 3 to 24 carbon atoms, in particular

olefinsg, using an unmodified catalyst comprising at

least one metal of groups 8 to 10 of the Periodic Table

of the Elements, the hydroformylation is carried out in

the presence of at least one cyclic carbonic ester of
30 the formula T

e
X, o (1)
S PR
0 0



or -C(O Calkyl. Furthernore, C, CH or CH2 groups in these radicals can be
replaced by 0, N, NH, Nalkyl or Ndialkyl radicals if they are at |east
three carbon 25 atons away fromthe 0 atom of the ester group. The al kyl
groups can once.agann have from1l to 27 carbpn atons. In the process of
the invention, preference is given to 3@ using ethylene carbonate,

propyl ene carbonate, butylene carbonate or a m xture thereof, for exanple a
mxture (weiBBkerati o = 50:50) of ethylene carbonate and propyl ene
carbonate, asjcyclic;carbonic ester. 35 In the process of the invention,
the proporti®m dt + &el Re cafBoriderdsicarls 95 fli6hrTent $8% byreweeghh,

preferably from5 to 70% b%/HV\ﬁbght abgpsﬁgﬂ&%gﬁl ycl)tp. izén%%%g}:%?‘éeté‘gf 3;2-& y
from5 to 50% by weight, o 1e reaction _mxture. It ] [
_further solvents in additioﬁ&t'LBhagthe SIS bonpEoBsitdics. | ali-

particul & process vari ant sphahéchyddeletayl at s0hphgactigprcphtctibe or

invention is therefore carri gut .in_the presence of t least one
nonpol ar sol vent which is i%ﬁ?ggg%ﬁg ﬁf?ﬂaefﬁe &§é§FQFQ§§Fan|Ea@§?%F .
Carbonic esters of the 10 1Bagdngofrmuoinall thal? aarbonpakamssol vents
carbonic estgr invention hayey preferably from 1.1 to 5. The nonpolar,

produce a | dielectric constant of over 30. The which are inmscible with
the cyclic %and are used inifhe pRocessivplems substituted or

10 unsubstituted, aliphatic, alicyclic,
aromatic, aliphatic-alicyclic or
aliphatic-aromatic hydrocarbon radical
having from 1 to 27 carbon atoms,

with the proportion of the carbonic ester being at
15 least 1% by weight of the reaction mixture.

The substituents R' to R? and X can be identical or
different and be substituted by 0, N, NH, N-alkyl or
N-dialkyl radicals. Furthermore, these radicals can

20 bear functional groups such as halogens (fluorine,
chlorine, bromine, iodine), -0H, -OR, -C(0O}alkyl, -CN
or -C{(0)Oalkyl. Furthermore, C, CH or CH, groups in
these radicals can be replaced by ©, N, NH, N-alkyl or
N-dialkyl radicals if they are at least three carbon

25 atoms away from the O atom of the ester group. The
alkyl groups can once again have from 1 to 27 carbon
atoms.

In the process of the invention, preference is given to
30 using ethylene carbonate, propylene carbonate, butylene
carbonate or a mixture thereof, for example a mixture
(weight ratio = 50:50) of ethylene carbonate and

propylene carbonate, as cyclic carbonic ester.

35 In the process of the invention, the proportion of
cyclic carbonic esters is from 1 to 98% by weight,

preferably from 5 to 70% by weight but 'particularly



-dielectric constants of less than 20, 1.1 to 10, partlpularly_preferably
fromuse of an additional, in particular solvent makes it possible, for
exanpl e, to reaction fromthe reactor as two phases. sinplify a phase
the output fPef nbRfl@re and, in particular, output which is present as a
single phase or It may in this way be pessible to separation enployed in
the work-up of the reactor. The reaction product of the hydrofornylation
can be extraprefiewnbhya Mompobarto s6bgerty Wiedlghits | 811 S| Bt hot he
cyclic carbogige,ggter I, in which case the solvent can either be 25
present in the reaction mxture during the reaction or be added only after
the reaction is conplete. Possible nonpolar solvents are substituted or

bsti t ut ede hydr hayi fr 0 on SQ ans, e.g. the
EP;EEO: I iungml:o igr gg%c% ?ﬁe?ﬁ?dr@%&gw?gﬁ%ﬁEgeé& |ao<§rjlg,&ﬁe%n‘6$ or the
i somer m%dLﬁ%% GEFait-Red CPRPPRECt eeS&#ETS -z atiton T pleru bawer | gaocass of

Dent abut ane. - LoLs apsopane and/ o Sey parpcselof . teferitf O s b e
t abut ane, . t et r apropane .and/ o ent apropane. It

F gnuse ol efiln%"é’%gg?%glﬁ -ta}ﬁee{ﬂ%ng%%ﬁ‘? M tpakt i EbPaPndrensiefeh used

for the hydr@ﬁolﬁybatbn&,nﬂnpuﬂanﬂswlﬁéﬂweﬂhibuli%ammﬁﬂgbfgmetﬁfF% o

hydr of or nyl aty, on 1] 0 . 6219 17 ingo et e conversion . 0. _

cgnver si gz g%ﬁ%nl ‘:91?% Qﬁ%g?g%ébleys ) }par%"%‘?ﬁﬂ:y Diietet ablfy B9

and/ or &ddi ngP¥etdmer diasig nat dlitleatedct | constahtr ef dewvéng3and/me af t er

the hydrof orersséion £626Lhe8. wiibh e PLARESS: 81t NG kSN i QN 1 he
proportion 0cfarbonic ester I and are used in the process of the
invention have dielectric constants of less than 20,
preferably from 1.1 to 10, particularly preferably from
15 1.1 to 5. The use of an additional, in particular
nonpeolar, solvent makes it possible, for example, to
produce a reaction mixture and, in particular, output
from the reactor which is present as a single phase or
as two phases. It may in this way be possible to
20 simplify a phase separation employed in the work-up of
the output from the reactor. The reaction product of
the hydroformylation can be extracted with a nonpolar
solvent which is immiscible with the cyclic carbonic
ester I, in which case the solvent can either be
25 present in the reaction mixture during the reaction or

be added only after the reaction is complete.

Possible nonpolar  solvents are substituted or
unsubstituted hydrocarbons having from 10 to 50 carbon
30 atoms, e.g. the high-boiling by-products of the hydro-
formylation reaction, Texanol or the isomer mixtures
obtained in the tetramerization or pentamerization of
propene or butene with subsequent hydrogenation, i.e.
tetrabutane, pentabutane, tetrapropane and/or
35 pentapropane. It is likewise possible to use olefing
having 3 - 24 carbon atoms, in particular the olefin
used for the hydroformylation, as nonpolar solvent by

carrying out the hydroformylation reaction to



nonpol ar solvents is fromO to 90% by wei ght,
wei ght, particularly preferably from5 to 30% by wei ght,

10 m Xxture.

To avoi d by-products, the nonpolar solvents have to be

inert under ghe rﬁg ¢gi on conditions of the hydrofornylation reactio

unl ess they are't

15 olefinically unfgturated conpound used. In t

process of the invention, the reaction i xture can be present as a

conversion 20
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olefinically unsaturated compound used.

In the process of the invention, the reaction mixture

do,

can be present as a single phase or as two phases in

the hydroformylation reactor over the entire conversion

range. However, it is also possible for the feed
mixture to be initially made up of two phases at a low
conversion and to become a single phase at higher
conversions during the course of the reaction. It is
possible for a single-phase feed mixture to become a
two-phase product mixture during the process of the
invention. In addition, the phase behavior can be
strongly temperature-dependent. For example, a reaction
mixture which 1is a single phase at the reaction
temperature can separate into two phases on cooling. A
reaction mixture which is present as two phases at the
reaction temperature can likewise become homogeneous on

cooling.

The process of the invention can be carried out using
various catalytically active metals of groups 8 to 10
of the Periodic Table of the Elements, but 1is
preferably carried out using rhodium. For the purposes

of the present invention, unmodified catalysts



counterions of the netal salts used for catalyst 10 formation, e.g. halides
such as fluoride, chloride, brom de or iodide, acetyl acetonate,

carboxyl at'es such as acetate, 2-ethyl hexanoate, hexanoate, octanoate or
nonanoate. Aoparteseubarly preferred unnodified catalyst is HR1(CO3. 15
The active catalyst conplex for the hydigfornylation reaction is forned
froma salt or a conpound of the netal (catalyst precursor) and synthesis

as. This adyaptageaysineQerdr o Nyshidk darifg yhe hydrq 20-£08 nyk ation.

%Jstorrar_y C a%ﬁst g uresors are %(I)#s Rh(11 and.Rh(tﬁl) s.alq‘?%, for

exanpl e acef’éﬁ?‘ € 9 ct@ﬁ%a?é?f“eﬁfﬁﬁaﬁdfﬁ eI LHELEYT abBlhatayiiidml ndes,

and al so rhadedifgangonyligandlee coredEfialy on i}faridie Amd al f@rthfghéegfz;l |02
pm prefera

i i i he 25 f 1 t.o 1900
The range. FPSRSRBEEYdd LOE BRA-YREC REOFRE Goien ae | orombotnds
hydr of or fy| avhdphbyonteinproressrofmdrte donent maorar 6o £oapeupdsL3vhbeh
contain 30 ethyl gpigakhy. WISALUraE edyC ‘ﬁll%%%%k%.b%cfﬁévéﬁf}avrﬁ%@{#fgﬁg o

olefins or mxtures of olefins, especrallTy nonoole IS
24, pref er abt398Re 490 n0E, pactivéd ardarhsmafler abiwdf idwn 4 abkdRy, car bon

atons, havi &y Ef Marall OF all DT Nakc & Codoubt gohandso & & 38,1 Ohe
2- pent ene, 2-%1% ;ail?t}but ege,yz- met%}pll-zo- buten%, 3- r%aﬁf?ﬁ l-islﬁutene,e 1-, 2-
or 3-hexene, CYHRCTEIOPRf i AT nitREur BeSBdai Fed tsn (URedi NPT zagaomlv$t pr opene
(di propéfe) , fdepiehors, &-gor Hrinridy| shmmlera@g, F‘Qa%ri@8,19 d91 861 g8eS,

2- met hyl hept - net hyl hept enes, 5-net - 2-hept epe, _

6- met hgl . ZP h%Pp ein%% g;ef et %?/‘?:-L ?hefeq?et_‘,y]taﬁ"eeryqr?&%ri 8a€§9§Véﬁtﬁsm Kitke

obt ai ned i n aheadiefratiezat 2 oathplhaxbnbenes (thxbartensy,, bheatBatlkefon

m xture obtaided S.4L the di ' han_of d ten iisobut ene),
nonenes, 2- q%r 3%3%% I%c?gﬁﬁg?h?%%i%gp%legfeﬁ%%% %Iﬁ?o(ﬁ olb‘?cgi% %ae:hﬁs? he
trimerization O"FR}M% e (tripropene), decenes, 2-ethyl-I-octene,
dodecengs, the C32-olefin

The active catalyst complex for the hydroformylation
reaction is formed from a salt or a compound of the
metal (catalyst precursor) and synthesis gas. This
) ad{raﬁ't'agééuély © occurs  in  situ .'d'ﬁi.'ing the hydro—

20 formylation. Customary catalyst precursors are Rh(I),
Rh{II) and Rh(III) salts, for example acetates,
octanoates, nonanocates, acetylacetonates or halides,
and also rhodium carbonyls. The concentration of the
metal in the reaction mixture is preferably in the

25 range from 1 ppm to 1000 ppm, preferably in the range
from 5 ppm to 300 ppm.

The starting materials for a hydroformylation by the
process o©f the invention are compounds which contain
30 ethylenically unsaturated c-C double bonds, in
particular olefins or mixtures of olefins, especially
monoolefing having from 3 to 24, preferably from 4 to
16, particularly preferably from 4 to 12, carbon atoms,'
having terminal or internal C-C double bonds, e.qg.
35 l~ or 2-pentene, 2-methyl-l-butene, 2-methyl-2-butene,
3-methyl-l-butene, 1-, 2- or 3-hexene, the Ct-olefin
mixture obtained in the dimerization of propene

(dipropene) , heptenes, 2- oY 3-methyl-1-hexene,



m xture obtained in the tetranerization of propene or 10 the trinerization
of butenes (tetrapropene or tributene), tetradecenes, hexadecenes, the
Cl6-olefin mxture obtained in the tetramerization of butenes
(tetrabuteneb nd %%§ in mxtures prepared by cooligonerization of olefins
havi ng dlfferent ﬁ ers 15 of carbon atons (preferably from2 to 4), if
appropriate after separation into fracti8ns having an identical or simlar
chain length dIStI|£atI is |likew se_passible to use ol efins or

ol efin mxt ngé SIWi ch H&%@%Jelé?xp‘b DEEF ned By Hvd erdEmes. Tr Bp8ekRhy 20
synt hesi s and-bkptens, WmGHmdthyi4ﬁyﬂkpﬂﬁﬁyrmxhibthyﬂJLKﬁ@ﬁéﬁ@tlOﬂhgf

et hene or ol alnable |a thesi.s reactions, ,Preferred
starting na?%?ﬂgfs are’ gggflgﬁ%lx Bt ¢ie- %F@?FﬁzaﬁF?Pures
Fur t her nor e, oEha-puscass d@ﬂbu&anakynthn1@xﬂuxéfmmImsmduf@robhalned

“hydr of or g/l ag jon @tflepmd/lrﬁ?éficza&cﬁ{' nigal | XsBEﬁ@%HEat e?’dfi’%@ﬁ Er% uch as

pol yi sobut ene or 1, 3-butadi ene copol yners or 1sobutene ‘The

mol ar nmass o?oFﬁﬁeﬁolfherPE(ﬁ?ﬁQQRY ectegtes it the dbmﬂiﬁﬁwmemastunﬁg as

the ol efin i sbBAifLHf iiei efHid ytﬁ%&bi@atﬂoﬁh%fhﬂﬁéﬂw @i%ﬁgggsﬂ%vm The

mol ar nass o t he poly lefins is preferably bel ow
particul arl y°p ?%?ggablge ﬁgi 1 596667/ no PSS e v oltiife Ké@r@léfléarbon

monoxi de to myﬂtogenqhtdﬂnedsymthhél&Qﬁﬁhmérikﬁﬁi§ﬂ|ﬁfl@ﬁ deangg from
2:1to 1k The Si as js O Z 6219 20
advantageouthguseékﬁﬁggs%gé%%hfor r%&ue%nﬁ*gn ATRIFPPIPERS t hr 88 ti mes
t he st0|ch|oﬁ@%buéeaﬁhunttEUh@dhqdme$ormeadenﬁnage gener al,kyotafined out
at 5 presswﬁﬁﬁt@iefraﬂtélﬁgd359nbaﬁ epr@Q@;%Q‘g pogSsye s‘ﬂoit_?lférom 15 to

270 bar. The gressure englo yed depends on ruc ure o0
ol efins, theltatafyetenged = apd th@leégnredn@ﬂtemes Thuesegare@xanpy e,

a-ol efins catobbgeweyersedohnter tb@eg%éeMg\gd@E%%ﬁ%s hindQr i gh
space- thge yéfldcaE o%Pe géesenC%preng% & from 2 to 4}, if
appropriate after separation into fractions having an
identical oxr similar chain length by distillation. It
is likewise possible to use olefins or olefin mixtures
which have ‘been obtained by the Fischer-Tropsch’
20 synthesis and olefins which have been obtained by
oligomerization of ethene or olefins which are
obtainable via metathesis reactions. Preferred starting
materials are Cy4~, Cg-, Cs-, Co-, Ci3~ or Cig-olefin
mixtures. Furthermore, the process of the invention can
25 bhe used for the hydroformylation of polymeric
olefinically unsaturated compounds such as
polyisobutene or 1,3-butadiene copolymers or isobutene
copolymers. The molar mass of the polymeric oclefins is
of little consequence as long as the olefin is
30 sufficiently soluble in the hydroformylation medium.
The molar mass of the polymeric olefins is preferably
below 10 000 g/mol, particularly preferably below
5 000 g/mol.

35 The volume ratio of carbon monoxide to hydrogen in the
synthesis gas 1s generally in the range from 2:1 to

1:2, in particular 1:1. The synthesis gas is




| In contrast, in the case of
lysts at pressures of |ess than 100 bar. |1 (

g?g?i%s having internal double bonds, in particular branched Olefhnfhe

hi gher pressyres are advantageous. 15 The reaction tenperatures i (Lhe

pfocess of tRe%-i Afdftion are preferably from20 to 220C, nore prefe y

[ 190C, in
200C, particularly preferalioy from 150C to '
f{a?'[ni'gg?zg.:rt?rorn160pto 180C. A 20 reaction tenperature of above 150Chcan,
!Dn parti cul aPAVanipeeesilie used drofestessd natot Oexaﬁﬁ@x@ginggﬂgjﬁgoﬁgges
SVai L abl e a5 3 vesult oof SRcs) erat SqOLCEARIRLFART RO 1§ nor eased
[ as a result of acc : e
| ﬁ;gLL?gLﬁylation in the 25 preferred term nal position thus takes pl ace.

- : i r continyously. However,
The process @hethhydﬂueﬁtmymaﬁiangguﬁ?gg:gg?gg%%%§8 ?%EF&B 3840i rebal 1y 14

vaich o6 OBEYSCVERL SR FEGP 1 6 0t g ek ront ovs mestest hose
art, for exaﬁ%lﬁrgpaiéeuosﬂﬁorbdrveaﬁﬁ5bﬂé%#ﬂ¥§§§§%%%ﬁﬁﬁg %ééﬁ%%lﬂ%ns and
Ube T eactor oo oy 08T hrL 1o bt MiFe T Sng 5878, orit s caTad vesactoedout put
ggf’gi ;ggcit e pP6cedes bred hef fenwent Thas o Sesapessi bl y_dnueact ed
ol efinical |l yedd Zbeb2d&hverted into the corresponding aldehydes in
10 high space-time vields in the Presence of rhodium
catalysts at pressures of less than 100 bar. 1In
contrast, in the case of olefins having internal double
bonds, in particular branched olefins, higher pressures
are advantageousg.
15
The reaction temperatures in the Process of the
invention are preferably from 20 to 220°C, more
preferably from 100°C to 200¢c, particularly preferably
from 150°C to 190°C, in particular from 160 to 180°cC. A
20  reaction temperature of above 150°C can, in particular,
improve the ratio of terminal to internal double bonds,
since at the higher temperatures more terminal double
bonds are made available as a result of accelerated
isomerization and increased hydroformylation in the

25 preferred terminal position thus takes rlace.

The process of the invention can be carried out
batchwise or continuously. However, continuous
operation is preferred. Suitable reactors include
30 wvirtually all gas-liqgquid reactors known to those
skilled in the art, for example sparged stirred vessels
or bubble columns or tube reactors with or without
recirculation. Preference is given to cascaded bubble
columns and tube reactors provided with static mixing
35 elements.

The reactor output obtained in the process of the

invention comprises possibly unreacted olefinically




21 unsaturated conpound (ol efins), reaction products, reaction
by-products, at |east one cyclic carbonic ester, possibly a nonpol ar

sol vent and the catal yst. Depending on the type and nass fraction of the
olefinic 5 conpounrd(l®) used as starting material, type and mass fraction
of any nonpol ar sol vent present and typgiand mass fraction of the cyclic
carbonic ester, the output fromthe reactor can be present as a single

phase or as utwetphased. Asnmiaiidnedodbeyss)phasse e&ptigg %ﬁ?gggs%grs

achi eved or p d hy_appropriate_addjtions of cyclic c

or a nonpol arég(\éﬁgéﬁtg%hgg%}l&ﬁp oft bt heSRehct BReouyetien easbpnicess of
the inventi®atedn WmoscHihlrdaoutonpolaw walkants,agepend Ngad21 98t he
phase behavigspofiaihe Lgaghar put.. In the case of a two-phase reactor
_out put, ref erence ig ?Vginlgtt tae\%/})]rdk-mt?ﬁsvi arﬁ%soé‘s%fpatr%?i%eﬁémr%
Variant A GHPeR4 (she Uesssk of #twinylmey phaserieact ofyealt pud ms&Eer ence
i's given to fisddugién WekK- byeg@hsisl! athon, s in Variant B. It can be
advant ageous_for %he Eﬁ!}(ﬁ)ar?g%f t}%ﬁe.@b%?;% tegp?%easg%%ttange VAR by
depressuri zatton af FEFLORhEthydIorereddat Farbeeior estke, f whehesumonk- up of

the 25 reactforomutlpeitréscearritef Bt paesahdi BG 0 S‘i@lléjl%ntE):}'@ 0 orB.$S\/ari ant
I the

A ln this proge an t he two- phase reactor output ] r om
hydr of or myl at'i oﬁ&}ée/%% io‘{rxlsilgeBFé?Jé? bRYOVEe pRFAEEd SePagiedsens appay dté on i nt o

a fracti8n asdyimvesd nepr covaveantdy bhe appabypshiated LRRIGEYIL Sarbonic
ester or estgfs @N¢GAdS [ Lsin redom nantly the

hydr of or ny| tz;:ft%/ironl product%%an%g%p%ﬁé%a%txg%g?gq? ns°ofSBtefinical ly
unsaturated conpounds. O Z. 6219 22 This process variant can be enpl oyed

when an opt iMwakrofitHihes £ NORDOL8L -89k VERE .5 H{ie@ The nanpol Q vent
_ ( 3 t he
can be identical .t.o the starting ol efin, $% that eith&Focess ot tshe '
invention can be carried out in two variants, depending
15 on the phase behavior of the Yeactor output. In the
case of a two-phase reactor output, preference is given
to a work-up via phase separation as in Variant a,
while in the case of a single-phase reactor output
preference is given to using a work-up by distillation
20 as in variant B.

It can be advantageous for the major part of the
synthesis gas to be removed by depressurization after
the hydroformylation before the further work-up of the

25 reactor output is carried out according to variant A or
B.

Variant A

In this process variant, the two-phase reactor output
30 from the hydroformylation reaction is preferably

separated by phase separation into a fraction

comprising predominantly the catalyst and the cyclic

carbonic ester or esters and a fraction comprising

predominantly the hydroformylation products and

35 unreacted olefins or olefinically unsaturated
compounds.




t he hydrofornylation reaction is not carried out to 5 full conversion (e.g.
only to 95% preferably, 90% particularly preferably 80% and/or further
olefin is " added to the reaction mxture during and/or after the

hydr of or myl afPi-én ©&d&ion. 10 Variant A of the process of the invention is
i.llustrated by Fig. 1 wthout the proceg88 being restricted to this '
enbodi nment : }’/lnt hesis gas (1), olefins (2) and hydrofornyl ati on catal yst
di ssol ved i nThascyiqeessarvenianesten dre aempXdbued ofhen phir apttiynafl 15

cyclic carbogiietpgker fagted; Ln r of ol ation.reactor
(4). The react or out r;ﬁftr(p(’%))1)6&r (;%acg\ ptt?o%\%il F}t?l%gie ?ﬁrhee %L%Es?%yﬁ?ﬁem s
gas (7) in ﬁaHeBPe&é&qt}gﬁlor?Wéé‘%ISR@atlmeomfm £8) tbebtala[heﬁerl n this

way is prefetnbl mﬁﬁﬁ@f@fxﬁﬁla&@ﬁ%@él&{‘ 2Q appar atys, {9 %
heavy phase %1% which co Ees the maj or part of the cyc |c car oni c
ester and the catafystran O i gl | ity By3pr ogtiefsrakdy adPkght

phase, (11) vmachlcumarﬂyespﬂerfearmmlrpf 808y| alridior PEQEURES, dUEacted ol efin
sol.vent. . The phase separation can be

~and, if appl eyl 5 npeol ar

carri ed outég(?gltie’to hﬁ'tugur Eggogl?PoFﬁl@%uﬁ? 1%‘6’€Bmgr erdy el ywi%snnthec to
60C. The pha]éiéd§@§9¥@1fl@hlganrbecCaDnl ed out in, for exanple, a settler
vessel . The phase separati on in the separation apparat us (9) is 30
prefera? y carrjed out under nthesis gas at a pressure of from1l to 350
bar & prigfetaBbly A onfis t 27O @S s butofpar theul dnvermpriefrer absy at

the sanme pressluetastédat b?WD|F%ed in thechydeof @iyl gﬁfdﬂﬂe geag%gn (4).

The separtati at us an 35 optionally be pre
exchanger foIS cooﬁP %é Fﬁaﬁct SRPPEAMend): ( oM R |rgEF$g (1) In an

optional sepatafion iﬂéigan(dl&)ydﬂa&ca&wlattﬂsﬁdléé&a&l@r@.t ke Jmued {romthe
sroam (1)« Sqeam (Ml blib s, G2 215 22,0 pacisd 10,1
al cohol %? arfdr© ea@ﬁé‘@oﬁll@fl nestaby ar@lseparat edcaddteadd passeghéo
' hydroformylation reactor (4). The reactor output (5)
can optionally be freed of excess synthesis gas (7) in
a depressurization vessel (6). The stream (8) obtained
in this way is preferably separated in a separation
20 apparatus (9) to give a heavy phase (10) which
comprises the major part of the cyclic carbonic ester
and the catalyst and also high-boiling by-products and
a light phase (11) which comprises the hydroformylation
products, unreacted olefin and, if applicable, the
25 nonpolar solvent. The phase separation can be carried
out at temperatures of from 0°C to 130°C, preferably
from 10°C to 60°C. The phase separation can be carried
out in, for example, a settler vessel. The phase
separation in the Sseparation apparatus {9) is
30 preferably carried out under synthesis gas at é
pressure of from 1 to 350 bar, more preferably from 15
to 270 bar, but particularly preferably at the same
pressure as that employed in the hydroformylatioh
reactor {(4). The separation apparatus (9) can
35 optionally be preceded by a heat exchanger fdr cooling
the product stream (5) (not shown in Fig. 1). In an
optional separation stage (12), catalyst residues can
be removed from the stream (11). Stream (11) or (13) is



further work-up or hydrogenation. The ol efin which has 5 been separated off
fromthe stream (15) can be returned to the sane reactor or passed to an
optional further reaction stage. The fraction (16) which has |Iikew se
been separ at edzof E2¢0npri ses, for exanple, residual cyclic carbonic ester,
t.he reaction products, any 10 further nggpol ar sol vent added and

ht gh-boiling by-products. Fraction (16) can be discarded or recirculated

to the hydroméaylﬁéé@éare;@ct@ﬁe(@epa&amrk 4RabBR W(\i&h uRdesi rabhg
by-products are dischar i s advant ageously carrl ed out prior to

reci rcul ati oh®2¥519Re chﬁfiyngsepéPéF}FBﬁd?ﬁ t hedepapd€PbAlappar ands (9)

can be carriedresattag alediti=Action @yeabebaﬁateaabtffofand hea&sagt ten (16)
and/ or at | east tBart of .the fres

olefin irectl |ntothe
“stream (8). TH&““&xt rwé:’gt]ﬁ o i g%?ﬁ?%ﬁ??%%%‘rl re'%‘ ‘%olﬁ'{ Wbt $28nd 20
can be a5si nJgEenssagerexedaofforfrmm beheo peradced HBS)a caml bestagarpedacess in

counter cur [ eBb, GRUELRO! 10k Br08S; CHLLAAL OBt aby sl contAl ning dlschar ge

streans, for instance fromstream rom epara I on ?1 e (12),
can be wor kedeaptbynkridviroeret Abgs fracRboneddvdr whieckatwsystikewakein

reusabl e forpreNarianirBdd (S HAGHSSIAT T 3oL, éQsmgﬁ@geggggauéﬁaCt or

out put fromthf§7C rof ornmyl ati on reaction is separate Istillation

into a rel at T¥et I oﬁPEBPPP-ng £54@% - on Chpriea Hgt 5t ecﬁ)ﬁ?%‘éﬁﬁﬁy t fBY
hydr of oruey| afuﬁﬂhafoduwxspobditd passivant uneaeied ahafi neigh-pbefingcal Iy

unsat ur at ed 9 ds, and her-boi l.ing fractiqn canprisi

_pr edomi nantl@ygﬁ %5’5 k3 bora1F ‘Igars%%z?s aﬂr?r} 35°CRt al¥fst . %T‘ﬁ‘ éﬂ?l nt°B of the
process of thecingehéted itso |ﬂhe,|sﬁmatre1fdxynyﬂjag:1cﬁ1 V\nﬁelamttort he 4pr.ocRSS

bei ng O Z. %&Qk%pf %f%t Evh%ﬁduh(aets@ the 'élgaﬁa£g§gboni .

olefins (2) and ornmylation caayst so ve |n a cyclrce
ester or a nikt aélftageﬂuﬂlémwrmedcmﬁ cptaqﬂbomoc Jesfcersu(-a):lane

reactediisn tfike catalyst separation in the separation apparatus (9)
can be carried out as an extraction by at least part.of
the fraction (16) and/or at 1least part of the Ffresh
olefin (2) being fed directly into the stream (8). The
extraction is preferably carried out continuously and

20 can be a single-stage extraction or be operated as a
multistage process in countercurrent, cocurrent or
cross—-current. Catalyst-containing discharge streams,
for instance from stream (10) or from the separation
stage (12), can be worked up by known methods to

25 recover the catalyst metal in reusable form.

Variant B
In this process variant, the homogeneous reactor output
from the hydroformylation reaction is separated by
30 distillation into a -relatively low-boiling fraction
comprising predominantly the hydroformylation products
and possibly unreacted olefins or olefinically
unsaturated compounds and a higher-boiling fraction
comprising predominantly c¢yclic carbonic esters and
35 catalyst.

The wariant B of the process of the invention 1is
illustrated by Fig. 2 without the process being




S hydrofornylation reactor (4). The reactor output (5) can optionally be
freed of excess synthesis gas (7) in a depressurization vessel (6). The
stream (8) obtained in this way is fed into a separation apparatus (9) and
separat ed byodzstékiation into a high-boiling fraction 10 (10) which
conprises the major part of the cyclic ogarbonic ester and the catalyst and
a-l owboi ling phase (11) which conprises the hydrofornyl ation products,
unr eact ed olxéstrbdtedi ftappl-_hel_gbl @mb@,@Qﬂ@Ir@lr afg a1 tolsmegas (1),
cat al yst -contaipin CLj s recircu .
hydr o?‘/or ny| ac%?%ﬁ r%aé?i F%l }iy%%l# Jg"h%ﬂ"?r petapyete focF Il viedhokk- up
~step in which ﬂyghlbocblrbgnlbye[srt@dueizsFarudiﬁtuﬁé'lt:aEyt%f (?}Q&Faﬁﬂ@iyﬁé‘f

I s in racti
products are. (_diféthar 8¢, (Y QQ@Q ‘)z‘rﬁo s%‘??é?%ﬁ‘?onlgx"te 1&%2)

optional Ly be freed of catalyst Tesl ues |n a
The stream F4=cf¢iany basten treatiorndi $41 1.1 dfhen retaager 14ntptler e(5 1 he

‘hydr of I | gely h are s par at ed
fom the i eart BPLPARELY B8 GRReMPRah S Ql’&?*g%%t e
di scharge st% e‘i%%re?%’ﬁritﬁ@?éﬂ’éevﬁSﬁllonﬁei)he Ehe eaﬁream) fcvbimiztmi

separation sitrageh{d2yay @@n @ viartedh UQe]EIfoLEQQHe%FEQQa‘E%Eal Mt rg'm I\/\?)

t.h S
09120851 or LD 169, SFRE L UGt Gror et ot Fhotaeds nearF sisdseent |y
be wor k&8 upl1030 fuilvitcter cotﬂpn:ea:etsedthbef maj 6%5)13[6@& b@frg@ﬁg nQﬁ,%lglgnggzane
tional _sec reacti
oot o S feac 61 Bocd e, 9PLAAC, pscand renetlon

When t he process 1S carri e rat uses
can be of ariloushdedi gr@mprh@@epaZM| (bwdrsnfmmfyeiraah]qn cardd@ttout by

nmeans of fahllﬂr%(:fﬁédn SYEPOH akagks, 1%“06{ Qﬁl&"aﬂ% £9Ls Yo ”cf' I m
evapor at ors conbi @atl ons of QO Z these app ra Gs&t

advant age of “Such®52¢Bibr AaRFehnLiagdn ﬁa‘@c’ff-’fﬁn exXa@pl elSt h@tcmauﬂatmésol ved

synthesls gae tired hhiromeiy padiowf rédecdr 0dunt s aRd Wpreackad, Hearting

material s Cige%%d%%pa&%;ed Off frOmthse,tep in which high-boiling
by-products and/or catalyst degradation products are
discharged (not shown in Fig. 2). Fraction (11) can

optionally be freed of catalyst residues in a
20 separation step (12). The stream 13 is then passed to
' the distillation stage (14). Here, the hydroformylation
products (aldehydes and alcohols) (16) are separated
from the unreacted olefin {15) by distillation.
Catalyst-containing discharge streams, for instance
25 from the stream (10) or from the separation stage (12},
can be worked up to recover the catalyst metal in
- reusable form by methods known to those skilled in the
art, e.qg. from WO 02/20451 or US 5,208,194. The
hydroformylation products can subsequently be worked up

30 further.

Unreacted olefin (15) can be returned to the same
hydroformylation reactor or passed to an optional
second reaction stage. When the process is carried out
35 industrially, the separation apparatuses can be of
various designs. The separation is preferably carried
out by means of falling film evaporators, short-path

evaporators or thin film evaporators or combinations of



i ni i ina ,first step (for
-cont ai ni ng al kyl ene carbonate sol ution i ,
2x§§%ﬁgy?; ;OfalIinggfilnyevaporator or dflﬁSh evafg[?gﬁréfaggoéngt;egﬁgal
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: ' inin al kyl ene carbonates and the sep _

SLréggtégngtéhﬂgn@2ﬁ&¥erials can then be carried out in goraoafchg a;sgh
(for exanple in a conbination of two cglsums). The rgaghg na'o? SE
have been freed of catalyst, excess synthesis gas an ]

[ e d bgal r a mxture of a plurality
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optional Iy t ?@th?ﬁ?ﬁqﬁﬁ%ﬁqbnEﬁ“%dﬁﬁﬁs;rEhbgadanOfbetH@rrf@ﬂaPHingfOr

. - . 0t her_ separation
exanpl e, by alkyiddat CaﬁbohEWégera,nde‘Ocﬂé"es?ﬁ%ﬁ%éé&ﬁa?fi PANGSIT589—E, EP 0

i descri bed, {
005 o1 v B D R ES MSEATARGS LSRB. 1BBALOL GrariierTBAL ofy. AS
vo & ’ 42819,
describbl. It SFcaPi. step DE 95 I0kkam 131207 Bonlh: 8100981, OF, 354

b
9632600 and EP 1103303, is al so possi
X%%gfi?%gﬁ,fgﬁéggfﬁéd out industrially, various nethods can be enpl oyed.

The separation is preferably carried out by nmeans of falling film

in filmevaporators
R o i AL o e SO LR
ggvggpg'gghgﬁg%ggrﬁy (ﬁﬁﬁiéiﬁﬁ$nagdst@e|majuﬂ]ﬁEItCOﬂfkﬁér%%Iﬁ%ﬁ%

single¥5 agéipeoceSheorcﬁmﬂimmﬂdﬁﬁﬁbﬁE% ester or a mixture of a

‘plurality thereof) in either of the two variants A and
B of the process of the invention are preferably
Sseparated further into aldehydes (alcohols), olefins,
solvents and by-products. This can, as 1is known, be

20 achieved by, for example, distillation. Olefin and/or
solvent (alkylene carbonate and/or nonpolar solvent)
which have been separated off from the output from the
reaction or the hydroformylation products can be
‘recirculated to the hydroformylation reaction.

25
The abovementioned variants of the pProcess of the
invention include the separation of the reactor output
and optionally the hydroformylation products; this can
be carried out, for example, by distillation. However,

30 the use of other separation processes, e.g. extraction
as described, inter alia, in WO 01/68247, EP 0 922 691,
WO 99/38832, US 5 648 554 and Us 5 138 101 or
Permeation as described, inter alia, in DE 1953641,
GB 1312076, NI 8700881, DE 3842819, wo 9419104,

35 DE 19632600 and Ep 1103303, is also possible. When the
separation is carried out industrially, various methods
can be employed. The separation is preferébly carried
out by means of falling film evaporators, short-path




5 a nultistage process in countercurrent or cross- current. In all process
variants, the fraction conprising the catalyst is advantageously
recirculated to the hydro 10 fornylation reaction. This is of course

i ndependent of 7 t lggigonposition of the fractions in which the catalyst is
di ssol ved. When the target products are ot t he al dehydes 15 thensel ves
but instead the al cohols derived fronlt%enl the reaction product m xture

whi ch has beegzbregd 2L Syt i& -gas t al yst_and possibly of solvent
can be hydr Ogg%at ed bef S?ert(grl %gféel?r?oef 'e%%c%a%r%e%’ﬁ cBpLratanss Ptand
subsequent | y*BESGor kdEPEP2BYse20 diBre | | sritoratd Wi ve sppaeaalicahol isThe

process of thavanveskbaBl¢ancher¢anr i §droubohR; nore stages, Here,
it is possible %or thg fifete h§droforn§|at?%glggggﬁggﬁ L8 ShaCPBI | BRed by a

second 25 hydrBrdPHYFPEt BSn St Sy iRt THGE sBreerser or the opetatedl asl ef i ns,

especi al 15y the muilénisalhghl ghhyocdsanched ebehitRsc Micet arg.di fficult to
hydr of or nyl a{:&rréﬂxt_o t he desired al dehydes under nore drastic reaction
conditions (for éxanpl e higher tenperature and/or 30 hi gher pressure).
However, preference is given to unreacted ol efins and hydrofornyl ation

-products (atgehydes,apd.akc : in arried put first .and the-
unreacted ol efins bel ng ?e%i S%Lu 1atneéc)f'e’t ogF%e é%?}%tl%dFWHﬁ%’ﬁ oRPSt age or
passed to a StdhdsB5 vy RréTarrgveriahy s trags roulaten f tiot hete hydro-

hydr of oniy| at gy ] &t 868SrehBrIBEN F1BaSE; th.gg&%@% hydrof or I{at‘f“
stage can bet carried oué_um ng a_conpletely different cat ae[y %yg em
i e. a differsnt SREPEFYELOTeCdl e Xt 109 oin7 whighnd-hmdi4talveat al yst

metal. It cars alksssdeveddvant ageous to add a hi gher concentration of
catalyst to the unreacted olefins in this stage in order to convert
olefins which are relatively difficult to 5 hydrofornylate into the desired
products. |ARen chbes, tangdts recedsary taradd tde aberenentdomnggdeanmount

of the 15 themselves but instead the alcohols derived from them,
‘ the reaction product mixture which has been freed of
synthesis gas and catalyst and possibly of solvent can
be hydrogenated before or after olefin has been
separated off and subsequently be worked up by

20 distillation to give pure alcohol.

The process of the invention can be carried out in one
Or more stages. Here, it is possible for the first
hydroformylation reaction to be followed by a second
25  hydroformylation stage which also converts the
internal olefins, especially the internal highly
branched olefins, which are difficult to hydroformylate
into the desired aldehydes under more drastic reaction
conditions (for example higher temperature and/or
30 higher pressure). However, preference is given to
unreacted olefins and hydroformylation products
(aldehydes and alcohols) being carried out first and
the unreacted olefins being recirculated to the samé
hydroformylation stage or passed to a second
35  hydroformylation stage or even further hydroformylation
stages. In such a case, the second hydroformylation
stage can be carried out using a completely different

catalyst system, i.e. a different catalyst metal or a



cyclic carbonic esters in the further hydrofornylation stages. 10 In the
process of the invention, the olefinically unsaturated conpounds used can
al.so which are_ unsaturated obtained as include conmpounds unreacted

ol efinical | yPcérp8drés fromthe reactor first hydroformylation reaction
Here, 15 reaction product particular azpart of the unreacted output of a
the entire mxture or only part thereof, in which conprises the

predoni nant pagengrepdiiféedonpoutralty$t ommteltalf.i r sttst agen candee uped. |t

can be advaniaggadsgkButhits, LHDCESH;N¥ALLA I for %:first hydr o orgylation
reaction 20 togb bjcgrr}ledtout in thel%régegbgﬁéngg%lﬁﬁﬂy-%D%?%?iﬁs
catal yst. The®f dtHowRgS8cARE! eelafenserial y thés t Abager posesrdier to

i Il ustratingcotheernvesledinandwig chOt @St rdLtad f52P SEOPE M €h | :
‘hefined %XCPC &vg Y b¥ tEe descri tioﬁ',and tﬁ% cléﬁas. Exa @Qe 1 %%arlant
A) 560 g of oﬁy#eﬁ% ta Eoﬁﬁgg,tgﬁodﬁs&FQQWEHQQHHQﬁEB%ﬁmﬁ} 0c®8s6888 g or
0.0225 g of rhotdsunetepsaopanoatdd toef ERRRRHMNY dried@ 4O E the

concentrati : . 2 of . rhodi u b_ ed an the_mass_of the .
content of ﬂi%gagggkghﬁérg*ﬁﬁg%% %ngg? gbﬁi ggmyéf%%%ﬁ%%}%t%ﬂﬁ a2l
stirring aut9e3%&®: The autocl ave was 35 subsequently pressurized with

synthesis gas (COH2 1:1 nolar) and heated to the desired reaction
t enpera The reactor pressure was nonitored during heating. The

re. . b
reacti owt erpr dtfF e PRRGSS r otk 130T t GLIBBG: iahe the olefinically

unsaturated compounds used can also include compounds
which are cbtained as unreacted olefinically
unsaturated compounds from the reactor output of a
first Thydroformylation reaction. Here, the entire
15 reaction product mixture or only part thereof, in
' particular a part which comprises the predominant part
of the unreacted olefinic compounds from the first
stage, can be uged. It can be advantageous in this
process variant for the first hydroformylation reaction:
20  to be carried out in the presence of a ligand-modified
catalyst.

The following examples are merely for the purposes of
illustrating the invention and do not restrict its

25 scope which is defined exclusively by the description
and the claims.

Example 1 (Variant A)
560 g of propylene carbonate, 560 g of tri-n-butene and
30 0.0888 g or 0.0225 g of rhodium(II) nonanoate,
corresponding to a rhodium concentration of § ppm  or
20 ppm of rhodium based on the mass of the content of
the reactor, were placed under a nitrogen atmosphere in
a 21 stirring autoclave. The autoclave was
35 subsequently pressurized with synthesis gas (CO/H; 1:1
molar) and heated to the desired reaction temperature.
The reactor pressure was monitored during heating. The

reaction temperatures were from 130°C to 180°C. The



O Z. 6219 28 reaction pressure was 260 bar. During the reaction, further
synthesis gas was introduced under pressure control. After 5 hours, the
experinment- was stopped and the reactor was cool ed to anbi ent tenperature.
The'5 react op . gut putiowas al ways nade up of two phases and was free of
rhodi um precipitates. The conposition ofgthe |ighter hydrocarbon phase
separated off in a phase separation vessel was 10 determ ned by neans of

gas chromat ogeaphYonTher&éesitd s wf i@ g@érChrﬂMrﬁgr AR ?QQCEQ&J eaCt ' on

condi tions uch, as tenperature and rhodi um concentration aré sunmari
in Table 1. IBT¥HFFe ﬁ”gmﬁ?ﬁ orAF atiesn éntradusesut epdest pBESHArE and

various tenpeoatuogs B@ted MOUiGurdhetBEoRRPeraf®n t( kP PYopBSS) ahgpror t ed

relate to th L&ONPOS| ilon of the lighter rrocar bon phase,” with_any
car boxylic gs?er %1‘?‘1‘(5IE tat"§Ystc95 ntt%a\?%g’@eb"é?ent?ﬁB?F%Péﬁ | B0
Experimeft 6reahgotatakpst wabuhilmy&bﬁmdmd;p o hevo Wiksel® Shdt hesreact or

out put from r S Rh) C13- C13- Cl2- High
No. 'FI)'/ C ppnal ﬁ%dggeg ggﬁwﬁ pﬁéﬁ&% r%f% /9% % 11305271720 213020554401

3150206814171 418054833145 518020593281 618020613081 25 Exanple 2 (Vari ant
B) Di - n-but enge ( 56@mgbsuasg ohy dref Orﬁﬂéat 8d g @ ARG 6carbon phase .
separated off 1in a phase separation vessel was
10 determined by means of gas chromatography. The results
of the gas chromatography and the reaction conditions
such as temperature and rhodium concentration are
summarized in Table 1.

15 Table 1: Hydroformylation of tri-n-butene at 260 bar
- and various temperatures for 5 hours. The proportions
(in % by mass) reported relate to the composition of
the 1lighter hydrocarbon phase, with any carboxylic
ester and. catalyst present having been subtracted. In
20 Experiment 6, the catalyst solution obtained in the

work-up of the reactor output from Experiment 5 was

reused.
No. | T/°C | ¢(Rh) Cl3- C1l3- cla2- High
/ppm | aldehydes | alcohols | HC/% | boilers/$%
/% /%
1 130 5 27 1 72 0
2 130 20 55 4 40 1
3 150 20 68 14 17 1
4 180 5 48 33 14 5
5 180 20 59 32 1
6 180 20 61 30 1

25 Example 2 (variant B)
Di-n~butene (560 g) was hydroformylated in a manner
analogous to Example 1. The reactor outputs from
Experiments 7 to 13 were always made up of a single

rhase and were free of (rhodium) precipitates. 1In



anal ogous to Exanple 1. The reactor outputs from Experinents 7 to 13 were
al ways nmade up of a single phase and were free of (rhodium precipitates.
In OZ 6219 29 contrast to Exanple 1, the reactor output was anal yzed by
gas chromat ogr aphg2wot hout wor k-up. The results of the gas chromat ography
and the reaction conditions such as tepperature, pressure and rhodi um
concentration are 5 summarized in Table 2. Table 2: Hydrofornylation of

- di -n-butene abnvaakseuso [E:LGHNESL, I BREI ¥BREBEERITRIItONFaRNEhi BFPEf at ur es.
The pr oporti}gns (sl n_2b bﬁ{ gass% %epor.tﬁd relate to the 10 conposition of
the reactor Out g, WA carPOAPLEY et OV d" ¥t AV st ThRe G LTEvi 5 been
subtracted. toeToes/ barofRitogeepHe Wo% B qrml stehysiesi el sohokséh

7150504067. 530. 04 : 170150526. 366. 627. 1,

1017023054, 238, %%?1’5%%%25%%58%‘5%35 ads FRORERED R ity b are
13180150£09. 92B13E628dEkanBRE18 RConventional procedure) 15 Di-n-butene was
hydr of ornyl ated as in Exanple 2 except that pentabutane was used as
solvent in p a.g:g of pé_gp%% ene carbonate. The reactor output from
Experiment J12°4Pspfay TYRTREH L Bl aOE ( AhoBrBHEePeechpi tBaeE0US The

al dehydes ansraessenssedrabafiufs coprensvhseauanting 2emepaanad offpdrom the
catal yst-co I a thin filmevaporator_and the catal yst

gci)nigg. sol utton i%ﬂ
sol ution was® TR3G- R Enot Har hy ot G5 at FEROFESFer FREAESISFO THae
resul t s1éf tdempasitcheoonatogiaphyearichbt heutgatt i @i thcaRiddins Seiedy as

L emper at Ur &, o6 6sat 880k B08h U ThagPn OBEER" LaHEQRRLY SumTari zed in Table

No. | T/°C | p/bar | ¢c{Rh} | C8-HC/% co- CS-
/ppm aldehydes/ | alcohols/
% %

7 150 50 40 67.5 30.4 2.1

150 250 40 . 3.1 87.6 3.3

170 150 5 26.3 66.6 27.1

10 170 250 5 4.5 78.1 17.4
11 170 250 40 4.0 20.5 75.5
12 180 50 40 66.8 17.5 15.7
13 180 150 40 9.9 23.3 66.8

Example 3 (Conventional procedure)

15 Di-n-butene was hydroformylated as in Example 2 except
that pentabutane was used as solvent in place of
propylene carbonate. The reactor output from Experiment
14 displayed significant black (rhodium) precipitates.
The aldehydes and unreacted olefins were subsequently

20 separated off from the catalyst-containing solution in
a thin film evaporator and the catalyst solution was
used in another hydroformylation (Experiment 15). The
results of the gas chromatography and the reaction
conditions such as temperature, pressure and rhodium

25 concentration are summarized in Table 2.



30 Table 3: drof ornyl ati on of di-n-butene at 150C and 250 bar in

pent abut ane. H}Il'he proggrti ons (in %by mass) reported relate to the
conposi tion of the reactor output, with 5 pentabutane, by-products and
cat al yst presept baypng been subtracted. In Experinent 15, the catalyst
sol ution obtained in the work-up by dlli% | lati on of Experinment 14 was
reused. No. T/C p/bar c(Rh) C8-HCT % / C9- C9- al dehydes/ al cohol s/ 14
150 250 40 7pa¥1&33¢ 1.2 15 150 250 not 91.5 7.8 0.7 known 10 The absence
of any rhodiumprecipitates in Experinments - 1 to 13 indicates t_hat_the

al kyl ene car’bgaeEor@etaaion sof véntnhhutanpartt QB0 yarst aldd llzazﬂgue}‘ f ect
on rhodi umEempatResae | pq@ﬁntﬁ%ﬁorg@sgsani}ﬁ k%n%r#\@&aggﬁd %%%?%@8 ven
in the corrpara_lini ve experiment, a ’ considerable quantity of r .

preci pi t at ess andta t8r &S CPBRIShEiaRt i thhewhEaachercaudiopst, wasth

i i + | ri , the
reci rcul at edperraowtees yeby-phetidant snkt andaiSkt ﬂ]ﬁe% ?of%?iti on.
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The absence of any rhodium precipitates in Experiments
1 to 13 indicates that the alkylene carbonate used as
solvent has a particularly stabilizing effect on
rhodium compounds. In'contrast, when an alkane was used

15 as solvent in the = comparative experiment, a
considerable quantity of rhodium precipitates and a
drastic loss of activity when the catalet was
recirculated were observed (Experiments 14 and 15). In
Experiment 6, the catalyst phase from Experiment 5 was

20 used in a fresh hydroformylation. Within the limits of
experimental accuracy, the olefin conversion remains
constant.

The experiments demonstrate that the process of the
25 invention offers a significantly higher chemo-
selectivity to the desired aldehydes and, in addition,
allows technically simple recirculation of the catalyst

without significant deactivation.

30 (initialg)



ol efinically unsaturated conpounds having from3 to 24 carbon atons using
an unnodi fied catalyst 5 conprising at | east one netal of groups 8 to 10 of
the Periodic Table of the El enents, wherein the hydrofornylation is
carried out pnzthezpvesence of a cyclic carbonic ester of the formula |
(1) 10 15 where R1, R2, R3, R4 unsubst%&uted al i phatic, alicyclic,
aromatic, aliphatic-alicyclic, ali- phatic-aromatic or alicyclic- aromatic
hydr ocar bon ¢adimak having from 1l to 27 carbon atons, are identical or
different angd are_ each H or a substituted or. 20 nis 0 - 525 Xis a

di val ent substit uPeddiCetsdrdt | theedsatd iyt i bydaloiforoydlatd orar ofat i c,

al i phati c-ali- cyeleeintcaliphatfaanaiid o ydbanagarhop fadisgal, having
from1l to 27 ca&éon %fons, wi th the proportion of the carboni'c ester being
‘at  least 1% by wePgit* of FREDr &cionUsiRgurar 3omedifiedyrostsiyas

clai med Bn cl ai mdompheseng Rt, 1B2st Bae Retand of %h%n&%?%§iégtfﬁ19¥

i dentical or diféﬁée@knﬁﬁRﬁR!tHSBgf s%%ecged fromanong 0, N, H N al kyl
and N-dial kyl radicals, uori nePerz. %62 1§°3 B gmen e, Whegifiine, thedi ne,
-OH, -OR, -CON, -IGefaymvbation(Op Garatikdl outd.inThehdrweessnas §kai ned

inclaiml or 2, yhepeif- Saih d atjon.is carried out in the
presence of from5 to 50@65@ mg?g t%g %%e lfo%ﬁh?hgorm i

R1' Rz

Xq o ()
A
§\0 0
Rr? -

i0

where
R', R*, R®, R' are identical or different and are
_ each H or a substituted or
i5 ' unsubstituted aliphatic, alicyclic,
aromatic, aliphatic-alicyeclic, ali-
phatic-aromatic or alicyclic-
aromatic hydrocarbon radical having
from 1 to 27 carbon atoms,
20 n is 0 - 5
X is a divalent substituted or
unsubstituted, aliphatic, ali-
cyclie, aromatic, aliphatic-ali-
cyclic or aliphatic-aromatic hydro-
25 carbon radical having from 1 to 27
carbon atoms,
with the proportion of the carbonic ester being at
least 1% by weight of the reaction mixture.

30 2. The process as claimed in claim 1, wherein R!, R?,
3 4 :

R°, R and X are substituted by identical or
different substituents selected from among O, N,

NH, N-alkyl and N-dialkyl radicals, fluorine,




reaction m xture, of a solvent which is nonpolar conpared to the cyclic
carbonic ester | and is inmmscible with the cyclic carbonic ester |I. 10 4.
The process as clainmed in any of clains 1 to 3, wherein the reaction
product fronpthe Bydeo- fornylation is extracted with a nonpol ar sol vent
which is inmscible with the cyclic C&F?BHIC ester 15 1. 5. The process as
claimed in claim3 or 4, wherein .substituted or unsubstituted

hydrocarbons havi pg;ftqm 10 ar bok or ef i ns avi ng from 20 3
to 24 carbon atons a(rje u?ed a%gﬁﬁgn%rar 28 %g%? 8J1lhe pr ess as'el ai med

in any of clains 1¢{8)8lkyhhereif ( th@ Ay #yaf. or myl at| on is carried out in
- the presence of HRh(CO 3 as catalyst. 25 7. The process as clained in any
of clains 1 wherein the reaction product nmixture fromthe

0 6,
hydr of or ny!| a% f on FTBECHGIFSSS sapacdeddschin aclpiaictd onrcdnprivkengin
predom nantly thethat almsircaﬂmlcngﬂatﬂl@rpychgc (‘c@rrlgqrgd: egggr apd acfgaction

conprising predoninant| th dr of o] er . The process as
clainmed in any of PETArE® %orﬁ{f % %egé% g%’h '| 3??5&5171)‘?45? B the
catal yst is remre@taield trumtlmecehydcbbf ar rgdlaxemn waaehl Qi.rs xﬁbﬂpoﬁ@ﬁ9 33 9.
The process as claj wher el

carboni c ester usedlﬂlEg éahac{yene onaCE1 caﬁ%@&y “eng® SFb a \é orl%utyl ene
carbonate or a mkﬁ“ﬁ%%c%]ﬁéEe‘dithStlle cyhéipr ceebonas ekaemed.in any of :
claims ipto 9, wherein the unreacted olefinically unsaturated conpounds

are separated off_fromthe reactor_ output or fromthe hydrofornylation
- product s, and” 10 ale®r BEGFRES t%gtﬁéaé@ﬁ@ Hydlr %1 Rl & 3ok edctticon3 .

wherein the reaction product from the hydro-

formylation is extracted with a nonpolar solvent

which is immiscible with the cyclic carbonic ester
15 I.

5. The process as claimed in c¢laim 3 or 4, wherein
substituted or unsubstituted hydrocarbons having
from 10 to 50 carbon atoms or olefins having from

20 3 to 24 carbon atoms are used as nonpolar solvent.

6. The process as claimed in any of claims 1 to 5,
wherein the hydroformylation is carried out in the
presence of HRh(CO), as catalyst.

25

7. The process as claimed in any of claims 1 to 6,
wherein the reaction product mixture from the
hydroformylation reaction is separated into a
fraction comprising predominantly the catalyst and

30 the cyclic carbonic ester and a fraction
comprising predominantly the hydroformylation

products.

8. The process as claimed in any of claims 1 to 7,
35 wherein the fraction comprising the catalyst is

recirculated to the hydroformylation reaction.



or passed to a second hydrofornyl ation reaction. 11. The process as cl ai ned
i-n any of claims 1 to 10, wherein the olefinically unsaturated conpounds
15 uséd are conpounds which have been obtained as unreacted ol efinically
unsaturat ed @ozpo6Rls from the reactor output of a first hydrofornylation
reaction. 20 12. The process as claimed3gn claim1l, wherein the

ol efinically unsaturated conpounds used are conpounds whi ch have been
obt ai ned as 2inr eathed proleefsisni o4l kyatineat urat g6y Cemam@End r amddieg, r eact or

out put of a first fo Iatlgn 25 r actlon arrled in the resence
of a ligand- nodi¥ ?égé£%t£ﬂ§sgyc i Ol T e s ' ety feht
carbonate, propylene carbonate or butylene

carbcocnate or a mixture thereof.

10. The process as claimed in any of claims 1 to 9,

| wherein the unreacted olefinically unsaturated
compounds are separated off from the reactor

output or £from the hydroformylatioﬁ products and

10 are returned to the same hydroformylation reaction

or passed to a second hydroformylation reaction.

11. The process as claimed in any of claims 1 to 10,
wherein the olefinically unsaturated compounds

15 used are compounds which have been obtained as
unreacted clefinically unsaturated compounds from

the reactor output of a first hydroformylation

reaction.

20 12. The process as claimed in claim 11, wherein the
olefinically unsaturated compounds used are
compounds which have been obtained as unreacted
olefinically unsaturated compounds from the
reactor output of a first hydroformylation

25 - reaction carried out in the presence of a ligand-

modified catalyst.
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