O Z. 6220 | Process for the hydrofornylation of
olefinically wunsaturated conpounds, in particular
olefins, in the presence of cyclic carbonic esters 5
Theopresénkoi nvention relates to a process for
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catalyzed hydroformylation is usually carried out using

complexes comprising rhodium and preferably trivalent
phosphorus compounds as ligands. For example, compounds
from the <classes of phosphines, phosphites and
25 phosphonites are frequently used as ligands. An
overview of the hydroformylation of olefins may be
found in B. CORNILS, W. A. HERRMANN, “Applied
Homogeneous Catalysis with Organometallic Compounds”,
Vol. 1&2, VCH, Weinheinm, New York, 1996.
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Hydroformylations are frequently carried out in the
presence of solvents so that the catalyst can easily be
recirculated after the reaction product has been
separated off. In many continuous hydroformylation
35 processes 1in which rhodium catalysts are used, the
high-boiling mixtures formed as by-product in the

nydroformylation are employed as solvents. Such



hydr of ornyl ati on are enpl oyed as solvents. Such Q Z.
6220 2 processes are described, for exanple, in DE 2
062 703, DE 2 715 685, DE 2 802 922 or EP 017183. In
addpt zonegkoot he high boilers, it is possible to use 5
inert organic liquids (DE 3 12¢ 265) and reaction
products (al dehydes, al cohols), aliphatic.and aronmatic
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20di oxhdleéuse of carbonic esters as polar additive in cobalt-
catalyzed hydroformylation reactions is also known
(US 3 992 453). Here, the carbonic ester is not used as
solvent but as promoter in the presence of
crgancphesphine complexes. The carbonic esters are used

25 in a molar ratio to the cobalt compound of 1 : 2. In
accordance with the desired catalytic action, the
olefin is used in a > 100 fold excess over the catalyst
metal and the carbonic ester.

30  The simultaneous use of a polar solvent and a nonpolar
solvent has likewise been described in the past
(WO 99/38832, WO 01/68247, WO 01/68248, WO 01/68249,
WO 01/68250, WO 01/68251, WO 01/68242). The following
groups of substances are mentioned as nonpolar
35 solvents: aliphatic, alicyclic and aromatic
hydrocarbons, ethers, amines, carboxylic esters,

ketones, silanes, silicones and carbon dioxide.



O Z. 6220 3 Reasons for the use of polar or nonpol ar
solvents in hydrofornylation reactions are the

i ncreased catalyst stability in the reaction and

easper. wopkasup of the hydroformnylation product. Wen

the catalyst is 5 separated ofi fromthe reaction
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the reaction product with alcohol/water mixtures.

In summary, it can be said that a large number of polar
and/or nonpolar solvents have been used in

25 hydroformylation reactions.

A person skilled in the art will know that the majority
of the solvents mentioned are not at all inert under
the conditions of the hydroformylation. For example,
30 aldehydes can react with customary phosphite ligands.
The addition of water and/or a carboxylic acid can lead
to hydrolytic decomposition of phosphite, phosphonite
and phosphinite ligands. Amides can, owing to their
complexing properties, displace ligands from the metal
35 center. Alkadienes are known as catalyst poisons
(P.W.N.M. van Leeuven in P.W.N.M, van Leeuven,
C. Claver, "“Rhodium Catalyzed Hydroformylation”, Kluver
Academic Publishers, Dordrecht, Boston, Londcon, 2000).



C. daver, "Rhodium Catal yzed Hydrofornyl ati on"

~ Kluver Academ ¢ Publishers, Dordrecht, Boston,
London, 2000). O Z. 6220 4 Furthernore, sone of the
sol wept sgpepti oned can reduce the yield by reaction
with the al dehydes. Thus, for g4exanple, alcohols and
diols lead to acetal formation, while the addition of
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nitrile, butanediol, polyalkylene glycols or ethylene
carbonate. The polar solvent can be recirculated
together with the acid and the catalyst to the
25  hydroformylation reaction. In this process, an alkylene
carbonate 1s wused as solvent for the first time.
However, a carboxylic acid has to be used in addition
to this alkylene carbonate. Although this can be
recirculated, the presence of this additional compound
30 can lead to contamination of the desired target
product. Firstly, contamination can be by the acid
itself, or by-products can be formed by acid catalysis,
e.qg. by aldolization, and lead to undesirable
impurities. The wuse of the process mentioned is
35 additionally restricted to the hydroformylation of
terminal olefins, which are comparatively reactive. In
the case of 1less reactive olefins, wviz. internal

olefins and especially internal highly branched



35 additionally restricted to the hydrofornyl ation of
termnal olefins, which are conparatively reactive. In
the case of |less reactive olefins, viz. interna

ol ebi ms apgoespecially internal highly branched O Z.
6220 5 olefins, the activity ofs the catalyst is far
below that required for industrial use. It is
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OP 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
25 whose scope 1s indicated by the description and the

claims.

The present invention accordingly provides a process
for the hydroformylation of olefinically unsaturated

30  compounds having from 3 to 24 carbon atoms, in

' particular olefins, in the presence of at least one
metal of groups 8-10 of the Periodic Table of the
Elements as catalyst, where the hydroformylation 1is
carried out in the presence of at least 0.1 mol%, based

35 on the clefin, of at least one cyclic carbonic ester of
the formula I



35 on the olefin, of at |east one cyclic carbonic
ester of the formula | O Z 6220 6 (1) 5 where R1,
R2, R3 R4 are identical or different and are each H
or @.subszkputed or unsubstituted aliphatic,
alicyclic, aromatic, aliphatie-alicyclic,

ali phatic-aromatic or alicyclic;aromatic hydrocarbon
radi cal having from 1 tRQ7 cason atons, is 0 - 5 is
a di val ent substituted ori}g&%@bstltuted al i phati c,

alicyclic, aromatic, aljpHfat™c-alicyclic or

al i phatic-aromati c hydr
to 27 carbon atons, RO
| i gand which contains n
sul fonate group. 20 As

adi cal (#aving from1
~neX-ti--and-at--l-east one
acid group or

t o0the use of |igands

whi ch contain no sulgonic acid group or sulfonate

group and are, in particular, not sulfonated
phosphi nes, the use of carboxylic acids in the
reawmé@@ m xture of the hydrofornylation can be
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giYe” to phOSphoruélfﬁﬁiéi@jng alicyclic, aromatic,

aliphatic-alicyclic, aliphatic-aromatic
or alicyclic-aromatic hydrocarbon

radical having from 1 +to 27 carbon

atoms,

n is 0 - 5

X is a divalent substituted or
unsubstituted, aliphatic, alicyclic,
aromatic, aliphatic-alicyclic or

aliphatic-aromatic hydrocarbon radical
having from 1 to 27 carbon atoms,
and at least one ligand which contains no sulfonic acid

group or sulfonate group.

As a result of the use of ligands which contain no
sulfonic acid group or sulfonate group and are, in
particular, not sulfonated phosphines, the use of
carboxylic acids 1in the reaction mixture of the
hydroformylation «can be dispensed with entirely.
Preferred ligands are ligands containing nitrogen,
phosphorus, arsenic or antimony as donor atoms, and
particular preference is given to phosphorus-containing
ligands. The ligands can be monodentate or polydentate,
and in the case of chiral ligands it is possible to use
either the racemate or an enantiomer or diastereomer.
As phosphorus ligands, particular mention may be made
of phosphines, phosphine oxides, phosphites,
phosphonites and phosphinites. Adding no carboxylic



i gands. The |igands can be nonodentate or

pol ydentate, and in the case of chiral ligands it is
possible to use 30 either the racemate or an

enantrzonepz20r di astereoner. As phosphorus |igands,
particul ar nention may be nmade7 of phosphi nes,
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20 carbenate or a mixture thereof, for example a mixture
(volume ratio = 50:50) of ethylene carbonate and

propylene carbonate, as cyclic carbonic ester.

It 1s necessary for the cyclic carbonic esters to be

25 used in an amount of at least 0.1 mol% based on the
olefin used or the olefinically unsaturated compound
used, preferably an amount within the following ranges:

10— 10° mol%

- 10° mol$%

- 10° mol%

10° mol$%

- 100 mol%

- 10 mol%

— 1 mol%.
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35
It is possible to use further solvents in addition to
the c¢yclic carbonic esters. In particular process

variants, the hydroformylation reaction of the



0.1 - 103 M1% 0.1 - 100 mol% 0.1 - 10 Mol % 0.1 - 1
nmol % 35 It is possible to use further solvents in
addition to the cyclic carbonic esters. In particular
procegs 6¥api ants, the hydrofornylation reaction of

the O Z 6220 8 invention is therefore carried out in

the presence of at least 0.1 nol% based on the
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20, preferably from1.1 to 10, particularly preferably
from1.1 to 5. Possible nonpolar solvents are . .
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5 teohdreat bon ocatonBo. €. 9. the high-boiling

by- products of the hydrofornylation reaction, Texano
or the isomer 20 mi xtures obtained in the
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Possible nonpclar solvents are substituted or
unsubstituted hydrocarbons having from 5 to 50 carbon
atoms, e.g. the Thigh-boiling Dby-products of the
hydroformylation reaction, Texanol or the isomer
mixtures obtained in the tetramerizaticn or
pentamerization of propene or butene with subsequent
hydrogenation, il.e. tetrabutane, pentabutane,
tetrapropane and/or pentapropane. It 1is likewise
possible to use olefins or olefinically unsaturated
compounds having 3 - 24 carbon atoms, in particular the
olefin or the oclefinically unsaturated compound used

for the hydroformylation, as starting material.

To avoid by-products, the nonpolar solvents should be
largely inert under the conditions of the

hydroformylation reaction.

In the process of the invention, the reaction mixture
can be present as a single phase or as two phases in
the hydroformylation reactor over the entire conversion
range. However, 1t 1is also possible for the feed

mixture to be initially made up of two phases at a low



To avoi d by-products, the nonpol ar solvents shoul d be
30 largely inert under the conditions of the
hydr of ornmyl ati on reaction. In the process of the
inventiof220he reaction m xture can be present as a
singl e phase or as two phases in 35 the
hydr of ornyl ati on reactor over the entire conversion
rangﬁnvédmwe%@r ,and Iﬁb ab&agm@ssablglﬁ@[ethﬁhiggd atl higher
nitia made phases.at a | ow
Z&g%gi%gbccon%%¥%? %%dc?%r%%c%ﬁeﬁg esthgreiPhase at
hlgher conver si ons durlng t he course of the reactlon
it Si I, asgihgLe
bec%§e9§§tﬁgk% ggé pfg uc% n?gt ﬁgfﬁbxiﬁe pﬁggggge o
of RNy entiEImPIHfe pPé@@@@tofnlﬁﬁ@rlen\,@mlﬂbh the Ipgocess
cargf eth®U nwshid-n vari ous catal ytically active netal s
and, if desired, 10 various |igands. Possible
catalytically active netals are the netals of groups
8tTh?Opﬁécghe BEH%?BClﬂ€@h§1@ﬁ tha Ekﬁ?%&ﬁﬁedfgﬁt using
exanpl e r hodi_um. coba L num_or_ r.ut heni.um
pr ocess” of al%' i éﬁfa]lg;éf i 8¢ hgerré‘?ﬁtladﬁedaﬁ%vel% deSlred
10carvamxbmﬁnllqan¢@ presence of |igands such as
phosphoni tes, phosphites, phosphi ne oxi des, phosphi nes
and/ or phosphi nites or_phosphi ni nes or phosphi nanes.
20 ﬁ?ﬁﬁ%ﬂkﬁc%aB@lfhécﬁéﬁﬁdaFF@ﬁﬁdﬁ£¢@ﬂﬂﬂﬁ¥&m¢%¢ natals of

t h&;rcﬂ[@e§5 tef ltw%f nyRat ip@k ;b ikestdy 1 ede 0phY Efements,
that no and talnlng sulfonlc acid groups or

sul fnat ;%a 1%;m'US v R o hgutheniun.

15sul f onat ed 25 arylphosphlnes The choi ce of |igands
addgg. d [ rti.cul on the olefin or olefi
rnxturegggggggréﬁlgﬁﬁe &V%lﬁfgb uﬁ%ﬂtﬁ%ﬁ%ﬁpeg aBove,
corfounide us@dt andnonthke pdesiemes pﬂdﬂuclsgaﬁdsfesueu as

|'(ﬁHBEbHHﬁiﬂéQanﬂﬁoﬁﬁhggesCo%&@s i 09€Mhes, phosphines
phos hprus arsenic or anti
or phosphinites or phosphlnlnes or phosphinanes.

o

20
The choice of the added ligands for the metal in the
process of the invention is restricted only in that no
ligands containing sulfonic acid groups or sulfonate
groups are used, in particular no sulfonated
25 arylphosphines. The choice of ligahds added depends, in
particular, on the olefin or olefin mixture used or on
the olefinically unsaturated compounds used and on the
desired products. Preferred ligands are ligands which
contain nitrogen, phosphorus, arsenic or antimony as
30 donor atoms; particular preference is given to
phosphorus-containing ligands. The 1ligands can be
monodentate or polydentate, and in the case of chiral
ligands, either the racemate or one enantiomer or
diastereomer <can be used. Particularly important
35 examples of rhospherus ligands are phosphines,
phosphine oxides, phosphites, rhosphonites and
phosphinites.



30 donor atons; particular preference is given to
phosphorus-contai ning |igands. The |ligands can be
nonodent ate or pol ydentate, and in the case of chira
l'i gangls, septher the racemate or one enantiomer or

di astereoner can be used. Partjgularly inportant 35
exanpl es of phosphorus |'i gands are phosphi nes,

ph@@impﬁeQXbée h ste§re ph%@h@ﬁyﬁﬁggggﬁ%gg, tris (p-

te 220 anpl es_ of
trui@ghg*%%%§%h+%%' tru§€ﬁﬁiw%%h§ RieLne, tris(o-
tris¢hyl pbyd3phosphi ne, tr|&kﬁs(@mm59HHH¥ﬁH@dyi phosphlne,

St LR PR e

5ghl@hkmﬂmﬂh¢9¥¢kkm¢wphan¢r|s(p- o tris(p-
t

p'r[,‘%fyfl‘%ﬁﬂieny?*%% el A %ﬁgﬂ'ﬁ?l SSLBARARNEn e,

n- b@%@@ h&ﬂeh hexyl¢| dimysphilpéosphine,

C- W@@@ﬁ@ ﬁ%%ﬁﬁ%@ﬁﬁanélcy0|0he&ﬂ h%% QSRS nine,
10 tricycl hex | phasphine, tric clopentyl osphlne
tri %TWHM%WWW%W oM A@herylpposphine,

OLUrwffiFﬁﬂﬁhéEylpwmfFﬂEWéthSpthetrlcyclopentyﬁphosphlne,
enz | [OR I he [1L=N u n ri
buty Iﬁan%zQ t - buF§Fﬁhogﬁhbﬁggmng?ﬁpﬁig tri-z-

nEtfu”®¢ﬁhW@@b¥m@ﬂy|phOSphlne tribenzylphosphine,

neqrmnt fyh 2- L

bls(dlép%lg%exy phosph|n6§ et%r n-butylphosphine, t%l i

bil {4t Sy Phosphi ndarrmﬂfahhétylpf@szvhlne, bis (2-
15bi sttitedhydihosphine) ethaneen dn- bi (2,5 20

d eth no en Et - DUPHCS 1, 2-his (2,
| g%qbﬁg%ﬁb? nfi‘% FEL - BPE]] 1, 2- ( 1,2-
blQQIBfﬂﬁdwdxﬂﬁExyﬂph@Eﬁﬂmnmeethane,

dlneghafaﬂ%sﬁﬂﬁﬁgﬂg?g ne [ _bis§?’i:2-bis(2,5 1,2-

25 musmei )eqtriame,[ I\/E BPE], 1,2- 1,2-bis(2,5-
20b|Sif&ﬂHﬁﬂbﬂd&EﬁHﬂHﬁB&ﬂE%ﬁ%ﬁﬂ? %E§,DUPHOS], 1,2-bis(2,5-
diethylphospholano)ethane [Et-BPE], 1,2~

bis (dimethylphosphino)ethane,
bis (dimethylphosphino)methane, 1,2-bis (2,5~
dimethylphospholano)benzene [Me-DUPHOS], i,2-bis(2,5-
25 dimethylphospholano)ethane [Me-BPE], 1,2-
bis(diphenylphosphino)benzene, 2,3-

bis (diphenylphosphino)bicyclo{2.2.1]hept-5-ene
[NORPHOS], 2,2’ -bis(diphenylphosphino)~1, 1’ -binaphthyl

[BINAP], 2,2'-bis{(diphenylphosphino)-1,1’ -biphenyl

30 [BISBI], 2,3-bis(diphenylphosphino}butane, 1,4-
bis (diphenylphosphino)butane, 1,2-
bis (diphenylphosphino)ethane, bis{(2-
diphenylphosphinoethyl)phenylphosphine, 1,17~
bis (diphenylphosphino) ferrocene, ‘

35 bis(diphenylphosphino}methane, 1,2-
bis (diphenylphosphino)propane, 2,2"-bis{(di-p-

tolylphosphinoe)-1,1’ -binaphthyi, O-isopropylidene-2, 3-
dihydroxy-1, 4-bis(diphenylphosphino)butane [DICP],



bi s(di phenyl phosphi no) bi cycl o[ 2. 2. 1] hept - 5- ene
[ NORPHOS], 2, 2" - bi s(di phenyl phosphi no) -1, 1" - bi napht hyl
[ BINAP], 2,2'-bis(diphenyl phosphino)-I,1"-biphenyl 30
[ BISBE], 6228- bi s(di phenyl phosphi no) but ane, 1, 4-
bi s(di phenyl phosphi no) but ane, 4 2-
bi s(di phenyl phosphi no) ethane, bis(2-
di pbenylphesphpneephyhd) pbenmé@heﬁghw@r ~Bidaphthyl, 1-(2-
bi s(di phenyl phos hing%jerrocenf .35 1i 111-
bis%aPp%%%yPﬁﬂss Aoy nBeRaheY hisoquinoline, y
bistdighényhphp$phbapmipoDpag&neZb 2'-bis (F!ap- , ;ﬂd/or
t ol ' - 2 bj , 0-isopropylidene-2, 3-
di h%?%@??w%?/%%%%&%@% %h%‘éphi no) but ane [ DI OF] ,
%0.Z. 6220 11 pahs hyl (2
2- (@i phosphi s 23 y-1..1" ap - (2- ~
di fo%jén D%%)s h(?ﬁo; ﬁ%ﬁ%%%oq&%%ﬁ@ehl, T, d1l yl-4
triE?%%% 99$B%%%b%?no)ethan@g@ﬂhﬂ%ﬁQr4—dlmethylphenyl)*4—
tri§ﬁ@ﬁﬁlpﬂy@pﬁp?i%@hgﬁghgﬂgotEuE&%EE'Q%g%&ds described in
hasphi, ni j nc e - di -4- )
Bhé@@l%@éggﬁ?%rne#xﬁy%l%Fs(g?4-ﬁ%ﬁépﬁﬁpﬁﬁgﬁylPﬁﬁgude 2,6-
10phenys$ phosphime nley Bpideny 5p- 1 vot trel - 4 + geadgl dessph bedne,  1-
| 00,004 55164  Fxarpl BnSLpRlosRli nangs ieickude 208 o,
bi sf2sarHpedt by | Whetdd §066dct yI - 4- phenyl phosphi nane,
1- octyl-2,4,6-triphenyl phosphi nane and further
i gands . descriped in WO 02/ 00669. Exanpl es of ‘
phoshHTR ESS ar €% ri RBCRYPLIEREsphite, WoiMetlathy| phosphite,

lSphoni@tleyltrphbsphﬁzplyél, ﬁhﬁsiﬁ-hit—tpﬁsc%ﬁr}flii'ipmtﬁ@?bﬁte, tri-i-

i AL A

et Iyt drentyl 9phosphi tiesitripheyl phosphiserite, tris(2-

i SRS R R R Bhesphire; crie 2, eai-

trisS{RRSAYY- et hyl pherph}tphosphitefris (2-t-butyl-4-

20t rigd i@y phosphi t epro kYRt ber exanpl @s3are ¢ _puty1-4-

st enqeitclqa3!'iﬁ/hehri.yrhcger eClID ohs%%‘lpiqzlet,e tris (p-cresyl) phosphite.

Further examples are sterically hindered phosphite

ligands as are described, inter alia, in EP 155 508,

US 4 668 651, Us 4 748 261, US 4 769 498, US 4 774 361,

2> US 4 835 299, US 4 885 401, 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 5 360 538, EP 472 071, EP 518 241 and WO 97/20795.

Triphenyl phosphites which are substituted by 2 or 2

isopropyl and/or tert-butyl groups on the phenyl rings,

30 preferably in the ortho position relative to the

phosphite ester group, are preferably used.

Bisphosphite ligands which are described, inter alia,

in EP 1 099 677, EP 1 099 678, WO 02.00670,

JP 10279587, EP 472017, WO 01/21627, WO 97/40001,

35 WO 97/40002, US 4769498, EP 213639 and EP 214622 are
particularly preferably used.



| i gands as are described, inter alia, in EP 155 508,
US 4 668 651, US 4 748 261, US 4 769 498, US 4 774
361, 25 US 4 835 299, US 4 885 401, US 5 059 710, US 5
1130022, 6265 5 179 055, US 5 260 491, US 5 264 616, US
5 288 918, US 5 360 938, EP 4y2 071, EP 518 241 and
WO 97/ 20795. Tri phenyl phosphites which are

subskhhpted byf1pwbé§hdﬁy%&£pxkeam%éH Iéﬁétﬁ%&?@ho?Fhlne,
gro rings, pref erab in the ort

th hen
PRy e RS P b o RB R B aaphi (AUt Lt Vi esn i ne.
pretephbhyxysed: dllBespmosamlE %e?t b gggpggsphbgmnar e%n% 78 their
preber g ,
V0 D5-00870 E b a8 Ee - P 79017, SWD"OF 2H6FPID 2 tons
07/ 40001cr35c0 DY/ 40602, ol:dSaﬂrﬂQLt@&icERleﬁG&&Ja:@brEFatoms
21462 Qﬁ%an@%méiuﬁéglﬁllﬂé&f?Lthaﬁr\lly J8PEso L B2 Irce1 5,

onites are oxyphosphi ne,

pheﬁyqﬂdpﬁeﬂ-ﬁgxﬁﬁh(?@ﬁh.aﬁ@l iphémd degsmenopastrasp e, ications

6- phbenoyy- 6k dpbeazkcpe] 402k pxgphosphorin and their
derivatives in which all or sonme of the hydrogen atons

5 are replaced by alkyl or aryl radicals or hal ogen
]intoﬁﬁstamdrYigphdSphsndescrEb@dnEB Vare8/ 439301, inter

app%?gégfons D%ié@%giQy%@ﬁaﬁ dd%9133%§§€22%£ %gtggb 938,
CUsznﬁ798%ﬁ%éphiﬁkﬂ@pﬂégan@geareﬁdﬁsmwjlﬁgheﬂaxymphosphine

al i gngl ni s 5dgﬂ9v§€fVe¥[)§§ ? Ut the
07082281. Exanples are dip enox phosphlne and

|tshH%F?9%?|9§§m§n%Mﬁcﬁe%}?C%¢ §m§%%Ykh@r BYdhogarfiicals
15atops ar e NeAplqeeed byaabky| or ariphdmdl Galthok® ) Phosphine,

hal en_ at di phenyl ( et hox hosphi ne,
dlﬁ%g% ??%?ﬂ%&@?ﬁﬁgg%%?é%l %tcggghe active catal yst
. conplex for the hydrofornylatlon reaction is forned
fr net.al
prgg%gsoq% ‘g%eeﬁggﬂgg é§é§fgﬁe§%§ AR, %?&r S¥mylation
advﬁ?ﬁ%@é@@sllya oﬁfé:m%dl ﬁert e deeilig athea compound of the
20hy drof O NY(l@ld0R:s tCUSLERRE Yo ERL al it REGEHESOL 33 Kmthesis

gas. This advantageously occurs in situ during the
hydroformylation. Customary catalyst precursors are,
for example, octanoates, nonancates or
acetylacetonates. The molar ratio of metal to ligand is
25 from 1/1 to 1/1000, preferably from 1/1 to 1/50. The
concentration of the metazl in the reaction mixture is
preferably in the range from 1 ppm to 1000 ppm,
preferably in the range from 5 ppm to 300 ppm.

30 The starting materials for a hydroformylation by the
process of the invention are compounds which contain
ethylenically (olefinically) wunsaturated C-C double
bonds, olefins or mixtures of olefins, especially
monoolefins having from 3 to 24, preferably from 4 to

35 l6é, particularly preferably from 3 to 12, carbon atoms,
having terminal or internal C-C double bonds, e.qg.
1- or Z2-pentene, 2Z-methyl-l-butene, 2-methyl-2-butene,
3-methyl-l-butene, 1=, 2- or 3-hexene, the C¢-olefin



for exanple, octanoates, nonanoates or

acetyl acetonates. The nolar ratio of netal to |igand
is 25 from1l/1 to 1/1000, preferably from1l/1 to 1/50.
They, gongengration of the netal in the reaction

m xture is preferably in the yrange from1l ppmto 1000
ppm preferably in the range from5 ppmto 300 ppm

30&“%%@E@Ttbﬁﬁaﬂﬁbﬁr|%1§ ferea @ﬂyéyﬂgéﬂﬂ§ﬁ'ogﬁbypropene
t he process of the invention are conpounds wh

contHEF RGN eni CAFPERSF ef i nfcal | §F unsaferhivéd lchexene,

dOLdaiteenekmndQ m@ltie&fﬂ_ﬁ%p@én@sxt Lgeseﬂiy?h@%éﬁes, 5-methyl-
i n ving from ,

pre zﬁﬁ "% romggr %%h%g g—gl?e%g???’cul r_?ghﬁ}éi‘lépﬁﬁwe' the

of r @rﬁ@nﬁt@qxa‘(ﬁ@ﬁfaﬂl ationsjre hatviagné@r imnaheodimerization

'r“5¥rﬁwtéh%%dQHQbﬁggﬂg?h'ﬁ§§%§e§ ool gr %n&%@%yloctenes,

tene
3 ﬂfétehy‘FﬂQltﬁﬁléhemlaturQ Obtasnﬁdxerme thehet Chnerefanion of

gk 13 Wh%&ﬁ&@p@ﬁé@'ned débéﬁ@éd'nEQLé%h&QulQEctene,

IOYO (dl pro ene) hept enes, .
ﬁig}ipﬁﬂ S %exe berened - r?%‘twrf?ept@?ﬂ'e%lQEd in the
103'ﬁﬁﬂﬁdﬂuﬂmzﬁﬁﬁonSTﬂEt@ﬂOPéﬁ$e@ﬁethe trimerization of

6- 2 th | - the 5

o i r}ens mi g?%?(gg ¢ %é |Oﬁ: thieﬂ?%‘?n% at i Ioﬁgggf[ﬂdgcenes'
butl"@n@sie(@rm)ﬁtfene:)he n@merrebefﬂ? ori:@uret hylbactieres, in  the
t he 29l 1h et Ul olfained | rttteta%awt@%regzaghan 8lerin

propene (tripropene), decenes, hyl-1-
dodECEAEES t Her eR2red ef PH mqaq}rlgqm@zf@édqm the 10lefins

15t etzaneld zatifearehtpropARer O othect FhORN I AON (Bheferably
but enes %t e{rap opene or _tributepe), tetradecenes,

hexad&te © ’Cl%%ol @PPHOPﬁTH*E?e %%’(%IF nSGPaFaHen into
tetmcz&tllmaﬂvnﬂg bahem&sar(ﬁzatdlabutema)nlaﬁd aotrefim length

re by..co0 rlzatlon fins
haV| ng }%lel%%ql tgr sg o lc@;\rjb on %?%%%Obj( E‘?e}‘l%l gletins
from 20lefdn, mixappeoprldich abeee sepanatdommingd by the
20f r@@éc@féﬁ:—"i%}ﬂgzhansinqgﬂé&@@l a%d Sé)f%ltfﬁe Ct}ﬁ'&ghl 8l peen

by distillation._ |t Ts |ikew se possi
ol EXGRd nest Qﬂeﬂhg%‘%%ﬁ%*él%l @ﬁ FAVENSecy obtaf ey which
byat@e obtainable via metathesis reactions. Preferred

starting materials are C;—, Cg-, Cos—, Ci2— or Cis~olefin
mixtures.

25
The volume ratio of carbon monoxide to hydrogen in the
synthesis gas 1is generally in the range from 2:1 to
1:2, in particular 1:1. The synthesis gas is
advantageously used in excess, for example in an amount

30 up to three times the stoichiometric amount.

The hydroformylations are generally carried out at
pressures of from 1 to 350 bar, preferably at pressures
of from 15 to 270 bar. The pressure employed depends on
35 the structure of the feed olefins, the catalyst used
and the desired effect. Thus, for example, a-clefins
can be converted into the corresponding aldehydes in

high space-time vyields in the presence of rhodium



20 Fi scher-Tropsch synthesis and ol efi ns which have
been obtained by oligonerization of ethene or olefins
whi ch are obtainable via netathesis reactions.
Prefeprredoostarting mterials are ¢4-, CB-, C9-, Cl2-
or Cl6-olefin mxtures. 25 Thegvolume ratio of carbon
nmonoxi de to hydrogen in the synthesis gas is

gengsghlysts the readn@y 2:dstoods 2, chBnpakhi cylar  1n
1:1. The s nthesnfl8 gas is advantageously used in

excERECEREE exBnpPE A SEn CdmoUt 1080 NFY ing tiiYiee nalmedouble
thebshdsphunnphmt&camﬁunbraﬁhﬁeﬂydﬂﬁﬁﬁﬁﬁy|&mqﬁgi ®essures

gen I d gut at pressures of from1 to 350
bar§£%ré E§§E%§8a¥ pressures of from 15 to 270 bar.

SThe pressure enpl oyed depends on 35 the structure of

theTﬁsedr@Ldeftapa the, %&Ltaaa@i%t usgd and tg9098§'fe%f the

ef f ect or exa e, a- oleflns can pe converteéd
|ntbnYﬁ%té%?r@§Boﬁ§Pﬁg QI@@h@@@sCunprﬁﬁgﬁa§éatéJMMﬂ§0 C to

yi elgs°tn hbeeppesessendy Fhodi yove £ 62390:14
catalysts at pressures of less than 64 bar. In

contrast, in the case of olefins having interna
10doulst e r borigs, thyd paf & eyl @ 1 dvi Anciies oﬁeejcbms,pdh‘tgheff the
pre re advantagegus. 5 The react
R aTarhE TR NE Y OCESROFI AL SFRURRR Fh-aHEOR rom
20 to 250C, preferably from60C to 180C, nore

preiﬁiéplxhéf%@&¥8%dfﬁ%¥§%§o 10, A ég?ﬁhethe ﬁegaratlon of

hydr of orn%Datlon art o synt
canPB% 1ehoiRd %9taébﬁés§eﬂp aPPohs RFEéerehey carried out

15hydt|spf aelyiksatd ONpheast iseha e crepal b | @Re0fa; Pr @@uq;thermal
tal%st solution is preferably carried out 15 by

ngaﬁ§9%¥a hasePsRparatTon with the aid of therma

separation processes. The reactor out put conpr|5|ng
a0V £8SEEGLOLRLENS UomeBliAliy ORl) VullPRALULE 8erins or
oleflnlcally unsaturated compounds, reaction products,
20 reaction by-products, at least one cyclic carbonic
ester, possibly a nonpolar solvent, the catalyst and
possibly free ligand is introduced into a ©phase
separation apparatus, e.qg,. a residence vessel
(settler}, which can optionally be preceded by a heat
25 exchanger for coocling the reactor output. According to
the present invention, the phase separation is carried
out at temperatures of from 0°C to 130°C, preferably
from 10°C to 60°C. The phase separation is carried out
at pressures of from 1 bar to 270 bar, but preferably
30 at the same ©pressure as that selected in the

hydroformylation step.

Depending on the starting materials used, the
separation in the phase separation vessel results in,
35 for example, a relatively light phase which consists
essentially of wunreacted olefins or olefinically
unsaturated compounds, catalyst complex and optionally

free ligand and a nonpclar solvent and is returned to
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20 reaction by-products, at |east one cyclic carbonic
ester, possibly a nonpolar solvent, the catal yst and
possibly free ligand is introduced into a phase
separat igap@pparatus, e.g. a residence vessel
(settler), which can optionallys be preceded by a heat
25 exchanger for cooling the reactor output. According

to thde peeseot |amenteonhédﬁiémasﬁhéﬁ@afﬁhheﬂ | $omprises
carrje out t te tures of fron1gc to 130C

pr &t er abry < 6%1fb SBOC. The phXSeiSep&RaPPBACi sester,
carrgasd: igut pm0¢u@s$ur@3dofréaonldnbabytpraaﬁcbar and is
but t ressune as t C
sefggﬁg%f ﬁgt%U§9ﬁ§%roE§F§3 goﬁ%éﬁép a%}ng ohPis 1S
t heZtiftachg At eeeabRsagden, timgo se@m@my@as. n (eRechols),

phaﬁ@:é&w&tloalé%iﬁgl resl ts dikri3n d0n Xanﬂkgat?rated
relatively, |ight phase which consists ess ntla

unr&46t doﬁref—ﬁ%%“%}ifalol%ﬂ‘ﬁﬁf%%'r|®nd®%a@a@@%‘as a?d can be
connnund&i eattgl ysorcorpagpland epti grakhiyiaties. Solvent

nd.and_a ol ar solvyent a i.Ss returned.to Q.
g@”%gl ﬁ%sreac S§RSI§¥ gav gg BifasESahf eht 1583 %o the

10codennﬁprmmﬂaﬂmunuﬂﬁdqtau.Ieast one cyclic carbonic

15

20

25

30

35

ester, reaction products and reaction by-products and
IS morked up further. According to the invention,
t hilhq scoTpehi eved 1B separat Pbasest ol déh?d@sned by the

(algghol g, 1uBLeact edselef i Res9huQhef bRk¢ah! Yor aldehyde
unsat rated %oggounds res| dual sol vents and

by -5 Gn THES &HIT i FBOWUE, Of orsdaRiIse, ugsA -

di Sdhmsl aieaosmn ,Sod vémffe!\bnth chagobeen csepa e ®hdsdS can

regly d q.10 hydrof ornmyl ation reactor. The
co%b03|ga%% o%% ese ‘phases is determ ned by the type

of ligands used, residual olefin or aldehyde content

an@ﬂ@“%fdﬁ5%§ngfam%€“1ﬁ$e§%43§n SnusRd. c§P£1é§ %ﬂ in a

reason, a different conposition of the phases
.e§§FP?rb@ oly$&r?&dS -The process of the |nvent|on can
be carried out in a

Variant A

In this process variant, the output from the
hydroformylation reaction is separated into a fraction
comprising predominantly the catalyst and the cyclic
carbonic ester and a fraction comprising predominantly

the hydroformylation products.

This process wvariant can be employed when a polar
catalyst and an optional further nonpolar solvent are
used. The nonpolar solvent can also be identical to the
feed olefin or the olefinically unsaturated compound (s)
used, so that either the hydroformylation reaction is
not carried out to full conversion {e.g. only to 90%,
preferably 80%) or the olefin or the olefinically
unsaturated compound 1is added during or after the

hydroformylation reaction.



(83}

nunber of variants. 20 Variant A In this process

variant, the output fromthe hydrofornylation

reaction is separated into a fraction conprising

predom nameby the catal yst and the cyclic 25 carbonic

ester and a fraction conprisingspredom nantly the

hydr of ornyl ati on products. This process variant can be
enployesh when afpo&hﬁ mmo@sssstlgndllalmfmat@tallb Fig. 1:
further. nonpol a Ivent are 30 use The n ol ar

solé n hcanga g6 g et EalS 18Tt A efﬁ@éﬁagﬁgﬂWQ%ﬂturated
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unsat ik ad edcgeppeunds ) Sc@ﬁd%@ﬂfdMPrbéf t®ladd€of excess
hydr of or Iatlon reactlon O Z. 20 16 Variant A of

t heSPrideesss i 4251 (bt +Bt &d 8§rﬁﬁéur5_rzaté9ﬁt Hespelgd$) -
(Dscodafi 08) osbohefiéni eal tMlsn&ayUﬁ@t ggef@amqw%r%parated
(2)..and cata t_so ion advant age y .
conprises T %¥2y0|| y&arbg Pc gst ?§Vy5 Egésﬁeaéﬁid j fyrich

10t hecdmyrlr ofo3 nizhat iven ore ged 0 @ﬂ)théﬂuycls@ctﬂfb@uipubster
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t he_.maj or e cyclic carbonic est er
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residugsefroasthe turther ? 4f"
appropriate separation stage (12 Stream (1
(1§$£Ct10n products (alcohol and aldehyde

Here, the
(15) are
separated off and passed to further work-up or
hydrogenation. The fraction (16) which has likewise
been separated off comprises, for example, residual
cyclic carbonic ester, high-boiling by-preducts,
reaction products and, if applicable, the further
nonpolar solvent which has been added. Fraction (16)
can be recirculated to the hydroformylation reactor
{4). This is advantageously preceded by a work-up in
which undesirable by-products are discharged and
discarded. The catalyst separation can also be carried
out as an extraction by feeding at least part of the
fraction (16) directly into the stream (8). The
extraction can be a single-stage extraction or be
operated as a multistage process in countercurrent,

cocurrent or cross-—current.,

Variant B
In this process variant, the reactor output from the

hydroformylation reaction is separated into a fraction



is then passed to the separation stage (14) . Here,

the reaction products (al cohol and al dehyde) (15) are

20 separated off and passed to further work-up or

hydo ogenaz2®n. The fraction (16) which has |ikew se

been separated off conprises, fpr exanple, residua

cyclic carbonic ester, high-boiling by-products,

r eachhoni @I@@U@I&m,naﬁtl@gpthéa%ﬁal%@t f untdhes Zﬁmpolar
non ol vent _whi.c as_been adde ract
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(4)hydmpfgrimglatvant ageodskyspr ecetedty acwolkeup darbonic
whi ghe yindesi rabl e by-products are di scharged and
dlscarded The catal yst separation can also be carried

>30 out as an extraction by feeding at |east part of

thevafigeti o (ilﬁ) greesthyiint appheyalr egieh8) 2 Thenpolar
extracti on can estaeextractlono be
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100, Zﬂf62Q0fﬂrt¢@ﬂpr®$¢ﬁgnp¢ehbﬁiuaﬁatyrahedcakaMyanuanﬂs to
a nanpol @feq Solvent, and @1 %ga 30 reaccion is
or myl“ati on s and the

predom nantly the hydro
cyFa T ked bont ctoedt driols %r@%@l@t@scgﬂ@feéﬁa@w Addition
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S RS o chiBe S p ek s b= Eo SURRRIEy CaRi L sing,
15ei ther aepahpiéhephosgtialeefigdddor maef widwerss variant B

Cheld PLERLY, MR8 £ GORBOUNS. |5, By DE BTG, R on
alﬁ%ﬂﬂﬁﬁrcodﬁlete govnveesion. gaditi(dn ofnd nonpoiiar or
solyeit; akes) f he YALERAREaBoRar Ui (s) (2)  which

advantageously contains/contain the nonpolar solvent

20 and the catalyst are reacted in the presence of the

cyclic carbonic esters (3). The reactor output (5) is
optionally freed of excess synthesis gas (7) in a
separation vessel (6) and passed as stream (8) to the
separation vessel (9). Here, a light phase (10)
25 comprising the catalyst, unreacted olefin or unreacted
otefinically unsaturated compound and the nonpolar
solvent is separated from a heavy phase (11) comprising
the reaction products and the cyclic carbonic esters.
The fraction (10} is advantageously recirculated to the
30 hydroformylation reactor. Fraction (11) can optionally
be freed of catalyst residues in a vessel (12) and is
then passed to the distillation stage (14). Here, the
Vredction products (15) are separated from the cyclic
carbonic esters (16) which are recirculated to the
35 hydroformylation rector (4). The catalyst separation
can also be carried out as an extraction by introducing
at least part cof the fraction (16) into the stream (8).

The extraction can be a single-stage extraction or be



useful when using nonpol ar catal yst systens

conprising, 15 for exanple, phosphite |ligands. The

process variant B is illustrated below by Fig. 2: in

t heohgdrégpenyl ation reactor (4), synthesis gas (1)

and olefin or olefinically unsaturated conpound(s)

(2) which advantageously contains/contain the
nonpotastsdl vent 220mand ithegeat akystsar eineaghettdrcurrent,

t he, ?£§§§Qggugg(éggssc¥8r¥g Earbonlc esters (3) . The

react or out ifonally freed of excess
synthesis gas (7) in a separation vessel (6) and
pasggdiastseéream (8) to the separation vessel (9).
re, ‘ght phase (10)_ 25 conprising the catal yst, .
Unr €act éd iG] efﬁﬁd?é@f%%%\@?éan ol GHIA | y separation is

unsaipf at@d aanpered and ﬂrﬁ@ta@&po&@mprwiN@ntpﬂesdommantly
sepa?ated froma heayvy |s|n

t he
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frac@mp@uﬁd@)am@.aﬂvamhageowﬂQDMﬁxmgxmdapeddbmlhhﬁt$9 the
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eed O esrdues i '8 vessel &nd 9%

1% hepspassed to the distillation stage (14). Here, the
reaction products (15) are separated fromthe cyclic
carbonic esters (16) which are recirculated to the 35
hy dY & b9y | SLFP6ATFe Qlorot el inipal bat Bnyatusapgatgaaipounds,

canoaéson bﬁlﬁa’ﬁf:%egd o@utls@mazp n@ﬁtﬁ?ﬁés ?@alb)/be added before
|ntro ucl as rt t he Irac on
A ad R o the SRR Pl at G | FASLL O L B el dnce s
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ro or
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Cross-current ydr of or nyl ati on
. reaction, separation is carrled out into a fraction

CONP i §1 ek Ao MRANtIY tllae £ALRAI Y8 A8Nd OhSLEM Oyhen a
ol efinically unsaturated npounds and_a fraction

conpriR? @rpr%@Bﬂ%ﬁﬁﬁtl%Sthgseﬁydﬁ8§orWF?§tl8@ additional
20pr ogkigpsl @and ddlereaycel iiG capbopec edPl €8¢@I . Within process

variant C, further variants are possible: additional
olefin or olefinically unsaturated compound can be fed
in after the actual hydroformylation reaction or the
hydroformylation reaction 1is carried out only to a

25 particular partial conversion (for example 50 - 70%).

Fig. 3 illustrates this process variant: in the
hydroformylation reactor (4), olefin or olefinically
unsaturated compound (1) and synthesis gas (2) are
30 reacted in the presence of cyclic carbonic esters (3).
The catalyst 1s advantageously present in the olefin
phase. The output from the hydroformylation reactor (5)
can be freed of excess synthesis gas (7)) in a vessel
(6) and 1is subjected to a phase separation in a
35 suitable vessel. Before this, fresh feed olefin (9) can
be introduced via a mixing section (8). When olefinic
compounds are introduced, cooling of the reactor output

by means of a heat exchanger (not shown) is generally



Various olefins or olefinically unsaturated conpounds,

olefin mxtures or isomer mxtures can be added before

and after the hydrofornylation reaction. Preference is

15 gi.geneb@ousi ng the same ol efins/olefin m xtures or

ol efinically unsaturated conpounds. This process

variant is particularly useful when a nonpol ar

cat abyetsksyusatheanshadrens 8pa agddi bh opabddBeponrpaliafnt phase

sol y is.tao be enpl.oyed. ‘Wt hij rocess ariant _.C, .
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Uns&EGRIVEG c SRR (i}zimd SYRIREEPS gas (2) GretBptation

reagtled.i rdie, prasencesofiaycbreduatbon{rd estees $¢Sparated

The t al i s,.advant ageousl| resent in_th ef i.n. .

phaSEs TRESB.t BOE T Fort Ehe ROUPBRonyParTon [habt ophich s
1{5) recanchéateded tof efvesshyynpliesinglgagol7) demcgor. The

Veséskalgg%laQQph§a§§BhGCE§H tg1a,phgse égPéié&'OQF%” as a

a 35 sui e vessel. Before this, fresh teed olefin

(9) SéRALSHELRALT od T AF B i xPAg sekti ond( 8) .MWehstage,

ol etbah€erearpeUn(s cakarirahkoducedoseoehirpgnef ekR@action.

reactor output by neans of a heat exchanger (not

shown) is generally O Z. 6220 19 necessary. The phase
l5epd@hat | ehopeodutésnad| | ghtiphase ofllihahighocess of the

Conﬁﬁb§§§igge'%é§u&%(¥héh§?§£§£££$ﬁagkyth%m¥gég tﬁﬂkutput
conpound and the catal yst; is phase is recirculated
to ehd PEIAGIGdhY dthionhydaetorny 43 tiFhersoRugly i plidsies can

(10heconpidizes dlte reaet boampiaduels and i e el i gowever,

carbonic ester and is, after an optional catalyst ,

renﬁbﬁlU@f?Y?Es%%?%%té@pﬁéaélapsPFPFgﬁﬁﬁﬁr E1F-. Heerction
20 hezsedekicenbpapdueter( k4X a3r @ rsearcatash 2 of f fr amsde 691,

cyclihc 68788855 eshg" E15k M EBs IS,y us 5 138 101 or
permeation as described, inter alia, in DE 195 36 41,

GB 1312076, NL 8700881, DE 38 42 819, WO 94/19104,

DE 1926 32 600 and EP 1 103 303, is also possible. When

25 the separation 1is carried out industrially, wvarious
methods can be employed. The separation is preferably
carried out by means of falling £film evaporators,
short-path evaporators or thin film evaporators or
combinations of these apparatuses. The advantage of

30 such & combination can be, for example, that synthesis
gas still dissoclved in the mixture and part of the
products and of the starting clefins still present can

be separated off in a first step (for exampie in a
falling fiim evaporator) and the catalyst can finally

35 be separated off in a second step (for example in a

thin film evaporator).



10 recircul ated to the hydrofornylation reactor. The

catal yst separation can also be carried out as a

singl e-stage extraction or as a nultistage, _
count ér ctiEE@nt, cocurrent or cross-current extraction.

15 The abovenenti oned vari ants2of the process of the

i nvention include the separation of the reactor output
andTiopt £Bhabtyivhe shpdretdapnyiat iaalvapradewetis] yt hissrdand out
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691gouME: 88188888, oS- Po 648 5pfegpd US 5 138 101 or
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°GB i34 2678C KRS PEOSRES BE a1 es gilolcwdiaue 19¢68, frped of
196322608t anéd xR sk lQﬁn%@@siéSgngQﬂﬂ@fth|meﬁhﬁnpa5t of
t he_separation is _carrie ut industria , various
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carined oaldbyvdeans (eficbablleng f olmféwnapowat ors,efinically
sh = por r thi ' t .
corb ot brear oA Jp Deeht SRRk B Sa 8 e 5 s
10suctrly BEnisidEE it cafobe cxpoP lexamy edishal 1sfnthesilefin
gasostidlefi Ssd ved ihderdied UremdRar tadf/dhe so1vent

roducts and of the starting olefins still present can
Ee %l?a?)@d’eo/ffhl’a% nPEeR ritP3t e 1 Giffexdhple e areaction
f al progudt | mievaper at OtheahgidESEOQﬁyah]}ctian@&oﬁiiu&@!s' ¥an be
35 f.in a second step. (for exa eina
e T e S oS Y SO RETT o e e ettt ve

15sepa!ration i s advantageously carried out
confrdwioushy. 'éafa@%.bepf8@£é9#r¢grés quﬁfngkﬁést%Q%ehydes
process or be operated as a nu tlsgﬁggsprocess in
cout¥rRatfent Pk drsssadurithental® réaetve®h from them,
prQﬁuﬁtr@h&ﬁﬂbQSpMﬂdﬂb$aMﬁxQ§§€ Rﬂﬁ@ﬁioﬁ?sc?ﬁﬁﬁysfreed of
excess .syni hesi s gas an e mjo art. o e
sol SPERET %@%I?%scgpaoﬁ@gaé§Férfhﬁiéﬁ?%%ﬂb%%p%ﬁaﬁéavent can
20i ntlee al detiydgsnéaédohbkspreol efd nafrewl edivfcal | as been
separated off (the olefinically unsaturated compound
has been separated off) and subseguently be worked up

by distillation to give pure alcohol.

25 In all process variants, the fraction comprising the
catalyst is advantageously recirculated to the
hydroformylation reaction. This is of course
independent of the composition of the fractions in
which the catalyst is dissolved.

30
The process of the invention can be carried out in one
or more stages. Here, it 1s possible for a first
hydroformylation reaction to be followed by a second
hydroformylation stage which converts the internal

35 olefins; which are difficult to hydroformylate, into
the desired aldehydes under ™“more severe” operating
conditions. However, preference is given to a

separation of unreacted olefins and products being



unsat urat ed conpounds, solvents and by-products. This

10 can be achieved, for exanple, by distillation.

Oefin or olefinically unsaturated conpound and/ or

sol VeAt ©¢@EADch have/ has been separated off fromthe
reaction product mxture or the hydrofornylation

products can be recirculated to the hydrofornylation
reactrohnedlsoVhentihet t aarget tpreoduntrszatednoprofiects being
ald ense t 4N hql.s, deri
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P obF REERg P TR atyet SPESEav AN adouthy Teactor Sftpuc,
r eciirculsatmeeb 3id tdhetohydeofar nyhpal eoalyeaddtfiferenthicatalyst

is rsgey; 4 d f it of -t ‘ )
(racy oot Pt AAERACERLAD SR/ SOTRITAIER 188pge) in
10r otB8s ofetdrd i nvsisthicd dai & agar r B&d9Isut | At oneinrgacted
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t he Lre I n "nore._severe".operatin
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bet yeefehbLt i ¥ALHOBROPNOEEES VAR aRLSid RaltRGase¥ers in
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cat P?S 55% ydroformylation stages.
20
The use of cyclic carbonic esters is alsc conceivable
for other metal-catalyzed reactions. Application areas
are, for example, cyanation, hydrocyanation,
isomerization of olefins, hydrations, Heck reactions,
25 condensation reactions such as the aldol condensation

or hydration or esterification reactions.

The following examples are merely for the purposes of
illustrating the invention and do not restrict its
30 scope which 1is defined by the description and the

claims.

Example 1 (Variant A)
A 3 1 stirring autoclave was charged under nitrogen
35 with 1070 g of propylene carbonate, 0.22 g of rhodium
' nonancate and 3.4 g of tris(2,4-di-tert-butylphenyl)
phosphite. The rhodium concentration in the reaction

mixture was 40 ppm and the molar ratic of phosphorus to



possibly also free ligand are present in various
fractions after the separation of the reactor output,
it is possible to use a conpletely different catal yst
system (d¥2Perent netal and/or different |igands) in
10 the second hydrofornylatiostage. |f unreacted
ol efins, catalyst and possibly free ligand are not
preserdliim vasi dGs Afdaeti drest iy std s100°Counsernatynthesis
POSELD! fnoldlr { Bh16a58: nliki-680nDEAMUARLANGRNS LaAdd ),
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into the desired oducts, In aJl cases, it is
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estifdmp Lt OComnitd Oiife Eitjsef DhdOM 1 SXARI RS BY ©
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concentration in the reaction mxture was 40 ppman

t ol aPCFERR O Y6FS pRdSpRecustitd ©c2ech2yata2 thodrnmnanal

wasryalD.344 ter heating to 100C under synthesis gas
( ar_ratio of hydrogen to carbon nonoxjde = 1:1),
B0 5 o S ARt A (PRI Rt Sty Taid o

20was
Comparison of these two experiments shows that the

N

selectivity to and yield of linear aldehydes can be

increased by use of propylene carbonate.

25 Example 3 (Variant B)
1070 g of propylene carbonate, 0.26 g of rhodium
nonanoate, 5.7 g of a bidentate phosphite ligand of the
formula II and 273 g of n-decane were placed under
nitrogen in a 3 1 autoclave. This corresponds to a

30 rhodium concentration of 40 ppm and a molar ratio of
phosphorus to rhodium of 20. After heating to 100°C
under synthesis gas pressure (molar ratio of CO-H, =
1:1), 280 g of a mixture of internal octenes were
introduced.

35
The hydroformylation was carried out at a temperature
of 100°C and a synthesis gas pressure of 20 bar. After

the reaction was complete, the mixture was cooled to



5sel ectivjt

carried out at a reaction pressure of 20 bar and a 5
tenperature of 100C while stirring. After a reaction

time of 50 m nutes, the conversion of 1-octene was

769 -3hetg8Pectivity to n-nonanal was 65% This
corresponded to an n-nonanal ykéld of 49.4% 10

Exanpl e 2 (Conparative Experinent for Exanple 1) A
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1:1), 280 g of a mixture of internal octenes were

i ntroduced. 35 The hydrof OMeyl at DiMe was carried out at

a tenperature of 100C anq a syntlhesis gas pressure of

20 bar. After the react A

was cooled to O Z 6220
phase separation wasgg®

By O O

MeO i

Example 4 (Comparative Experiment for Example 3)

A further series of experiments was carried out using a
method analogous to Example 3 but with the following
differences: tetrabutane was used as solvent in place
of propylene carbonate and n-decane (this tetrabutane
is a mixture of Cjg-alkanes formed by oligomerization
and subsegquent hydrogenation of l-butene).

-After the reaction was complete, the total reaction
mixture was distilled in a thin film evaporator at
125°C and 25 hPa. This gave the crude aldehyde as top
product. The bottom product was a hydrocarbon mixture
comprising predominantly tetrabutane together with the

catalyst. This solution was reused together with 140 g



out. The hydrocarbon phase containing the active
catal yst conplex remained in the reactor. The
propyl ene carbonate phase which contai ned nost of the
al dehydecB82Was drained fromthe reactor and worked up
inathin filmevaporator at 225C and 25 hPa to give
the crude al dehyde. The propyl ene carbonate obtai ned
as bbt poafipr onductireasnr enséd etrogetdhert omntyhl ak4®rg wafing the
ol ef ' dt c | yst .sol uti emai ni.ng _i._n
thegégv?ggékg%afﬁeéno¢ﬁgia%%%%%fé?nﬁ#ﬁ%ﬁ%ﬁfdgﬁ%gét%gtal ot
abo%&Inbr 6tBYEr ecf ¢ TRebteuse exreatrerbsofit lateotab- bf
ei ght thieMeSertds Tabl&ider AxPOrd MRLE r3pdal 0 3 8xhmhbes 3
MeO O 15 Exanpl e 4 (Conparative Experinent for ,
Exafpfe 3) AHG t FEIV &I of V@kpefPRBATSRs &4 ri®ur Line
oatm?lsf?gezaenﬂetadf?gta@alcmgmﬁao?(aaﬁl %}&&iﬂsi\éﬂ tBas. The
the fo Wi N L fferences: tetrabutane was used as.
sol GET TRPPTARAC3056 ropyioHe Tarboates ahg Possibie to
n- dezchmeldtai ant etveatnitlaneate s cangitrnar eviofch is a measure
C16: al es. ftar L] r I S
Py Dgsaat 1o o T B AV Er the RatFTHH" a3 ehe can
10conpt et®MRAES ovakhr edee | dArsh xrarethas dist @ | edrias of
a thkpetiheheyapphat Horala1i2atiZeC andl 28nbPacyIRhag1  rate
gave the crude al dehyde as top product. The bottom
pr ottt tH&S - a hydr ocarbon ni xture conpri sing
predom nantly tetrabutane together with the catalyst.

Thi ut i . reused together with 140 g O.Z. 622
24 S50 of | AR A S TS TR T oA S S ants
15t hetomboveupyae edureeugeT iy alass € Hos ddrer iegdmplesa
total of eight tinmes, cf. Table 1, experinents 4.1 to
4.8.) In the series of experinents described in _
. Exahpft eSOmPaBisey al,w'ﬁﬁetgéﬁvéhgi 67 bR SHe BETHVAEY Bypmains
ON-}é&®ily constant in the example according to the

[#3]

invention, while a significant decrease in the catalyst
20 activity is observed in the case of the conventional
procedure employed in the comparative example. The
catalyst stability can thus be increased considerably

by use of the process of the invention.

25 Table 1 - Comparison of Examples 3 and 4

Example 3 Rel. Overall rateExample 4 Rel. QOverall rate

const. censt.

(-] [-]
3.0 1 4.0 1.000
3.1 1.110 4.1 0.855
3.2 1.035 4.2 0.909
3.3 0.982 4.3 0.726
3.4 0.990 4.4 0.834
3.5 0.942 4.5 0.728
3.6 1.009 4.6 -
3.7 0.805 4.7 0.592
3.8 1.000 4.8 0.313




measur enent of the consunption of synthesis gas. The
ti me- dependence of the conversion nmakes it possible to
calcul ate an overall rate constant which is a neasure
of vhe.cakabyst activity. Various reaction systens can
10 be conpared with the first zgaction of a series of
experinments by normalization to the overall rate
constant. Table 1 summarizes the normalized overal

r at nstant 15 for unber, of , reuse cycles from
thé§%§§hpﬁgs€%ﬁmf%%%pg?iE& Qﬂ%ﬁmﬁti@lt?ﬁem83F5F§??nt was
actégfeytremni fs thaadidtyvebusteat ba tdeoexadpl e
according to the invention, while a significant
decrease in the catalyst 20 activity is observed in
the case of the conventional procedure enployed in
the conparative exanple. The catalyst stability can
thus be increased considerably by use of the process
of the invention. 25 Table I - Conparison of Exanples
3 and 4 Exanple 3 Rel. Overall rateExanple 4 Rel.
Cverall rate const. const. [-1[-1 3.014.01.000
3.11.1104.10. 855 3.21.0354.20.909 3.30.9824. 30. 726
3.40.9904. 40. 834 3.50.9424.50. 728 3.61.0094. 6-
3.70.8054. 70. 592 3.81.0004. 80.313 O Z 6220 25 Note:
In the case of Exanple 4.6, the neasurenent was
defective, so that no value can be reported. O Z 6220
26 C ai ns:



1. A process for the hydrofornylation of olefinically
unsat ur ated conpounds having from 3 to 24 carbon

atons in the presence of at |east one netal of 5

growps .86be0l0 of the Periodic Table of the El enents

as catalyst, wherein the hydrofgrnylation is carried

out in the presence of at least 0 - I M1% based on

t hecabkeéfsni cal |y unsaturated conpound, of at |east

one.cycl ic_carboni est r of 10 the fornula |

ehere “125PS 3728 BT e By Grarmdaatin o bré4sinically

d|fferenUnaaduratedeamm@@undgiBabsmgt&tedlai to 24 carbon

unsubstlgggﬁg al p@ﬂ%

[ clic,_.ar
al i phati é-alicyelic, alip éyapgnd%t gg?St one metal of
%chycllgrgﬂéﬁatﬁc h@drb&aﬁﬁbnthﬁad?eahouavln@abnen1df the
to 27 cafbpBnatons, cé%éf?s g ﬁﬁé%%:ﬁ'ﬁhé’ fﬁgqylatlon

substituted or unsubstitdte atic
aronatlclszﬂ%%ﬂ%ﬁQCQEFldyblﬁéeoﬁmﬁﬁﬁwﬁ%tpé aﬂbnéﬁﬁ@t .1

hydr ocar hens 30 o <l baw nchd ropmdrigiddii1¢ar bdsaturated
atons, and at gast on &%Fnd whi ch contai nS no

sul f oni cSCERPY™ r086 n&E GYGIFC Garbagpsp eprer of
1®. The ptbeessraslel ained in claiml, wherein R1,

(1)
RS B
where
15 R', R?, R} R! are ildentical or different and
are each H or a substituted or
unsubstituted aliphatic,
ailicyclic, aromatic,
aliphatic-alicyclic,
20 aliphatic-aromatic or
alicyclic-aromatic hydrocarbon
radical having from 1 to 27
carbon atoms,
T is 0 - 5
25 X is a divalent substituted or
unsubstituted, aliphatic,
alicyclic, aromatic,
aliphatic-alicyclic or
_ aliphatic-aromatic hydrocarbon
30 radical having from 1 to 27

carbon atoms,
and at least one ligand which contains no sulfonic

acid group or sulfonate group.



R2 R3, R4 and X are substituted by identical or

di fferent substituents selected fromanong 0, N, NH
N-al kyl and N-dial kyl radicals, fluorine, 5 chlorine,
br ogi pe, spodine, -OH, -OR -CN, -C(Oalkyl or
-C(O O alkyl. 3. The process ag;clainmed in claim1l or
2, wherein the hydrofornylation is carried out in the

10 presenge ptoabskeast Qi %n hased, on, th8erein R!, R?,

ol efinically ynsatuyrated conpound,  of at [east one
sol vent @hlcﬁils Pala¥|V%F? nSRpD BF U eeRpd Bd ¥dentieal or
cyclic Catﬁﬁ@r@nESGﬁbshﬂﬂMémﬂ%Ié@ﬂé@t@ﬁefﬂdﬂW?ﬂéﬁg o,
cyclic carbonjc 15.4 rocess as cl ai

ﬁ% EE SuBgtIPhFé&H 9 'edéY%orlne'

in clai efeih
E%ydrocarbbh@rhaarng bfenmd, to fmﬁrmﬁbon Ao, -0R, -CN,

ol efinicatly ayg§§tg%at@gopgnggyggs or ol efins having

from3 to 20 24 carbon atons are used as nonpol ar
solvent. 5. The process as clainmed in any of clainms 1

to 4, W@Eéep&ob@%so%hpuﬁlgﬂﬁgﬁtHﬁlh&ﬂé?ﬁoﬁ”Mhathnwhereln
reaction is S%g/ rated into a fraCt|On conpri si ng 25

pr edoni nERE | y 058F§W§§Flgﬁd the c§értrécdar K3Hi ¢ in  the
loester andrasémacti®oh conprisddsg py edomdmant | ywdhel on  the

hydr of t ducts, 6., The process as _.cl ai ned

|¥ ;gyor$Yé$a#g€a€Io gﬁsatgﬁaﬁﬁ%rggﬂP?H850u95u?%fg%ﬁﬁt one
t he hydrefbrewyt avihdelr eact rehaicdvséparrairgebliant ocampared to
fraCt'0”t§@“@§é§i@gca958?981Q@Eékyltgﬁdcﬁgauﬁﬁas%Q%l% with

nonpol ar sol vent and raction conpris
pr edomi nleit | SYEhe® PR O B ng$ aR T oh- products and t he
15cyclic carbonic 35 ester. 7. The process as cl ai ned

ndfny clains 1 to 4, enmrathe out put fr%n1th%
of or ¥ at PHRCEF T 3520 ime in claim , Wherein
substituted or unsubstituted hydrocarbons having

from 5 to 50 carbon atoms, clefinically
unsaturated compounds or olefins having from 3 to

20 24 carbon atoms are used as nonpolar solvent.

5. The process as claimed in any of claims 1 to 4,
wherein the output £from the hydroformylation
reaction is separated into a fraction comprising

25 predominantly the catalyst and the cyclic carbonic
ester and a fraction comprising predominantly the

hydroformylation products.

6. The process as claimed in any of claims 1 to 4,
30 wherein the output from the hydroformylation
reaction is separated into a fraction comprising
predominantly the catalyst and a nonpolar solvent
and a fraction comprising predominantly the
hydroformylation products and the cyclic carbonic

35 ester.

7. The process as claimed in any of claims 1 to 4,

wherein the output from the hydroformylation



reaction is separated into a fraction conprising
predom nantly the catal yst and unreacted olefinically
unsat urated conpounds and a fraction conprising
preglom napsdy the hydrofornylation 5 products and the
cyclic carbonic ester. 8. The pyocess as claimed in
any of clains 1 to 7, wherein the fraction conprising

the cat a£a§éti§n &%CIgégsA@é@éidthEBe AW@EQE@EHM' Wi sing

reaction. 10 9, The process as clained in
clai ms PYFAYLINGHeLBI n (e cycFFéaéﬁﬁﬁonlca%@terlU§€@Cted

S ethy|@D@flﬁﬁ@£DD@t@ns@t@@ﬁk@ﬂedﬁﬁﬂﬂﬂﬁﬂ§3éﬁd a_fraction
butyl ene_ carbonate or a m xture ther 5 10._ The

process A¥RILT MY | PP Tl aths 1 E% Q%YQHQQQ§W¥latl°n
5t he hydrof odwytatand tlse cayelad oautbomidt hestgr esence

of phosphonites, phosphites, phosphine oxides,

phosphi nes, phosphinites, phosphinines 20 and/or

phosphi nArrespPre¢esFThasprotasteds iol @imedofncdmymef 1 to 7,

clainms I;8ord0y EW%ergkchbganf fgiﬂﬁ'eEhQ'Q§%¢ﬁiyst is

unsaturated conpounds (olefins) are separated o
fron1ther%EP¥%%&ﬁ?ﬁd(ﬁﬁ;ﬁﬁecﬁY¢¥Qﬁﬁ¥mﬁiatlon reaction.
1ohydrofornylat|on product s and are recirculated to the
ofor | ation reactloni The process aﬁ ¢l ai med
|n a’ny TI BFRESISt ¢5105 a%‘be%épelaﬁlﬁf hel ufréadfed t° 8.
ol ef i ni cdldneimstlier ayedi coopobindscaestsepasatied sokfcthylene

fromthe,t He, ouggyé%yieﬁéon1éggngg£8forn¥latbutylene

products an are us secon reacti on sta
carbonate or a mixture thereof.

15
10. The process as claimed in any of claims 1 to 9,
wherein the hydroformylation is carried out in the
presence of phosphonites, phosphites, phosphine
oxides, phosphines, phosphinites, phosphinines

20 and/or phosphinanes.

11. The process as claimed in any of claims 1 to 10,
wherein the unreacted olefinically unsaturated
compounds (olefins) are separated off from the

25 reactor output or from the  Thydroformylation
products and are recirculated to the

hydroformylation reaction.

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

30 ' wherein the unreacted olefinically unsaturated
compounds are separated off from the reactor

output or from the hydroformylation products and

are used in a second reaction stage.



