0031 590 Rhodi um catal yzed hydrofornyl ati on process This inventi cl)ﬂjrr el ates

to the. hydr’oforrryl ation of olefins to produce al dehydes. Processes for

formi ng ah al dehyde by the reacti onq§] ?68' efin with carbon nonoxi de and

hydr ogen ar e .known. as hydr of or nyl aP; ‘8 esses or oxo processes. For many

years al I,>-commer ci al hyCthg,gﬁ,reg{ap,ﬁdd]demmwnvméPﬁﬁl oyed cobalt carbonyl
atal ysts mhlch required relatively hlgh pressures 5 (often on the order of
bars. or' hi gher) to mairntain ca e Sldekydps.OCesses are

descrr bed, ftnisieveati fe‘ate FP‘B?T‘E’G "Ejéﬁ %gc:shf ;';}é%‘iﬂnowﬁ"npaw mvo’ﬁmr

inter alia, B'iOSQ?F gs %‘l 8 ceg‘sesa&rfwb rvoessgrdFqs %@:

this Brit V%‘l’?g °"nggds? ¢mbamﬂrhmvlsstalv#at"h £ ‘f ié’ﬁg o L Heg ne

negativel ﬁédt&!lJ £ Bfaesofl100 bpns@dturghqr)dn "!ﬂ“ tri Qggstt cqréaepyr efne

in ter rrs faf exafrplenen Brivish Bﬁteaﬂ % &uf@at&h“ﬁbatds rteat e ngsea'c%?fven :

quantity ahvlmtamld Pv'e a:; Grodi theprapwieneyin terms of the

si gni fi casthy! j?g;es,f tﬁﬁd @mgplgwmewnmef SreBy ©

hydr of of WF'&@WE{ raommﬁws @ significhnpll d"ﬁ %‘ﬂgﬁg‘ﬂeﬁ%&z figh N

hi gh yi'el gshalefrdrd Snbraiited vith ¢ P@g'é’ﬂﬁ’ 0,53% G&d §Rhair) QideByale {sofer ratio

br anched- gigas at)loultemwpyajeferas‘b ces§ "ﬁ‘gp im @hdahyaimsts andiops h"es

This procefe eteguasgldenydes 8@” hopeiiym il g e«rearE

def i ned reaﬁfrjg °§ ﬁ@gaﬁ’ preﬁe:t ;ﬁes%cuemmh |ro;imred1@et9F‘é9rFr‘P (ﬂ' (;fm ‘

tlal
Since tHfi SIRLAG BasHred et sseﬁtcamngmbﬁtmt&h? quantp b Rer can
required tcB fa%@é‘sﬁﬁ@t o IbWer qperating GoBts- a’ o’:lfss!izerseaﬁs yriowes

British Pa:‘eQ:Mdu&niemthhd&!qso e ’E gﬁ} féa,mag,e&mare realized including.
| ower ini trefaifedda l"%l '°Y" gr_t,p,,ém GdRse OMBO@ITentS ITHE joy pr 'reryé? -’y Méa
nowe ded rabl °"rj cbeg1|7s5mer4 mrs3be8r|§'r Gddé 35 5:;&1;@;0 A iﬁ Snel

r hodi um ¢ :y;z,e 6@1291:@5& 868,268. SJtthamaéwEs reiptin r date fhbditrs camfysadr ed’
to as the gdigih maesrsmhﬁaixdn ﬁ?‘@é’ég eﬁﬂg“ df#onst ﬂ{ aae rdeam ﬁbnh&ﬁcermgweg(pbout
Sever al paﬁy@rwgmajmpﬂgi tbusxp?&@eﬁﬁérwg) quF"PPr’eth

pressur e osbe frgfo @ggﬁp&h@m lserttsfogthg Ir;od@mcat ﬁ;&
4,143, 075, OBianaL ';%a,{, Sy18tt, mzpnea@;dsmromsga?ﬂ%'q s o,
hat ent s reg‘ﬁ GdJch amyaamqnmem@m@mv ? GEE ?u e B gr um p 1Sl are
821, 637. In G% Pﬁ{’ﬁ%eﬂﬁ?%@ihé uSaAl! 10 FhisLhy@B@ormgiatien ﬂ" o ne o g &\ lefinic
at al yse#® hydreddo e Ak hsweyero cesisdizasion) '§f‘?5rm‘f|’5¥=}‘§‘ %1 d| tion to the
hasi ¢ desclchipouditis mn wehuspdsin gpitiredp BV IO, ?1 or mdoa urk BxdFrobess 1
.97 847 (corr qsod,gnﬁhtmbb@ flentidbeBpdid@its "‘H coﬁ?m i rfg &? &3k @h&uggest - -
40i | i ng al deldarycmspenthatusoof maeesasw ?’3}%5& eornhmmumrmaltembym

as r eaamatm use df syah fespactay, 'T;l.mﬁ Q"g% I on The cor r espondr n cts
dgoridensat i oe q;md@e r\‘ila‘}f‘;&s %} trneaﬂbwssrfoothemmummj % g° l ﬁ?é?(é?
3 these prg Gos! VATTORCH r&&sﬁédrmnsqrsetﬂrb\ﬂf mﬁﬂy 2 (cPhyaRideR, 5d) aAs
- ol ef i ﬁalnﬁil huﬁ tbon havirigfrasn iy?Oe (;,eéo'inprdx cambuaathy védthe
-pr opydo eaewe Quahtisoaf ralsemp'BWéﬂ‘\@‘ F%“s's m@ grougl béabtingof trh&lvlp@ts fteéne
*h" one” of () tcbommhrgxidaa ‘fr:r‘ﬂegg‘ q .myeabremamdmpntvé }“ %8 4Py
dr of ot roawdr?sg'{fta Pahok nahoare'-memﬁ"ts hee

Lining the
ati on;é’ @ rleélﬂ 2t ﬂolE ef iréb\/\rqandaasdefee@ﬂ‘@ [? 6‘19% }‘;’q tﬂiap@,g SMre G sgrbmse
e 0fs P:Ta A e.nﬁunaml aaerhy ene "othefr |° s"a &.Qrbrédaurbm:rannamerssarmn
- 35 Erbﬁﬁxrdel‘m\dl}S’GWG” § c t%l br@ss‘l Encpmgm@ymp@g ld(g%c

rod m@t\q’xcm ﬂq p 7 drbb'&h vt the formagion of saj¢l Wg?ﬁh\ﬂg\:ana

ificati byfracaps t arlov‘ﬁ@ 4 By kH’bV' N&\tlmopﬂiw ind dens in %Zf?«rﬁ dlethylene and
$S g !?Ej G sr'?roaaumfanonygmnredn m jaest spire gE?? ‘??mf, pr@r. Keteies

"procesésacwm btagiene with) safdpe xt ure containing (a) a

pha ol ef | mmdhiyultmapm "?j‘éEWH Q ceab.hmnaofm ethy) "ec'*af‘ mcg::

foxi de, qatzalcyrbbrcatqmaas retagtarm inghe: ng) gﬁf ‘L
nsi'st| ngs B‘Q, Ir ify,,cq mF: gmhamamnwlm@ tee ’B e ,aq?gm-

noxi de an lt,|e vihylideh®grgap) de. mu;s?pher ‘U‘Q"VI'Q g%m enog l’egydﬁhaﬂf)ﬁﬁdr&tel \ng\

al kyl. phomcamhamrandmvmm H? ents Eéna{eyl up.rmamcae envhnd
yi phosmounseefth%'m‘,'ﬁ'pb‘?"@ﬁn§ u%s[ ereof having up to 18 carbon

_ and said triorgano phosphorgis Irgand proc®ssi ng a AHNP val ue of at
a .;425 and (e) at least 2 noles of free Ii a ﬁT_s defi ned above per
[ e of rhodi um (2) nalntalnlng—ﬂhe)¢ﬁmqﬂﬁwwg jture at a tenperature
.the.range of from[ERR] to [ERR] at a total pressure of carbon nonoxide
“hydrogen of less 31 bar (450 psia), and a partial pressure attributable
rbon nonoxi de no greater than 75 percent of said total pressure; and
y reacting said ol efinic hydrocarbon with said carbon nonoxi de
jen with the formation of said oxygenated products. The

pr ovenent provided by this invention consists in including in the
eactron nrxture ethylene and 50 addrtronal carbon nDnoxrde and hydrogen in

o, o, o, Y Y - v o, - . o o o .




5% :puch al pha ol efinic conpounds are characterized by a term nal etlh |l eni c
C rbon t o-carbon bond which nay be a vinylidene group, i.e.,m CH=C or a
Vi nyI group,. .e.; [efr] They may be 983 s9¢- chai n or branched-chain and

y .contai n groups or substituents which do not. s %Ih ¥ ki tiRE gﬁaeolwn;c
te. cour se: giv‘(t—-lﬁ—hd)ﬂ!?*‘/ ne e{ﬁrbo m@p%o% E gﬁ@'ﬁ h%levﬁ'uélﬂo ClNustrative

. d

il USt rat ed° whlch J:mc opnplo ed as reactants incll ﬁr pytene, 1-Biifehé, BRdtemRy
(79), ept &pnéih-loomchelp:d‘léi‘v}ﬂw am@tenals@mrk 3“
THe aI phas ob nt,.m smgaﬁpﬂwn hlﬁr&i@ Mnmadwne)nw-ect ¢f@n?t9¥%ﬁ§¥" @4y alcoho

cgnt ai n nor @ex-han-4eamecoceil reptdedli vinyl cAcetate} piiy §E:qt e 2 |ny prop:onate all é‘ Y
fch can b@rwwpﬁtegﬁ@ﬂ bas‘[raﬁ%g?flg etha -bm v‘gtate vWét ub%gne&m'e PaHs

t non

-fent ene, 1 R RY oletiil korubnds ndﬂﬂeemaaeslaudwmems fkaetdidowtere,
2-lbt hyl - g hé‘i’é""affé mea.eryad S A AR bt iakd 30 cactngioms L
- hexadi ene, -ﬂhe7cacws& ised &, tha-peocedsodfehiy linvention( conws g ‘8 A oD e
-1-en- 4- ctbmbloettonlmdncaﬂbqijl m°'\P?“ Ia“‘h&@"étc%"ta'a'l "'@ a sgmg L,g(,g.gmg pair of

tate, vid lud :Edigw? SAN g,intpiwooazm tri E&rna’ ey m ¥ano arsenic

hacryl at n% aanBfiSJ coM yllid thﬂﬂéslrabiv Mhbreimedably bfgél‘Ch@P'etY is

alfyl thyI c% 8dod ommrc@fw ard hyirayed atoms, - BLteban. bydseded a"dia'l?é' '
3-but eneni t rdtbres, asch &.thérgemampidties lﬂmfre'tmoéﬂie"é!v H%Feﬂl;% : ge"::;
i nfl ude al kethwsgh a|c|wpn BYoRERIOAY @ sha' ﬁh,toé et ri6Yokygen
=i Whyg
awon du& rtoOfo face teadcoelis .

et hers, and @P?é‘n‘b‘ & s"BEE‘ifﬁngi dﬁggfé

cat al p,mm&ssesc& eq‘ubdtsv mav—em-lgamps:wesntsn f@mcq Eﬂelt lieyF-

Th fg

I’hFdl umin cg{gpémgsseﬂrmannaﬁlpmnpmes hrecmnbdﬂetirdwomfmesa?ﬁd° "g Vdf odoy aga mca

trfval ent at @herafoxpgeGratams” \Strietlyeneking; 1“EE‘Il % g’xﬁ5§ }‘, Eu orities
Gliis

ar_imony, satﬂdfvtph?svb'FeéﬁEe"aff%‘i‘rf a; £y P & ga;tgu ieeeatﬁlmswm
o T S R R el o, b g
ar $eni c RER&HY Ghed lclafins] &% haraycw@&mon aatnpommdyfoguadp buee UBIAR ‘tﬂe“é‘ler%[

wher ei n eaCheIGdEt@aiaﬂlvﬁ‘ﬁh e\bgeculscm samible pf inde °'¢dl§f‘ fgte ?m,ﬂw&ﬁﬁ%?i f&ﬁ’é‘

(2) carbon, uieemrdtcm PT ‘ff'“ ‘ﬁé'F‘i’Ea e ?a;% Whiéh aésgadw
noifeti es l§e| F\B%ﬂb o hl g{ @,@;h @i eldirofic @omiglration it is
t hfough a caf e,m The Giitabie lligaatin as mheqtﬂoﬂboveTPFésess an

or gano noi et Iefaﬁ, &ane Sébh&ﬁﬂfaa;bﬂﬂc @t Iamhncmub@mhh;ennesavsu@h of Unspgrad
e.g., chlor 0Wh'EI?ieudhellennehalhayﬂmbleGC@QW@”&E?@éﬁ? sppgably ?fr‘r‘?"“a’@ atfg%'g'" er e@ﬁ%"g‘

'S meant % WYY e '0' o G0 AR MRS b e Sl b
Jeali
id

ring such as, {% i?%iﬂ%ﬂl i tHal-nedtiazatian gdte;mplsoe%va@sehﬁtlé%ﬁﬁ’:g
for inst ance BV hid RNOS n{,giﬁm&he hheetenmn ;ﬁrﬂmomt qprogadure ac
consi der ed ﬁga,ﬁu@ ASStesuli Guisly Bk Chamistrs. 2. %%—b%f’”i? %om MR oy vt Sk

i _TfB'-' o ‘WI ahe b’asﬁpﬁ‘dkthmgpagd ey mplpﬁéa i? St Eig} es that were ineffective in the
! kyl phosphmoegp@pﬁ;sw\llm@ t-"P:!s wﬁn ﬂ% ﬁgf @ b }SIQFQaEthﬁ ré1@ rané@'siplowchiongal tg
e —ch ﬁg %ﬁ: d| sohddr | 1@tiss. bde0 bmdspt&)susaiémgomm I@gpdst glc

pho}_phl te comi HRE vafab &F Bt Iéaﬁt 425 @dtpreferablpr leashéO% el JE” ¢

catal ysts i | o?@g%fdal Conigha databydisupre mdﬁmﬂ‘éﬁ't!c“' ig2 2%? gg@ﬁ N ﬁyéeact a,g;\%d
£ erm " conphessby tageussetﬂe%'er%P’ﬁdﬁ"iﬁé‘P"f}Hiaﬁ@h‘fmgn e &I heans

coof.di nati on %%ﬁ“ﬁ'g?‘ﬁgq XD Sa1bdi P Bevefal mﬁkﬁraiﬁe ﬁlﬁﬁﬁﬁomh-em‘ttmmm igahdiaare set

nnlecule S8 °ca a e of 1 ndependent existence with one or nore

tronlcably ‘poor nDIecuIes or atons, each of which is also capabl e of

i nd¢pendent exi stence. The suitable Ilgands 30 as indicated above,

posgesses an el enent, i.e., phosphorus, arsenic or antinony, which has one

availl-abl e or unshared pair of electrons. Wen such el enents have this

el eqtronic ggonfiguration.it is capable of form ng a coordinate bond with

rhodium The suitable |ligands, as indicated above, possess an el enent,

i .e.}, phosphorus, arsenic, or antinony, which has one avail able or unshared

pai r] of el ectrons. Wen such el enents have this electronic configuration it

is cppable gf formng a coordinate bond with 35 rhodium It is essential

t hat§ t he aforesai d |igands possess a AHNP val ue of at |east 425, and

prefprably at |east 500. By "AHNP" is neant the difference in the

hal fgneutralization potential between the |igand under consideration and

N, N"§ di.pheny, %uanidine as determ ned according to the procedure act out in
Article y C A Streuli, Analytical Chem stry, 32,985-987 (1960). The

AHNP value is a measur e of 40 the baS|C|ty ¥f the ligand. For exanple, the

g ligands such as those

|bIe reaction rate and/or |ow normal to branched-chai ned al dehydic
1 i-.somer ratios. Those phosphorus-containing |igands which possessed
a AHNP value of at Ieast 425, and preferably at Ieast 500 are relatlvely

o o ~ . o, o o o




whereby there resulted in a ' i .
I T _product m xture which contai 'Eq
t o branched-chai ned al dehydic isoner ratio. In Table A Lgfgmﬁ PL:F[QS;?ﬁLP

val ues of ‘several ‘i llustrative -

i pho f ont ai ni i

L N TABLE A

kerr]- N 3 ° o 114 5

131 [err] Ligand: ' AHNPLS [err]
139 [err] P(CH,)s | - 147 [err] .

Lerr] ~ PCHa | ‘ - Nie2 to

3 [err] P - - 273 [erriy;

117 {err]  Pliso-CHg) _ D | 168717 [err]

Lerr] 'Si'z"‘“'*E"’ﬁ 0C,H,) (R

1 -n- ' - -300

232 [er'f] | NERavi i | | 201 [ i]_

282 [err] P{CeHy ) , [errTa;

29 [err] [err] P{CHCHy), . 297 20 117 [err]

[err] 662 P(CH,),(C,Hs) - 17 400

Lerr} 7 o TTa20 25 10 2°

. : 52
Lerr] PICH. J2-CNC,H,) 025

. : . 2
875 [err] "E. M p(Ehgiatosictbn and F.- | 520 %%—‘”]
.- Basol : -
(1966) C A Stret!II-mHg)B@-?é!lﬁéhK‘t i cal Chemps'?rj, o 9%?31878?({%%‘;3229&3936
s'upra'p?ha![ b![e ex £y gggg%)'? 2'$'s apparent from a consideration d'F59Tab: eeA
two of the erti g frgand phosphorus-containing ligands in whil at |east
two of or gang(alnhke Hes are al kyl and/or. cycloal kyl groups | st
e e scope QfP(Gshg-)z(m-mHahtlon. Cl asses of ligands which are aArdél e>0<|cduded
e ed ?:ﬁ( e tmo’"ﬁ‘w*w phosphi nes, the tricycl oal kyl lﬂ)hosphiewm&ﬁ@su the
di aryl al k |y ) (C%ﬁ%é:)byl )- 35 phosphi nes, the dial kyl aryl phospHine h
o yl al kyl phosphi %2and the dicycl oal kyl aryl phosphj n e?, the
'c'on;JSt r ?t i on, 1 Y.t Maisteirsbi ase 8. Besolord. Ay GHPID- %pg@ﬁg%—ggﬁg%g\ﬁgy%bl ?]treuli,
Itri afglsghggpmﬂggg:n?;;ﬁggg : Q$5—r?ﬁg7 ) %Q@I\]ttfio@a E&gﬂdH‘Jﬁ‘ontJi Gable A supra thlatC tenSJ:ye_
the triaryPj phetys- tain n}%giﬁa’% @&pﬁ&sﬁﬂbé %o of the ot*g’ah@.nyoietiespﬁggpmimg/gr
Desi r abl IH:IS( groups are h:‘ﬂ:dt }réth YAeSScbgel o @, imintibrt Dlesses pidiggnds vy cqé excluded,
The tri y é ﬁ)r, Qaﬁlﬂe NRLIRlighosphinked ethk | wjeyetbatiyehpspitnes mge@q(e %al " Tcycloalkyl)-
[ ri agsy _&ﬁrﬁggltheﬁialWyle‘osp!tir[eisahg/qiigmlelg phosehl em?n ;ﬁd&%:%cﬁ%ah lapyfph éﬂin OB
cl asses of | i (yrvhg of ilmtratidn, suitable plagses férr‘-o?f -containing | ated @nemplatadiired
or mi ng_ t hehecasgsicext eha iayepian Igagwe ridlkylpHodsHites: théThet '
ri et hyl ph@BgsRhites: the, Yigiy O%E }i t ﬁia‘{v Stib\RdsN ¥hd) frasyibrylaeines. Desirably each organo.
ri-n- bujy PN, in the | chﬂkﬁkﬁt VIopl 98 pithdrestorhs. Thettripryiphgspbites e 1A tr Iphosphines
oFd 1oy lhdAPHISKthe Srefefrbd cl@ssed dfyiigaiusst cifie exapipleq obliga 31:;8 Euita le in forming
T i - n- dodegnd qahprR batslgts inctudptieettylphess 191%%:?{1&2? iﬁ Sﬂao dhite, tri-n-propyl-
e, 1r-n= y S

s té'eth
i pheny! plpGsyphita &i-nbpty ite tr F&h 5 hi}V -dddecylphosphite,
R triphenylphoi'.phite, tgrp:ﬁthsfggogmt%‘wpn %@ i

|GHIKgIphasphigs] e itriaryl- -

L ui(d-EidiagHahymphosphite, trinaphthyl-
phosphine, phenyl diphenylphosphinite, diphenyl phenylphosphonite, diphenyl ethylphosphonite,
triphenylarsine,  triphenylstibine, tris  (p-chlorophenyllphosphine, trilp-cyanophenyl)phosphite,
tri(p-methoxyphenyl)phosphite or ethyl diphenylphosphinite. Triphenylphosphite "and triphenyl-
phosphine are examples of the most preferred ligands. Such preferred ligands resulted in complex
catalysts which effectively catalyzed alpha olefinic compounds at highly satisfactory reaction rates and
also yielded high normal to branched-chain aldehydic product isomer ratios.

Eor the sake of convenience and brevity and primarily since the tertiary organo phosphorus
compounds are the ligands of choice, the invention shall oftentimes be exemplified by continually
" referring to such phosphorus-containing compounds. As indicated previously, the trivalent phosphorus-
containing ligand should have a AHNP value of at least 425. Moreover, these ligands should be free of
interfering or so-called sterically hindered groups. Ligands such as the triarylphosphines and the triaryl
phosphites which are characterized by the presence of “bulky” groups, e.g., phenyl, tolyl, in the ortho
position of the aryl moisties have been observed to give catalyst complexes which are not preferred in

the practice of the invention.

The process of this invention is effected in the presence of a catalytically significant quantity of
the complex catalyst. The hydroformylation reaction will proceed when employing as little as 1x107®
mol, and even lesser amounts, of rhodium (from the complex catalyst) per mol of olefins (total moles of
ethylene and the higher olefin). However, such catalyst concentrations, though operable, are not
particularly desirable since the reaction rate appears to be too slow and thus not commercially
attractive. The upper catalyst concentration limit can be as high as 1x10~" mol, and higher, of rhodium
per mol of the olefins. However, the upper limit appears to be dictated and controlied more by

4




'1
i ne, phenyl di phenyl phosphi ni te, di phenyl phenyl phosphoni t#l;)dr phenyl
/3 hosphonr te, triphenylarsine, triphenylstibine, tris
or ophenyl ) phosphi ne, tri (p- cyareyagﬂéhyohosphl te,
Iip- met hoxyphenyl ) phosphite or ethyl | phosphinite.
Trigghenyl pho hwt"es amd-etvro tho d;h c ot ok hoduen anealeafanqhbownodompbmwdsrom particular

prejerred i %ea‘:'a &}g A .f ?3 ?ﬁg corrpl ex cat al ;

whigh ef fect aswsrs sHratlAT gﬁﬁ b e&ft‘tﬁ""ﬁcﬁné A
reaftion rat pefersd rSstéHr rag,hmaestér&hat htu% ﬁilmd Lk (ing a
pr offuct i someataiysatcomentrdtion fillirg \matnetrefafoeamu @ﬂ#@re&ﬁ&hgbf |ew I'Mt aﬂﬁrent that the
ifarily si H%'ee"ttﬁemt‘érﬂtqcam'eo?agﬁmcthprth%mommds are the |igands of
chofce, the invemeicoitestutibh oftighé.b.mbs triveganx phigaptiokusdigardytocissiiuntaetal, yh the other
refgrring ,ohenklis p#tbg ticals Regardiess rwhethec ong cnmfdws tAs dctindi coremiex aéwst wdgen {0

intr i hyd t n{gacti or e 53 epared in

lt het “4\2/? ents H%E'Fhe r faasqﬁ %P?ﬂ cg{ﬁ il t| Gté’ ;%Nﬁdéj pre: encgof
eap @f. régg M:g szsg ggﬂ)@ Eﬁerﬂf ified by

so-Fal | ed st eighemighisphité) ridk Q6P & or o%fbdéi! whie Ifheaﬁ atok Mlthe RARS R

Et he trj acythlyghUopdt Wedo vdiinddh tabe haiar g tigsotyze thebyantshiedigioese itappeaafs that the

ky" gr oupet'vee‘a lys %@mmﬁ‘&l |lts simpleshiernyray qopgc UE‘?"E‘I"@I‘T'W"? HEOSB'P ys ligand
ecre

LI es hav E g%%o btoo(ﬂr I?e é{?r:‘li{pm ﬁg xture in thelr?rb‘ﬁltmg:'gf'bﬁl r?\?(?i:ua‘:‘e
erred in chibciat Q'Bph eaﬁesqﬁ"mﬁﬁtea Wit GBS inbi@ELle
is pffected lonrhbhemmsaseaserrmfsecafrmtha ay ve@ak s)roslcgrlbb inGRtkide Mt@d}\trridd;ént@ﬁy i hleo
conpl ex cat alpycmterlv Jlbssifibg ds @flmarm}hsat-kewrserpe@emtl and anfriplexqyy witke d@ wmrm

as fittle ass 0563 In 38"‘ Sta" a'%f”'l*ﬁfb Y‘H faFG ap T"‘;
conpl ex cat alwz ?‘%Eq fﬂt‘t"b %"g.t%ﬁégﬁ."é“ ?r"éﬁ? ""JTSTL‘ %,gét“"'% j& tﬁ% @E ﬁ.‘i‘;{:f.:g
hi der "ol ef i Rjtes’ %€ FhodRHC ohEkm, bel e8, wiehif
parti B asrdnyicazbesrmnatﬂyemerea‘smg drruecrémtmemamatt et cduk So tc6rbb|e ntooaxuael Oiby
.t hus not ircmesing ©F diattrsesos the concentiajien ofithe triorsano ehesahgres hqyorhc/emmv jzed

it can be hesgt °' e“Fr‘dF’“‘hﬁﬂ""r’ﬂ Hé‘i"°’9 °H"H Sh'f‘

o cig B e T R T

> by 4% %Qe erasyamrospnomswgawa@&thtahaam gmtat&quﬁbn mm sof

i hodi um cotigecomgiex cdtalyp andngcthe aydrqidvatatr esascd meanslfprrserftanmtheed ilibriughof the

entrati orssma?togmﬁt'cfnegt'ts favog and:thers mrﬁdﬁlaeqabwoopnawm w# t° ter

x 1 0- t° g’gg%}) ﬂ‘f&f%‘“‘ ?d%@ fthe REPLERIR £YIFHON; of 2 firmiar é‘b fer

ent ratfon’ of | r&es% BOkhi®finveR@h WMefied B} ear‘protyhs a

ins is 5 rpdrefoeﬁwarﬂn réadrorobﬁﬁre\mmroaetageraereaéty tholsl bicfedearidrismb pbphdTusTigand

il ts are alst aplneﬂrhwure Iso xefarrgd thatattiepls ltnolemfcmﬁtrrosstanonhofsehorusmganmppnnﬁ of
%ﬁ’@cg i |{ dqe nghiﬂpe mﬁ pé\ rtrovrl r;\ d it§ concentration

21;] ;): St ?ogt;;:‘?i’g:‘g%? 'Cﬁgﬁ ﬁpf ég y By ’%-.-.g.e cia A onsn sratign; A preferod mglar ratio of
T QRN 17 i edrrtﬁa@r,ﬁft o

her one prog prefBarek BRleAGhdn\. 50’psia @-bﬁéﬁhed)w t6¥al grésstrlbf & ﬁHoﬁ&lderhnd
t he hydr of &r rmuat;eron theeaxgie roogreaerrteancuboné heenospHeee and tesybarc B1.2bar 42503 8EIs Bighly
i repar ed imeferred singe therunexdsetedh gl eyfobyinys| agvantages digeussedsuprp @rej readily atgaied yyhen
| the r eacjfs[‘%‘ﬁt"?j?e°”éf'?"é RISt # SpHhdowy PressufrE e B Favea i ey @'EFI’H cosgy s repdfily gpparent
nd" i's MEANt Tiid\GegaRitioh B e LEERAD eIHIGHR iV e GRIEBRLR s AenBr P RbieRfd WV ine
henyl phospdtatu. Alaitabiy Methd isttb e6mbine e ricvaiie] exad albiganit Bad Wh dheligaid, @Y.,
he acti verigengblesehit, g atistepdihosphimeuigHiquie phase.itie valeades state bfhérind map then e
ry or necBesesby @v'énowetm toe splutien, pinirte th ‘hafe Pfhgf‘ talyglethersgin ngt‘at"’e'y the

i es contq‘if sts; é"z’pﬁﬂ' rgu,a Og o&’i Fo eﬁa n@%&ﬁﬁ could start
phor ussd i g o h@ﬂﬁn bg i kﬂ&t&@ﬁf ul pkddu &@E@ sr céct;beggt'gll{@ aﬁor':g!sas?gl:r;g '

| ex conbistat vt thid kdand BEcHBizl 20 riddieh tBtal; bhus pxitid6f raedmrwearﬂp:emasethmytwe
rise a cm'tlﬁ%spégqsaﬂ' ?gf“mg%gg\ff?‘ggxsg% 5%}%?{;8%“ é’rf% Y%rﬁ rrt;l_nl%lvrxrg’rg ch glrab‘y .
acterized b
: n a partial
bl exed w (ol mguf.ﬁ"* el oI A LDl LRI
€ di SCUS Shétdxidé€ aidHydrofeniotiit |ncr dent aI y Is also proper y
'si fied as a Thegaoays dafshis hkemvims@npaesreinctedmdem brex elowias EO‘IOrtmdrUh@m‘bﬁ?ﬁ
_the acti veW' HasvantageoysTesyliand temaeratiteds therange gifrany °@etpd?§ %9 hre 4 “f"‘
 cont ajn Y ? ?5’3(1%’?? ﬁ’:ﬁ@ﬁ géﬂlFFF@;fnﬁgﬁtﬁ%‘ﬁ% A&SWB%?‘H%H ?S‘F" R
mpl ex catal yst can’ B Prieened® At I'e to the outconme of conpeting
agti ons between carbon m)nOX| de and the triorgano phosphorus |igand for
pl exi ng sites” with the rhodi um el enenf. These conpeting reactions can
fi sturbed or influenced, within significant limts, by increasing or
‘easi ng the partial pressure due to carbon nonoxide, or by increasing or
‘easi ng the concentration of the triorgano phosphorus ligand. As a
gen ir alized |lized statenent, therefore, the conmponent (carbon nonoxide or
tri or gano phosphorus i gand) whi ch cad Shl ft the equr i br| um of the
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function of free txi organo phosphorus ligand as either maintaining thm
status quo . .of the various forns of active conpl ex catal yst during the
hydrof ornyl ation, " or as a means forO@IV &% the equilibriumof the
conpeting r eagdneniard hbtirdgdirdAN He prietlcd it MeahvahfondaY Shdrdmasiiibit LR Adeskdbledngano
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'ubstant | al dépfelpwingerartiries itlsate du drasdntafventiopl at i on reaction under the
operatl %onql i ons enpl oyed. Illustrative of such solvents include the

saturat ed §5@Ps%ﬁe HERa @S I GadtEN L3 ﬁy R of Sold}) 'E&H.?nseé< 1299 PR rhddluRtdsal
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specification to 1338237) By the term"higher boiling liquid al dehyde

condensation products” as used herein ig meant the conplex mxture of high

boi ling liquid products which result fromthe condensation reactions of

Sone of the al dehyde products of the process of the invention. Such

gondensat i on products can be prefornmed or produced in situin the present

process. The rhodi um conpl ex catalyst is soI ubI ein these reI at [ veI

excellent stability over extended
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perrgds of continuous hydrofornylation. In a preferred form of thégapocess
of - be invention the hi gher boiling Ili qﬁéﬂ aa%)‘dehyde condensati on products
e used as'sol vénts are preforned |ntroduct|on into the

mai Pt ai n t hesteagndtats thei gnaeqys deed cte sheqreagon epnEigreduef tist folfpmingeepmpgrenisionA vphme
oL al melghtm%?"vﬁgareactlon medi um 20 The process of this invention
canfbe caryied out in any cSyli tabl e manner. By way of illusfyation, the
hydf of or nyl ati on process mgy, be conducted in a continuous, g@m - conti nuous,
atch fashron The ol ef;ns can be prem xed and added t her or added
separately to the reactio Ckone The catal yst can be added%® the .

-hyd ofornylatron zone bat se, continuously, or |ncrenen@ ly. The
al.dehyde products can be ngﬁovered fromthe hydrofornylatrQn3react|on
propuct by any suitable rrmrysaldef\wesZS exanple, by gas strim@a3ng or by

sinpl e d|st|IIat|on The aTﬂMWy@éyd%an t hen be separated f 2 each ot her by

conpent i onal dl e (Bt i BARES iSRFdarh SRS Bt BBl ROhF I
forfred in'8i a?gév n Qkfeﬂé%i é ?a dehjo gles per liter-
feajures of t:raé QHRSEte smhamemyrea@fewoh & dqliealéht 12:2341akgrspehyde/(day>
effjci ency (mgaailcngathtmaﬂmimn)Mdgbrt pro;Bsoraldé Orms bdtameulolestpa ligersheur foi argotal

perfunit wei efielysprefficianey é%%e ‘3‘@’ ¥ge ofc gordainad) BR- dhis aedpiipre mate avps
e ng essur%

an Bl pha dPefyc Sf" V log @
?l p h dP Fﬁ -Oces W(fe H?agg;?nbe 8E§NW§F§|S Sha&ln g.ﬂam

charac en
- pregsure oxopkis ro Iond

congurrently mﬁth a hlgher organlc oxygenated compound. The sinul t aneous
production of propional dehyde and a hi gher organi c oxygenated conpound by
fcor eac®i on  of ethylene and an al pha ol efinic hydrocarbon having from3
$0 carbon atons is acconpl i shed wi thout reducing the production rate of
Ehi gher organic 35 oxygenated conpounds bel ow the rate achi eved when the
jier olefin is reacted in the absence of the ethylene. Thus, the
tovery f an -unexpected and unobvi ous i ndependence of the two reactions
g§rlies the present invention. The high normal/iso al dehyde ratios
gacteristic of the Iom/pressure 0OXO process as practiced in the prior
art fare al so achieved in the co-reaction process of the present invention.
Henge, nor®s al dehyde production can be attained in a given production unit.
L The apparatus used for each of the follow ng exanpl es included a
i nuous. stirred tank reactor. Four separate feed |ines [consisting of
gyl ene, ethylene, synthesis gas (carbon nonoxi de and hydrogen) and
tcl ed gas) forma conmbined stream and enter the reactor. The reactor is
gpped with a condenser for renoving al dehydes and small anounts of.
goducts fromthe reactor effluent, a liquid-vapor separator for renoving
vaporous effluent to the gaseous recycle stream and recovering 45
ghyde psoducts in a single product storage tank, and a cycle conpressor
for conpressing and recycling the vaporous effluerit back to the reactor.
igas recycle process used.in this invention involved the supplying of
ol efgi ns -and synthesis gas (carbon nonoxide and hydrogen) to the reactor,
remgvi ng fgopmthe reactor a vaporous m xture conprising unreacted oIefrns
hyddogen, carbon nonoxi de, vaporized al dehyde products and vapori zed
al dd %yde condensation products essentially 50 equal to'the rate of their
forfation in the reactor, recovering al dehyde products and al dehyde
concensatrgp products from sai d vaporous m xture and returning the
remgi-nder of the vaporous m xture via a gaseous recycle streamback to the
readtor. The apparatus used and the gas recycle process used in the

exarfpl es are further illustrated by reference to Bel gi um Patent 853, 377.
The {f‘ol | owi_ng exanples illustrate the present invention: 55 Exanple | To a
380'Ftst|rred tank reactor was added 127 liters of solution conprised of
270 rhodi um as rhodi um carbonyl 2, 4-pent anedi onato tri phenyl phosphi ne,
14 ht percent triphenyl phosphine, 50 wei ght percent

2,2, ri met hyl pent anedi ol -1, 3 nonoi sobutyrate and the renai nder

prop al d&hyde. 60 The tenperature in the reactor was [err]. Ethylene, CO
and r] feeds were started to the reactor to naintain partial pressures

int vapor space of 6.55 bar (95 psi) [e?r] (0.69 bar (10 psi) CO and

0. 10 ar (1.5 psi) ethylene. [err] and [err] entered the reactor as

i mp ies in the olefin feed and al so as byproducts of the reaction. [err]
ent g ‘the reactor at this tine as an inpurity of the [err] synthesis gas.
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steady state the gaseous feed to the reactor consisted of the fol(‘ft;wi ng
conponent s *on a volunme percent basis: [err] RS
13.7 [err] )

. - : 8.3 [err] .
49.3[err] . ' 0031590 16.2 [err]

2.5 10 [err] : '

4.2 [err] - - 3.0 Butyral dehydes
08 Pr opi onal dehyde

: 2.5 15 During the course
of the reaction, the high boiling ligW4d al dehyde condensation products
formed and served as a s& vgggfg@r ggﬁi‘}eact i%a:fﬁe reaction rate for
‘but yr al dehydes was 2. 0"gramNrmres per liter- hour [the sane rate expected
wi t hout ethyl ene feed which is equivalent to 12,241 Kg. al dehyde/ (day) (Kg
of contai ned Rhodium] and fpe J60pi gr&t:dehng_\Q@s 4.7 gram nol es per
liter-hour for a total c& aly3C®ffF8ieRcy of¥ &~ 832 Kg al dehyde/ (day) (Kg
of contained Rh). This reaction rate was 20 successfully maintained for a

- period of ten days. Al so a high normal/iso butyral dehyde ratio, -

characteristic of the | oy pregumme QR ocess~ags maintained. The day by
day 10og is shown in Table A®HeloR 86586i 35 49850 55 60 65 7 0 031
590 [err] 0031 590 Exanple Il * - PartA: Propylene To a 380 | -stirred
tank reactor was added-1 89 liters of solution conpriseg of 270 ppm rhodi um
as rhodi um carbonyl 2, 4- p.ent@'@egli?;onqﬂ)‘ﬁ_t ri pheﬂyépﬂ@sphi ®, 13.7 percent

tri phenyl phosphine, with theN®TenePRIBMN of tHe Sol uti dh conprised of nixed
but yr al dehyde ‘condensati on products exenplified by E

2.2.4-trinethyl pentanediol - 1,3 mongiégtwtyrat e and butgral dehydes.

Pr'epl yene, CO and H2 feeds W8re2si amt@do thEEBattor o maintain parti al
ipressures in the vapor space“6t~Z. 62 DI (38 psi) [err]€0. 63 bar (9.2 psi)
CO and. 1.65 bar (23.9 psi) propyl ene. The tenperature @ the reactor was
[err]. The reaction rate for _lyiw akgebydes wgs_1. 1 gra@%’ml es per
liter-hour under these coWdi %lf\bgg & Bquat ésstoca loddatal yst effici ency
of 7,845 Kg. of al dehyde/ (day)/(Kg. of contained Rh). JBiS reaction rate
was maintained for a period of four days. Part B: PropgEane+Ethylene To a
380 | stirred tank reagtor vva,swa,dde(t &_&glitercs.'_@_‘msol*lﬁi(g)n conpri sed of
270 ppm rhodi um as 15 ghodi uR < arPoryE 2-4- pem dnedi ona€as

triphenyl phosphine, 137 percent. triphenyl phosphine, wgitethe remainder of
the solution predomnantly 2,2, 4-trimetdyl pent anedi ol -&,33_3 nonoi sobut yr at e
and butyral dehyde. Propyl gpe,gx,‘@_gnd‘{g%_ﬂ_ee_ds erenst agtsell to the reactor

o maintain partial pressuresn®m thes@gpor spat® BF 2. 82 Har (38 psi) [err]

. - o
40.-63 bar (9.2 psi) CO and 1.65 bar (23.9 psi) propyl eﬁa;g,As
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15: the production of butyral dehyde started and the gas recycl el

Vi Zed,i ethyl ene feed was started to the reactor maintaining a parti al

Ur e of 0.034 bar (0.5 psi). The terﬂ)@?zlt-'ﬂ?g in the reactor was 1 1 0C.
react i On r gkampfear butyral dehydes was 1.1 gram nol es per liter-hour (the
‘r.at e obt aPared: Ricpylewt et hyl ene feed in Exanple 11, Part A) and for

prigpfonal dehyde wde aPSQ'g*Ffeﬁmt?ﬂ!SIf@stO way Mdﬂ*—h%hterf‘-‘@fmﬂeasm ised e 270 ppre rogium
of "1k, 700/ Kg. 8% ™afim 'ggm g;fnﬂeg's‘;';?%g "@%Einvah% ginaRty-7 Pgﬁ?ﬂé "rpé phesahipg with the

ccosslt e fnaipga L0 1.9 RSk Fie 313 Gy ihycet ol ﬂ‘r%o iy ";’gsev‘ie'?l

ss for thetapeduwLibe feactotb maKyaepaiis reBé’ R e the vapoe abaofmosmlr (33l pd ﬁ:h @S bar

whi ch conpri se$.2 Q j) GQoardi 1r6$ bar 128 ki) wopyENR{The Emperatue 'mrtﬁé' dwamg_}(; Bhine reaction
ol ef §ni ¢ hydro ? %J ese cgditions.|Jhis equates to a
mono _i de (¢ ﬁm{ é%m::;%?:gbf%g’gﬁ’? 5& 5?8‘}90? cong; %3( AcHiop rate was
consgsti ng essent | a Rodium I'n conpl ex combj nation with (i) carbon

|de and (IPBr)BaPtobwafeg-&ﬂﬂeﬁ”IOSphorus | i gand of the group consi sting of
kyl phosphi t esTe a380d r%a#%ytt mgmdﬂedswgtlmravf;sbl sed of 2%9cbpm rhodium as

yl phOSﬂFII tu ?{.’g? ﬂfqd&m Qﬁ gﬂ)waq, &g Q{% gﬁ?n lalpoa ine, with the
; and sai @u&raldgmerwoa nU$l o e BERGE DUNH e%ﬁ ik gst,e:':.‘,’
t 425; andejapeisphcdas .62 bADI3B i H,, O/E3bat tsgza GO: andd 1 Bbrﬂ@@ls yrepm.@ As .
:0f rhodi uspon(43) thmprqdbvaion|qﬂguwhe!ehs@acstartem and teUgas redycla stabified) ahmne feddl was

angeof&f F@ﬁ? F e "!?5@'""3& a aafﬁ'ﬁtﬂﬁss yie of 8984 barf (Cchapo fhertemoscityee in the

oy th

fi : r-hour {the same
and __ydrogen 0{: in o§ et %’W ajﬁn %ﬁiﬁiiéﬁ?%}ﬂgn rgr E'%%eg g. 2 r(a moles
attr fbutable tgq Eq;u ¥g? "HO0¢eh @Qic,g,l;@ (&V)ﬁ h). This
presgure; there&yt rﬁ)temaalcbéhgfumhdmﬁ fblf‘d&nbt}'ﬁﬂfﬁﬁai on wth said car bon
monoxi de andshydrogen with the formation of said oxygenated products, _
char §cteri zed B5@8iMscl uding in said reaction mxture. ethylene 40 and '
addi ti onal carbon éeggfomg m t&ggﬂax aLﬁ:tsq'Fchk%ﬁLal IHL CE)P\ rises
react W th sai dpihith o Read Hohas brﬁﬂmﬁé‘y%aﬂl ofiARic Whret Tt ot %QJB to 20c2rbon
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