: €3eUUT4 r 6T=DESCRI PTI ON LI THI UM P- DI ARYLPHOSPH NOBENZENESUL FONATES,
PROCESS FOR PREPARATI ON OF THE SAME AND USE THEREOF TECHNI CAL FI ELD The

‘present invention relates to |ithium p-diaryl phosphi noben es,
processes for preparation of the same and use thereof. Th%ﬂﬂﬁ@mm \mm
p- di aryl phosphi nobenzenesul f onat es provi ded by the present entron are

useful as |igands for hydrofornyl athBS ORI NENS. Accordinglyf”?ﬁ% above
uses include hydrofornylation catalysts conprising the lithium

p- di aryl phegaii neenzs 18Ry FMeSTEI NN O KNG FIWES UL PO BETE S| PROCESS as t he
catal yst conponent, and process for produci ng al dehydes by using such

hyar of or gy Qi G APION O PEN QWNIBGARDIUE R TEREOR of 7-octen-1-a

wi th use of a rhodium conplex having as ligand a |ithium
p- di aryl phosphi nobenzenesul fonate, one can obtain a |inear al dehyde product
of 1,9-nonanedial with good selectivity. Since lithium

p-diarylphqﬁyehﬁgﬁﬁggqﬂﬁ§ybfonates have high solubility in water, they can
readily be recovered by water extraction fromthe reaction m xture of the

above hydr of or iyl 3t { A0, 3nd £ EU3EG o | BAKERENRL AT diaapteR phinsb b e cal | y
unsat urated conpo S Wt ydrogen and carbon nonoxide in the presence of

a catal yst s%‘?@fagﬁ%{‘gg 56 3508 Ror/bdp ARl R n GRTHE UG Ml Q8 WhEFEUH

nodi fication such as organi ¢ phosphorus conpound, to obtain

aldefydes, | s Qi oRR, Y ueL9TANb QKB bR <X Os 48R AL o1 SY18LUCHY @Re Of

al dedhydes by this reacti‘on een of high conmmercial val ue. Si nce

group VIi| }ﬁ%aﬁh;98@@@59%&%\@5xas%ggxg&ét @yhgﬁ?&forﬁﬁﬁa%ncmﬂy%é for

conmmer ci al rof or ny Ion requires t e recovered after use at

O o S A aleso the RN IR AL oRL BlokEABRYCcd G e T ° been

recovered by an e bration separation process ch conprises distilling

of f the proc%%ﬁﬁi%{eyp%yg%q?@ﬁ& gicﬁgmbql h8hdBd Bzl XM £ th § 3flohOde dVb¥t Ur e

and recoveril ofornylation Ccatalysts as evaporation resi due.

rvar of or Y| ! B Bl Ank3hBiod! £ §H§W§mryst%@%@M&ta%idnﬁiqmatfoand suffer a

significant decrease in activi ue t0 heat when the desired products have

hi gh boi 1 g J0lcihe lehsadPBFhARY skithdh) didliol fg124BR adhi A sSeDA] ali on
process is ‘applicable only to hyérofornylatlon of ethylenically unsaturated
conpounds W) 5119%%1 rGtd PidrPb PO AL ANE 2] WsighQfs Lot 8l hpldsusonpri si ng
group Vlllqﬁésgﬂnco gﬁﬁdsrﬁggﬁf%ed by

complex having as ligand a lithium p-diarylphosphinobenzenesulfonate,

one can obtain a linear aldehyde product of 1,9-nonanedial with good

selectivity. Since lithium p-diarylphosphinobenzenesulfonates have high

solubility in water, they can readily be recovered by water extraction

from the reaction mixture of the above hydroformylation and re-used.

- BACKGROUND ART
Reaction of ethylenically unsaturated compounds.with hydrogen and
carbon monoxide iln the presence of a catalyst comprising a group VIII
metal compound with or without modification by a ligand such as organic
phosphorus compound, to obtain aldehydes, is known as hydroformylation

or oxo reaction. Production of aldedhydes by this reaction has been of

AW
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high commercial value.



a water-soluble Iigand has then attracted attention in commercial processes
of hydrofornylation of ethylenically unsaturated conpounds having at | east
*6-carbon atons. In order for this process to achieve commercial value, it

i s however necessary to overcone two opposing principles: increasing the
reaction rate requires that the water-sol uble catalyst and |lipophilic

starting materggh& BEowp 85ENtmé taltdden SARIPAAS T @ xpancited!tisir ueeavery,
t he wat er-sol uble catalyst and the |ipophilic product nust be in separate

phases. VarhpAls sR§ 262 S8R &N Ll RO RIrARAS B nf Afquiké S tRAE PREE beRRco¥BID! €,
(1) Japanese Patent No. 2857055 describes a process which conprises the
steps of lyrydr QEOLIHigh NiQ1ds aaHe-hzddl. | AylPefRhBaaneR ©ftady§R0Kh ¥
conmpound, a phosphorus Ii'gand having a sulfonic acid group and pol yal kyl ene
gl ycol deri}atdpes)haddidid el &byt £n eR8 plratibRAEha®Ati¥nXt A8 s@Rhizapar at i ng
the catal yst conponents by extraction and renoving water fromthe aqueous

| ayer thus cﬁﬁgﬁrié’ésefhgt‘?llﬂp N h B r ORL YA KA G118 2Ot S E Bt a1 dBhE VR de¥Bals from
containing t catal yst conhponent and circulating this to the reactor for
reuse and, gm-&'w&- ABLRIBLOG nk: S RPaNEEL Al 14 HiOM dah81 A t9aN C

| ayer. (2)ta%5%?%%%)1 énduJa%anésg Patg%t fCKgHYCU 5361f0|15b6 %ﬁsclose a
hydroforny%g%%gpa LACESSqWRI ch conprises using a group VIII1 noble

nmetal -1igan onpl'ex catalyst which is a conplex with a |ligand of potassium

p- di phenyl phos 'ﬁ%@&%g%%fcg@éﬁgtsE@gbﬁw\é‘%epf@ﬁmw L aGAdh hescandi Ng

h
to Exanpl e of the patent, perform hydrofornylation in a | ow rhodi um

concent ratiQiegf ; QL {FL £ @ﬁ}eaée 99@&%%%% &f Pﬁgﬁe 'n the desired

m di phenyl phosphi nobenzenesul fonate as a water-so I gand and recover

and reuse e qGataniek nibhh iR bait: | 176 L8RPy Watd aRALaNES, besi des

unreacted starting nmater e reaction product, the polyal kyl ene

glycol der ie\(r%%io\fgt?io%sgﬂydﬂt% PO 197 2 NEYatiQ%l ol By d &30 MM ibRAFL | ON

m xture. The process therefore has high volune efficiency. However, this
process has,if,0¢. BaPheihi Dalratb8 cofid Aufls hRGIHLALE fthel f1RAL 5alA8hude to
branched aﬁﬁegfeeg rgﬁgbns fg bec§.§5at ﬁ%st.ngﬁe abovg process (2) carries
out) accordjig. 40 its Exanple, hydrofornmylation in a heterogeneous system
wi th use of potassi um p-di phenyl phosphi nobenzenesul fonate as a

wat er - sol ubl e i gagf.andykis LHGpPILRENHES upf VAT AGULOLSMPOThH modified by
hydr ogencar bonate sol uti on having di ssolved lauric acid, and a cosol vent of

I sopr opyl aAh helk-solitbR AEQHEI 0% 2R t AR 396 RfioRiid! com fdké@10f the
| i near al dehyde to branched al dehydes of about 13. However, with a high

rhodi um CO%@E&;&%Qﬁ‘lh&e;m@n@?ua%soé @Mgnfﬁfca&gﬂuaam@mewao%m@@&@ce of

about 0.5 part b wei ght of the water |ayer based on one part by wei ght

of the starfingeif fddstle ehdfdMatdhiss PhQEAES fESUEAR SriteBb AcHibv®
efficiency. There is no description with respect to the efficiency of

catal yst reoyfle¥eiAGLALE] NOid RolWlee KRR 808 ROSTATSAE BYo loppoBIESENt
i nventors, use of potassium p-di phenyl phosphi nobenzenesul f onat e, ich has

a | ow sol ubilihtdpled: WRhsidd thd@e ADAYA RILOGRG R deh) tHAMH % tar sal@eanount
of water to recover by extraction the salt fromthe reaction m xture after

t he hydr of qygpsh@dd RRd Naso AR St ndngh dth kiR 16 BRI @6 e he G ADEYs 2h0GRSSRS and,
besides, results in a lowrecovery ratio. It has therefore been desired to

devel op a p{pEReScdtAl$S VécovRey, VR aRé PRbAIEe daftalydtSand tRE QBRKFhiltei ch can
performreaction at a | ow rhodi um concentration and have hi gh vol une

ef ficiency @l aead usahal iSte f Q0¥ Phasetl | Vheias pidtess&ehage deeal | ent in
econony, to obtain the desired |inear aldehyde with high selectivity.
Accor di ngl yprpds@hi @etthef plugobs.esent invention is to provide a novel

| i gand for hydrofornylation catal ysts that have, in hydrofornylation of

ethyl enically unsatesapts COMRGHHtSe BPXx6RIt 9Dl 28590950306 bek\d PBodeRs
desired linear aldehydes wth high selectivity. Another object of the

present i nVEREdPRoinD i Qe PERY kG Po PR PEESS r G 2 AMQIGL eh 1RE] Bbexe |1 gand
with high purity, comrercially advantageously at high yield.

presence of a rhodium compound, a phosphorus ligand having a sulfonic

acid group and polyalkylene glycol derivatives, adding water to the



Still another object of the present invention is to provide a group VIII
metal conplex to be used for hydrofornylation of ethylenically unsaturated
‘conmpounds, said conpl ex having excell ent econony and giving the desired

| i near al dehydes at high selectivity. Yet another object of the present

I nvention is to provide a process for produci ng al dehydes readily and

comer ci al Iyagghvanhagoesiyd BEphbetideg tHyeH 1 st yd@bbABNtE bY iexit Pgetibe above
group VI1I netal conplex. A further object of the present inventionis to

provide a pIREESHol g WaReY TEb MOt afLBbuy 18} &k s 6ah Alatel toosmANENhe used
for the hydrofornylation fromthe reaction m xture. D SCLOSURE OF THE

| NVENTI ON They prigsent wyfﬂnaéxqoaﬁrv@vc!odeﬁlﬁnlgl th LM Ayei asmbeResphinbenzene
sul f onat e represented y the general fornula (1) (hereinafter sonetines

referred t%mmi@tm\ Mﬁé)w&&owfb Bluéepa§935t tBe Ba\EE 81O HtAR8nF2

each represents an aryl group whi may be substituted. The present

o o sl SR G
Patent TOKUHYOU 506110/1996 disclose a hydroformylation process
which comprises using a group VIII noble metal-ligand complex catalyst
which is a complex with a ligand of potassium p-diphenylphosphino-
benzenesulfonate.

The above process (1) can, according to Example of the patent,
perform hydroformylation in a low rhodium concentration of not more
than 25 ppm with use of sodium m-diphenylphosphinobenzenesulfonate as
a water-soluble ligand and recover and re-use the catalyst. The
resultant reaction mixture contains, besides unreacted starting material
and the reaction product, the polyalkylene glycol derivatives used in an
amount of only 10% of the resultant reaction mixture. The process
therefore has high volume efficiency. However, this process has the
problem that the ratio of the desired linear aldehyde to branched
aldehydes remains to be 3.5 at most.

The above process (2) carries out, according to its Example,
hydroformylation in a heterogeneous system with use of potassium
p-diphenylphosphinobenzenesulfonate as a water-soluble ligand and in
the presence of an aqueous sodium hydrogencarbonate solution having
dissolved lauric acid, and a cosolvent of isopropyl alcohol. This process
has an advantage of high ratio of the linear aldehyde to branched

aldehydes of about 13. However, with a high rhodium concentration in

the aqueous layer of 500 ppm and with presence of about 0.5 part by



benzenesul fonate represented by the general fornmula (11) (hereinafter
sonetines referred to as "potassiumsulfonate (I1)) RL\P ~ ~ SO3K R2
‘wherein RL and R2 are as defined above, with the lithiumsalt of an acid
having a solubility in water of 5 to 30% by weight, in the presence of
water or a mxture of water and a waterm scible organic solvent. The

present i n%@%h@@ffﬂ%étv@@t@rpﬂ’a virdeSed & 04P pdrklbyRicadhcofphextoaipgi sing a

group VI1I metal conpound and, coordinating thereto, a 5 | 'ithium
sul fonat e ﬂ%&??ﬂ%mﬁf&,%i%%&é@@ff@f@ﬁrmrtmame" gffeeiBndy.| ITh@teals no
conplex (1)"). The present invention still further provides a process for

produci ng ggggnn%%% WHLIE Do SOUR dcPfo ofIfiBN e @F QRlyak irago ei3y| erbsalinyg

unsat urate ounds w th ‘carbon nonoxi de and hydrogen in the presence of

a catal yst .{ Qh?lrlﬁgd;gﬁtdf%}%ep&s%%%@&@%@%@p?és@?ﬂﬁ%@%nté‘g,rl&etﬂep&fa%%!ﬂum Il

met al conpl ex e catal yst. e present invention yet further

provides a ppoges: 1@&5ﬁgﬁﬁ%‘?ﬁfﬂz%qeénﬁoﬂg%/,ewﬁ%mhxéta FAIRENEN Sy Wl #hRter,

COI’TpI’i Ses, on‘recav catal yst conponents fromthe reaction mxture

obt a ned by, [ihe ARRKCLPIALEST) Trdhu M E1 e RS AfiSwa AN ARLIRE, e

reaction mxture w act the catal yst conponents into an

aqueous | aye I | f: t MBPES FOR
CARRYI NG aﬁi‘%ﬁ%@?mg%ﬂ%@@x‘g%ﬁe&% i ‘é“%?“ﬁe 3‘?83%2‘%?2%}1’8?%’??%5 by Rl

and R2 are_}%[%%&’:%ple%ﬁ“&ﬂhﬂ?e”g%@%%{ )S(J:CB)VQKY\M}BEQSMW&, bSsidPStresults

t
preferable hese " aryl groups ubstituted. Exanpl’es of the

substituengﬁzghgwq%£8?§§,g58gs, e.g. fluorine, chlorine, bromne and iodine
al kyl groups,” e.g. ne |, ethyl, propyl, isopropyl, butyl, isobutyl,

s-butyl, t-but %(% h%g%&%fyrﬁko(}g%«ﬁ]n;flgé1"2*85?%: cﬁ/\Jelgﬁ Qu fl?ce%sgo dH1§d yae gy !

trifluoronethy uoroe uor oet nd 1-fluorop.ropyl;

al koxy gr O4B3p16nd. clEL ps?i%ag@&&%Whirﬁl’ Qm%rfamgegp%x,atbytleasynhodium

i sobut oxy, ut oxy “and oxy~ acyl groups, e.g. acetyl, propionyl,

but |, isab l, . ' o~
utyry : sc?/))n%%ﬁglyam %n@' M%Qﬂlgh%hﬁyeﬂf&99® a?xdggo&lcn%%h?&’}ecovery

pr opi onyl ox yryl oxy and 1sobutyryloxy~ alltoxycarbonyl groups, e.g.

e 2§§ggfggeg§]¥§enc%£ Qﬂﬁ¥coaeri98@chll@h@&ﬁ%‘&ﬂ%ﬁﬂ?%h1oﬂt§@n9rtﬁgc&@é@?erd3ﬁ'ﬁ)élar

aldehyde with high selectivity.

Accordingly, an object of the present inven.tion is to provide a novel
ligand for hydroformylation catalysts that have, in hydroformylation of
ethylenically unsaturated compounds, excellent economy and giving the
desired linear aldehydes with high selectivity.

Another object of the present invention is to provide a process for
producing the above ligand with high purity, commercially
advantageously at high yield.

Still another object of the present invention is to provide a group
VIII metal complex to be used for hydroformylation of ethylenically

. unsaturated compounds, said complex having excellent economy and
giving the desired linear aldehydes at high selectivity.

Yet another object of the present invention is to provide a process for

producing aldehydes readily and commercially advantageously by the



6 . isobutoxycarbonyl, s-butoxycarbonyl and t-butoxycarbonyl~ am no groups,
e.g. am no, nethylam no, dinethylamno and acetyl am no~ carboxylic groups
-and netal salts thereof sulfonic acid groups and nmetal salts thereof and
phosphorous acid groups and netal salts thereof. Exanples of the l|ithium
sul fonates (1) are lithium p-di phenyl phos phi nobenzenesul fonate, |ithium

p- bi s( o- t ohyl)phasRflpRReZaNAS! fenabSve Ft&m WTII metal complex.
p- bi s(mtolyl)phosphi nobenzenesul fonate, [ithium

p- bi s(p-tol yl) shqsphi pghrnz&resd H ANahe inkbhbiodns to E;‘ovide a process for
p-b|s(p-nethoxyphenyl)phosphlnobenzenesulfonate) l'ithium

p- bi s(p-fl t,_lg |a%§Hf5 QHPPiNQRBRZENG S tf VIRb Ene st Bid¥or the
i Tl uoronet p

p-bis(p-tr henyl ) phosphi nobenzenesul fonate, dilithium

bi s(p-sul f F%%Hht'h%exe%%@ oA hiikAiEm

bi s(p- sulf% Z§§ %%g'trﬁ? uor onethylphenyf)phosphide. Anmong these |ithium
sul fonates (1), |ithium p-di phenyl phosphi nobenzenesul fonate is particularly
preferred. The process for producing the lithiumsulfonates (1) is now

_described(yfﬁgﬁ ?ﬁﬁﬁgqﬁﬁyrﬁglrﬁgg%g§¥b§ptlithiun1sa|; of an acid, those

having a s in water a 0 30% by wei ght based on 100 g of

water. Vhere the, n%}e*yemm'm BlofaRe o Rk R BOLTIBNAL PR rifegd, Lhe

above sol ubility ans 't hat de Is in a range

of 5 Lo 30%jk Mk QQ%SE?%F&(P y t8Q brflea 0,60 ul 470 @feré%téfgbhlém&@ét of

an acid renders it onpletion of reaction of a potassium
sul fonat e (II « fiihe acid, to separate by filtration
the starti ngfgn%"t%ggt Ia § ll%%ﬂu’#nrgs%ﬁﬁat% (II?1e acid and bypr oduced potassi um
salt of the acid fron1the reaction mxture, and hence to isolate the
desired lithium sul fonate reagily. Exanmples of the lithiumsalt of an
acid are carbonate, phosphat hg&ﬁ Lj]l phosphate, sulfate, sulfite
and hydrochl oride. O these, ,carBg e, 8ate and sulfite are preferred.
The lithiumsalt of an aci qqPs us&dreferably in such an anount as to
insure that the nunber of l'ithiumatons in the lithiumsalt falls wthin a
range of 4\Lﬁ’ereq ﬁ%ﬁdpﬁ?%%ﬂ% Qsetrgss%)n §)§1 B e whidhOk9fbd he pot assium
at om present e potassium su fonate (1| used, which anmbunt |eads to
better Opeﬁﬁﬂillﬁﬁe nd yield. This reaction is carrled out in the presence
of water or a nlxture of water and a water-mscible organic sol vent.

Exanpl es of us MG ol Yeptstedt SorlpeNatme BtBiumet hyl
al cohol , et hyl a‘?d Bﬁ@ﬁte tpr@%ﬁ% a %apwveltahy eﬂe gel ycg pand di égthylleune

gl ycol ket c! NBton il (flﬁgﬂhgﬂecon?%méla? 7ehiithekehone. i gidmtfindsptons-

esters, ormat e ormate, nethyl acetate, ethyl acetate,
met hyl pr opy & 53 v %ﬁ:@%ep@é.@&‘lt@'&aﬁﬁ tB0G @RSl forrulh (M) €hbydinalfbear ,

et hyl ene gl ycol nononet et her, ethylene glycol dinethyl ether, ethylene
gl ycol WD“OfotrHth%‘éshﬁéferﬁém%%@e‘pwtxgﬁhnfibalﬂayﬂat@t(mv ethyl ene gl ycol
ethyl methyl ether diethylene glycol dimethyl ether, diethylene glycol

et hyl nethyl ether and diethyl ene glycol diethyl ether. These organic
solvents are preferably poon sol veats for the lithiumsalt of an acid used.
These organi c sol vents may bepuse glggy|(|n conmbi nation of 2 or nore.
Water is used preferably in a \ of 30 50 parts by wei ght based on 1
part of the potassiun1su|fqngte (1 used, nore preferably in an anmount of
2 to 20 parts by weight on the same basis. The organic solvent is used

preferably me@&@m%td RE kel GOfiRRALHJRKE, Wei ght based on 1 part of the
pot assi um sul fonate (1) used, nore preferably in an anount of 2 to 20

parts by weygh RE lftlﬂ‘?uﬁlaﬁ@ltbﬁsé§ acid@ahdtd @ lubliety2i®WwWetedfoftfeo BOgabBlC
solvent to that of water is preferably not nore than 3 parts by 8

weight, in the presence of water or a mixture of water and a water-

miscible organic solvent.
The present invention further provides a group VIII metal complex

comprising a group VIII metal compound and, coordinating thereto, a



vol.une, nore preferably not nore than 1.5 parts by volune. The reaction
tenperature can be appropriately selected within a range up to the refl ux
‘tenperature of the solvent used. However, the reaction is carried out
preferably at the reflux tenperature in view of reaction efficiency. The
reaction time is preferably in a range of 0.5 to 10 hours, nore preferably
in a rangelighidmt sulohaty §1) (Wendinafilertdim atemesirefermy tveasigriwe VA under
the atnosphere, it is desirably performed under an atnosphere of an inert
gas such asndvall rcegegiear(Igngon, which suppresses oxidation of the Iithium
sul fonate (1) used. Thus, the reaction is preferably perforned under an

at nosphere of TRergre@antSHe¢bn S nNitilldgedher pasgdes angreédestfer prredences of
water or a mxture of water and a water-m sci bl e organi ¢ solvent, by m xing
a pot assi ugy gath§ @8R iEh )coal$hibbe dr hhdusfosaltla tiingasthadedicanly t hen stirring
the resulting mxture at a prescribed tenperature. The lithium sul fonate
(1) thus ohtaagea fedcHa poaalatverd hadid bpur inbihedi deya Adh gk ndnotiess

enpl oyed in isolation and purification of organic conpounds. For exanpl e,
the product, ggn&ieof U ALEFtOM bhel SICORS5bMR s bLPE Al ButYdRSES iuddng ftbe
reaction mxture, adding a poor solvent for netal salts of acids, such as
net hyl al Cgﬂehp CiMyhe R Cadirble (DM t18d 690aysnr acetone, separating solid
matter by filtration and condensing the filtrate. The lithium sul fonate (I)
obt ai ned by t heabona eRtAaes s tiody &N aneRipdoviiysi 4 Yravekd o edvovei g
content, can be used as it is as a ligand for noble netal catalysts. The

starting mMLerddvePe@35s4aPbhenss & uibh)cotditibes, prodeRad rhyg aayalsisown
process, for exanple, (1) by a process which conprises reacting a

chl or odi ar y, [tR3errWid Phdebaédibe meRdudBob@a @b theSsivenprocess for
di aryl phosphi de, reacting the sodi um di aryl phosphide with [ithiump 9
chl or obenzenegaulf Snal & hyddd@ Rt 8SRAE & hel reaalisRRC i Rfutehwiflotagsr um sal t of
an acid, and reacting the obtained reaction m xture by addi ng an agueous
sol ution ofextihgc.PHAsatdFssabin pdfneds 36tdl a@ragudbust ldyerind bke PQleas®iingm
salt of an acid and water and (2) by a process which conprises reacting a
chl or odi ar whahwapdd A& Mithe dpiahdsi ayieet assium to obtain the correspondi ng
pot assi um di aryl phosphi de and then reacting the potassium di aryl phosphi de
wi th lithium p-chl orobenzenesul fonate (see W94/ 17081 and Japanese Patent
TOKUHYQU 5061101 1996). The group VIII metal conplex (1) conprising a group
VI netal gowesrEoRNEARRYINCNOUNTHAGNYENTIGNI i t hi um sul fonate (1)
has the catalytic activity to accel erate hydrofornylation of ethylenically
unsat urated compOUNgtes of TR a@yPEPoMd teplisehtedBpl RXanl)RE arwatlemsdl ubl e
and can be used for known hydrofornylation utilizing a catal yst conprising
a group VI ljapmefiall cedpayhdylnadivhid phéhylkiswabet psefarabée.| i Dhase arfFhe
group VIII1 metal conpound used for this purpose should either originally
have the catmluplsi @agchd ¥ubytitatahcalermpbehyfitiod enbyliaténts afe diahydeni cal |y
unsat urated conpounds or acquire such catalytic activity under reaction
condi ti ons £t@m4¢,he ghydroat 0, ntlat ion . broxeimpel £sd d6disiec lalkel ghoeconpognd are
t hose rhodi um conmpounds, cobalt conpounds, ruthenium conpounds and iron
conpounds thathfiBwehbtepramadiasproayhl lystyd, igrbutytrobatylltabirbyl aktanpl es
of the rhodi um conpounds are rhodi um oxi des, e.g. RO Rh20, RhsGs and
RnO~~ r hodi ¢yel6ké %8, fRudroalkpldg tinp, ter. gt éiflwdwwatn eirhyd yb fiditve,rordeddiydml, 1-
chl ori-de, rhodiumi odi de and rhodi um acetate and rhodi um conpl exes, e.g.
Rha(CO iz, &b deithyl, RCH{i€R) i8Rty -a n RNCEuePhis) apyl RaBr ¢xGO0g ¢ s, ) .2 -
RhCl (CO) (AsPPha) ~ and 10

methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy and

t-butoxy; acyl groups, e.g. acetyl, propionyl, butyryl, isobutyryl and
pivaloyl; acyloxy groups, e.g. acetyloxy, propionyloxy, butyryloxy and
isobutyryloxy; alkoxycarbonyl groups, e.g. methoxycarbonyl, ethoxy-

carbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,



Rh(aacac) (CO 2. Exanpl es of the cobalt conpounds are cobalt conpl exes, e.g.
HCo(CO a, Coa(CO s, HCo(COs and HCos(CO s. Exanples of the ruthenium
"conpounds are ruthenium conpl exes, e.g. Ru3(COia, Ru(CO s(PPhs)z,

RhCl s(PPhs)a and Rud 2(PPha)s. Exanples of the iron conpounds are iron
conpl exes, e.g. Fe(COs, Fe(CO aPPha and Fe(CO) ~(PPha)2. Anong these
conpounds, ididbutexpt&fiesatll &-bwtoxsear b luan & o powxgsarfary lwaincimongtadips,
conditions are sufficient for hydrofornylation, in particular

Rh(acac) (Ce)@. arhgo,ae¥Ryld rhivijndisnd thgainéso (dn)d aeytybemisedesiglyyicor in
conmbi nation of 2 or nore, or further in conmbination wth a phosphine, e.g.

triisopr Op%w{ﬂﬁ&@mdnmethl sBWsydehresphyuleonikerdcill -grouyph phab phitaé salts
tri benzyl phosphi ne, triphenyl phosphine, tris(p-nethoxyphenyl)phosphine,

tri s(pN, N-dhgrddty ha gnpéxﬂnwo)umhaﬁargm,psum(npetfan waltaptissrebf phosphi ne,
tri s(p-chlorophenyl)phosphine, tri-o-tolylphosphine, tri-mtolylphosphine,

tri-p-tolyl phogRBi\ele stdfl tHPBOR Al h Wi PR (I PASS Plthiem p-diphenylphos-
bi s( pent af | uor ophenyl ) phenyl phosphi ne,

di phenyl ( pemtiahh 404 ORAENYS A PROIAUM B8 p Bk Y-k Sy BRSO hesulfonate,
et hyl di phenyl phosphi ne, cyclohexyldlpﬂenylphosphlne

di met hyl phepyl; RO PhsOS:- tdi&ﬁ?@%'sﬁhﬁ%&%@@h%na@efHEMLﬂhF}h‘blﬂM'pprI?Dhl ne,
2- pyri dyl di phenyl phosphi ne, pyri dyl di phenyl phosphi ne,

m di pheny! phesphi RobenzanasutdLnks 186k @mop - VIBlR m stdbk$p hbBLYPPhosphino-
p- di phenyl phosphi nobenzoic acid or netal salts thereof and

p- di phenyl %%QHEQQH@%@% PHORRNRY-6ideH Hubkogmdd}l) pltddphibbBefREne Or a
phosphite, e.g. tr iethyl phosphite, triphenyl phosphite)

tris(p-net Q%y&m@yh)th@mﬁpmlfsep thrﬂ&{rranmt}mw@@wbmommemene
tris(p-trifluorornethyl phenyl) phosphite, tris(2,4-dinmethyl phenyl)

phosphi te andrdddie( 4iAehidm G @hmm)engmmmyuﬁhoérmdbl Ahd dmishddmnat e

(I') is used preferably in an anmount of 1 to 11 10000 noles in terns of

phosphor us @E%Qﬁopmln‘?’lﬂb ttrhﬁugf&ﬁ’l@t}wllplherﬁ?uﬁihc% FR@NAAHSRLE thedeer M5 Of
said group VII'l nmetal atom nore preferably 2 to 1000 noles in the sane

terms. |f tlﬂ%ﬁ?&?%mfﬂatw‘m lltdllhum 5 ibeRaAkEp K éIpliimobense hdilfé Mate fsange,
the stability of the catalyst will be inpaired. If the anobunt exceeds this
range, the yf3edd1anly ghefetkbd. tend to decrease. There are no specific
restrictions ~ith respect to the preparation process for the group VIII
nmetal conplex (I). For exanple, the conplex can be prepared by a process
whi ch conprises separately preparing a solution of a group VIII netal
conpound in a Io|/BREcdRFordN@Aueie thE IdIae &R0 Y Eh0(Irign @t idesceibeda
solution of a lithiumsulfonate (1) in the sane solvent, introducing the
two sol utions i1gti9 recey s of 66 Wekahs ARerlegnuad saltdofehi @cid nthoseabhviorg a
therein to obtain a conplex. The conplex can al so be prepared by

i ntroduci NngAubility unvedlek ata26°C(df)5 t61180% be vabighe lgrsedpoV/I100 gref atater.
conpound sol ution and_t hen addi ng a solvent that does not affect the

hydr of or ny| Whie®8, t hieOli 6ltuah s adt BO BRgErdals tseinifden hylretpiocesd, the above
produci ng the al dehydes is described next. Ethylenically unsaturated
conpounds usAabbaifpmddristpincessondsilive cdrheodnhydwde ishmamchedeadd tyclic
termnal olefins or inner olefins. Exanples of such ethylenically

unsat ur at ed3 eBnppwrdshanastidsat uoated alatphatUse bfduckdithons; seltgof an

et hyl ene) propyl ene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
1-nonene, 2;ldt@RlersS@PHseiifle, AfRGt @Y letion o adtteoe of v pytassihiohexene,
cycl ooct adi ene, dicycl opent adi ene, but adi ene pol yners and i soprene pol yners
styrenes, es@lfofhdd €1 .andl fRd Mthstwr &€ ofahen®dilly ks tsypenete by Killtraioop-ri ng
substituted styrenes and divinyl benzene~ alicyclic ol efin hydrocarbons,

€. g. cycl opgy enrtidd mafe¥ChOEXANR, salt BeEhRY|ayd laokiekepmd wed poictsememand

| i ronene~ and functional group-containing olefins, e.g. allyl alcohol,
crotyl al cofl,of3ymRt Ayild BovtBBTdaotion moct@e; Andl heZe’totdddienbe, vinyl
acetate, allyl acetate, nmethyl acrylate, ethyl acrylate, nethyl

met hacryl at gesi@bhVitAGhy kal@natk 1Y) réwtily! ether, allyl ethyl ether,
5- hexenam de, acrylonitrile and 7-octen-1-al. Wth respect to the Hal CO

nmol ar ratio of ghempixedrdas 19fhiAndcaDesr an acid are carbonate, phosphate,



and. carbon nonoxi de used for the hydrofor nmylation, it is desirable that
the ratio in the inlet gas be in a range of 0.1 to 10, nore preferably 0.5
'to 2, which permits easy mai ntenance of the m xed gas conposition. The
reaction pressure is desirably in a range of 0.1 to 10 MPa, nore preferably
0.5to 5 MPa, in view of reaction rate. The reaction tenperature is
desirably ighcaphatigaliphodPhite, lC te, Ruifttpruaticipblochbdritle. 18@Cheswhi ch
suppresses deactivation of the catalyst. The reaction can be carried out in

a stirred- tospBonh i) Wudfier £4d 3kl fife bYP@refagedi r Chledtitnn ypit obahbdad
colum-type or like reactors. The reaction can be carried out either

conti nuousliy Qe dDRteTBr ¥B1S€in JHE GMOMR oVt lasiRt Bl s uae@niblagxt hel hu b eirsefd
desirably in an amount of 0.0001 to 1000 mlligramatomin ternms of group

VITT netal 180 aaPatoisti@ tHYf 1it R mheaat foNs Wighina rage of efterall Moka an
anount of 0.005 to 10 mlligramatomin the sane terns. Too small an anount

resul ts in 4,00, 1% [£30! baBed dine1 Mbinl 6f the par@isIlinekeaadingehbiia thange,
whi ch increases the catal yst cost, no |longer iIncreases the reaction rate

ef ficiently  ibtisn 483 iR 10 b, 0% RIQF I AlrtorR 2@k thi lRaRbE bberability
ethylenlcaﬁiy unsat urated conpounds with use of the group VIII netal

conplex (1),,0f /419 present invention, to pernmt a solvent to be present in
the reaction zone. Exanples of solvents usable for this purpose are aprotic

polar 13  sol ESreaBti9ndisn&ihydq sUt iR thde relie ABE RY WPMWek Wyl SR Bsture of
sul fol'ane, di nmethyl formam de, acetonitrile, acetone, di oxane and

tetrahydrofyp all, aﬁ& Cﬂoagltér-nﬁ-scﬂwle MRiAYic 8dieehe! . ERbpledlozanlble R Oyt
al cohol , isopropyl al cohol) butyl alcohol, s-butyl alcohol and t-butyl

al cohol gl ygel })leeoggarﬁtcm()ll@é"l’?tsgéb’@moohla[é),wF?ﬂﬁatﬂ'y}'(ﬁ%ohdii, ethyl en@hellycol ,
et hyl ene glycol nononethyl ether, ethylene glycol dimethyl ether,

di et hyl ene gl yeql,18bK81NEkL §1dHY glylcbl @hYARRBY BIkCOlycol;Tkd Y] ene dexeak,

di mret hyl ether,” tetraethyl ene ngcoI and tetraet hylene glycol dinethyl
ether and pé?éwﬁhﬁxhﬁn%&'oxﬁ%%%d d@mg-thfpkmr{yIe%m@rgleygpmetagl Yo¥@RYd ene
glycol, polyethylene glycol monomethyl ether and polyethyl ene glycol

di methyl ethgr) fiPeS%e SRIYED] SciBMeP Bt IPIESctalE)] dhe@hyl Progitiaatd e hyl2 Of
nore. Anobng these solvents, it Is desirable to use polyal kyl ene gl ycol s,

such as pol ye3¥hehe shyeoheANE pOAKRLDY LEREY, Bt ndb RN Wh o A@ERLy I Ch
usage prevents precipitation of catal yst conponents and increases the

efficiency ofhdakeh tner§9eapaymeiflhﬁsah%ej YIS nd. d19cslspé ndeshyabiler n an
amount of 2 to 50%by vol une, nore preferably 5 to 20% by volume, in the

m xed reacti@iyibh8@ldediiebthgl BYKE0T0R ! £19ido] ALkIOMERhYNetigear € o
specific restrictions with respect to the nmethod of feeding starting
materials, &fet'h?léj&bsgh&m @ihﬁtﬁ?ﬁ@tl@&, alti byt yaB 6 alll yolusdati unatleyl edrgroaund, a
group VII1 metal conplex (lI) solution prepared separately and, as
necessary) @ict@hysid gBndl ldieth1ndvhedUCThasdloxgdn @asoloén by diopenfandlgar bon
nonoxi de under a prescribed pressure. Then the reaction is desirably

ef fected W hhoSkbivendd fad tRe RI®SGH beld dfedeacid used) NThe SOWBGENROMSVEYISE €M
The al dehydes obtai ned by the above process can be isolated and purified by
any of the psyahe Risedasagly 6FRh@vathbinatidrsef atdromoand Wartkef isatsiedn of
organi ¢ conpounds. For exanple, the product is isolated 14 and purified
fromthe orgagfe¢abBy 8t ahh@holas dieeto 6btimedyvivaighehasabvary parpoéshef or
the catal yst conponents to be described next, by distillation,

recrystal | i 2gtd QRumCOLMBRa EN(Iaised! afty Prefbiddypimosessreunioé 2proeess for
recovering the catal yst conmponents is described next. In the present

I nvention, bhetd B%Wéi@ﬁ‘t%'nyﬂie 6OMRObES1ES' THeatgahhe sgiveup i¥ludedret al

conplex (1) and the lithiumsulfonate (I) which is usually used in excess

agai nst thepgsuabM Ih aEl Alo ue@raFoLBEl 50 ate AoV akyglof basddlboyst paotpénant s
fromthe reaction mxture of the hydrofornylation, at first water is added

to the reachbeRsdihid YaEoaht& (1D ey 9k &fe0p Fofb2d H19Nin IR menHDbLICS td Be wat er
added is, though not particularly restricted, desirably in a range of 1 to

200% by vol ugets BPNFeiRhelosr fd ¥aldt BadidNOThefradid of $R&0ayo @t fthe based on
the volune of the reaction m xture, in consideration of operability and the

solubility gi.Lh& SAVBhYSS tRQEROREIES ikHre@d8ibly not more than 3 parts by



The reaction mxture is then contacted with the water with stirring or by
| i ke methods to extract the catal yst conponents with water. On this
-oecasion) the extraction is desirably effected at a tenperature of 20 to
90C and under an atnosphere of an inert gas such as nitrogen, helium or
argon or a m xed gas conprising hydrogen and carbon nonoxi de. Then, an

organi ¢ | aygly&eNhdd el pik bbb ILASE nitehRAUEE5 PhridBy Rythigfor myl ati on and
an aqueous |l ayer contalning the catal yst conponents are permtted to

separate from eaeh «2bfn tdrhpefiifurddedBe %p&@?ﬁe&@l)p’é@lé%@éﬂ exithive aor gani c
| ayer and the aqueous layer will not sufficiently separate from each ot her

by bei ng k?ggl §tL§;P% @ge.r%?ﬁﬁ@&ﬂ?@féﬁﬁermyt}gesﬁggﬁltQfs%ﬁed}RMN&@E théuge or
Reé epar at S0 be I

| i ke neans. ion can a accel erated by addi ng a hydrocarbon

having a 13c,c80Rll SRER b PrBrdnpI ATRARGLILGA YEhBeratiah asvivyage of

cycl ohexan e organic | ayer contains, other than the reaction product,

unr eact ed GL0ylienl il n NS 8L £ GOTRRLTY ABS ST linAPHAEE A10.518 10

catal yst conponents. ore desirabl'e, 1n order to Increase the

recovery f%&@%Fggno&‘gg%feg%gh{1§t-rghgm%@emtouohwﬁ the organic layer with

water and a e aqueous | ayer. Renoval of water fromthe

aqueous | ayer hus obt %Q%a@&gﬂggétﬁrbgyeegﬁmwo o {18 C A8 YRlospREPONRNGS:

The renoval of "water®is carrie e usual process suc

distillati RN 'ijpadbqrgtﬁe;e}"qgﬁggdpﬁdr?&szugg'ata es(? lo$L e A iir?&tuﬁ'éiseguél?%‘écﬂ‘%rogen

e
pressure IS gESI r carried out at w tenperature Tn order to prevent

the group \(/)lrlAlﬁ,?%ﬁ%nma;gé(gle(slcsé?Hkgg&ﬂggeorfg;@xienlgtﬂihﬁﬁwlf&?a@t@qqﬁus@@: Thus

the distillati esir out at a tenperature of 30 to 100C

and under a pr"?[%%{qsgﬁthgfrejagt{oﬁle?’sggfmmy-r & (BRInEl LRageah 4oh ¥s phSilel 44 ed

off to such anex that al ned-c ensate contal ning the catal yst

| at™ ot ning The”catial yot
vator o bang beahe iR hitDeel Aot dl b1 p MR B e R B s

wat er to be preSent | ion u yst conponents thus

obt ai ned can, K& reysgd,d.0 n&mev;@fg{]%ﬁ%{m%a&r' QRic IBE duit! By UmiSinlgf #nate (1)
p it |th|§m

used in the present 1 nvention, such as

p- di phenyl p%&%@%‘{}dg{?gsb‘?ﬁﬁ%e@‘éﬂ %Ql"?ltﬂre '%F}\{%Jﬁ.ss%lp F%L@Q@irdegn@%hghh&ﬁrring

processes tth ove. For’ exanple ium enyl phosphide is

produced b%&refﬁ%ﬁhﬁlgd;@xmépﬁﬁgh%%gw fiehn Al Ayl | ithiumsuch as butyl

l'ithium an tal ne i phenyl phosphide is reacted with

l'ithium p-chl Orﬂpeeﬂ%ﬁ{lﬁﬁuéﬁ?(?&&é‘e 9 takkytat e deaipethorhpdushd phvigiRai s

then purified by colum purification or |ike methods. 16
by any usual process employed in isolation and purification of organic

compounds. For example, the product can be isolated by the successive
steps of condensing the reaction mixture, adding a poor solvent for metal
salts of acids, such as methyl alcohol, ethyl alcohol, propyl alcohol or
acetone, separating solid matter by filtration and condensing the filtrate.

The lithium sulfonate (I) obtained by the above process, which has
high purity and low chlorine content, can be used as it is as a ligand for
noble metal catalysts.

The starting material potassium sulfonate (I1) can be produced by
any known process, for example, (1) by a process which comprises
reacting a chlorodiarylphosphine with metallic sodium to obtain a sodium

diarylphosphide, reacting the sodium diarylphosphide with lithium p-



EXAMPLE S Hereinbel ow, the present invention is described by reference to
Exanpl es) which are by no neans Iimtative of the invention. In the

, "Exanpl es that follow, unless otherw se specified, phosphorus conpounds were

synt hesi zed under an atnosphere of nitrogen or argon, and hydrofornylation
and water extraction were carried out under an atnosphere of a 1~1 by nole

m xed gas @hléidbeRze B @ITbNSte I thE PFesSOEH BMadBInpPObATHE WHtWEEAIM salt
guantitatively determ ned by ion chromatography (with DX-120 rmade by Ni ppon

Di onex K. Kof.aPaGl b eswanes vhé @bah Bfe VRS £otosram ixtaké wel yddieieenni ned with
a 1H NWR spectroneter (Lanbda-500, nmade by JEOL LTD.) and

p- di aryl phosphibaekeNZ8RaSHH fIRNpb RS sald Ok dehd BETEef aWnkRtdre3dPINVR
spectronet er (Lanbda-500, made by JEOL LTD.). The product of

hydr of or nyl gt b ofupf s41106€8n lec@l a"i@wﬁ‘t‘@ﬂtdﬁ@@)/ﬁkyacg%é@s@i WRELH¥ofeises
chromat ography (wth GC-14B, made by SHI MADZU TI ON). Reference

Exanple 1 Suathasi s oRioRAl ASAbHEL PhHiPRY khasRbipiehsdi1enes Wianatie A
1-liter three-necked flaslc "equi pped with a reflux condenser, dropping
funnel, ther Iy I Qi SEd Wake r 1 : of
tetrahydr 01?: Sggér?%gﬁlg I?E%ﬂgggﬁgfr% 31%%‘?%’ of %rgta at?l%?lcwp%c?ggés)?hﬂ The

contents ‘Aed:'ooa%ﬁ&ldﬂ?ﬂqgr}t@ﬁmgpﬁic{pwﬂ(h mh%eﬁe?%hds?w iewagﬁifom%tt@kgé&

pot assi um di spersion, 83 g (0.376 nole) of chlorodi phenyl phosphi ne

vas added die$eo8Y Shaly2p MoSpadh{ PO TS OLE 46 P10KABEF! | Uxed Tor 1

hour to give a solution of potassium di phenyl phosphide. To the sol ution,
the tenperature of 17 whi ch had been set at 35C, 74 g (0.373 nole) of
| it hi um p-chl orobenzenesul fonate was added and the contents were stirred

for 45 m nutesgf, grm} R EERRL RLUD10% (BOCom At Hs®hg GOBRI W8S WML G e dagact i on,

350 m of tetrahydrofuran was distilled off fron1t%e obt ai ned reaction

mxture. To, Lo, [ élahtdégbo&ﬁ'nlatdrmﬁ&%tm R 16hE SRPE ORYha €t (B L RDEHRE00 m

of water were addgd) and extraction was effected to obtain a m xed | ayer

COMpr | S1 NG AR RAKERURVBY B aBlloPalchy @MYL ALYAARN DEhyITRRATIOd | ayer

was washed w t dii sopropyl” ether and an aqueous |ayer was
separ at ed. .erbeat%ggﬁ%ﬁ%}nﬁfﬁ'hd‘éﬁs Thle! éz%'hﬁ)_dVﬁldmte@QPpGB'ﬂ@@Piﬁdist R afeMol UNE

2/ 3 the original vo e condensed |'i quid was ice-cooled down to 10C

and col orl eg3, R LHdtc%tb@fu%lﬁhﬂio} ARH VRS db- 8t w8ty 18Yidr M;ﬂ_?éiih N thﬁ(ys_c

colorless solid was recrystallized fromwater twce, to yie 73 g (yield:

d
51% based qfgHielaanhewy vinsplifLoRboRANARSHIRA with a water-soluble
p- di phenyl phosphi nobenzenesul f onat e having the foll ow ng properties. The

cation was j@ll,potassiumion. The contents of chloride ion, the oxide of
pot assi um p-di phenyl phosphi nobenzenesul f onate and pot assi um

p- ggl or obenzenesiy e & 11E ufe tdl QQﬁlgmalrﬂ Yaed £ tHY BuAPskdIOho @R 8ithRaN

) nole % respectively. ~H NWR (500 MHz, heavy water, TSP, ppm): 8 =7.3

ppm (m 14"9vigi7na7lly have the catalytic activity to accelerate hydroformylation of
ethylenically unsaturated compounds or acquire such catalytic activity
under reaction conditions for the hydroformylation. Examples of such
metal compound are those rhodium compounds, cobalt compounds,
ruthenium compounds and iron compounds that have been used as
catalysts for hydroformylation. Examples of the rhodium compounds are
rhodium oxides, e.g. RhO, Rh20, Rh203 and RhO2; rhodium salts, e.g.
rhodium nitrate, rhodium sulfate, rhodium chloride, rhodium iodide and

rhodium acetate; and rhodium complexes, e.g. Rhe(CO)12, Rhs(CO)1s,

RhC1(CO)(PPhs)2, RhCl(PPhs)s, RhBr(CO)(PPh3):, RhC1(CO)(AsPPhs)2 and

10



ppm (d, 2H) Si p-NVR (500 NI Hz, heavy water, phosphoric acid) ppm): o =-5.37
ppm (s, P) Reference )Jxanple 2 Synthesis of potassium

- p: di phenyl phosphi nobenzenesul fonate A 1-liter three-necked fl ask equi pped
with a reflux condenser, 18 droppi ng funnel) thernoneter and magnetic

- stirrer was charged with 200 ml of dibutyl ether and then 20 g (0.87 nvole)

of netalli gigadhsiCcoOlbe EQRLRIIES ofehe ddbalt @8mipdfun@dsSadtosdbaat canmglgues
phase tenperature of 100C , to give a dispersion of netallic sodium To the

di spersi one O7THG(B N4, GBL(@O)CN ot @OH phe WEpHesnhi nExyapladdedhdr opwi se

over 2 hours at such a rate as to maintain the |iquid phasé tenperature at
100 to 1106y,gRehiliRednifo M WEE ri@Re iU & pRiked, BYRBICD)E,, SAME

tenperature to give sodi um di phenyl phosphi de.” To the sol ution, the

tenper at ur & glcishnRd Rw@(ms)etan%@ucawpﬁapf Eﬁémh.ra/éﬂapftyé apomras

added. Separately, a Z2-Titer three-necked flask equipped with a ref

condenser, ﬁgﬂﬁi fonete LpphL Iy was charged
with 89 g (1 IQ?E§H%EE%B§%@§FUW1cﬁl%r?ggjaﬁghqﬂt%ﬁ455 hSIe) of |ithium

p-chl or oberepenuifenabe Affbothade BlmbBubaYr &l LFEaR: DR {J16acoRLANLS

were stirre 0 mnutes under re tarned m Xt ure

fsaﬁlnglm g;g:&%%ﬁ’dﬁ&ﬂ&&o%g% %pﬁﬁf‘&jc&%ﬁ\é?oﬁ’!aﬁréiggﬁﬁcltegrt%9*1'1 Eﬁfﬂf&ﬂeﬂt%

ours at such a rat as to maintain t ICIUI ase

terrperaturena};arqg)c‘hglmacagﬂctm m xture was stirred for 1 hour at the
sane tenperature to give a reaction mxture. To the reaction mxture, 1.5 1

of saturated a‘]*ﬁf%%'ﬁoxpé’h%ﬁﬂﬁinélﬁ@%&%@e(ﬁ% hQM, %‘i‘;‘f%r% room

tenperature to fect reaction an e resulti ng ayer was renoved

by separ at it ifeiH BF bfx MoBECOHERRNG E&H%%@H%ﬁ%hh"ﬂ bholpflind, OF.

sat urated aqueous potassrunrch ori e solution. To the organic |ayer

obt ai ned 3qg11ﬁ1ép cf)u}y@th%gpme aﬂ@@ﬁ’tﬁg %{)‘hﬁfbue&% B AYEP h¥GshiRRkt 2R ZhY-

separation ayer was su ed to distillation to renmove

tetrahydro ggfo\%?sh {lakgrﬁbgengpﬁa%me1%5(ﬁﬂfitrroqu%leﬁwpmlsbﬁlwarns(p

preci pitat ration. The colorléss solid

recrystall inzadl fif mp@éﬁﬁngﬁ'ﬁ@nyﬂ)ﬂhb{%@ﬂéJt?lsgp(ﬂ?@tlothe@lz'%m%quﬁ@ 19

crystallrzed once, to yie 67% based on

chl or odi phepyd(g haae?réaﬁ% 2 Hegaﬁﬁreurrrpodeo@pﬁmds@mﬁphmqﬁ%mphe Gosbhonat e.

The cations consi st opotassrunrron and 1% sodi um ion contents

of chloridgyi. %ntolkn%@gmﬁ%eofm@@,smmmrrap%lem%xﬂo@mm Rbso RISl - onat e

and pot assi um p-chi orobenzenesulfonate were 0 mole % 0.12 mole % and

not nore thap hés pheRP eGPl (p SRR L ENRRE B h B hesphe)t hesi's, of
pot assi um p- drphenygyﬁggpthobenz%%esal#enate A lﬁlrtggpthﬁge necked fIask

equi pped Wi By 1deh hey GRHHASMSRE » o FHyQRP Kikh f IPMBE D hid d) &dyRDdmRd 611 d Ak iyAgnet i C
stirrer was cﬁgrgeg mn%h 20% n of quﬂiy :%?herband t hen 20 g (0.87 nole)

of metal li ¢1AGiniAe Ihﬁe@ﬂﬂp&f&@lﬁ‘ﬁé@p}ﬁwé rag6tHyAh henP1gdsp ahe 22} fugyi d

phase tenperature of 100C ", 'to give a drspersron of netallic sodium To the

di spersion dl%?leaywwﬁpmlee)z -§f riahl GpedinRIshY Phesp R erivesdiptdeg1dr opwi se

over 2 hours at such a rate as to nmaintain the liquid phase tenperature at

100 to 110G Hiken ni-RepHd dﬁtm@)s%%&gérrz'femuﬁwma adQ1br 3hefd e a3 0410
tenperature to give sodi um di phenyl phosphi de. To the solution) the

t enper at ur g Rfre¥hi i PREN PRAD spBindhe ¥ife adbd ol mofalt Al En bl EFQf WA Was

added. Separately, a 2-liter three-necked flask equi pped with a refl ux

condenser, ;ﬁrd@gnbﬂgl;fmwmor)Heﬁmmtsﬁhomdamc&ame@ai s8ltslthekedaorchar ged.
with 110 g (O l'e | 'i thi um p-chl orobenzenesul fonate and 750 m of

tetrahydrof UaRspRtket 'eeg Cﬂﬂéﬂﬁl?)ﬂﬁ;ﬂllﬁé ' Erﬁ?ﬂeﬁﬂr ROspRiRL! B8 s Uekedt hloglyt UX.
To the obtained m xture, the sodi um di pheny phosp i de prepared above was

added t hr oughe 4 18 AR Y tfr;rr(rae,he@rrﬂrph%rrywroao@bhﬁucIrana(mmmarot 0
maintain the liquid phase
methylphenyl) phosphrte, tris(2,4-dimethylphenyl) phosphite and tris(2,4
di-t-butylpheny!) phosphite.

The lithium sulfonate (I) is used preferably in an amount of 1 to

11



tenperature at 60 to 70C, and the m xture was stirred for 1 hour at the
sane tenperature to give a reaction mxture. To the reaction mxture, 1.5 1
of saturated aqueous potassium chloride solution was added at room
tenperature to effect reaction and the resulting bottom | ayer was renoved
by separation. Three simlar procedures were repeated each with 750 m of

saturated agyRRUmoR0f #9k ks OF A dsd 020k Litb BN ped @n 61RC OF1IARE Sup AYET
obtained 300 m of water was added and an aqueous | ayer was obtai ned by

separation. I ry ' . ditgt ighd@fli K-t Omlog@OVE
t et rahydr ofrﬁgghﬁ, @({]ﬁgg&?%ﬁgolln\é\gesrtngy%gg%&gh%@%olIgrI ess solidt r(l)at

preci pi { at 6} pam ke %obiAlbré%gfglog?%ggﬁlec@m.eﬁ% 13 48URS of the

recrystalli‘ze r wat er once, 107 g (yiel 64% based on

chi or odi PhagylRALIRNAGEe 31) ROLAZTHUM aﬁqim%y'fg%aggggiah@gbsmﬁgmgfmat e.

The cations consi o potassiumion a rum’on. The contents

o oo ot L aquliPbe dhFaid¥hder Ofn DOLAR N RLAL ARTOLRDOSPAL RebEgRRNCRU L anat e

and pot assi um p- obehzenesu e were O. nol e % and
not nore t %rado ooge Ia%e% respectively. Exanple 1 Synthesis of lithium
p- di phenyl p osp?n nobenzenesul fonate A 1-liter three-necked flask equi pped

200t of vt erl T S00°REPEFRGE Ty A LR s i Ble VERPERRIAES 1T
o of vat 60" . (130

Rofer ohce EBRARBLe 0 She eshef IOV b BRI CRA YRRk RO BHNARx

Th t ent fl df S A 1 ' ] bt ai ned

nad been al (UWER THESAEHT TV Puat ToRbrn b B in G Y oRbIRE £ 2 00,

and solid nmaiter wa remve@lll?yméiéltcfo%iE?Qnd-mea LL1ddat 8 e ecsog};ipnsed and
E to g g I t}f g ?yl e

dried in asfoéflglroﬁl%va sPator, I've as a white soli d: 92% of

hium b G RENPHes ROLPARERSIRAM! Le0al &10fd0r hNealiah QW A%ate (1 in

properties. e’ cation w umion. The contents o l'ori'de™1 on,
p ol chertn i AP ORI LB S AT
i e PR S et i
\|¢I)\A_-Slihpgepg:c F%%sﬁéldnogéﬁﬁghes%fgc}ﬁaiiﬁg1§50-% t _rge-lr{ecﬁe(rj l?llas teg]ufil popvéaplth
200 i of wiica” SEE SRl ROSRORER Ay il FRIARRC, Ahidd £ lotben C IR ORCN!

p- di phenyl p i f i N ATB LIRS iodS 1N
Ref er ence Elx‘]gt?rgF%QQQE%‘%%EUT%%E%FS@&%?“|*’Pt h?ﬁ’r%%sglg%late rmlr?ohydr ate.
The contents were refluxed for 2 hours. After the reaction m xture obtai ned

had been allowed to cool to roomtenperature, 2 1 of acetone was added and

11 e g B Sl o SO falt adgrammeaersed ot "
l'i thium p-di phegyl pRASANIPAREREENEEH! ¥REEnds usable for this process can be
any of linear, branched and cyclic terminal olefins or inner olefins.
Examples of such ethylenically unsaturated compounds are unsaturated
aliphatic hydrocarbons, e.g. ethylene, propylene, 1-butene, l-pentene,
1-hexene, 1-heptene, 1-octene, 1-nonene, 2-butene, isobutene, 2-octene,
1,7-octadiene, vinylcyclohexene, cyclooctadiene, dicyclopentadiene,
butadiene polymers and isoprene polymers; styrenes, e.g. styrene, a-

methylstyrene, 8 -methylstyrene, alkyl group-ring substituted styrenes

and divinylbenzene; alicyclic olefin hydrocarbons, e.g. cyclopentene,

12



The cation was all lithiumion. The contents of chloride ion, the oxide of
| ithium p-di phenyl phosphi nobenzenesul fonate and |ithium 22

* p-chl orobenzenesul fonate were 0.0133 nole % 0.30 nole % and not nore than
0.03 nole % respectively. Exanple 3 Synthesis of |ithium

p- di phenyl phosphi nobenzenesul fonate A 500-ml t hree-necked flask equi pped
with a refkeloReRERES & methECHOIRReRE naNdy dlBgaRINeCasd ilimenenaisaahiar ged with
200 mM of water and, further, 50 g (130 nmol es) of the potassium

p- di phenyl W&éﬂ@@hﬂpﬁﬁm %auﬁ‘rgagtcﬂeﬂbltsaugeohlm §lRehsan@ ofphakiohas, 8n
Ref erence Exanple 1 and 50 g (390 mmol es) of lithium sul fate nonohydrate.

The cont ents, (Y61 8- Bﬁfbéx'ﬂxlegl f0be&h-TH S1U12%-0cff d R ol hei i yd aidelt Ot ,MALXEIUN €
obt ai ned had béen allowed to cool to roomtenperature 2 1 of acetone was

added and %Qééage”%ét% VIS y BRRAEAEHaBYy1htd thathPmethactjlats ahRyhas
condensed and dried in a rotary evaporator, to give as a white solid 42 g

(yield 929, Of¢hi bfﬂﬁ%@tﬂ%mﬁm&] RIB3RALYPRERZENBEekEARAlBe, AbB/16ALHrolR Was
all lithiumion. contents of chioride’ion, the oxide of 1ithium

p- di phenyl S pohgnzenesul fonate and Iithium p-chl orobenzenesul fonate
wer e 0. 013%%% Tﬂyc% éo mol e % and not nore than 0.03 nble %

respectively LR 5 CO nldlhPirdfio of th d f hydrogen
p- di phenyl phos?&?ﬁ?ﬁg g%ﬁﬁ@u#?onﬁte A 500 -r 0tohreee Flnelgﬁe(fafsl %skyeqw pped

with a reflex Eﬁrb%gln o %@gﬁggﬁ%?rth@%m%%&&t%ﬁrfteirs dBsrEhRIGaL Wi th

200 M of wWater an urt (130 nmol es) ~ of the potassium

p- di phenyl E}gg%@{%i@g@ éqggéyé%@%@tﬁ 2R3l @%‘i‘ d 0 thhey, SARRe FRBIEabds 0.5 to

Ref er ence 90 mol es I'i t hi um sul f at e nonohydr at e.
The 23 caon Hits Jelggrxﬂl% B%n%@c%ﬁ%eﬁﬁuxéﬁtﬁs écnﬁgé@@%ﬂ.onl‘m xture
obt ai ned had en allowed t0 cool to roomtenperature, of acetone was

added and Srggbg dl[ QLu¥ess eaPMedy kY 4 khhEabie @1 tJheo MP4,M Abee WRefer-
an rne

condensed inarotary evaporator, to give as a white solid 42 g

(yield: 92%,0f) ki, wibR- i PhapWrRaspinnohenz enestfnat e m pBEatiatl @N Was

all lithiumion. he contents of chloride ion, the oxide of |ithium

p-di phenyl RRgzANINARCAZaRES Wil A2l 45370 hiotrelmpfm grbenzereswifienat e
9 O. mol e % and not nore than O. nole % respectlvely
Exanpl e 5 suppresses deactivation of the catalyst. The reaction can be carried out
in a stirred-type, liquid circulation-type, gas circulation-type, bubbled
column-type or like reactors. The reaction can be carried out either
continuously or batch-wise.
The group VIII metal complex (I) is used desirably in an amount of
0.0001 to 1000 milligram-atom in terms of group VIII metal atom per liter |
of the reaction liquid, more preferably in an amount of 0.005 to 10 milli-
gram-atom in the same terms. Too small an amount results in too low a
reaction rate, while the amount exceeding this range, which increases the
catalyst cost, no longer increases the reaction rate efficiently.
It is desirable, on hydroformylation of lipophilic ethylenically
unsaturated compounds with use of the group VIII mefal complex (I) of

the present invention, to permit a solvent to be present in the reaction

zone. Examples of solvents usable for this purpose are aprotic polar
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Synt hesis of Iithium p-di phenyl phosphi nobenzenesul fonate A 500-mnil

t hree-necl ced flask equi pped with a reflux condenser, thernoneter and
‘magnetic stirrer was charged with 200 mM of water and, further) 50 g (130
mol es) of the potassi um p-di phenyl phosphi nobenzenesul fonate obtai ned in
Ref erence Exanple 3 and 50 g (390 mol es) of lithium sul fate nonohydrate.
The cont entsplveiir, kef diedh§10sulF0xiden i ase tiflp grrdlhdo neaotlifola e, xt ur e
obt ai ned had been allowed to cool to roomtenperature) 2 1 of acetone was
added and sk hiotolr@ia ke, rREBYEdrilY, hettonat ideoxaddanid tdtrahgdwefsiran;
condensed and dried in a rotary evaporator, to give as a white solid 42 g
(yield: 92%cholsi bhd.uieph i phaenyl phosphiloohsnpespslibiamtl eisobrepght i on was
all lithiumion. The contents of chloride ion, the oxide of Iithium

p- di phenyl phesphi, 1R§0ZENAT Eanale aaeshdli 4d4d ¥Byrythllessie pdgodspkfanat e
were 0.008 nole 9% 0.27 nole % and not nore than 0.03 nole % respectively.

24  Refereneg1&@EP @14 DPV1BREI Syedl, 996t Tene glycol, ethylene glycol
n}diphenylphogphinggénzegeéﬁffoné?e A 1-liter three-necked fl ask equi pped

with a drOeringmfe‘t!H??Ethé@%rtﬁ?fﬁieeégéﬂﬂ dIR@REY] 6t18d1, [diethyRaecdlgeged w th
150 mM of concentrated sulfuric acrd and, while care was taken to nmmintain

the |iquid &i%l{rﬁﬂ’ @%Mﬁtf”’itetﬁﬂer{éoé@c%ﬂ?ﬁi@@@leﬁé%lgcdlodﬁﬂemlaﬁhe@,f tetra-
p

tri phenyl phosphine) to obtain a solution of triphenyl phosphine in

concentrat eg %ﬁé"ghfco@%m t Q@ ab bRy RAkUsyepl d8Re thyIoftHarMan@ pallyfalkjLerrci d
cont ai ni ng 25% by wel ght sul fur trioxide was addeerropmnse over 2 hours

whil'e care é“l?gofs?i%eé]. say@ehﬂte%iengﬂy@a,'dcﬂyhﬂoéﬁmrgﬂwéﬁ ;ﬂﬂyeﬂ’&yméegwg@ln

30C . After npl'etTon of the addition, e mxture was stirred for 1

hours at a L QyiflthoIReR&t Uhe lyBolyldREE 1L PaANd 3REhy 1 Té¥he30! Thie@d t hus

obt ai ned wasogihﬁieg with 5 1}§$yicé¥cooﬁ%g wat er o&%r 2 hours so that the
liquid teW@Jl%HE@nﬂgﬁbmseH%Hgﬂy 3t iAQonMing t1d128r 20& mokle ahbhi GRebd
diluted sulfuric acid thus obtained was, by addition of 4 1 of methyl

i sobutyl kefRgnts Ui et 40 Q¥ EACHHALL Y RANER D14, G 1@V Es PO1 RS tGFNE Se

| ayer. The organic |ayer was neutralized by addition of about 300 m of a
5% by wei ghgly%gy%%Spél?@twmemdgfmm@irﬁ@mtll&merﬁméhagmlee@fmn@fs t he
neutralizatron, the solution was found to be separated into two | ayers,

from whi ch gp. AgHaQtmh bAYEIalYes cbAlpeaBnesihnd iR ragotise kafiefe notgsoft hen
washed with 250 m of nethyl isobutyl ketone. The aqueous |ayer was

condensed t g, @AoM r£QVeY., THER 6Re609@d UsedaddRFRETAINER &inobBE, ofaeo
colorless solid that precipitated was taken by filtration. The col orl ess
solid was rs@%wftv%m@,emrreqmewa;w 56 20% ByVolandd iG (iyd elidted17%) of
sodi um m di pheny phosphlnobenzenesul(onate. The cation was 100% sodi um i on.
The cont ent ge &ftighRpuid€ol @Re A rdFormyioxi de of sodi um

m di phenyl phosphi nobenzenesul fonate were 0.002 nole %9 and 0.5 nole %
respectively. EXB/Heu@hOthdwdrayicon tngbatiftnradtiivtitas @fitlh rtdpenn to the method

p- di phenyl phosphi nobenzenesul f onat e-rhodi um conpl ex catal yst and recovery
of catal yst of esmanenitarfifg abepsaherie ivelesirble ¢arfekdchwethyledecaldn

at nosphere of a Ha (nolar ratio: 1/1) m xed gas. A 100-ml t hree-necked
flask equi ppadavhidted cbadpOind,r€girstered tr egtd nomkp lexah eblativ ot mre paasd
charged with 3.9 ng (0.015 mmol e) of Rh(acac)(COz and 421 ng (1.2 nmol es)
of the |ithiupapatdiphadylashaspelsanhenzaveatlandndien ohtmidued 4 mikedngdsofl,
and further wwth 6 mM of polyglyne (polyethylene glycol). The contents were
stirred for h3QrPEdwhad @rb2a8Gnohoxfievandehanpoeneihesl prdsiurst Tolent flon. A
50-nml three-necked flask. equipped with a Teflon (registered trademarKk)
magneti c rok@scties i§ Ak gedlMetfecle diwith dtheritataal oy presalibéd aanigeratprepar ed
and 27 m (0.167 nole, purity: 93% of 7-octen-1l-al, to obtain a m xed
liquid. Theamx@dgbhéiidsydves . obt ained was fed to a 100-nl autocl ave

equi pped with a gas inlet and a sanpling port. The total pressure was set
at 3.0 IVIPa an(ﬁ‘h@*’bﬁdhﬁ?&@@ob@éﬂ?@ﬂ%ﬁ&ﬁe%@v@hﬁ%é@ﬁchﬁ H5Gobhtdd shilrring,
and then reaction was effected for 7 hours, to obtain 20.6 g (0.132 nol e,
yield: 799 ofrifie@ byonayeditab ithlprbc8sddd &dBloydeforyiseligtion 724 d of
2-met hyl octanal . The conversion of 7-octen-1-al was 96% and the ratio

bet ween the pqu"iH@MiQH forkhgid LoRoualldenyde esthathlehahe gfrodet hs ansliaeed

al dehyde was 4.65:1. Thereafter, 30 nl of the reaction mxture after

conpl eti on of
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26 . reaction was extracted wwth 9 ml of water. The aqueous | ayer obtai ned
was condensed and dried to solid, to give 189 ng (recovery ratio 82% of

1 it hi um p-di phenyl phosphi nobenzenesul f onat e. Exanpl e 7 Hydrofornyl ation

wi th use of |ithium p-di phenyl phosphi nobenzenesul f onat e-r hodi um conpl ex
catal yst and recovery of catalyst conponents A 100-nl three-neclced flask
equi pped Wighll pufigfd Dhedni 8Bk Sdrgagdc 14 paletivg khasmgeat dtaint dvisahechar ged
with 3.9 ng (0.015 mmol e) of Rh(acac)(COz and 421 ng (1.2 nmoles) of the

|'i thi um p- dis phMaswy pf&%@l@lfﬂpl@ﬁ@&ﬁm&ﬁyﬂtf@mﬁ&x&bﬂs%med die8cHbatext2 byand
further with 6 m of polyethylene glycol dinethyl ether. The contents were

stirred forg; 3Q11%t1¥H 6% cahs RAtizat BnYicku A nhHRILIRRUS pEH A Vikle HQUEdar). A
50-nl t hree-necked flask™ equi pped with a Teflon (reglstered t rademar k)
magnetic rotor was charged with 3 m of the catalyst solution thus prepared
and 27 m (0.167 nole, purity: 93% of 7-octen-1-al, to obtain a m xed
liquid. The mxed |iguisd fBMéc&MﬁhQ%@leV@&aiﬁq dcfin BoHOPEas A QTHAY Bext,

equi pped with a gas inlet and a sanpling port. The total pressure was set

at 3.0 1VIPa apgd tth@epferg% 98 nl e AP attureete\ms @k EMAL & i o B sMddA St iHe | NO,

and then reaction was effected fur’'7 hours, to obtain 20.6 g (0.132 nol e,

yield: 799 rBBplvpﬁnB@%‘leE'&rﬂblép T)4ar§1d @né Qi t@@gnﬁghﬁ’onﬁt@kg whifh iof

2- nethyloctana e conversion of 7-octen-1-al was 96% and the ratio

bet ween t h%sfu%rlgﬁh!sga lﬁfe)zc@@s ligngRk e dhoghyds vand fdah Qfmfbendranched

al dehyde was 4 The rhodi um concentration in this Exanple was about 20

ppm T hereafterq( 39%;6?\;&@6&9 afﬂ}g%tw,ﬁppﬁéniseﬁo&w%a r@a@&%w&km& & e

50-nml t hree-nec ask |n5|de of which had been sufficiently

repl aced by, ﬂaJ}XHVQQ?ﬂ/sG%{é%%@ 9O gﬁ@reMﬂ)ﬁ rﬁﬁ&%lwtélakﬁ@

not to cont ct t xture with air. To the mxture, 9 rnl of water was

added. The mh%lf&e,ﬂymeiw eTW@SarﬁBhBE o th9rw £Q rd AWl £5s, Wrldh g0t NSi de

t enper at ure “nai nt al hed at C. After termnation of the stirring, the

bot t om aqueays;d AY¥ely Y\@&rWtEhd'a@}‘,‘HabW@hYaskén@é’ kit Jo6Hr By RLOSRMAP Wore
reveals that the recovery ratio of lithium

p- di phenyl pHagpRN9LENZ §aG3E! N8 S 0985y 8t 7 RS QHeS}RﬁﬁHeO«SJF apdy

shows that the recovery ratio of rhodi umwas 97% Exanpl e

Hydr of or ny | @i e nVidi Ry W& 18 cdrl sk §é +H0i On dir RRRBXHANGSRAE Re solub111ty of the
benzenesul f onat e- r hodi um'conpl ex catal yst and recovery of catal yst

conponent s Bxappdiecoin hBieh EPERWAeeXCePt that the ampunt of |ithium
p- di phenyl phosphi nobenzenesul f onat e was changed from 421 ng (1.2 mMmmoles) to

105 ng (0.3 nmutg) reéa@om@ﬁ&h?@ 1Prtﬁ§ﬁ%ro%t5@tejd Woen and v&eﬂ%rﬁﬁﬁ%’fét@fblhlg”e to
4 hours, to obtain 21.1 g (O nol e, yield: 81% of 1,9-nonanedial and

4.149 (0 026 pPl1Bke )ﬂ&'h@dsk@%xt@ﬁcﬁtlﬁ@%ﬂf/&l@ﬁt @Bﬂﬂpon-Elms @thﬁir&téln et i o of
7-octen-1-al was 97% and the ratio between the formation of the |inear
al dehyde angithatafont hBecly:apsbg8n ak dRRYED]y effected at a temperature of 20
to 90°C and under an atmosphere of an inert gas such as nitrogen, helium
or argon or a mixed gas comprising hydrogen and carbon monoxide.
Then, an organic layer containing the reaction product of the
hydroformylation and an aqueous layer containing the catalyst
components are permitted to separate from each other. If, during the
extraction procedure, the organic layer and the aqueous layer will not
sufficiently separate from each other by being kept standing, the

separation may be accelerated by centrifuge or like means. The

separation can also be accelerated by adding a hydrocarbon having a
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was 5.06:1. Thereafter, the procedure of Exanple 7 was foll owed to separate
an organic |ayer and an aqueous | ayer. Analysis by liquid chromatography
"reveals that the r ecovery r atio of lithium

p- di phenyl phosphi nobenzenesul fonate was 83% | CP em ssion spectrography
shows that the recovery ratio of rhodiumwas 97% 28 Conpar ati ve Exanpl e

1 Hydrof or gMhat § pabitict 4S8 @bmPArad ToUhiter such as hexane or cyclohexane.
p- di phenyl phosphi nobenzenesul f onat e-r hodi um conpl ex catal yst and recovery

of catal yst copRoReshsiEXAR @Males dttRealRth txCepictidmprodatgad of 421 nyg
(1.2 mmol es) of |ithium p-di phenyl phosphi nobenzenesul fonate 460 ng (1.2

mol es) of ,f e, akiastHyeh Radiyphs sy ke s B honohaZE RaU h o114 G oaktaiofatiei n
Ref erence Exanple 1 was used and that the reaction tine was changed to 3

hours, to phtalb 8m%oPehlPs 120 R reYd @ desifable, @b okdlrnonanedisd thad 6.0

g (0.039 nole, yield: 23% of 2-nethyloctanal. The conversion ratio of

7-octen-1-a 0 ' etd oyt iHeN 109 alyk P&t Hh
al dehyde a?lé(fo}t%%zyq%f{qfﬁgt{g?gﬁgﬁlteyg@%?ggl\@glgn&gg%. fg?ilt%mT%?}aeﬁaIFt gl'ry, 30 m of

the reactignp} X £4&fthe wEOMMe8t i0thOhqL886S 197 Mas extracted with 9 m
of water. The aqueous |ayer obtai ned was condensed and dried to solid, to

give 76 ng (reﬁﬁ}ﬁ%mﬁ ro‘"ftxifz?ﬁer:if?(g‘)h e Q%};@&Qlis Y9Yyer thus obtained achieves .
p- di phenyl phosphi nobenzenesul f onat e. nparative Exanple 2 Hydrofornylation

wi th use of,naf35Sd 4N Pe HAPENYS RBBRRALNOVERE §BERVWAT QPN £rerNQHa4F &P HRE eX
? cata

catal yst and recovery o yst conponents Exanple 7 was repeated except

that inst e%ﬂ t@\fe f}g&%lnﬁr&c]esg srﬁ‘ml @sszliscl‘,iilhgit&in?{{h%er reduced pressure. The

p- di phenyl phosphi nobenzenesul f onate 460 ngy .2 mmol es) of the potassium

' p-di phenylphonpliA0RREREaHL YRl & plt Al Aed i Rel R0 G R ambe 1 vas

used and that the reaction tinme was changed to 3 hours, to obtain 18.8 g

0.121 nol ¢, viceld:, 729 : | y |
§/i oy gg(yge%x%'eg%ﬂueﬁeh%égérng -prewlergt PRO2REd) ArT12NHe €1 Q ohn § R x03Y rF®he

undergoing thermal degradation. Thus the dlistillation is desirably
carried out at a temperature of 30 to 100C and under a pressure of 10 to
300 mmHg. The water is desirably distilled off to such an extent that
the obtained condensate containing the catalyst component permits, when
it is re-used for the hydroformylation, no isolated water to be present in
the reaction medium. The catalyst components thus obtained can be
re-used for the hydroformylation.

The lithium sulfonate (I) used in the present invention, such as
lithium p-diphenylphosphinobenzenesulfonate, can also be prepared by
other processes than the above. For example, lithium diphenylphosphide
is produced by reacting diphenylphosphine with an alkyl lithium such as
butyl lithium, and then the obtained lithium diphenylphosphide is
reacted with lithium p-chlorobenzenesulfonate to obtain the desired

product, which is then purified by column purification or like methods.

16



The conversion ratio of 7-octen-1-al was 95% and the rati o between the
formation of the |inear al dehyde and that of the branched al dehyde was
+3:13: 1. Thereafter, the procedure of Exanple 7 was followed to separate an
organi c |l ayer and an aqueous | ayer. Analysis by liquid chromatography
reveals that the recovery ratio of potassium

p- diphenylqﬂﬁﬁgppﬂggpnzenesulfonate was 33% | CP em ssion spectrography
shows t hat e recovery ratio of rhodiumwas 40% Conparative Exanple 3

Hydrof ornyl ati @f, WihBeYSE Dle %Qg'sé‘m gfngéﬂh‘?)'ﬁy PROSHLER b fy reference to

benzenesul f onat e-rho i 'um conpl ex cat yst and recovery of catal yst

conponent s WE«% wﬁ@?lﬁgﬁ:@eﬁh )ég?)@tllﬁlqgﬁtﬂvP?%fﬁ?%eﬂgv%oﬂg ﬁ% t%e

nmol es) of osphi'nobenzenesu 40

of the sodiguy ] d@ gxlfgn%apmmgmﬁ@@a L1 992t bt phusshe, 5eference

Exanple 4 was u reaction hour s,

obtain .20 1 %&é]g ?wrg)x!ee I¥fi les t ed ¢ Qdquar}a?m%% %%%gloqlmg (g% rl79 %9n045

nol e, ylelﬁ 2-me he conver |on ratlo 1-a

100% and f t &.f t f Lh d
that of t natd ARRBEP dnaERYE had B S5 ek FRuBh bpEs o %rdp%ﬁé?éﬁée S

Exanple r s fal omed to,.5e arate an_ or i acid an aqueous | ayer.
Anal ysi s by%PldﬂﬂHBChrona%éggﬁﬁﬁy revea % gﬁhfﬁebrecovery rati o of sodi um

m di phenyl - phospiy RoReNfeResy f3AL% 4RS Y %sslih FULEY AhPAGHEROr aphy 30

determined by ion chromatography (with DX-120 made by Nippon

es)

E

Dionex K.K.). p-Chlorobenzenesulfonates were quantitatively
determined with a 'H-NMR spectrometer (Lambda-500, made by JEOL
LTD.) and p-diarylphosphinobenzenesulfonates and oxides thereof
with a 31P-NMR spectrometer (Lambda-500, made by JEOL LTD.).

The product of hydroformylation of 7-oten-1-al was quantitatively
determined by gas chromatography (with GC-14B, made by SHIMADZU

CORPORATION).

Reference Example 1

Synthesis of potassium p-diphenylphosphinobenzenesulfonate

A 1-liter three-necked flask equipped with a reflux condenser,
dropping funnel, thermometer and magnetic stirrer was charged with
700 ml of tetrahydrofuran and then 29 g (0.74 mole) of metallic
potassium. The contents were refluxed for 0.5 hour, to give a
dispersion of metallic potassium. To the dispersion, 83 g (0.376 mole)
of chlorodiphenylphosphine was added dropwise over 1.2 hours and
then the mixture was refluxed for 1 hour to give a solution of

potassium diphenylphosphide. To the solution, the temperature of
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shows that the recovery ratio of rhodiumwas 94% As is apparent from
Conparative Exanple 1 and Conparative Exanple 2, use of potassium

- p=di phenyl phosphi nobenzenesul fonate | eads to a low ratio of the obtained

| i near al dehyde to the branched al dehyde of 3.13 and to | ow recovery rati os
of the catal yst conponents. In contrast, use of the |ithium

p- di pheny| phasphh peheRzEREsHL fprat & of (hher PresieNtoilaRt gRchrads to a

rati o of the obtained |inear aldehyde to the branched al dehyde of at | east

4. 65 and h'bggoﬁﬁggﬂﬁfoﬁart@t\bgé a(afdetdhgn&%th%l Noﬁite@x@gﬁ@@ﬁﬁgtlr@dtfh@ 4@ her hand,
as shown in nparative Exanple 3, although use of sodi um

m di pheny| pospRis BNAANC eggfp%'alﬁ d 6298 0 Arhd OBo MRTOMBRYof AEdRioh, the

catal yst components) it to a OM/ratlo of the obtained |inear

al dehyde tay tOh%lefa&Cthgg?Fen yabe%lv%fl 1 t 1ed 0B IR dhe BQ&TI n(acf'esasct%nt he

present invention is exc e selectivity to ear al dehydes

and 1 0 econo, b ST, R lnTERh CoRl i I AR RN 18 S RAERE And 700

i nvention, TitHhi unlp i"ar’yl’ phosphi enzenesul igh purity can

be commerclal by WAAEaN ageauly pafn%dgg&dac%%orl\k}%@ a/ff@wfd 14CEQLEH ROl lhe

present inven i O, *ther e are pf ovi de conpl exes Vi ng
Compounds ARCLLOPH TR B8t TEASH RExS aﬁél“%ytﬁ SR derReg Y %%?3?%15 Use
gév%EEag%§§Z;%¥iigg§’§fn ?Etggﬁilggigélﬁ %°§3ﬁ8??§ﬂﬁ5§3%l er accordi ng
hydr of oPnyI auleé)n can Be" PESSPE ere%ggy Irh%} ﬂﬁ?‘{% %%e?’grﬁwﬁli%?ﬁgea easily at

oo ovent odip (oL f ofvotifls Waloid AELRIOPBILARDCTIRNESKAL R0AL ©

liquid was ice-cooled down to 10°C and colorless solid that precipitated

was taken by filtration. The colorless solid was recrystallized from
water twice, to yield 73 g (yield: 51% based on chlorodiphenyl-
phosphine) of potassium p-diphenylphosphinobenzenesulfonate having
the following properties.

The cation was all potassium ion. The contents of chloride ion,
the oxide of potassium p-diphenylphosphinobenzenesulfonate and
potassium p-chlorobenzenesulfonate were 0.006 mole %, 0.47 mole %
and not more than 0.03 mole %, respectively.

IH-NMR (500 MHz, heavy water, TSP, ppm): 6 =7.3 ppm (m, 14H), 7.7
ppm (d,2H)
31P-NMR (500 MHz, heavy water, phosphoric acid, ppm): 6 =-5.37 ppm

(s, P)

Reference Example 2
Synthesis of potassium p-diphenylphosphinobenzenesulfonate

A 1-liter three-necked flask equipped with a reflux condenser,
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R wherein R and R2 each represents an aryl group which may be substituted.
2. The lithium p-diaryl phosphi nobenzenesul fonate according to Caim1,
"wherein said aryl groups represented by R and R2 are both phenyl group. 3.
The i thium p-di aryl phosphi nobenzenesul fonate according to Caim1, being
l'i t hi um p-di phenyl phosphi nobenzenesul fonate. 4. A process for producing

li thi um p- dirapyl e phenobenERoRBYE andal e gnepiestirred wys thergedesriab
formula (1) RL \P SO3Li 2 R wherein R~ and RZ each represents an aryl group

whi ch may beosmbsifi dish@dl evhi € rkDbRE h §5¢ (68T infigled ofah assllionsodium.
p- di aryl phosphi nobenzenesul fonate represented by the general fornula (11)

R-, P ~ ~ §03Kcitomieret e Rlirand fRE 025 doas fed iingdidaphyse teintgerbharé iofhi um
salt of an acid having a solubility in water of 5 to 30% by weight, in the

presence 0f10\09$ Eko Yiva ATHIdPHrRi o efalBiRtsodivat.erfatBeidibpe Iiganior g
solvent. 33 . The process according to Claim4, wherein said aryl groups

represent e‘(iobm Rﬂolémf%%1af@dltmxtemynbﬁay+hg{@wms $dddharppaaesvvaecprding to
Claim 4, wherein sald potassium p-di aryl phosphi nobenzenesul fonate is

pot assi um gy dj.Bhenyl PRSP N9ReRZ8ASH I ONRL Biquid PThE PEORPSaBEEORYI NY tO
Claim4, wherein said lithiumsalt of an acid 1s carbonate, phosphate,

phosphite, 1@igo CFB;?@B@ SndUhbat @he sHkhile wols SMdFOLREPNI HEur &t tHesPmRCESS

according to m 7, wherein said lithiumsalt of an acid is carbonate,

sulfate or (sHddl@urd- toTéi%epg&ﬁ%% REROAYIPHb dphi@kal Modsh dVBET A Bn S 8hd
I|th|un1salt of an acid 1s used in an anount ranging from4 to 40 at ons of

li t hi um at QELAEAMALRED £ WhSAH Baldl b MEealtt357as exb © i 1lo B HiFadly dROT@ESE UM
contained in said potassium p- dlarylphosphlnobenzenesulfonate 10. The

process acGprding o @e%'amagelyw@eﬁqlfblsﬁﬁﬁ e-ht Bk nrsali e Qhiippe GHidhi $ used

in an anount ranging fromo6 to 10 atons of |ithiumatomcontained in said
l'i t hi um sal,t fRAS 86 88n de ALEBHinBOhASSI1UThEPRbA d1RY drY $:2é ¢hplcassi um

p-di aryl phosphi nobenzenesul f onat €.
stirrer was charged with 89 g (1.20 mole) of potassium chloride, 110 g
(0.55 mole) of lithium p-chlorobenzenesulfonate and 750 ml of tetra-
hydrofuran and the contents were stirred for 30 minutes under reflux.
To the obtained mixture, the sodium diphenylphosphide prepared
above was added through the dropping funnel over 2 hours at such a
rate as to maintain the liquid phase temperature at 60 to 70°C, and the
mixture was stirred for 1 hour at the same temperature to give a re-
action mixture. To the reaction mixture, 1.5 1 of saturated aqueous
potassium chloride solution was added at room temperature to effect
reaction and the resulting bottom layer was removed by separation.
Two similar procedures were repeated each with 750 ml of saturated
aqueous potassium chloride solution. To the organic layer obtained
300 ml of water was added and an aqueous layer was obtained by
separation. The aqueous layer was subjected to distillation to
remove tetrahydrofuran, then ice-cooled to 10C, and colorless solid

that precipitated was taken by filtration. The colorless solid was

recrystallized from water once, to yield 112 g (yield: 67% based on
19



11.. The process according to Claim4, wherein said reaction is carried out
in the presence of water. 12. The process according to Claim4, wherein
'water is used in an amount of 1 to 50 parts by wei ght based on 1 part by
wei ght of sai d potassium p-di aryl phosphi nobenzenesul fonate. 13. The process
according to Caim12, wherein water is used in an amunt of 2 to 20 parts

by wei ght hasechizeld PRdrh WXtavebsbd, &f ysaliddl ppigaGselim67% based on
p- di aryl phosphi nobenzenesul fonate. 14. A group VIII netal conplex

conpri si ng & )18¢ P4ip N J1pMBLBhiBé of gemm% Idip KAy IPHR_phAgobbRE SIS, a
| 'i thi um p-di aryl phosphi nobenzenesul Tonate represented by the general
formula (1) REonfrer ~ SO3Li R2 wherein Rx and Rz each represents an aryl
group which nay be substituted. 15. The group VIII netal conplex according

to Aaim 14, whareinq s3]0 5% ilst &8 QPRH % V183 ENIRA0RYa Bl 1BREoRZual ot h
phenyl group. 16. The group VII1 netal conplex according to Caim 14,

wherei n_saigh | ich1k U Pof @1y AROSANI MADERZRNSSLE AARR bSaipidHyighos

p- di phenyl phosphi no zenesul fonate. 17. The group VI metal conpl ex

accor di ng Eﬂbiglo%e'pzje%’esmnegt@ asr?t!l%OQEQHRUXL{J-lchi@%‘%len%@%@ﬁmniasteawéf@di um
oba d

conpound, t conpound, rutheni um conpou or iron conpound having a

catal ytic Nyl Q r of [ RUR oY b, MERtAlet GRTP! ex
accordi ng '?(g'to&\&a'%lél%'/g’ %grlgioﬁg %%ghgl?%urﬁljo%ﬂtﬁg%e?g% cgnpou’nd itp;%ca menber
selected fromthe group consisting of RNO RhzO, RhzGCs, RhQOz, rhodium

nitrate, rhodium sulfate, rhodiumchloride, rhodiumiodide, r  hodium

acet at e, , )4 s, Rhd (CO) (PPhs)z, RhC (PPha)s,
%Br(@(ﬁgﬁé@%%&%(p%gﬁwha)z and Rh(acac)(COz. 19. The group VIl
met al conpl ex ing [ 8, . r.ei i conmpound
is Rh(acac)(w%ig%%ﬂghogo%&c?%r%%l? ?’Sﬁ’yg%%@ﬂ{aﬁ’%%g‘rz ?’%é“ﬁ%tgi m 14,

fanging from 1 ha H0Bb rap L e R s
dropping funnel, thermometer and magnetic stirrer was charged with
200 ml of dibutyl ether and then 20 g (0.87 mole) of metallic sodium.
The contents were stirred for 0.5 hour at a liquid phase temperature of
100C, to give a dispersion of metallic sodium. To the dispersion, 97 g
(0.44 mole) of chlorodiphenylphosphine was added dropwise over 2
hours at such a rate as to maintain the liquid phase temperature at
100 to 110C and then the mixture was stirred for 1 hour at the same
temperature to give sodium diphenylphosphide. To the solution, the
temperature of which had been set at 35°C, 250 ml of tetrahydrofuran
was added. Separately, a 2-liter three-necked flask equipped with a
reflux condenser, dropping funnel, thermometer and mechanical
stirrer was charged with 110 g (0.55 mole) of lithium p-chlorobenzene-
sulfonate and 750 ml of tetrahydrofuran and the contents were stirred
for 30 minutes under reflux. To the obtained mixture, the sodium

diphenylphosphide prepared above was added through the dropping

funnel over 2 hours at such a rate as to maintain the liquid phase
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nol e of said group VIII netal conmpound in terns of said group VIII netal
atom 21. The group VIII netal conplex according to Caim 20, wherein said
‘I'i thi um p-di aryl phosphi nobenzenesul fonate is used in an anmount ranging from
2 to 1000 noles in terns of phosphorus atom based on 1 nole of said group
VIIl metal conpound in terns of said group VIIl netal atom 22. A process

for pfoducgeﬂlféﬁ%mge& ¥ite ORI S eBe Rk tR¥EN0hONrali g Bitydresi cal |y
unsat urated conpounds wi th carbon nonoxi de and hydrogen in the presence of

a catal yst \ﬁl% ?Jrﬁgt{fl‘é?nﬁ&eﬁt%qrert%s@%% RgadtidenneRBurdiSITWLRS rebetat al yst
the group 'l metal conplex according to Claim14. 23. The process

accordi ng txﬁ&;ﬁl&%iemlz.g’l Wtﬁ{rﬁtéaiaqllf‘e%fut%%%@?eﬂnd@hm@dmgr@ﬂ%a whe used

in a nolar ( tatio as inlet gas conmposition of 0.1 to 10. 24. The
process accoi gy tr%og fé Al %%HWE@' Pre?di i Al DI a hid/tHO FeRlbfhd Bobromt 0 2.
25. The process accordi ng €5 & aim 22

, Wherein the reaction pressure is in

Cai o1 eact 188 hALE EF R, B9 nopAEa R A ARCATNIRE FYo g8 Kr e ©

sai d &eactlo d ssure ange of e process
according to Lm 22, wh i he, or [ t LS i e of 40
fo 1500 - 2arerteld|sash UIR Xel BTt R B R R s R s B
tenperature i,S.in a-fapge 3 . . I i
Iq aim 2f2, \Aﬁ%‘rlgliorrll'salodplg? 83%5[%/;% #a%ﬁértogqgaégﬁglzseoxwﬁsl%gﬁg%&?n‘ggﬁoa;ﬁ)%?hger
iter of the reacti |i_qui 0 3 . 100 L1 gr 0t
3L t he groﬁgleﬂpﬁoﬁgpgyegf%%$%géghgﬁg%5f%%ggéggéko?gg%Sqﬁ%oégg?%1 9%95 ST
erein sai d .,amun r L . of t i i qui d. i s, 0. 005
{010 i SRR s s ko S oy ki OB Y dr BB £ Sphi Rof AR e e
or recoverj C I n f . r L Xtk W ained b
the pr o_cessi(?gr’ ag%%ﬁuglr%égg}ggfelﬁyé east g{g{%bgﬁgaaﬁg%}qgkr@#}, fa'/rtl?%ﬁ%glbrrpri }s/es
contacting e reagti 1 re. w ier t e al
conponen]t S ’fﬂ? ocog%rqgagg&qug( fvéﬁeﬁe\@ékgt%ez%dr fg‘ég\?}ﬁf{}t@? hoerIJv%/éttg?S;I% rl gfnfqtr]hg
aqueous | ayger., Jhe. pr S I Qi [.My3 in water i ed
o an amand F R e B e B Ra bR pAREL B T or % e
reaction mxture, 3 The pr i to Claim 32, wherein water
used in an %ﬁ@ﬁn?“?g%%?ﬂg’ P%%%%%Fgggg&gggnglune based on the vol ume o;s
the reaction m’f(lriéj.rcgaio‘?hdé' ol sPE @5 BB o0 0L i iBn QA Al Mo Lo YRR R4 Sai d
extraction is carried out at a tenperature ranging from20 to 90C .
The contents of chloride ion, the oxide of potassium p-diphenylphos-

phinobenzenesulfonate and potassium p-chlorobenzenesulfonate were

0.005 mole %, 0.12 mole % and not more than 0.03 mole %, respectively.

Example 1

Synthesis of lithium p-diphenylphosphinobenzenesulfonate

A 1-liter three-necked flask equipped with a reflux condenser,
thermometer and magnetic stirrer was.charged with 200 ml of water
and 300 m) of methyl alcohol and, further, 50 g (130 mmoles) of the
potassium p-diphenylphosphinobenzenesulfonate obtained in
Reference Example 1 and 50 g (390 mmoles) of lithium sulfate mono-
hydrate. The contents were refluxed for 2 hours. After the reaction

mixture obtained had been allowed to cool to room temperature, 2 1 of
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35. .The process according to Caim31, wherein said extraction is carried
out under an atnosphere of a m xed gas conprising hydrogen and car bon
nonoxi de. 36. The process according to Caim31l, wherein the water is
removed at a tenperature of 30 to 100C and under a pressure of 10 to 300

mHg. 37
- AS. An9. An. AbB AR wA s K S sV 5 60 dARYD ¢ I L wAls S th o N &bA Bl Lo 1D. ARReA9. A9.
AL. A9. A" A" . A& AL. A& A A& A& A A9. A&. A9. A. 9. AA& An} B1@

ej i JO' a- p} xgit h t€] & ak CRlnering_HCah § &l g8l Gal &@])@@ﬂ>ycglr§ﬁ]>f3§ﬂo@§]:§%]ﬁ@]a¢sa]aCa] caj

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!, 9}

Tt EET N AGRERORG, (i 8219 Tﬁ?‘f’é@d! 92hRSE¥ Hﬂﬂm];f?léfﬁbﬁ?l;}ﬂi&é}ﬂli@?]b%?}zﬁﬁ]ecal ca]

ca] ca]ca]ca] ca]ca]ca] ca]calcalcalcalc aJca]ca cal ca]ca]c aJca]c

al . 00=6B68- ; PFHTA LS Ik ORBYWXKE b o pekbdgel gLg} xsni d_Z] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
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I ' N 0 0
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ca] ca] ca] cal ralcal £2locad GRLFAMC AlGR (Vjegg?xgsuMCQ?} xsni d_Z] ca] ca] ca] ca] ca
]calcalc aJcalc g’i calc a] cafegaqj’c a?caﬁ‘c '

a] ca] ca] ca] cmmmgqs%l sﬁhfghfalngfdr?g@ @ga!{g‘é{ﬁ%@m%uwﬁﬂ?mni d_

Z] ca]ca]ca]ca]calcalcalc alJca]Jc aJcalc ca] a
a] ca] ca] ca] Bg}l{;g}lczq]lya] ca] ca] ca] ca] ca]ca]ca] cal]ca Am}Bi K-, &10%Z&' () -
& 109%Z& () - 109%Z& () - fMLO%Z& ()-3 109%&Z& ()- 10%Z& ()- 910%Z& ()- Bl@H;

4110 d 3= 100K A Mrehd yl Q& 0s Y& chd; ppm): & =-5. m
-slow&'()-sg?'/%%&??@?@ﬁohéa%ymg&r’(aﬁ PHHE& LA, ppm): 6 =-5.89 pp

(s, P)

Example 2

Synthesis of lithium p-diphenylphosphinobenzenesulfonate

A 500-ml] three-necked flask equipped with a reflux condenser,
thermometer and magnetic stirrer was charged with 200 ml of water
and, further, 50 g (130 mmoles) of the potassium p-diphenylphosphino-
benzenesulfonate obtained in the same manner as in Reference
Example 1 and 50 g (390 mmoles) of lithium sulfate monohydrate. The
contents were refluxed for 2 hours. After the reaction mixture
obtained had been allowed to cool to room temperature, 2 1 of acetone
was added and solid matter was removed by filtration. The filtrate
was condensed and dried in a rotary evaporator, to give as a white solid
42 g (yield: 92%) of lithium p-diphenylphosphinobenzenesulfonate.

The cation was all lithium ion. The contents of chloride ion, the

oxide of lithium p-diphenylphosphinobenzenesulfonate and lithium
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VdF, &110" 1 1092& ()- 63! 10%& ()- 3! 10%Z& ()- 19nt 10%u& () -
#ont 1092Z8&' () - 1010Veghi j , cE, &110, 3" 10%| & () -
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f109%&Z& ()-10%Z& ()-> P x "1dl''111dE/ 10Z 10Z 3= 10%Z& ()-9 10%Z& () -
Example 3

Synthesis of lithium p-diphenylphosphinobenzenesulfonate

A 500-ml three-necked flask equipped with a reflux condenser,
thermometer and magnetic stirrer was charged with 200 ml of water
and, further, 50 g (130 mmoles) of the potassium p-diphenylphosphino-
benzenesulfonate obtained in the same manner as in Reference
Example 1 and 50 g (390 mmoles) of lithium sulfate monohydrate. The
contents were refluxed for 30 minutes. After the reaction mixture
obtained had been allowed to cool to room temperature, 2 1 of acetone
was added and solid matter was separated by filtration. The filtrate
was condensed and dried in a rotary evaporator, to give as a white solid
42 g (yield: 92%) of lithium p-diphenylphosbhinobenzenesulfonate.

The cation was all lithium ion. The contents of chloride ion, the
oxide of lithium p-diphenylphosphinobenzenesulfonate and lithium
p-chlorobenzenesulfonate were 0.0133 mole %, 0.30 mole % and not

more than 0.03 mole %, respectively.

Example 4

Synthesis of lithium p-diphenylphosphinobenzenesulfonate

A 500-m!] three-necked flask equipped with a reflux condenser,
thermometer and magnetic stirrer was charged with 200 ml of water
and, further, 50 g (130 mmoles) of the potassium p-diphenylphosphino-
benzenesulfonate obtained in the same manner as in Reference

Example 2 and 50 g (390 mmoles) of lithium sulfate monohydrate. The
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------ 00=6RGntents were refluxed for 30 minutes. After the reaction mixture
obtained had been allowed to cool to room temperature, 2 1 of acetone
was added and solid matter was removed by filtration. The filtrate
was condensed and dried in a rotary evaporator, to give as a white solid
42 g (yield: 92%) of lithium p-diphenylphosphinobenzenesulfonate.

The cation was all lithium ion. The contents of chloride ion, the

oxide of lithium p-diphenylphosphinobenzenesulfonate and lithium

p-chlorobenzenesulfonate were 0.007 mole %, 0.34 mole % and not more

than 0.03 mole %, respectively.

Example 5

Synthesis of lithium p-diphenylphosphinobenzenesulfonate

"A 500-ml three-necked flask equipped with a reflux condenser,
thermometer and magnetic stirrer was charged with 200 ml of water
and, further, 50 g (130 mmoles) of the potassium p-diphenylphosphino-
benzenesulfonate obtained in Reference Example 3 and 50 g (390
mmoles) of lithium sulfate monohydrate. The contents were refluxed
for 30 minutes. After the reaction mixture obtained had been allowed
to cool to room temperature, 2 1 of acetone was added and solid matter
Was removed by filtration. The filtrate was condensed and dried in a
rotary evaporator, to give as a white solid 42 g (yield: 92%) of lithium
p-diphenylphosphinobenzenesulfonate.

The cation was all lithium ion. The contents of chloride ion, the
oxide of lithium p-diphenylphosphinobenzenesulfonate and lithium
p-chlorobenzenesulfonate were 0.008 mole %, 0.27 mole % and not more

than 0.03 mole %, respectively.
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Synthesis of sodium m-diphenylphosphinobenzenesulfonate

A 1-liter three-necked flask equipped with a dropping funnel,
thermometer and magnetic stirrer was charged with 150 ml of
concentrated sulfuric acid and, while care was taken to maintain the
liquid temperature at not more than 30C, 150 g (0.57 moles) of
triphenylphosphine, to obtain a solution of triphenylphosphine in
concentrated sulfuric acid. To the solution 285 ml of fuming sulfuric
acid containing 25% by weight sulfur trioxide was added dropwise over
2 hours while care was taken to maintain the liquid temperature at not
more than 30C. After completion of the addition, the mixture was
stirred for 14 hours at a liquid temperature of not more than 30%C.
The solution thus obtained was diluted with 51 of ice-cooled water over
2 hours so that the liquid temperature was maintained at not more
than 10°C. The solution in diluted sulfuric acid thus obtained was, by
addition of 4 1 of methy!l isobutyl ketone, subjected to extraction
treatment, to give an organic layer. The organic layer was neutralized
by addition of about 300 ml of a 5% by weight aqueous sodium
hydroxide solution. After completion of the neutralization, the
solution was found to be separated into two layers, from which an
aqueous layer was taken out. The aqueous layer was then washed
with 250 ml of methyl isobutyl ketone. The aqueous layer was
condensed to about 200 ml, then ice-cooled to a temperature of 10C,
and colorless solid that precipitated was taken by filtration. The
colorless solid was recrystallized from water twice, to give 35 g (yield:
17%) of sodi.um m'.diphenylphosphinobenzenesulfonate.

The cation was 100% sodium ion. The contents of chloridé ion and
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the oxide of sodium m-diphenylphosphinobenzenesulfonate were 0.002

mole %, and 0.5 mole %, respectively.

Example 6

Hydroformylation with use of lithium p-diphenylphosphino-
benzenesulfonate-rhodium complex catalyst and recovery of catalyst
components

The steps here were all carried out under an atmosphere of a
CO/Hz2 (molar ratio: 1/1) mixed gas. A 100-ml three-necked flask
equipped with a Teflon (registered trademark) magnetic rotor was
charged with 3.9 mg (0.015 mmole) of Rh(acac)(CO)2 and 421 mg (1.2
mmoles) of the lithium p-diphenylphosphinobenzenesulfonate obtained
in Example 1, and further with 6 ml of polyglyme (polyethylene glycol).
The contents were stirred for 30 minutes at 50°C, to give a
homogeneous catalyst solution. A 50-ml three-necked flask equipped
with a Teflon (registered trademark) magnetic rotor was charged with
3 ml of the catalyst solution thus prepared and 27 ml (0.167 mole,
purity: 93%) of 7-octen-1-al, to obtain a mixed liquid. The mixed
liquid thus obtained was fed to a 100-ml autoclave equipped with a gas
inlet and a sampling port. The total pressure was set at 3.0 MPa and
the inside temperature was elevated to 85C with stirring, and then
reaction was effected for 7 hours, to obtain 20.6 g (0.132 mole, yield:
79%) of 1,9-nonanedial and 4.4 g (0.028 mole, yield: 17%) of
2-methyloctanal. The conversion of 7-octen-1-al was 96%, and the
ratio between the formation of the linear aldehyde and that of the
branched aldehyde was 4.65:1,

Thereafter, 30 ml of the reaction mixture after completion of

26



10Nt 10%4| & ()-" 10m 10m

10MB=10%1& ()-!1) F"10%m& ()-)F" 10%& ()-!6,!110%~& ()-1]1Y # &' (") “}rg\=
10m8s! 109Z+8& ()- 104| 104| 104| =10%| & ()-!6) "10%H4& ()-)

"10%4| & ()-!a"10% | & ()-" abKbcdle}[<g\ =

10MPF" 109Z& () -! 182" 10%&' () - &Z" 10%Z& () - #@"10%}& ()- @"10%Z& ()-' @
"10%n& () -rtaeef 9eakddcte 2 t O 0 %em ( hf M tle:0%&he) aquddlds 1% obtained

was condensed and dried to solid, to give 189 mg (recovery ratio: 82%)

of lithium p-diphenylphosphinobenzenesulfonate.

Example 7

Hydroformylation with use of lithium p-diphenylphosphino-
benzenesulfonate-rhodium complex catalyst and recovery of catalyst
components

A 100-ml three-necked flask equipped with a Teflon (registered
trademark) magnetic rotor was charged with 3.9 mg (0.015 mmole) of
Rh(acac)(CO)2 and 421 mg (1.2 mmoles) of the lithium p-diphenyl-
phosphinobenzenesulfonate obtained in Example 2, and further with 6
ml of polyethylene glycol dimethyl ether. The contents were stirred
for 30 minutes at 50°C, to give a homogeneous catalyst solution. A
50-ml three-necked flask equipped with a Teflon (registered trade-
mark) magnetic rotor was charged with 3 ml of the catalyst solution
thus prepared and 27 ml (0.167 mole, purity: 93%) of 7-octen-i-al, to
obtain a mixed liquid. The mixed liquid thus obtained was fed to a
100-m] autoclave equipped with a gas inlet and a sampling port. The
total pressure was set at 3.0 MPa and the inside temperature was
elevated to 85°C with stirring, and then reaction was effected for 7
hours, to obtain 20.6 g (0.132 mole, yield: 79%) of 1,9-nonanedial and
4.4 g (0.028 mole, yield: 17%) of 2-methyloctanal. The conversion of
7-octen-1-al was 96%, and the ratio between the formation of the linear
aldehyde and that of the branched aldehyde was 4.65:1. The rhodium
concentration in this Example was about 20 ppm.

Thereafter, the reaction mixture was fed under pressure into a
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50-ml three-necked flask, the inside of which had been sufficiently
replaced by the mixed hydrogen/carbon monoxide gas, while care was
taken not to contact the mixture with air. To the mixture, 9 ml of
water was added. The obtained mixture was stirred for 20 minutes
with the inside temperature maintained at 30°C. After termination of
the stirring, the bottom aqueous layer was withdrawn. Analysis by
liquid chromatography reveals that the recovery ratio of lithium

p-diphenylphosphinobenzenesulfonate was 82%. ICP emission spec-

trography shows that the recovery ratio of rhodium was 97%.

Example 8

Hydroformylation with use of lithium p-diphenylphosphino-
benzenesulfonate-rhodium complex catalyst and recovery of catalyst
components

Example 7 was repeated except that the amount of lithium
p-diphenylphosphinobgnzenesulfonate was changed from 421 mg (1.2
mmoles) to 105 mg (0.3 mmole), the reaction pressure to 1 MPa and the
reaction time to 4 hours, to obtain 21.1 g (0.135 mole, yield: 81%) of
1,9-nonanedial and 4.1 g (0.026 mole, yield: 16%) of 2-methyloctanal.
The conversion ratio of 7-octen-1-al was 97% and the ratio between the
formation of the linear aldehyde and that of the branched aldehyde
was 5.06:1. |

Thereafter, the procedure of Example 7 was followed to separate
an organic layer and an aqueous layer. Analysis by liquid
chromatography reveals that the recovery ratio of lithium p-diphenyl-
phosphinobenzenesulfonate was 83%. ICP emission spectrography

shows that the recovery ratio of rhodium was 97%.
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Comparative Example 1

Hydroformylation with use of potassium p-diphenylphosphino-
benzenesulfonate-rhodium complex catalyst and recovery of catalyst
components

Example 6 was repeated except that instead of 421 mg (1.2
mmoles) of lithium p-diphenylphosphinobenzenesulfonate 460 mg (1.2
mmoles) of the potassium p-diphenylphosphinobenzenesulfonate
obtained in Reference Example 1 was used and that the reaction time
was changed to 3 hours, to obtain 18.8 g (0.121 mole, yield: 72%) of
1,9-nonanedial and 6.0 g (0.039 mole, yield: 23%) of 2-methyloctanal.
The conversion ratio of 7-octen-1-al was 95% and the ratio between the
formation of the linear aldehyde and that of the branched aldehyde
was 3.13:1.

Thereafter, 30 ml of the reaction mixture after completion of
reaction was extracted with 9 ml of water. The aqueous layer obtained
was condensed and dried to solid, to give 76 mg (recovery ratio: 33%) of

potassium p-diphenylphosphinobenzenesulfonate.

Comparative Example 2

Hydroformylation with use of potassium p-diphenylphosphino-
benzenesulfonate-rhodium complex catalyst and recovery of catalyst
components

Example 7 was repeated except that instead of 421 mg (1.2
mmoles) of lithium p-diphenylphosphinobenzenesulfonate 460 mg (1.2
mmoles) of the potassium p-diphenylphosphinobenzenesulfonate
obtained in Reference Example 1 was used and that the reaction time

was changed to 3 hours, to obtain 18.8 g (0.121 mole, yield: 72%) of
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1,9-nonanedial and 6.0 g (0.039 mole, yield: 23%) of 2-methyloctanal.
The conversion ratio of 7-octen-1-al was 95% and the ratio between the
formation of the linear aldehyde and that of the branched aldehyde
was 3.13:1.
Thereafter, the procedure of Example 7 was followed to separate
an organic layer and an aqueous layer. Analysis by liquid
chromatography reveals that the recovery ratio of potassium

p-diphenylphosphinobenzenesulfonate was 33%. ICP emission

spectrography shows that the recovery ratio of rhodium was 40%.

Comparative Example 3

Hydroformylation with use of sodium m-diphenylphosphino-
benzenesulfonate-rhodium complex catalyst and recovery of catalyst
components

Example 7 was repeated except that instead of 421 mg (1.2
mmoles) of lithium p-diphenylphosphinobenzenesulfonate 440 mg (1.2
mmoles) of the sodium m-diphenylphosphinobenzenesulfonate obtained
in Reference Example 4 was used and that the reaction time was
changed to 8 hours, to obtain 20.1 g (0.129 mole, yield: 73%) of
1,9-nonanedial and 7.0 g (0.045 mole, yield: 27%) of 2jmethyloctana1.
The conversion ratio of 7-octen-1-al was 100% and the ratio between
the formation of the linear aldehyde and that of the branched aldehyde
was 2.70:1.

Thereafter, the procedure of Example 7 was followed to separate
an organic layer and an aqueous layer. Analysis by liquid
chromatography reveals that the recovery ratio of sodium m-diphenyl-

phosphinobenzenesulfonate was 70%. ICP emission spectrography
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As is apparent from Comparative Example 1 and Comparative
Example 2, use of potassium p-diphenylphosphinobenzenesulfonate
leads to a low ratio of the obtained linear aldehyde to the branched
aldehyde of 3.13 and to low recovery ratios of the clatalyst components.
In contrast, use of the lithium p-diphenylphosphinobenzenesulfonate
of the present invention leads to a ratio of the obtained linear aldehyde
to the branched aldehyde of at least 4.65 and high recovery ratios of
the catalyst component. On the other hand, as shown in Comparative
Example 3, although use of sodium m-diphenylphosphinobenzene-
sulfonate leads to a high recovery ratio of the catalyst components, it
leads to a low ratio of the obtained linear aldehyde to the branched
aldehyde of 2.70. In summary, the process of the present invention is

excellent both in the selectivity to linear aldehydes and in economy.

INDUSTRIAL APPLICABILITY

According to the present invention, lithium p-diarylphosphino-
benzenesulfonates with high purity can be commercially
advantageously produced at high yields.

According to the present invention, there are provided group VIII
metal complexes having excellent economy in hydroformylation of
ethylenically unsaturated compounds and giving the desired linear
aldehydes at high selectivity. Use of the group VIII metal complexes
leads to easy and commercially advantageous production of aldehydes
by hydroformylation. Further according to the present invention, the

catalyst components used in the hydroformylation can be recovered
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CLAIMS

1. A lithium p-diarylphosphinobenzenesulfonate represented by the

\ |
,P@sosLu

Rz

wherein R! and R? each represents an aryl group which may be

general formula (I)

substituted.

2. The lithium p-diarylphosphinobenzenesulfonate according to Claim
1, wherein said aryl groups represented by R! and R2 are both phenyl
group.

3. The lithium p-diarylphosphinobenzenesulfonate according to Claim
1, being lithium p-diphenylphosphinobenzenesulfonate.

4. A process for producing lithium p-diarylphosphinobenzenesulfo-

nates represented by the general formula (I)
1
R
\ :
/P 803L|
2
R
wherein R! and R? each represents an aryl group which may be

substituted, which comprises reacting a potassium p-diarylphosphino-

benzenesulfonate represented by the general formula (II)

R1

\
,P—@803K

2
R

wherein R! and R? are as defined above, with the lithium salt of an acid
having a solubility in water of 5 to 30% by weight, in the presence of

water or a mixture of water and a water-miscible organic solvent.
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5. The process according to Claim 4, wherein said aryl groups
represented by R! and R? are both phenyl group.
6. The process according to Claim 4, wherein said potassium p-diaryl-
phosphinobenzenesulfonate is potassium p-diphenylphosphino-
benzenesulfonate.
7. The process according to Claim 4, wherein said lithium salt of an
acid is carbonate, phosphate, phosphite, diphosphate, sulfate, sulfite
or hydrochloride.
8. The process according to Claim 7, wherein said lithium salt of an
acid is carbonate, sulfate or sulfite.
9. The process according to Claim 4, wherein said lithium salt of an
acid is used in an amount ranging from 4 to 40 atoms of lithium atom
contained in said lithium salt based on 1 atom of potassium contained
in said potassium p-diarylphosphinobenzenesulfonate.
10. The process according to Claim 9, wherein said lithium salt of an
acid is used in an amount ranging from 6 to 10 atoms of lithium atom
contained in said lithium salt based on 1 atom of potassium contained
in said potassium p-diarylphosphinobenzenesulfonate.
11. The process according to Claim 4, wherein said reaction is carried
out in the presence of water.
12. The process according to Claim 4, wherein water is used in an
amount of 1 to 50 parts by weight based on 1 part by weight of said
potassium p-diarylphosphinobenzenesulfonate.
13. The process according to Claim 12, wherein water is used in an
amount of 2 to 20 parts by Weight based on 1 part by weight of said

potassium p-diarylphosphinobenzenesulfonate.

14. A group VIII metal complex comprising a group VIII metal
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compound and, coordinating thereto, a lithium p-diarylphosphino-

benzenesulfonate represented by the general formula (I)
R1

\ ,

/P‘@‘SO:;LI

R2

wherein R! and R? each represents an aryl group which may be

substituted.

15. The group VIII metal complex according to Claim 14, wherein said

aryl groups represented by R! and R2 are both phenyl group.

16. The group VIII metal complex according to Claim 14, wherein said

lithium p-diarylphosphinobenzenesulfonate is lithium p-diphenyl-

phosphinobenzenesulfonate.

17. The group VIII metal complex according to Claim 14, wherein said

group VIII metal compound is a rhodium compound, cobalt compound,

ruthenium compound or iron compound having a catalytic activity for

hydroformylation.

18. The group VIII metal complex according to Claim 17, wherein said

group VIII metal compound is a member selected from the group

consisting of RhO, Rh20, Rh:03, RhO:2, rhodium nitrate, rhodium

sulfate, rhodium chloride, rhodium iodide, rhodium acetate, Rhe(CO)12,

Rhe(CO)16, RhCI(CO)(PPh3s)2, RhCI(PPhs)s, RhBr(CO)(PPhs)e,

RhCI(CO)(AsPPh3)2 and Rh(acac)(CO)..

19. The group VIII metal complex according to Claim 18, wherein said

group VIII metal compound is Rh(acac)(CO)-.

20. The grouﬁ VIII metal complex according to Claim 14, wherein said

lithium p-diarylphosphinobenzenesulfonate is used in an amount

ranging from 1 to 10000 moles in terms of phosphorus atom based on 1
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lithium p-diarylphosphinobenzenesulfonate is used in an amount

ranging from 2 to 1000 moles in terms of phosphorus atom based on 1

mole of said group VIII metal compound in terms of said group VIII

metal atom.

22. A process for producing aldehydes which comprises, on

hydroformylating ethylenically unsaturated compounds with carbon

monoxide and hydrogen in the presence of a catalyst to produce the

corresponding aldehydes, using as the catalyst the group VIII metal

complex according to Claim 14.

23. The process according to Claim 22, wherein said carbon monoxide
~and hydrogen are used in a molar H2/CO ratio as inlet gas composition

of 0.1 to 10.

24. The process according to Claim 23, wherein said molar Hz/CO

ratio is 0.5 to 2.

25. The process according to Claim 22, wherein the reaction pressure

is in a range of 0.1 to 10 MPa.

26. The process according to Claim 25, wherein said reaction pressure

is in a range of 0.5 to 5 MPa.

27. The process according to Claim 22, wherein the reaction

temperature is in a range of 40 to 150C.

28. The process according to Claim 27, wherein the reaction

temperature is in a range of 60 to 130°C.

29. The process according to Claim 22, wherein said group VIII metal

complex is used in an amount per liter of the reaction liquid of 0.0001
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30. The process according to Claim 29, wherein said amount per liter

of the reaction liquid is in a range of 0.005 to 10 milligram-atom in

terms of the group VIII metal atom.

31. A process for recovering catalyst components from the reaction

mixture obtained by the process for producing aldehydes according to

Claim 22, which comprises contacting the reaction mixture with water

to extract the catalyst components into an aqueous layer and then

removing the water from the aqueous layer.

32. The process according to Claim 31, wherein water is used in an

amount ranging from 1 to 200% by volume based on the volume of the

reaction mixture.

33. The process according to Claim 32, wherein water is used in an

amount ranging from 5 to 50% by volume based on the volume of the

reaction mixture.

34. The process according to Claim 31, wherein said extraction is

carried out at a temperature ranging from 20 to 90C.

35. The process according to Claim 31, wherein said extraction is

carried out under an atmosphere of a mixed gas comprising hydrogen

and carbon monoxide.

36. The process according to Claim 31, wherein the water is removed

at a temperature of 30 to 100C and under a pressure of 10 to 300

mmHg.
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