; e3e&" &T4 x6T"> DESCRI PTI ON LI THI UM P- DI ARYLPHOSPH NOBENZENESULFONATES,
PROCESS FOR PREPARATI ON OF THE SAME AND USE THEREOF TECHNI CAL FI ELD The
present invention relates to Iithiun1p-diary|phosphinobenzﬁmmMﬁmmMM“MMMF,
processes for preparation of the sane and use thereof. The

p- di aryl phosphi nobenzenesul f onat es provi ded by the present inveigjsen are
useful as ligands for hydrofornyl atippsoR@m§. Accordingly, the above
uses include hydrofornylation catalysts conprising the lithium

p-di aryl phogpirHIedNE eNESRYLEROSP RINOBENZDNESTIFONAMES NPROCRESAS the
catal yst conponent, and process for produci ng al dehydes by using such

hydr of or nyl #0RPREPARSIFONDFPEHEBAME ANGY ofSH MHEBREWFOf 7-octen-1-al
with 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- di aryl phoqwueHMIOREMFLHonat es have high solubility in water, they can
readily be recovered by water extraction fromthe reaction m xture of the

above hydr of or mphaty@Be AN SN v ENE6H - rePAKTROAR AR -Ges lbﬁ@s?ﬁix%ﬂl-)ﬂz%ﬂiecm ly.
unsat urated conpounds with hydrogen and carbon nonoxide in the presence of

a catal yst gQaMRna%éd)0n@cdkOdProN plegiladlor BIERARA VY hRAMsMALIQWE.
nodi fication by a ligand such as organi c phosphorus conpound, to obtain

al dehydes, is kma@niﬁﬁukwgr@ifaqryr%ﬁ@éﬂ}gao%n%@e&ﬂ%ﬁém-pll%méy&tvy%é)f
al dedhydes by this reaction has been of high conmmercial val ue. Si nce

group VIl E’Eé@énﬂ?ﬁ{mm adb QELY aSARANR &/ for hP@bdfobRS A8 oRaahYAts. for
comerci al hydrofornylation requires that they be recovered after use at

hi gh yi el ds A3ogrdi®ig3fdshd W6 RS AGBY iabivak RRIA ML 1NAYE ddialpfiere been
recovered by an evaporation separation process which conprises distilling

of f the prodymlprdid g WHELREA RN SS-A1A¢y18 BB BIdHeh AhBBUIBRAEEAEES Pl B Ur €
and recovering the hydrofornylation catal ysts as evaporation resi due.

Hydr of or nyl ghb QRS L NSdStidh s h@ﬂ@y@ﬂysy@éﬁ%h@n@%ghgsgmbggé ggnd suffer a

significant deCrease in activity due to heat when t esired products have

hi gh boiling,p@h8ing Alddhs @8NS aklng 88tH Hy*a%fm@yl%\eﬁﬂfeaem@féemat hon

process is applicable onl'y to hydrotornylation of” ethylenically unsaturated

conpounds ha¥k g gl H?&Foﬂ)?ﬁag_létiﬁﬁré}oﬂoéﬁé}{rﬁ-aluﬁ’@t}PfusS%_tfad ¥Rb@iRPr i sing
group VII1 metal conpounds nodified by a water-soluble |igand has then

attracted agbpipibRhaving WIBEShE a BEREEASSiREy IBNAERh A Bd len@BuMonate,
et hyl eni cal |y unsaturated conpounds having at 1east 6 carbon atons. In

order for t@hg d¥P6EEnt L 1A{IArNAhYAEE @t b2!1U§-nddad i AP WRYR zoBRCESSAr Y

to overcone two opposing principles! increasing the reaction rate requires

that the waygfectRlity! &Sindbakdlnepddd 'rg@pméﬂlﬁn%béﬁ&élﬂ%ﬂ%ﬁéée%' %@fgigh

present in the sane phase and on catal yst recovery, wat er - so

catal yst andohfiflityAaPRELdL tREPDAGE r&BtRly BE 1oRoSERAL BY Sy REASESra¥YBHIWOUS

processes have beenh proposed for this purpose. For exanple, (1) Japanese
Patent No. 285{Q%e AR IPRIxEuR BEERS aHBVE mmmﬂxﬁﬁﬁatw@ RS ugkd.

hydrof ormmyl ating 7-octen-1-al in the presence of a rhodi um conpound, a
phosphorus |igand having a sulfonic acid group and pol yal kyl ene gl ycol
derivatives, adding water to the 2 reaction m xture and separating the
catal yst comoeRERBONBEXAR@ction and renoving water fromthe aqueous | ayer
t hus separated to obtain the polyal kyl ene glycol derivative containing the

catal yst conmpongghc£6H dﬁé&g{l@ﬁi‘cﬁglyéﬂh?aﬁﬁ'attgﬁ oS dd RfitH %%??gt?g’an@

the same tinme, obtaining 1,9-nonanédial fromthe organic layer.

W94/ 17081 anghoRRedles8dbaheite JQ@J%%@@;@Q%@%%{M&&%?@ gdoup VIII

hydr of or myl ati on process which conprises using a group VI nobl e

met al - 11 gan¢, GATRb&p ARtRWIEA oMW ftRout o ATR tFn Wyl 1l 08ch 9k Aghassi um

p- di phenyl phosphi nobenzenesul f onat e.
phosphorus compound, to obtain aldehydes, is known as hydroformylation

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

LT

*G00002*

high commercial value.




The above process (1) can, accordi'ng to Exanple of the patent, perform
hydrof ornmyl ation in a | ow rhodi um concentrati on of not nore than 25 ppm

wi th use of sodi um m di phenyl phosphi nobenzenesul fonate as a water-sol ubl e

| i gand and recover and reuse the catalyst. The resultant reaction mxture
cont ai ns, besides unreacted starting material and the reaction product, the

pol yal kyl ene gl gnde g/ FUTV fife tH$ @8mipd udid s2qRUGE rPbx pEh¥ivEO Yh &fr dd€ as
resultant reaction m xture. The process therefore has high vol une

efficiency. cKOMOYES forl &drf nitreLASEy dwfomﬁlm@hl&@uu@tﬁhem b8 rekovdid

desired |linear al dehyde to branched al dehydes remains to be 3.5 at nvpat.

The above pae@eSesd 21 hegh IyifRlsOahd raceidi g &&%Eﬁyﬁﬁﬁﬁ'c@talysts have
hydr of ormyl ati on in a heterogeneous systen1mnth use of potassium

p- di phenyl pbR&RITo PO BEBA G1R@EVE FNBY A A8V 2p ¥¥itesn S8 HPARoh I HRREs ARGhikR the
presence of an aqueous sodi um hydrogencarbonate sol ution having dissol ved

llauric aci deompeide sCO1ViRR! o thieSPRIARY artd G@ReheteBNd thrbfRE A e PRI s Fhom
advant age of high ratio of the linear al dehyde to branched al dehydes of

about 13. HpMEVBhetivhidigubedhd Q@é’d%ﬁ%%@ﬂﬁﬁ%‘f&ﬁn&fhtﬁ@& caf418RYS akayer
of 500 ppm and with presence of about O part by 3 ~weight of the water
| ayer basedg@RpoRfiPRresiud\ei ght of the starting material olefin, this
process suffers a poor volune efficiency. There is no description with

respect to the H&fd'rﬁf(ﬁ'WanorP@&@dl?ﬁs aﬁ&wwyveﬁmtdbwag&m%éw%@dge
possessed by the present inventors) use of potassium

p- di phenyl pba%hlm@fg@nmaﬁ laefcia@@séem wetichtyhaseaol Mtswlhuhl {Het &em@ewat er,
in the above process (1) requires a | arge amount of water to recover by

extraction b'i‘@dﬁ@t!sthﬁ&&'ﬁhéﬁ%oﬁﬁﬁgtﬂﬁﬂtm K 1Y e daily LRR1 byl phor nyl ation

has conpl et ed and ke conpl ex recovery processes and, besides, results in
a |l ow reCOV%WpB?&ﬁlé’n s'eba?élﬁoh*}%o%% ¢s BSPMicABP LRGY £6 }@%‘f%kd}@nﬂaﬁ{&?%s to
sol ve the above problens, that a process which ‘can performTeaction at

a | ow rhodi yphpRRGEM Y Qfﬂs%@u?ﬁ‘ﬂed"@(ylﬁpthﬁsV}Pi\Hﬁg £t o &MY n8 da 8RO
catal yst recovery efficiency, thus being excellent in econony, to obtain

the desiredgkjpgar al dehyde with high selectivity. Accordingly, an object
of the present invention is to provide a novel ligand for hydrofornylation

catal ysts that 11@uef datalydsUoH d;%ﬂ'sﬁié BP0 @h VAL D Yh S CRd Yo W@ Iy BFied by -

conpounds, excellent economy and giving the desired linear aldehydes w't

hi gh sel ect iaWhYor-§0RI1EMi @ﬁ%s%ﬁxehh&tﬁéﬁt%ﬂnéﬁeﬂ‘{ﬁm {PBomind QiR OVi de a

process for producing the above |ligand wt purity, comrercially

advant ageou%'r)fc@stseg'cﬂ‘m\)ydr%lfgrmﬁdtllé)n %@%ttﬂ?ferﬁghﬁwur%(atturi‘ﬁydr O?ﬁﬂ)to n'?l\éent ion

is to provide a group metal conplex to be uSed T orny ation of
et hyl eni cal g 4Rs 3k Ueabed GAIBBRWIISs Saindo oerxtlﬁg\ﬂr'aeew‘e&hkﬁmveeconow

and giving the désired |inear aldehydes at hi gh selectivity. Yet another

obj ect of thEnRhER8AT vhIWENLIi@hdweddd REQESEEY 30 Wv%?@éxﬁef&fo BhPEIGIgNT
al dehydes readily and comrercial |y advantageously by t

hydr of or ny| ?E'h?ﬂp!:@d |1h%i-&gs1hE9ch%bfb‘é%t£HxPP§teV¥éduﬁfEB qhmﬁglvmerés&%wer

obj ect of the present invention is to provide a process for recovering at

high yield theaigat aa'rﬁashasﬂfm@@@%&lﬂ ‘?gatf&‘iafshﬁh@fgéé}{tofr{r}fﬁ@tsla% phamt he
reaction m xturé. DI SCL RE OF THE NVENT ON The present 1Invention

provides a ly h%ﬁ%@ﬁ@&%b%@p@h@%ﬁ%%qu% LRRAYSt LAR" ARFNHEFnMC t he

general formula ereinaftér someti nme
product must be in separate phases. Various processes have been

proposed for this purpose.

For example, (1) Japanese Patent No. 2857055 describes a process
which comprises the steps of hydroformylating 7-octen-1-al in the
presence of a rhodium compound, a phosphorus ligand having a sulfonic

acid group and polyalkylene glycol derivatives, adding water to the



referred to as "lithiumsulfonate (1)" RL ,P ~ ~ SO3Li R2 wherein Rl and R2
each represents an aryl group which may be substituted. The present
irnvention al so provides a process for producing lithiumsulfonates (1)
whi ch conprises reacting a potassium p-di aryl phosphi no benzenesul fonat e
represented by the general fornula (11) (hereinafter sonetines referred to

as "pot assi Heacridh AMBitaré lank) sépardBting tHO 3%t &R 0RNEY dh Rl s e KEr aRE RO 12S

defined above, with the lithiumsalt .of an acid having a solubility in

vater of 5 had3Q%Vingewdbdn fﬂo'?nttHGaQ{r WRIUCAyRE thRlsee piiradedits bt RiPthyat er
and a waterm sci bl e organi c sol vent he present invention further provides

a group VI borgerm!yr&mgimlqemdtmrgoataﬁmﬂg t¥e!da tB®} Al ciRpOR&NEaRAd,
coordinating thereto, a 5 lithiumsulfonate (1) (hereinafter sonetinmes

referred tocaQulAfiAERNKYS kb tHBL@lacEHTRICXe -k "And, TACLIY SRR tikdd/ Pt PRingt | | |
further provides a process for producing al dehydes whi ch conprises, on

hydrof or nyl 319-n@n8hBUiANfea kNe WRgRAIW BlyRE. CONPAUNYS/ 1W0Bh £2d hapamREexi de
and hydrogen in the presence of a catalyst to produce the correspondi ng

al dehydes, paik&gt UK OO UVbbE 1 1841319 6C@IERI % 4 Iy d38£dritey 1GRIGH ¥#bceskhe
present invention yet further provides a process for recovering the above

catal yst COWRAPR ot phb&d us bi &@%p VDI REPNCHIRE]-FidhRdYSd mp RIPOREN} St f rom
t he reaction nlxturgmgbtarngngy thg above procgss P%% pro&ﬁgrng aldghydes

contacting Wgche8E ¢ pMaXWHER aikAnWaifSfothQs Rith P alp h &Ly GHoBb Y Sho-
conponents into an aqueous |ayer and then renoving the water fromthe
aqueous | aygenzMIEI &R CARRYI NG QUT THE | NVENTI ON Exanpl es of the aryl
groups represented by Rl and Rz are phenyl, naphthyl and anthryl, of which

phenyl is nost ’Ph@faq{o%@;?roclﬁﬁﬁ) I, a&é&ﬁ@ﬁg WBYEPﬁnﬁlhb%P'thé'tp%%nﬁxaﬁm es
of the substituents are hal ogen atons l'uori ne, chlorine, brom ne and

i odi ne al kybeﬂfo@ﬁpﬁt@'d?oﬂrnﬂ'ﬁtalﬁwn ifhhyly r]%(ﬁ% cohﬁgﬂfﬂﬂ%n oPWo¥/more

i sobutyl, s-butyl, butyl "and cycl ohexyl ~ fl uor oal groups, e.g.
di f 1 uoromet bihy dy Eﬁhﬂ%mtsgydﬂsolh&m bd- H?;SH’(?ﬂ}h#h’osghﬁl%é(r{dé%%gﬁw&%lat@'}q
1-f1 uoropropyl ~ al koxy groups, e.g. methoxy, OXYy, Propoxy, i Sopropoxy,

but oxy, i SOQUER¥Yp-s SulpYe Qi@érﬂ“gnﬁ IQ%%SY anﬁ‘%‘ ugf MHB%athlykt. 2GHeY! -
propionyl, butyryl, isobutyryl and pival oyl ~ acyloxy groups, e.g.

acetyl oxy, PREQRItQRY r@X¥uio RUhWHr@bnRRthd, SRRYAYS Q¥ ¥ eted Mxﬁ?gr Bn¥kial
groups, e.g. methoxycarbonyl, et hoxycar bonyl, propoxycar bonyl ,

i sopropoxycghloiid re IS PEEARAMhe 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



6 I sobut oxycar bonyl, 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 netal 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 ol WeiphooPRhBaPLRAERG Y Ha@RAl6h ohb!dHi¥My weight of the starting
p- bi s(mtolyl)phosphi nobenzenesul fonate, |ithium

p- bi s p-t ol ¥iafRBesIPSle PR aME 8 PR L S0f@tters higd¥rWBlume efficiency. There is no
p- bi s( p- met hoxyphenyl ) phosphi nobenzenesul fonate, |ithium

p- bi s(p- fl ugeeRNpBIn) REAS PEspRZANE St {ieRaY @f cathlYs¥Pecovery. According
p- bi s(p-trifluoromethyl phenyl ) phosphi nobenzenesul fonate, dilithium

bi s(p-sul f opheR¥! R RReRMgRNPSRREEEd %Pdt}fg pidildMnventors, use of potassium
bi s(p-sul fophenyl ) (p-trifluoronethyl phenyl) phosphi de. AnDng these |ithium

sul fonates @HipHdryhHBLPhHHobeAR¥hBECEBARNODERZAN RSN RRALB1UBIIRG it Gakés ! Y
preferred. The process for producing the lithiumsulfonates (1) is now

described. f thg NRARSFAS%sE A1Y2Equittsid bardel MindTnR A fiw 2t R&ddberitiose
having a solubility in water at Z%C of 5 to 30% by weight based on 100 g of

water. Wier gxphigetidd PheBatfhlor®fthehedthidnl Aakt@Naft@l ThRYIEY BlcfolmytitGen the
above solubility nmeans that the solubility of the anhydride is in”"a range

of 5 to 30%mky dMh Fltlte BASRA1RR PR xOfe OFEEY prodsh é&tﬁ%%éih@é,%@ﬁﬁké of

an acid renders it possible, after conpletion of reaction of a potassium

sul fonate (hih)a BAF rbPSvddyt fgyen salt of the acid, to separate by filtration
the starting material lithiumsalt of the acid and byproduced potassi um

salt of the acig f50ThkREforEaflenOfe dTr¥d YbeRTSh REPFR LS th R €ht MBove
desired lithiumsulfonate (1) readily. Exanples of the lithiumsalt of an

acid are Ca[rpl?QBﬁatn@s, AASRNAL frockss WHRHPM A SerfirB S ROALR atSH ISR Erodsti i L €

and hydrochloride. O these, carbonate, sulfate and sulfite are preferred.

The lithiumesatin@hatfih ahidchdve Hs vBItﬁB_@ré}'?i{%eI}t{}t ﬁyg%@g f’ﬂ%gﬁt Ascov@ry

insure that the nunber of lithiumatons in t s wthin a

range of 4 %@gﬁ%gpf&%@iﬁé %Qb%llflgnﬁ?nje on?ﬁ&ﬁr?@%%\ﬁﬁirﬁhﬂéﬂd%i}e%]eleigg&f‘sSi um

at om present & potassium sulfonate (I sSe I ch anount s to

better operabhdhiye ¥ehMighbelddtivityeaction is carried out in the presence
of water or a mXxture of water and & water-m scible organic sol vent.

Exanpl es of usallego MBALSIIT S bBj et UIAM Frex@nt GAlEntioh A gnffi% ‘denanvel

met hyl al cohol, ethyl al‘cohol,” propyl al cohol, ethylene ycol a

di et hyl ene glatGld £dsehQ@FFor frydatidhelAafystS it HEFd %h Kﬁ&fﬁ?@r ?i’at%f{%fhy'
ket one; esters, e.g. nmethyl formate, ethyl formate, nethyl acetate, ethyl
acetate, ne 0Py IO , : oidl I
ther oty EnE B SR NALE AT gty OSSR pERR gt Ry ey

et hyl ene gl yeel-PNAehLPYIa AR ’% cPlvdi ethyl ether, ethylene
gl ycol et hyl néf%yl et her g?%? 3Iene é ycg?‘!J ?ﬂ% hyl ether, diethylene

glycol ethyl mehhyhnet Iaﬁiec@rl%lt‘;f.eef)MJe%QQngleX@ﬂ)lfnog ﬁ]gi‘%)\lriﬂeihfﬁ%rga&{bﬁs% an

organi c solvents are prefera poor sol vents

aci d used. ThedGeRlHand gbsgugﬁﬁ WRYh 6 g HSRk B, MnYm @ cilafl,cOMDI Nati on of 2

or nore. Water is used prefer y in an anount of 1 to 50 parts by wei ght

based on 1 quvtan%gé&?slgogtaﬁ?é}pmeqa[fonate (I'l') used, nore preferably in an

anount of 2 to 20 parts by weig on the same basis. The organic solvent is

d f bl yqi : t: Y=Y t of
used preterablygkfy] QQOQH%#P?J%E(;%,{%% plb Rak 1ﬁvQ%F1\6‘ﬁ' ghto pﬁ%ﬂ?ﬁ%g?’ogﬁr 0

t he potassium sul fonate nore preferably 1 n an anount to 20

parts by weighi &gatl%m%& &aﬁ% %'seg%rr}ﬁldrgfﬁm%%g%ﬁg%?@rthﬂcentit%ll?rgani C

solvent to that of water Is preferably not nore parts by vol une,

mor e pref er all ey 104 tJHPE bhﬁgd\%\j gﬁmmpwx K%%?gxt %eﬁ???&ﬁ&ﬂgtmer ature

can be appropriately selecte In a range up reflux tenperature

of the sol vegiseck dERHRYCNine4PIAERA 0N higRAbidfhiopt preferably at the

reflux tenperature in view of reaction efficiency. The reaction tine is

preferably in ayppRoetRir Qbpdt@lithe s%ntrmsngifo%f & aPh¥ovided HBGseor!

to 4 hours. Although the reaction nmay be carried out under the atnosphere)
|t i's desi 1 ghbiubRId 1AW diAIRa il AhADSARGCECON1ARAVAREd e AR HNRS
nitrogen or "argon) whi ch "suppressées oxidation of the [1thlum sulfonate (1)
used. Thus, the reaction is preferably perfornmed under an atnosphere of
inert gas such as nitrogen or argon and in the presence of water or a

m xture of water and a water-m scible orgd%ic solvent) by mxing a

pot assi um sul fonate (1) and the lithiumsalt of an acid and then stirring
the resulting mxture at a prescribed tenperature. The lithium sulfonate
(1) thus obtained can be isolated and purified



by any usual process enployed.in i‘solation and purification of organic
conpounds. For exanple, the product can be isolated by the successive steps
of condensing the reaction m xture, adding a poor solvent for nmetal salts
of acids, such as nmethyl alcohol, ethyl alcohol) propyl alcohol or acetone,
separating solid matter by filtration and condensing the filtrate. The
lithium sul hgdasfriyladiemiuti¢ikihy thiaealdaygriP VEEE meval €BbnidAsxhi gh purity
and low chlorine content, can be used as it is as a |ligand for noble netal
catal ysts. The AtfakthéwobRicelofaheppicasak URventibanat® fidvideanphscdysoduced
by any known process, for exanple, (1) by a process ich conprises
reacting a ebéde@inh @y Highsyieldehvidabalitadon FoStisRPfALERd N @ sodi um
di aryl phosphi de, reacting the sodi um di aryl phosphide with lithiump 9

chl or obenzengaubfnadlation friden PhESRAEE o m¥RGARCE of the potassiumsalt of
an acid, and reacting the obtained reaction m xture by addi ng an agueous
solution of the potassiumsalt of an acid or a m xture of the potassium
salt of an acid and water and (2) by a process which conprises reacting a

chl or odi ar yigs@Iph SR B0 TREANVENDPI@NSI um 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-TheqreBent eneswtiba idéea W4 pO8ihrghsh JANARSSEn Eah &Nt
TOKUHYQU 506110/ 1996). The group VIII metal conplex (1) conprising a group

VI netal ganReunsl rapeesesieiyahé REnkRET &:@nula@)!(hbRéinAredd SOMatHndd )
has the catalytic activity to accelerate hydrofornyl ation of ethylenically

unsat ur at ed reRFPLENISs TMhEhiGOYRIMnalke TE"al conplex (1) is watersol uble and
can be used for known hydrofornylation utilizing a catalyst conprising a
group VII1 netal conpound jfied wwth a water-soluble |igand. The group
VI1I nmetal conpound used fof\this pupose should either originally have the

catalytic activity to acceler , q;Lon of ethylenically
unsat urated conpounds or acqujire ¥ activity under reaction
Eyé Exanpl es of such netal conpound are

conditions for the hydrofor ation.
t hose rhodi um conmpounds, cobalt conpounds, ruthenium conpounds and iron
conpounds t haterBaY R IDLED RESEsh1APe SRlsBhYS ah AR Mrlgﬁmri@wh@ay ge. Exanpl es
of the rhodi um conpounds are rhodi um oxi des, "e.Q. O RhzOQ"™ RhzGs and
RhOz~ rhodi ygusalhlited.© 9- rhodiumnitrate, rhodi um sulfate, rhodi um
chloride, rhodiumiodide and rhodi um acetate and rhodi um conpl exes, e.g.

Rh4(CO iz, Rhs(PRbiresBRCAFI (iERNALE )p rBVfd SR irbees SOR p LA ERBA thium
RhCl (CO) (AsPPhs)z and 10 Rh(acac) (CO) z. Exanples of the cobalt conpounds

are cobalt ¢aMRneXEs (I)ewlicHEhEPidhs %@%&pdﬂ%s@%-am&ﬁgﬁgéﬁ@&-

Exanpl es of the rutheni um conpounds are r eni um conpl exes)

Rus(COi 2, BdhFEhedirhsdde rﬁms%ﬁE’E&]%&%W?eﬁ&ql%ﬁ’ﬂlﬁh%m&w@ﬁé&@i the
iron conpounds are iron conpl exes, e.g. Fe(COs, Fe(CO 4PPhs and

Fe( QO 4( PPh§)aret MBI G Fd1988 004D P Rsith d R PR £fec(1aPl € to use rhodi um
compounds, for which mld conditions are sufficient for hydrofornylation,

in particular Rh(acac)(CO z1qhe above lithiumsulfonates (1) may be used

singly or in conbination of or meeR, or further in conbination with a
phosphi ne, e.g. triisopropylp . '
tri-t-butyl phosphine, tribenzyl phy

t uie/| phosphi ne,

neS@BKhenyl phosphi ne,
tris(p-nmethoxyphenyl) phosph , trisUpN, N-di met hyl am nophenyl ) phosphi ne,
tris(p-fluorophenyl)phosphine, tris(p-chlorophenyl)phosphine,
tri-o-tolyl phaseih 1 add R2aiO0Y dRFIRIINLDSve,t i - p-t ol yl phosphi ne,

tri s(pentafl uorophenyl)phosphi ne, bis(pentafluorophenyl)phenyl phosphi ne,

di phenyl (peqtigh ltuereaheny shPhesRAI N18d HRLRY! ALBNAYtPRasRREdEof 5 to 30% by
et hyl di phenyl phosphi ne, cycl ohexyl di phenyl phosphi ne,

di met hyl phegydiPROSHNRE preb &Y PRARYE BROS Rk DEre 87 Wity dinRhgRYA RRRROSPhI ne,
2- pyri dyl di phenyl phosphi ne, 4-pyridyl di phenyl phosphi ne,

m di phenyl phpgsphiieohenasngsilen@ni ¢ acid or netal salts thereof)

p- di phenyl phosphi nobenzoic acid or nmetal salts thereof and

p- di pheny! phospithBqnRget RhesRIBh fareké A pebvidlal g§@\_h;% YNGR AN Qmflex
phosphite, e.g. triethyl phosphite, trlpﬁenyl phosphite,

tris(p- met heymipiesive) a %Qgﬁﬁm’ltﬁm&fdl&(o%ﬁ@&ﬂ&'atmﬁ%b%dﬁf&%@ﬂ%'th@reto, a
tris(p-trifluoronethyl phenyl) phosphite, tris(2,4-dimethyl phenyl) phosphite
and tris(2,4di-t-butyl phenyl) phosphite. The lithium sulfonate (I) is used
preferably in an anount of 1 to 11 1000% noles in ternms of phosphorus
atom per nole of the group VIII netal conpound used in terns of said group
VIIl metal atom nore preferably 2 to 1000 noles in the same terns. |If the
anount of the lithiumsulfonate (1) is less than this range, the stability
of the catalyst will be inpaired. If the ambunt exceeds this range, the

o, . - . g e S N o oy



any of linear, branched and cyclic termnal olefins or inner olefins.
Exanpl es of such et hyl enically unsaturated conpounds are unsaturated

al i phati c hydrocarbons, e.g. ethylene, propylene, 1-butene) 1-pentene)

1- hexene, 1-heptene, 1-octene, 1-nonene, 2-butene, isobutene, 2-octene,

1, 7- oct adi ene, vinyl cycl ohexene, cycl ooctadi ene, dicycl opentadi ene,

but adi ene PLk N 1Eh Ss 1 éh 4 t0I) @1t e DOA AL BR s meit Yih 85 8 fe1@ el toSAY F @fup FIII

nmet hyl styrene, |3 -methyl styrene, al kyl group-ring substituted styrenes and
di vi nyl benzgngal abmg¥ex i(D)”pl efi n hydrocarbons, e.g. cyclopentene, 12

cycl ohexene, 1-nethyl cycl ohexene, cycl ooctene and |inonene~ and functi onal

gr oup- cont ai ni Mph@lebbéist ivventich ls¥lll Fueah! provi@byla §dc@BS!for producin
3net hyl - 3-buten-1-0l, 7-octen-1-0l, 2, 7-octadienol, vinyl acetate, %3”

acetate, rreamdhy@%rsydvam) c@ﬁl&wise@cwﬂ ﬁ%&nofﬂ?ﬁ@ﬂhﬁ@tﬁﬁ‘ﬂé’ﬁﬁhﬂy al lyl
acrylate, vinyl nethyl ether, et her, 5-hexenam de

acrylonitri hﬁsaﬂﬁalea%@np&u@ds WW,E faa&%mﬁ&n&ﬂd@%wy@@og&h 3h thati o of

the m xed gas of hydrogen and carbon nonoxi de used for

hydr of or ny| pfésmmel df 4 SatelSist 3Bl ot thtae;orra&éﬁbﬂdlntghmewyetesga&rﬁgetw a
range of 0.1 to 10, nore preferably 0.5 to 2, which permts easy

mai ntenancegﬂfuﬁ Nﬂlmﬁ&m%&ﬂ@ﬁﬂ@ﬁhﬁlt% caIaﬁtheactl on pressure is
desirably in a range of 0.1 to MPa, nore preferably 0.5 to 5 MPa, in

vi ew of reacti Ophé ql,treseﬁhw&ﬁq&h%ttfem%@mem #ppddeab! for irBcivdafge of
40 to 150 , nore preferably 60 to 130 , which suppresses deactivation of

the catal ysthe AB6vé @a€AIYR0 coRp e M whith %p'rfbe% ohl fercedehyl%ecatlanm d
circulation-type, gas circul ation-type, bubbled col um-type or [ike

reactors. T@&nbeﬁehwnr&mheere%ﬁdneﬂuﬁtﬁreebsth%eaqi(}ﬁ m@%%w p%cess for
bat ch-w se. The group VIII netal conplex is used desirably in an anount

of 0.0001 tg,dPeinpi dlidetyags a@&{‘ﬂdc'&r{geflﬁ@ r@ﬁctgéﬁliﬂm\flulre WwRhal 28,088 Per
liter of the reaction liquid, nore preferably in an anount of 0.005 to 10

ml1igram ageffaich thB&a3a R tt@niFondP@ $18!dn 2quabRyMhysLanht thenrdM8v]
reaction rate, while the anmount exceeding this range,” which increases t

catal yst COffie wiRel TRGRMtHNRERESES 1431 . F€action rate efficiently. It is
desirabl e, on hydrofornylation of |i‘pophilic ethylenically unsaturated
conmpounds with use of the group VIIl netal conplex (lI) of the present
invention, to permt a solvent to be present in the reaction zone. Exanples

of sol vent sMeBHLFON CARRYINPCFETAIAFAPNOEGTPONAT 13  solvents, e.g
di met hyl sul f oxi de, N-net hyl pyrrolidone, sulfolane, dinethylformm de,

acetonitrile, asﬁmrgﬁesqr@na%ym@oaﬁsr@py@gmw% Ra|aﬁ9i‘?t|239re Reny®t hyl

al cohol , ethyl alcohol, propyl "alcohol, 1sopropyl "al cohol, buty alcohol

s-butyl al cgh htﬁf’ldaﬁdtﬁﬁt‘fllryﬂl Mﬁhclﬁblﬁ%ﬁ?f&s ?n(gst ﬁtetﬂd'@d‘l% g %Q

propyl ene egcoI di et hyl ene ‘gl ycol ) et hylene glycol nononethy

et hyl ene gl P&lp@hm%/t Bé(lsu%tsbﬁhte&j' e]tﬂmdng‘n@s Qk%ﬁ@lsucys%fth.'ﬁélntgtaqgrhﬁlogen

trlethylene gl ycol, ‘triethylene glycol met hyl et her tetraeth ene g ycol

and tetraet hyd,RRCe %l ¥ebrife TBhIBin &l Wmﬁf&jaﬂﬁllﬁﬁﬁwl £k51 %rﬁﬁ
pol yet hyl ene glycol , pol ypropyl ene glycol, pol yet ene “gl yco nDnonethyI

ether and pﬁie%ﬁ&hyéﬁm EL'N}?ﬂl 166 SRS | bﬁ%ﬂerlsol;—l.hﬁﬁess’cmtg@n{ %urif?yah@. used

singly or in conbination or or nore. Anpng these’ solveénts, |

desirable tgy dl%ﬁeﬁfi W%Ma@ﬁ?l L'cWr‘]S’é Se. gsﬁmuaﬁorﬁglﬂﬁt hylrehée Fhyagh, and

pol yet hyl ene gl ycol di net hyl her ‘which usage preveénts preC|p|taf|on of

cat al yst commhwdzlzn&ff?@mtwpaﬁﬁfi@1@}6}5 9@10641%% tgraﬁﬁgvsfy
These solvents are uSed desirably in an anount of to 50 by volune, nore

preferably & difof%ihox \jro:gl)'l.‘glﬁloxﬁ Neb PRl B ut 624 LisBButd A Isdb i ffxyt

fid
hydr of or myl ati on. Al t houg ere are no specific¢ restrictions mntE respect

to the met hp.ql,uqf)x;,eggﬁngroﬁﬁ”e'anéE%Br?erdﬁowi Bétﬂ??'fs%%lu%yfﬁ(xl;r?&d an

et hyl eni cal I y unsaturated conpound, a 'group conpl ex sol ution

prepared separAbel; yac‘}mg)}y 230 (FE S ¥ e tA0RY] YESPioRYL (}h%t&p§f09(9 qa m xed

gas of hydrogen and carbon nonoxi de under a prescribed’ pressure en t he

reaction Islmtpahloxyﬁfaie&;ﬁqr%wl §£bﬁ5én<gga§n&hra&§§§fwﬁq keRbey-ature in

a honpgeneous system ' The al'dehydes obtai ned by the above process ‘can be

i sol at ed ané‘aﬂwﬂyﬁ Bopoxyra¥behyl, *l%oid?é’;%xyﬂ:%\%@ﬁfﬁsmﬁ%&k@é(%xfﬁr i sol ation
and purification of organic compounds. For exanple, the product is isolated
14 and purified fromthe organic |ayer that has been obtained via the
recovery process for the catal yst conponents to be described next, by
distillation, recrystallization, colum chromatography or |ike processes.
The process for recovering the catalyst conponents is described next. In
the present invention, the term catal yst conponents' neans the group VII
netal conplex (I) and the I|th|un1sulfonate (I) mhlch |s usually used in

.

o o, . o



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

or gani ¢ | ayiobuabkpé4vbdayl Ne- byt Orbdiyddutd t HutbRecdwismilpaminatd@upand
an aqueous | ayer containing the catal yst conponents are permtted to

separ ate frep.easihqthethylaimindyrdinethhtaRiis aald L6k tplHEeLs @ rboRglier gani c
| ayer and the aqueous |ayer will not sufficiently separate from each ot her

by bei ng kegtowsnddngetdngalseRaeaédHRulBMiIDACAEeebepAa@d R tEEBATS uge or
| i ke means. The separation can al so be accel erated by addi ng a hydrocarbon

having a 15thes%® hndRAdphordtua Wiy ¢80P 8@ @ tWBEEltsStheRed hexane or
cycl ohexane. The organic |ayer contains, other than the reaction product,

unreacted et hyl ERamdléy ofRhatlwauat s GDIIRAYES (BNEk STTBh] urd PR Be Rf 1 phdg -
catal yst conmponents. It is therefore desirable, in order to increase the

recovery raphonéerdAeaesal dnusé S1iERTHANEDBES(o- {1y )phbsh RhsHedtRneshiBvRatdd th
wat er and add the washings to the aqueous | ayer. Renoval of water fromthe

aqueous | ayBkhidvdSp-®§@h Uy 1sHo HIERoHEAYBEYITSnANE 163 iahy Pt ROFRBNAN! S.

The renoval of water is carried out by the usual process such as

di still ati ophuggieindbRazeads RIFBRE S, ElitHiken §-Bid(h ki REx I 1EE v 1Y no-
pressure is desirably carried out at a |low tenperature in order to prevent

the group Vbhbhzémdallfeoam! eithiln brgp-AHRraphedy)pdodBhitesPaald-on. Thus

the distillation is desirably carried out at a tenperature of 30 to 100 and

under a presgHbRadd, Lbhiudn 30PiPHEifIIBLoMRERY 1 phe S HAMndbshidded of f to
such an extent that the obtained condensate containing the catalyst
conponent pgalfohste Wit hii timi Bief(ﬁ_tbiﬁ(ﬂoﬂlQén}HWﬁh@rYﬂrp%fo%PMa@tahﬂndilﬂ%ihﬁp| at ed
water to be present in the reaction medium The catalyst conponents thus

obt ai ned camﬁp-mwsieﬁ)qr)(ﬁ-hﬁfhmbﬂmh?iwﬁéﬁmphmﬂlﬂdet. higibaylthesate (1)

used in the present invention, such as t hi um

p- di phenyl pliganlvhnApeswLRAsU) fRDhEn °alp R SApRSs PhERH Sk sRifdBate is
processes than the above. For exanple, Iithium diphenyl phosphide is
produced bypheaehididy Preb&sphosphine with an al kyl lithiumsuch as butyl
lithium and then the obtained |ithium diphenyl phosphide is reacted with

| ithium p-chl orobenzenesul fonate to obtain the desired product, which is
then purified by colum purification or |ike methods. 16 EXAMPLES

Her ei nbel ow, t hpLPRREEEds FOIVERId RNk ShACIERiudE 4 uldboaRE E(BNEEnL R RRIPUKE:
which are by no neans Iimtative of the invention. In the Exanples that

fol low, unless ntRenddca8asPesifdeCds tHROEPRIMNSatPBPANES dVehEsS Kakgsiazed
under an atnosphere of nitrogen or argon, and hydrofornylation and water

extracti on weIdihey ihSdaguit at/DOET o8 t81I005 Bieweigt Badedl oRY1 0L W X6, 0aS
of Ha/CO Chlorine, lithium sodium and potassiumwere quantitatively

det er mi ned Pyhd @ HNTIOHRI ANAPRY bty el 18as mydMgeHthQg%ﬁé dhdte) -

p- Chl or obenzeneaul fonates were quantitatively deternined wt 1H NWVR

spect r onet e§olukAlTPH an S0P tRREEhO¥oPEhith 182 dhe@Rfhydride is in a range of 5 to
p- di aryl phosphi nobenzenesul f onat es and oxi des thereof with a 315—NNR

spectromet eBO%'—Bﬁhﬂéig_ﬁ@Q)as@’&% D90 XEGE wlatPr) - UIE @ RuRHUSE R salt of an

hydr of or myl ati on of oten-1-al was quantitatively determ ned by gas

chromat ogr apbd oM ddrsQe pldbBib1RB At corhh MYRAY o EPRREEROA ! AN poBedBLANCE

Exanpl e 1 Synthesis of potassium p-di phenyl phosphi nobenzenesul fonate A

1-liter thregiopakedin Ak REVitBRER VATt faHeehdids t6 RRPGREE! by filtration
the starting material lithium salt of the acid and byproduced potassium
salt of the acid from the reaction mixture, and hence to isolate the

desired lithium sulfonate (I) readily.

Examples of the lithium salt of an acid are carbonate, phosphate,



droppi ng funnel, thernoneter and magnetic stirrer was charged with 700 m
of tetrahydrofuran and then 29 g (0.74 nole) of netallic potassium The
contents were refluxed for 0.5 hour, to give a dispersion of netallic
potassium To the dispersion, 83 g (0.376 nole) of chlorodi phenyl phosphi ne
was added dropw se over 1.2 hours and then the m xture was refluxed for 1

hour to gi vghasphite] idephedppeleasaill tatedsnieey halasphicdalori@et hOfgakyE | ON,
the tenperature of 17 whi ch had been set at 35°C, 74 g (0.373 nole) of

|'i t hi um p- clbhPsere7 suetk fA1RE R1NGS a f6lgefeaneld ! eh6 ADfHARS sWRY 6f §h'srcri&d
for 45 mnutes at a bath tenperature of 50qC . After conpletion of

reaction, 3%0ulbd Pret&idARYArAfdH ah ABsuAt Hsito! ﬁﬁu%fthfartqmetmm%wfned
reaction mxture. To the resultant solution 300 of diisopropyl ether and

700 M of WaitBiuMes B nRs dR TheARthi®m catt FADs Wﬁ%hﬁi( haGingd 6104 QBLA) Mmarén xed
| ayer conprising an aqueous |ayer and a tetrahydrofuran l'ayer. The m xed

| ayer was wasbRGaWy B 2000 hasfd dhi saPsARYA t1RL F@fas%i‘ﬁimaﬂt(ﬁﬂgﬁ@géni ?ﬂ%hev"as

separated. The aqueous Iayer was filtered and then condensed to a vol ume
2/ 3 the ori gobadsivel BIHonAbe (FYNARAS SFhichOaindu@de h 8616 Bt BSk Qﬁmﬁlﬁt}0~
and colorless solid that preC|p|tated was taken by filtration.

col orl ess s@hiddyiwag. recrystallized fromwater twice) to yield 73 g (yield:
51% based on chl or odi phenyl phosphi ne) of potassium

p- di phenyl phospithiwbegeese s lcheratco hami PRe tpb@sé&éé 8Mvade POPRERTikBRre TPE
cation was all potassiumion. The contents of chloride i1on, the oxide of

pot assi um pyditBRemd RRESIVH APAGBEE BESAM Al En AN P ?ﬁ@?@é Bfusable water-

p- chl orobenzenesul fonate were 0.006 nole % 0.47 nole and not nore than

0. 03 nol e %y ik ) e Pe =7.3
ppm (m 14m%18$ﬁd$@c$%“?éya‘a})“é‘n;“%@ﬁ"wéﬁg%%@% e RS RleobbE e Hso ol

aci d) ppm: m;] PaR6heb e fiSle B2 &ﬂr&m%1m{1€ga §Mnk'é§§h? {(gp%é&?ﬂ
0Ss | as

p- di phenyl p nobenzenesul fonate A 1-1iter three-necke equi pped

with a refl ghgOREeAFEketone bR HNARbne! BEISTRITBLE M BNy IR
stirrer was cﬁgfged 3ntﬁ %%% m of dlggtyl nteher and fﬁéﬁ gﬁ&g (gﬁg% nol e)

of metal licepRfl £5Pm e ntOHyR MR t ¥R, & thiyl rarcggaﬁceoertI@IWpléﬁa% thq&'tfllglt he

phase tenperature of 100g , "to give a dispersion of retallic sodi um

di sper si on, pgggﬂ)n(aq,e Anb ek r0f e hlaes Al 1RNSRY QPIBZI gréqﬁg\@lsm%%%%ie tfiyppPwi se

over 2 hours such a rate as t0 mal ntain the ase tenperature at
100 to 1109
100 50, 11096080 L0 S OF AL 004 R RBYTn ol 308F:

t enperat ur e pf 1‘6’%%1%9%%%@1 %%Be@t et:flgrléan? lg‘f;’ lrgth pe%t}{,\é%{%ﬂr 9f uran was

added. Separately a [1ter three-n equi p a reflux

condenser, %%ﬂggl WTQREES 1Tty i ed
with 89 g (ﬁi%@lrlrgllgee) of pd(‘)ltngés.ﬁl;l um chlﬁo(}%ggy 11Oéwc?iiI.eit'él%’1 E%g‘ngﬂ‘ F‘gm

p-chl or Obenaw&ﬁQ%@&&laﬂ@tﬁ?peMeIM ’1%%%5%1‘%@5% EB%nquarte%e?Qf'ﬁlﬁﬁt S

were stirred for 30 mnutes under reflux. To the obtained m xture

sodi um di phgpy} BHR:MUI: 46 REEAN G nRRAVE. MRS ATFSahelN” ayglet : g&;geimts

funnel over 2 hours at such a rate as to maintain the |iqui

tenperat ur eyily B0 dded’fnlgly oY ddMEbiHatish SOy Hdrel e QY 13 Jug at the

sarreterrperatureto give a reaction mxture. To the reaction mxture, 1.5 1

of saturat eg,8YEBUS i RS RlcwRtH Phb 69 ﬁﬁ’xlt‘étbf@ve‘i‘@ﬁt %qggé oA 1" Oﬂ%f the

tenperature to effect reaction and the resulti'ng bottom [l ayer s renoved

by separati 88tasimSh#lfbah td (PG QHHLIE S YRS réﬁ?&ﬁhﬁﬁhﬁi‘:&n\é‘ubtﬂ of 2P 14 0Of

saturat ed agueous potassium chloridé solu I on e organic | ayer

obtai ned SOBapls Bf WEESH iRt AdHRH AEYIL R etER @I ned by
jecte

separation. The aqueous |ayer was su istillation to renove

tetrahydr of Ypafrabl\efh lacea mPAR DA P td B0 part%rpy gv%l gfl ?ﬁe&%ln' [y ptarl@tof the

precipitated was taken by filtration. The colodrles

recrystalli zeeh JdiQM ¥EifShaPOCE) &s%dy'n%& %}gfe?r; tésl 5,{ dn 7@%%119@ dz 25 269

crystallized fromwater once, to yield 11 base

chl or odi phepytphpg RALBRL of tROLARY BARIR: dirhi WE&B?%QQ'M@&HE%@%H' fonat e.

The cations consisted of 99% potassiumion a 1% sodium i1 on. The contents
of chlorideci@imictdMvent 46 tRht B@tv@a%%qumﬁe@émmgyﬁd%h@%w'tﬂgne@{&@ sy fonate
and pot assi um p-chl or obenzenesul fonate were 0.004 nole % % and
not nore than 0.03 nole % respectively. Reference Exanple 3 SyntheS|s of
pot assi um p-di phenyl phosphi nobenzenesul fonate A 1-liter three-necked flask
equi pped with a reflux condenser, droppindg funnel, thernoneter and nagnetic
stirrer was charged with 200 m of di butyl ether and then 20 g (0.87 nvol e)
of nmetallic sodium The contents were stirred for 0.5 hour at a liquid
phase tenperature of 100°jC, to give a dispersion of nmetallic sodium To



20 tenperature at 60 to 70~: , and the m xture was stirred for 1 hour at
the sanme tenperature to give a reaction mxture. To the reaction m xture,
1.5 1 of saturated aqueous potassiumchloride 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 agyRAHS, Rrarelsdd1lyHdtdRoso!thanonNs gLty obnankc | ayer
obt ai ned 300 nl of water was added and an aqueous | ayer was obtai ned by

separ ation. TheTR4eastiohaeipdagussRhachedpblositintély alleefvd FifigRpye
tetrahydrofuran, then ice-cooled to 10~ , and colorless solid that

preci pi t at egai@s upatethdYefluktted pOatuFb a0 WI1068t §48b4d Wawever, the
recrystallized fromwater once, to yield 107 g (yield: 64% based on

chl or odi phepyi dties phicaedieal o R0p Atk 4FyPa tlk RESBNURNRIRPE ARREBZENGRW bpnat e.
The cations consisted of 99% potassiumion and 1% sodiumion. The contents

of chlori deréfdtion REfiENINES. ofrheqte%%ﬁowrhm@wb@@ﬂélrabgsmlanmeg}zsmssﬂté qpat e
and pot assi um p-chl or obenzenesul fonate were 0. 005 nol'e % nol e % and

not nore thajuPs %o@'ﬁe%ra’b@?@ﬁ% wﬁgaofﬁxml%ulrssynt hesis of Iithium
p- di phenyl phosphi nobenzenesul fonate A 1-liter three necked flask equi pped

with a reflux cmql@m%mhé BEL TRER 1eLy BRLAFRAEDL LS udldeh e ¥BFoSHRE Qe Wt h
200 m of water and 300 ml of nethyl” al cohol and, further) 50 g (130

mol es) of Hb&rﬁﬁlﬁ%@kwﬁrﬂscﬁhﬂh@?)&pr%ﬁgbﬂé’ﬁe{)?ﬁﬂeﬁﬂélrﬂ %'aatﬁm@lbwhnﬁ%gbﬂ

Ref erence Exanple 1 and 50 g (390 mmol es) l'ithium sulfate nonohydrate.
The content gy \&@ggnrWﬁl'lb'l’f%@pfp‘?éss?eshé)ﬂ'a%tlﬁf BPEhé mﬁhﬁﬁﬁﬂpﬁhﬂ'ﬂnmé‘tﬂ"@s&pt ai ned
had been allowed to cool to roomtenperature, 2 1 of acet one was added
and solid matt e'rhu@smeem&%msfﬂrleré@tbupqyerfmnéa lutx{&treamm%%ﬂ@?é%@' and
dried in a rotary evaporator, to give as a white solid 42 g (yield of
i t hi um p- diﬁﬁ@d@@@&?@bﬂﬂ@%ﬁ@ﬁ‘é‘ré@ﬂa&rﬁi m\sh@qmtegsné@bk%% ora
properties. The cation was all |ithiumion. The contents of or'i de i on,

the oxide ofnikt&fd BMwitdi %‘%{“M'M&%Hﬂhé@h?&é?%ﬁﬁ'd'%@@@ﬁ@ B ehikiddagum

p- chl or obenzenesul fonate were 0.0133 nole % | e % and not nore than

0.03 nole % of@s%@ﬁﬁltéﬂﬁbﬁatelt@%@ﬁg(hﬂ\ﬂ'%m bERVYr ¥RLRId aB%Pt HLm% /-3
ppm (m 14 7.7 ppm ( 1p- NMR (500 MHz, heavy water, osp orlc

acid, ppm : ti8e TodulRdh mx&are%xﬁp%@r%@d%ﬂyaﬁém. lithium
p- dlphenylphosphlnobenzenesulfon e A 500-nl three-necked flask equi pped

with a refl ux r i I ith
200 . of waterk aaqitram bARCRREECH! HAK FRAREY &ﬁhéﬁﬁgttﬁ@%nun?ﬁgﬁw

p- di phenyl phosafy ﬂgaspgg&&%gléxﬂgﬁéﬁdom g&sg& n"a b iR, ABANA! ofnill e,

Ref erence Exanpl’'e 1 and 50 0 “mmol e ate no

The cont ent 8o #B6anUs! | F%?%xfa?r{pl% RRY prodhikt %Entlmalsroqgﬁéd By t'ﬁ'exgwc%ggﬁfga' ned

had been allowed to cool to room tenperature, 2 acetone was a and
solid mattegyeiaSof SoMUATLiRY thie! dadtidM miXberd A&Jﬁ ndsnRs
dried in a rotar% evaporétgr to give gg a mhltelsgﬁ% 35%8 (yleﬁﬁlﬁgg%% of

1445 Aot e PSRN SISO B U o
p- di phenyl phosgRiienQBRZENRS WA & t8P ! fifthh tiThZend 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 (II) 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-



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-nl three-necked fl ask equi pped
with a reflux condenser, thernmoneter and magnetic stirrer was charged with
200 mM of water and, further) 50 g (130 nmol es) of the potassium

p- di phenyl pERRH3bBARSRZANIESHA feOliRt Be QRE e M@0t RbkBRCS BB ERIVIREsidtn IsAlt
Ref erence Exanple 1 and 50 g (390 mmvl es) of lithium sul fate nonohydrate.

The cont ent §f War £eidehindx@hckiig e BhoaiRY ré¥fdtedn ikt faGY HddiMg dnr €
obt ai ned had been allowed to cool to roomtenperature, 2 1 of acetone was

added and saghdoﬁ@@bmtimsﬁm%@mgim dd1t bf aln 28id dh & hitfurdtsr Was |
condensed and dried in a rotary evaporator, to give as a white solid 42 g
(yield: 92%opdsdihbhbalt) ¢ &hh RREDWNRANG DAY ; AL MZEPE SUD F &AL By hithec bl RRsWaS
all lithiumion. The contents of chloride ion, the oxide of Iithium

p- di phenyl pResddihf QPERER0E Y1 PREShiROWLIH RidtAl IR g@k@&ﬁhﬁn%@%wﬁ PRat e
were 0.0133 nole % 0.30 nole % and not nore than 0.03 nole %

respectivel ¥orf%abRUeng poYAdd198d AiHfylphbbpMife and then reacting the ]
p- di phenyl phosphi nobenzenesul fonate A 500-nl t hree-necked flask equi pped

with a refl Yyt £oRdanaedey1ph6s FRITR &1t NYh IRANSchtodhenz8he ¥aF AR G&b Wi th
200 mM of water and, further, 50 g (130 nmol es) of the potassium

p- di phenyl plpoph rajsnz gasr £ Rat L. R t2TORUHY d DS G,/ 19T as in

Ref erence Exanple 2 and 50 g (390 mmol es) of lithium sul fate nonohydrate.
The 23 contents were refluxed for 30 mnutes. After the reaction m xture
obt ai ned had been allowed to cool to roomtenperature, 2 1 of acetone was

added and sol i dTH@Zér%hp"‘@ﬁﬂﬁ@%(PE’orﬁ)ﬂl&i (O &k PRsiddS dildudy FTEI ¥RTal
condensed and dried in a rotary evaporator, to give as a white solid 42 g

(yi el d: 92%0Bbokirdhhi) BoskathE pMPNASRR NARETARAEU (19034 fo (THasCehd On vas

all lithiumion. The contents of chloride ion) the oxide of |ithium

. . _1on)
p- di phenyl pGQ%@%W?@L@%&Q%UM&T@%%%Jdeﬂhﬁ[Bﬂ%ﬁ*Hf%rt‘il??&%i%ﬁﬁ%u' fonate
were 0.007 nole % 0.34 nole % and not” nore than 0.03 nole % réspectively.

Exanpl e 5 SynhestSted! odrhbblhiy p-@h@é@gpﬁbp@m%beﬂb@&m ﬁﬁﬂ’f)figr\ﬁlﬁf'erﬁ‘ 500-

t hr ee- necked flask equipped wth a'r ux condenser, thernoneter an

magnetic stiplyifleVAsd ERAMIEEs M ko RABwWH h?fir e‘ﬁlz%{ 19&%&%&@&@)@ ofk 2By §¢130

mmol es) of the potassium p-di phenyl phosphi nobenzenesul f onate obtained in
Ref erence Eﬁémlr?si% %régp g\’ﬂ@%efﬂ[%o‘?ﬁ%oﬁ)ﬁ ':h&h‘ffﬁ!ﬁ Wit %Fvgamj%mlgt €.
The contents were refluxed for 30 mnutes. After the reaction m xture

obt ai ned haﬁﬁgggp allowed to cool to roomtenperature, 2 1 of acetone was
added and sol1d matter was renoved by filtration. The filtrate was

condensed and dfhLeddoRpaviaAt Ale¥YaE ahar ' [ ldithé O
(yield: 929% of lit Puﬁlp-dipﬁgﬁyﬁgﬂggph?ﬁggﬁﬁggkggﬁﬁﬁgﬁg%Efhﬁﬁggé%??%ﬁ was

al' | 1'ithi umgbQinalljen £PNEREC LRy tENhOliVEHS (PR cd1BE @Xh §&r Forhiyi iU of
p- di phenyl phosphi nobenzenesul f onate and [I'i t hi um p- chl or obenzenesul f onat e

were 0.008 Mﬁe%c&-lgzlmltﬁr%?éﬂqgoﬂ?t)u L6yl Q@dhi@e %%cﬁoéa%a?/?ti{: %%Qﬁﬁ]’;} vely.
24 Ref erence” Exanple 4 Synthesis of sodium

m o pheny! PRoRRR!AAREIAHCIARILINAG the'n) il Abrh}1ALACCISA R3O AP Ed

wi th a dropping funne ernoneter and magneti ¢ stirrer was charged wt

150 M of - - whi it ai
of NG AAlnY b b2 ShIANK bbb EpBaT AR cbAFA A, i ntai n

the liquid tenperature at not nore an 30~ | es

tri phenyl phQgphé fm 3 nBi Al dy anﬁqkyﬁic%wuﬁdg Phngﬁggbgfb%mg@ LB

concentrated sulfuric acid. To the solution 285 umng sulfuric acid

contai ni ng %é%l?¥té"’%lgHS'd%’lioferylHiioﬂ)fi ,‘iﬁm"f@ﬁle@dﬂeﬂl@[‘ﬂ@&\fﬁﬁ chxﬁ;ou%cm) be

while care was faken to naintai'n the |iquid tenperature at not nore than

30~ . After »qoHRLAL-QROS o HNRIAGIRM.ON RERS h& REG:; Al Lefsf Qrg 14
hours at a liquid tenperature of not nore than 301 . The solution thus
obtai ned washgilWhesitbhid) rholi@h &8atd sl wal ﬁﬁld}\fgé, AhSPnS iG@idedhqgt he
i quid tenperature was nai ntained at not nore than 10~ . e solution in

di | uted sul fyphfudCidih ,Za&@trﬁbaﬁﬂn%pmeadg!gﬁi1@94(@‘o>_‘}2,1RH£<d®t19,y!

i sobutyl ketone, subjected to extraction treatnent, to give an organic

| ayer. The t i ipl a
590 by el ght S, el e ey o e T L GAr PP P CRERAAERH: fad
neutralization, the solution was found to be separated into two | ayers,
from whi ch an aqueous | ayer was taken out. The aqueous |ayer was then
washed with 250 m of nethyl isobutyl ket%%e. The aqueous | ayer was
condensed to about 200 ml, then ice-cooled to a tenperature of 10°i , and
colorless solid that precipitated was taken by filtration. The col orless
solid was recrystallized fromwater twce, to give 35 g (yield: 17% of

o S r o,



The cation was 100% sodi umion. The contents of chloride ion and 25 the
oxi de of sodi um m di phenyl phosphi nobenzenesul fonate were 0.002 nole % and
0.5 nole % respectively. Exanple 6 Hydrofornylation with use of |ithium
p- di phenyl phosphi nobenzenesul f onat e-r hodi um conpl ex catal yst and recovery
of catalyst conponents The steps here were all carried out under an

at mosphere @h(ac4NE@)4.MOEREMPAES BF thé khbalXE6mPBENd4 ak@Qdbhlt B RP18REKed

flask equi pped with a Teflon (registered trademark) nagnetic rotor was

charged w t B g3.19CHUCO0,, 086 (T eH (RN aGAL HEEA € 03nd HRdmPled bf 2henol €s)

of the lithium p-di phenyl phosphi nobenzenesul fonate obtai ned in Exanple 1,

and further pit KdniRinilcodip ditl dedh yereutpon ek Ryhiy1ex8s Y&l Rusl0®)gont ents were
stirred for 30 mnutes at 50°C, to give a honbgeneous catal yst solution. A

50- 1l thr ee RARCKPA(FPROE, RAGIHPIth M hhdaRIe!u(wwaegim&ﬁﬁFPest SREIeTRE )
magnetic rotor was charged with 3 m of the catalyst solution thus prepared
and 27 M ( Qo6 uilsCarelitohnt dom§RMes0t . of - RS 1 FRI(COYPPPRE aina @ mi xed
liquid. The m xed liquid thus obtained was fed to a 100-ml aut ocl ave

equi pped W F(6OIAPPHNE! ARGNE SAER| dIPpPRRds, ithe J1RFeEa RS Er HEdi iRt
at 3.0 MPa and the inside tenperature was el evated to 85C with stirring,

and then reashipdlntds £6¢ WAHRERUN{IA coh 1PWNS: arcOs AT AL At 0 Byl réfRrind3datRne,
yield: 799 of 1,9-nonanedial and 4.4 g (0.028 nole, yield: 17% of

2-met hyl oct gRFartith@as WMEESEWC L. 7-octen-1-al was 96% and the ratio
between the formation of the |inear al dehyde and that of the branched

al dehyde was 4-@ﬁé3abomelﬁﬂ?ifdxﬁrshl§91arfhs(l? s B@Qﬁea%ngi%mﬁ af ter

conpl eti on of 26 reaction was extracted wwth 9 of water. The aqueous

| ayer obtai pgghpiRatieACEDSEUn R I FEAhk? ifUonthina@idh mtﬁ%-‘?gxﬂg%ﬁigﬁg\é%y

ratio: 82% of |ithium p-di phenyl phosphi nobenzenesul fonate.
Hydr of or ny| @43 86p Miplylp H8§p 19! ithibiut SHaRy kPROSRRY Ihosphine, tribenzyl-

benzenesul f onat e- r hodi um conpl ex ca?}i yst and recovery of catalyst

conponents fhiQPhie, i SR PRI phi RS ktﬁﬁg-g&gﬁgg%%gegylgs%ﬁgﬂeg%&%(sr ed

trademark) magnetic rotor was charged wi

Rh(acac) ( Col\?,l\ﬁﬁgmégﬁymgn{rgop%mhﬁﬁ)sp@inéh?riktﬁ'@idgfbpgerzlyl)phos hine,

p- di phenyl phosphi nobenzenesul f onate obtai ned I n Exanp , and further with

6 m of polygf Jc%'?@ﬁ%i%ﬁﬂll)ﬂdﬁt}fi%, @iih&rtoly-ibﬁogﬁﬂﬁf‘é‘,téi-‘i‘ﬁftgkﬁlggpﬁﬁﬂiﬁér

30 m nutes at C, gi ve ‘a honogeneous catal yst sol ution.

t hr ee- neckedg..if. i We i tic
rotor was cﬁglrggﬁﬁ\,mﬁw sgﬁgfe,\é\ffﬁﬂpgn;{gflagggéﬁ%gmPﬁgﬁﬁltl%eg%ggg{)égtg and 27
m (0. 167 VA 0 f. T - ' ' l'iquid. The
m xed |iqurgh’?ﬂlﬁ'§%}{?§éﬁl‘r’ng§{%v}é@ef ﬁaﬁ?%ﬁgr‘%sg?%%hgﬂ%@%@ﬁ%ﬂg. p%Sa with a

gas i nl et anghhy3aifldiipROEbhink)S h9l HpIRhSITHES NS, 3bLatox1 pEn AN

the inside tenpérature 'was el evate stirrihg, an

reacti on wa ¥ i B; » 9 M ;
555 o SPASAREAERES DRUAS o IR Dk By ok iR ake, o el

2- et hyl oct a¢ Si - 0. . tio
2oL Y1 00t aphon TGOS A xaly LpRL O AbltRe, B dpiphEntRt |

al dehyde wagofifiie, HOMJHUAIPRL EORGRMeRALhORulthnidhcidTSARRIA] WaRsADOUT 20

ppm Thereafter) the reaction m xture was under pressure into a

thereof, p-diphenylphosphinobenzoic acid or metal salts thereof and
p-diphenylphosphinophenylphosphoric acid or metal salts thereof; or

a phosphite, e.g. triethyl phosphite, triphenyl phosphite, tris(p-methoxy-
phenyl) phosphite, tris(p-methylphenyl) phosphite, tris(p-trifluoro-
methylphenyl) phosphite, tris(2,4-dimethylphenyl) phosphite and tris(2,4-
di-t-butylphenyl) phosphite.

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

11



50-nl three-necked flask, the inside of which had been sufficiently

rrepl aced by the m xed hydrogen/carbon nonoxi de gas, while care was taken
not to contact the mxture with air. To the mxture, 9 m of water was
added. The obtained m xture was stirred for 20 mnutes with the inside
tenperature maintained at 300C . After termination of the stirring, the

bot t om aqueeysh 3 ¥es\1@Sta¥nt 18F 3WBsp ROALY BtSmOYed WbIE Gf ¢ReWRLROVEANY
reveal s that the recovery ratio of Flthl um

p- di phenyl phesRNchHRRRARNESEA i RNBL M oV6¥Ss 4% rduEPVeENT ﬁfeltgnam%ctxﬁ&&r aphy
shows that the recovery ratio of rhodiumwas 97% Exanple 8

Hydr of or nyl gréfeRabis B t6SEO@F mdlbBiiHNhR- $hMBaRYIRNOIPHhAQmount of the
benzenesul f onat e-r hodi um conpl ex catal yst and recovery of catal yst

conponent s BXARhes vl fdRstd APaatiess emﬁmhlé hahgb hal@mmltgfoﬂﬂﬂeheM1 st
p- di phenyl phosphi nobenzenesul f onate was changed from42l ng (1 mol es) to

105 ng (0. 3w'IIIUlL@lm£TaET€eJ e%%h@%rﬁbﬁﬁ%‘é&%eé&s %hi\épﬁa tth*éerera%%ﬁ)td PQtetbv'ifﬁ to
4 hours, to obtain 21.1 g (0.135 nole, yield: 81% ’1, 9- nonanedi al and
4.1 g (0. 026 4®t6 deXk&h &L 16% of 2-nethyl octanal . The conversion ratio of
7-octen-1-al was 97% and the ratio between the formation of the |inear

al dehyde and t hFBePé al‘@%obél?é?ﬁHQQeﬁi:ﬂ@mﬂ‘ﬁ Wah redplct to-ﬁ:i%r]ﬁ% ta¢htiohhe

procedure of Exanple 7 was | owed to separate an organi c layer and an

aqueous | aygtocRao¥ihd é%dﬂ Wndm%faspe@ﬁlqgé;amby m%%eglaﬁngi@tthteh&lﬁsfeq{very
ratio of |ithium p-di phenyl phosphi nobenzenesul fonate was 83% | CP em ssi on

spectrogr apbynstfboﬁ\“@eﬁah"éﬁ 134! ﬁﬁﬁ@!@%1cﬁtd&nﬁf195@%@bﬂﬁﬁ’@§ preparidts a
anpl e

Conpar ati ve EX 1 Hydrofornylation with use of potassium

p- di pheny| pBQﬁR%ﬂ‘%@%”éﬂﬂﬁ?V‘IiPﬁ?ettﬁl BRI AL Rl ivERt Bh¥flaoalthgrecovery
of catal yst conponents Exanple 6 was repeated except that |nstead of 421 ny

(1.2 mol esjyAliehtd 'Bhé“Hy&r@f&hﬁ&'bﬁ'tP&P%W&' AQBEIEEASTY F PRALA AB%o Bt gl)

nmol es) of the potassium p-di phenyl phosphi nobenzenesul fonate obt al ne

Reference Exgamb&elsdRen S?ﬁ’tr@ﬂﬁc {thé Qa'gr&;}glq? 0 ltﬂfgga War& SH{JﬁQtito

hours, to obtain 18.8 ¢ ? rm* e, yiel of nonanedi al 6.0

g (0. 039 MOk &acthlr&lrfl e ?fg%ln%frezac@ﬁ)tlﬂwx&%ﬂ%l obthif aCQ&SﬂﬁﬁeS# nl’;l'ié'itcbﬁlpqu

7-octen-1-al was 95% a the rati o between the forrratlon 0 'l near

al dehyde and,hhako e §ip A2eans etk Budellygls Masiud 331fnalBRIPRL ®he %Q%Ué of

the reaction mxture after coripletion of reaction was extracte

of water. T ?o@ﬂWF%él%%on@%&ﬁﬂ@%ﬁd@énWW%dﬂ@ﬂgqjlré(ﬂthgtﬁglt'd%es

give 76 ng (recovery ratio: pot assi um

p- di phenyl phas phneh$RZ I’Bpf‘éﬁonq’mg%@fd x%oﬁff@%agefoe&rgbag LR pr Myl ation

W th use of potassium p- d| phenyl phosphi nobenzenes i um conpl ex
catal yst and recovery of catal yst conponents Exanple 7 was repeated except
that instead of 421 ng (1.2 nmoles) of |ithium

p- di pheny! phosphaqhieRzenesubLonRife 430 ABlcds UM &3kitla hog, pot assi um

p- di phenyl phosphi nobenzenesul f onat e “obt ai ned”i n Reference Exanple 1 was

d dth
‘(Jéelﬁnm)f eat yltgiﬁém%glggéﬁp &dmu%&m&a%qnhg wb b E8r ths BPEAHSY bt 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, 1-pentene,
1-hexene, 1-heptene, l-octene, 1-nonene, 2-butene, isobutene, 2-octene,
1,7-octadiene, vinylcyclohexene, cyclooctadiene, dicyclopentadiene,
butadiene polymers and isoprene polymers; styrenes, e.g. styrene, -
methylstyrene, B -methylstyrene, alkyl group-ring substituted styrenes

and divinylbenzene; alicyclic olefin hydrocarbons, e.g. cyclopentene,
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1, 9-nonanedi al and 6.0 g (0.039 nole, yield: 23% of 2-nethyloctanal. The
conversion ratio of 7-octen-1-al was 95% and the rati o between the

formati on 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
organic layer and an aqueous l|ayer. Analysis by |iquid chromatography
reveal s t haéy@lbﬁef&if@,vff'iﬂleﬁ}@qbﬁblefleﬁ@ﬁ@,&?d}%ctene and limonene; and

p- di phenyl phosphi nobenzenesul fonate was 33% | CP enission spectrography
shows t hat fd}?ctiﬁ%Vﬁfdhﬂ-@&ﬁ&iﬁﬁné ROCKi HE) YRS AR a1CORVRI @bty ealcsabD! & 3
Hydrof ornmyl ation wi th use of sodi um m di phenyl phosphi no

benzenesul f gRaher-BhOeidiM CAML Stendi @)1y 817-8BFhdi8RBY SFiviyPlace 84 R ¥ily1
conponents Exanple 7 was repeated except that instead of 421 ng (J’:Y.Z

mol es) of jidiaksMuRtHlyPAeAYaRE SRV INARSIZR) ea M HANALEL 440 18T, (1) Mol es)
of the sodi um m di phenyl phosphi nobenzenesul fonat € obtai ned in Reference
Exanpl e 4 vasuaed Angl tnﬁ‘@ﬁhﬂ%h%?,aﬁ%v%tﬁyln@tw@? 5CREXGEHm i @, 8 19Ws Sitril0
obtain 20.1 g (0.129 nole, yield: 73% of 1,9-nonanedial and 7.0°g (0. 04b
mol e, yiel dgnd A c@-2-41€t hyl oct anal . The conversion ratio of 7-octen-1-al
was 100% and the ratio between the formation of the |inear al dehyde and

that of the bragefiededdenvdg'ds/Go Molar FMB%@fth%rﬁliié'tPgHE%‘i’q{yﬁr%lg%

Exanple 7 was followed to separate an organic layer and an aqueous [ayer.
Anal ysi's bygahi QUirfof th OABL QR REW f8LMe@ NS db B nf 18 t{RE QY §5 ¥ekfldle Ghagodi UM

m di phenyl phosphi nobenzenesul fonate was 70% | eni ssi on spectrography 30
shows that (e hE60%eINe [k a3 bd PRA LM YBST 8440 AP, 'xﬁoﬁaoﬁﬁéf%%bff 88 to
Conparative Exanple 1 and Conparative Exanple 2, use of potassium

p- di phenyl pbpm@m%@Hﬁ%‘%%H%frﬁgﬁ{t%nbﬁ@é’%ftt%e%ﬁ’é/& g@'té;icgnpﬁostiﬁ%nQbWe”ed

| i near al dehyde to the branched al dehyde of 3.13 an o low recovery ratios

of the cat afé’ééti&x??ﬂ?@@ﬁﬂfesis +é§i99f)‘f-§; gffﬁ’rd-hsg% of O.tlhfb llbthP,lémm?re prefer-

p- di phenyl phosphi nobenzenesul f onat € the present invention [eads to a

ratio of 1hepebbdl Bed Mieneah Abely feadifod 818N 2RO GEa iR AR Aa ke ifast

4.65 and high recovery ratios o e catal yst conponent. e er hand,

as shown i nﬂé@i‘i‘ﬁﬁ[ya # er #@0?1:’0 ﬁdﬁo%gréﬁﬁﬁﬁgﬁﬁﬁdkﬂmo 130C, whic

m di pheny!| phosphi iobenzenesul fonate [eads to a rrecovery ratio of the

cat al yst COQ@ﬁgﬁ%ﬁsﬁs 'etgakg:ﬁagg%%ggi‘%% Q&gt%%ts't? PheliBctRNA N Bel d1FAd out

al dehyde to the anc _ n summary, the process of the
eSSt L BT Al S Ay DA g oL i s
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 metal 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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According to the present invention, |ithium p-diaryl phosphino
benzenesul fonates with high purity can be comrercially advant ageously
produced at high yields. According to the present invention, there are
provided group VIII netal conpl exes having excellent econony in

hydr of ormyl ati on of ethylenically unsaturated conmpounds and giving the

desired |ingareaksehydgsn&hfi GhfSEUECN-W dthylppE oPfddn2 @i fpnY] I | netal
conpl exes | eads to easy and commercial |y advantageous production of

al dehydes by; yeh Pfror M4 hAle0dce foHitNEE, ACABhE] Atbidhd RRdREESEHY dAoRMEMS ON,
t he catal yst conponents used in the hydrofornylation can be recovered 31

from the Teagighdlls i X! WAHASILIMAL oRhghaYidtol. pAgnyl HebhVB ibopfopyit hi Um

p- di aryl phosphi nobenzenesul’f onate represented by the general formila (1) Rl

P~/ SO3Li aRotee! Bufly1RHcBRE1,R2 pGeFNal R0 26U §-b%@y951/4019>11,ogrycwm,cél may be
substituted. 2. The [1thium p-diaryl phosphi nobenzenesui f onaf e accorglng to

Glai m 1, whepghianaahidos!, YroBy RS gl ARG T d oRloctndfiedbgibesh pheny!

group. 3. The 1ithium p-di aryl phosSphi nobenzénesu te according to Caim

1, being lighdymeedirieRy phaarhtnabenzensstd f1o0naks; dibthdlPiOeER1f or

produci ng |1thium p-"di aryl phosphi nobenzenesul ffonates représented by the

gener sl o SNy b, BieymaFRElaSprahyL B gL PRy ety

p-diaryl phoéﬂ%l@%e glycol and tetraethylene glycol dimethyl ether; and polyalkylene
glycols, e.g. polyethylene glycol, polypropylene glycol, polyethylene glycol
monomethyl ether and polyethylene glycol dimethyl ether. These
solvents may be used singly or in combination or 2 or more. Among these
solvents, it is desirable to use polyalkylene glycols, such as polyethylene
glycol and polyethylene glycol dimethyl ether, which usage prevents
precipitation of catalyst components and increases the efficiency of
catalyst recovery. These solvents are used desirably in an amount of 2 to
50% by volume, more preferably 5 to 20% by volume, in the mixed
reaction liquid for the hydroformylation.

Although there are no specific restrictions with respect to the method
of feeding starting materials, it is desirable to feed an ethylenically
unsaturated compound, a group VIII metal complex (I) solution prepared
separately and, as necessary, a solvent and then introduce a mixed gas of
hydrogen and carbon monoxide under a prescribed pressure. Then the
reaction is desirably effected with stirring at a prescribed temperature in
a homogeneous system.

The aldehydes obtained by the above process can be isolated and

purified by any of the usual processes employed for isolation and

purification of organic compounds. For example, the product is isolated

14



benzenesul fonate represented by the general fornmula (I11) RL\P SO3K 2 R
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 water-m sci bl e organi c solvent. 33 5.
The process according to Claim4, wherein said aryl groups represented by

Rl and R2 asfdRAidifiedeiyn hoBPgaic IR rhACatsSs BEER LB AThdOvid Bhdn 4,
wherein said potassium p-di aryl phosphi nobenzenesul fonate is potassium

p- di phenyl phaseRiR P Qe BEENESULKOBRE Ay st cothp® nRhOE 86 HeEETEhEW nbQt i M 4,
wherein said lithiumsalt of an acid is carbonate, phosphate, phosphite,

di phosphat edistulldfib, rethydthBiRitioN JEAUM Rchd8m sBog MdIPh PLPARSS pR6&Ysdsng to
Claim7, wherein said lithiumsalt of an acid is carbonate, sulfate or

sulfite. 9. The process according to Caim4, wherein said lithiumsalt of
an acid is used in an anount ranging from4 to 40 atons of |ithiumatom

contai ned i n sarHe lprbbésiTcratdcolkasiiy the éafdl9at @Bm%@fn%%% 45NdeQBEidlactl it
sai d potassium p-di aryl phosphi nobenzenesul f onat e 0. The process according

to daim9, wherfiRe p3bsent IdVHPISR] thOtedn ‘@ialys S coBBEnkht@ AR The
ranging from6 to 10 atons of |ithiumatomcontained in said |'ithiumsalt

based on 1 giQp MIPHARTIcEM PERI@) aﬁq ﬂHE Beh thR GBSt (1) which is
p-di aryl phosphi nobenzenesul f onat e. . The process according to Caim4,

wherein sai shgAGIIRA i1 esddd £ 1%& tlhla émppvmeﬂ%%apéoff@b%d 12. The
process according to O aim4, erein water is used in an anmount of 1 to 50

parts by wei ghtohasRdvery &f BatdlyBy cwﬁi;gmen% 3Gtk OF &Bsti M mixture of the
p-di aryl phosphi nobenzenesul f onat e. . The process according to Claim12,

wherei n wat E}%dk&fo&'ﬁﬁqah’%na'&t%%a&fr ?s wd@@ £5ahleSr A ¢ 15 ﬁmubpessﬁemh%
part by weight of said potassium p-diaryl phosphi nobenzenesul fonate.

group VI H?H%fo?ﬁ‘imh%nco'm{é SA & HPwYk) afREAlis3thougRREUN and
coordi nating theretd, a Iithium p-diaryl phosphi nobenzenesul fonate

represented QYUEG?&Q?Q%E?&C%QT MHsdr{B1y iRla /raﬁgéldf 2o WaRReh) Wiudd Hgr&ach

represents an aryl group wh may be substltu
preferably in a range of 5 to 50% by volume, based on the volume of the

reaction mixture, in consideration of operability and the solubility of the
catalyst components in water.

The reaction mixture is then contacted with the water with stirring
or by like methods to extract the catalyst components with water. On
this occasion, the extraction is desirably effected at a temperature of 20
to 90C 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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15. The group VIII metal conplex according to Caim 14, wherein said aryl
groups represented by RL and R2 are both phenyl group. 16. The group VIl
metal conpl ex according to Caim 14, wherein said |ithium

p- di aryl phosphi nobenzenesul fonate is lithium

p- di phenyl phosphi nobenzenesul fonate. 17. The group VIII netal conplex

accordi ng t gridlRbpbdific YhaFiey Rofifdted AUR aVes bubfRladl h&RIMOUPAybR R xahedi um
conpound, cobalt conpound, ruthenium conpound or iron conpound having a

catal ytic activrhy JrgﬁnmmﬁroédwdaahsO&h&&hthehg&@u&ﬁ{hlﬂrowcal conpl ex
according to Claim17, wherein said group VIII netal compound is a nenber

sel ected f rQEﬁ‘rEQ@teW@M@lSH{b%ﬂlﬁf Lga Qlr 88 c BB A n L& s MBI R m AL 4 Bhe

nitrate, rhodiumsul fate, rho un1ch|or|de odi um i odi de, rhodi um

acetate, Rh4 st 2omPonea®d] Sit Bhﬁiér@@ﬁepﬁ)gﬁ)rﬁblemlg ((ﬂa:etisr)osmcrease the
RhBr (CO (PPhs)a, RhCI (CO) (AsPPhs)2 and Rh(acac) ( CO a. . The group VI

netal conpl eXeAGE9 1t of h&lcakHlykEs cmﬁf(ﬁierhtgawwg{s@lualé/bféamtﬁ ef QPRRAUNd
is Rh(acac)(COz. 20. The group VIII netal conpl ex according to aim 14,

wherei n sai ¢ dtel hindh8d dharwhPhRsRMPReRgaesaslhpaate is used in an amount
ranging from21 to 10000 noles in terns of phosphorus atom based on 1 35

mol e of said grauﬁlowahlofrwa@r GORPONE A g oL TH e Pihagioht I P athidveREt al
atom 21. The group VIII netal conplex according to Caim20, wherein said

i thi um p- dk@édUeQ?QﬁPﬁHé‘%ﬂ?@@@&MbBﬁ@ﬁE@ "Phé’%@ﬁldv%l%@ AR dldguf r om
2 to 1000 noles in terns of phosphorus atom based on nol e of said group

VITT metal gongpuighainp F&delE sAchSad %&EHH&o\r{l 'hdé‘PEé&u@é&)B}eg& A RIRCESS
for produci ng al dehydes which conprises, on hydrofornylating ethylenlcally

unsat ur at ed qeNAYRISUNELP re@LbAD p@PMedﬁs &8 r YL 096 B utNE Plswence of
a catalyst to produce the correspondi ng al dehydes,” using as the catal yst

the group Vi pa®hfhrLRBEES: 86 pREHEAOLAO oFb @b VT méth] cHEp R%CAFFPom

according to aim 22, wherein said carbon nonoxi de and hydrogen are used

in a mlar Hieekénld almnwh@grma%l&mrp@ﬁwm &ls tﬁmlusﬂ id Qesfihiblyne

process according to Caim?2 wherein said nol ar COratiois 0’5 to 2.
25. The proggsseaGhRr & Q&ehgpeqa%% 22:30ML1 60T ta*}ﬁ'i ﬁﬁﬂ@l’:' a0pr d¥; %%élbrfeld fo !N
a range of 0.1 to 10 . The process according to Claim?2 wher el n

sai d reacti @Go%ﬁ?ﬁgr eThg WAtér {2886 rRb1PdRti%e® B¥Pfo saéh a@@xfﬁr&cﬂ&&

according to Caim wherein the reaction tenperature 1s 1n a range of 40

to 150C . 28pe T)IE%aH{equéﬁd é:ﬁ'éddo'?ﬁah?ing %m@gﬂy%%{)ﬁl‘p%nten% ﬂ’e%gﬁtté 0Qhen

tenperature isin a range of 60 to 130C". & process accor

A aim 22, waelela @i ert%ng#zldgo gﬂtégﬂnﬁbq)éajoagcgusﬁﬁéfqtcﬁge y@ﬁt Pr?r

liter of the reaction Iiqui I gram ton1|n terns

of the gr Ou@hylrbhcﬁﬁh%eﬁim qqxet %ﬂ%l?ﬁ‘)&ﬁﬁﬁoﬁﬁﬁw gh&g o%@age‘?f B2 Pe

wherein said anmount per |iter of e reaction lrquid iIs in a range of 0.005

to 10 m|liggagedt AP dHd B?&f’@fo?ﬁlytlgfi ogroup VIl netal atom 31. A process
for recovering catal yst conponents fromthe reaction m xture obtained by

the process forTHEQQHﬁh%sﬂifé%QléQQB as&a)rﬁ!'tm ﬁ&s%@uﬁbﬁﬁtmwh'sabhw“ ses

contactlngthe reaction mxture wt wat er to extract the cafa ys

conmponent s !lﬂh?uﬁ”pQﬂBﬁ@H?lﬂ@d’s‘?{hlﬁBQeBQ@&J\ﬁmﬂﬂw chiiCa 9B plé RPNy

aqueous | ayer.
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.
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32. The process according to Claim31, wherein water is used in an anount
ranging from 1l to 200% by vol une based on the volune of the reaction

m xture. 33. The process according to Caim32, wherein water is used in an
anount ranging fromb5 to 50% by vol une based on the vol une of the reaction
m xture. 34. The process according to Caim 31, wherein said extraction is
carried out EXAMEISHBerature ranging from20 to 90~ . 35. The process
according to Claim 31, wherein said extraction is carried out under an

at nosphere of aH¥r¥ath 3%, GHEPHFSIHE TINETRISH @rg;ieseaHMbmq&&?ce §p- The
process according to d ai m 31, wherein the water is renoved at a

t enper at ur eEQfamsPlels? WiIPR haRFe BHORS nfe DHLITHIG e P the lmnmig B the
Al A'L. AHL. A9. A9. AL Al & A9. Al L. AHL. Al & ASL. Al L. A" . ASL. AI'L. AL. A9. A&. A9 A9 A

AL AL, A . Al e h ASEAow] 9nf% 95 S P eAlp ATHBE@ RN or v

) | | wmhc~Y] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] caj é)a] ca] ca] cal ca] ca]

ca] ca] ca] ca}l salpoalncal &a%&a]y%hs@ﬂzféﬁaﬁﬁéér an'\btmbéﬁméré—o?%#ﬁ%%@/&( G¥ddn, O

6=6@8+: M=| wr | gb] X] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caJca ca

ca] ca] ca] Ca]iﬁﬁ]l? F@ﬂ)? 168d0sPhadl wal&ab &Pl detion were carried oqut under
al M=EO=R=n?MACC( FJ nVXX] =bdaef f hkmmmezupkf a[ V] cal] ca] cal ca caltd] cal ca

| ca] cal cal Cﬂlﬁ%%ﬁ@}é?%]fcﬁhcﬁlbfiaﬂn%@é cRleaselaisrigal cal cal cal ca] cal cal cal

cal] ca! mmoNoqg( gcqgksqs; W

VLYPY3LY *~{val ol heaheliaal St enboskd aahe el gabhrtdelagl ol cal

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal U0q a/ JHSzupkfa\W]c

al cal cal cal agleahele shoadd enl calealaliadheal ot onie aHlaabs sl ol cal

aJca]ca] ca]ca]ca] ca cal ?E& 18;

~S{val gb] X] plisakgat q@bcabcehmoooaeln%h%hwnca%wglaé gatheAle¥ &3l cal cal cal

c?j]nca] \%a:] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! ]

H cajc

:] ca]_(S:a] \é\g}/cg]g%]arﬁ%e 1%21590251\@% ai%%}tga %%}P%L%@&%@ vgﬁhg?}ﬁi }]m:]}ﬂéa} ca
C ajcal ca

] Ea?L;?L;?LES}%Z}a?JJi%. KB B R R TR P BB AN

U ()-0 10%,46 () 1 A0YUE, €dero hROAe X 1ol BABS6% Ay SHOTLED().- 1 "10%

u&! ()- /10% U& ()--s10%
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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U& () - !13" %%k K bhen' 463 d0%5C, 74 g (0.373 mole) of lithium p-chloro-

benzenesulfonate was added and the contents were stirred for 45
minutes at a bath temperature of 50C. After completion of reaction,
350 ml of tetrahydrofuran was distilled off from the obtained reaction
mixture. To the resultant solution 300 ml of diisopropyl ether and 700
ml of water were added, and extraction was effected to obtain a mixed
layer comprising an aqueous layer and a tetrahydrofuran layer. The
mixed layer was washed with 300 ml of diisopropyl ether and an
aqueous layer was separated. The aqueous layer was filtered and
then condensed to a volume 2/3 the original volume. The condensed
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.

'H-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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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, 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 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 70C, 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
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crystallized from water once, to yield 112 g (yield: 67% based on
chlorodiphenylphosphine) of potassium p-diphenylphosphinobenzene-
sulfonate.

The cations consisted of 99% potassium ion and 1% sodium ion.
The contents of chloride ion, the oxide of potassium p-diphenylphos-
phinobenzenesulfonate and potassium p-chlorobenzenesulfonate were

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

Reference Example 3

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
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 35C, 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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temperature at 60 to 70C, and the mixture was stirred for 1 hour at
the same temperature to give a reaction 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. Three 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 107 g
(yield: 64% based on chlorodiphenylphosphine) of potassium
p-diphenylphosphinobenzenesulfonate.

The cations consisted of 99% potassium ion and 1% sodium ion.

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 ml 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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U& ()-!#$ "4B&one 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-diphenylphosphinobenzene-
sulfonate having the following properties.

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 %, 0.32 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 =-5.39 ppm

(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

22



& ()-$ "10% U& () - nRPAMACCCCCE} r g\ =! #s! 1& "10%B& ()- 10B 10B 10B3=10%B& () - (
"109B& ()-1, & | 109%€B&BE ()-! (& 11098B& ()-E(FIJIJJII} SHe!#s! 1 10B 10B 10B
=109B& ()-! 6&Z" 10900& ()-"&Z" 109B& ()-"&Z"109B& ()-"1 (&

"109% " & ()- JULLOOQQQ ~24=! # 10 U3=10% U&' ()- (! 10% U& ()-!, (! 10999& () - F" 10%
U& ()-!1LY"10%>& ()-LY"10% U& () - QQQCSS+VnW\GH=! # 10 Uni'10% h& () - ! #@

" 10901 O & (1) @fbl@%’@ﬁ&ﬁésdlfwaﬂ@m 0 Jo119¥" Ad¥e P& 0)30 Hble %0and not
UVKXXXX] | K

more than 0.03 mole %, respectively.

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-diphenylphosphinobenzenesulfonate.

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-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 2 and 50 g (390 mmoles) of lithium sulfate monohydrate. The
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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 0.007 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.

24



10 ,Z2"1098& ()-!'( LF'10%"& ()-LF"109B& ()-!#LF"'109%22& ()- 10 U 10 U 10
U3=10% U&' () - kknmmmmmmm~_ @ # 10 3 S&10% U&' ()-L10% U&' ()- 10B 10B 10B
=109B& ()-+ "109B& ()- !,,Z"109%& & & ()-nmoNopg(gcqdE~_@# 10 3 *y1l0%
U& ()-(10% U& ()-3!10%
Reference Example 4
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 256% 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 30C.
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 10C. The solution in diluted sulfuric acid thus obtained was, by
addition of 4 1 of methyl 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 sodium m-diphenylphosphinobenzenesulfonate.

The cation was 100% sodium ion. The contents of chloride 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/H: (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 50C, 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 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.

Thereafter, 30 ml of the reaction mixture after completion of
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10B 10B{ bCWee JOB6h 1P38 extracted with 9 ml of water. The aqueous layer 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)z 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-1-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 30C. 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-diphenylphosphinobenzenesulfonate 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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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 2-methyloctanal.
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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shows that the recovery ratio of rhodium was 94%.

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 catalyst 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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from the reaction mixture easily at high yield.
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CLAIMS
1. Alithium p-diarylphosphinobenzenesulfonate represented by the

general formula (I)

R1
\ :
,P@—SO3L|
R2
wherein R! and R2 each represents an aryl group which may be
substituted.
2. The lithium p-diarylphosphinobenzenesulfonate according to Claim
1, wherein said aryl groups represented by R! and R? 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 SO3L|
2
R
wherein R! and R2 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{)som

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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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@—SOsLl

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 R? 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, Rh20s, RhO:z, rhodium nitrate, rhodium

sulfate, rhodium chloride, rhodium iodide, rhodium acetate, Rh4(CO)12,

Rhe(CO)16, RhCI(CO)(PPhs)z, RhC1(PPhs)s, RhBr(CO)(PPhs):,

RhC1(CO)(AsPPhs): and Rh(acac)(CO)e.

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

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

20. The group 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 H2/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 130C.

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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to 1000 milligram-atom in terms of the group VIII metal atom.

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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