15 JAI 2004 DESCRI PTION LI THI UM P- DI ARYLPHOSPHI NOBENZENESULFONATHS JAN 2004
PROCESS FOR PREPARATI ON OF THE SAME AND USE THEREOF TECHNI CAL FI ELD The
present invention relates to |ithium p-diaryl phosphi nobenzene- sul f onat es,
processes for preparation of the sane and use thereof. The lithium

p- di aryl phosphi nobenzenesul f onates provi ded by the present invention are
useful as ligands for hydrofornyl at ippmsogi@ipefrg. Accordingly, the above
uses include hydrofornylation catalysts conprising the lithium

p-diaryl phqsnmm@rrz—mmmmspmwhiq@'zgméﬂ‘imﬁgxﬁgf g‘ffd‘ébggé oy

t he catal yst conponent, and process for producing al de y usi such

hydr of yr:0Y f } f I f 7- -1-al
ydr of or ny e ROPREFRRXTU BN OF REE @AMﬁ%Igggg%gﬁg’fﬁgw of 7-octen-1-a

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

p-diarylphqﬁ@&kﬁgﬂggigﬁﬁéﬂ onates have high solubility in water, they can
readily be recovere y Water extraction fromthe reaction m xture of the

above hydr of or Qationlgpd re-used.lBACK ND ART Reaction of
ethyl eni cal |y dn$aPTysedsMitIhgelares oy dhyge®- drarylehe spmneheseene i n
t he presence ?f qicatalgst conprising a group VIl nmetal conpound with or
wi t hout rodiPTERReSn PRYCEsseF Jah @ renake 3enovigtin samshardiseutharerbound, to
obt ai n al dehydesg, hs known as ngéofornylation or oxo reaction. Production
of al dedhydes ﬁj‘e’[ thiympdigry lnhesphirokanzasegn liannater ciravided be.the 15 JAN
2004 . X
present invention are useful as ligands for hydroformylation catalysts.
Accordingly, the above uses include hydroformylation catalysts
comprising the lithium p-diarylphosphinobenzenesulfonates provided by
the present invention as the catalyst component, and process for
producing aldehydes by using such hydroformylation catalysts. On
performing hydroformylation of 7-octen-1-al with use of a rhodium
complex having as ligand a lithium p-diarylphosphinobenzenesulfonate,
one can obtain a linear gldehyde product of 1,9-nonanedial with good
selectivity. Since lithium p-diarylphosphinobenzenesulfonates have high

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

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

BACKGROUND ART

Reaction of ethylenically unsaturated compounds with hydrogen and
carbon monoxide in the presence of a catalyst comprising a group VIII
metal compound with or without modification by a ligand such as organic
phosphorus compound, to obtain aldehydes, is known as hydroformylation
or oxo reaction. Pro&uction of aldedhydes by this reaction has been of

high commercial value.



Since group VIII metal compounds are very expensive, their use as 2004
catal ysts for commercial hydrofornylation requires that they be recé&%#%%
after use at high yields and re-used. Hydrofornylation catal ysts have

t heref ore been recovered by an evaporati on separati on process which
conprises distilling off the product and unreacted starting materials from

L1 react] on TS B Y ASSHETANAbe, XU AL B ON08: YR Fefhe

evaporation residue. ofornylation cataly owever, uns

agai nst he ffer i.ghihfi.,capt decrease in.activity dug to heat
when & he aeet8gee 3L G8mARe FLIL by G AR PR ERD e iR e ShvePairRyo Sied
that the e orati .Sseparati on process i l.i cabl e.only t

hydr of or rryl‘aﬁi roﬂs%fa?q@@ﬁ’yﬁ”@ﬁé%ﬁ‘l"l%r%’@ﬁaur Bygﬁ%(f,%‘ffﬂﬁ 4en Wé‘\??f?b‘stﬁcha‘ifbr e
than 5 cargﬁn :fio . Use of cgés{ysts conprising group VII1 netal,
conpounds HBATEIOER BRFN e qRyeErd I BB AROgARHP ThaSP IO mPrPaes e ek ent i on

in coomercial processes of hydrofornylation of ethylenically unsaturated
conpounds CRABMAAEEdistaline oit e prodbehand wrgardedissartimesmmtorieds frem
achieve comercial value, it is however necessary to overcone two opposing
princi pl esthe gepsbivmpirhere apdtnesavering tegbivdeeiarmiylatinn vatalyssolagbl e
catalyst and |ipophilic starting materials be present in the same phase;
and on cat 8vgspradepveasyduehe wat er-sol ubl e catal yst and the |ipophilic
product nust be in separate phases. Various processes have been proposed
for this purpobwdredermxtatite catdlyslaparedewRateenunkiva bl285F40i55s tdesdr abés a
process which conprises the steps of hydrofornylating 7-octen-1-al in the
presence ofufferhodigmitenpodetease phosphoitysdué gae athavhey thesdédioadc acid
group and pol yal kyl ene gl ycol derivatives, adding water to the 2
‘ products have high boiling point. It is generally said that the
evaporation separation process is applicable only to hydroformylation of
ethylenically unsaturated compounds having not more than 5 carbon
atoms.

Use of catalysts comprising group VIII metal compounds modified by
a water-soluble ligand has then attracted attention in commercial
processes of hydroformylation of ethylenically unsaturated compounds
having at least 6 carbon atoms. In order for this process to achieve
commercial value, it is however necessary to overcome two opposing
principles: increasing the reaction rate requires that the water-soluble
catalyst and lipophilic starting materials be present in the same phase;
and on catalyst recovery, the water-soluble catalyst and the lipophilic
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



15 JAN 2004 } reaction mxture and separating the catal yst conponent sy byAN 2004
extraction and renoving water fromthe aqueous | ayer thus separated to

obtain the polyal kyl ene glycol derivative containing the catalyst

conponent and circulating this to the reactor for re-use and, at the sane
time, obtaining 1,9-nonanedial fromthe organic |layer. (2) WO94/17081 and
Japanese PatettonTOKEHYICUab0GEDAT496G thechoslysa coypafartsnaekomqiacess

whi ch conprises using a group VIII noble netal -1igand conpl ex catal yst

whi ch is aagahpémoving lwatelrifyandtioé apateasnsilaneptiiugheplrabospbidhain the
benzenesul fonate. The above process (1) can, according to Exanple of the

pat ent , p@roﬂsaamy’riydrecglgwyﬂahwemwenc@aﬂaawlxﬁm% At 6 Pt eddn: fbh &Rt @hdnot
more than 25 ppm w th use of sodi um m di phenyl phosphi nobenzenesul fonate as

a wat er - soleidfl akirga ORI s2isl t h e ¢eN EforaRe Fefuss @nldN & iCHAk ¥ Sle- tﬁ'H“tE oHt%wintgant

H

reaction m xture contains, besides unreacted startlng material  and

reaction DUOQ%naﬁétﬁaﬂ)CIi*Uﬁ' e @f‘@arﬁlcwé@erde(ﬂ)thog’@sl'm%? ﬂd‘J%g»an@Egunt of

only 10% of the resultant reaction m xture. The process there s high

vol une ef f ipGitgREYFO KA U 56‘6ﬁd?ﬁ@@@gﬁsé‘l%getheigijyd%fb%ﬁfl‘ak%q{ gwfge fat' o of

the desired |inear aldehyde to branche es remai’ns to

most. The qhpws @Jx%?fs%s(\?s)m%aé k 6&p QLI r?chfiBrrﬂle{‘Ql -h g «?atalyst

hydrof ornmyl ation in a eterogeneous systemw th use

p- di phenyl mﬂﬁhisnﬁ’t&%ﬂﬁﬁ'agsdv‘ltf Oggg%gen P\t{}? {111?19' uﬁ{pehe!ﬂ ﬂ%sgﬂgn N the

presence of an aqueous ‘sodi um I on vin X ssol ved
| auric aci ent of isopropyl alcohol. This process as an
advant age g?“%?gﬁnggﬁgk%f the linear al dehyde to branched al dehydes of

about 13. HOWE\ﬁlre’ a%&@p?opés%h(lr) h:%qll,%rgcs%'fl egnhg %x'a%lpie of the patent,

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

The above process (2} carries out, according to its Example,
hydroformylation in a heterogeneous system with use of potassium
p-diphenylphosphinobenzenesulfonate as a water-soluble ligand and in
the presence of an aqueous sodium hydrogencarbonate solution having
dissolved lauric acid, and a cosolvent of isopropyl alcohol. This process
has an advantage of high ratio of the linear aldehyde to branched
aldehydes of about 13. However, with a high rhodium concentration in

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



tthe aqueous | ayer of 500 ppm and with presence of about 0.5 part by 3 &? 2004
JAN 2004 wei ght of the water | ayer based on one part by wei ght of t he AN
starting material olefin, this process suffers a poor volune efficiency.
There is no description with respect to the efficiency of catalyst
recovery. According to the know edge possessed by the present inventors,
use of potwsisghinof pheiwdtenybphodpisedobenzensdl foweight whithe $tastiag ow
solubility in water, in the above process (1) requires a |arge anount of
wat er to reeoveralmlefiaxtthacprotessheuffetrs afpam tdemeatficiemoyi xlivece af tner
the hydrofornylation has conpleted and |ike conpl ex recovery processes
and, besi désscripsdht witnrésgew thedaveffycieaty of chtahas teverefor eAtmeding
desired to devel op a process to solve the above problens, that is, a

process Whigth& &haweleBee pdseassd dByatheapt @wnthodientor ¢ ongeaf pataoniuand have
hi gh vol une efficiency and good catal yst recovery efficiency, thus being

excel lent jryi %@B?gyhoéﬁﬁ@%@hﬁeh@ﬁuﬂﬁﬁbE&dwhﬁd}?&ra\s_aﬁll&ef's}bdﬂbﬂitjﬁinhivg&te;,
selectivity. Accordingly, an object of the present invention is to provide

a novel |ir9§ﬁ'9 abe)rveWﬂfc@EQr(Tyg'@cﬁﬁ%s%ﬂﬁ@@&ﬁoﬁﬂﬁtom\é%r t® recover by

hydr of ormyl at1 on of ‘ethylenic y unsaturated conmpounds, excellent econony

and gi vi nge)%]ﬂ%ctfé)%shﬁggau Aeal tRkdehvees Wikt ghesahRechiatdnor atieer

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

above |iga | [ AAS i all 9£RUSh¥sRleshir@BuMisel d.
Still anot g?wgkﬂgggggfﬁﬁagk%#égg t |ﬁ%gﬁf¥%ﬁﬁ?§@$%ﬁb€ggiBgsa gsroupu VI

metal comp/.ex {.Q, h&. eq,g, fqs, hydrofornmylation of ethylenically unsaturated
conpounds, sai'd conpl eXx having excell ent econony and giving the desired

linear al dehydgsy at (b lkS6hReh ¥bdi¥ed to develop a process to solve the above

problems, that is, a process which can perform reaction at a low rhodium
concentration and have high volume efficiency and good catalyst recovery
efficiency, thus being excellent in economy, to obtain the desired linear
aldehyde with high selectivity.

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

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

Still another object of the present invention is to provide a group
VIII metal complex to be used for hydroformylation of ethylenically
unsaturated compounds, said complex having excellent economy and
giving the desired linear aldehydes at high selectivity.

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

producing aldehydes readily and commercially advantageously by the



Yet anot her object of the present invention is to provide a process for15 JAN 200
produci ng al dehydes readily and commerci ally advantageously by the 9 1 5

JAN 200 hydroformylation utilizing the above group VIII netal conplex. A
further object of the present invention is to provide a process for

recovering at high yield the catal yst conponents used for the

hydr of or Wh?&k&ﬂbriﬁﬁ%id}?u%ﬁ%hg%%%% @ro b SAUPSERE 1o nh el NVENTI ON The

present invention provides a |ithium p-diaryl phosphi nobenzene- sul fonate

represented by tfﬂ?tﬂ@f‘?f)?&ctf&r 'aréée}ﬁt(ﬁ% &@E% %QH?fdéTE;)lrorc%?rf&ed tﬁ

as "lithium sulfonate wher el n and R2 eac

represent s, an, Ayl GRS tg%zlaﬁ§1¥§tt%§%h]ﬁﬂéﬁ% 4108 B agent | nvention

al so provides a pr cess produ ona

conprises e ota SIU p- dlar has hlno- benzenesulfonate

repr esent ehyg ﬁ%ﬁ*@g °f“6r Ki a(cf%rp ’éf%af ter sonetimes referred to
as "potassiun1su|fonate (I'1)) wherein R1L and R2 are as defined above, with
the lithiumsalt of an acid having a solubility in water of 5 to 30% by

wei ght, in p e af ter ixture of water and a water-

m sci bl e opégﬁ%(5§iﬁgéﬁ?9rﬁﬁ§:§¥3§éﬁﬁl ention further provides a group
VIl netal | ex conprising a group VII] netal co und ,
coor di nat i ng F’ﬁgpé{r@seg}ggnven%on 1?10v1des a lithium p- dlgxpﬁphosp?unobenzene-

sulfonate represented by the general formula (I) (hereinafter sometimes

referred to as “lithium sulfonate (I)”
R'i

\
R2
wherein R! and R? each represents an aryl group which may be
substituted.

The present invention also provides a process for producing lithium
sulfonates (I} which comprises reacting a potassium p-diarylphosphino-
benzenesulfonate represented by the general formula (II) (hereinafter

sometimes referred to as “potassium sulfonate (II))
R1

\

,P@fsoaK

R2

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.

The present invention further provides a group VIII metal complex

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



1-5 JAN 2004 lithiumsulfonate (1) (hereinafter sometines referred to asl 9 JAN 2004
"group VIl nmetal conplex (1)"). The present invention still further

provides a process for producing aldehydes which conprises, on

hydrof ormyl ati ng ethylenically unsaturated conpounds wi th carbon nonoxi de

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

al dehydes, 1itsiog s0HongtOUD (NbhdiniBtd s SATPEXs %ﬁer?@dttgeascaé IIThe
present invention yet further provides a process recover e above

cat al yst cefq@nehspleki @hr)conprises, on recovering catal yst conponents
fromthe reaction mxture obtained by the above process for producing

al dehydes, ConTﬁ%tﬁ&%ehlﬂan\rgﬁ‘Ef nOQnﬁ} fﬁr‘fh%l d"ov stgré#:ogfe%% 5{ ﬁg‘)w&?l&g from

cat al yst conponent's into an aqueous | ayer

t he aqueoug; CGARRYI N THE NVENTI Exampl es of the
aryl groupé éepresented By §{§mse ?éﬁ}ﬂg éﬂ%*“ln%ﬁﬁﬁ“%Vchﬂd anthryl, of
Exanpl 65 o} "¢ ﬁéuf;%ise?t?r efgﬁi@ﬁapglt e %gm%ﬁéj%sr@f*ﬁrm?%%‘iiﬂ Bi'or i he.
brom ne and |od|ne ou met hyl , ethyl rop i soprapyl,
butyl , .soBu‘%yﬁ %at 313? tb&ferf“ﬁ%gf the Eppiespynd mw&ﬁehrﬁ?r, wiagphe o

di fl uoroneth 6 quoronethY 1- difluoroethyl, 2,2-difluoroethyl and
1- quoroprgb%//‘Illb dﬁid&?“ﬁﬂﬁﬂbgeﬁﬁ as?ﬁﬁﬁ%%yyséthoxy, pr opoxy, i Sopropoxy,
but oxy, i sobut ﬁ s- butoxy and t-butoxy; acyl groups, e.g. acetyl,

pr opi onyl , but? ﬁrpresgaﬁdwﬁwlwnﬁet BixthiesArovidss axgrageanper recqyering
acet yl oxy, r%gponylox butyryl oxy and isobutyryloxy; alkoxycarbonyl

groups, e. XCALATHInAm PR ABYY W high [som tisps.opo Xy cevdranglcatalyst

|sopropoxycarbonyl but oxycar bonyl, 6
components from the reaction mixture obtained by the above process for

producing aldehydes, contacting the reaction mixture with water to
extract the catalyst components into an aqueous layer and then removing

the water from the aqueous layer.

MODES FOR CARRYING OUT THE INVENTION

Examples of the aryl groups represented by R! and R? are phenyl,
naphthyl and anthryl, of which phenyl is most preferable. These aryl
groups may be substituted. Examples of the substituents are halogen
atoms, e.g. fluorine, chlorine, bromine and iodine; alkyl groups, e.g.
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl and
cyclohexyl; fluoroalkyl groups, e.g. difluoromethyl, trifluoromethyl, 1,1
difluoroethyl, 2,2-difluoroethyl and 1-fluoropropyl; alkoxy groups, e.g.
methoxy, ethoxy, propoxy, isopropoxy, butoxy, iscbutoxy, s-butoxy and
t-butoxy; acyl groups, e.g. acetyl, propionyl, butyryl, isobutyryl and
pivaloyl; acyloxy groups, e.g. acetyloxy, propionyloxy, butyryloxy and
isobutyryloxy; alkoxycarbonyl groups, e.g. methoxycarbonyl, ethoxy-

carbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,



1 5 JAN 1004 } isobutoxycarbonyl, s-butoxycarbonyl and t-butoxycarbonyl§ JAN 2004
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.

Exanpl es of the lithiumsulfonates (1) are lithium p-di phenyl phos-

phi nObenzefb%%Lbltt)Qg)%ﬁop)L)ilE 'E-'flWo@x‘y‘&%?é@ﬁ%{’%Xh)boﬁ{]?m({]&‘}%%ﬂg?”?ﬁ?%é %'}lﬂli}ﬁf

lithiump-bis(mtd osphi nobénzenes onat e, I'um p-bi s(p-to
phosphi nob f .t hi j - 1%? &? | ) pho i DOr:
benzenesul?‘%%}g%’i I?E?fﬁ%apﬂll)l?%(%ﬁ%%a&%p élny% ‘?))r%g F%é ngor’\z%%goé fonat e,
lithiump -Dbi -trifl uor t.hyl phenyl.}phosphi,nobenzene- sul f.onate,
di 11t bt um BT &t snh SRS PSR P e G s ebe 0
bi s(p-sul f pphenyl -trifl.uoronet hyl phenyl ) phosphi.de.. Anpng these |ithium
sul f onat esa?ef)e,o)fi %%ﬁl W?ﬁ%%ﬁ‘én@‘i%%?&%n%’g@H’Eg{]?ésﬁﬂ]f%ggiageqig
particularly preferred. ,The process for pro ing.the lithium sul fonates
(1) is now desEXpBues qft“ﬁeshh@eagssaﬁlgort%teag@f 238 lithium PRURHSEIPRE" an
acid, those having a sol ybili t?(, in water. ?t 20t . of 5 to 30% by wei ght based
on 100 g oPhirgRguzengsalionate, lithanmnp sisfo-delydlphesnhinekensaneswismatair at e
is used, the above solubilij t% means that the_ solubility of the anhydride
is in a ralgkiwe B hisim3sdyBphaephinohrnvenesnl foomty, bithwamep biske tekyliuch
lithiumsalt of an acid renders it gpssi bl e, after conEI etion of reaction
of a pot asBhampbingesrgmne splfon agadlithiumi p thistn o th oty pthisa yipip s phdano-
separate by filtration the starting material lithiumsalt of the acid and
bypr oducedbpbzeresulipnatd.tligfiumh@-hisi(d- flnorentenyldpbos whinvibengese- and hence
to jsolate the desired lithiumsulfonate (1) readily. Exanples of the
li thi um sapulfohage. Hehibmrie béslmbbrifleropreddphphenyl)phosphinobenzene-
sulfonate, dilithium bis(p-sulfophenyl)phenylphosphide and dilithium
bis(p-sulfophenyl)(p-trifluoromethylphenyl)phosphide. Among these
lithium sulfonates (I), lithium p-diphenylphosphinobenzenesulfonate is

particularly preferred.

The process for producing the lithium sulfonates (I) is now described.

It is necessary to use, as the lithium salt of an acid, those having a
solubility in water at 20°Cof 5 to 30% by weight based on 100 g of water.
Where the lithium salt of an acid that can form hydrate is used, the above
solubility means that the scolubility of the anhydride is in a range of 5 to
30% by weight based on 100 g of water. Use of such lithium salt of an
acid renders ,it possible, after completion of reaction of a potassium
sulfonate (II) and the lithium salt of the acid, to separate 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,



-7 15 JAN 2004 phosphite, diphosphate, sulfate, sulfite and hydrochl mquﬁt‘ 2004
O these, carbonate, sulfate and sulfite are preferred. The lithiu

of an acid is used preferably in such an anobunt as to insure that the
‘nunber of lithiumatons in the lithiumsalt falls within a range of 4 to
40, nore preferably 6 to 10, based on 1 atomof the potassium atom present

in the pot SSI msu I h t

operabi | i tf A lte {hcp%no%tﬂol sa(tr e%tlclz g% ?@%%r?l e outocg?&%%e przgliej(rat%:% of
water or a m tur ter .an wat er SCI |c soI appl es
of usable \ﬁé‘F}éPnaﬁfS%‘i‘%\Aﬁ 8P&a?1dlé%§o"1”ifeﬂf% €ar% ae’Egﬁg Jiitigl §a tn%tt ﬁ?lamd

al cohol , ethyl aJ coh pr opyl alcohol et hyl ene gly nd d| erne
gl ycol ; ket'§riese Brﬁf%réée\f sRELChAMEMGER h§p tRINSHE® ég‘&t&%ﬁe‘t‘ étfone:

esters, met hyl formate, ethyl formate, nethyl acetate ethyI acet at e,
net hyl progttmam aspmsetthyhe lighapimopalictalliighimed sange! ditetdfyimetser

et hyl ene gl ycol nononethyl ether, ethylene glycol dinethyl ether, ethylene
gl ycol nonqgetefgtaldyh@rto l(htbgﬂeeln@l d! stcoh odi téiehyd t asts e, a@tmwrenentgwé E
ethyl nmethyl ether, diethylene glycol dinmethyl ether, diethylene glycol

et hyl et hypotetshmmamdfomm i) enedgwtioh aineuhylleetiheo bethes ep orajatity
solvents are preferably poor solvents for the lithiumsalt of an acid
used. Theseamd ga#lidc sol vents nay be used singly or in conbination of 2 or
nore. Water is used preferably in an amount of 1 to 50 parts by wei ght
based on | partThis tdwetiqroiassinied uwtfioneie prttdnaesetiy awver erpr efiatabd yfin
an anount of 2 to 20 parts by weight on the sane basis. The organic

solvent is wgesk apdef araabbymidtible arpuit seivdnt.0 Blapalés obnsablghtatbased
on | part of the potassiumsulfonate (11) used, nore preferably in an

amount of ZmigiBh opg?‘éﬁfc Mlvestghte Acditdssane rhashﬁl aldad ol aéitoyladlcbhel,

amount of the
propyl alcohol, ethylene glycol and diethylene glycol; ketones, e.g. acetone,
ethyl methyl ketone and dimethyl ketone; esters, e.g. methyl formate,
ethyl formate, methyl acetate, ethyl-acetate, methyl propionate and ethyl
propionate; and ethers, e.g. diethyl ether, ethylene glycol monomethyl
ether, ethylene glycol dimethyl e.ther, ethylene glycol monoethyl ether,
ethylene glycol diethyl ether, ethylene glycol ethyl methyl ether,
diethylene glycol dimethyl ether, diethylene glycol ethyl methy] ether and
diethylene glycol diethyl ether. These organic solvents are preferably
poor solvents for the lithium salt of an acid used. These organic solvents
may be used singly or in combination of 2 or more. Water is used
preferably in an amount of 1 to 50 parts by weight based on 1 part of the
potassium sulfonate (II) used, more preferably in an amount of 2 to 20
parts by weight on the same basis. The organic solvent is used
preferably in an amount of 1 to 50 parts by weight based on 1 part of the
potassium sulfonate (II) used, more preferably in an amount of 2 to 20

- parts by weight on the same basis. The ratio of the amount of the

organic solvent to that of water is preferably not more than 3 parts by



organi c solvent to that of water is preferably not nmore than 3 part s HyAR 2004
5 JAN 2004 ) volune, nore preferably not nore than 1.5 parts by volune. The
reaction tenperature can be appropriately selected within a range up to
the reflux tenperature of the solvent used. However, the reaction is
carried out preferably at the reflux tenperature in view of reaction

ef fici encyvollfige ) pRGEI R fEi 4 yi BotPimefrertiklny 1ispartsabgerodhm®.5 to 10 hours,
nore preferably in a range of 1 to 4 hours. Although the reaction nay be

carried out unpgs rehetidhMIPHEFRurklcarSbe 38YrbablatePRLERICTRE Witleh san
at nosphere of an inert gas such as nitrogen or argon, which suppresses

oxi dation pfyshe gl {4 fih&Te AUk QR & dihke Witithe JAI¥Ent WAR M €3ESWOPed, She

preferably performed under an atnosphere of 1nert gas such as nitrogen or

dj - ' 1
argon an f%cltbc?n RE SaFHeR &It iﬂ‘?@%&/aﬂfy 8t tﬂ"e)ﬁ‘te'fftﬁ %mﬁ?#ghﬁ%ﬂl %1e\tf1c3f and

wat er - mi sci bl'e or gani ¢ sol ven m°xi'ng a potassi [ fonate
the 11 0 Umaald, Shual.Ag) SrABKL e LLAELIG IR ESH§ HERRT KOS alo
ur' 11 cat | Bre B BepEmre el bt B TR I B M product can be
adding a poor SHTGRD FbF TRETATR TaY K GITACH At UAH B8° SO PSrEoHols
IR I I N TN T RTEN, L o
e used asot ErEEnal el i RRICF o7 CROIIEOTet dedatn cafoR e iR e
material pot as’ls"}iulilgj E}lljtle frggggign (iga,'lp)re%gpabblg Ig)gr%gyr%%g 11131)1/der an atmosphere of
inert gas such as nitrogen or argon and in the presence of water or a
mixture of water and a water-miscible organic solvent, by mixing a
potassium sulfonate (1) and the lithium salt of an acid and then stirring
the resulting mixture at a prescribed temperature.

The lithium sulfonate (1) thus obtained can be isolated and purified
by any usual process employed in isolation and purification of organic
compounds. For example, the product can be isolated by the successive
steps of condensing the reaction mixture, adding a poor solvent for metal
salts of acids, such as methyl alcohol, ethyl alcohol, propyl alcohol or
acetone, separating solid matter by filtration and condensing the filtrate.

The lithium sulfonate (I) cbtained 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-



any known process, for exanple, (1) by a process which conprises rea&tJANG004
a chl orodi aryl phosphine with netallic sodiumto obtain a sodi um

~di aryl phosphi de, reacting the sodi um di aryl phosphide with [ithiump 9 15

JAN 2004 chl orobenzenesul fonate in the presence or absence of the potassium
salt of an acid, and reacting the obtained reaction m xture by adding an

aqueous sotHldroBeftehbeulFohatSinThsYlesthc@Rramdd e 6 tHehYE S Rhnt bEIL
potassiumsalt of an acid and water; and (2) by a process which conprises

reacting a,chhosqdi amy pémp% RBeWHti MBS 2bhLGoRALASEI ™ ada'%g% the

correspondi ng potassi um di a phosphi de and then reacting the ot assi um

G ar ! phosghl 6. bl LR RS SRSREESSHL (OBELS S5 IPR4IAL001 and

Japanese Patent grou me ex (1)

P o Sop AR, Yhly of Bh Hleia SHIDRUNE: M, P % 1bkDE WIS Bm e

lithiumsu atalytirc activ accel erate

o o Y B s PR KR DR SR 2
R s

ot vity tBoteeanar dielyhPor bidh PAEE SHTR BEPEpeRI T R |
he hydr of SrAGRL e Sedarpruse s Pauen Tz i YO Yh50RATErS M hose rhodi um
conpounds, cobalt conpounds, ruthenium conpounds and iron conpounds that

have been used as catalysts for hydrofornylation. Exanples of the rhodium

conpounds are _rhodi um gxides, e.g. RhO, Rh20, Rh203 and Rhos; rhodi um
salts, e.g. The group VIII metal complex (I) comprising a group VIII metal

compound and, coordinating thereto, the lithium sulfonate (I) has the
catalytic activity to accelerate hydroformylation of ethylenically
unsaturated compounds. The group VIII metal complex (I) is water-
soluble and can be used for known hydroformylation utilizing a catalyst
comprising a group VIII metal compound modified with a water-soluble
ligand.

The group VIII metal compound used for this purpose should either
originally have the catalytic activity to accelerate hydroformylation of
ethylenically unsaturated compounds or acquire such catalytic activity
under reaction conditions for the hydroformylation. Examples of such
metal compound are those rhodium compounds, cobalt compounds,
ruthenium compounds and iron compounds that have been used as
catalysts for hydroformylation. Examples of the rhodium compounds are
rhodium oxides, e.g. RhO, Rh20, Rh20: and RhO2; rhodium salts, e.g.
rhodium nitrate, rhodium sulfate, rhodium chloride, rhodium iodide and
rhodium acetate; and rhodium complexes, e.g. Rhs(CO)12, Rhe(CO)1s,

RhCI{(CO){(PPhs)2, RhCl(PPhs)s, RhBr(CO){PPhs)z, RhCl{CO)(AsPPhs): and

10



rhodiumnitrate, rhodiumsulfate, rhodiumchloride, rhodiumiodide anhf' JAN 7004
rhodi um acet ate; and rhodi um conpl exes, e.g. Rh4(CO 12, Rhs(COi s,

Rhd ( CO) (PPh3) 2, Rhd (PPh3)3, RhBr(CO (PPhS)2, RhCl (CO) (AsPPhs)2 and 10 1 5
JAN 2004 Rh(acac)(CO) 2. Exanples of the cobalt conmpounds are cobalt

conpl exes, e.g. HCo(CO 4, Co2(CO8, HCo(CO 3 and HCo3(COs. Exanpl es of

the rutheRhYAL£OMROIRASERR M P16t RERhENGERIP LMD Rl sOar RUSK 40 cbnplexes,
Ru( CO 3(PPh3)2, Rhd a(PPhs)3 and Rud 2(PPhs) 3. Exanpl es of the iron

conpounds @-.%e HERCOONPEEXE0) 5 HC o it FQARa HEbLOFRPhE xaslples of the
Fe(CO 4(PPh3) 2. Anong these conmpounds, it is preferable to use rhodi um

ds. 1 ; . i £t icient Jf 1 lati on,
conmpounas f%ﬁqeﬁmﬁlﬁ%ﬂ%@&q%h& Qe AL If‘#.rﬁb@ %lg e.é?rRﬂé’(‘(@()W 9!;0’ ation

in particu acac e above i um sul fonates (1) nay be used

i | i i pati 1 f . ) . i. h
hosphi ne, Re GO PRYS RIS 1, PRI RACIUIIGE S ia1e AR Hobh 2
tri-t-butylph hi trib | 5 ph hi i hi ne,

tri s(p- et FORPIRAN BT RS coe: REREOl AEr it BOPaBoHEE, 1 ) phosphi ne.
tris(p-fl ine, tris(p-chl heny! i ,
triSortol yFERBOTRIIE Vs | Areale, HRsSpiREunagr fE 17 bHGF ARG Buag rhodium

G phenyl ( pEAFRELRo SR BHBEEHF PR itk AYF ARBREIA DRSPSy Taion,

et hyl di phenyl phosphi ngi @Iéd ohexyl di phenyl - phosphi ne, dine
t hyl pheny! ph@aghiqdar dile F)p( | phosphi ne, 2-furyl- di phenyl phosphi ne,

2- pyridyl di phenyl phosphi ne, 4-pyridyl di phenyl - phosphj ne, )

m di phenyl phos?%‘ienﬂﬁé‘mbﬁbwpf%ﬂf%n%ﬁsoﬁgm?ﬁétbﬁl“ Pglgeiﬁ’ﬁ%rr’ébf ,

p- di phenyl phosphi nobenzoic acid or netal salts thereof and p- )

di pheny! pheemhinapieengf Brosmraei er ferthesrimeembinatios WHey adthosghige, e-g.

phosphite, e.g. triethyl phosphite, triphenyl phosphite, trjs(p-nmethoxy-
trnsOpropylphospﬁme, tributylphosphine, tri-t-butylphosphine, tribenzyl-

phosphine, triphenylphosphine, tris(p-methoxyphenyl)phosphine, tris(p-
N,N-dimethylaminophenyl)phosphine, tris(p-fluorophenyl)phosphine,
tris{p-chlorophenyl)phosphine, tri-o-tolylphosphine, tri-m-tolylphosphine,
tri-p-tolylphosphine, tris(pentafluorophenyl)phosphine, bis(pentafluoro-
phenylphenylphosphine, diphenyl{pentafluorophenyl)phosphine,
methyldiphenylphosphine, ethyldiphenylphosphine, cyclohexyldiphenyl-
phosphine, dimethylphenylphosphine, diethylphenylphosphine, 2-furyl-
diphenylphosphine, 2-pyridyldiphenylphosphine, 4-pyridyldiphenyl-
phosphine, m-diphenylphosphinobenzenesulfonic acid or metal salts
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
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phenyl ) phosphite, tris(p-nethyl phenyl) phosphite, tris(p-trifluoroj AN 2004
nmet hyl phenyl ) phosphite, tris(2,4-dine thyl phenyl) phosphite and tri’s 5,4-
di -t - butyl phenyl) phosphite. The lithiumsulfonate (1) is used preferably
in an anount of 1 to 11 15 JAN 2004 i 10000 noles in terns of phosphorus
atom per nole of the group VIII nmetal conpound used in ternms of said group

VI netal - nr r 0 noles_in t sane te If the
anount of tlﬁg%ﬁ} ﬁnﬁéﬁﬁ}"lg’ﬁ %ngf?éy?%ﬁ(%sujsl %{sjosmt anTt ?g?r%gﬁg%foutphgm ability
of the cat i i he .anpunt ,ﬁ eed t he

st, will red. |f . hi s range,
reaction ra %tavlviﬁolmp?'gﬁg ‘frr% dlé’cg%rd'gﬁ.otf'ﬁ?ﬁ@rgl”é’ s’ﬁ‘@i?# iaf:o’i“eé?‘?’iecti ons
wth respect to e preparatio rocess for the g VIIT netal. conplex
(1). For eX& q%ﬁﬁ¥H£t%§®QIé%OﬂFhﬁ’ggeﬁPQﬁ%F%Hnﬁy ipgﬁﬁé%%%uﬁthﬁhﬁonprises
separately preparing. a .sglution of a group VIII metal conpound in a
sol vent t hd¥ dEE‘SSH%PnaitﬁRl‘)ub% st the Yy isor an &6yl e evphibidy pfsthieueataivet a
l'ithiumsul fonate (1) in the sane solvent, introducing the two solutions
into a hyddtobfymRraigad. r bhEhepmuin tee 1eaadsnthisematgenrt beheaasitiont vatsbwalln a
conpl ex. The conplex can also be prepared by introducing a |ithium
sul f onat e qudTWh@ﬁ@WéSabove group VII1 metal conpound sol ution and then
addi ng a solvent that does not affect the hydrofornylation, to obtain a
hommogeneous sollieremreThe speodes seftoictpewewoithgeshecttdéhydespiasatiescr i bed
next. Ethylenically unsaturated conpounds usable for this process can be
any of |ineapgcess farctiesl gandp c¥Idlinse tadrarimmplexof1ef | Feor axampley, thleedfdmplex
Exanpl es of such ethyl enically unsaturated conpounds are unsaturated
al i phatic hgdrioxcarbpased dyga pebbedsewdiclpropyireses sdpiteie préppeirigene,

l solution of a group VIII metal compound in a solvent that does not
influence the hydroformylation and a solution of a lithium sulfonate (I) in
the same solvent, introducing the two solutions into a hydroformylation
reactor and effecting reaction therein to obtain a complex. The complex
can also be prepared by introducing a lithium sulfonate (I) into the above

group VIII metal compound solution and then adding a solvent that does

not affect the hydroformylation, to obtain a homogeneous solution.

The process for producing the aldehydes is described next.

Ethylenically unsaturated compounds usable for this process can be
any of linear, branched and cyclic terminal olefins or inner olefins.
Examples of such ethylenically unsaturated compounds are unsaturated
aliphatic hydrocarbons, e.g. ethylene, propylene, 1-butene, 1-pentene,
1-hexene, 1-heptene, 1-octene, 1-nonene, 2-butene, isobutene, 2-octene,
1,7-octadiene, vinylcyclohexene, cyclooctadiene, dicyclopentadiene,
butadiene polymers and isoprene polymers; styrenes, e.g. styrene, «-
methylstyrene, 8 -methylstyrene, alkyl group-ring substituted styrenes

and divinylbenzene; alicyclic olefin hydrocarbons, e.g. cyclopentene,
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1- hexene, 1-heptene, 1-octene, 1-nonene, 2-butene, isobutene, 2-octqQ§dANgm4
1, 7-oct adi ene, vinylcycl ohexene, cycl ooctadi ene, dicycl opentadi ene,

but adi ene pol yners and i soprene polyners; styrenes, e.g. styrene, a -

met hyl styrene, ~ -nethylstyrene, alkyl group-ring substituted styrenes and
di vi nyl benzene; alicyclic olefin hydrocarbons, e.g. cyclopentene, 12 1 5

JAN 2004 cychopexene. 1%ﬁ@%g;hé}rée?%%g@ﬁéfgfclgﬁ!%n"eoﬁhﬁrl%in%%n'ei qepene; and

functi onal “group-containrn afconhol, crotyl al cohol, 3-
met hyl - 3-byten-1-gl . 7-octenl-ol - oct adi en vinyl acetate | Lyl
rcetate. miioad sri e gREng chefinde e i) aleiiitr G Béandly e
acrylate, vinyl methyl ether, allyl ethyl ether, 5-hexenamd
acryl onit r’i‘lleéﬁy%lﬁgévz‘b‘bﬁe&d 1~ QF'IEE"\/\illtﬁ’ t}etﬁéé?‘?‘cedmih@’}é/wtﬁg?’a?llygt io of
the m xed gas of hyd ogen and car bon nonoxi de used for the
hydr of or mARtade, Meathyd ageeiatsppthyhasrylebe pathy! methgsrylate: 244d be in a
range of 0.1 to 10, nore preferably 0.5 to 2, which permts easy . .
mai nt enanc%crd’flaﬁ?}e‘”ﬁﬁﬂéﬂeg‘%l eidimsosilyil ehbykéher. cnbergnaprides aceyfogitrile
desirably in a range of 0.1 to 10 MPa, nore prefer- ably 0.5 to 5 MPa, in
view of rezxdiTacteqtd alfhe reaction tenperature is desirably in a range of
40 to 1501, nore preferably 60 to 1301, which suppresses deactivation of
the catal yst. Whth respedtor tha HeéCOamoilaxi ratio of theaamsxed rgas of bedrogeui d
circulation- type, gas circulation-type, bubbled colum-type or like
reactors. ahé caghonimnnoaideresedifor ¢hle dutdrefeiraylatéomt itnisodisdiyable that
batch-wi se. The group VIII netal conplex (1) is used desirably in an anpunt
of 0.0001tleorafE0imihé iglengat benihra tengs off0.§rtoujd, Mnbke peeddrailpl.peio
liter of the reaction liquid, nore preferably in an anmount of 0.005 to 10
mlli- gra2y ethoohiperihies sary maimenabee ofiid ndnedrgasntomessitien. nTheo | ow
a
reaction pressure is desirably in a range of 0.1 to 10 MPa, more prefer-
ably 0.5 to 5 MPa, in view of reaction rate. The reaction temperature is
desirably in a range of 40 to 150, more preferably 60 to 130°C, which
suppresses deactivation of the catalyst. The reaction can be carried out
in a stirred-type, liquid circulation-type, gas circulation-type, bubbled
column-type or like reactors. The reaction can be carried out either
continuously or batch-wise.

The group VIII metal complex (I) is used desirably in an amount of
0.0001 to 1000 milligram-atom in terms of group VIII metal atom per liter
of the reaction liquid, more preferably in an amount of 6.005 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 hydrofoermylation 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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reaction rate, while the anount exceeding this range, which |ncrease§ Im 2004
catal yst cost, no longer increases the reaction rate efficiently. iss‘l
desirabl e, on hydrofornylation of |ipophilic ethylenically unsat urat ed
conmpounds with use of the group VIIl metal conplex (I) of the present
invention, to permt a solvent to be present in the reaction zone.

Exanpl es o n $ f I If C 315 JAN
2004 sol veg ]%%L]\ég E' &lﬁﬁ% la{lff%%d éwl{ﬁgﬁe}’@p%@% |‘!‘éfonlgl%laElr ‘ol ane,
dlmsthylforrra acetanitri tone,, di oxane andt r.ahydr.of uran;

al cohol s, ”’ﬂa%e&fﬁwag} @shafegd& HEHe apEeiedte cﬁ%w? aEhiERYEg "

al cohol , | cohol C t.- but S,

et hyl ene g‘l’b%%‘lo Sif §pﬂ"’e %8}6"{’3f grtll‘é(h I‘?@F‘glh cj’lr?%?ﬂ ‘é’tcl}i{jl é?‘FgO (j’lp)yhol
nononet hyl e yl en t | ycol

di et hyl ﬁﬁﬁomrp plsao 8 %@eﬂty %ﬁ%éﬁaﬂtygaﬁ %5 aiyg 5t Rie¥-

tetra- et hyl ene gl ycol and tetraet hyI ene ycol dinethyl ether; and

pol yal kyl ebylgngctvsol.prgpyhens glysal eﬁée*&ssleaf-’ glpenly sthplanmel o) col

pol yet hyl ene gl ycal = nononet hyl ether and pol yet hyl ene %ycol di et hyI

et her . Thewnosmt}uﬂt%thmyeﬂwméogls'pﬁbrlymsﬁhyhetsltﬁmdnat v ngrelyeel nore.
Among these solvents, it is desirable to use polyal kylene glycols, such as
pol yet hyl eﬂ@thgllw@bler,aﬁdeﬁmlyeehgllyewe tgigtdotie e mby ¢nll dise eidry, e/ﬁlnecht@tgage
prevents precipitation of catalyst conponents and increases the efficiency
of catal ysthyleoevalyyol Thdsetsatthoiene alpcuséin ednilreithley; iam dapoknedbmtenst 2
to 50% by volunme, nore preferably 5 to 20% by volune, in the m xed
reaction | i;bu:iodlsfmlg tplody éhgrl efhe eyt alt irxmﬂl}'pﬁdmﬁeugfglbfh@]r edyetindespediytol

restrictions with respect to the nmethod of feeding starting materials, it

i s desir ablertoonéged erheetdyd eoiywethyle nesdy coladiade dotpaibed, Thgseup VI | |
nmetal conplex (1) solution prepared
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
) O.f 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
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separately and, as necessary, a solvent and then introduce a mxed ghS JAN 2004
hydr ogen and car bon nonoxi de under a prescribed pressure. Then the

reaction is desirably effected with stirring at a prescribed tenperature in
a honogeneous system The al dehydes obtai ned by the above process can be
isolated and purified by any of the usual processes enployed for isolation

and purifjgatd0nfied RLeARhE FEHRAY r {104t BXaMRled, otaenPA QdHCthel S
isolated 14 15 JAN 2004 and purified fromthe organic |ayer that has been

obt ai ned Vf@cotvfa? PrReerery: PhOCaES1Yse oS 3l dShe q%gpm%at%ﬂoage
descri bed next % distillation, recrystallization, colum chronatography

or like pr&fs%gﬁsaonﬂ}%cp;&%?ﬁéam CBRAKE (G ol MBS LIEQPANGHL S| °

descri bed nex resent invention yst ‘conponents'
means the group VIII netal conplex (1) and the lithium sulfonate (I) which
is wusually used in excess against the group VIII netal conpound On

recovery of Catﬁ| St CO onen ction m xture.
|

hydr of or nyl at Tocf YR Rt ke e shASa el C@%%%%?ts i feiddfaed next | e

hydr of | at Th t of .th t dd h
particularly rUSERF dieAe RHARY FANPY: LHe 45F G oL o BITR By MRS ror e

preferably in a ge of 5 to, 50% by vqu based on th of the
reaction rrg&ct‘ﬂ?é; T etrsampien dn %ﬁrﬁ%lm 9ulafﬂaaf%31> }hﬁ ¥ty of the
cat al yst conponents in water. The reﬁgilon nRgagre is then contacted with
the water WEAYty$ed h@exafeswgﬁiw BEeeP (d L petad ccommroeatal vst
conponents with water. this occasion, the extraction is deS|rabéﬁh?

nert

effected at a @érﬁ%@aﬁﬁwf&@tzb'sttf@wn%tf {regetharreat HoSpMa¥ BuIss ©

gas; such as nitrogen, helium_ or argon or. a mxed gas conprising h drog
and car bonbBretorduylation, at first water is added to the reaction mixture after t

hydroformylation. The amount of the water added is, though not
particularly restricted, desirably in a range of 1 to 200% by volume, more
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 agueous layer containing the catalyst
components are permitted to separate from each other. If, during the
extraction procedure, the organic layer and the agqueous 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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Then, an organic | ayer containing the reaction product of the 15 JAN 2004
hydr of ornmyl ati on and an aqueous | ayer containing the catal yst conponents

are permtted to separate fromeach 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

accel er at egmby1 §patifid psviay doimgea redafts w atBe susBpay abkofie Gancyall e biene.
accel erated by adding a hydrocarbon having a 15 1 5 JAN 2004 snal| specific

gravity conparggetfgWakielapdiChodaig X8 0th £Y thehexbRn pld®ud gani c |ayer
cont ai ns, ot her than the reeaction product, unreacted et hyf)enl cally

unsat ur at egeSI lana}?}gggf by WRTRRE St calﬁsouﬁataha%mrgqﬂa@mssof theis

t herefore er  to I ncrease recovery rati o of

catal ysts 89@&”?@5% on V@Shlg &ehlg&%?g de%%l%“r {rh o%'ﬁ%t €6 1ﬁ‘gﬁdea%thﬂehe

washi ngs to aque ayer. va wat e aqueous Iayer t hus

obt ai ned achi eves reco catal yst._ conpane re
vater is CERFTUETYRANO ey%ﬁecaﬁe s SRR nGOTB IS The HHERTIPAAL 8

reduced pressure. aﬁdt istil atlop ltlgder r educed Eressure i s desi rably
carried oul 2T &n% BASEUE FhOF §&Y Y pPeFént the group VII1 netal

conplex (1) fr m un oi her npl degradati on. Thu the distillation is
desirably car @ﬂt"f gegrt)gr Eﬁ?lﬁ“é‘ge(?f“ M) fPO’(f’l Rdng anc:h 59t essure
of 10 to 300 e water is desirably |st|II f to such an.extent
that - the aﬁqaieﬁé'oofcéwdaﬁga&@fé  CBRPAREPRG: 1 B ecraetf%%éj't ‘chﬁﬁ%hé%Pab‘é‘FM‘ét
when Er -used for the Lu"deﬂroforrrygltalon Ia d wat er toﬁ
present i nbytthe peusl Psecasd agdstd é}%fm Fg RAFGSUEHt af RED can
o esont | oditiollation qhdeagednbed prossure s hzéﬂ'a%% %‘é'rf-l%’&aé& G figd 10 the

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

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

product, which is then purified by column purification or like methods.
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Ii t hi um p- di phenyl phosphi nobenzenesul fonate, can al so be prepared by 1t Hak 2004
processes than the above. For exanple, |ithium di phenyl phosphide is

produced by reacting di phenyl phosphine with an al kyl |ithiumsuch as butyl
lithium and then the obtained |ithiumdiphenyl phosphide is reacted with

|'i thi um p-chl orobenzenesul fonate to obtain the desired product, which is
then puri fEgZAMPICEBUM purification or |like nmethods. 16 1 5 JAN 2004 }
EXAMPLES Hereinbel ow, the present invention is described by reference to

Exanpl es, whi CHebenB¥1oW) tHRAPSesdm LiadéivEoafist 88sdf¥eatlprhefdrenicheto
Exanpl es that follow, unless otherw se specified, phosphorus conpounds

vere synt heshzem J4aNdehi A0 a2E TRSRBGHEaAE 1MLELGRR OF 1 9RGentRM In the
hydr of ormyl ati on and water extraction were carried out under an atnosphere

of a 1:1 bﬁxmglee{%f(}?gt 85501 éﬁﬁ%@o?ﬂbpﬁw@sp%h{f*ﬂéﬁ,’;b?%gﬁhkménd potassi um

were quantitati determn y ion chromatograp ~DX-120 made by
et or mi noa® SRR 5 e R YR ROADY BRRY S DA ERR RS (B E SRR 9™ ana
Cpectr onbt 81 S EARBAR, Eb0 L ety S 2f FbiFRobn EegR santledple udf B
chr ot og1 DR SPReCR T2 b DYooy TSR wasot) YEHBomaT G Ref or ence
Crample 1 S/ntpgsis,of POYASE U & Phenyl ehosehl poberzencal [Rngte 4
determined by ion chromatography (with DX-120 made by Nippon
Dionex K.K.). p-Chlorobenzenesulfonates were quantitatively
determined with ; IH-NMR spectrometer (Lambda-500, made by JEOL
LTD.) and p-diarylphosphinobenzenesulfonates and oxides thereof
with a 3’P-NMR spectrometer (Lambda-500, made by JEOL LTD.).
The product of hydroformylation of 7-oten-1-al was guantitatively
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

17



15 JAN 2004

dr oppi ng funnel, thernoneter and magnetic stirrer was charged with 700

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 nmetallic
potassium To the dispersion, 83 g (0.376 nole) of chlorodiphenyl phosphi ne
was added dropw se over 1.2 hours and then the m xture was refluxed for 1
hour to gi whiahSphdtHedn ot ap@5sdsS siTuny diopsied yh pled spthiidieiuiop tdbdosol ut i on,
the tenperature of 17 1 5 JAN 2004 which had been set at 35C, 74 g (0.373

mol e) of |jthiEAEPaffoh@ie-wReRERRASHhBONAL oNesh taddede anthieldefaonsent s were
stirred for 45 minutes at a bath tenperature of 50C . After conpletion of

reaction, 330,ufesoft hald i yehpkysamaas sd°Gt i IAfedr @b fleerdd be rebtaioigd
reaction mxture. To the resultant solution 300 m of diisopropyl ether

and 700 58 midliele pahed0iRGn QUL BIGACH AN YoM Bhd QbL8thi® reREHoR 3

m xed |ayer conprising an aqueous |ayer and a tetrahydrofuran |ayer. The

m X2 | 2ety 3R SR 11,3000 0o ASP5ORA 0 SLIEE0m e AgCH

| ayer was separa e aqueous ayer tered and then condensed to

| 2/ | Th d
?oviogngndnb of ?vla& g?e 3\éﬁﬁat prdec?f)lafcq?g]g%?%aghtegﬁgﬁ "5y l%'! ?fg??o)ﬁéh T(r)\\gn
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0.08 mol e (y%eaecsopnecféxljs\s/ed ¥o a volume 2/3 the original volume. The condensed
liquid was ice-cooled down to 10C and colorless solid that precipitated
was taken by filtration. The colorless solid was recrystallized from
water twice, to yield 73 g (yield: 51% based on chlorodiphenyl-
phosphine) of potassium p-diphenylphosphinobenzenesulfonate having
the following properties.

The cation was all potassium ion. The contents of chloride ion,

the oxide of potassium p-diphenylphosphinobenzenesulfonate and
potassium p-chlorobenzenesulfonate were 0.006 mole %, 0.47 mole %
and not more than 0.03 mole %, respectively.
IH-NMR (500 MHz, heavy water, TSP, ppm): 6 =7.3 ppm (m, 14H), 7.7
ppm (d,2H)
3$1IP-NMR (500 MHz, heavy water, phosphoric acid, ppm): 0 =-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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IH NWVR (500 MHz, heavy water, TSP, ppm: S =7.3 ppm(m 14H), 7.7 p6é~MN2m”
(d,2H) 31P-NMR (500 MHz, heavy water, phosphoric acid, ppm: S =-5.37 ppm
(s, P) Reference Exanple 2 Synthesis of potassium

p- di phenyl phosphi nobenzenesul fonate A 1-liter three-necked flask equi pped
with a reflux condenser, 18 ?5 JAN 2004 droppi ng funnel, thernoneter and
magnet i C S@idéFein gV@Gn g BART ek b inle t e 2 Qlh d1im D¢ n éliibuitytreat has drer gellewi@ g
(0.87 nole) of metallic sodium The contents were stirred for 0.5 hour at

a liquid phagant @TraEbLaLYI @tREr aH®Ehent2D @i (832 WobPes S hytadlicneiddbin.c
sodium To the dispersion, 97 g (0.44 nole) of chlorodi phenyl phosphi ne was

added dr opyhac: dIMenhtd wORESir3Ld FHED .8 HAlLaRS liQuidipHaletdhifetafiticdophase
tenperature at 100 to 1101 and then the m xture was stirred for 1 hour at

t he sane r : (ool i i DR J hirderh T 9; uh iz n,
the “renmper B B e O o W

vas added. (=GRALANE Ye R167ddinGleyIbAG PREAED 1] 0k QAN GREDLE 2 T ef | ux

condenser, droppi ng funne n chani cal rrer was charged

CHE RN L e AT e S et
o ot S e 8 SR SRR wad BB L A M s
e el 258 S At AR TR B AR e e
iagf g:msgg%&regafljgbgi@\few ighe}]a%C{:ciagH srgitxz;[tugg't ,TQ56hme1 ro?%%rhira nycrlq'o e S 1.5
.- 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 agqueous layer was obtained by
separation. The agueous layer was subjected to distillation to

remove tetrahydrofuran, then ice-cooled to 10°C, 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 '



pot assi um chl ori de sol uti on was added at roomtenperature to effect_%ﬁJAN2m4
reaction and the resulting bottom | ayer was renoved by separation. WO
simlar procedures were repeated each with 750 ml of saturated aqueous

pot assium chl oride solution. To the organic |ayer obtained 300 m of water
was added and an aqueous | ayer was obtained by separation. The aqueous

llayer was subienipfd frodh Skildradhed) {Oyidl@anDPVE ot 6Liedyd7of baasd dnhen
ice-cooled to 10r, and colorless solid that precipitated was taken by

filtrationcn]hf GHYUny3shosPhite MBS pol £441%H §-hiFen 7 iBloh@AgEnet O
vield 112 800y gD R g e e P o LA™ B0 %}sys%ﬁ% from wat er

once, to y%%gﬂ) g (yield: 67% based on chlorodi phenyl phosphi ne) of
pot assi um p- di phenyl phosphi nobenzene- sul fonate. The cations consisted of

99% pot assi um "191% @QB %%cso%cgigg@d 8?'99.‘%1 %tggglitu%ti%{loénﬁhi%ré uinp%n.t he
oxi de of potaSS|un1p-3|pheny phos- phi'nobenzenesul fonate and potassium
p- chl or obe enesugfonat

re, 0.004,nol e % .12 mele % re than
b.03 ol e e sepsetiver sTidse foRcdrERgeo b dniie: £ SRS, |
di phenyl phosphi nobenzenesul fonate, A 1-liter three-necked f k .equi pped
e Ry A R R S e e SRR R S A (T L
was charge 1.t h 0 f djbutyl .ether and,the 0 87 nol f
net al | i cgsg’d%ﬁ\moﬁen%"*rﬁoﬁgéﬂf’g %eggdﬂq r?’eaegéﬁ‘“ogﬁfiﬁ’r“gg’?: 5esll?eq°3¥‘éfq3hase
tenperature of 100'C, to give a dispersion of nmetallic sodium To the
di spersion, 97 g (0.44 nole) of chlorodi phenyl phosphi ne was added dropw se

over 2 hoyrs, at su arate as to naintain the liquid phase tenperature at
100 to 110FefsdepredtH@ri¢ Bt ure was stirred for 1 hour at the sane

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 lJiquid phase temperature of
100°C, 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 liguid 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 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

20



t-enperature to give sodi um di phenyl phosphide. To the solution, the 1§ JAN 700
tenperature of which had been set at 35r , 250 ml of tetrahydrofuran was
added. Separately, a 2-liter three-necked flask equipped with a reflux
condenser, dropping funnel, thernoneter and mechanical stirrer was charged
with 110 g (0.55 nole) of Iithium p-chlorobenzene- sulfonate and 750 ml of

tetrahydrofinaRrafdré R ePREETYS I & thki i ethrd @las30tint&UEs WURERE dtef | ux.
To the obtained m xture, the sodium diphenyl phosphi de prepared above was

added thro j n 0] . uc o]
ot ai . PE spife qeafiR gt UBNE OY R RSO ToAHALCaBoh

t he m xt . ti f t . Qi
reacti on msaRes: 1 fitd HaadePella flsqdy Bo PG pr TRIGEAY Eollidh (hal

t [ l.or,i d | uf i d t t to .eff
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simlar procedures were relﬁyeat ed egich W’]?]l? 750. ml of satuyat edwa ueous
pot assi um LHY OF RS TEBPYERY STBAAREr gahited SYRH P ESFH 60" ¢ of wat er

dded d I bt ai b ion. Th !
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{1 trati onsorTHECo/r s er BUFIc WS Peicryetal 1] Bokot PP uevet 20EE, a1

yield 107 g (yield: 64% based on, ch] orodi phenyl phosphi ne) of potassiump -
di p henyl pA&spAPABBEASEREINAS SRAR IRy TRAGHE0RoNS NSt 2ANBPUEIFY PRSI um
ion and 1% sodiumion.  The contents of chloride ion, the oxide of

pot assi um gyl pHesy tpHbstilshiowbersmese tebiph wdrafargs: dbsnyipe cooled to

p- chl orobenzenesul fonate were.  0.005 nole % O0.12 nole % and_not nore than
0.03 nol e %OEegpyébf:pl\pgﬂ%s 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 contenis 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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Exanpl e | Synthesis of |ithium p-di phenyl phosphi nobenzenesul fonate A 15 JAN 2004
1-liter three-necked flask equi pped with a reflux condenser, thernoneter
~and magnetic stirrer was charged with 200 mMl of water and 300 m of nethyl
al cohol and, further, 50 g (130 nmmol es) of the potassium

p- di phenyl phosphi nobenzenesul f onate obtai ned in Reference Exanple 1 and 50

g (390 nmmohesiorwd wad hiddedsanh d alodi drenottehwds atremoiteal bprfibntsiomer €l'hef | uxed
for 2 hours. After the reaction m xture obtained had been allowed to cool

to room t efperafdiivgs ordd®hsedd ahdSd AN A0@4r @cetyones pasitaddes gane asoh i d
matter was renoved by filtration. The filtrate was condensed and dried in

a rotary evaneeaisid 420g dAyY&daBs) Whillighi%ed ipddAzh @n ¥ ) sphifd%enatnki t hi um
p- di phenyl phosphi nobenzene- sul fonate having the follow ng properties. The

cation was 3ahforldttehwm£@heF*aﬂo%@;g]episép&fti@al oride ion, the oxide of
|'i t hi um p-di phenyl phosphi nobenzenesul fonate and |ithium

p- chl or obenzen e \er : Qi e 0 |0 £ 811 ARtion™Ke t han
0.03 mol e % rgﬁsi%e%?ﬁ\?’tgl ‘y%lﬂl%ﬁ)%ﬁ g’(’)romﬁ/m, ee%%tévﬂva}tse?{)%Tg%,l ppm b =7.3

m(m 14H)...7. . 2k : ! , € has ric
hoi d,( ppm !dl‘édez-og.lé@%‘qp?g‘nd" @)h%}? %@q‘%b ynteﬁ‘ré]’g?g%ovm}ei%’ﬁ?ﬁmmmm |

-di ph | ph hi nob | f te A.500; t - k le i d
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200 mM of water,,and, further, 50 130, mmol es) of the potassium
p- di phenyl Bh%‘"semePHB-O'OE" mole %, res;?ec(tlvgly.

'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): 8 =-5.39 ppm

(s, P)

Example 2

Synthesis of lithium p-diphenylphosphinobenzenesulfonate

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

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

oxide of lithium p-diphenylphosphinobenzenesulfonate and lithium
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benzenesul fonate obtained in the same nmanner as in Reference Exanple’iJéM&MJ
50 g (390 mmol es) of lithium sul fate nonohydrate. The contents were

refluxed for 2 hours. After the reaction m xture obtained had been all owed
to cool to roomtenperature, 2 1 of acetone was added and solid matter was
removed by filtration. The filtrate was condensed and dried in a rotary

evapor at orp - cthQo S eén 2Asn & Wb th 8¢S Meird 0.4 33 blelw; 09200mele ¥ bhidwivt
p- d|phenylphosphlnobenzenesulfonate The cation was all lithiumion. The

contents of o¢bligle. 0 PM ol r@é?@@tm@ﬁel dthium

p- dlphenylphosphlnobenzenesulfona e and lithium 22 15 JAN 2094

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

p- di phenyl hO%@hln benzenesul fonate A 500-m three-necked flask equi pped
with a refTUX enser, thernDneter and magnetic stirrer was charged with

A M R TR

p- di phenyl phos I'ne e same nmanner as in

rererence Dag o6 20,0, (80P S 2L L DY, afé?%%ﬁs%?ﬁ?éate

obt ai ned had been allowed to coql to roomtenperature was
added and tf}mnraomt@éra%gy%%%a@éarw ‘P’f“fst ‘ig&‘? w h%z%ojq LR

condensed an din a ro ry e ilve as,.a e soI 42
(yield: _92%lg guﬁ pérﬂﬁ(él 15E gﬁﬁﬁ h‘é’é‘,‘u?f‘%}ﬁé‘teé‘yﬁ?ﬁﬁ{%ﬁi?%n vas
all lithiumion. The contents of chloride ion, the OXIdg g [ithium

p- di pheny| btozphe HeHeR2EH OOHRIVFALR & S?F‘tehﬂi"rﬁ“‘if BRI8r BBEHFS &S Ul f onat e

were 0.0133 nole % 0.30 nole % and
Example 1 1 1and 50 g }390 (;nmoles? 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-m] three-necked flask equipped with a reflux condenser,
thermometer and magnetic stirrer was charged with 200 ml of water
and, further, 50 g (130 mmoles) of the potassium p-diphenylphosphino-
benzenesulfonate obtained in the same manner as in Reference

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

23



more than 0.03 mole % respectively. Exanple 4 Synthesis of lithium 15 JAN 200
p- di phenyl phosphi nobenzenesul fonate A 500-ml t hree-necked fl ask equi pped

with a reflux condenser, thernoneter and nmagnetic stirrer was charged with
200 mM of water and, further, 50 g (130 mml es) of the potassium

p- di phenyl phosphi no- benzenesul fonate obtained in the same manner as in

Ref erence cdx@itsewdrandfhked €3980nawha%es.0f AldelrniHbTesaé tiahempRnoty dr at e.
The 23 1 5 JAN 2004 contents were refluxed for 30 mnutes. After the

reacti on mpfdingd RRHA NG MRty OEQD @0l REthdiR teaD) ered ur@OD I BIRREBSME €, 2
1 of acetone was added and solid matter was renoved by filtration. The

filtrate [ i ar., i a
"3%4%@39?;?@1’ 3?“320 atggr Hht%réﬂto%}i &Y 209F 2485, ThdkMer %

white soli I um
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refluxed for 30 mnu After the reaction m xture obtained had been

es,
al l oned t bheBd}-Cdomode b+ EPRELIVSY: 2 1 of acetone was added and solid
matter

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 monchydrate. 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-diphenylphosphinocbenzenesulfonate.

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

than 0.03 mole %, respectively.
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was renoved by filtration. The filtrate was condensed and dried |n JAN. 20
rotary evaporator, to give as a white solid 42 g (yield: 92% of H é% %
- di phenyl phosphi nobenzenesul fonate. The cation was all lithiumi on The
contents of chloride ion, the oxide of lithium

p- di phenyl phosphi nobenzenesul fonate and |ithium p-chlorobenzenesul fonate
were 0. 008Redkeefiee Bxdinpd @ % and not nore than 0.03 nole %

respectively. 24 15 JAN 2004 Reference Exanple 4 Synthesis of sodium

m di phenyl phosghirnake 8nesuldANAl-aip Re Ayl dK &Ip HilNoBR R8I fd Bt equi pped
with a dropping funnel, thernoneter and magnetic stirrer was charged with
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| ayer. The o; ani c | ayer V\@sb neut r It by adgletl on o ut 308 n1v of a
5% by wei g %&e&&agn@@d? PRV E [ i M%%@@%Héiﬁpm PVERe
neutralizat) l?gurs;[ t.)vehlle care was taken to maintain the liquid temperature at not
more than 30°C. After completion of the addition, the mixture was

stirred for 14 hours at a liquid temperature of not more than 30TC.

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 41 of methyl isocbutyl 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 agueous layer was then washed

with 250 ml of methyl isobutyl ketone. The agqueous layer was

condensed to about 200 ml, then ice-cooled to a temperature of 107,

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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solution was found to be separated into two |ayers, fromwhich an agpeﬂwsmm
| ayer was taken out. The aqueous |ayer was then washed wth 250 nl

nmet hyl isobutyl ketone. The aqueous |ayer was condensed to about 200 m,
‘then ice-cooled to a tenperature of lot, and colorless solid that
precipitated was taken by filtration. The colorless solid was

recrystal | i ged ogi{@@omgﬁiuﬁ%cﬁd%hf?ngl‘ﬁ@?os%ﬁliglo(b3éinez|e9|1ésu}f70%a.t@fw%_ii:’_ﬁié'HUUE‘ dip

henyl phosphi nobenzenesul f onat e. e cation was 100% sodi um i on.

contents of c@l %i gggi ol 1%%?? 2/05, g, %GJC%N‘%%?A' t he oxi de of sodium

m di phenyl p’ﬁ’&%hl nobenzenésurl f ohat € wer e 002 nmole % and 0.5 nole %
respectively Exanple 6 Hydrofornylation with use of |ithium

p- di phenyl phosphi no- benzenesul 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 nosphere %f‘aE‘MHZ (nolar ratio. 111) mixed gas. A 100-ni three-necked
flask equipped wth a Teflon (registered.tradenark) rraggpiﬁi c rotor was

charged with 3.8ydgofarmykntaes veithops Rpi diduperg diahgnimh s Yin®  mol es)
of the lithium p-di phenyl phosphi nobenzenesul fonate gbtained in Exanple 1,
and furt herbentenes pifopetesshgl ymecgpalgerchyrbied apgasicprernivd Gdal Bk s
were stirred for 30 mnutes at 50t, to give a honpbgeneous cat al yst
sol ution. Ac@opanenhsee- necked flask equipped with a Teflon (registered
tradenmark) magnetic rotor was charged with 3 m of the catalyst solution
thus prepared aftie2teps Harel8erapilé carpied oyt \OBYYr b Ftmetrmere af 2 to
obtain a mxed liquid. The mxed I|iquid thus obtained was fed to a 100-nmi
aut ocl ave eG@li/Bpednwlarhratigad/l) 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)z 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-methyl-1,8-octanedial. 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 m] of the reaction mixture after completion of
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iinlet and a sanpling port. The total pressure was set at 3.0 MPa and 5;#&] 2004
i nside tenperature was elevated to 85t with stirring, and then reaclli

was effected for 7 hours, to obtain 20.6 g (0.132 nole, yield: 79% of

"1, 9-nonanedial and 4.4 g (0.028 nole, yield: 17% of

2-nmet hyl - 1, 8-octanedi al . The conversion of 7-octen-l-al was 96% and the

ratio bet W‘i%? WOt pRti &eaT\ﬁh!meg'rhpm 'eqeh»tglee ﬁggeWﬁagérBB? ined

branched was 4.6 ereafter Feacton mxiure
after conp, i on AN 2 acti on . extracted w th f
wat er . The‘k’gtaué)onu&s)grf%Eae%ngb#l&lege *H ﬁ Ct &8st dRg 5??%?55’01'%8& ?,20/@0

gi ve 189 covery X . I
p- di phenyIn%tﬁggﬁF‘ﬁlﬂ]oBe‘?‘nlfgb‘rfébydlpg‘é’l%g“é{lOE‘%E%P%SHIHPWBF%T ornylation with use of
l'i t hi um p-di phenyl phosphi no- benzenesul f onat e-r hodi um conpl ex catal yst and
recovery of catalyst conmponents A 100-m three-necked flask equi pped with
a Teflon (registered trademark) magnetic rotor was charged with 3.9 ng
(0.015 mmoP&fMgEle Rn(acac) (CO)2 and 421 ng (1.2 mmoles) of the lithium
p- di phenyl phosphi nobenzenesul f onate obtai ned in Exanple 2, and further
with 6 of Badyefanmelntighyeish upenstfhijthiather: diFhenydphesekingre stirred
for 30 m nut es at 500 , to give a honobgeneous catal yst solution. A 50-ni
t hr ee- neckleen 4 mesuldonpppedodinm aoMefl b ore atedys s b edexk dovade-ofneatle]ly stagnet i ¢
rotor was charged with 3 ml of the catalyst solution thus prepared and 27
m (0.167 ¢wheonpomtsty: 93% of 7-octen-1-al, to obtain a nmixed liquid.
The m xed liquid thus obtained was fed to a 100-m autoclave equi pped with
a gas inlet antl IDGanpthrze -peckedThesk 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 Jithium 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-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

eleﬁat_ed to 85C with stirring, and then reaction was effected for 7

hours, to obtain 20.6 g (0.132 mole, yield: 79%) of 1,9-nonanedial and

4.4 g (0.028 mole, yield: 17%) of 2-methyl-1,8-0ctanedial. The

conversion of 7-octen-1-al was 96%, and the ratio between the forma-

tion 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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total pressure was set at 3.0 MPa and the inside terrperature was el e%jlt e?ﬂ
to 85 0 with stirring, and then reaction was effected for hour s, 1t JAN 2004
obtain 20.6 g (0.132 nole, yield: 79% of 1,9-nonanedi al and 4.4 g (0.028
‘mol e, yield: 17% of 2-nmethyl-1, 8-octanedial. The conversion of
7-octen-1-al was 96% and the ratio between the forma- tion of the |inear

al dehyde angl, t,—HI’iE Th%%klglaaﬂ%lgﬁd tﬁ%q g¥§% o\fawhlcl}her ea?%f;rltl]eSer gdtl?lgggt i on

concentration er

m xture was f(seld ug er ressur(gh B 5 JAN 200 50-m ree- necked
flask, the TH5PG8%cr WhF A HE "8 éﬂg%{ﬁ Cfaﬁ” Oé‘n{nlo;?oxﬁ pI&ted” B et F EnPhédd
hydr ogen/ c whi | e care . taken not to contact the

nonoxi de ga
m xture wt l1%ﬁnr no’i‘(fot(f?é‘t%citt&eemliétﬂe H‘fl\l\ﬁvﬁdﬁer el a8dedurand Bbhedi ned

m xture was stirred for 20 m.nutes wth the inside tenperature maintained
at 30C . AfYater srafi aader8n dfhe ehiaigedr mingure Mesotiroad fqgueduminates was
wi thdrawn. Analysis by [|iquid chromatography reveals that the recovery
rati o of |iWHitubhe prajdmhéappshatprd noberizaenes wtf dhkt.e Mte réminGRieniodsi on
spectrography shows that the recovery ratio of rhodiumwas 97% Exanple 8
Hydr of or nyltdte etirwingy thse bottdm tayjuenys thyphemdsphogphiawen.  Analysis by
benzenesul f onat e-r hodi um conpl ex catal yst and recovery of catal yst
conponent s lEgainplcd rFmaasgr epbat md caXe e¢htat tihat r ¢ dve eayormitio aff lithivimm

p- di phenyl phosphi nobenzenesul f onat e was changed from 421 ng (1.2 nmoles)
to 105 ng (10.d3phweolyd)hothlel medectidear spil fesitrewthe 92%Paldflettiesigreact i on
time to 4 hours, to obtain 21.1 g (0.135 nole, yield: 81% of

1, 9- nonanediradctang 2o Hy ghEd.026atmohe reybet ty ra6fd oDt h3diinhywlasly 8.

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-methyl-1,8-
octanedial. 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 liguid
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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octanedi al. The conversion ratio of 7-octen-1-al was 97% and t he rat1i§)JAN 2004
between the formation of the linear al dehyde and that of the branched

al dehyde was 5.06: 1. Thereafter, the procedure of Exanple 7 was followed to
‘'separate an organic |layer and an aqueous layer. Analysis by liquid

chromat ography reveals that the recovery ratio of |ithium p-diphenyl -

phosphi nobenzgpasutfnaka e $3% | CP emi ssion spectrography shows that
the recovery ratio of rhodiumwas 97% 28 1 5 JAN 2004 Conparative Exanple

1 Hydr of or nyl aty i ; ' LD Rh hino-
benzenesul fonat}iefﬁ%%é’?%#gg%{ gf(i?%gt?%: ggpgégggﬁgggﬂvgﬁgﬁg?b%%?p sltno

y

~conponent s ,Exanpl e g was, I t e S 4 CArdt
nmol es) of ble’lntzﬁinifrsnu fOcﬁ aptt'?elﬁ@?‘gwgrgp%ﬁggexntzcgﬁéeg&{af%ﬁgg ggé‘é%x%;nﬁﬁ?f % }zsmml es)
of the potassium %-ldi phenyl phosphi nobenzenesul fonate obtained in Reference
Exampl e | RRPRIRYYhd that the reaction time was changed to 3 hours, to
obtain 18.8 g (0.121 _nole, yield: 72% of  .1,9-nonaned] and 6.0 g (0.039
nole, yield: 2 /53’691‘?-%@%13-39,%?do‘g%ﬁ&tdf}é?? R oﬂ{/gbéi%’ﬁ io of-
7-octen-1-al was 95% and the ratio between the formatjon of |
al dehyde afemaHge) of litha um ke ny) m&ggné?%ﬁif%?ﬁéﬁe@‘%em T@?J m
of the reaction nmxture after conpletion of _ reaction was extracted with 9
m of watermmyHeshgfidbase ttapsiuBpp ipdenXiad cegharplenz et HirRatt o solid,
to give 76 ng (recovery ratio-. 33% of potassium , )
p- di pheny| phdepne ddbeRe tarensef Brarewlechipay asedea Tk dhgtebp reaction time

was changed to 3 hours, to obtain 18.8 ¢ (0.121 mole, yield: 72%) of

1,9-nonanedial and 6.0 g (0.039 mole, yield: 23%) of 2-methyl-1,8-

octanedial. 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-
benzenesﬁlfonate-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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-Hydrof ornyl ati on with use of potassium p-di phenyl phosphi no- 15 JAN 200
- benzenesul fonate-rho di um conpl ex catal yst and recovery of catal yst
conponents Exanple 7 was repeated except that instead of 421 ng (1.2
‘mrol es) of |ithium p-di phenyl phosphi nobenzenesul fonate 460 ng (1.2 nmol es)
of the potassium p-di phenyl phosphi nobenzenesul fonate obtained in Refer ence

obian 18,85 COTTIE B AL BT d: @1‘3@5@‘9 Pl e AR o0 s ThBhdrba a1 and
atio of 338%?”'613*' caBeiA i h o %f% o&ém&ﬁ%"l?ﬁ%%&mw oratRe
| i near al de yde and_t hat of the ranche al dehyde was 13; 1. Thereafter,

d
the procedub@t®ee ot matigs ¢hothe kg atoa kigdurda éndatrhfb*f ghihe brapebednd’

an aqueous |l ayer. Analysis by liquid chromatography reveals that the
recovery r agl lhﬁf $3tasdi Uil p- di phenyl phosphi nobenzenesul f onate was 33%

| CP em ssion ect rograph shows that the recovery ratio of rhodi umwas
40% Conpar at i v hexeatties. Bgeﬁmpgédnnylﬁtﬁlnmmwﬂew vwse Dflleowved dmseparate

m di phenyl phosphi no- benzenesul f onat e-r hodi um conpl ex catal yst and recovery
of cat al yst anocogzonieniayeExanplhe Fgwasus éppat.eddeateps hatquidst ead of 421
nmg (1.2 nmmoles) of Iithium p-di phenyl phosphi nobenzenesul fonate 440 ng (1.2
mol es) of tlmomadograpkyirpkenld phosphienekenzeneatid ohabeashivanned in

Ref erence Exanple 4 was used and that the reaction tinme was changed to 8
hours, to obtdiphe1dhgspBid@Bemad iesswlifehdlte #3049 38%. 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'diphenylphosphinobenzenesulfcnéte 440 mg (1.2
mmoles) of the sodium m'diphenylphosphinobenzenesulfonéte 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-methyl-1,8-
octanedial. 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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1, 9-nonanedial and 7.0 g (0.045 nole, yield: 27% of 2-nethyl-1, 8-

octanedi al. The conversion ratio of 7-octen-1-al was 100% and t he lét*AH 2004
~between the formati on of the linear al dehyde and that of the branched

al dehyde was 2.70:1. Thereafter, the procedure of Exanple 7 was followed to
separate an organic |ayer and an aqueous | ayer. Analysis by liquid

chr omat ogr apbw srheatlse rbasvé her s eieoyerYodAimowat Bdi um m di phenyl -

phosphi nobenzenesul fonate was 70% | CP em ssion spectrography 30 1 5 JAN
2004 shows that the recovery ratio of rhodiumwas 94% As is apparent from
Conparative Exanple 1 and Conparative Exanple 2, use of potassium

p- di phenyl phosmiﬁ@ﬁ PEEOES B RNBE B p ar@afie £ adnpM ratd ©dhphbetiobt ai ned
| i near al dehyde to e branched gehyde of 3.13 and to | ow recovery

ratios of EQ%&?I@QY%TSG 9 Hﬁm pl&f]ﬂﬂz{j}{ﬂg?}gg‘gﬁﬁoﬁén%‘ﬁeédlthhHEré

p- di phenyl phosphi nobenzene onate Invention leads to a

ratio of tree%@m' ey 2P f%g a{rg,gnehql{n £y W13BR080 @ ARMYPRnehea! | east

4. 65 and hi recovery ra 105 0 cata conponent. e ot
hand, as Sh Cg ;gatlcy(gﬁll PG Cé)vleggcfgelt%gsogg The3 atgi &09 'rpaPents

m di phenyl p ne- 0 a hi gh re overy o of the
tal yst t t t d |
T e U T

ion is .excellent,both in the S

Ped in eégﬁﬁﬁbe M eat R REP komL |t 19 vt BF dF Rt *i(%i?meeasfeﬁ ach
hi d h b | f h h
'chegt; ot ba Ao Bl § BhRR D teRe e A et i TR e ey ry Y tlo £OE' Y

the catalyst component. On the other hand, as shown in Comparative

yddehydes

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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According to the present invention, there are provided group VIII neg§ahN 20084
conpl exes havi ng excell ent econony in hydroformylation of ethylenically
“ynsat urat ed conmpounds and giving the desired |inear aldehydes at high
selectivity. Use of the group VIII netal conplexes |eads to easy and
commerci al | y advant ageous producti on of al dehydes by hydrofornyl ation.

Furt her acfyomnslithg #endthen phpseire ¢ migntatomgh heeldcat al yst conponents used
in the hydrofornylation can be recovered 31 1 5 JAN 2004 } fromthe
reaction mxture easily at high yield. 32 15 JANL 1} CLAIMS 1. Alithium
p- di aryl phosphi nobenzenesul fonate represented by the general forrmula (I)

R 'P 4, , -SABLi R1L P-< >--S@3Li Rl wherein R1 and R2 each represents an
aryl group which may be substituted. 2. The |ithium

p- di aryl phosphi nobenzenesul fonate according to Caim 1, wherein said aryl
groups represented by RL and R2 are both phenyl group.
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3. The lithium p-diaryl phosphi nobenzenesul fonate according to d ai my oL AN 7004

bei ng I'ithium p-di phenyl phosphi nobenzenesul fonate. 4. A process for

~ producing |ithium p-diaryl phosphi nobenzenesul fo- hates represented by the

general fornmula (1) R2 wherein RL and R2 each represents an aryl group

whi ch may be substituted, which conprises reacting a potassium

p- di aryl phosphi no- benzenesul f onat e rE€pAédENt ed by the general formula (11)

P~ \ // - SO3K wherein Rl and R2 are as defined above, with the lithium

salt of anjaciadlithavinng- &iag9l ptbddpHivhob? neehekudforfa teor ai¥sbyi teditghthe i n t he

presence of water or a mxture of water and a water-m scible organic

solvent. RZegdrdl PordMM£0P4 5. The process according to Caim4, wherein

said aryl groups represented by RI and R2 are both phenyl group. 6. The

process according to Caim4s wherein said potassium p-diaryl -

phosphi nobenzenesul f onat e I3 pot agstym p- di phenyl phosphi no-

benzenesul fonate. 7. The proé SS di t@.Claim4, wherein said lithium

salt of an acid is carbonate| pRg te%phite, di phosphate, sul fate,

sulfite or hydrochloride. 82 The“process according to Claim7, wherein

said lithiumsalt of an acid is carbonate, sulfate or sulfite. 9. The

process accQrdin Cl.aj,m 4, . wherein said Lithi - of cid is used
BBk Peohy 5o s M0 Fe8nil s priTrRhaTehiH oy 1B

in an anou om atons o |
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 SOSLI
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

\
/PO—SO:ﬂ(

2
R

wherein R? and R2 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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contained in said lithiumsalt based on 1 atom of potassium containgdy JAN 2004
sai d pot assi um p-di aryl phosphi nobenzenesul fonate. 10. The process according
to daim9, wherein said lithiumsalt of an acid is used in an anmount
ranging from6 to 10 atons of |ithiumatom contained in said lithiumsalt
based on 1 atom of potassiumcontained in said potassium

p- di ar yl phdspAihropeozesesulordingeo ClainTHe whecewssaotarsl ggonesd ai m 4,
wherein said reaction is carried out in the presence of water. 12. The
process aceopfisegited K A mdd Rhareibvthapkenybgused. in an anount of | to
50 parts by weight based on 1 part by weight of said potassium

p- di aryl phgsphihwopeszaresidoranag @o QinT Be wh ©eaass Adces thisaguinop @ iairyl12,
wherein water is used in an anpunt of 2 to 20 parts by wei ght based on 1

part by wepgbtpainshésze ROLASSH AR Ps pdiasduphgsARp hehongzesgskidonate. 14. A
group VII1 nmetal conplex conprising a group VII1 metal 34 1 5 JAN 2004

conpound aggdy,,6R0571fakkRg thereto, a lithium p-diaryl phosphi no-
benzenesul fonate represented by the general formula (1) RL /P---t\ /SQO3Li

R2 wher ei n7R1 i[g{bdﬁlﬁi?c&,%CQcJ&mﬁé%t &1 o Y heFOHP sWiM Gt HTBYn R@1t of an

substi t ut ed. e group VIII "netal conplex according to C aim 14,

wher ei n sai.d. I :
10 She o atis OF e BORUPE ERBEESELY Sh ke Do B g 0L nasheryigree
l'i thium p- g;rahr}ydl%tl%gﬁid@benzenesul fonate is |ithium p-di phenyl -

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
conts_lined 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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phosphi nobenzenesul fonate. 17. The group VIII netal conplex accordind! §dAN 2004
Claim 14, wherein said group VIII netal conpound is a rhodi um conpound,

- cobalt compound, ruthenium conmpound or iron conpound having a catalytic
activity for hydrofornylaticn. 18. The group VIII metal conplex according
to Caim17, wherein said group VIII nmetal conpound is a nenber sel ected
fromthe oddtpoud@Nahdl icogr&fnWoy Me2eto R0 1 RhG2 diahplpihewphiihoat e,

rhodi um sul fate, rhodium chloride, rhodiumiodide, rhodium acetat e,

Rh4( CO) 12, b fR6% QO N a RO G p €Y L RRNBD 2, t RNES § PPAIS T &m RBI)CO) ( PPh3) 2,

Rhd (CO) (AsPPhs) 2 and Rh(acac) (CO 2. 19. The group VIII netal conplex
according to Claim 18, whereikn said group VIII netal conpound is
Rh(acac) (CO) 2. 20. The gro VI, =etal conplex according to C aim 14,
wherein said |ithium p-di ar%l_—,h %@z esul fonate is used in an

amount ranging from1l to 10000 Npl eg of phosphorus atom based on
1 35 1 5 JAN 2004 nol e of s]:q?d group VIIl netal conpound in terns of said
group VIIl netal atom 21. The group VIII netal conplex according to Caim
20, wherein,said ithi -diaryl i_.no I i sed in an
anmount ra\ﬁrgfierlfﬁl r%mgﬁdflg& %ngﬁ%%ggﬁﬁpta&r ?rgy%gpgﬁgs‘%ﬁ%?dtggﬁ based on 1
nol e of said, gr.ou A/III nmetal conpound in terns of said group VIII netal
atom 22. WIB?{)%EE% for produci ng al dehydes which conprises, o

n
hydr of [ hyl eRj.cal | d d ' ] oxi d
and hydr ot | Ry E UL eGP I P aMRR BT RA o £ 3 REPesa BRI €€

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

16. The group VIII metal complex according to Claim 14, wherein said
lithium p-diarylphosphinobenzenesulfonate is lithium p-diphenyl-
phosphinobenzenesulfonate.

17. The group VIII metal complex according to Claim 14, wherein said
group VIII metal compound is a rhodium compound, cobalt compound,
ruthenium compound or iron compound having a catalytic activity for
hydroformylation.

18. The group VIII metal complex according to Claim 17, wherein said
group VIII metal compound is a member selected from the group
consisting of RhQ, Rh20, Rhz03, RhOz, rhodium nitrate, rhodium
sulfate, rhodium chloride, rhodium iodide, rhodium acetate, Rha(CO)iz,
Rhe(CO)16, RhCI(CO}(PPhs)2, RhCI(PPhs)s, RhBr(CO)}{PPhs)e,
RhCI(CO)(AsPPhs): and Rh(acac)(CO)2.

19. The group VIII metal complex according to Claim 18, wherein said
group VIII metal compound is Rh(acac)(CO):.

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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correspondi ng al dehydes, using as the catalyst the group VII11 metal 15 JAN 2004
conpl ex according to Claim14. 23. The process according to Caim 22,
“wherein said carbon nonoxi de and hydrogen are used in a nolar H2ICO rati o
as inlet gas conposition of 0.1 to 10. 24. The process according to Claim
23, wherein said nmolar H2/CO ratio is 0.5 to 2. 25. The process according
to d ai m 2golvhdar&iid gheup 6BATimat4r esapoband &n itarmsr ahgaidbgroug YHI10 MPa.
26. The process according to Claim 25, wherein said reaction pressure is

in a rangep@ia®.s3ok@ 5 MPa. 27. The process according to Caim 22, wherein
the reaction tenperature is in a range of 40 to 150 0. 28. The process

according b9 C"Iqje”%?(?up Wha ! 6 8 41N i FROL h b diREPEY ElaHe 3B vhedeimangrl of
60 to 1300C. 29. The process according to Claim22, wherein said group VIII

metal  complaX,i ‘ [RatnasH hiltg8a f id 08ef8aChh U mblayi d of
0. 0001 36”}13%%%@598&%%%@%5‘%@ |grnam a‘tetsgm [ nate}ms gf the group VIII netal

atom 30. T REOGPSS 2G5G0T (hAth iR Gl MiAS o MPRESIFo SR s aDHRke PO 1 ter

of the reac iquidis Inarange o 05 to igramatomin

term of tBEIRroUR.M LLo OB AITahR S0 HPERTR Y of §60Y GO vairal yst

corrponentslq‘cf”1 ure obtained by the process produci ng
al dehydes accordi n(1:|nt o Claim22, which conprises contacting the reaction
mxture wi PERAtEP™ 10 extract the catal yst conponents into an aqueous

layer and EE?”A Eaggggsisngort ?xgo u;[:ienrg fa{cPerﬂz} S G gucsor}ls¥1esre's, 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 Hz/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 150TC.
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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32. The process according to Caim31, wherein water is used in an 1%@&“@%&
ranging from1 to 200% by vol une based on the volune of the reaction

m xture. 33. The process according to Claim32, wherein water is used in an
anount ranging fromb5 to 50% by vol une based on the volune of the reaction
m xture. 34. The process according to Caim 31, wherein said extraction is

car i ed out, algch WATRAREARHEEORAND 08T ATLRO &8nGOPRT H1qTHAJR ocess

according to ddaim reiln said extracti carried out under an
o ToSPher <t D K50, 8 GO ASCRERORS MM DR G s 18 T
tenperat urgf%ﬁne?’lpea;[c ig'r(l) 19qCuf’ad1§IS yr?%eltar?g "0 00% Pof lﬁomgﬂiglpaom-mz_IQ'in37
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 agueous 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 90TC.
35. The process according to Claim 31, wherein said extraction 1is
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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