19FEB2004 PHOSPHONI UM SALTS AND PROCESSES FOR PRODUCTI ON OF AND USES FOR
THE SAME, AND PHOSPHI NES DERI VI NG THE SAME AND PROCESSES FOR PRODUGTIE@n4
OF THE PHOSPHI NES BACKGROUND OF THE I NVENTION 1. Field of the Invention -
The present invention relates to phosphoniumsalts and processes for
production of and uses far the sanme hﬁéphines derivi ng

S f and, further, to 8
the same aRf S Y BB Sidt T Br Sdliei RE O 85 BHospRFneR O e HRESpHDAI dili P
salts provided by the present invention are useful as conponents of
cat al yst sV 5 &Scdl @R af Hifg Tt Erediat P BR SdtH ANEchj RGRE S WF ehé Bant* MEnAND
active hydrogen conmpound. Accordingly, the above wuses include
tel oneri ZARP&TF TAES yBEPE FORBPIVA TgOthe® F pAdHhBHIOUT BAMESS pr ovi ded by
the present invention and, also, processes with use of the
telonerization catalysts for producing al kadi enyl conpounds. The
al kadi enyl conpounds obtained by the tel omerization, such as
2, 7-octadien-l-ol, 1,7-08R&KeRo3- b, OF- dCBREOXENVENT-I @8t adi ene and
1-am no-2, 7-oct adi ene are usable, for exanple, as starting materials for
vari ous pblymersld nefli cihrees] nagrn cubtnural chemicals and the |ike. 2.
Description of the Related Art USP4, 142,060 and GB1553002 di scl ose
telonerizati orheofpdieanesti A thenpriesence 1t ascatcalpyisb sponpniisimgsalt s
wat er - sol ubl e phosphi ne and a pal | adi um conpound. 1 19 FEB 2004
and processes for production of and uses for the same
and, further, to phosphines deriving the same and
processes for producing said phosphines.

The phosphonium salts provided by the present
invention are useful as components of catalysts
accelerating telomerization of a conjugated diene and
an active hydrogen compound. Rccordingly, the above
uses include telomerization catalysts comprising the
phosphonium salts provided by the present invention and,
also, processes with use of the telomerization catalysts
for producing alkadienyl compounds. The alkadienyl
compounds obtained by the telomerization, such as
2,7-octadien-1-0l1, 1,7-octadien-3-0l, l-acetoxy-2,7-
octadiene and 1l-amino-2,7-octadiene are usable, for
example, as starting materials for various polymers,
medicines, agricultural chemicals and the like.

2. Description of the Related Art
USP4,142,060 and GB1553002 disclose telomerization

of dienes in the presence of a catalyst comprising a

water-soluble phosphine and a palladium compound.



Known wat er - sol ubl e phosphi nes include the quaternary annDniun1saHEfFEg2mM
(sul f ophenyl ) di phenyl phosphi ne, di (sul fophenyl) phenyl phosphi ne or

tri(sul fophenyl)- phosphine. O these phosphines, the tetraethyl anmoni um
salt of tri(3-sul fophenyl)phosphine containing 60% of trivalent

pPhosphor usalod ol uald y: usad, £0% Ll gUehl zaLicon o of o aghene,, SUl Aary

t et raet hyl armmoni um'sa su enyl ) phosphi ne contal ns

i it f t | ent. ph h A dj t . d t . t
| nvont of s mDE bF . pRBSH ne tbnt af h kg & PARge ) EABI bR bS F R TS

i nvent or s” T ne un uri t
of pentaval ent Phospho constituent of a te

rus, as a nmerizat|on _
cat al yst,9Fd&ds fBP%%EMﬁ'dI%?FBWJo‘?hf’r?’pﬁf?ﬂ“ieesofnttrhlep? Eécftch %h SRt Ure,
t hereby changing the solubility of the reaction sub- stra% S fnd exer%ing
simlar DAACSHTLBRces Dh these BAGT BRI " Appl TBE E& J8IFS YA: & BIE? 4™
131(1995) 167-178 describes use of the dinethyl dodecyl am ne salt o{ di -
pheny!| phosphitnobEnZane! 3-FohbE QIPTUhT ¥ Ldd o ewdt &F &1 r<Ht BBED L n@hi&h® h&d a
surface-active property, for telonerization of butadiene. However, this
reaction t hay @l ¢ 0w P&tces p USRA 165 250t nad EPOSE93YBT HEIA™RE LRt 100
hi gher am ne salts, such as trioctylamoniumsalt, dine
t hyl oct yl@afmohiuma ¢aletn and di $rechy| dedeeglt raambhivdmnggiivpf salt  of
di phenyl phosphi nobenzene-3-sul fonic acid as |igands for hydrofornylation
cat al yst st r USP5; 663, #4®ph2nyl) phosphine contains an impurity of
pentavalent phosphorus. According to a study by the
present inventors, use of a phosphine containing a large
amount of an impurity of pentavalent phosphorus, as a
constituent of a telomerization catalyst, leads to
accumulation of impurities in the reaction mixture,
thereby changing the solubility of the reaction sub-
strates and exerting similar bad influences on the
reaction.
“Applied Catalysis A: General”, 131{(19953} 167-178
describes use of the dimethyldodecylamine salt of di-
phenylphosphinobenzene-3-monosulfonic acid (water-
insoluble), which has a surface-active property, for
telomerization of butadiene. However, this reaction
has a low rate.
USP4,716,250 and EP0254937B1 disclose the higher
amine salts, such as trioctylammonium salt,
dimethyloctylammonium salt and dimethyldcdecylammonium

salt, of diphenylphosphinobenzene-3-sulfonic acid as

ligands for hydroformylation catalysts. USP5,663,426



19 F EB 200A and EP0704450B1 di scl ose sul fonated phosphi nes as
constituents of water-soluble catalyst systems for GC bond forningFES 2004
reactions such as hydrofornylation. These patents describe, concretely,
the steps of sulfonating a phosphine in a m xed liquid conprising fum ng
sulfuric acid, boric acid _and concentrated sulfuric, aci eati ng t he

sul f onat & Pr ociFrLFcWthql'rr’ %Bdol (i DAIGFS et r FRIIRE FIEf nepﬂr‘? Et%{‘d t8s
obtain the triisooctylamne salt of the sulfonated phosphi ne,
i nt r oducigRy" £t SBFM § hit @ Tan ot YaniSe prAde, whb2 %Feem%{ge Bife Fe8UFtiSg
organi ¢ phase to extraction wth an aqueous sodi um hydroxi de sol ution,
to obtaiPand fsodhimisalea of ites subFdnated YhdSH NeT Y Friese OH ghdthese
am ne salts of sulfonated phosfines are insoluble in water and hence
cannot provt de tcondersci Bl by advantcagebes v .t dl beesitzr $ onfcatnl fors2 ting s
known, generally, with catalysts conprising a phosphine and a transition
met al , tlat whklpéd ankak gea mned lof quihel phosplienei ngafivazesngoead 1 furic
stability of the resulting catalyst, which has, however, an insufficient
catal yti @ atcHi, Vi ttye ra csned ¢ i@nount dof ctdrec phasphtree | ead?d £ Y0ipooracid,
stability of the catal yst, which cannot exert the catalytic activity
continuousd ya tiegcat Ryt Q1 AEChbtidy guwlothe tstabi thtyaareclhtsion of
i nconpatible with each other, which renders it inpossible, with use of a
cat al yst tcoirsicsd 8¢ ya Phesrhi ne,id o proslucge nad kadi eyl  coppaeuna the
commerci al | y advant ageously. 3
triisooctylamine salt of the sulfonated phosphine,
introducing the salt into an organic phase, and
subjecting the resulting organic phase to extraction
with an agqueous sodium hydroxide solution, to obtain the
sodium salt of the sulfonated phoshine. These higher
amine salts of sulfonated phosfines are insoluble in
water and hence cannot provide commercially advantagecus
telomerization catalysts.

It is known, generally, with catalysts comprising
a phosphine and a transition metal, that while a large
amount of the phosphine realizes good stability of the
resulting catalyst, which has, however, an insufficient
catalytic activity, a small amount of the phosphine leads
to poor stability of the catalyst, which cannot exert
the catalytic activity continuously. The catalytic
activity and the stability are thus incompatible with
each other, which renders it impossible, with use of a

catalyst comprising a phosphine, to produce alkadienyl

compound commercially advantageously.



19 F E B 2004 In order to solve the above probl ens, Japanese Pat_Fqg ﬁl@
2635519, USP4, 927, 960, USP4, 992, 6 09 USP5 5&&
and EP0296550B1 di scl ose a process for carrying out telomerization with
use of a catalyst conprising a phosphonium salt and a pal |l adi um
conpound - For instance, telonmeri_ zati on of a conjugated a | §adi ene

and water is caff e@X&ft* witth 88 ot &}b%téi%i’ecoérbggéi%’as’a apanese

wat er - sol ubl e phosphoni um_ salt cont ai ni n% a group of the forrrulza 6(§83M

or - COOM [ &t n M Pepr e€ént $°&1F -al kdl § B 2net &l - Sfchr as YEEHi uny '

pot assi um or sodium and a palladi um conpound, , in the presence of a

m xed sol V&AL - bP Osfl § b1 anedarkl? @t% > AAd unddrs @l Bridssdr eP o Taf Bonf ° F

di oxi de . The present inventors made a test run of dinerization of

but adi enec amd vt or @itth tisel ohex i zekdmeri 24t bn eatal 9§t onpritd hysd

phosphonium salt derived froman alkali netal salt of _

di pheny| phospi heberw ene-18e spriosuk ianisc: hti 8ndnd ® a bhbkddi Bnt eSAOUAE, -

continuously over a long period of tine, to find occasional formation of

precipitares iimsthe aeactedromond,z avhiom calisedceolnaggo ag eod ¢ heé g peng

and decreased the heat conduction efficiency of the reactor. As a result

of an intensi ve tttdys tee ckaredd p utheri vechani shamvotvddr$h eheprising

‘preci pitation, the present inventors have f ound that, on dinerizing

but adi enea and t avat er J0OBL eNwausk y havet va lsonytperiroda o ingea theodp of
the formula -SO,M or ~COOM (whereinM represents analkali
metal such as lithium, potassium or sodium) and a
palladium compound, in the presence of a mixed solvent
of sulfolane and water and under a pressure of carbon
dioxide.

The present inventors made a test run of
dimerization of butadiene and water with use of a
telomerization catalyst comprising a phosphonium salt
derived from an alkali metal salt of
diphenylphosphinobenzene-3-monesulfonic acid and a
palladium compound, continuously over a long period of
time, to find occasional formation of precipitates in
the reaction zone, which caused clogging of the piping
and decreased the heat conduction efficiency of the
reactor.

As a result of an intensive study to clarify the
mechanism involved in the precipitation, the present

inventors have found that, on dimerizing butadiene and

water continuously over a long period of time, the



19 FEB 2004 concentration of the alkali netal ion constituting thf% EB 2004
phosphoniumsalt in the reaction m xture increases to an unexpec 5

| evel, that the alkali netal ion reacts wth a reaction accel erator of
hydr ogencar bonate ion or carbonate ion to formthe al kali netal
hydrogencag panat e .andf or o3l kal L gatal, eapaqnat ey i ch, rect gictial gs. b
the reaction mxture. These phenonena were quite unex- pecte ,lbe ause,
originall aIi.rretaIa derog%qgarbonates and al kal i netal carbonag%§

al
mai nt ai npyl?%éps QteU8r sBration dnder TCHE coRd 7 OAS Y6FE &imef 24t on of
but adi ene and wat er. . SUMVARY THE | NVENTI ON. Accordi ngly, an_object of
t he preséht Pﬁ\feWFSﬁeiw&Vp%\’/i 5}'§tpﬁc}§?)h8r}ilij‘?riéal"'te€8ry%stli?ﬁt iIJneg"’”élts
tel omerization catalyst which, on telonerizing. a conj ugﬂtbed di ene and an

active hyrbfefl E6Mfolng "o @° e ¢Enf Gital® s b B X0 ACPaY° Bérli Bd BF °*

time, wll not cause, ang precipitation at all in_the reaction mxture. A
further &4 BRBC L ENLOPr ESehtC ihvehti Dhkiad ¥ & e prdvide B°Bifdteds rurat e
produci ng the above phosphonium salt. A still further object of the

present FV@ACIToR li%e 1o Bricdvt de2 &Lt digri ¥dti 6R RAEAYRE t@hDFi $Pn the
above phosphonium salt. Another object of the present invention is to
provi de T HFGESS Mor* pRrdduci ngT AR S k&F EhG P sCohpothBef rdmhid & PP FEB
2004

pected, because, originally, alkali metal
hydrogencarbonates and alkali metal carbonates maintain
the state of solution under the conditions of

dimerization of butadiene and water.

SUMMARY OF THE INVENTION

Accordingly, an cbject of the present invention is
to provide a phosphonium salt constituting a
telomerization catalyst which, on telomerizing a
conjugated diene and an active hydrogen compound on a
commercial scale for a long period of time, will not cause
any precipitation at all in the reaction mixture.

A further object of the present invention is to
provide a process for producing the above phosphonium
salt.

A s5till further object of the present invention 1is
to provide a telomerization catalyst comprising the
abeoeve phosphonium salt.

Another object of the present invention is to provide

a process for producing an alkadienyl compound from a



conj ugat ed di ene and an active hydrogen conpound with wuse of the above
tel omerization catalyst. Still another object of the present inverk$9 bkl {2004
to provide an amine salt of a sul fonated phosphine which is usable as a
starting material for the above telonerization catalyst. Yet another

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

With ease® PR LHRVE hnf A& N Saff dof2 B héd Sut ¥ EndtedT BRFSHNhFAE AV PRy ‘élﬂi“gh
purity. The present invention, in one aspect thereof, rovi des a
phosphoniufres#l ¥ E&FY e3BR/RYEH by lt‘ii'1fé‘°-§éri"vsﬁ’lf"E‘alllO“fo?f’n‘:ll‘-:‘aiF3(??'(herei nafter
referred to as "phosphonium salt (1)") R R9 ~11 R8.-CC | P, R2H
H R 3 SC3 (1) twhktepm R hand o) each orfepresentrs o pheAylV §REHP Whi Ent©
may be substituted by a |lower alkyl group, R represents a phenylene
group whighomeyd beasubsniitng edaByt ac Eowers ualflopl 2 gedupe h Rs pPAnENRO gk b
represents a hydrogen atom or a hydrocarbon group having | to 12 carbon
atons which nmyebeesulzstitat eds andtRN gepmesent $ ad hyflpa@gert mtomadrove
hydr ocarbon group having 1 to 5 carbon atons which nay be substituted.
I N anot here aspect i ztahei pheseat ailnventi on provi des a process for
produci ng the phosphoniumsalt (I), which conprises reacting an al kenyl
conpound represent@ddiyher object of the present invention is to
provide a process for producing with ease the above amine
salt of the sulfonated phosphine having a high purity.

The present invention, in one aspect thereof,
provides a phosphonium salt represented by the general
formula (I} (hereinafter referred to as “phosphonium
salt (I)")

7 g
F(l:a E LR’ (1)
; By o T 2
RTETIRR
le R 803

wherein R! and R? each represents a phenyl group which
may be substituted by a lower alkyl group, R? represents
a phenylene group which may be substituted by a lower
alkyl group, R’ and R! each represents a hydrogen atom
or a hydrocarbon group having 1 to 12 carbon atoms which
may be substituted and R? represents a hydrogen atom or
a hydrocarbon group having 1 to 5 carbon atoms which may
be substituted.

In another aspect, the present invention provides

a process for producing the phosphonium salt (I), which

comprises reacting an alkenyl compound represented by



6 19 FEB 2004 the general fornula (I1) (hereinafter referred to as

"al kenyl conpound (11)") RT RO ( 11 ) C~CR~ X C, HH whedd BI04
RB and Rl are as defined above, X represents a hydroxy group, an al koxy
group, an alkenyloxy group, an acyl oxy group, a hydroxycarbonyl oxy group,
al koxycar yl o up hen ,ar oy whi ch tituted, _and
an am ne Q@F Q%X OJIfor(f'artmed!Bphogi(ﬁl Phrgé:ﬁrle%%r%t ed breigp%n%r%;% ad
formul a (JI (h elnafter red to as "phosphene conpound (rrey™) R
14 P-R3 g%ﬁ -*E ‘IRé?ﬁH rkin Rl, R2 and R3 are as defined
above and R4, R5 and R6 ch _reepresents a | ower al kyl group, in the
presence of a palladluﬁﬁconﬁbund In a third aspect, the present

i nvention provides zation catalyst (herelngnieg ?eferred to as
"tel omerization cat @%’ t; onpr|S|ng a phosphoni alt (1) and a

pal | adi um conpound but co g no alkali netal conmpound. In a fourth
aspect, the present |nvenﬂﬂon prOV|des :

wherein R’, R® and R? are as defined above, X represents
a hydroxy group, an alkoxy group, an alkenfloxy group,
an acyloxy group, a hydroxycarbonyloxy group,
alkoxycarbonyloxy group or a phenoxy group which may be
substituted, and an amine salt of a sulfonated phosphine
represented by the general formula (III) (hereinafter

referred to as “phosphine compound (III}")

R R4

AY -

P—R3.80; | H'N—R® (1 11)
4 T~ b
R? R

wherein R', R? and R® are as defined above and R*', R® and
R® each represents 2 lower alkyl group, in the presence
of a palladium compound.

In a third aspect, the present invention prdvides
a telomerization catalyst (hereinafter referred to as
"“telomerization catalyst (I)"”) comprising a phosphoniunm
salt (I) and a palladium compound but comprising no
alkali metal compound.

In a fourth aspect, the present invention provides
a process for producing an alkadienyl compound, which
comprises reacting a conjugated diene with an active

hydrogen compound in the presence of a catalyst,



a process for produci ng an al kadi enyl conpound, which conprises reacting
a conjugated diene with an active hydrogen conpound in the pres¢Qd€Bdilia
catalyst, 7 19 F EB 2004 characterized in that the tel omerization
catalyst (I) 1is used as the catalyst. In a fifth aspect, the present
invention provides .the phosphjne conmpound, (111)._Ln.a sixt t, the
present iGTV2AEI O pridi ded ™ a* bF&cetslr%TEf (L){re b%&?u%ll hd tthe p Srskp%?ﬁgcc (1)
conmpound (I11), which conprises reacting a sulfonic acid represented by
the general Porsdil 85150 ¢) (heréiafter referred to as "sulfonic acid
(I'v-1)") RR P-R3 SGBH R2 0 V- 1) wherein Rl, R2 and R3 are as_def |

fined
above, and anl&nihefifcphesst @Bty tRhE deher&™ %ot Wleaﬂ“f%o”(hgfgivnlaﬁeesr
referred to as "amne (V)") RARSRGN QV) wherein R, R5 and R6 are as
defined &bovePhiasam egclcianPRetche'Rdvihg 6 to 9 carbon atoms. In a
seventh aspect, the present invention provides a process for produping
t he phosphi nelcomosrdck {11 [B)s P e affi.cht BENpTT 88§ Yeat Pivifg” B1SU F BAICY WEF
al kali metal salt represented by the general formula (IV-2)
a process for producing the phosphine compound ({III} .
which comprises reacting a sulfonic acid represented by
the general formula (IV-1) (hereinafter referred to as
“sulfonic acid (IV-1)")
R1
\FJ 3
F—R"-S03H (IV—1)
RZ
wherein R!, R? and R?> are as defined above, and an amine
represented by the general formula (V) (hereinafter
referred to as “amine (V)")
4556
R'R"R"N (V)

wherein R', R®> and R® are as defined above, in an acyclic
ketone having 6 to 9 carbon atoms.

In a seventh aspect, the present invention provides
a process for producing the phosphine cempound {(III}),
which comprises reacting a sulfonic acid alkali metal
salt represented by the general formula (IV-2)

(hereinafter referred to as “alkali metal sulfonate

{IV-2}")

P—R>-SO3M (1V—2)



(hereinafter referred to as "alkali nmetal sulfonate (I1V-2)") Rl P-R3
S03M R2 (I V 8 19FEB2004 wherein Rl, R2 and R3 are as defined abotd FBdl0ik
‘represents an alkali netal, and the amne (V) in the presence of carbon
di oxi de and wat er. DETAI LED DESCRI PTION OF THE I NVENTION I n t he above

general f & he douer; als gr Qu ' V.
phenyl grvgr:ijgyreg;nr er\tse'ntFJed\gﬂ?lﬁjy§I:\’l<éYJ(:)r\e %,Qgrfv{ﬂygghgﬁérﬁyﬁ%?;f% 5@5&9%5

represented by 3, ; ?&S@%E‘e o rtarléyhm%rrﬁ)ﬁp(rve)pr?%e’@r?g ?»{ﬁ??fn?ﬁ%%gre

Rfi include those c e 'of form ng phosphi ne ‘conpounds
wat er - sol up] g.onPr%f. . regleeéa}]ng)l es tog the |ower alkyl group are those
car e.g

having 1 %" on 4t ors, net hyl, ethyl, propyl and butyl. O

these, nmethyl group and ethyl group are nore preferred. Exanples of the
hydr ocar bon groups having 1 to 12 carbon atons which may be represented
by R or R8 are alighatic hydr ocar bon %ro%gs such as alk¥lcfgoups, e.g.
methyl, ethyl, n-pPopy1itER-GRYFRIEDEAYICAnd HF - 1VEFTY 9Y | and
alkenyl gr oup.s, e. g. 2-propenyl, 3-butenyl_ and 4-pentenyl;
alicyclic hydPol&DHAPYVEups stieh 49 TYRLGa kyiRgrbgpe e gkyl group
cycl ohexyl; and aromatic hydrocarbon groups, such as aryl groups, e.g.
phenyl amf%gpwqaénaeaﬂﬂk9p5@@ﬁm§y the phenyl group represented

by R or R?, or by the phenylene group represented by R?,
and the lower alkyl group represented by R*', R?> or R®
include those capable of forming phosphine compounds
{ITI} that are water-soluble. Preferred examples of the
1ower'alkyl group are those having 1 to 4 carbon atoms,
e.g. methyl, ethyl, propyl and butyl. 0f these, methyl
group and ethyl group are more preferred,. Examples of
the hydrocarbon groups having 1 to 12 carbon atems which
may be represented by R? or R® are aliphatic hydrocarbon
groups such as alkyl groups, e.g. methyl, ethyl, n-propyl,
n-butyl, n~pentyl and n-octyl, and alkenyl groups, e.g.,.
2-propenyl, 3-butenyl and 4-pentenyl; alicyclic
hydrocarbon groups, such as cycloalkyl groups, e.g.
cyclohexyl; and aromatic hydrocarbon groups, such as
aryl groups, e.g. phenyl and tolyl, and aralkyl groups,
e.g. benzyl. Examples of the hydrocarbon group having
1 to 5 carbon atoms which may be represented by R? are
aliphatic hydrocarbon groups such as alkyl groups, e.g.
methyl, ethyl and propyl, and alkenyl groups, e.g. allyl

and 4-pentenyl.



e.g. benzyl. Exanples of the hydrocarbon group having 1 to 5 carbon

atons which may be represented by RO are aliphatic hydrocarbongygwggzm‘
such as al kyl groups, e.g. nethyl, ethyl and propyl, and al kenyl groups,
e.g. allyl and 4-pentenyl. 9 19 F E B 2004 Exanpl es of the al koxy group

whi ch b ted by X t hoxy, :
20 T e EEERSRSSS ot TR 2R L BPOY S P

t hose of re p oxYy, yl oxy and
2, 7-oct adi enyl oxy; those of the acyl oxy roup. are foDrr'Q/I QX @ﬁ%té’é OX¥

) A ] d ;'
and pr oplbo‘hy’f(o?ﬁ;e afﬁﬁlt?’t%ge (?ft’?‘ﬁé Yal kpoﬁggé)r’g%n?/floxy grodp ‘are
met hoxycar bonyl oxy and but oxycar bonyl oxy. Exanpl es. of the sybstituent
whi ch nmay b2 p8ddesBEd WY t h8 TFhHERyI arg‘%/mfbrf’ﬁftn Yy *pe’ reBchseethéé) ' X
are al kyl groups, e.g. nmethyl and ethyl and al kyl ox groqu, €.9. 1
met hoxy a@ndl Yéttoxy .2 'Bkakpl £3°6f @ hi & %af I Yrret & °rse%r dent 8 bYM" 4T &
l'ithium potassium and sodium The phosphoniumsalts (1) are novel 3
compound€ 1 hEP hage hot MydenXdesct FISEdY + A*the? Nidt ef BPEES P YHESEY Sali ™
are markedly soluble in the telonerization reaction mxture and yield an
excel | enttreaeti on ¢ &sul t twen used X @¥Y & 3dOMPYHRAY of (91 DHEri zatd bA
catal ysts. Furthernore, these salts contain no alkali netal, so that no
preci pi t ateshofx at kalko melalx sak og foorhe Ky ahed omeakPrdn mibet ap@les ©of
Preferred exanples of the phosphoniumsalts (1) are those represented_ by
the genermé fsorbrmitad (U § niwhev Bl IR7mand RB &r®s 8&cts adhyR¥ o§éye phenyl
group that may be represented by X are alkyl groups, €.9.
methyl and ethyl and alkyloxy groups, e.g. methoxy and
ethoxy. Examples of the alkali metal represented by M
are lithium, potassium anq sodium.

The phosphonium salts (I} are novel compounds that
have not been described in the literature. These salt
are markedly soluble in the telomerization reaction
mixture and yield an excellent reaction result when used
as a constituent of telomerization catalysts.
Furthermore, these salts containno alkalimetal, so that
no precipitates of alkali metal salts form in the
reaction mixture. Preferred examples of the
phosphonium salts (I) are those represented by the
general formula (I) wherein R’ and R® are each a hydrogen
atom or an aliphatic hydrocarbon group having l1 to 12
carbon atoms and R? is a hydrogen atom or an aliphatic
hydrocarbon group having 1 to 5 carbon atoms, as well

as those represented by the general formula (I) wherein

R! and R? are each a phenyl group or a phenyl group having

10



atom or an aliphatic hydrocarbon group having 1 to 12 carbon atons c{
RO is a hydrogen atomor an aliphatic hydrocarbon group having 119(5EB 004
- carbon atonms, as well as those represented by the general fornula (1)
wherein R and R2 are each a phenyl group or a phenyl group havi ng 10 19

FEB ?W I a meth or et roup, and 3l § A 1, nyl e
group or %a f%’hﬁﬁeﬁ% elh 8!1.065%%” ﬂéo‘i%’etﬁng group or 1 e:'t’ hg%eylj' T%ne
t hese , ho%ghonl um salg }]1 } each lfggf hgn or
group or 9F-5ePh§FphReryl chE’LFp”% gn E1‘?‘-3‘78é’|pn a'irg ﬁhé’hﬁ/ e gt blip For
4-met hyl - 1, 3- phenyl ene rou are preferred. The process_for .produci
phosphoniel}rﬁ %gl ?Eo(“‘l% Bg/ec?e“strf? BagP g s aolrchZ13| i?e‘nilh r’?ﬁg‘fmd
(7)) used_are allyl -type al cohols, e.g. allyl alcohol, 1-nethyl-2-
propen- | R4l € aE R ehDIL 6l P@Syﬁeﬁaroq‘éﬁ PIop ™ ThYdRBE et |q pup and
1,4-pentadi en-3-ol and 1,7 octadi en-3-ol I | -type ethers, g. allyl
ethyl etRérbeidimd yl- 11 REED RERf QZW”Bc?’éo%/eH)?It‘b!her T Pileflyle“e
octadi enyl) ether and allyl phenyl ether; and allyl- type esters, e.g.
al lyl acetratep 25 hexadi @hyle hcet at e, 2, 7- oct adi enyl acetate,

| -vinyl-5-hexenyl acetate and 2-octenyl propionate. The phosphine

conpounds (11T} eare novels corporrrdsd UERATI hale siot o béar™ déddrt bedliln t he

literature. The phosphine conpounds (lI11) are water-sol ubl e andmarkedly
now described.

Examples of the alkenyl compound (ZII) wused are
allyl-type alcohols, e.g. allyl alcoheol, l-methyl-2-
propen-l1-o01l1, 2-buten-1-01l, 2,5-hexadien-1-01, 2,7~
octadien—l—ol, l,4-pentadien-3-0l1 and 1, 7-
octadien-3-0l; allyl-type ethers, e.g. allyl ethyl ether,
diallyl ether, methyl 2,7-octadienyl ether, di{2,7-
octadienyl) ether and allyl phenyl ether; and allyl-
type esters, e.g. allyl acetate, 2,5-hexadienyl acetate,
2,7-octadienyl acetate, l-vinyl-5-hexenyl acetate and
2-octenyl propionate.

The phosphine compounds (III) are novel compounds
that have not been described in the literature. The
phosphine compounds (III) are water-soluble and markedly
soluble in solutions for preparing telomerization
catalysts. Preferred examples of the phosphine com-
pounds (III) are amine salts of sulfonated phosphines
represented by the general formula (III1) wherein R! and
R? are each a phenyl group or a phenyl group having a

methyl group or ethyl group, R¥ is a 1,3-phenylene group

11



soluble in solutions for preparing telonerization catalysts. Pr?b%r gﬂ@
1 B ER I,

exanpl es of the phosphine com pounds (IIl) are amne salts of s

phosphi nes represented by the general formula (111) wherein RL and R 2

are each a phenyl group or a phenyl group having a nethyl group or ethyl

group, R3 is ,3-phenyl ene gro 1 9 B.2 r,a.l.. 35 phenyl.ang,
group ha@fhjaé?hétﬁVFeaﬁéﬁ%HSrgéfﬁg? %8%8655 %nggéﬁfy#EggﬁH%&BQgrétéagh

met hyl grou r ethy

0 |, group. t:hese, amipe _salts o | f.opat ed
phosphi nd< ° WPrh 22 9 dhar e%lﬂg Bei Ag “a Phenyf (E]ﬂreotu}bygr %%-orr‘gph%?pﬁetnm’ !
group, R3 being a

1, 3- phenyl ene .grou r. 4-nmethyl- .1, 3- phenyl.ene_gr.ou
and R4, ﬁg“éHH'RBOH%iﬁgeé h émﬁglﬁygaqdﬁ%ug¥ofxb f8PﬁV$e§r§ﬁﬁja 311195
preferred. Concrete exanples of the phosphine conpounds (I1]I r
triethyl #rinoRi %{na rgd (Pd?ﬁr?eﬁpl ’bﬁb%iangfﬁe’ﬁ%én% l?l"fn‘gr?ali % - é‘?itr‘ﬁ# ﬂﬁ?‘a"-‘rﬁ%}
ni um 3- (di phenyl phgsphi no) benzenesul fonate and triethyl anmoni um
3- (bi s( 29k BYl:ph8ny| § BAdEHhiho)l 43 ~ Rt Y BERneTP FEnald. Trhe" alfkehyr

conmpound (I1) is used in an anount of  preferably at |east one nol ar
equi val ert, 3 nBhe n PR emes &bt GUP t ¢ D ol & edA val BRtis? Iref &t Fe™ed t hé

a

phosphi ne compound (I11) used. Exanples of the palladi um conpound used on

product i orf @k Pt his phosphoni G sapta {r)PaEd Paresd urh ¢ PFY @ t8npdafdst € ¢

e.g. palladium acetyl acetonate, n -allyl--- palladiumacetate, palladium

acet at e, offal t Adi unb osartbbnat & o pallvgdd amichl 67 i de* Bnd i SbEYZohP B4 ¥R

3-(diphenylphosphino)benzenesulfonate, trimethylammo-
nium 3~(diphenylphosphino)lbenzenesulfonate and
triethylammonium 3-(bis{2-methylphenyl)phosphino)-4-
methflbenzenesulfonate.

The alkenyl compound {(II} is used in an amount of
preferably at least one molar equivalent, more
preferably 1 to 10 molar equivalents, relative to the
phosphine compound (III) used.

Examples of the palladium compound used on
production of the phosphonium salt (I} are palladium (II}
compounds, e.g. palladium acetylacetonate, =« -—allyl-
palladium acetate, paliadium acetate, palladium
carbonate, palladium chloride and bisbenzonitrile-
palladium chloride; and palladium (0) compounds, e.g.
bis{(l1,5-cyclooctadiene)palladium and tris(di-
benzylideneacetone)dipalladium. Where a palladium
(IT) compound is used, a reducing agent may be used in
combination to reduce palladium (II) to palladium (0).

Examples of the reducing agent are alkali metal

12



pal | adi um chl ori de; and pal | adi um (0) conpounds, e.qg.

bi s(1, 5- cycl ooct adi ene) pal | adi um and tri s(di- 19 FEB 7004
benzyl i deneacet one) di pal | adi um Were a palladium (I1) conpound is used,
a reducing agent may be used in conbination to reduce palladium(ll) to

pal | adi um (O%. ,zarrpl es.of the educihn agent, ar eg alkkal L metal, 12,49ufm
EB 1004 Rydrokitd e%u%ﬂcgsassoéiou%lﬁfdragjl de; “forfic acid, sodium
phenol at e, sodi um borohydride, hydrazine, zin wder; - and jpgnesi gy ¢ khe
r educi ngPageh? 12t tised S 4 afﬁ%ér?thyﬁféfde? abﬁﬁpér)éﬁgi_ln% from t hesFJ
stoichionetric amount re- quired for the reduction tg 10 times the une
amount . Fhe PHaRPES LiconpotfdTie YiSed 9 iF &R Pdmouit U 5%t et AbFY such
that the concentration of palladiumatomin one liter of the reac i(}ne_
ni xt ure wirld £ beadney0.rE 2 9110 nf K19 Yr AMme af 678, © Fd & DF &t aBlyY’ 075 to 5
mlligramatons. On preparation of the phosphoniumsalt (1), water
cont ai ni ng icardonfe & itdre and/ by chyide bgdrP cAPbdnia® & Si onhD enel™ BE her mi T '&d
to be present in the reaction zone in order to accelerate the reactioq].
in practpee,lbiiism ceogmmended ¢ ouderd ven the eacbonit 8 fioheafd by Su¢
hydrogen carbonate ion in. the reaction zone from carbon dioxide,
hydr ogengardonatree sueh @snsadi tinchyde dgenchi bohiae® ort omcarboRdte Sudlf Gas
sodi um carbonate. it is particularly desirable to derive the ion from
anong t he above, rear bom o rdimxikde; r ahivél brieventrse cOntlark hat Pof 1of ! APKAT
metal salts. Were carbon dioxide is used for this purpose, t her em
ay be azd §ine ,d Motree prefiemably admi mnoe 0 miguat ermaryatoms.
| On preparation of the phosphenium selt [Ii, water
containing carbonate ion and/or hydrogen carbonate ion
may be permitted to be present in the reaction zone 1in
order to acceleraste the reaction. In practice, it is
recommended to derive the carbonate ion and/or hydrogen
carbonate ion in the reaction zone from carbon dioxide,
2 hydrogencarbonate such as sodium hydrogencarbonate or
a carbonate such as sodium carbonate. It ispérticularly
desirable toderive the ion from, among the zbove, carbon
dioxide, which prevents contamination of alkali metal
salts. Where carbon dioxide is used for this purpose,
there may be added a tertiary amine or guaternary
ammonium ion in order to increase the carbonate ion

concentration in the reaction zone. Where <carbon

dioxide is used, its partial pressure is generally

0.10 to 5.0 MPa (absolute pressure) and preferably 0.10 to 1.03

MPa (absolute pressure) in practice. Where a tertiary
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amoniumion in order to increase the carbonate ion concentration in the
reaction zone. \Were carbon dioxide is used, its partial pressugg fEB 2004
generally 0.10 to 5.0 MPa (absolute pressure) and preferably 0.10 to 1.08
MPa (absolute pressure) in practice. Wiere a tertiary a3 19 E E 8 2004
amne or_quaternary a [ LON LS Uesent iRnthes reacid ontzone, the
phosphon?aﬁlnseal 2 71)3 Liﬂ;glegg;}g% (}:Igr ed to bein equilibriumwith a

phosphoni um salt representge b neral foimular (1 X)s REcRE ((deXed
s"C.. C+RREE 90 °R 1* ¥ SR sﬁgeN‘éﬁQ%kgg TR o PRi2 Ri3 wherein Rl, R2,

R3, R7, RB and R9 are. as def i ned iatl:)hove,

_ , F QSERLS @ Hy drQgea nateodn
or a hydF8chrbd® Groupl R R ¥ *and ﬁ?ﬁh%grﬁ%@%rﬁz‘sgﬁt%@a hgér ocar bon

group and Y represents a hydroxy gro an al koxy group, an al kenyl oxy
group, aRYady®®x\¥ HF 85 afﬁy'&%iﬁca(rffg%yl oXy group, an

al koxycar bonyl oxy group or a phenoxy group which may be substituted. The
preparation of_the _phosphoniumsalts (I) can be <carried out in the

N

presence of I organi c sgl vent which 1is inert to the reaction and

capabl e of di soI@i n_g ﬁ] al kenyl con&)ound (rr) and r()hp%f)l ne conpound
Wppm, o N 2 1

(|||). RB/SCI:‘L‘PLR R

-+ _
R3-S05 N—R" . v
13

wherein R}, R?, R?, R’, R?! and RY are as defined above,
R!? represents a hydrogen atom or a hydrocarbon group,
R¥!, R!? and R!'? each represents a hydrocarbon group and
Y represents a hydroxy group, an alkoxy group, an
alkenyloxy group, an acyloxy group, & hydroxycarbonyloxy
group, an alkoxycarbonyloxy group or & phenoxy group
which may be substituted.

The preparation of the phosphonium salts {I) can be
carried out in the presence of an organic solvent which
is inert to the reaction and capable of dissolving the
alkenyl compound (II}) and phosphine compound (IITI).
Examples of the organic solvent are ethers, e.g. diethyl
ether, tetrahydrofuran, dioxane and ethylene glycol
dimethyl ether; secondary and tertiary alcohols, e.9.
t-butyl alcohol and isopropyl alcoholy ketones, e.4g.
acetone and methyl isobutyl ketone; nitriles, e.g.
acetonitrile and benzonitrile; amides, e.g. acetamide

and N,N-dimethylformamide; sulfoxides, e.g. dimethyl

14



Exanpl es of the organic solvent are ethers, e.g. diethyl ether,

t et rahydr of uran, di oxane and et hyl ene glycol dinethyl ether; sék%ﬁ@%ﬂ@‘
and tertiary al cohols, e.g. t-butyl alcohol and isopropyl alcohol;

ket ones, e.g. acetone and nethyl isobutyl ketone; nitrites, e.g.

acetoni trile benzanitflles and dgs, & groaGiem dedélxylic acids,
N, N- di rretsr?y]ﬁggﬁnmgde; su %oxisdes, g. g.S dinmethyl 14 19 F EB 2004

sul foxi de; sul faones, _e.q.. gl ane,, £ahhQXyd & € gaciedss e r@.,9.e aget ea tagid
and propiford ¢ a&i’d:* &s grlscfs%egg.get Hyl ~ acetate and nethyl” benzoat e;

aromati c hydrocarhbons, e. g, z nd ,tol liene;. andsy £¥¢ld £rand acycyic
al i phat i éé/%ﬁa(r‘ioecgrrb%ﬁ“s% tg.}"gl. B%er}lngﬁgtgen'd “cycl ohexcangfjd These or- ganic

sol vents are general ly used al one, but Y, aLs e;used i B cobpRatd pB.
The phosﬁt?o‘?‘n?grﬂ%af‘f’d(lso' §%repare g%ggcrla {:y%ant(p a t%'errper at ur ebi n a

range of 10 to 80C . The atnosphere of the react] ohe isqyeferaply a
gaseous aMHEFKE BPOdiich §s Tar B 3T 6xi° eéaofz%% %ggé{%m i ch 'does not

inpair the reaction efficiency. These_ gases b sed gi,th Si
or in corftd Mati ohe 1 T bﬁog‘ﬁh‘“x)nﬂﬁtﬂ%‘éf'llq(yl )ufgﬁdg %g?gien'edgggn e’ kel

separated fromthe reaction mxture and purified, for exanple as
fol | ows. Prhevreat i &n SOMPerft® h3&d, - unreacted al kenyl compound (11) and
the like are dis- tilled off fromthe reactjon _m xture ynggrn&ggq%egt

The phosphonium salt (I) 18 prepare
a temperature in a range of 10 to 80C . The atmesphere
of the reaction zone is preferably a gaseous atmosphere
such as carbon dioxide or nitrogen which does not impair
the réaction efficiency. These gases may be used either
singly or in combination.

The phosphonium salt (I) thus obtained can be
separated from the reaction mixture.and purified, for
example as follows. The reaction solvent used,
unreacted alkenyl compound (II) and the like are dis-
tilled off from the reaction mixture under a reduced
pressure. The resulting residue is washed with a solvent
that does not dissolve the phosphonium salt (Iy, to
remove the palladium compound used, and the desired
phosphonium salt (I) is obtained.

In combination with the above palladium compounds,
the phosphonium salts (1) give the telomerization
catalysts (I) of the present invention. The
telomerization catalysts (I) contain no alkali metals,

thereby forming no alkali metal hydrogencarbonate or

15



pressure. The resulting residue is washed with a solvent that does rggt
di ssol ve the phosphoniumsalt (1), to renove the palladium corrpoljﬂcf 1004
used, and the desired phosphoniumsalt (1) is obtained. In conbination
wi th the above pal |l adi um conmpounds, the phosphoniumsalts (1) give the

tel omerizgty on; catdl ysts Gl ohthe present dowenti dprdhethe above
tel omerization catalysts (1) contain no alkali netals, thereby formng

no al kal i, met al, ;hydr ggencarhopat,e, of, 15519 E BB RO94 2d Kalin metedd ction
car bonat & ‘that pv%u%jéggdr m%t he above precipitates, even when the

tel onerization reaction  Jiauid G abng Jydregencardenateonaee ion.
car bonat & iHh* ¢ T W x éjcgg%?gi%n%gégy reacting an al kenyl conpound (11)

and a phosphi ne conpound_ (LL1),in, the > f | l-adi &1BuGat alyst
cont ai e T oot FORRAd - " e 2ot 2t o) B e PR e Y

phosphoni um sa (I') and the palladium

compound and hence can,be used as it, i el operl zation: gatal ygt 41)
. O, tREH 2 uPBOFRN bE SSubPER 28" Ellg'fll )?I gt%l ogﬁlflndg%e a reduced

pressure to renpve the reaction_sol ven{tEIE ai.unreacttende al kenyl reapoHRd {4 1)

and the P&kl 2gid®Phe F2EARYIHY resi A& %' Used as a tel oneri zation

catalyst (1) . The concentration of the ggq\%pgoni um %ad(gB&Ld) iaigra Wence

tel omeri AAt9 &R "t APYsE 2AY (cah AAFyE bR de"Fange,

preferably at least 2 noles, nore preferably 4  to, 50 ,

S, N & I).
gram ato®t pal 1wyt dmacont &i ASd 3h £hé© AT ESHbound Uskd. The'
tel oneri zation catal yst

Or, the mixture may be subjected to distillation underx
a reduced pressure to remove the reaction solvent,
unreacted alkenyl compound (II) and the like, and the
resuiting residue is used as a telomerization catalyst
(I} .

The concentration of the phosphonium salt (I) in the
telomerizatibn catalyst (I) can vary over a wide range,
but is preferably at least 2 moles, more preferably 4
to 50 moles, per gram-atom of palladium contained in the
palladium compound used. The telomerization catalyst
(I) may be added to the telomerization reaction zone
either by adding a phosphonium salt (I) and a palladium
compound separately or by adding a mixture of the two.

Next,theprocessforproducingalkadienylcompounds
which comprises reacting a conjugated diene and an active
hydrogen compound in the presence of a telomerization
catalyst (I) is described.

Examples of the conjugated diene are butadiene and

isoprene. The active hydrogen compound includes com-
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(1) may be added to the tel onerization reaction zone either by adding a
phosphoniumsalt (1) and a palladium conpound separately or by JddfEB2084
m xture of the two. Next, the process for producing al kadi enyl conpounds
whi ch conprises reacting a conjugated diene and an active hydrogen

compound i, 4 e Pf gSance afy el Ol 28binalt qataysic (k) | Sedascr ioed.
Exanpl es“of the conjugated di ene are butadi ene and isoprene. The active

hydr ogen .cqrpound, | Belufles SAAS 1845 4B 2008 paunds feavh pg uirnd thax ¢

nol ecul es 't her eof ast one active hydrogen atom Exanples of such

conpounds are_ water, alcohqgls henol QNI 3., 2R REs ndNd a6 baxYl i €
aci ds. C&’rﬁagtreefé ax &t ?al% Sdf %thhee]n gllgo'hgﬁnsm aré ‘met hanol, et hanol , but anol ,

al lyl al cohol, 2--ethyl hexanol ct adi engl I c | &t ehyd £ne
gl ycol, febpént yf °dt %/lﬁgl%,e pee’h?é“@ﬂy? %r%’?o?,h%f%%%ﬁyﬁ o% p?g%arrlne and !

pol yet hyl ene gl ycol. Exanpl es of t henol. s phenal and, 1,
t - but yl pﬁetdb??"écarrplbe%tg%";m nes ngg rre?%ﬁogﬂmgrl]é, d?nee"tthlgpgﬁfén%, !

et hyl am ne, diethyla- mne, butylam ne, norpholine Lperazi 1,
Exanpl es © %f 2 B TAr boxy 5 A&i¥ds aragL?&hr?llc' aci %I':‘egtgje nglaéci d,fPPYCO
propionic acid, adipic acid, benzoic acid and phthalic i.4. .
active hydrogen tchhp8dntc ot R Hésaier’éﬁltg‘”tBOQS‘e wat & ak'q Oaf%é%gﬁea%re a

carboxylic acid. The anounts of the conjugated diepe_ and tiv y en
conpound ausedP&rley © &Y} B edehridiony’ onE]f‘ﬁg“If%és °o$ tt%‘ee gg’r?pnoﬁﬁgs%ggd

and the intended products though, .
phenol,pcresol andgt—butylphenol. Examples ¢of amines

are methylamine, dimethylamine, ethylamine, diethyla-
mine, butylamine, morpholine and piperazine. Examples
of tﬂe carboxylic acids are formic acid, acetic acid,
propionic acid, adipic acid, benzoic acid and phthalic
acid. As the active hydrogen compound, it is desirable
to use water, an alcohol or a carboxylic acid. The
amounts of the conjugated diene and active hydrogen
compound used are, varying depending on the types of the
compounds used and the intended products theough,
’ preferably in a range of 0.3 to 20 moles of the active

hydrogen compound based on one mole of the conjugated

diene.
Additives may be used for the telomerization, 1in
order to increase the reaction rate. Examples of usable

additives are bases such as aliphatic tertiary amines,
e.g. trimethylamine and triethylamine; salts of these
bases with acids such as carbonic acid, phosphoric acid,

acetic acid, boric acid and methanesulfonic acid; and
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preferably in a range of 0. 3 to 20 noles of the active hydrog 004
conpound based on one nole of the conjugated diene. Additives m@el
used for the telomerization, in order to increase the reaction rate.
Exanpl es of usable additives are bases such as aliphatic tertiary
amnes, e.q. trinmethylampe and,triethylamyne;,salstsh 0t otthese cihasana
with aci 8§ ag%cﬁcégg%ar bsounfg aacgd,bop %gphaor%'acgi)d, sPZé:et c acid, boric
acid and net hanesul fonic acid; and, 17 19 EEB 20Q4, weak.agi,ds, nSUEhod% n
bori c acPB,erb%SSphowglfsr Sci'd BRd bﬁenuog?dvmaergeocwat er i s used ?s)&t he
active hydrogen conpound, it is desirable to_ use as j{iy& dhen

car bonat & °&YP dYdrfogenidar bnat & Sof* %ﬁlén‘l i lﬁ)ﬁ’atlf%gt et 5‘?’9 %gﬁ‘ld he. Where no
tertiary am ne or quaternary anmoniumion _is.present. | reaet sy
zone, the&2agHvRPRdM UhF sy 8 X Q9 § "ESTsT PR %gofhaent%:iol }P?tztgtecl on cat al yst
(1) is wpresent as it is. On the other hand, where a tertiary amne or
quat er nay@mdeni umion is present in the reaction zone, the phosphonium
salt (I) is considered to be in equilibriumw th a phosphonium salt.
represented Wyetite menérdt F8EMIIATERE K RIR R E PTRY RIY (T
HH R3--SB NR'"' Z\'"-R 6

is present in the reaction zone, the phosphonium salt
{I) constituting the telomerization catalyst (I) 'is
present as it is. On the other hand, where a tertiary
amine or guaternary ammonium ion is present in the
reaction zone, the phosphonium salt (I) 1is considered
to be in equilibrium with a phosphonium salt represented

by the general formula (X).

ET Eg+ R (X)
RE-VCTPER? R:: B
| 4 H “R3—s0; N—R".Z

wherein R}, R?, R?, R?, R! and R® are as defined above,
R'Y represents a hydrogen atom or a hydrocarhon group,
R'®, R'!® and R!” each represents a hydrocarbon group and
Z represents a hydroxy group, an alkoxy group, an
alkenyloxy group, an acyloxy group, a hydroxycarbonyloXxy
group, an alkoxycarbonyloxy group ©Or a phenoxy group
which may be substituted.

The telomerization can be carried out by permitting

the active hydrogen compound used to act as a solvent
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R17 wherein R, R2, R3, R7, RB and R9 are as defined above, R’ 13;;32%4
represents a hydrogen atom or a hydrocarbon group, R15, R16 and each
represents a hydrocarbon group and Z represents a hydroxy group, an

al kexy group, an al kenyl oxy group, an acyl oxy group, a

hydr oxycar bonyl oxy, .@r,0up,, an Al kox¥Gar bonyl Xy 9GPy Ok 8 opBENDXyt gt bEp
whi ch nma oﬁetéu%g??%ttehgh%e )-ltaCle\T’ omeri zat i oln ca% be carried out by

permttin t he actiye hydrogep conpou S Gl 4 &S & SOhvent i9
FEB 2004tg()1rmf‘ﬁér redct %%. * ﬁoﬁg\?ep,rel Qﬁg%dg%i %gb?e c%oﬁéff tect the 9l

telonerization in the presence of an _independent o i nt whieh
does not S&RFBeD Y W t égcfji"o%s b’éalty.ar}\ﬁhee?é g\[%/aet érc égﬁs%erg baigth\r?: active

hydr ogen conpound, it is preferred to use an organic sol t of . :

sul f ol an¥? t YFnethy R SSUPf &t d& gy £R& 4Y ke, " Y RTPH ‘%’i‘c&|°a’?¥§3ﬁéél ane in
view of the reaction rate. The telonerization is carried ou%lpigkqggpgy
at a tepperBEAMEfn Bor algel of2 B0 $6IFODES ndCe HFBfer&fly SThna range
of 60 to 80C . On effecting hydrodinerization wth use of mateer§ltE%
active hydmogen chnpodrit *tle aeakh Foh iike desPr BBINE e8P BH ot ih FAS
presence of carbon dioxide. In this case, any carbon dioxide that wll
be presentn asiear bod diloxi decénttidenrée®&ci®on zone can be used, and its

exanpl es include nol ecul ar carbon dioxide, carbonic acid, carbqnate§ or
hydr ogencarbonhe telomerization is carried out preferably at 3

temperature in a range of 40 to 100C, mecre preferably
in a range of 60 to 80°C. On effecting hydrodimerization
with use of water as the active hydrogen compound, the
reaction is desirably carried out in the presence of
carbon dioxide. In this case, any carbon dioxide that
will be present as carbon dioxide in the reaction zone
can be used, and its examples include molecular carbon
dioxide, carbonic acid, carbonates Or hydrogencarbon-
ates. Where one wishes to use molecular carbon dioxide,
it is possible to carry ouvt the reaction under a8 pressure
of carbon dioxide, in order to increase the solubility
of molecular carbon dioxide in the reaction liguid. The
reaction pressure can be selected from a range between
0.10 to 9.9 MPa (absolute pressure)

which includes the vapor pressures of the
conjugated diene, the reaction product and solvent at
the reaction temperature. On this occasion, an inexrt gas
such as nitrogen or argon can be present in combipation.

Although the reacticn may be carried out batch-wise, 21t
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ates. \Wiere one w shes to use nol ecul ar carbon dioxide, it is pOiZ}éﬂﬂ
to carry out the reaction under a pressure of carbon dioxide, 1004
"to increase the solubility of nolecular carbon dioxide in the reaction

liquid. The reaction pressure can be selected froma range between 0.10

to 9.9 MPa (apgglyte, pressute) whichyingl udes,the vaper pesswes of dihe
conj ugate di ene, the reactl on product and solvent at the reaction

tenperature On this a[ﬂlgr:& é"‘ﬁ' inert gas such as nitrogen or argon

can be pFesen o aco ination Al though the reaction may be carried out

bat ch-w se, |,}; 19 19 55%82994 i.s; desi rcag){gltos,grrpl @y, a gqﬂgbgticg@ngrocaess
for comerciaf® pr oduction. fe te omer| s&ti%on catal yst (1) corrpr| Sing a

phosphoni um sa p | adi um i ft ti
the tel oferg SZB&‘ °dh121§e63r125 g énan T éc \r;ge)?ggqu r%rrrh t@he r%ggﬁngm g?t}(rger by

distillation, extractlo or_like nethods t.ni s occasi.o trac on
i s prefeFQO8L &gl ©Yed,® twhi ¢ Fnsur &3° Imltﬂzatdl?gt’lorg?loannro?)gc{] ard

catalytic activity and a |long- period.circul ative use of the;qat Lyg
conponent€ ¢ THE * €%t F4ART ot Hay T pEF £I r@d *HP T For® BxanpT 6 'su jectl ng
the reaction mxture after conpletion of th t el orrerlzatlog to  trac-
extract i 6rk W £ tahe BxtOr%act £ § aBBA ° DY - a 86‘I Veht St HAE SRt Ret T X T T h
the reaction solvent wused. Since the tel orrerl ation cat aIu sts (Ht(%fléhe
present itrveRti &f have &Riddh! hat BFFsiot Uity P t§E ot P

deterioration of the catalytic activity and a long-
period circulative use of the catalyst components. The
extraction may be performed by, for example, subjecting
the reaction mixture after completion of the
telomerization to extraction with an extracting agent
of a solvent that will not mix with the reaction sclvent
used. Since the telomerization catalysts (I) of the
present invention have a high water-solubility, use of
a reaction solvent comprising water permits the catalyst
components to be separated easily. The thus separated
catalyst components can be returned as they are to the
reaction zone and thus circulatively used, which
procedure suppresses loss of the catalyst components.

Next, the process for producing phosphine compounds
(ITI) from sulfonic acids (IV-1) is described.

The reaction of a sulfonic acid (IV-1} and an amine
(V) is performed in a2 solvent of an acyclic ketone having
6§ to 9 carbon atoms. Examples of the acyclic ketone are

4-methyl-2-pentancone, 5-methyl-3-heptanone, 2-
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a reaction solvent conprising water permts the catal yst conponents to
be separated easily. The thus separated catalyst conponents canil§eftB 2004
returned as they are to the reaction zone and thus circulatively used,
whi ch procedure suppresses | oss of the catal yst conponents. Next, the

process focg:r QL%%CE ”931_999%% P& CONRRQUNES  {h ko £ & OM suhfeané c Aevds ic
i

(I'V-1) is described. The reaction of a sulfonic acid (I1V-1) and an am ne

(V) is perforpmed in_a salv of ycld | fqkef one havid@nbt d £t 9 oaardon
at ons. E%aerﬁ)?gs? Sofm?ﬁe%aecylgp%g kee?g}rjlgcrare lcf (r:}r}tet hyl -12- penrtnanone,

5- et hyl - 3- hept anone, 20.19 FF.EB 2 clanone,, 3+ G ANeNe ARdanone
5- nonanotfe.® ThBSE Gcyc Fthkeet%ﬁggem]gggg%uésgd ei t her gngl y%or in
conmbi nation of 2

: Ot b - mat 3 t —
desi r abl 9‘Slj§ie?fl'ﬂ? szgF‘(rl/gﬁtd . ’lhls'\eas g\i%é(ﬁﬁoﬂgsu s&-dmthyd ; 2npent aRenenti s

is uséd Irn such an anmount as to dissolve
sufficiently the sulfonic acid (IV-1) used. ive us ;N d.
econoni c&9 ¥ 9 Adf§T et 3 ”t%élﬁ Ut * Vi g?‘ﬁr 5#5?% F@ czgtC(L)k fo(bﬁ, ga)sgds on’ 1
g of the sulfonic acid (I1V-1), nore preferably 3.t0 on e
basis. WEPHC BAE ahBvaS Pt ti ,ect%‘éoé‘rﬁchﬁf(l\y) l%se fuééﬁﬁlp%?érg%l%ya?ﬁ&gﬁt
anount of 1.0 to 10.0 noles. based on 1 nole of fhe sulfonic %gilqonic
€ sane

(IV-1), forePprecieradlyyid Hh dfodht BP S €8 2! 09ndl%es 6 t

basis. In order to suppress byproduction_of phosphine gxide i I S one
of inpuriased €& Vel tonP&iffed § Rietde® prdddct c’pEo%n hiPfe © 1§ Iﬁ?%t Eregsll °

reaction is desirably carried out, over the . .
With e%e above reaction, the amine (V) is used

preferably in an amount of 1.0 to 10.0 moles based on
1 mole of the sulfonic acid (IV-1), more preferably in
an améunt of 1.0 to 2.0 moles on the same basis. In order
to suppress byproduction of phosphine oxide which is one
of impurities to be contained in the product phosphine
{IITI), the feaction is desirably carried out, over the
whole process, under an atmosphere of an inert gas such
as nitrogen, argon or mixtures thereof and excluding
oxygen. The reaction temperature is desirably in a range
of 0 to 60C, more preferably in a range of 10 to 30C.
Tf the reaction temperature exceeds 60T, phosphine
oxide will tend to form easily, which is not preferred.
The reaction may be permitted to proceed very long, but
the reaction time is desirably in a range of 0.2% to 3
hours in view of efficiency.

The thus obtained phosphine compound (III) can be
separated from the reaction mixture, for example, as

follows. aAfter the solvent has, as necessary, been
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whol e process, under an atnosphere of an inert gas such as nitrogen,
argon or m xtures thereof and excluding oxygen. The reaction terfoeFER Qe
is desirably in a range of 0 to 609C, nore preferably in a range of 10
to 309C. If the reaction tenperature exceeds 60t phosphine oxide wll

tend to f,qrmm easidy. o ¥Ri Gh ds PRL RrefeF 56t miThe ueacihar My beduced
permtte8 to proceed very long, but the reaction tinme is desirably in a

range of Q.25 tq 3 hours,i LW of . £f Hicd eNgYw a Eiee S tabtai edvent
phosphi ngrceosfr%&fned’ (HQ%) %(]:Daénlna %e sep%r at ed frorr?fhe reaction mxture, for

TOFER200 '3t Pt GHEBHAL 14 BRICHES Gact 5h o 1 iFe Tmder & § educed. "
Bcetate BRNRRAAD T oSBT A Eryht Al i nd " DhEosm her Eampatmacl 155" e
oaction LI Kt uPER & 4 PhoSt: T Bl of Bt il ol VESCTLY" Sret 1Tt on "
phosphi N8 oRBEaNd LRI ) acit B8 s chePS b cpal a1 BT 4° CaNGHari 241 on

catalyst as it is or, as necessary, after purification. by .
recryst aldlii ¥hiildre bt oMk inkhRL e e Joo¥® ‘f’é%c’f féf tc‘_%lglslunpep Jigsphine
contam nation of inmpurities into the phosphipe corTEound SI I |01§QHS (I11)
provi di ng ameopiosphi Ad lconpdifd (1 ¥ £} ™ € hP RicghP parig ys o™ P

can be used for preparation of a telomerization catalyst
as it 1is or, as necessary, after purification Dby
recrystallization or like means.‘

The above reaction can suppress contamination of
impurities into the phosphine compound {(III), thus
providing the phosphine cﬁmpound {III) with high purity.

Next, the process for producing phosphine compounds
{III) from alkali metal sulfonates (Iv-2) is described.

The reaction of an alkali metal sulfonate (IV-2) and
an amine (V) is carried out in the presence of at least
one molar equivalént of water relative to the alkali
metal sulfoante {IV-2}. It is preferable to use the
alkali metal sulfoante (IV-2) as its hydrate.

The reaction is carried out in the presence OFI
absence of a solvent. Where the alkali metal sulfonate
(IV-2) used is soluble in the amine (V}), use of a solvent
is not always necessary. However, where the sulfonate
is hardly soluble or insoluble in the amine ({(V), it is

desirable, in order to increase +the reaction rate, to
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Next, the process for produci ng phosphi ne conpounds (Il1l) froma ha}gg 2004
nmetal sulfonates (IV-2) is described. The reaction of an al kali tl
sulfonate (1V-2) and an amne (V) is carried out in the presence of at

| east one nolar equivalent of water relative to the alkali netal

sul foant @ {4} ¥y2hud te & Prefarabhei hor use phihes edlda@ld £ netsal 1 sulfantene
(I'V-2) as its hydrate. The reaction is carried out in the presence or

absence qf, A, 38Q/vent., Where | h@x%'é@i I eMBt gk nSW £ @Natiey 2 f V-3 tWseds L -
soluble in the am ne , use of a solvent 1is not al vvays necessary.

(
However, £ é%et Welb ubfonal e 4§ DaLdly sphuble g dnselud e 'ﬁxtaf&gpzﬁmsne

(V), it esira in order to increase the reactlon rate

E B 2004 carr tt n ence of ao

sol vent s % atél%alr% edlsgglo{'%@l é?%:r%heigﬁlg‘ffls'nefgalgo nfegﬁgx]gtﬁe (%—I\E/?lza) a%ld

the amng ( e pref erred Exanpl fs of _usat %g ?ol vegtsti@rt%rgégoholg_
o] u

e.g. net harf © atrljﬁandl 1 pro ano 2- propano ‘but an t anol -

met hyl -1 r opanol . and 2- net ro anol gtopes, ;acet ,nes
2- but anor‘:'JO 8 :}ret)hylp "X Bafah ne %ﬁd it msPPfy - BERE angﬁe ﬁg?so
di et hyl et her, tetraet hyl.enegl ycol di me et h trah drofura nd
di oxane; ®an¥- vvaat‘é? °fhese % Fgéhat% °Hay bg E{Tse‘ij}’ gl tzheg SI n’é?y or © % a
conbi nati on_of %) more. O these %ol vents, ethanol Q]r opanol, tqu

i Xt ur es “‘t‘?ﬁef‘é(df‘ SPJtEREHbT§ us8E °The  anoénit? of t%é sol ¥ent Gsed

not partlcularl‘}/hllmted but it is deswabley in a range_ of

tetrae yleneglycol dimethyl ther, tetrahydrofuran
and dioxane; and water. These solvents may be used
either singly or in combination of 2 or more. Of these

solvents, ethanol, 2-propanocl or mixtures thereof is
preferably used. The amount of the solvent used is not
particularly limited, but it is desirably in a range of
0.5 to 100 ml based on 1 g of the alkali metal sulfonate
{IV-2) used, more preferably in a range of 1 to 10 ml
on the same basis, because too much amount impairs
economical efficiency.

With the above reaction, the amine (V) is used
desirably in an amounf of 1.0 to 10.0 moles based on one
mole of the alkali metal sulfonate {Iv-21}, more
preferably in an amount of 1.0 to 5.0 moles on the same
basis.

The reaction is carried out in the presence of carbon
dioxide. If, instead of carbon dioxide, a mineral acid
such as sulfuric acid or hydrochlaric acid is used, the

reaction mixture will contain the amine salt of the
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0.5 to 100 mM based on 1 g of the alkali netal sulfonate (I1V-2) used,
nore preferably in a range of 1 to 10 mM on the sane basis, bec?gq{ @m
much anmount inpairs economn cal eff|C| ency. Wth the above reaction, 't
amine (V) isused desir abl |nanarmuntof1.0t0100

ol es bapeg «n gne 18l & oL the, gl & %aeleomtaafsul onaLe {1y-2), mre. p ¢

ef er n an anount 0O nol es on the sane

basi s. Thereactlonls carrled out i th I nce of, carban (y%d\_ehe
If  instead & £8PEGHh U 6P UL, ¢ A Hief a gagi (c?elsﬁch as su fU?IeC acid or

hydrochlorlc acid is used, the reaction m xt n

salt of &Pé™® 16 FEBIFRA nPReral Y 48i%F &AG t%usnt)aetc%rsre Do oﬁ%ﬁp%ﬁygg
Gaseous carbon dioxide or dry. ice can bhe used as.the . aggon géldebn
O, hydrogénde beRstest r % BTt BsC 2 EA Bede £6 geher dte C&F bon”
dioxide in the reaction zone. The reaction pressure is desirably i £
range ofzo®.el0 tDhe. G8 ¥PA (@bSBF Gt HE s e ¢ SHdreP prefdt abl § ° ¥’ng?i ©
range of 0.10 to 0.59 MPa (absol ute pressure). Unnecessarily hjgh
pressureowit | tonpads tMre ecwsoriiuval prebﬁmcﬁéncworﬁwélf%fa?ﬁﬁw t¥hpfer ARl %
is desirably in a range of 0 to 120C, nore preferably in a range of 50
to got .offhe. Yeaotibrbd iMRe i@bsrﬂit‘ltﬁapﬂfieéﬁ}lé?ﬁy limted though,
desirably in a range of 1 to 20 hours. The thus obtai ned phosphene
conmpoundy & hnld ¢ e e be isepal athegh f ¢ s)mutme peact i onpriit ukde fof c@pdhpre,!

> efficiency. The reactiocn temperature is desirably in a
range of 0 to 120C, more preferably in 2 range of 50
to sot The reaction time is, not particularly limited
thouwugh, desirably in & range of 1 te 20 hours.

Tﬁe thus obtained phosphine compound (III) can be
separzted from the rezction mixture, for example, 25
follows. The reaction mixture contains precipitates of
a byproduct of en alkali metal hydrcgencarbonete OF
carbonate. At first, the precipitates are removed Dby
filtration, centrifugal separation or likemeans. Then,
the solvent is distilled off from the reaction mixture
uvnder 2 reduced pressure, to yield the desired pheosphine
compound (I1II). The obtained phosphine compound {(II1)
can, as necessary, be purified Dby recrystallization.

The sulfonic acids {(IV-1) and alksli meta2l suvul-
fonates (IV-2) cen be derived by an? known process from

the corresponding phosphorus compounds represented by

the general formuls {VI) (hereinafter referred to &3
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follows. The reaction m xture contains precipitates of a byproduct of an
al kali nmetal hydrogencarbonate or carbonate. At first, the precipitates
~are renoved by filtration, centrifugal separation or |ike means.q JRER 2004
the solvent is distilled off fromthe reaction m xture under a reduced

pressure,. Vi t he desired phosphi.ne,, conmpound (lI11). The obtai ned
phosphi ne gﬁﬁ ﬁkgr %bzf°méah?“§§ nggé sa}y, be purified by
recrystallization. The sulfonac acids (IV - |) and alkali nmetal sul -
fonates (I1V-2) can be ddrived by any known process from the

cor respondi ng phosphor us\conmpaun represented by the ﬁgnsral formul a
(VI) (hereinafter referrgd™T6\ 25124 19 F EB 2004 "phosb odus conpounds
(VI)") RL PR3 H(VI) wherein Rl, RZ and R3 are as defined above. In
order to obtain a high*purity phosphine conpound (II1), it is desirable
to use the correspondi ng phosphorus conpound (VI) with high purity.

Al t hough Ysuf £Sniat | Bn: oR “ a2 nghdsphoF éis 2dorfpdtiad V1§ P @ivich- f uhng Isbf Fuficc
acid will give the corresponding sulfonic acid (1V-1) in short steps
and readiq¥t atin} sapriokeds myenetal | phproduéas  Femad wedy { hfde amdunt 3Sof
inmpurities such as disul fonated products and oxidized products. It is

t her ef or ede g éaonmbrdéd tws at thie sto copvr p ng isud f phics meed ¢ Veompound

{(VI}) with high purity. Although sulfonatien of a
phosphorus compound (VI) with fuming sulfuric acid will
give the corresponding sulfonic acid (IV-1}) in short
steps and ?eadily, this process generally produces
relafivelyjlarge amounts of impurities such as disul-
fonated products and oxidized products. It is therefore
recommended to at first convert a sulfonic acid (IV-
1) into an alkali metal sulfonate (IV-2) and, after
removing the above impurities, to convert the alkali
metal salt into the sulfcenic acid (IVv-1) by acid
treatment or like means.

Examples o0of the phosphorus compounds {VI) are
triphenylphosphine, tri{tolyl)phosphine, tri{ethyl-
phenyl)phosphine, tri{propylphenyl)phosphine, tolyl-
diphenylphosphine, di{tolyl)phenylphosphine,
di{ethylphenyliphenylphosphine, tolyl{dimethyl-
phenyl)phosphine, tris(trimethylphenyl)phosphine and
tris{tetramethylphenyl)phosphine.

According to the present invention, there are

provided telomerization catalysts {I) which, on
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1) into an alkali netal sulfonate (I1V-2) and, after renoving the s&ggeﬂm‘
inpurities, to convert the alkali netal salt into the sulfonic aI:

(I'V-1) by acid treatnment or |ike nmeans. Exanpl es of the phosphorus
compounds (VI) are triphenyl phosphine, tri(tolyl)phosphine, tri(ethyl-

h I h j tr. I I hi |yl - di ny| hi ,
oneny!) phoseliner L (pr Py ahenulehasanie, Loy, dLoheryL gL Og

tol yl (di methyl - | ) phosphi ne, " tris(triget hyl phenyl ) phosphi
71 Lot 12hBFt BRCAAT BRASEH ey ACLEF oPng orty thE prasent. Fvbntd b, ©”

there are $rovi ded. t IorrerJ[zation cat al Xsts I&I') which, on 25 19 F EB,
2004 t el ofet ¥ 21'g 2 Eonfidat Bd QP& AftC dnr SCti Rt RydroBeht tBRFAMD L ©
continuouslﬁ over a Ion% period of tinme and on a conmercial scale,
causes no®Pré&ci pi 8dt9 onTd¥® i ndrighfirc  33Fts BRGSO MEREY  arfd bhésphbhilum
salts (1) «constituting the telonerization catal yst (1% and processes
for produtPfg thevddned U8B Sof thesd e X LEArfer? 2at Fért thY &ltyst s {dnsuresd
production of al kadi enyl conpounds from conjugated di enes and active
hydr ogen RBASANEYS Sat IR Hh Pecd ¥ 6/ @t eShénd S BA - sel &g vi eifes,t hFlee
causi ng no Ereci pitation of catalyst conponents or inorganic salts or
the |ike t®tiogi natizrigh  her ef riont 2 Thes bFese®n $ AVEMR | onP alogor < pivi deseo £
hi gh-purity phosphi ne conpounds (I11) that give the phosphoniumsalts
(1), as\@#kag§?mgde§ﬂgppmmds from conjugated dienes and active

hydrogen compounds at high reaction rates and high
selectivities, while causing no precipitation of
catalyst components or idinorganic salts or the 1like
originating therefrom. The present invention alsec
provides high-purity phosphine compounds (III) that give
the phosphonium salts (I), as well as processes for
producing in a simple manner the phosphine compounds
{III) with high purity.

A further understanding of this invention can be
obtéined by reference to specific examples which are
provided hereinbelow for purposes of illustration only

and are not intended to be limitative of this invention.
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producing in a sinple manner the phosphine conmpounds (I11) with high
purity. A further understanding of this invention can be obtained by
reference to specific exanples which are provided hereinbel ow b9 FEB 2004
purposes of illustration only and are not intended to be limtative of
this invegniignR.q, £6:19 F E B 2004 Exanple 1 Synthesis of triethylamoni um
3- (di phenyl phosphi no) - benzenesul fonate 1. Synthesis of sodium

3- (di phe | po)hen e- I.f onat e . 0Q-_ ree-n e _
equi pped%?ﬁgzep{mgr-obﬁm%nggeerfﬁgtliarry%%? lﬁ%%pgi g?g;d%*Er}?nee"l'ya‘gﬁg1 oﬁf[:’lrhg;’g%)
inlet an outl et |ines s charged with 110 g (1.12 noles) of

concent rg)teeragéadﬁ%lr]rlcr} oar(]:}a,lvgl *and 60 g (0.23 nole) of triphenyl phosphine,

dth i i t fl ask | it it . To.th t ent
e At A B R of (Ut Ps e R mr bR P e e

25% by weight; nol es of sulfur trioxide: 0.69 nole) was added dropw se
over 1 hGHTEIRM3 .t he inside tenperature was rmaintained at 25 C. After
conpl etion of _the dropping, stirring was continued for 12 hours at an
i nside tenpefatfilt®Bf 2'%8’56.e ThE ket £dif hk xEedet BB nBd tWhas? dduyed -
dropwi se onto 1.8 kg of ice water under an atnosphere of nitrogen and
hydr ol yz&P Bfd &di 1 ut ed X T - t hE OFR bF Befuaduebudn o dittitohg e 2. 5 N4 ¢ Bran 6f

4- et hyl -Z-Eent anone was added at a roomtenperature and
outlet lines was charged with 110 g (1.12 moles) of

concentrated sulfuric acid and 60 g (0.23 mole) of
triphenylphosphine, and the air in the flask was replaced
with nitrogen. To the contents with stirring 220 g of
fumiﬁg sulfuric acid (content of sulfur trioxide: 25%
by weight; moles of sulfur trioxide: 0.69 mole} was added
dropwise over 1 hour, while the inside temperature was
maintained at 25C . After completion of the dropping,
stirring was continued for 12 hours at an i1inside
temperature of 25T . The reaction mixture obtained was
added dropwise onto 1.8 kg of ice water under an
atmosphere of nitrogen and hydroclyzed and diluted. To
the obtained agueous solution, 1.5 liters of 4 -
methyl-2-pentanone was added at a room temperature and
sufficiently mixed. After the mixture had been allowed
to stand still, the 4-methyl-2-pentanone layer was
separated. To the 4-methyl-2-pentanone layer thus ob-
tained, 120 ml of a 5% by weight agqueous socium hydroxide
solution was added dropwise under an &ztmosphere of

nitrogen, while the inside temperature was maintained
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sufficiently mxed. After the m xture had been allowed to stand still,

t he 4-nethyl - 2- pentanone | ayer was separated. To the

4- et hyl - 2- pentanone | ayer thus ob- tained, 120 m of a 5% by wei§hEB 2004
aqueous sodi um hydroxi de solution was added dropw se under an at nosphere

of nitrogen ile the inside . tenperatu was_mai ntai ned 27 19 FEB 4
at 250C ,9?02 \ggt’raﬁ?zgeiut.rﬁ’ﬁelza?]uéBUs Irr eraﬂfgéaotuaf’(egcyoeu]f rgg’m %Q%

reaction mxture shed with 100 m_ .of _4-nmethyl -2-pent.anon d agai
taken out®By sfrefogf"g?‘i BR. T TRE B Rr Mkt %5ﬁden§é§ha 986"%?0%@@0 t;}rreggf
allowed to cool, to precipitate crys The crystals

80 m and, the tals.
or eci pi t al 88 it &15eaP AP B "9 FAHAd R and @ VABLG AP Yed S8 2 &G * B 67
kPa (5 mmHg) for 2 hours, to yield 35 of a white crystalline sodi um 3-
(di pheny! PA8spHinoT bdaZerestFfehat d déh%cprogt et 022 Bediifpej gt §O0 ml and
triethyl ammoni um 3- (di phenyl - phosphi no) benzenesul fonate A 300-nil
t hr ee- neckB@7f | adK EYBFPpped PR la t her PbREeR 1 t&th 9 r &Y 8FSppt ng fURRel
and nitrogen inlet and outlet lines was charged wth 30_8r (75
m |1 i ol e3¥ Y6ft 2 58dPUre 81 pditpheRy prRosphB i@ DeAEETE 1Y f dddt B2HI° An@n 975
m of water, and the air in the flask was replaced wth nitrogen. To the
cont ent s W th vt + driingd 38 tnlé WL . 50960y id gt sl ari ¢ caci d has aelded ©
dropwi se, while the inside tenperature was nmaintai ned at 25t . After
conpl eti anief & he 3dr opgi nge fsti rri nghvdse cormti naéd ¥binel hewxrd hgman 3-
i nside tenperature of 2500. The reaction
{diphenylphosphino)benzenesulfonate dihydrate.
2. Synthesis of triethylammonium 3-(diphenyl-
phosphino)benzenesulfonate
A 300-ml three-necked flask egquipped with a ther-
mometer, stirrer, dropping funnel and nitrogen inlet and
outlet lines was charged with 30 g (75 millimoles) of
sodium 3-(diphenylphosphino)benzenesulfonate * 2H,0 and
75 ml of water, and the air in the flask was replaced
with nitrogen. To the contents with stirring 38 ml of

50% by weight sulfuric acid was added dropwise, while

the inside temperature was maintained at 25T . After

completion of the dropping, stirring was continued for

1 hour at an inside temperature of 25C. The reaction

mixture obtained was mixed with 130 ml of 4-methyl-
2-pentanone under an atmosphere of nitrogen and, after
the mixture had been allowed to stand still, the 4-
methyl-2-pentanone layer was separated. To the 4-
methyl-2-pentanone layer thus obtained, 8.3 g (82

millimoles) of triethylamine was added dropwise under
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m xture obtained was m xed with 130 m of 4-nethyl- 2-pentanone unde
at nosphere of nitrogen and, after the m xture had been all owed tdgsfﬁﬁ&m
still, the 4- nethyl-2-pentanone | ayer was separated. To the 4-

met hyl - 2- pent anone | ayer thus obtained, 8.3 g (82 mllinvoles) of

triethyl agj i 19EEB2Q04 An. .
1 rogen. T aht o TR s, et ipa L 076 “us i ftai od” ot B3NPy £r0F

tralize i.t. Th ti j densed at 400Q .and_4.0 kP
(30 mb) 25, "2 VBF ARG B 6 M5 o FBr Mt BERR LA & £ Thd T ek A S 0 ks

were separated by filtration and vacuumdried, .t ive 31.6 g | el d:
95% of af“mtﬂbr%omesr.cméieprbaﬂ& a&,aéogéam%dgbﬁﬂaﬁ- de%?oﬁ‘%%i te

| i quid chronato rap[lﬁl &el uent: a 3%/ 65 by volunme 0.01 nol /hl i ter agueous
phosphori® Z&i'd™88! {t§ oAPmet handi® 8|rlfihng.rf-°cloﬁ’bﬁﬁtcb‘é- (376x180 S P*
avai l abl e from Chem cal s Eval uation and Research Institute, Japan), and
found to TRRES T D8 SRE 2L 9+Sd the EolidsHbadithg ’bﬁo’éﬁﬁi“ﬁbméﬁ’gb‘?dll—l-tl\cﬂm
spectronetry and31P-NVR spectronetry of the white powder and atonic
absor pti ohi ¥fal3/’si & BorlthelMd cohbentfed VBAITSH RPYO ST - wakhe Powder
triethylamoni um 3- (di phenyl phosphi no) benzenesul fonate of the formul a

(VI1). | ctdfeem? by 2t L pohderh showdd ¥ hat G¢ had vd d phiPrym df odBt apd Y

(C6H5) 2-P_~4 (VI1) SO3HN(C2H5)3 1H NWR (270 MHz, CD30OD, standard: TN,
ppn) 1.27[¢duent: a 35/65 by volume 0.0l mole/liter agueous

phosphoric acid solution/methanol; column: L-column ODS
{4.6x150 mm, available from Chemicals Evaluation and
Research Institute, Japan), and found to contain 0.8
mole-% of the corresponding phosphine oxide. IH-NMR
‘spectrometry and 'P-NMR spectrometry ¢f the white powder
and atomic absorption analysis for the Na content re-
vealed that it was triethylammonium 3-
{diphenylphosphinc)benzenesulfonate of the formula
‘(VII). Iodometry of this powder shcowed that it had a

purity of 98.5%.

(CeHslP~_) (V1D
SO3HN(C5H5)3

!H-NMR (270 MHz, CD,0D, standard: TMS, ppm}: 6 : 1.27 (¢t,
J=7 Hz, 9H), 3.16 (g, 6H), 7.25-7.84 (m, 14H)

'p-NMR (D,0, standard: B5% phosphoric acid, ppm):
8§ :-5.2

Atomic absorption analysis: Na undetected.

Example 2
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J=7 Hz, 9H), 3.16 (q, 6H), 7.25-7.84 (m 14H) 31P-NWR (020, standard:
85% phosphoric acid, ppm): : -5 . 2 Atom c absorption analysis: ﬁlﬁ 004
undetected. Exanple 2 29 19 FEB 2004 | Synthesis of triethylanmo JIE'IB

3- (di phenyl phosphi no) - benzenesul fonate A 300-ml t hree-necked fl ask

equi pped her - t. t,i Lo i ng.f o )
[ gl e?pandﬂggthlaee% Dﬁi noegn\i\!/gsle%%g?gle#@w tnhd]iﬁggg ?%E%Wnrg%?’ g%bhqgﬁg}

concentr i id and 60 g (0.23 nole) of triphenyl phosphine,
and the gggiz%q-lt%gﬁfllcfcggﬁq\ﬁas replaced with nitrogen. To the contents

with stirring,2 _of. fum ng sul furic acid (content of sulfur _trioxide:
25% by wei ghF; %On% es loftgﬁlefegljrnteﬁko%(?dé‘c?l D> 69 bt lef p\/\?a‘;s g&dte}a adrtolb‘\amxse
over 1 hour, while the inside. tenperature was. naintained at 25§: Afte%
conpl eti Gh°BE G dF bpFinyT SECHE h MmdL bRt AlEd AT 19 SHodrst &f 4R
inside te rature of 259C. The reaction m xture obtained was . added

dr opwi se DAt G o 81Rg OF %S wit®? Fafder Yart ! atlo per Lot i YO48A 'and t
hydrol yzed and diluted. To _the obtained aqueous solution, 1.5 ljters of
4> net hylS22F&M ah8E has BHb8d & £ $58m 2 BApefQt uPe ARd? Suf9 tf ént P§
m xed. After the m xture had been allowed to stand still, the

4- et hy| -2 peRehHA® NagBh Wibs: RPat Ated i TTod ™t RS ULde I ¥ 25pEAPIONE 2

| ayer thus ob- . . _
with nitrogen. To the contents with stirring 220 g of

fuming suwlfuric acid {content of sulfur trioxide: 25%
by weight; moles of sulfur trioxide: 0.69 mecle) was added
dropwise over 1 hour, while the inside temperature was
mainfained at 25C . After completion of the dropping,
Stirring was continued for 12 hours at an inside
temperature of 25TC. The reaction mixture obtained was
added dropwise onto 1.8 kg of 1ice water wunder an
atmosphere of nitrogen and hydralyzed and diluted. To
the obtained agueous solution, 1.5 liters of 4 -
methyl-2-pentanone was added at a room temperature and
sufficiently mixed. After the mixture had been allowed
to stand still, the 4-methyl-2-pentanone layer was
separated. To the 4-methyl-2-pentanone layer thus ob-
tained, 30 ml of triethylamine was added dropwise under
an atmosphere of nitrogen, while the inside temperature
was maintained at 25C, to neutralize it. The reaction
mixture obtained was condensed to a weight of about 250
g, which was then extracted with 200 ml of water. The

water was distilled off under a reduced pressure and 47
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tained, 30 m of triethylamne was added dropw se under an atnosphere of
nitrogen, while the inside tenperature was maintained at 25t, to 19FEB 2004
neutralize it. The reaction mxture obtai ned was condensed to a wei ght

of about 250 g, which was then extracted with 200 ml of water. The

vater es, digt 11 69 of L WIer 2/ pguged prsssyre #nd 17, 30 19FER04,g of

a white solid was obtaln ite so was found anal ySi

triethyl apgrgrgis?uwo%y(di gr}]eyylégr}ossphi F(c))) berg)geg(r)}oes Lg%a]tégé(a%)rﬁn%%gtﬁ rgf Oplaqs-

phene oxi de: le"9% having a purity of f
triethyla ni.um 3-(di phenyl ph hi no) - benzenesul fonate A 60-ni
pressure-g?ggfh%?ﬁé}qu?/‘gg é%llg%g%g%%Faé’ch? °A heof! tRB tEPYFum PhRos-
3- (di phen tIlﬁhosphi no b_en75ene- sul fonate di hydrate obtained in the sane
nmanner a e ARBI%E 1, 24 P T &0 i | Mot 8) 20fPEFitdthyPdni hB%and 20 m

of a 1/1 by volume _m xed |iquid of ethanol and 2- propanol, and the air
in the vés$8PRbS repl aced with carbon dioxide. The inside pressure was
set at 0.29 MPa by carbon dioxide, and the contents were stirred for 10
hours at ShDTHS 8 St ehbef&tivt ehafl BORoN i e chApPdts BRI ROToERG 1no) -
reaction, the precipitates that formed were renoved by filtration, and
the filtra®BafdsedrstiPrédoff under a reduced pressure, to give
precipitates of a white solid. The obtained solid was vacuumdried to
give 4.36 g (i EO™Hgug esfs wr dhirted pdwdérm. s Thee pewderias charged with
4 g of the sodium 3-(diphenylphosphino)benzene-
sulfonate dihydrate obtained in the same manner as in
Example 1, 4 g (40 millimoles) of triethylamine and 20
ml of a 1/1 by volume mixed liquid of ethanol and 2-
propanol, and the air in the vessel was replaced with
carbon dioxide. The inside pressure was set at 0.29 MPa
by carbeoen dioxide, and the contents were stirred for 10
hours at an inside temperature of 80C. After completion
of the reaction, the precipitates that formed were
removed by filtration, and the filtrate was distilled
off under a ieduced pressure, to give precipitates of
a white solid. The obtained solid was vacuum-dried to
give 4.36 g (yield: 98%) of a white powder. The powder
was analyzed by high-performance liquid chromatography
ias in Example 1}, and found to contain 0.2 mole % of
the corresponding phosphine oxide. 'H-NMR spectrometry
and *'P-NMR spectrometry of the white powder revealed

that it was triethylammonium 3-({diphenylphosphino)-

benzenesulfonate.
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was anal yzed by hi gh-performance |iquid chromatography [as in Exan?h%EB 2004
11, and found to contain 0.2 nole % of the correspondi ng phosphi ne

oxide. "H NMR spectronetry and 31P-NWR spectronetry of the white powder
revealed that it was triethyl anmoni um 3-(di phenyl phosphi no) -

benzenesu § Qpat.a t 3% 19 FER 2004 ;i Conparative Exanple 1 Synthesis of
tri et hyl ammoni um 3- (di phenyl’phosphi no) - benzenesul fonate A 100-nl

t hr ee- ne £ equi p ' I - ter,. sti iy -
funnel aﬁé( ﬁitthregéggﬁ i%n e??gnéc,i\eEgultaﬁ%]Fglniln]'{e@naas{%hgﬁjgerelgﬁé\ﬁpthggggngl (2%

m | Iinol f di 3- (di phenyl phosphi no) benzenesul fonate di hy- drate
and 20 mebs% Qﬁe %gﬁé:&naa?]a? “after the air in the flask had been repl aced
wi th nitrogen, t flask was ice-cooled. To the contents w.th stirring
> 84 g (200 P 11 G8T B F RS AR ETT Ra 2R T br P SEPE oAb e E
dropwi se, whil e the inside ten‘Eerature yas maj ntained at 8 r- qQr pel ow.
After codp!BEitSHT of® thé *di bppf AGP P 28 Y @R T Pi Rditds§ 96, tnlet an
triethylam ne was_ added dropwi se under an atnos herg of_Ei t,rocggn, whi |_e
the insi & L &Edpet AfGre WAS el AFSSRdVatE "6t Yord bePow.™ The 1 FRa&c on® £
m xture obtained was stirred for 1 hour at a roomten‘&er ature and under
an at nosprRE YT nidtT bgéR P e R 1R Ve s phech i PARE e AR FAGYAREC sEIt" ¥ hat

preci pitated was separated by filtration by nmeans of , ,
drate and 20 ml ¢f methanol and, after the air in the

flask had been replaced with nitrogen, the flask was
ice-coocled. To the contents with stirring 2.84 g (23
millimoles) of concentrated sulfuric acid was added
dropﬁise, while the inside temperature was maintained
at 8C or below. After completion of the dropping, 7.26
g (72 millimcoles) of triethylamine was added dropwise
under an atmosphere of nitrogen, while the inside
temperature was maintained at 16 C or below. The
reaction mixture obtained was stirred for 1 hour at a
room temperature and under an atmosphere of nitrogen,
’ to give precipitates. The inorganic salt that

precipitated was separated by filtration by means of

suction. The filtrate was condensed under reduced
pressure. To the condensed liguid 40 ml of ethyl acetate
was added, to obtain a white solid. The solid was

separated by filtration by means of suction and vac-
uvum-dried, to give 10.96 g of a white powder. The powder
was analyzed by high-performance liquid chromatography

[2s in Example 1] and found to contain 1.2 mole % of the
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suction. The filtrate was condensed under reduced pressure. To the
condensed liquid 40 m of ethyl acetate was added, to obtain a whi9&EB 2004
solid. The solid was separated by filtration by nmeans of suction and

vac- uumdried, to give 10.96 g of a white powder. The powder was

anal yzed b i.ah- perfo e Liquid. chr ogr aphyymd aspiet Examd €r §] cand
f ound tocc%ﬁpéeiggrlp g%f 1%?{2%&0%% loftﬂﬁen %2%3@&%2004 coer espgr?di ng phosE) i ne

oxi de. 'H NWR spectronetry of _the ite %vgjer reveal ed that; jt was @+
mxture of €tri ey ar?noo‘”r'l?gﬁrﬁ 3E€diep$\,1\2ﬁﬁ pﬁosp i n103e benzenesul fonat e and
salts of sulfuric_acid and trjethylamne, cggt ai niin% )a_bout 90% of the
former. THi5® TR HRMET P Adittht b £ Adt® Af "YeaRP °rdh of “the sul furic acid
used for the reaction remained as the salt vvitfh trile h¥.lam Q%iicp tkal%d
desired prowac” e The WAPed powddd was furt h&! pufi'fied’ By
recrystallization froma m xed solvent of ethyl acetate fndz-gr opagglli,S
but the &bt aerddy lpmoduet s B2 parding P oo ¥ Ohog f Bxafpt 8 148 Sint hédi's
of a phosphonium salt A 100-ml stainless steel autoclave equipped vvith%\
stirrer wassobargetnwiitha0.e048 e 03 214 e $ Fi #BIteP foft P Dat FAdi Uht &céCat®,
20 g (45 mllinoles) of triethyl- amonium )
3- (di phenyd pdosphe no) bérzenesaldftonape, x1Gmgingfdwatér, tiyeg g1t with
2, 7-octadien-l-ol and 55 ml of 1, 4-dioxane, and the air in the
aut ocl ave mas wiephacein eby rcartbend disdxd elé. PA @t esgur e TdFe oW g PP oW d e
(absol ute .
was further purified by recrystallization from a mixed
sclvent of ethyl acetate and 2-propanol, but the obtained
product had a purity of only 94%.
Example 4
Synthesis of & phosphonium salt
A 100-ml stainless steel autoclave eguipped with &
stirrer was charged with 0.048 g (0.214 millimole) of
palladium acetate, 20 g (45 millimoles} of triethyl-
ammonium 3-[diphenylphosphino)benzenesulfonate, 15 ¢
of water, 14 g of 2,7-octadien-1-0l and 55 ml of
1,4-dioxane, and the air in the autoclave was replaced
by carbon dioxide. A pressure of 0.78 MPa (absolute
pressure) was applied and the temperature was
elevated to 80C . The contents were heated and stirred
for 13 hours, and then cooled. The reaction mixture was
taken out and the solvent was removed by evaporation.
The solid that precipitated was washed with diethyl ether

and dried, to give 11 g of a white powder. The white

powder was analyzed by high-performance liguid
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pressure) was applied and the tenperature was elevated to BOt . :be
contents were heated and stirred for 13 hours, and then cool ed. HéleF EB 2004
reaction m xture was taken out and the sol vent was renoved by
evaporation. The solid that precipitated was vvashed wi th diethyl ether

and dried,, e of V\/ni.te owder e S al yzed
by hi gh- per gorrﬁn\réceglfL %h 3°19 IFEF% 55'(?41 ch?gr’mt ogra Eg\e’?eaé }4‘% }rr}lf)l é%
1J, and sh wed no. eak a e positi.on of the startin

ohosphi net B8nBAHE L SSHARE 0L E bt T ¢ PR b0 SEVRILP o BOBA 2a"° -
that it was a phosphoni umsalt of the formula (M11). 1H NWR (270 NHz
CD3OD, std’hdﬁr”dg TS Chpmmet 6y Af 371q $§ 1Y Pomds T HeB6AHL 9B (het
2)1 ) , 1,95-2.08 (m_2H) , 4.30 (dd, J=6.9 and 15 Hz, 2H), 4.88-4.98
(m 2H), 5t31E548 (B © S1H) © 5. \BA- 56930t(mf 21Hye Zopnrlgp (MILdH),
8.10-8.30 (m 2H) Exanple 5 The tel onerization of butadi ene and water
was carrifedNdR 37 0helifzal COWOR, proeessar A: 1T Mist.ep rgh Assd autloct avd was
charged with 123.8 g of water, 121.7 g of sulfolane, 41.2 g of
triethylahmirneZ2B D, 128 @ of 9|dal {adi ibiacét.ad e-andd §. (4.g2df) theé.30 (dd,
phosphonium salt obtained in Exanple 4, and the air in the autocl ave
was repl ated .by eardons dhexi deh ) Thel | hisi-ce. D8s {mpr edB8ur.i zed 3by- zarlBon(m,
dioxide to a pressure of 0.49 MPa (absolute pressure). The tenperature
was 1), 5.64-5.90 (m, 2H), 7.20-7.90 {(m, 12H), 8.10-8.30

{m, ZH)

/\/\/\\/\E—Q (VIII)

SO;”

Example 5

The telomerization of butadiene and water was
carried out by the following process.

A l-liter glass autoclave was charged with 123.8 g
of water, 121.7 g of sulfeolane, 41.2 g of triethylamine,
0.128 g of palladium acetate and 6.4 g of the phesphonium
salt obtained in Example 4, and the 2air in the auvtoclave
was replaced by carbon dioxnide. The inside was
pressurized by carbon dioxide to 2 pressure of 0.49 MPa

(absolute pressure). The temperature was
elevated to 70C, and then 75 ml of 1,3-butadiene was
introduced into the glass auvtoclave and the inside

pressure was adjusted by carbon dioxide at
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el evated to 70t, and then 75 m of 1, 3-butadi ene was introducedlllgwt@gm‘
gl ass autocl ave and the inside pressure was adjusted by carbon dio
at 34 19FEB2004 1.47 MPa (absolute pressure), to initiate reaction. After
30 mnutes, 45 m of 1, 3-butadiene was further added. One hour after
the stary, 4F7hﬁpr 68‘8%%8 ESEELPST‘LGQ o iNgs ¢ 1%&9& 100, Qi 4HE WaS ter 30

Wi t Rens

extracte e hexane ayer constituting the upper
| ayer was, | gigene souty angh apal wzed. pThe, 633l yst b QUi e hdkelaqoed. one
constltutlng t ayel was returned to the reactor. The reaction
was repeated 4 t The results anal ysis on the up ryis
shown i n Tabl% %L} Q%r 57 él%earr% rgr}ﬁel'a‘bf 5¥1 1hat e tca?al ys$¥§l?fferTe}ae
no deactivation and the tel onerization reac |on W%S g%c fessfuh
repeated.* FAA B P PTiMBE T e n Ve v £ 513¢re ¥ 4: exane.
2,7-octadien-l-ol 34 74 87 91 (mllinoles) 1, 7 oct adi en- 3-0 4
3.9 1nj.HREndI%%F "ExardY 8 X6 R epardt ¥ bA o tt:}é?a}’?é’teﬁhﬁp’cfﬁ‘iﬁﬁ ﬁfken
stai nl ess steel autoclave equipped with a stirrer was charged mnth 0. 068
g (0.304 HPElimBI of2 " paMZRfum acet™dte, 207t¢ Y6568 ntiIdhbles) LG er

triethyl- amoni um 3-(di phenxl phosphi no) benzenesul fonate, 16
constituting the lower layer was returned tothé reactor.

The reaction was repeated 4 times. The results of
analysis on the upper layer is shown in Table 1. It is
clear from Table 1 that the catalyst suffered no
deactivation and the telomerization reaction was suc-

cessfully repeated.

Table
Times repested 1 2 3 4
2,7-octadien-1-01l 34 74 g7 91
(imillimoles)
l1,7-octadien-3-01 1.5 2.8 3.4 3.9

Imillimoles)

Example 6
Preparation of catalyst liguid

A 100-ml stainless steel autoclave equipped with a
stirrer was charged with 0.068 g (0.304 millimole) of
palladium acetate, 2.7 g (6.08 millimoles) of triethyl-
ammonium 3-{diphenylphosphinoc)benzenesulfonate, 16 g
of water, 4.28 g (34 millimoles) of 2,7-octadien-1-o0l,
5.51 g (54.6 millimoles) of triethylamine and 17.1 g of

sulfolane, and the air in the auvtoclave was replaced by
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of water, 4.28 g (34 mllinoles) of 2,7-octadien-l-ol, 5.51 g (54.6
mllinoles) of triethylamne and 17.1 g of sulfolane, and the ai 1 9 HEB Hig4
aut ocl ave was replaced by 35 19 FEB 7004 carbon di oxi de. The inside was
pressurized by carbon di ox i det oa pressure of 0.78 MPa

(absol ut@agrbeagﬁue‘a)qxifﬂ% tenpgratur e ups ghaval ed o0, 89Pe o The €oRERH S
were heated wth stirring under the sanme conditions for 13 hours and

t hen cool ed, to_gi a_ cataly, Li quid. AT a i oui alyzed
by hi ghq foéjrxfloéaﬁanéég I?q |fi%cshsf]§)ﬁ§t ogrfapﬁyhﬁalgglé nkéi%?r%}]ée]éj %é/?%nﬁaegh
reveal ed that the triethyl amoni um 3- (di phenyl phosphi no).ben sul f.onat e
had totally been conve? gecf TRPS theEdT r'e8 fortat RY apth%gpﬁcocﬁi é%ngal t .Toné
Exanple 7 The tel oneri zati on of ‘gut adi ene and water was , carrj ﬁg_ oyt

conti nuoti8Py Bt the ¥edi  owP RG 17 Dcedt? T4 B Féact Or, "I % but adine,
water, sulfolane, triethylamne and the catalyst liquid obtained jn
Exanpl e GRSkt &6 ndds| v 1 ed ¢ BT Such "Emolifts” a 982 S¢onstli tut% Y fe @
foll owi ng conposition. The reaction was carried out under a carbon

di oxi de prédsy 8tofl 1987 dPa FaBsOf ate Y 8&sur kY Vaiftl He Sa ?8fper af Ir & Bf
720C and at a residence tine of 1 hour. 1, 3-Butadi ene 6% by wei ght

wat er 2494 byr viek @Hto  Balfot afd 9 v 40% DY T @Biaghe 9 TRR BYhyl &ifi e 788 By P L €
wei ght

ame

1], which revealed that the triethylammonium 3-
(diphenylphosphinolbenzenesulfonate had totally been
converted into the corresponding phosphonium salti
Example 7

T.he telomerization of butadiene and water was
carried out continuously by the following process.

To a reactor, 1,3-butadine, ~water, sulfolane,
triethylamine and the catalyst 1liguid obtained 1in
Example 6 wexre continuously fed in such amounts as to
constitute the following composition. The reaction was
carried out under a carbon dioxide pressure of
1.47 MPa (absolute pressure) and at a temperature of 72%:.

and at a residence time of 1 hour.

1,3-Butadiene : 6% by weight
Water : 24% by weight
Sulfolane : 40% by weight
Triethylamine : 7% by weight
Palladium : 200 ppm

Phosphonium salt: 20 moles based on 1 mole of palladium

The above reaction was continuously carried out for
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Pal I adium . 200 ppm Phosphonium salt: 20 nol es based on 3 nol e of

pal | adium The above reaction was continuously carried out for 3619 FEB 2004
19EEB2004 3 nonths, during which no precipitation of solid such as

i norganic salts was observed. Conparative Exanple 2 Exanple 6 was

repeat ed exeepithBat dihthidg 3wnGdiphgrylphesph Nokkenzengsul § 9n3tL ¥agn
used instead of triethylammonium 3-(di phenyl phosphi no) benzene-

sul fonate; st q P egare: @ Gatal ¥st, 4 iadipd e The £atalyst  liquid was
anal yzed by high-performance liquid chromatography [as in Exanple 1], to

be found ¢pat, 4 g+ 514 & hEp3; f dicphenyl phosphi no) benzenesul fonate had to-
tally been converted into the correspondi ng phosphonium salt. Next,

Exanple 7 vvastr){e%gBtleed e§<ce\9ta A ha}:tedlglgigscegat alyst li qFl'é%Gtwasl g_:(ar?’tiirpuogs_l y

fed instead o catal yst I'i qui d obtained in anp , to carry out a
simlar r i.on_cont.d nuously for 3 nmonths. .Duri the reactjon, ther
nas obser g rrEEnE EASSBI Xoh Me £ BRU T 1 et B AF s raEE hnargted

| i t hi um hydrogencarbonat e. (Cbvi ousl y, .nuneroys nodificatigons and

vartat ot of E T RE 3 bR R TR BNtT oAt BOY I B R 1 GHE SF LM above

t eachi ngs. gtf is therefore to be understoad tha5j W t hin tt]{a scope of the
appended tFairms" 2 /e i hOeRtih® Ay aoecaf)rag‘c*ff&e Gthefwi sé thah2d2tyst
speci fi cai:llguc:lledscri bed herein. 37

was analyzed by high-performance ligquid
chromatography [as in Example 1), to be found that the
lithim 3-{(diphenylphosphino)benzenesulfonate had to-
tally been converted into the corresponding phosphonium
salt; Next, Example 7 was repeated except that this
catalyst liquid was continuously fed instead of the
catalyst liquid obtained in Example 6, to carry out a
similar reaction continuously for 3 months. During the
reaction, there was observed formation of precipitates
of lithium carbonate and/or lithium hydrogencarbonate.
Obviously, numerous modifications and variations of

! the present invention are possible in light 0f the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described

herein.
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19FEB2004 What is clained is: 1. A phosphoniumsalt represented by the
general formula (1) 7RO 111 R3{,CCCFR2HHIR3 S (I) vhFeb 004
R and R2 each represents a phenyl group which nay be substituted by a

| ower al kyl group, R3 represents a phenyl ene group which may be

subst it utwatla by ias | eweri makkyi sgroup, R and RB each represents a hydrogen
atom or a hydrocarbon group having 1 to 12 carbon atons which nay be

subst i t utied manth R p'ePh €86N1sSs At hy 8hQ0edle AL QM ¥y ©h BYSE QG HONEGraMP] a
having 1 to 5 carbon atons which nmay be substituted. 2-. The phosphoni um

salt accqgrdijng to Claim1l, wherein in the general formula (1) R7 and RB
each represents a hydrogen atomor an aliphatic hydrocarbon group havi ng
1 to 12 carbon atons RAd represents a hydrogen atom or an aliphatic
hydr ocar bon group having 1 to ¢arbon atons. 3. The p phoni um sal t
according to d ai gygl; ﬁgmathe general formula dl 3R1 and R2 each
represents a pheﬁ% gﬁg EE NE: hen | group having a nethyl group or
ethyl group, and R repHe ntﬁ?a-f—- henyl ene group or a 1, 3-phenyl ene
group having a nethyl group or ethyl group.

wherein R! and R? each represents a phenyl group which
may be substituted by a lower alkyl group, R? represents
a phenylene group which may be substituted by a lower
' alkyl group, R’ and R®? each represents a hydrogen atom
or a hydrocarbon group having 1 to 12 carbon atoms which
may bé substituted and R?® represents a hydrogen atom or
a hydrocarbon group having 1 to 5 carbon atoms which may
be substituted.
2. The phosphonium salt according to Claim 1, wherein
in the general formula (I) R’ and R?® each represents a
hydrogen atom or an aliphatic hydrocarborn group having
1 to 12 carbon atoms and R’ represents a hydrogen atom
! or an aliphatic hydrocarbon group having 1 to 5 carbon
atoms.
3. The phosphonium salt according to Claim 1, wherein
in the general formula {I) R’ and R? each represents a
phenyl group or a phenyl group having a2 methyl group or
ethyl gro?p, and R? represents a 1,3-phenylene group or
a 1,3-phenylene group having a methyl group or ethyl
group.

4. The phosphonium salt according to Claim 3, wherein
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4. The phosphonium salt according to daim3, wherein 38 19 FEB 208? gr,mm

the general formula (1) RL and R2 each represents a phenyl group t

2- met hyl phenyl group, and R3 represents a 1, 3-phenyl enegroup

or a4- net hyl -1, 3- phenyl enegroup . 5. A process for producing a

phosphoni um sald Fg%enreelsaerlt ed r MY 1the  gengnala formal @ d) ZefPrdskrltsR3 C

1C, J+ R2 HH, SO (I') wherein RL and R2 each represents a phenyl

group whighe n7BY e, SUbst %L'i eﬁleh‘)’h? %%V\aer'i yal k¥lo g5 OUbn 4 RR2 neppesad ¢ sa

phenyl ene groudp which nmay be substituted by a | ower alkyl group, R and

R8 each represe 0 a, bydrocagsbon. graup, havidg o §
£ P%ﬁe%)@i{)e Sub 4 9 and R@pf BpeHy J

carbon atomg Wwh |tute represents a hydrogen a om

or a hydor O%agtkog'cg OSUF% hﬁ‘é‘é"@di‘:ctloné 1?:99 ALAE EQEQH. myeppgéented

substi t uted ai d process conprisi ng re cti n an a conmpoun
represent the ener:irl ffoorrqldlla ) R7 R RCH X H wherein R, RS
and RO art aeef?ﬁ aeaf)ove X repre &lts a hydr oxy group, an al koxy
group, an aI kenyl oxy Fgr%ouE29 an acyl oxy group, a hydroxycarbonyl oxy group,
a,& C g RY (1)
R (I.‘, P\ R
R ‘“’SC&

wherein R! and R? each represents a phenyl group which
may be substituted by a lower alkyl group, R3® represents
a phenylene group which may be substituted by a lower
alkyi group, R’ and R® each represents a hydrogen atom
or a hydrocarbon group having 1 to 12 carbon atoms which
may be substituted and R? represents a hydrogen atom or
a hydrocarbon group having 1 to 5 carbon atoms which may
be substituted,

said process comprising reacting an alkenyl compound

represented by the general formula (II)

oL oy (1 1)
H

wherein R?’, RY and R? are as defined above, X represents
a hydroxy group, an alkoxy group, an alkenyloxy group,
an acyloxy group, a hydroxycarbonyloxy group,
alkoxycarbonyloxy group or a phenoxy group which may be
substituted, and an amine salt of a sulfonated phosphine

represented by the general formula (III)
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al koxycar bonyl oxy group or a phenoxy group which nmay be substituted, and
an am ne salt of a sulfonated phosphine represented by the generdl9 Ly 2004
formula (111) 39 19 F BEd 2004 RR4 P--R3 S H+N -R5 R2 R6 wherein R
R2 and R3 are as defined above and R, RS and R6 each represents a | ower
al kyl group, in,the presence of a palladiumconpound. 6. The process
according to. GRai m5, wherejn in thqa4general formula (1) R7 andRB each

represents hxﬁgog & 0 r+ﬁn/éii hati c hydrocarbon group having 1 to
~12 carbon ong an F@ﬁﬁap jﬂ S &Qﬁydrogen at om or( hn? hDiphatic

hydr ocar bon qQap having 1 to 5 Earqdﬁ atons. 7. The process according
to daimb5, wherein in the general formula (1) R and R2 each represents

a phenyl _groun or.a p ;en%lgﬁgrgqugrhévé 0048 {51 DYl A QYR Q% LIV} 97 2HB.

and R3 représents a 1,3-p I"ene 'group or ‘a phenyl ene group having

a net hyl oup_or et hyl graqup. . The cess_accordin Caim/7
wher ei n iR%rteﬁeChg’éﬁ@r%ng&ﬁwgl 3 ?Io)w'ﬁ ‘gégy% %58Hpr'eplr'gsgr?ﬁ% gk%]ﬁeenrflfe
group or a_2-nethyl phenyl group, and R3 represents a 1, 3-phenyl ene group
or a 4-néi%y?-ﬁf%¥EﬁéHy Bn %Wgﬁﬁf”QQ. A tel onerization catal yst

compri st ng 2 ghospiion um, sl represented by e general, fermi g, (10,7

general formula (I) R’ and R® each represents a hydrogen

atom or an aliphatic hydrocarbon group having 1 to 12
: carbon ateoms and R® represents a hydrogen atom or an
aliphatic hydrocarbon group having 1 to 5 carbon atoms.
7. fhe process according to Claim 5, wherein in the
general formula {(I) R! and R? each represents a phenyl
group or a phenyl group having a methyl group or ethyl
Qroup, and R? represents a 1,3-phenylene group or a
1,3-phenylene group having amethyl group or ethyl group.
8. The process according to Claim 7, wherein in the
general formula (I} R* and R? each represents a phenyl
group or a 2-methylphenyl group, and R? represents a
l1,3-phenylene group or a 4-methyl-1,3-phenylene group.
9. A telomerization catalyst comprising a phosphonium

salt represented by the general formula (1)

cF’f Eg R (1)

N e \+

RS c P\iR2 —
R3—S03

wherein R' and R? each represents a phenyl group which

may be substituted by a lower alkyl group, R’ represents
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R8.C.CI R2 HH~ SO03 wherein R and R2 each represents a phenyl group
whi ch may be substituted by a lower al kyl group, R3 represents 4018%tlp 2004
2004 a phenyl ene group which nay be substituted by a | ower al kyl group,
R and Re each represents a hydrogen atom or a hydrocarbon group having

1 to 12 carper 2y 0's shheh » gray nhe suhsty tyted ANdLRY y €PLESSPt S A ower
hydr ogen atom or a hydrocarbon group having 1 to 5 carbon atons which

may be it ny@andg & I tU i gl I i
nmet al co?réjpgﬁé{dl. u%g-g,uﬁ,e 1t:‘el g%eolr ?igat %%ﬂ?gpsﬁggggr I ngly?% %?gin%%?um

wherei n idy L he, gaferal LOrIU oGl v and, Be each, < epraseny s oafldrogen

atomor an aliphatic group hHaving I to carbon atons an

R9 represme{l)%sb% SWQE%%?{‘UFEE%”‘ Ofqapsaliphati g ;{Iysdrfcﬁr 9‘}%?%%“% a1 Bg

| to 5 carbon atons. & ‘t &1'ofreri zafiton t& yst according to Charm

9, wherein in.the neral _formula (1) RlL_and R2 each _represents

phenyl g BE L BRERT 45 008 A hEPat Al Ayl Sgrots 81 F Ryt grhn 2dnd
R3 represents 1, 3- phenyl ene group, or a 1, 3-phenyl ene_group havi.ng, a
methyl gPoup® BP S hh P iidlips "2 Piiel § BPGHED | SAPPOIR Cat ARyt ARESI AT hY % o
Claim9, wherein_in the %eneral formula (1) RL and R2 each represents a
phenyl grotipdrk &l 2- Mt h§EpHenP °gtdtp, and R3 represents a

1, 3- phenyl ene group or a 4-nmethyl - , ,
10. he telomerization catalyst - according to Claim 89,

wherein in the general formula (I} R’ and R® each
represents a‘hydrogen atom or an aliphatic hydrocarbon
group having 1 to 12 carbon atoms and R? represents a
hydr&gen atom or an aliphatic hydrocarbon group having
1 to 5 carbon atoms.

11. The telomerization catalyst according to Claim 9,
wherein in the general formula (I) R! and R? each
represents a phenyl group or a phenyl group having a
methyl group or ethyl group, and R? represents a
l,3-phenylene group or a 1,3~-phenylene group having a

’ methyl group or ethyl group.

12. The telomerization catalyst according to Claim 9,
wherein in the general formula (I) R} and R? each
represents a phenyl group or a 2-methylphenyl group, and
R? represents a 1,3-phenylene group or a 4-methyl-
l,3-phenylene group.

13. The telomerization catalyst according to Claim 9,
wherein the concentration of said phosphonium salt is

at least 2 moles per gram-atom of palladium contained
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| , 3- phenyl ene group. 13. The telonerization catalyst according to Claim

9, wherein the concentration of said phosphoniumsalt is at | eas{ QFEB 2004
nol es per gramatom of palladium contained 41 19 FEB 2004 in said

pal | adi um conpound. 14. The tel onerization catal yst according to claim

13, wherie' n.t he conclelnt"rati on_of said_.phosphoniumsalt is in a range of
alid a a?lum comqound. . . ; .
4 to 50 nol es per Brama om of “pal*ladium contained in said palladium

conmpound.. 15. prqcess_for, producin n .al kadi_enyl conmpound, . .whi ch
conpri ses 'grl'eacltﬁlhr?g(%aie i%ﬂﬁfg”a?@g i Bne? Wit 3% a&c‘%/?f/él ir'ogefi *éorbotind
in the presence of a tel omeri zation catal yst, characterized in that a
cat al yst "CoRpFEisst n§"& phoBSifdht ifmtsa? B Pepr2deift "By PR RB ig¥herdtt 15
formula (1) ~7 R9 111 R§{,CCCPR2HHI3SO(lI) wherein R _and, R2
each reprigseft & 2P pheMfi Grblp 2bhithledayP BE SULRTIBLE BY & overd APRYI
group, R3 represents a phenylene group which nmay be substituted by a

| oner ald8M tgricupd R ahd lF% RaéH ¥ eprdsenPdPL h)frogen atom or a ’
hydrocarbon group having 1 to 12 carbon atons which may be substituted
and R9 rédpt eserft sP& OfyRIF 8geie at ¢ of U cdl My driotarBone §i Gupy havi dHPP 195

carbon atonms which may .
which comprises reacting a conjugated diene with an

active hydrogen compound in the presence of a
telomerization catalyst, characterized in that a
catalyst comprising a phosphonium salt represented by
the general formula (I)

7 9
R" R
| | R 1
C{s /C-., +/

C 7 PLR?2 (1)
T H N5 3 -
H R —_SCh

R®~
wherein R! and R? each represents a phenyl group which
may be substituted by a lower alkyl group, R? represents
a phenylene group which may be substituted by a lower
alkyl group, R’ and R® each represents a hydrogen atom
or a hydrocarbon group having 1 to 12 carbon atoms which
may be substituted and R? represents a hydrogen atom or
a hydrocarbon group having 1 to 5 carbon atoms which may
be substituted, and a palladium compound but comprising
no alkali metal compound, is used as said télomerization
catalyst.

16. The process according to Claim 15, wherein in the

general formula (I) R’ and R® each represents a hydrogen

atom or an aliphatic hydrocarbon group having 1 to 12
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Al

be substituted, and a pall adi um conpound but conprising no alkali netal
~conpound, is used as said telonerization catalyst. 16. The procesngEazmq
according to Claim15, wherein in the general formula (I) R7 and RB each
" represents a hydrogen atomor an aliphatic hydrocarbon group having 1 to

12 42 19kEEBZPO4 carkons akers and RO keRlSSEeBt © anhydrogen af eemoroAnan
al i phatic hydrocarbon group having 1 to 5 carbon atons. 17. The process

accor di ng 1t 0p =i 1 1Ry JHEERIL 4 R gb%u;ngw qumﬂaﬁ(éargo@rmtaaseach
represents a phenyl group or a phényl ‘group having a nethyl group or

ethyl  group, @pd’ B3 fepresents mgghceayb%%ﬁrgrwp Wn@gelep in the

3-phenyl ene group having a nethyl gro eth group process

accordingsgp ggqyg%%znnyperqu the qgneég };ogg%L% dgﬁﬁ re&? ach

represen a phen group or a nethyl heny eseﬁis a

1, 3- phen Iene group_or . a 4- phen ene 19. The pL

accor di né tO" & &i'm E_’LSph\ﬁf{HgEﬁ %lch‘ép g@ncleﬂgrgt |"b%{§\y sd JL(':IOBll?osp‘?'uonlgﬁ1

salt is at least 2 nole ram at om of_ pal | adi um contai ned in sald
pal | adi UbTRBouna™ 20k THES BFBASE tdccdr i my PY O Bk A0, SAHRPBI Pt he
concentration of said hosphonlun1salt isin a_range of 4 to 50 noles
per gran&at%n?&fe’béﬂleé’(ﬁ §mh CBRLBPASN § i ™l Y paf F REiFUM T Sr’fﬂ’tﬂjﬁcﬁr?fp ‘The

process accordlng to Claim15, wherein the reaction tenperature is in a
range of 180 t §hgooRrocess according to Claim 17, wherein in the

general formula {(I) R? and R? each represent# a phenyl
group or a 2-methylphenyl group, and R’ represents 2a
1,3-phenylene group or 2 4-methyl-1,3-phenylene group.
18. .The process according to Claim 15, wherein the
concentration of said phosphonium salt is at least 2
moles per gram-atom of palladium contained in said
ralladium compound.

20. The process according to Claim 19, wherein the
concentration of said phosphonium salt is in a range of
4 to 50 moles per gram-atom of palladium contained in
said palladium compound.

21. The process according to Claim 15, wherein the
reaction temperature is in a range of 40 teo 100T.
22. The process according to Claim 15, wherein said
gctive hydrogen compound is water, an alcohol or e
carboxylic acid.

23. An eamine salt of 2 sulfonated phosphine represented

by the general formula (III')
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22. The process according to Claim15, wherein said active hydroge
conpound is water, an alcohol or a carboxylic acid. 23. An am ne 'BQIFEB(?W
a sul fonat ed phosphine represented by the general fornula (111") 43 19
FEB 2004 R1 R 41 "P-R3SOG3- HINR61 R2 IRl wherein R and R2 each
represents a phenyl group which may be substituted by a | ower al kyl

group, R3 reer@'bents a phenyl ene g@ap whi ch may be substituted by a

| ower al kyll gnroup, ind R4 , RS- RI each represents a nethyl group
or an ethyl \grofp—R4: ST ai’Mé"saR"of a sul f onat edI piogphi ne” accor di ng
to Claim23l wherein in the genefakgdrmula (111 ) R and R2 each
represents a enyl group or a phenﬁ] group having a nethyl group or an

ethyl group B3 Jepresgutsza J, 3y, erﬁ;/la%%%ggoup pq{eaylb %&gb%wlvﬁ%ch

group having a nethyl group or an yl' group, and

each rep or thyl, The agpng saht of
a sul fongft%1 drgp%os e@?ebgcco cgl 5 @ ?Q&% i a }églﬁgmﬁeroéi?% |§ t he  gener al ®
formula (11]1) Rl .and R7_eac ch Ji§ sent s henyl. . ar

2- met hyl %hé’n%ﬁnyglr%ﬁﬁ, A R gngen‘i %ep M tq”?e ee%r@ﬂ ort QYT
4- et hyl - hen | ene ro

f d t
of a sul faona %BEphléhlé repbrésgnt ghgggﬁtsheoreg;? &2 gr% a{' ?ﬂ]l N )t?ng}l’ll

group or an ethyl group.

24. The amine salt of a sulfonated phosphine according
to Claim 23, wherein in the general formula (I1I') R! and
R? each represents a phenyl group or @8 phenyl group having
a met.hyl group or an ethyl group, R? represents a 1,3-
phenylene group or a 1, 3-phenylene group having a methyl
group or an ethyl group, and R , R® and R® each represents
a methyl group or a2n ethyl group.

25. The amine salt of a sulfonated phosphine according
to Claim 24, wherein in the general formula (IT11') R' and
R? each represents a phenyl group or a 2-methylphenyl
group, 'and R®> represents a2 1,3-phenylene group or a
4-methyl-1,3-phenylene group.

26. R process for producing an amine salt of @ sulfonated

phosphine represented by the general formula (III}

1
F{\ ' /R4
P—R>805 | H'N—R® (111)

wherein R' and R? each represents z phenyl group which

may be substituted by 2 lower 2ikyl group, R’ represents
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RR4 R "P----R8 SO3HENR5 (I I I ) 2 ERS R wherein R and R2 each
represents a phenyl group which may be substituted by a | ower al]‘@’FEB 2004
group, R represents GG 19FEB204 i a phenyl ene group which

substituted by a lower alkyl group, and R, RS and R each represents a

lZB’?éseﬁlﬁébﬁ Py st8l 8 0 FESS3 LOTPY) 4 "0, S50 LI QU0 e

R2 and R3, f|ned Ve, d an Re re esented by the g nera
formula (\ ?zg%d(‘?/) wheér)e?n Rg, ﬁ?‘g% Rgaacﬂe & Ffe? P e ?atbé'vgl i Fan
acyclic getkg/rrle hgvr ng 6 to 9 carbon atons. 27. The process according to
Cl ai m 26, re| he general fornulas Rl and R2 each represents a

phenyl group phen | gro havi ng a neth roup or eth rou
represent$ adl fpﬁeﬁeﬁ ne §F‘b‘8’bl(§r”h 1, §e|§hce’r>;§/f’ ‘gr otip Pﬁ% %etﬁyl
group or ethyl group, and R

represented by the general formula {(IV-1)

R1
\ 3
IP—ﬂQ'SChH (I'V__l)
RZ

wherein R', R? and R® are as defined above, and an amine
represented by the general formula (V)

R*R°R®N (V)
wherein R', R® and R® are as aefined above, in an acyclic
ketone having 6 to 2 carbon atoms.
27. The process according to Claim 26( wherein in the
general formulas R! and R? each represents a phenyl group
or a phenyl group having a methyl group or ethyl group,
R represents a 1,3-phenylene group or a 1,3-phenylene
group having a methyl group or ethyl group, and R', R?

! and R® each represents a methyl group or an ethyl group.

28. The process according to Claim 27, wherein in the
general formulas R! and R? each represents a phenyl group
or a Z2-methylphenyl group, and R? represents a 1,3-
phenylene group or a 4-methyl-1,3-phenylene group.
29. The process according to Claim 28, wherein the
reaction temperature is in a range of 0 to 60T .
30. A process for producing an amine salt of a

sulfonated phosphine represented by the general formula
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5 and R6 each represents a nethyl group or an ethyl group. 28. The
process according to Caim27, wherein in the general fornulas ngﬂ{ﬁlﬁﬁ
each represents a phenyl group or a 2-nethyl phenyl group, and R3
represents a 1, 3- phenylene group or a 4-nethyl -1, 3-phenyl ene group. 29.
The proceggraccording to Claim26, wherein the reaction tenperature is
in a range of 0 to 6000. 30. A process for producing an amne salt of a
sulfonated phosphi ne represented by the general formula 45 19FEB2004 4 R

| "P-R3. S8 R'NR5 (I | 4R wherein RL and R2 each represents
a phenyl group ag 3 ed by a | owner oup, R3
represents a pkeny gﬁé3o dﬁ %ﬁéy be substitut bb g)lomer al kyl
group, and ﬁS and R6 eath repre ts a lower alkyl group, said
process conprrsrng reacting a sulfonic acid alkali netal salt

r epr esent by the_general ;ornula

wher ei n F?egerlﬁzl an aG?e gé:fhr nlt(a éb%?/%né‘nsd i\ Peprrfa%(%/lntgréup '“)h ich

may be substituted by a lower alkyl group, R’ represents
a phenylene group which may be substituted by a lower
alkyl group, and R*, R> and R® each represents a lower
alkyl group,

! said process comprising reacting a sulfonic acid alkali

metal salt represented by the general formula (IV-2)
. R1
P—R3-SO4M
, 3 (I1V—-2)
RZ
wherein R}, R? and R are as defined above and M represents
an alkali metal, and an amine represented by the general
formula (V)
R‘R°REN (V)

! wherein R*, R° and R® are as defined above,
in the presence of carbon dioxide and water.
31. The process according to Claim 30, wherein in the
general formulas R! and R? each represents a phenyl group
or a phenyl group having a methyl group or ethyl group,
R? represents a 1,3-phenylene group or a 1,3-phenylene
group having a methyl group or ethyl group, and R', R’
and Rf each represents a methyl group or an ethyl group.

32. The process according to Claim 31, wherein in the
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an alkali nmetal, and an am ne represented by the general formula (V)
RARSR6N (V) wherein R, R5 and R6 are as defined above, 1in the pr ?ﬁﬁhm
of carbon di oxide and water. 31. The process according to C ai mé )
wherein in the general formulas R and R2 each represents a phenyl group

or a phenyl group_.having a nethyl pup or ethyl grao R3 represents a
1, 3-phe?1§f’eegreagr(f)8pf%lf9§ s1%&3-‘El de%{/l eegaec;’gf"&%r ﬁg\?i”n S o R RYIY 9roup 8
ethyl group, and R, R5 _and R6 _each represents a,nethyl group or an et hyl
group. 33 °rhe pPEEEEEL RAHP dilng?E G P ai i B8, Wherd IFrf‘et‘Plgs463 19 FEB
2004 general fornmulas R and R2 each represents a phenyl group or a
2- met hy | PREMY 1 §GupT F&HP RS ¥ epr dseht § Py 47 3~ phempIehe edrooup ToM R
4- et hyl -1, 3- phenyl ene group. 33. The process according to C aim 30,
wherein the ré&dctioF pressuréaserdiagarige 61 ®im0 $8/1.98BeNmin the
(absol ute pressure). 47

reaction pressure 1is5 in a range of (.10 to 1.08 MPa

(absolute pressure).
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