CATALYTI C SYSTEMS AND METHODS FOR CARBONYLATI ON

FI ELD OF THE | NVENTI ON This invention relates to catalytic
systens useful 5 for carbonylation, and to nmethods for carbonyl ation of
an acetylenic or olefinic unsaturated conpound with the use of the
catal ytic system BACKGROUND OF THE | NVENTION 10
Catal ytic systens and technol ogi es for carbonyl a- tion of an
acetylenic or olefinic unsaturated conpound have been proposed.

Typi cal carbonyl ati o@a&riren§ysTEMS! ARD UMETRODS LIS OXREUNYIITIONSES
all owi ng an acetylenic or olefinic unsaturated conpound to react with

carbon 15 nonoxide and a nucl eophilic conmpound. 1In this t hod, a
carbonyl ati on catal yst conprises a Goup VIII netal source of Periodic

Tabl e of the Elements and a phosphRipRep oF Th®i DweENrzN Ypi cal |igand.
EP- A1- 106379, EP-Al-235864, EP-Al1-274795 and EP- 20 Al-279447 di scl ose

catal ytic systens for m@donaHtion related ol sabgletpal spsiteris awgmind, a
triaryl phosphi ne and a proton acid and nmethods for carbonylation of an
ace- tylseni ceothRirboaiya@tdenpodnd 8odmethodef fou ccarbgmuliation ofwi th
the use of such catalytic systens. 25 Japanese Patent Publication
No. 29212/1993 (Hh acetylBnic?2921d)efiapaneseafateted Apmpoaaid erithaittheopen
No. 176549/ 1986 (JP-A-61-176549), Japanese Patent Appli -

use of the catalytic system.

BACKGROUND OF THE INVENTION

10 Catalytic systems and technologies for carbonyla-
tion of an acetylenic or olefinic unsaturated compound
have been proposed. Typical carbonylation reactions
include a method which comprises allowing an acetylenic
or olefinic unsaturated compound to react with carbon

15 monoxide and a nucleophilic compound. In this method, a
carbonylation catalyst comprises a Group VIII metal
source of Periodic Table of the Elements and a phosphine
which is a typical ligand.

EP-A1-106379, EP-A1-235864, EP-Al1-274795 and EP-

20 Al-279447 disclose catalytic systems for carbonylation
comprising a palladium compound, a triarylphosphine and
a proton acid and methods for carbonylation of an ace-
tylenic unsaturated compound and an olefinic compound
with the use of such catalytic systems.

25 Japanese Patent Publication No. 29212/1993 (JP-
B-5-29212), Japanese Patent Application Laid-open No.

176549/1986 (JP-A-61-176549), Japanese Patent Appli-



- 2- cation Laid-open No. 72649/1987 (JP-A-62-72649) and Jap-

anese Patent Application Laid-open No. 154646/ 1988 (JP- A- 63- 154646)
di scl ose carbonyl ation catalytic systens conpri sing a bival ent

pal | adi um conpound, an organic 5 phosphi ne and a proton acid, and net hods
for carbonyl - ation of an acetyleni¢c ynsaturated conpound and an ol e-
finic conpound by using the catalytic systens. The Jap- anese Patent
Application Laid-open No. 154646/ 1988 (JP- A- 63- 154646) descri bes

that a honbgeneolsataenPadid-bpenlfo. I #26£5/ D3&F fIreR -2 -726403! hadi Dap-
conmpound than a heter- ogeneous conpound and that a phosphi ne having

a hetero- @nelseC PELEHP APpYSSELtEsn theidr | cRhasakiseg 1886, (3B-an
i nert solvent, N-nethyl pyrrolidone is preferred. Furt her,

Japanese Patent AppBi-084628)LaidcLesd SrbodPlat kb PatlalId o pshets215851)
di scl oses a catalytic system for carbonyl ati on which conprises a

Goup VIII netal comprisingr aeboabent opaTlddhine cvmpownd;! eneodirgandc
phosphi ne substituted with an aromatic substitute containing an

I M no-nitrogén aphwsphineoand aoprétomnacid, aand mesodse £o20carbbngh-
al kyl sul fonic acid, and a nethod for carbonyl ation of an acetylenic
unsat ur ated conpatidnanfi an atetyhenic unsatunrgicad) dompionnd hedcahabyerc
system Mbreover, Japanese Pat ent Application Laid-open No.
215852/ 1992 (JP- £igdic compoi88bY)using| e scatalyttdloy tsiys temst. enThen@apsi ng
a Goup 25 VIII netal source, a phosphine having an i m no-nitrogen
anese Patent Application Laid-open No. 154646/1988 (JP-
A-63-154646) describes that a homogeneous compound is
10 rather preferred as the palladium compound than a heter-
ogeneous compound and that a phosphine having a hetero-
cyclic group is used as the organic phosphine and, as an
inert solvent, N-methylpyrrolidone is preferred.
Further, Japanese Patent Application Laid-open No.
15 21585171992 (JP-A-4-215851) discloses a catalytic system
for carbonylation which comprises a Group VIII metal
source of Periodic Table of the Elements, a phosphine
substituted with an aromatic substitute containing an
imino-nitrogen atom, a proton source and an anion source
20 of an alkylsulfonic acid, and a method for carbonylation
of an acetylenic unsaturated compound and an olefinic
compound using the catalytic system. Moreover, Japanese
Patent Application Laid-open No., 215852/1992 (JP-A-4-
215852) discloses a catalytic system comprising a Group
25 VIII metal source, a phosphine having an imino-nitrogen

atom-containing aromatic substituent, a proton source

and an anion source of an alkylsulfonic acid, and a



atom contai ning aromati ¢ substituent, a proton source and an anion
source of an al kylsulfonic acid, and a

- 3 - nmet hod of carbonyl ation of an acetylenic or olefinic

unsat urated conpound with the use of the catal ytic sys- tem There is
described in these literatures, JP-A-4- _ 45 215851 and JP-A-4-215852, that
as the Goup VIIl netal 5 source of Periodic Table of the Elenents, a
conmpound containing the Goup VIIl netal, specifically a pall a-

di um conpound i s JAHYE o ehebbR¢1hE86n A8F CARTEFELY Yerfic or oIRSfdhlikc state.
According to these technol ogies, a nethacrylic 10 acid ester, for

exanpl e, can be qRisiteGtedoBoPblintowith the C@ée/| hethe YLy BIROSy@e and
an al cohol w thout using sulfuric acid in a large quantity.

Therefore, these tem. ThRERNEL0EE8ErabEedSiNethdse t1itidratansisnneFpcpadchydrin
met hod for a production of a nethacrylic acid ester in a 15 point that a

methacrylic aci d A9sy1 ead bp-predaesds2, that tdouthe droins IVEXT medsilr i al
wast es such as waste sul - furic acid. The catal ytic systens
used in the met hadaidvay @f Periodieweable af stigeiElameritsl sachompcamd t hat

they have a 20 short catalyst life although having an initial activity
to a certain exteaudntaminghthet Bepupr VINDt mestal aldmeaistically a gatldlayst for
comercial use. By way of illustration, in carbonyl ati on of an
acetyl eni ¢ unsat Wiamedompopadnds wather prefiéraed etharn gunevlamendt dny @ c
system conprising a cata-
metallic state.
According to these technologies, a methacrylic
10 acid ester, for example, can be obtained from methyla-
cetylene, carbon monoxide and an alcohol withouf using
sulfuric acid in a large quantity. Therefore, these
technologies are superior to the acetone-cyanohydrin
method for a production of a methacrylic acid ester in a
15 point that a methacrylic acid ester can be produced
without exhausting industrial wastes such as waste sul-
furic acid.
The catalytic systems used in the methods have,
however, a significant disadvantage that they have a
20 short catalyst life although having an initial activity
to a certain extent, and thus they are not suitable as a
catalyst for commercial use. By way of illustration, in
carbonylation of an acetylenic unsaturated compound, use
of a heterogeneous catalytic system comprising a cata-
25 lytic component in a metallic state such as palladium

black as the catalytic system results in not so much

high catalytic activity and causes a significant de-



25 | ytic conmponent in a netallic state such as pall adi um bl ack as
the catalytic systemresults in not so nuch hi gh catal ytic activity
and causes a significant de- -4-
crease of the catalytic activity in a short period. When a honobgeneous
catal ytic systemcontaining a pall a- ~dipjum conpound such as pal | adi um
chloride is used as the catalytic system the palladi um conpound is
reduced in 5 the course of the reaction to precipitate as a netallic

si npl e substance dipddie Jreatlel @ALAYFLES) adtivety i gRnd short pendbdas an
organi ¢ phosphine i1s oxidized which results In a decreased catal ytic

activity. When &) hoalgendolEaght & Byt U6 esydteén ppdd dinimgc ampaddd- 10
as a conponent of the above-nentioned catal ytic system in a

carbonyl ation reagiind bonpountds subhesapaliadiwh chloriqmlisdised bs thpi dly
precipitate or dispose in the reac- tion mxture and thus in decrease

of the catal ytic @fralytic slyistieny 8hé pabladiumreémpdund dar redpced én. 15
Further, as set forth in the Japanese Patent Ap- plication Laid-open
No. 215852/ 1992 (tHe AchrikbdF2the reactibenta précipliate\as emmetagdici ng a
Goup VIII elenent ~and an triaryl phosphine as base conponents is
i ncor po- | raiipM tsubdtimcel dnythei neacthen ceysteni angt epddgasd of 20
the catalyst is quite decreased in a carbonylation of an ol efin.
Therefore, in thesunt leed amsiomgaaitephpsphinei he oxidizedothish Fgsuditse as
described in the Japanese Patent
in a decreased catalytic activity.
In fact, a practical use of a palladium compound
10 as a component of the above-mentioned catalytic system
in a carbonylation reaction results in metalation of
palladium to rapidly precipitate or dispose in the reac-
tion mixture and thus in decrease of the catalytic ac-
tivity and reaction rate for carbonylation.
15 Further, as set forth in the Japanese Patent Ap-
plication Laid-open No. 215852/1992 (JP-A-4-215852),
when a catalytic system comprising a Group VIII element
and an triarylphosphine as base components is incorpo-
rated with a tertiary amine, the catalytic properties of
20 the catalyst is guite decreased in a carbonylation of an
olefin. Therefore, in the method using a tertiary amine
such as pyridine as described in the Japanese Patent
Application Laid-open No. 21585271992 (JP-A-4-215852), a
phosphine having an aromatic substituent containing an
25 imino-nitrogen atom (e.g., bisphenyl-2-pyridylphosphine)

is required to be used as the phosphine, and components

for the catalytic system are remarkably restricted.



Application Laid-open No. 215852/1992 (JP-A-4-215852), a phosphi ne

havi ng an aromatic substituent containing an 25 I mno-nitrogen atom
(e.g., bisphenyl-2-pyridyl phosphi ne) is required to be used as the
phosphi ne, and conponents for the catalytic systemare renarkably
restricted. -5 - - 5- Mor eover, the
catal ytic system conprising a palladium conpound as the catalytic
conmponent shows insufficient catalytic activity. 5

SUMARY OF THE | DVEDEBHEN the catalytAeC @yditesl YomptikEngna OpaELadim t he
present inven- tion to provide a catalytic system for carbonylation

havi ng, regardl egsmpbus®ndd | e Gata1§ithicAicympBheAtOshows inSeLLidu gt
stability and high catalytic activity without 10 t he use of a speci al

phosphi ne havi ngcafai i 1©-akt 1A atom contai ning aronatic
substituent, and a nethod for carbonyl ation utilizing such catal ytic
system It is a further object of the invention to provide

a stabilized catal ytic system whereby carbonylation can 15 be carried
out with high transformation ratstMMARYS©FeTHE INVENTIONtYy, and a nethod for
car bonyl ati on using the cata- | ytic system A yet anot her
obj ect of the present Acovedingby) sit is an olpjenti aef &heapalegent dpvesm and
a nmethod for carbony- 20 | ati on whereby a carbonyl ati on product such as
a car- boxglion teipraniia < adimiyitic syistemsfor canbbaypabiiored
having, regardless of comprising a tertiary amine or
not, high stability and high catalytic activity without
10 the use of a special phosphine having an imino-nitrogen
atom-containing aromatic substituent, and a method for
carbonylation utilizing such catalytic system.
It is a further object of the invention to provide
a stabilized catalytic system whereby carbonylation can
15 be carried out with high transformation rate and selec-
tivity, and a method for carbonylation using the cata-
lytic system.
A yet another object of the present invention is
to provide a catalytic system and a method for carbony-
20 lation whereby a carbonylatibn product such as a car-
boxylic acid and a carboxylic acid ester can be produced
by carbonylation of an acetylenic or clefinic unsatu-
rated compound in a stable liquid phase system with
maintaining high transformation rate and selectivity.
25 A still further object of the present invention is

to provide a catalytic system and a method for carbony-

lation which are useful for producing an o,f-ethylenic



by carbonyl ati on of an acetylenic or ol efinic unsatu- rated conpound
in a stable |iquid phase systemw th mai nt ai ni ng high transformation
rate and selectivity. 25 A still further object of the present

i nvention is to provide a catalytic systemand a nmethod for carbony-
| ati on which are useful for producing an [eér]-ethylenic

unsaturated carboxylic acid or a derivative thereof such as net hyl

nmet hacrylate with high transformation rate and selectivity.

After intensive WAKERhEGRbA00aARSy PROUGIN Ik & derBvhlIVAI Eheklgr abouR

objects, the inventors of the present I nvention found that a

combi nation use ¥ Pm, hEB high Reand¢bemaebbR Phtéhana
El ement s except ?%rﬁegﬁ? pa%%ééﬁfﬁ%agfnon-heggébcyclic | i gand whi ch does

not con- tagRiachiyfegen atomas a hetero atom and a specific 10
el ectron donative conpound can suppress or prevent de- crease of the

catalytic activity, angte@mnkahbivePho¥Stigaticd &idiaaedrivh Gt aoytic
activity in conbination with an am ne, and that when using platinum

typically speaki ggmpiish tRHE &Bé6we Yobfedtss, ey iedRnitersher bReephesest and
a 15 -carbonylation product can be produced with high selec- tivity.

The present invenhvefthof beendaeKarTa icisinasomh use ofnat GEoapoVEII

findi ngs. Thus, the catalytic systemfor carbonylation (B)
element of Periodic Table of the Elements except for
palladium, a non-heterocyclic ligand which does not con-
tain a nitrogen atom as a hetero atom, and a specific

10 electron donative compound can suppress or prevent de-
crease of the catalytic activity, and remarkably improve
or enhance the catalytic activity in combination with an
amine, and that when using platinum, typically speaking,
the catalytic activity can further be enhanced and a

15 carbonylation product can be produced with high selec-
tivity.

The present invention has been accomplished based
on the above findings.
Thus, the catalytic system for carbonylation (B)

20 according to the present invention comprises a combina-
tion of (Bl) a Group VIII metal source of Periodic Table
of the Elements except for palladium, (B2) a ligand
shown by the following formula (Ib), and (B3) an elec-
tron donative compound having an electron donability AVvD

25 relative to deuterated methanol D of not less than 2:

Rz"%‘

o
Rl 3 (Ib)



20 according to the present invention conprises a conbina- tion of
(Bl) a Goup VIII nmetal source of Periodic Table of the El enents
except for palladium (B2) a ligand shown by the follow ng formula
(I'b), and (B3) an el ec- tron donative conmpound having an el ectron
donability [err]D 25 relative to deuteratgd.nethanol D of not |ess than
2: [err] -7- wherein A
represents a phosphorus atom an arsenic atom or an antinony atom

and Rlerr], R erkwherednRherepresgependestidsphorus atem,eannarsehydr agem
atom an optionally substituted al kyl group, an optionally
substituted al kel agr anpimeny atomi i amdlRY, Rbsnd ®edndepgndengigup, an
optionally sub- stituted cycl oal kyl group or an optionally
substituted reprgkbegtoaphyarogerratomndaR{aptijonay yt sybsitdtutedm an
optionally substituted al kyl ene group, with a proviso that Rl to R3
are not concurr ertlkylhgadougenant opsiondlly substifiuie@ aljevylll grotipl. 8nurce
(B1) may be the other nmetal source than palladi umsuch as platinum
cobal t, 5ni clopitionhddiyusubatiteted. allkenyl @goonp,Ban opfibsadly sub-
phosphorus conmpound of the fornmula (Ib) where Ais a phosphorus atom
such as an or ganistignteghcyeloatkylli geoep a5 an aptional lyr gabssigusephi ne,
for instance. The |igand B2) isBCharacterized by bei ng a conmpound
whi ch does not aryl gseupinox Ret@m@d&clmaygﬁQHQihﬁivﬁ@gmaaniPpﬁé@ﬁggiﬁn1as

a het ero at om The el ectron donative conpound &@3) may be
whi ch- substituted alkylene group, with a proviso that to R

are not concurrently hydrogen atoms.

10 The Group VIII metal source (Bl) may be the other
metal source than palladium such as platinum, cobalt,
nickel, rhodium and so on. The ligand (B2) may be a
phosphorus compound of the formula (Ib) where A is a
phosphorus atom such as an organic phosphine including a

15 tertiary organic phosphine, for instance. The ligand
{B2) is characterized by being a compound which does not
contain a heterocyclic group having a nitrogen atom as a
hetero atom.

The electron donative compound (B3) may be which-

20 ever of a compound having an electron donability AvVD of
not less than 2, and may for example be an amine such as
a heterocyclic tertiary amine, an alkanolamine, an
ether, an ester and others. The catalytic system for
carbonylation (B) may further comprise (B4) an acid

25 (proton acid or Lewis acid).

The catalytic system (B) may be used in combina-

tion with a catalytic system (A). The carbonylation



20 ever of a compound having an electron donability [err]D of not

| ess than 2, and may for exanple be an am ne such as a heterocyclic
tertiary am ne, an al kanol am ne, an ether, an ester and others. The
catal ytic systemfor carbonylation (B) may further conprise (B4) an
acid 25 (proton acid or Lewis acid). _ - The catal ytic system (B)
may be used in conbi na- tion with a catalytic system (A). The
carbonyl ation - 8- catal ytic

system (A) in theaspregeRt sPyesthi Q) COIRNe @resent Aneenbiont comppis¢hl) a
Goup VIII netal source of Peri- odic Table of the Elements, (A2) a

ligand and (A3) @ncombin@€ién o (Al) a GhtRIGVIUE Melth1Mebakce 00f CRent -
Peri odi ¢ Tabl e of the Elements (Al) may be cobalt, nickel, rhodium

pal | a- di ugaee PhBléno Ll Elasunisind A¥) sudhgantiaandTOR3Yaan
rier may be an activated carbon, an oxide of a nmetal or nonnet al
oxide or a clay gcaaral. The specific surface 10 area of the carrier may
be about 10 to 3,000 nferr]/g. The supporting anount of the G oup
VI1I metal seurce (Al)he GroupayIflemetall solmece bofitPeti@ilico Ta0¥ebpfnei ght
relative to the carrier. The ligand (A2) may be a phosphorus
conmpound such as thet Blemenys of yhNimayp s pdobed tandicked rhodiums; pahla-
arseni ¢ conpound such as a tertiary organic ar- sine and the like; or
an antinony conpddinon. oAsplatinum, oma dzompmndpifhsushdwesla pTheopasci d
(a Br nsted acid)
rier may be an activated carbon, an oxide of a metal or
nonmetal oxide or a clay mineral. The specific surface
10 area of the carrier may be about 10 to 3,000 m%®/g. The
supporting amount of the Group VIII metal source (Al)
may frequently be about 0.01 to 20% by weight relative
to the carrier. The ligand (A2) may be a phosphorus
compound such as a tertiary organic phosphine and oth-
15 ers; an arsenic compound such as a tertiary organic ar-
sine and the like; or an antimony compound. As the
acid, use may be made of a proton acid (a Br nsted acid)
such as an arylsulfonic acid, an alkylsulfonic acid, a
carboxylic acid, a hydrohalogenic acid, sulfuric acid,
20 nitric acid, a phosphoric acid, a perhalogenic acid and
so on.
According to the method of the present invention,
an acetylenic or olefinic unsaturated compound is al-
lowed to react with carbon monoxide in the presence of
25 the catalytic system (B) to produce a carbonylation

product. Further, the reaction may also be conducted in

the presence of a nucleophilic compound having a hydro-



such as an arylsulfonic acid, an al kylsulfonic acid, a car boxylic
acid, a hydrohal ogenic acid, sulfuric acid, 20 nitric acid, a phosphoric
acid, a perhal ogenic acid and so on. According to the

met hod of the present invention, an acetylenic or olefinic

unsat urated conpound is al - | owed to geact with carbon nonoxide in
the presence of 25 the catalytic systenl?B) to produce a carbonyl ation
product. Further, the reaction nay al so be conducted in t he presence

of a nucl eophi | i gepoERBMGnNBM! BEn BEYLES or eliminated (for example, a
-9- gen atom which can be left or elimnated (for exanple, a

conpound havi ng @ofip@tady haginygPa Shigdrésy VWeg:Sup &uchl @& water,hah, adico-
carboxylic acid and the like) to give an unsatu- rated carboxylic

acid, a saturategolgr boxpkrbexgti€ atid arkd dgid Vialkie)e tohegieelf aruahsasuan
ester or anhydride of the carboxylic acid corresponding to the

acetylenic or ol e@ated carbbkgliosatidatedsanmeatedl. carboxylic acid or a
DETAI LED DESCRI PTI ON OF THE 1 NVENTI ON 10 In this specification, the

term "ol efi nisc udeativative thatedf cougdouasl"amessiermnd ianhlyddddeaofotheund
havi ng an et hyl eni ¢ unsaturated doubl e bond regardl ess of the num

ber of such doublcarborglic acid corrdépondirgd yta dhey stcetylanicnorheler esent
i nvention 15 i s now described in detail. The catal ytic system
(A) in the preserfiinicvensatnrated compound.

DETAILED DESCRIPTION OF THE INVENTION
10 In this specification, the term “olefinic unsatu-
rated compound"” means and includes a compound having an
ethylenic unsaturated double bond regardless of the num-
ber of such double bond.
The catalytic system (A) in the present invention
15 is now described in detail.

The catalytic system (A) in the present invention
comprises (Al) a Group VIII metal source of Periodic
Table of the Elements (hereinafter may briefly referred
to as Group VIII metal source) which is supported on a

20 carrier or support. The Group VIII metal element in-
cludes, for example, iron, ruthenium, osmium, cobalt,
rhodium, iridium, nickel, palladium and platinum. On or
after the yvear of 1990, these elements are classified
into the Group 8 elements (Fe, Ru, Os), the Group 9 ele-

25 ments (Co, Rh, Ir) and the group 10 elements (Ni, P4,
Pt) of Periodic Table of the Elements. As preferred

elements, there may be mentioned cobalt, nickel, rho-



conprises (Al) a Goup VIIl netal source of Periodic Tabl e of the

El enents (hereinafter may briefly referred to as Goup VIII netal
source) which is supported on a 20 carrier or support. The Goup VIII
netal el enent in- cludes, for exanple, iron, ruthenium osn um

cobal t, rhodi um iridium nickel, pakhadiumand platinum On or
after the year of 1990, these elenents are classified into the G oup
8 elenents (Fe, Ru, Gs), the Goup 9 ele- 25 nents (Co, Rh, Ir) and the

group 10 el enent §i¢ii , pPiadium arfd pleftifem, odng $patefdtalhe prefemnted As

preferred ~ elenents, there may be mentioned cobalt, nickel, rho-
- 10 - di Ugte PebbaTE WA® PhIladilurilm Asdgs kRemf | pallydpuefean ed
are cobalt and palladium Anong them palladi um can advant ageousl y be

enpl oyed. The oxad@antagevuEly 1 employedch @hememidaanobensmebertefl
according to the species 5 thereof and is not critically restricted. The
oxi dati on ngabkreb@yerdt acpreid selecked+Acoordingf be thet species
The Goup VIII netal source nay whichever of a si npl e substance of the
metal, or a ponpthadesPnimd nisiqrot critticaldyupesitirictedmenThe Toidaktidiyt i c
system (A) of the 10 present invention is characterized in that high
cat a- | yt i cnambevinyy cBredpeerdidtyaibeed .and@ wai nBai fied fnstanteng
time, even though using such sinple substance of the nmet al .
Exanpl es of the conpofhe GrouheVIEDupetal |seurgmemay whichever of a
simple substance of the metal, or a compound containing
the Group VIII element. The catalytic system (A} of the
10 present invention is characterized in that high cata-
lytic activity can be obtained and maintained for a long
time, even though using such simple substance of the
metal.
Examples of the compound of the Group VIII element
15 include an inorganic acid salt (for instance, a nitrate,
a sulfate, a perhalogenate, a hydrohalogenic acid such
as hydrochloric acid and hydrobromic acid), an organic
acid salt (for example, a sulfonate such as methane-
sulfonic acid, ethanesulfonic acid, benzenesulfonic acid
20 and p-toluenesulfonic acid, a phosphonic acid salt, a
salt of a carboxylic acid having about 20 or less carbon
atoms (for example about 12 or less carbon atoms) such
as formic acid, acetic acid, propionic acid and others),
a halide (a chloride, a bromide and the like), a complex
25 (or a complex salt).and so on. According to the present

invention, even when the Group VIII metal source is a

hydrohalogenic acid salt of the Group VIII metal such as



15 i nclude an inorganic acid salt (for instance, a nitrate, a

sul fate, a perhal ogenate, a hydrohal ogenic acid such as hydrochloric
acid and hydrobrom c acid), an organic acid salt (for exanple, a

sul fonate such as net hane- sul fonic acid, ethanesulfonic acid,
benzenesul fonic acid 20 and p-tol uenesulffioni c acid, a phosphonic acid
salt, a salt of a carboxylic acid having about 20 or |ess carbon
atons (for exanple about 12 or |ess carbon atons) such as formc
acid, acetic aci galpaopuencElecide ardl midieras) corrosioa kahi e hinthirpedde,
a bromde and the like), a conplex 25 (or a conplex salt) and so on.
Accordi ng to theapdesefnll more, i migntcatalyhien adtdrittiye cGnobp Sustaimedl

source is a hydr ohal ogenic acid salt of the Goup VIII netal such as
pal | adi um chl ori der a Losyg¢ périodrafiimean be m nim zed and stil
nore, high catalytic activity can be sustai ned for a long period of
time. As alsi gaddgandstonstiugting theptenplatherthergy may bg
menti oned for exanple OH (hydroxo), an al koxy group such as net hoxy,
et hoxy, propdxy medthbabedyforcexampla Qity(hydroxo)gr é@p adfoKyagraupt §Rchnd
propi onyl groups, an al koxy- car bonyl group such as net hoxycar bonyl

(acetato) and as methoxycaebhomy. @Prapoxyand lbaterynSrouprsy cRBpaaYadi enyl
10 group, benzylidene group, benzylideneacetone, benzyl -

i deneacet yl acet og&ouUpeaugh| dem@ygp&;@mpi@w lggoups, angplker¥ne such
as cycl ooct adi ene, a hal ogen atom such as chl orine atom and brom ne
atom CO, CN, ox¥gERoRYSnyrepR$ych as methoxycarbonyl (acetato) and

ethoxycarbonyl group, acetylacetonato, cyclopentadienyl

10 group, benzylidene group, benzylideneacetone, benzyl-
ideneacetylacetone, benzylideneacetophenone, a cyclo-
alkadiene such as cyclooctadiene, a halogen atom such as
chlorine atom and bromine atom, CO, CN, oxygen atom, H20
(aquo)}, a phosphine (for instance, a triarylphosphine

15 such as triphenylphosphine), a nitrogen- containing com-
pound such as NH3z (ammine), NO, NOz {nitro), NO; (nit-
rato), ethylenediamine, diethylenetriamine, pyridine and
phenanthroline. 1In such complex or complex salt, one or
more of ligands of the same or different species may be

20 coordinated.

Examples of the complex include a palladium com-
plex such as acetylacetonepalladium, tetrakis(triphe-
nylphosphine)palladium, bis(tri-o-tolylphosphine)palla-
dium acetate, bis(diphenyl-2-pyridylphosphine)palladium

25 acetate, tetrakis(diphenyl-2-pyridylphosphine)palladium,
bis(di-o-tolylpyridylphosphine)palladium acetate, bis-

{diphenylpyridylphosphine)palladium sulfate and others,



(aquo), a phosphine (for instance, a triaryl phosphine 15 such as

tri phenyl phosphine), a nitrogen- containing com pound such as

NH err] (ammine), NO NJerr] (nitro), NJerr] (nit- rat o),

et hyl enedi am ne, diethyl enetriam ne, pyridine and phenant hroline. In
such compl ex or conplex salt, one or - 1gore of ligands of the same or
different species may be 20 coor di nat ed. Exanpl es of the
conpl ex include a palladiumcom pl ex such as acetyl acet onepal | adi um
tetrakis(triphe- and corP¥sPER&NG NEonitlldxd WH the above-mentioned Group

bi s(tri-o-tolyl phosphine)pall a- di um acet at e,

bi s(di phenyl - 2- pyrirdyhebasghi ne) pal | adi um 25 acet at e,

t et r aki s(di phenyl - 2- pyri dyl phosphi ne) pal | adi um

bi s(di-o-tolyl pyridyl psospei earpabrafsuppace]) ate, cdiventional carrier
(dlphenylpyrldylphosphlne)palladlun1sulfate and ot hers,

andwherebgpansheps Dogmp gty d:ﬁ]é:lmbcaea&gmcoaem@eoum

VIII netals. As the carrier (support), a conventional carrier
wher eby dispersipgnpnbpeanybefimwmovedeﬂqﬂdnhannadvandoaffeatpuaeaurtamebe

I nproved or enhanced and effective surface area can be increased may
be used. Exanpl earef sanhbe increasedmandeidsesdn aExampled ofrsveh a net al
or nonnet al oxi de (including a conpound oxide) such as silica, alu-

m na, silica-al ucanaiemainetude an|activaipte darbond alEEtﬂﬂtQﬁlaonﬁeﬁﬁhy

m neral such as di atonmaceous earth, ka- olin, bentonite, pum ce,

asbestos, al undupkide ¢tnohudimg a compound oxide) such as silica, alu-
mina, silica-alumina, magnesia, silica-magnesia and
10 titania; a clay mineral such as diatomaceous earth, ka-
olin, bentonite, pumice, asbestos, alundum and corundum;
silicon carbide and so on.
As examples of the activated carbon, there may be
mentioned, regardless of its origin, an activated carbon
15 obtainable from whichever of a raw material including a
carbonizable vegetable (plant) raw material such as
wood, charcoal, coconut shell and carbonized products of
these materials; a carbonizable mineral raw material
such as lignite, coal, coal tar and petroleum pitch; a
20 carbonizable polymer raw material such as phenol resin,
furan resin, epoxy resin, acrylic resin and polyacrylo-
nitrile, vinylidene chloride resin. The activated car-
bon may be a product obtainable by any activating pro-
cess or treatment such as chemical activation, steam
25 (agqueous vapor) activation and the like.
Preferred examples of the carrier include an acti-

vated carbon; a metal or nomnmetal oxide such as silica,



silicon carbide
there may be

carboni zable mneral raw nateri a

petrol eum pitch

chem cal acti vat

Preferred exanpl es of pidis qanape) bBCthdecatrierlimay be selaicibdarbon; a

and so on. As exanpl es of the activated carbon,
mentioned, regardless of its origin, an activated carbon
15 obtai nable from whichever of a raw material including a
carboni zabl e vegetable (plant) raw material such as wood, charcoa
coconut shell and carboni zed products of _ lﬁ _these naterials; a
suc

as lignite, coal, coal tar

and

a 20 carboni zabl e polymer raw naterial such as phenol

resin, furafyhSahn(iREOXILAE S} aLiieing ) C sidSica-andmpabhyangytotan-
nitrile, vinylidene chloride resin. The activated car- bon may be

product obtai nabkg b¥nanynaphiveduldr Prahr activateds sagbohl.eat nent such as

ion, steam 25 (aqueous vapor) activation and the |ike

netal or nonnetal oxide such as silica,

- 13 - al
ia, and in parti

¢iraang 86! tHé NBeacEionri e stich @3 suspensiandtypeaand
cular, an activated carbon. Form (shape) of t

carrier may e seligeleBedctype, andaiglifuyr timdtandec powderyt, ygeasutaras

suspensi on type
granul ar,

or so forth.
selected froma
adversely affect

10

15

20

25

and 5 fi xed-bed type, and is for instance powdery,

fFilbrous structure, mellett sstructtures, hionesgowbbstruatunee
The specific surface area of the carrier nay be

vange &fertht as the catalytic activity 10 I s not

ed, and is, for exanple, about

The specific surface area of the carrier may be
selected from a range as far as the catalytic activity
is not adversely affected, and is, for example, about
0.1 to 3,000 m?/g, usually about 10 to 3,000 m?/g, pref-
erably about 10 to 2,500 m?/g, and more preferably about
50 to 2,000 m?/g (for instance about 50 to 1,500 m?/g).
The carrier having a specific surface area of about 100
to 2,000 m?/g may frequently be used. When the specific
surface area of the carrier is too small, high catalytic
activity can hardly be obtained.

The pore volume and mean pore size {diameter) can
be any volume and size within a range wherein the activ-
ity and stability of the catalyst are not sacrificed.

As such, the mean pore size of the carrier may, for ex-
ample in case of the activated carbon, usually about 5
to 200 A, and preferably about 10 to 150 A. The pore
volume of the carrier is for example about 0.05 to 7
ml/g, preferably about 0.05 to 3 ml/g, and more prefera-
bly about 0.1 to 2 ml/g. Exceedingly small mean pore

size or pore volume of the carrier tends to decrease the

a

he



0.1 to 3,000 nferr]/g, usually about 10 to 3,000 nferr]/g, pref-

erably about 10 to 2,500 nferr]/g, and nore preferably about 50 to
2,000 nferr]/g (for instance about 50 to 1,500 nferr]/g). The carrier
having a specific surface area of about 100 15 to 2,000 n2/g may
frequently be used. Wen the specific _ surface area of the carrier is
too small, high catalytic activity can hardly be obtained.

The pore volunme and nean pore size (dianeter) can be any vol une and

Size W thin a I apgeawheiel Bot e 6F! | \convitselyly thedcatabiyst! Yish hae a

catal yst are not sacrifice such, the nmean pore size of the

carrier may, for i@fgency to2P8! ShdFréist vicduir 3% anaksdessr BAOuntsoml |y
about 5 to 200 A “and preferably about 10 to 150 A The pore

vol ume of the cCanhieCmeht pofeCxfs®|ér ahsrd vOWMg.0 7 25 ni/g, preferably
about 0.05 to 3 m/g, and nore prefera- bly about 0.1 to 2 m/g.

Exceedi ngly smal| nMeamuoRting ambuAt 6f PN ECHELPMINN mMdtmlcamures tends
to decrease the - 14 -

catal ytic actsi vi sy GenvRbs8hywitihen catrdngd insofdramsathe catalgency to be
shortened because of an excess anount of t he nean pore size or pore

vol une. ~ actSwpper hbAgthssEb L theofrihep cdtlall yst, aBndodscefos may
be chosen within a range insofar as the catal ytic activity and the

stability of the igattahget,, abodtis,0foto 40% bynstedighd,, aisuallly. eboud 40% by
wei ght, usual |l y about 0.01 to 20% by wei ght, preferably about 0.1 to
15% by 0.01 to 20% by weight, preferably about 0.1 to 15% by
weight, more preferably about 0.2 to 10% by weight and
10 frequently about 0.5 to 5% by weight relative to the
amount of the carrier. When too much small amount of
the catalyst is supported on the carrier, sufficiently
high catalytic activity may hardly be obtained. On the
contrary, too much large amount of the supported cata-
i5 lyst may occasionally result in sacrificing the activity
and stability of the catalyst as well as economical per-
formance.
Supporting of the Group VIII metal source (Al) on
the carrier can be conducted according to a conventional
20 supporting process such as impregnation, coating, spray-
ing, adsorption or precipitation process. By oxidizing
or reducing the metal source supported on the carrier,
the oxidation number of the metal element can be con-
verted to a desired value. By way of illustration, by
25 supporting a compound of the Group VIII metal having an

oxidation number of +2 such as palladium chloride on the

carrier and subjecting the supported compound to a



wei ght, nore preferably about 0.2 to 10% by weight and 10 frequently
about 0.5 to 5% by weight relative to the anount of the carrier. \Wen
too nuch small anmount of the catal yst is supported on the carrier,
sufficiently hi gh catalytic activity may hardly be obtained. On the
contrary, too nuch |arge anount of the squﬁgtgd cata- 15 | yst may
occasionally result in sacrificing the activity and stability of the
catal yst as well as econom cal per- f or mance. Supporting

of the Goup VII 'tfé%ttﬁkn%ob&iﬁﬁ 4AHda8Ring agerdtSucH ldsCiroraalie  cangymt ed
according to a conventi onal supporglng process such as inpregnation,

coating, spray- pie sub@ﬂra@@sgfpih@ntﬁuﬁ"ViIl“ﬂéﬁdID%aﬁﬁ@@ﬁssoxﬁnatlon
oxi di zi ng or reducing the netal source supported on the carrier,

the oxi dation nuii@he®f othe 8BER! af! FSAETdAL@EN Mt aI0Bupported oht ¢let 0 a
desired value. By way of illustration, by 25 supporting a conpound of

the Goup VIII neigzhribavicRd 88 obtalngaldatlon nunber of +2 such as
pal | adi um chl ori de on the carrier and subjecting the supported

conpound to & The catalytic system (A) of the-pAdsent invertitai ment
wi th a reducing agent such as tormalin, a sim pl e substrate of the

Goup VIII netal deataigisaaoiigahdo(az). THMWEIidgnd (ROhmay Eaidqaénlutry
nmet al supported on the carrier can be obtained. 5

catal yti c syst empeAdigfereatpeesnnthe NVEgdndwhich ovwtditutea ﬁhegmledta(LAZ) .
This ligand (A2) may frequently be different fromthe |igand which
constitute the matial compound (complex) of the Group VIII metal as men-
tioned above. Usually, the ligand (A2) comprises at
10 least one phosphorus atom, arsenic atom, nitrogen atom
or antimony atom, and can be coordinated to the Group
VIII element. These ligand can be used singly or in
combination.
Examples of the ligand (A2) include a ligand shown
15 by the following formula (Ia):
Rlz'\‘ (Ia)
R1—A—R
wherein A represents a phosphorus atom, an arsenic atom
or an antimony atom; and R!, R? and R® independently
20 represent a hydrogen atom, an optionally substituted
alkyl group, an optionally substituted alkenyl group, an
optionally substituted alkynyl group, an optionally sub-
stituted cycloalkyl group, an optionally substituted
aryl group or an optionally substituted heterocyclic
25 group, or R? and R® may together form an optionally sub-
stituted alkylene group, with a proviso that R! to R?

are not concurrently hydrogen atoms.



i c compound (conplex) of the Goup VIII netal as nen- ti oned above.
Usually, the ligand (A2) conprises at 10 |east one phosphorus atom
arsenic atom nitrogen atom or antinmony atom and can be coordi nated
to the Goup VI1l elenment. These ligand can be used singly or in
conbi nati on. Exanpl es of the |igand (A2) include a |igand shown
15 by the following fornula (la): [err] wherein A represents a
phosphorus atom an arsenic atom or an antinony atom and Rierr],

Rlerr] and Rlerr] indepengentformud@ (rapr,eshetakkylydgooen aicigdes, for
optionally substituted al kyl group, an optionally substituted al kenyl

group, an ORixamipdlel,y as ghehi ght echai k youry | brarmhed -avhadmt iadkyfll group-
stituted cycloal kyl group, an optionally substituted aryl group or an
optional | y subst iHawimg adbatodytbi t0 E&rbom cupmsrsuibe@s] metdyR. eethyimay
together forman optionally sub- stituted al kyl ene group, with a
provi so that R epxopyd,Rieopkropyl, buat¥l noisawrkylr eed-putydr.ofehulivdns.
- 16 - _ In the formula (la), the al kyl group includes, for
exanpl e, a st& ai glentylai hesylbr haphell, coetyl alngnylgand decyl gweWpPRg about
1 to 10 carbon atons such as nethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec- butRdeferred: plkylsgroppniptludeswy | fomdmsihianasot @ 1owemyl and
decyl groups.
alkyl group having about 1 to 6 carbon atoms, specifi-
cally about 1 to 4 carbon atoms.

As examples of the alkenyl group, there may be

10 mentioned a straight-chain oxr branched-chain alkenyl
group having about 2 to 10 carbon atoms such as vinyl,
allyl, isopropenyl, 2-methyl-l-propenyl, l-butenyl, 2
~-butenyl, 1l-pentenyl, l-hexenyl, l-heptenyl, l-octenyl,
l-nonenyl and l-decenyl groups. Preferred examples of

15 the alkenyl group include an alkenyl group having about
2 to 6 carbon atoms, and in particular about 2 to 4 car-
bon atoms. The alkynyl group includes, for example, an
alkynyl group having about 2 to 10 carbon atoms such as
ethynyl, propynyl, l-butynyl, 2-butynyl, l-pentynyl,

20 1-hexynyl, l1l-heptynyl, l-octynyl, l-nonynyl and l-decy-
nyl groups.

Example of the cycloalkyl group includes a cyclo-
alkyl group having about 4 to 10 carbon atoms such as
cyclobutyl, cyclopentyl, cyclohexyl and cyclooctyl

25 groups. The aryl group includes, for instance, phenyl

group and naphthyl group.

The heterocyclic group includes a heterocyclic



Preferred al kyl group includes, for instance, a | ower al kyl group
havi ng about 1 to 6 carbon atons, specifi- cally about 1 to 4 carbon
at ons. As exanpl es of the al kenyl group, there may be 10
mentioned a straight-chain or branched-chain, alkenyl group having
about 2 to 10 carbon atoms such as vinyl,_ 19 _ allyl, isopropenyl,

2- et hyl - 1- propenyl, 1-butenyl, 2 -butenyl, 1-pentenyl, 1-hexenyl,

1- hept enyl, 1-octenyl, 1-nonenyl and 1-decenyl groups. Preferred

exanpl es of 15 gidigp aldeiaMini@igodpnifebyen atom! &eny h@tenyp dtwm,nGpebout
2 to 6 carbon atons, and in particular about 2 to 4 car- bon at ons.

The al kynyl groupcificddldss anf @romatipl hetéfocyclic agkyuyy) Gumdhaty
about 2 to 10 carbon atons such as et hynyl, propynyl, 1-butynyl,

2-butynyl, 1-penteaydyclizd groliphexheye, mayhept yeytionedctfory lexanplenyryl
and 1-decy- nyl groups. Exanpl e of the cycl oal kyl group

I ncl udes a cycl o-pyridyl adodp guehpaba2ipgridplit gdonp, 16 myardeimyedt greupuch
as cycl obutyl, cyclopentyl, cyclohexyl and cycl ooctyl 25 groups.

The aryl group i michiess X-@yrdazingdcgropbensy! quinolyhrgrgumreiiciapEst A
group. The heterocyclic group includes a heterocyclic
- 17 - gr cnplrogitlaigriowp .a ani Leogeinalypin group hsweh Aasitrisospe-
cifically an aromatic heterocyclic group. As such het- erocyclic
group, there may ®sinmkil @rewp.f &r p¥xinpAdnyh group sueh B8 nRWAHE-such as
2-pyridyl group, a pyrazinyl group
midinyl group, a pyrldazinyl group such as 3-pyridazinyl
group, cinnolinyl group, triazinyl group, quinoxalinyl

10 group, quinazolinyl group and so on. Preferred example
of the heterocyclic group includes pyridyl group, pyri-
midinyl group and so forth.

These alkyl group, c¢ycloalkyl group, aryl group
and heterocyclic group may have a various substitute

i5 which does not affects on the catalytic activity ad-
versely such as a halogen atom, an alkyl group, a hy-
droxyl group, an alkoxy group, a carboxyl group, an
alkoxycarbonyl group, an acyl group, a nitro group or a
cyano group.

20 The halogen atom includes fluorine, chlorine, bro-
mine and iodine atoms. As the alkyl group, there may be
mentioned for instance an alkyl'group having about 1 to
10 carbon atoms such as methyl, ethyl, propyl, isopro-
pyl, butyl, isobutyl, t-butyl, pentyl, hexyl and other

25 groups, preferably an alkyl group having about 1 to 6

carbon atoms and typically about 1 to 4 carbon atoms.

Example of the alkoxy group includes an alkqu



5 such as 2-pyrazinyl group, a quinolyl group such as 2- qui nol yl
group, an isoquinolyl group such as 1-iso- qui nol yl group, a
pyrim di nyl group such as 2-pyri - m di nyl group, a pyridazinyl group
such as 3-pyridazi nyl group, cinnolinyl group, triazinyl group,

qui noxal i nyl 10 group, quinazolinyl groyg and so on. Preferred exanple
of the heterocyclic group includes pyridyl group, pyri- m di nyl group
and so forth. These al kyl group, cycloal kyl group, aryl group
and het erocycl i c ggbapPhaRyngaatsowt VIartoUuo sdrdiont attems]5prefiecablives not
affects on the catalytic activity ad- versely such as a hal ogen atom
an al kyl group, abbut 1 to 6dcardydn crtms sarchalasomgthosyp, ethoxybopryd -
group, an al koxycar bonyl group, an acyl group, a nitro group or a
cyano group. 20poxy, isdpeopekygdrutaixgn iisdhatexyl,l debutexyehpentntoxpr o-
m ne and iodine atons. As the al kyl group, there may be menti oned for
i nstance an al kyandr hegyhaxyngraigmsit Typlcally prefearednadko¥E guewpPas

nmet hyl , ethyl, propyl, isopro- pyl, butyl, isobutyl, t-butyl, gentyl,
hexyl and ot Ber i3&ludgsoaplower eilkery \groum havingr abpultali ig 4bearbanto 6
carbon atons and typically about 1 to 4 carbon atons. Exanpl e of
t he al koxy groupatemsudes an al koxy

- 18 - group having about 1 to 10 carbon atons, preferably about
1 to 6 carbon atons sd¢hthe pdkpsygarbenpkygreyp. there may be men-

tioned for instance an alkoxycarbonyl group having, in
the alkoxy moiety, about 1 to 10 carbon atoms such as

10 methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, iso-
propoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl,
t-butoxycarbonyl, pentyloxycarbonyl and hexyloxycarbonyl
groups. Preferred example of the alkoxycarbonyl group
includes a lower alkoxycarbonyl group having, in the

15 alkoxy moiety, about 1 to 6 carbon atoms, and typically
about 1 to 4 carbon atoms.

The acyl group includes, for example, an acyl
group having about 1 to 6 carbon atoms such as formyl,
acetyl, propionyl, butyryl, isobutyryl, valeryl, iso-

20 valeryl and pivaloyl groups.

R? and R? may together form an alkylene group hav-
ing about 1 to 10 carbon atoms such as methylene, ethyl-
ene, propylene, isopropylene, isopropylidene and tetra-
methylene groups, to form a cyclic group containing A.

25 By way of illustration, R? and R? may together form a
phosphacycloalkylene group having about 3 to 10 carbon

atoms together with a phosphorus atom.



poxy, isopropoxy, butoxy, isobutoxy, t-butoxy, pentyloxy and hexyl oxy
groups. Typically preferred al koxy group 5 includes a | ower al koxy group
havi ng about 1 to 4 carbon at ons. As t he al koxycar bonyl
group, there may be nen- tioned for instance an al koxycarbonyl group
having, in the al koxy noiety, about. Jga 10 carbon atons such as 10
nmet hoxycar bonyl , et hoxycarbonyl, propoxycarbonyl, i so-

pr opoxycar bonyl , butoxycarbonyl, isobutoxycarbonyl, t - but oxycar bonyl ,
pentyl oxycar bonyl and pieferesacakbnpye of the JIDgmsl iredfiriesednexagahe of

t he al koxycar bonyl group I ncl udes a | ower al koxycarbonyl group
having, in the it phakphayusocatyourabown lortgani ccarseniat compoand and
typically about 1 to 4 carbon atons. The acyl group
i ncl udes, for exampbegaahcaagtimony cammpumdaviivigcaldyt ab pvgéniar bbosat ons
such as fornyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, iso-
20 valeryl and phiakoghdganugsganic arsine, Rimnst SpeaxidfiRpdiy] anngrganec her
form an al kyl ene group hav- ing about 1 to 10 carbon atons such as
met hyl ene, eBhyl phosphinene, The opyganis; phagplumeg oay, beswpiopgvedent and
tetra- met hyl ene groups, to forma cyclic group containing A. 25
By way of illust pxiimeny BRosPUiRS {for teypmmibks, Mmethydphosphine, ethyl-
phosphacycl oal kyl ene group havi ng about 3 to 10 carbon . atoms together
wi th a phosphor uphesphine, propylphosphine, isopropylphosphine, isgg -
Preferred exanple of the ligand includes an organ- ,
butylphosphine, isoamylphosphine, phenylphosphine,
cyclohexylphosphine and so on), a secondary phosphine
10 {for instance, dimethylphosphine, diethylphosphine,
diisopropylphosphine, di-n-butylphosphine, diisoamyl-
phosphine, diphenylphosphine, dicyclohexylphosphine and
the like) or a tertiary phosphine. The organic arsine
may also be whichever of a primary arsine, a secondary
15 arsine or a tertiary arsine. Preferred example of such
organic phosphine and organic arsine includes a tertiary
phosphine and a tertiary arsine shown by the formula
{Ia).
Preferable organic phosphine may be an organic
20 phosphine of the formula (Ia) wherein at least one of R!
to R? is an aryl group such as phenyl group or a substi-
tuted phenyl group. The heterocyclic group and the
alkylene group formed by a combination of R? and R are
also preferred as an alternative for the aryl group or
25 as in combination with the aryl group.
As practical examples of the organic phosphine,

there may be mentioned (i) an optiomnally substituted



I ¢ phosphorus conpound, an organic arsenic conmpound and an organic
anti nony conpound, typically an organic phos- phi ne and an organic
arsine, and specifically an organic 5 phosphine. The organi ¢ phosphi ne may
be whi chever of a pri mary phosphi ne (for exanple, nethyl phosphine,

et hyl - phosphi ne, propyl phosphi ne, isogy Qpyl phosphine, iso-

but yl phosphi ne, i soanyl phosphi ne, phenyl phosphi ne, cycl ohexyl phosphi ne
and so on), a secondary phosphine 10 (for instance, dimethyl phosphine,

di et hyl phosphi ne triary1pfokpRPHhE P¥hEH 08P N FiEphetiy IpHdsiphlipeqs pirte -

di i soanyl - phosphi ne, di phenyl phosphi ne, di cycl ohexyl phosphi ne and
the like) or a teelthyiyheh¢3pphosphihe, OFERB & -Aidettylphenyl®phakso be

whi chever of a primary arsine, a secondary 15 arsine or a tertiary
arsine. Preferrghigeameire (2f 458chrime thy Dlgeny ) ghivegplines amd (drgani c
arsine includes a tertiary phosphi ne and a tertiary arsine shown by
the fornul a mefthekyphenyl ) phospPimé £rihi €3 5 -ghimet hplxyphlenyd ) phpsbe an
organic 20 phosphi ne of the fornula (la) wherein at |east one of Rl

to Rlerr] issan ahihegr amp(gducthisropieeryy]l hphogpluimen asudb tirii{ 3, 5-dichilibed
phenyl group. The heterocyclic group and the al kyl ene group formed by
a conbi nati on of rdphenylidpHoRbhing; atkl) a mored -9ty qreefadkydddigryiphos-
alternative for the aryl group or 25 as in conbination with the aryl

gr oup. phAmepsachi eal mekbypd isheriylpteospiyae.c efiyddiphenyl -
there may be nentioned (i) an optionally substituted .
- 20 - phosphine, propyldiphenylphosphine and butyldiphenyl-

phosphine; (iii) a di-Ci-10 alkyl-monoarylphosphine such
10 as dimethylphenylphosphine, diethylphenylphosphine,
dipropylphenylphosphine and dibutylphenylphosphine; (iv)
a tri-Ci-10 alkyl-phosphine such as trimethylphosphine,
triethylphosphine, tributylphosphine, triamylphosphine,
trihexylphosphine and the like; (v) a mono-C4-10 cyclo-
15 alkyl- diarylphosphine such as cyclopentyldiphenyl-
phosphine and cyclohexyldiphenylphosphine; (vi) a &i-
Cs4-10 cycloalkyl-monoarylphosphine such as dicyclo-
pentylphenylphosphine and dicyclohexylphenylphosphine;
(vii) a tri-Cs-10 cycloalkylphosphine such as tricyclo-
20 pentylphosphine and tricyclohexylphosphine; (viii) a
phosphine having a heterocyclic group such as 2-pyri-
dylbisphenylphosphine, bis(2-pyridyl)}phenylphosphine,
tris{2-pyridyl)phosphine, 2-pyridylbismethylphosphine,
bis(2-pyridyl)methylphosphine, 2-pyridylbisethylphos-
25 phine, bis(2-pyridyl)ethylphosphine, 2-pyridylbisbutyl-
phosphine, bis(2-pyridyl)butylphosphine, 6-methyl-

2-pyridylbisphenylphosphine, bis(6-methyl-2-pyridyl)-



triaryl phosphi ne such as triphenyl phosphine, tri(4-

nmet hyl phenyl ) phosphi ne, tri (3, 5-di net hyl phenyl ) phos- phi ne,
tri(2,4,6-trinmethyl phenyl)phosphine, tri(4- met hoxyphenyl ) phosphi ne,
tri(3,5-di net hoxyphenyl)phos- 5 phine, tri(4- chlorophenyl)phosphi ne and
tri(3,5-dichlo- rophenyl ) phosphi ne;_ (44 )- @ nmono-( err]

al kyl - di aryl phos- phi ne such as net hyl di phenyl phosphi ne,

et hyl di phenyl - phosphi ne, propyl di phenyl phosphi ne and butyl di phenyl -

phosphi ne; (iii) phefiylphesphinékytri®(eaietnfoenpyrddyiophotPhines 6-
di met hyl phenyl phosphi ne, di et hyl phenyl phosphi ne,

di propyl phenyl pheapliire -pgeidy boi ypidaeyipidestping)e bisi(\6)-ethyl-2apyri- C err|]
al kyl - phosphi ne such as trinethyl phosphi ne, tri et hyl phosphi ne,

tri butyl phosphi ndaytinipheplybphesbhime, tris(6-+eétiyplH2eheynriiidyd )phdsphine| ke;
(v) a nmono-Cerr] cyclo- 15 al kyl - di aryl phosphi ne such as

cycl opent yl di pheybutyl-2-pphbdphbieplenly Iphodsphcng ,dibdlsd 6y-bplkydpRi-ne; (Vi)
a di- C err] cycl oal kyl - nonoar yl phosphi ne such as dicycl o-

pentyl phenyl Shos plyinidyadghengiphosphdmehctmd pifodpttivie 2 -pyridylyphpsa
tri-Cferr] cycl oal kyl phosphi ne such as tricyclo- 20 pent yl phosphi ne and
tricycl ohexyl phopblines; 4¢6rainethyl-2-pyhidypitisphenylphosphiner o6yserh-
group such as 2-pyri- dyl bi sphenyl phosphi ne,

bi s(2- pyri dyl ) phoxyt-ghdypifimdbisphenylphegphing.i dyJS)(ﬁha@mom 2-pyr-

2- pyri dyl bi smet hyl phosphi ne, bi s(2-pyridyl ) nmet hyl phosphi ne,

2-pyri dyl bi set hyiigydd phepglphoaphine b tris etHopat-7y PR 44T BROS -

2- pyridyl bi sbutyl phosphi ne, bi s(2-pyridyl)butyl phosphi ne, 6-nethyl -
2-pyridy|bisphen?PﬂﬁGspﬁrﬁ81°593%GP$¥$¢X4bégqﬁﬁﬂX$H?PSPhine' bis{6-

10 chloro-2-pyridyl)phenylphosphine, tris(6-chloro-2-
pyridyl) phosphine, 4,6-dichloro-2-pyridylbisphenyl-
phosphine, 6-bromo-2-pyridylbisphenylphosphine, bis{(6-
bromo-2-pyridyl)phenylphosphine, 2,6-bis(diphenyl-
phosphino)pyridine, 2,6-bis{di-p-tolylphosphino)pyridine

15 and so on; (ix) other phosphine such as ethane-1,2-diyl-
bisdiphenylphosphine, ethane-1,2-diylbis[bis{(trifluorocme
thyl)phosphine], ethene-1,2-diylbisdiphenylphosphine,
ethyne-1,2-diylbisdiphenylphosphine, 1,2-phenylene-
bisdiphenylphosphine, hexafluorocyclopentene-1,2-4iyl-

20 bisdiphenylphosphine, tetrafluorocyclobutene-1,2-diyl-
bisdiphenylphosphine, octafluorocyclohexene-1,2-4diyl-
bisdiphenylphosphine, 1,4-diphenyl-1,4-diphosphacyclo-
hexane, bis(1,2-diphenyl)phosphinomethylcyclobutane and
so forth.

25 As preferred organic arsine, there may be men-
tioned an organic arsine corresponding to the preferred

organic phosphine as mentioned above, including an op-



- 21 - phenyl phosphi ne, tris(6-nmethyl-2-pyridyl)phosphine, 6-
et hyl - 2- pyri dyl bi sphenyl phosphi ne, bi s(6-ethyl-2-pyr-
i dyl ) phenyl phosphi ne, tris(6-ethyl-2- pyridyl)phosphine,
6- butyl - 2- pyri dyl bi sphenyl phosphi ne, bi s(6-butyl -2- 5
pyri dyl ) phenyl phosphi ne, tris(6-buty|-Z-ngbdyl)phos- phi ne,
4, 6-di net hyl - 2- pyri dyl bi sphenyl phosphi ne, 6-neth- ;
oxy- 2-pyridyl bi sphenyl phosphi ne, bi s(6-methoxy- 2-pyr -
'dy|)phe”y|phOSPQFBﬁall§'§ﬁﬁ§f@¥ﬁf&ﬁ’ Ritvi1ds)ipBOSuch as tPipRenyl-
6- chl or o- 2- pyri dyl bi sphenyl phosphi ne, bis(6- 10
chl oro-2-pyri dyl hpaenxl PAORSRG 1E, - {4 I8 1CIHi1rg14rsine supll adyéthyl-
phosphi ne, 4,6-d|chloro-2-pyr|dyTb|sphenyI- phosphi ne,
6- br ono- 2- pyri dylghbaBRgNNTN9s PN 8L - NI S(Balkyl-monoarylarsine such as
brono- 2- pyri dyl ) phenyl phosphi ne, 2, 6-bi s(di phenyl -
phosphi no) pyri di ggetByfphésytarPided|aid uahiisno) pyr editimonyScompodndo on;
(i x) other phosphine such as ethane-1, 2-diyl - bi sdi phenyl phosphi ne,
et hane- 1, 2- disyl bl(%gbti&éllyi | ot @fEiary orddndlc gitddpihienebprresponding to

|

et hene- 1, 2-di yl bi sdi phenyl phosphi ne, :
et hyne- 1, 2-di yl bithei pbeuy! gheaphifited phibsyheryiscwompound may also pref-
bi sdi phenyl phosphi ne, hexafl uorocycl opentene-1,2-diyl- 20
bi sdi phenyl phospleirablyt bér ahp Loyed yas dthe drgrabd2- di yl -
bi sdi phenyl phosphi ne, oct afl uorocycl ohexene- 1, 2-di yl -
bi sdi phenyl phosphi ne, ThedldigandnyhA2], mayli ptosypreyisd-on the aRETARE,
bi s( 1, 2-di phenyl ) phosphi nomet hyl cycl obut ane and so forth. 25
As preferred orgiegethesi witht blee Grayp Bl Idemetal sourcened SHRPBF bART
arsine corresponding to the preferred or gani ¢ phosphi ne as nenti oned
above, inc|g@ingognsg§h ligand can be conducted according to a conven-
tional technology, for example, the process as mentioned
above.
As the acid (A3) constituting the catalytic system
(A), a variety of proton acids (inorganic acids and or-
15 ganic acids) and Lewls acids can be used. The proton
acid includes, for example, sulfuric acid, a hydrohalo-
genic acid, nitric acid, phosphoric acid, a sulfonic
acid {for instance, an arylsulfonic acid, an alkylsul-
fonic acid and the like), phosphonic acid, a carboxylic
20 acid, perhalogenic acid and a heteropolyacid. These
acid may be used singly or in combination. The acid may
probably act or function as a proton source (proton do-
nor). Therefore, when employing a Lewis acid, such
Lewis acid may frequently be used in combination with
25 other proton source.

As the inorganic compound among the proton acids,

there may be exemplified with sulfuric acid; a hydroha-



- 22 - tionally substituted triarylarsine such as triphenyl -

arsine; a nono-C[err] alkyl-diarylarsine such as ethyl -

di phenyl arsine; a di-Cerr] alkyl-nonoaryl arsi ne such as

di et hyl phenyl arsi ne and ot hers. An antinony conmpound 5 (typically, a
tertiary organic stibine) corresponding to 3 - the above-exenplified
phosphorus conpound may al so pref- erably be enpl oyed as the |igand.
The ligand (A2) may be supported on the carrier together with the

Goup VIII netal pogemwis S Gichngs h9drochlsdid atianshd aydeoamnduct ed
according to a conven- tional technol ogy, for exanple, the process as
ment i oned aieV®; a phosphoricAactilie (ordekaddple pnstthaphoxphdreic

catal ytic system (A), a variety of proton acids (inorganic acids and
or- 15 gani c aacid)omnydophiosphorde astdbe psrbalodémiqraxtioh such asacid
I ncl udes, for exanple, sulfuric acid, a hydrohal o- genic acid, nitric
aci d, phosphoric perchlarisuldain;c a heterapollytid costaiming ah aF ydis Mo oni c
acid, an al kyl sul - fonic acid and the |ike), phosphonic acid, a
carboxylic 29 sudh,apatsiphypnelybddicdasid, attrgstopblietd creidriasse

acid may be used singly or in conbination. The acid may probably act
or function as a yamadmalyhdie @eddt.on do- nor). Therefore, when
enploying a Lewis acid, such Lewis acid may frequently be used in
combi nation with 25 Avnengrsychipretu@aids, the organis epappwed ghdi c

conpound anong the proton acids, there may be exenplified with
sul furic acid; a ®yeldeha-for instance, an optionally subs ituted aryl-

sulfonic acid such as benzenesulfonic acid, p-toluene-

10 sulfonic acid and naphthalenesulfonic acid; an option-
ally substituted alkylsulfonic acid such as methanesul-
fonic acid, ethanesulfonic acid, propanesulfonic acid,
t-butylsulfonic acid, 2-hydroxypropanesulfonic acid,
trifluoromethanesulfonic acid and trichloromethanesul-

15 fonic acid; a phosphonic acid such as benzenephosphonic
acid; a carboxylic acid including an optionally substi-
tuted saturated aliphatic carboxylic acid such as
chlorcacetic acid, dichloroacetic acid, trichloroacetic
acid, trifluoroacetic acid, formic acid, acetic acid,

20 propionic acid, n-butyric acid, isobutyric acid, pivalic
acid, wvaleric acid, caproic acid, caprylic acid, capric
acid, lauric acid, myristic acid, palmitic acid, stearic
acid and oxalic acid, an alicyclic acid such as cyclo-
hexanecarboxylic acid, an aromatic carboxylic acid such

25 as benzoic acid, phthalic acid, isophthalic acid and
'terephthalic acid, an unsaturated aliphatic carboxylic

acid such as acrylic acid, methacrylic acid, propiolic



- 23 - | ogeni ¢ acid such as hydrochloric acid and hydrobrom c
aci d; a phosphoric acid (for exanple, orthophosphoric acid or
pyrophosphoric acid); perhal ogenic acid such as perchl oric acid,
het er opol yacid containing V, Wor M 5 such as phosphonol ybdi ¢ aci d,
tungstosilicic acid and vanadonol ybdi G, 4aci d. Anmong such
proton acids, the organic conpound in- cludes, for instance, an

optionally substituted aryl -

acid, p-toluene-zci@, ceotbRitCadidd ik apui® eeritoacidaccdtraco-
option- ally substituted al kyl sul fonic acid such as met hanesul -
fonic acid, ethanggubt®ql, Cmésadon i piesdtld Wliein@cdd; an amino acid
t-butyl sul fonic acid, 2-hydroxypropanesul fonic acid,

trifluoromet haneguwchoBsCaspadtdbdadid chdnitamidiandduland o fokthi.c Thed;, a
phosphoni ¢ acid such as benzenephosphoni c acid; a carboxylic acid
i ncl udi ng an opt iaeadl mgysp8san-acidic ion eskaipingentredial isplcht as aar horyl i c
chl oroacetic acid, dichloroacetic acid, trichloroacetic
acid, trifluer oaesichangei desinrnacinmgial, sulcidnic adid, gra@p. pr ppesepho-aci d,
| sobutyric acid, pivalic acid, valeric acid, caproic
acid, caprylic aamiid, acafrgroup or acphbsphinic axid gnoppi.stfor exanple.

acid such as

n-butyric acid,

palmtic acid, stearic acid and oxalic acid, an alicyclic acid such
as cycl o- hexan&anipdey loifc thei Hewha acbdnincludeh@halddeciaf anch
as benzoic acid, phthalic acid, isophthalic acid and terephthalic

acid, an unsat ur &letealti phavngingrboxilh¢ Group VIIIB, the Group IVA, the

10

15

20

25

Group IVB, th Group VA or the Group VB of Periodic Table
of the Elements, or a complex compound thereof such as
BF3, BF3 O(Cz2Hs)2, AlClz, TiCl4, Ti[OCH(CH3)2]4, SnCls,
SnClz, NbFs, TaFs, PFs, AsFs and SbFs; or an alkoxide
{for example, a Ci-s alkoxide).

The acid may usually have an anion capable of co-
ordinating. As preferred example of the acid, there may
be mentioned a proton acid (Br nsted acid) including an
arylsulfonic acid such as p-toluenesulfonic acid; an
alkylsulfonic acid having about 1 to 10 carbon atoms,
preferably about 1 to 6 carbon atoms, and more prefera-
bly an alkylsulfonic acid having about 1 to 4 carbon
atoms such as methanesulfonic acid; an aliphatic carbox-
vlic acid, preferably an aliphatic unsaturated carbox-
ylic acid having about 2 to 10 carbon atoms; an inor-
ganic acid (for instance, sulfuric acid, a hydrohalo-
genic acid or a phosphoric acid).

The acid may be supported on the carrier with the

Group VIII metal source. Such acid can be supported

sul fonic acid such as benzenesul fonic

25



acid such as acrylic acid, nethacrylic acid, propiolic

- 24 - acid, crotonic acid, maleic acid, fumaric acid, citraco-

nic acid, nmesaconic acid and oleic acid; an am no acid such as
aspartic acid, glutamc acid and so forth. The acid may be an acidic
I on exchange resin such as an ion 5 exchapge_resin having a sulfonic acid
group, a phospho- nic acid group or a phosphinic acid group, for
exanpl e. Exanpl e of the Lewis acid includes a halide of an

el ement bel ongi nGadcddridigdGreua ¥bhiBntibfaf Rethéd/Asudihas a tecBnolpglyVB,
th Goup VA or the Goup VB of Periodic Table 10 of the Elenents, or a

conpl ex conpound gd efeadfionedh addve. BF3, BFferr] O(C(err]Herr])[err],
AlC[err], Tid[err], Ti[OCH CH err])[err]][err], Snc[err],

SnCl[err], NoF[err], Tend esafalyticeisylsteAsKpgr of she Sbésent | inventaion

al koxi de (for exanple, a C[err] al koxide). The acid may
usual |y have an amyfwabel eonprises ah electiromtdomativis (mlafctrond
exanple of the acid, there may be nentioned a proton acid (Br nsted
aci d) includishg arepellingdr yompbhindi.c Asi theueheakrqn tGinsnisaceu|dompioundsi d;
an al kyl sul fonic acid having about 1 to 10 carbon atons,

preferably about d dompduwsd bavriagoas, ededtrnonedgnailidy 2@ ofbinptadess

al kyl sul foni ¢ acid having about 1 to 4 carbon atons such as

met hanesul f oni ¢ ddiady 2amayl behased, cEobosxample. (Ihe eldatron doar-ably an
al i phatic unsaturated carbox- ylic acid having about 2 to 10 carbon
atons; an inor- abilityameangcadsifdr vahue apfcwave | numphar £ff @-Da nopdr ohal o-

conjunctive stretching vibration of a deuterated {deute-
10 rium-containing) methanol (0.4 mol per liter) in a 1lig-

uid compound when benzene is used as a primary standard,

and is defined as "an electron donability AvD relative

to methanol D". Such electron donative compound may

probably have coordinating properties to the Group VIII
15 element.

As such electron donative compound, there may be
exemplified with an amine, an imine, an amide, a sul-
foxide, an aldehyde, an ether, a ketone, a lactone, an
ester, a nitrile, a nitro compound, an aromatic hydro-

20 carbon, an aliphatic hydrocarbon and so on. These com-
pounds may be used singly or in combination.

With respect to the electron donability AvD, there
can be referred to, for instance, "Solvent Effect on
Organic Chemical Reaction" written by Senoo and Arai,

25 published by Sangyo Tosho Co., Ltd., Japan on April 25,
1976. For the following electron donative compounds as

examples, the value of the electron donability AvD is



25 genic acid or a phosphoric acid). The acid may be

supported on the carrier with the G oup VIl netal source. Such acid
can be supported - 25 -

according to a conventional method such as a technol ogy as nenti oned
above. The catal ytic system (A) Lf the present invention

may further conprises an el ectron donative (el ectron 5 repel ling)
conpound. As the el ectron donative conpound, a conpound havi ng an

el ectron donabl|Iitxeaﬂcartthlﬁfan§aréﬁa§esis féhaeEdrEmeehe used, for
exanpl e. The el ectron don- bility means a sift value of wave nunber
of O D non- CO”J']!HEtdIﬂineSELh@t‘LﬁHbBQ Fobr ehstdned, aardealpiaitad (deut e-
10 rium contai ning) nmethanol (0.4 nol per liter) in a liQg- uid
conpound when benrzAme isachsad RetRyDamims y stleyidarihe (233),andprspgtarned
as "an electron donability [err]D relative to methanol D'. Such

el ectron donati vei¢engasod, nnybutylamiméﬂnﬂﬂgtﬂymamﬁnaqrdunabpmgpynaméneles
to the Goup VII'l 15 el enent . As such el ectron donative
conmpound, there Mau2lle dibutykamipéi dnddtmiethylmmdmend 2389 ;i annalieg-am de,
a sul - f oxi de, an al dehyde, an ether, a ketone, a |actone, an

ester, a nitril ecldcniatinecsnphuas, cpnlchexylaninesdaon ar@haticaamdne an

al i phati c hydrocarbon and so on. These com pounds nay be used
singly or in conisucht asnaniline (158) WN+metdyplautiline Hd 5d1)e@ndon
donability [err]D, there can be referred to, for instance, "Solvent
Ef f ect on N,N-dimethylaniline (148); an alkanolamine such as

dimethanolamine, trimethanolamine, ethanolamine, die-
10 thanolamine, triethanolamine, dipropanolamine, tripro-
panolamine, butanolamine, dibutanolamine, tributanola-
mine, dimethylaminoethanol and diethylaminoethanol; a
heterocyclic amine such as morpholine, N-methylpyrroli-
done, pyrrole, imidazole, l-methylimidazole, pyridine
15 {168), o-picoline (183), B-picoline, y-picoline (160),
2,3-1lutidine, 2,4-lutidine, 2,5-lutidine, 2,6-lutidine,
3,4-lutidine, 3,5-lutidine, 2-ethylpyridine, 3-ethylp-
yridine, 4-ethylpyridine (179)., 2,3.,4-trimethylpyridine,
2,4,6-trimethylpyridine, dipyridine, o-toluidine (145),
20 piperidine (240), 4-vinylpyridine (193), pyrazine, py-
rimidine, quinoline, isoquinoline and the like. The
amine also includes a resin and an ion exchange resin
having a basic group such as amino group, a substituted
amino group including, for instance, a monoalkylamino
25 group or a dialkylamino group and guaternary ammonium
group (e.g. an amine resin such as a pyridine resin ob-

tainable from a reaction of pyridine and formaldehyde).



Organi ¢ Chem cal Reaction"” witten by Senoo and Arai, 25 publ i shed by
Sangyo Tosho Co., Ltd., Japan on April 25, 1976. For the follow ng
el ectron donative conpounds as exanpl es, the value of the electron
donability [err]Dis - 26 -
indicated in a parenthesis, for reference. 59 _ The am ne incl udes,
for instance, an aliphatic anm ne sucﬁ as net hyl am ne, ethyl am ne
(233), n-propyl a- m ne (230), n-butylam ne, diethylam ne,

di-n-propylamne 5 mgp42hy ekbmbyé avE Nen@nghind alryhddsna €238haasy
alicy- clic am ne such as cycl ohexyl am ne; an aromatic am ne

such as aniline gh%8, ahll NBtHesitdy REnilnkS andnépecifichll Ny danmpébarani | i ne

(148); an al kanol anmi ne such as di met hanol am ne, trinmet hanol an ne,

et hanol ami ne, di gycli8 amif@nedritdiifing fd eliftadgeamatom dspaohatetara
tripro- panol am ne, butanol am ne, di butanol am ne, tri butanol a-

nine, di met hyl ani(reet Branplenbytriing animideizedeql ete.) or ahderivative c
am ne such as norpholine, N-methylpyrroli- done, pyrrole, imdazole,
1-met hyl i mi dgzol ehepypof dand ar alkdnkdfmine.pi dhlei deri¥88ive[ efrughcol i ne,
y-picoline (160), 2,3-lutidine, 2,4-lutidine, 2,5-1utidine,
2, 6-lutidine, hetefopdytlic damime Jroludesdi for Anethpbpyr adecompodndt hyl p-
yridine, 4-ethylpyridine (179), 2,3, 4-trinethylpyridine,
2,4, 6-trinethyl pgobdthtuted pytthliare,alkylolgrionmbayiag) aboad 1 popéréarne
(240), 4-vinylpyridine (193), pyrazine, py- rimdine, quinoline,
i soqui nol i ne andbbheatpke. adtheothers {(e.g. picoline, lutidine, di-
pyridine, l-methylimidazole and so on). The hetero-
10 cyclic amine such as pyridine and its derivative may
frequently have aromaticity.
Example of the imine includes ethyleneimine (237),
N-phenylethyleneimine (186) and so forth. The amide
includes, for instance, formamide, acetamide, N,N-di-
15 methylformamide (107), N,N-dimethylacetamide (113),
tetramethylurea and hexamethylphosphamide. As the sulf-
oxide, there may be mentioned dimethylsulfoxide (141),
diisopropylsuifoxide, sulfolane, 2-methylsulfolane and
3-methylsulfolane, for instance.
20 The aldehyde includes, for example, an aliphatic
aldehyde such as acetaldehyde (79), propionaldehyde
(85), n-butylaldehyde (83), acrolein (122), metacrolein
and crotonaldehyde (75); and an aromatic aldehyde such
as benzaldehyde (53)}.
25 Example of the ether includes a chain ether such
as diethyl ether (78), di-n-propyl ether (73), di-iso-

propyl ether (75)., ethyl n-butyl ether (77), ethyl vinyl



am ne also includes a resin and an i on exchange resin havi ng a basic

group such as am no group, a substituted am no group including, for
i nstance, a nonoal kyl ami no 25 group or a dlalkylan1no group and
guat er nary anmoni um group (e.g. an amne resin such as a pyridine
resin ob- tainable froma reaction of,pyridine and fornal dehyde).

- 27 - Typi cal exanpl e of t he g% ne i ncludes a secondary
amne and a tertiary amne, and specifically a hetero- cyclic am ne

containing a nitgAgen RN a5 Bubel A hd Uener (3301,01sB¥AEPLEviayLi dine,

I m dazole, etc.) erivative - 5 thereof and an al kanol am ne. The

derivati ve of SU%Qher (3§§teag&yg&iqegﬁgfqugyﬂ quSdlhgthbﬁ§éﬂn§ﬁe a
conmpound substituted Wi th an al kyl group having about 1 to 4 car-

bon atonms and othehy (8eioPbLebi (@th§1§ﬂ@'§l§?‘0@ monoethyr edhee),
1- et hyl i m dazol e and so on). The hetero- cyclic am ne such as

pyridine and itscdebi¥aii Y8i8BN¥ylene glycsluastityl leavneryr,ognylgmey[bis-
Exanpl e of the imne includes ethyleneimne (237),

N- phenyl et hylsenel(mﬂstﬁéﬁﬁétxgyﬂ) S@tﬁ&f} h.aidwhyamende glycol dambthes, for
I nstance, formam de, acetam 15 net hyl formam de (107),
N, N- di net hyl acet aghde éﬁ&3h1ethylené6§1fwﬁﬂfﬂddﬁhyi antier; an aromatic

hexanet hyl phospham de. As the sulf- oxi de, there may be nentioned
di net hyl sul f oxi dethé#lyuch as anissher (@) spHenatide {250l dndr-di-
2- met hyl sul f ol ane and 3- et hyl sul fol ane, for instance. 20 The

al dehyde i ncl udemethoxybenasphe, and diphdmyl cether; and a cyclic ether
such as propylene oxide (59), styrene oxide (51),

10 3,3-bischloromethyloxetane (78), furan (4), tetra-
hydrofuran (90), 1,3-dioxolan (58), 2-methyl-1,3-di-
oxolan (61), 4-methyl-1,3-dioxolan (56), 2-phenyl-1,3-
dioxolan (56), 4-chloromethyl-1,3-dioxolan {43), tetra-
hydropyran (93) and 1,4-dioxane (77).

15 Typical use is made of an aromatic ether having an
optionally substituted aryl group (for instance, ani-
sole) or a chain ether (e.g. diethylene glycol dimethyl
ether) among these ethers.

As the ketone, there may be mentioned for example

20 an aliphatic ketone such as acetone (64), methyl ethyl
ketone (57), diethyl ketone (56), diisopropyl ketomne,
methyl vinyl ketone (89) and methyl isobutyl ketone; an
alicyclic ketone such as cyclohexanone (66):; an aromatic
ketone such as acetophenone (56) and so forth. Example

25 of the lactone includes B-propiolactone (34), y-butyro-
lactone (66), £€-caprolactone (82) and so on.

The ester includes, for instance, an organic car-



al dehyde such as acet al dehyde (79), propional dehyde (85),

n- but yl al dehyde (83), acrolein (122), netacrolein and crot onal dehyde

(75); and an aromatic al dehyde such as benzal dehyde (53). 25

Exanpl e of the ether includes a chain ether such as diethyl ether

(78), di-n-propyl ether (73), di-iso- - zéogopyl ether (75), ethyl

n-butyl ether (77), ethyl vinyl - 28
ether (31), n-butyl vinyl ether (33), isobutyl vinyl et her

(33), diallyl ethee (66)acta2aticfB SOXYLIARIE as mothil) aceekkesebys,

(et hyl ene gl ycol

nonoet hyl et her), carbitol (diethylene glycol ethyl

ether), diglyme [Rhg1 acetaté- (B9 hOuSERY] )ciBldiRidoetdite! Rpi7gnepatyeol

di et hyl ether "and di ethylene glycol diethyl ether; an aromatic
ether such as anigg@kate?bhetRPENE Ghtotdddetate?-(33), methyR! besphenaese and

di phenyl ether;

and a cyclic ether such as propyl ene oxide (59),

styrene oxide (5%B3),1@thy3, Brbps6ha s o032 Nydmk eietitgyl( dSbbultyrane( 432);

tetra- hydrof uran (90), 1, 3-dioxolan (58), 2-nethyl-1,3-di-
oxol an (61), s4- ma Rilhyl, 8sdeexehéh 456)inyt pHstdtel (21); an udisataratedSo6),
4-chl oronet hyl -1, 3-di oxol an (43), tetra- hydr opyran (93) and

1, 4- di oxane (77) carboxylic aciiipallyl usstérs suele ayf methylomeirydtateher

havi ng an

optionally substituted aryl group (for instance, ani-

sol e) or a chai n{soher ethyl. adrelayé e(23 bl yosthydi mettinvdcrylate ¢8HA@L) anong

t hese et hers.

10

15

20

25

methyl crotonate and ethyl crotonate. Even when an un-
saturated carboxylic acid alkyl ester (e.g. methyl meth-
acrylate, methyl crotonate, etc.) is used as the ester,
the reaction may proceed smoothly.

As example of the nitrile, there may be mentioned
acetonitrile (49), propionitrile (52), butyronitrile,
acrylonitrile (37), benzonitrile (38) and others. Exam-
ple of the nitro compound includes an aliphatic nitro
compound such as nitromethane (6) and nitroethane (8),
an aromatic nitro compound such as nitrobenzene {(21).
The aromatic hydrocarbon includes, for example, toluene
(2), xylene (4), ethylbenzene (4), styrene (2), o-me-
thylstyrene (4) and p-methylstyrene (2). Example of the
aliphatic hydrocarbon includes ethylene chloride (2).

Practically, an electron donative compound having
an electron donability AvD of about 4 to 250, preferably
about 10 to 230 (for instance, about 20 to 200) may be
used among these compounds. A compound having an elec-
tron donability AvD of about 30 to 250, preferably about

50 to 250 (e.g. about 100 to 250) may also be included



As the ketone, there may be nentioned for exanple 20 an aliphatic ketone
such as acetone (64), nethyl ethyl ket one (57), diethyl ketone (56),
di i sopropyl ket one, met hyl vinyl ketone (89) and nethyl isobutyl

ket one; an alicyclic ketone such as cycl ohexanone (66); an aromatic
ketone such as acetophenone (56) and so for{d._ Exanple 25 of the | actone
I ncl udes [err]-propiolactone (34), y-butyro- | act one (66),

E- caprol actone (82) and so on. The ester includes, for instance,

an organic car- jin such preferred electron donative compound$.- The
boxylic acid al kyl ester such as nmethyl acetate (36), et hyl acetate

(39), methyl chl (1ea8icH dohdtivebdbitpound m&¢ ekrduentlivhite diseld asoacet at e
(23), methyl propionate (33), ethyl propionate (32) and net hyl

i sobutyrate (32);redetion @olveateinSugdefstyi sitphiofy aitee (@ Bpardng pro-
unsat ur at ed carboxylic acid al kyl ester such as nethyl acrylate

(30), ethyl acryladss ©I3)themeahul ytethagsyémte (37), met hyl crotonate
and ethyl crotonate. Even when an un- saturated carboxylic acid al kyl
ester (e.g. rethyl nethrom ffthe standpatiat wft bperatbhgnpteperties of5 tleed as
t he ester, the reaction may proceed snoothly. As exanpl e
of the nitrile, trescstivmy dre otbersonadcompoundceiieh t¥g |akhergjthan a
propionitrile (52), butyronitrile, acrylonitrile (37), benzonitrile
(38) and others. iy cotpouplde (thathisni arorcpeiymerizalileleompeuadiphat i c
nitro conpound such as nitromethane (6) and nitroethane (8),
and does not adversely affects on the carbonylation is
typically employed. As such compound, there may be men-
10 tioned, for instance, the amine such as a tertiary
amine, the amide, the sulfoxide, the ether, the ketone,
the ester, the nitrile, the nitro compound and the aro-
matic hydrocarbon {specifically, the amine, the ether,
the ester and the aromatic hydrocarbon}).
15 Preferred example of the electron donative com-
pound includes a basic compound such as the amine, the
imide and the amide. Typically, when use is made of
such basic compound (especially, a secondary amine and a
tertiary amine) in combination with the Group VIII metal
20 source (typically, a palladium source), the catalytic
activity can significantly be improved or enhanced in
many cases. Therefore, the catalytic system (A) may
preferably comprise a basic compound selected from the
group consisting of the amine, the imide and the amide.
25 Further, combination use of these basic compounds with

the ether and/or the ester may occasionally increase or

enhance the transformation rate and the selectivity of



an aromatic nitro conmpound such as nitrobenzene (21). The aromatic
hydr ocar bon i ncl udes, for exanple, toluene (2), xylene (4),

et hyl benzene (4), styrene (2), a-me- 20 t hyl styrens (4) and

p- met hyl styrene (2). Exanple of the al i phati c hydrocarbon i ncl udes
et hyl ene chloride (2). Practical4y,. an el ectron donative
conpound havi ng an el ectron donability AvD of about 4 to 250,
preferably about 10 to 230 (for instance, about 20 to 200) may be 25
used anong these ftwpeaedsion.A conpound having an el ec- tron
donability [err]D of about 30 to 250, preferably about 50 to 250
(e.g. about 100 to 25()n nthe datallpticnelyeden (A) of the present inven-

- 30 - in such preferred el ectron donative conpounds. The

el ectron donati vetimmpdhed ldgunéir andetiié ye bectisad dmeative compauhidocan
solvent in order to sinplify the preparing pro- cess of the catalytic
system 5 beFused Ha st anllpabh¢ obdmbireataiomaiqraggkimg ¢ eberles
reaction or others, a conpound which is other than a vi nyl conpound
(that is, a rfon-pd yher medblesounpeunddy way afhdildoestnadtiosndyvar sehlpiaf f ects
on the carbonylation is typically enployed. As such conpound, there
may be nmen- 10 natiiomedisef of thet@ncep VIEEIL awetal ssmirces (AlerFiozr gpx-

am ne, the am de, the sul foxide, the ether, the ketone, t he ester,
the nitrile, theasipleo oppddadiamdsenwrcel} ;and an onganis Phdspbinsons

(specifically, the am ne, the ether, the ester and the aromatic
hydr ocar bon). 1%he ligang, magrpel exekbficefthestahddityn oForgtivétiom

of the catalyst, regardless of species of the organic

10 phosphine. Therefore, the organic phosphine can be used
in a suitable combination with the compound having an
electron donability AvD of not less than 2. When a
triarylphosphine is employed as the organic phosphine,
for example, the nitrogen-containing compound or the

15 basic compound, including'an amine compound such as
pyridine or its derivative as mentioned above, is fre-
quently employed for significant increase or improvement
of not only the stability but also the activity of the
catalyst.

20 Proportions of each components of the catalytic
system may be selected from a range according to species
of each of the catalytic components, where the catalytic
activity due to an interaction or correlation of the
Group VIII metal source supported on the carrier, the

25 ligand and the acid is not sacrificed and the stability
can be maintained.

Proportion of the ligand (A2) such as the organic



pound i ncludes a basic conpound such as the am ne, the I mde and t
am de. Typically, when use is nmade of such basi ¢ conpound

(especially, a secondary am ne and a tertiary am ne) in conbination
with the Goup VIIl netal 20 source (typically, a palladium source),

catal ytic

activity can significantly He Jjnproved or enhanced in

many cases. Therefore, the catalytic system (A nmay preferably

conprise a basic conpound selected fromthe

am ne, the in de predphigeaisdefor 2bxambleé | @bout MU AL i1Q000S modf, ubase
basi ¢ conmpounds with the ether and/or the ester may occasionally

i ncrease or

aldghapoatt Betbr BoST Mo DRt bOEf exdisl yarabdute 19ettec 200 mplof

he

t he

group consisting of the

- 31 - t he reaction. In the catalytic system (A) of the
present inven- and mbrenpreffierbblpnabant 1Hetel H0 menl ,daedisitisec dopdund
can be used in a suitable conbination according to species 5 of the
nmetal source. By mady off thel Gsbupt VDRI metahbsource (Alnati dheuddgendt may
Goup VIl nmetal source (A) (for ex- anpl e, a palladi um source) and

an organi c pltospHliyvpecadly be ushé inganpropgriibon sHtrabdude i0h&osidl@Bility or

activity of the catalyst, regardl ess of species of the organic 10

phosphi ne. Ther afodr.e anghprefgaably pabephi 2@ tarfbanalsqer mol ofnthe

sui tabl e conmbination with the conpound havi ng an el ectron donabi |
[err] D of not | esetalagoRrcghenWhen suchtligend phpypadhdn & &o9 BNER as t he
organi ¢ phosphi ne,

10
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small proportion, the catalytic activity tends to be
decreased. On the contrary, use of the ligand in an
excess amount is apt to result in an economical disad-
vantage.

In regard to the acid (for instance, a proton acid
as a proton source), the amount of such acid is, per mol
of the Group VIII metal source, for example about 0.1 to
1,000 mol, usually about 5 to 500 mol, preferably about
10 to 200 mol and more preferably about 15 to 100 mol.
Typical use is made of the acid in an amount of about 10
to 100 mol, specifically about 20 to 60 mol per mol of
the metal source. Proportion of the ligand such as the
organic phosphine relative to 1 mol of the acid is, for
instance, about 0.01 to 50 mol, usually about 0.1 to 50
mol, preferably about 0.2 to 20 mol and more preferably
about 0.5 to 5 mol.

The amount of the electron donative compound is,
for example, about 1 to 100,000 mol, preferably about 5
to 50,000 mol and more preferably about 10 to 10,000

mol, relative to 1 mol of the Group VIII metal source.

ty



for exanple, the nitrogen-containing conpound or the 15

basi ¢ conpound,

I ncl udi ng an am ne conpound such as pyridine or its derivative as
nmenti oned above, is fre- guently enpl oyed for significant increase or
I mpr ovenent of not only the stability but also the activity of the
catalyst. 20 Proportions of each copponents of the catalytic
system nay be selected froma range according to species of each of
the catal ytic conmponents, where the catal ytic activity due to an
interaction or CQE&ﬁ'éiéQEr@ﬁ dbative cdAptihd'hay FReguendliyCBesupgart ed
on the carrier, the ligand and the acid is not sacrificed and the
stability &ﬁnabﬁraﬁbf\tﬂbﬂe@f about 10 to AQROO! oL Qtoﬁ:hathg:aed (A2)

such as the organic

phosphine is, foabsudnBbetoappeito Gndl) 0 dndPartilculasdy aboutanbg about 5

to 500 nol, preferably about 10 to 200 nol and nore

pref erably about

15 to 100 nol, rel,abovaclopdr mol ¢t GropGVITI Melthlmsbalrcsour The (Al ).
The ligand may 5 typically be used in a proportion of about 10 to 100

mol , and preker abllgcgpont ddflatbvéOcompoursd may bef usked as a meaekienurce.
When such ligand is used in a too nuch smal | proportion, the catalytic
activity tends teolteent, an@cirasech rdde, antexaess aseunt bﬁethegand I n

an 10 excess anount is apt to result in an econom cal

di sad-

vant age. electronedonative t denpmintl (fedatiivet docd, malpodt theaci d

Group VIII metal source may be sufficient.

When the

electron donative compound is not used as the reaction

10 solvent, the proportion of the compound is typically

about 2 to 200 mol, preferably about 5 to 100 mol and

more preferably about 10 to 50 mol per mol of the Group

VIII metal source. The electron donative compound may

practically be used as the reaction solvent.

15 In a catalytic system where a Group VIII metal

source as a catalytic active component is not supported

on a carrier, use of a heterogeneous catalytic system

containing the catalytic active component in a metal

form (state) may sometimes result in an insufficient

20 catalytic activity with decreasing the catalytic activ-

ity in a short period. When using a heterogeneous cat-

alytic system containing a Group VIII metal compound, in

some cases, the catalytic activity may gradually be de-

creased or sacrificed in the course of the use for some

25 period or some times. Typically, such catalytic system

containing a palladium source tends to result in signif-

icant deactivation of the catalyst, as mentioned above,



as a proton source), the amount of such acid is, per nol of the G oup

VIIl netal source, for exanple about 0.1 to 15 1,000 nol, wusually about
5 to 500 nol, preferably about 10 to 200 nol and nore preferably
about 15 to 100 nol. Typi cal use is made of the acid in an anount of
about 10 to 100 nol, specifically aboyt 20 to 60 nol per nol of

the nmetal source. Proportion of the ligand such as the 20 organi c
phosphine relative to 1 nol of the acid is, for i nstance, about 0.01

to 50 nol, usual |g) @RI Babibg égmparati'{?@isy Wi et dalak@itivatd.t o 20
nol and nore preferably about 0.5 to nol . The anmount of

the el ectron donative fOnREINbrtSarysS ther caxalptec spotém1l(Ap dOGHHO0 nol ,
pref erably about 5 to 50,000 nol and nore preferably about 10 to

10, 000 ol ,predleiit MaviedtionDhasf ihesglveipodIbdingta hetmrogeneous
- 33 - Such el ectron donative conpound may frequently be used

in a proportion cfatahigiicl@vis@eh, Q0Righ! catalyekamiteivity imbmaxboh§lto
7,000 nol), and particularly about 100 to 5,000 nol per nol of the
Goup VIII msal stoisrcef Ene unsatheatednhydnacarizorcomfurithemy dosoxsidigas a
reaction solvent, and in such a case, an excess anount of the
el ect ron donati vete auyrilré tadlyaticveysten, nbighfcatelytic addriotitwiand net al
source may be sufficient. When the el ectron donative conpound is not
used as the reactiamy cHralysdl ldfie, cahebpropbaineh exen hdeayo i froup
typreally VIII metal source is in a metallic form (a simple sub-
stance). Moreover, even if containing a palladium

10 source as the Group VIII metal source, the catalytic
system has meritoriously high stability, and high cata-
lytic activity can be maintained or sustained for a long
period of time. Thus, the catalyst can be used for a
long time or repeatedly without activating treatment.

15 Accordingly, the catalytic system (A) is useful for
carbonylation of an acetylenic or olefinic (or ethyl-
enic) unsaturated compound.

The catalytic system (B) of the present invention
is now described in detail.

20 The catalytic system (B) of the present invention
comprises (Bl) a Group VIII metal source of Periodic
Table of the Elements other than palladium. Such Group
VIII metal element includes, for example, iron, ruthe-
nium, osmium, cobalt, rhodium, iridium, nickel and plat-

25 inum. Meanwhile, on or after the year of 1990, the ele-

ments are classified into, in Periodic Table of the Ele-

ments, the Group 8 elements (Fe, Ru, Os), the Group 9



about 2 to 200 nol, preferably about 5 to 100 nol and nore preferably
about 10 to 50 nol per nol of the G oup VIIl netal source. The

el ectron donative conmpound nay practically be used as the reaction
solvent. 15 In a catal ytic systemwhere a Goup VIII netal

source as a catalytic active conponent is Rgt_supported on a carrier,
use of a heterogeneous catalytic system containing the catalytic
active conmponent in a netal form (state) may sonetines result in an

insufficient 20elemh@by({Cé, arti) Vity atid thdecroap 09 bhemeatal ywigc activ-
ity in a short period. Wen using a heterogeneous cat- alytic system
contai ning a G opg)Vl | Préfétted csmplkt of) the element daskadeshehodtwhytic
activity may gradual ly be de- creased or sacrificed in the course of
the use for sonmecoBalt, peickel csind @iatiinums. andyplasihym eanhadeamtytic
system containing a palladiumsource tends to result in signif-

i cant deacti vat i geoaklyhbe cased yatongothens.ondtheabamidation number of

- 34 - al t hough havi ng conparatively high initial activity.

To the contr &ry, thbeetanahtytmay sys tssihdodedfacdoerding tpr tbenspenientoHn
has, in spite of being a heterogeneous catal ytic system a high

catal ytic activi thei alemebbnghd i% not gresdfrigmtednsaByr wagdofiyditibestban.
Further, according to such catalytic system high catalytic activity
and | ong catabyst platinemnfrequsntiihdisewan oxidatine ougber of Oy | |
metal source is in a netallic form(a sinple sub- stance). Moreover,
even if containi ng.a+papradthexs.

The Group VIII metal source (Bl) may be in a me-

10 tallic form or state, or, preferably, a compound of the
Group VIII element.

Example of the compound of the Group VIII element
includes the inorganic acid salt, the organic acid salt,
the halogenated compound and the complex {(or complex

15 salt) as exemplified in the explanation of the catalytic
compound (A). As the ligand for constituting such com-
plex, there may be mentioned those as mentioned in the
explanation of catalytic system (A). One or more of the
same or different species of these ligands may be coor-

20 dinated in the complex or complex salt.

As practical example of the complex or complex
salt, there may be mentioned a platinum complex or com-
plex salt including a dibenzylideneketoneplatinum such
as dibenzylideneacetoneplatinum, dibenzylideneacetyl-

25 acetoneplatinum and dibenzylideneacetophenoneplatinum;
dicyclooctadieneplatinum, dichlorobis(triphenylphos-

phine)}platinum, tetrakis(triphenylphosphine)platinum,



10 source as the Goup VIII netal source, the catalytic syst em has
meritoriously high stability, and high cata- | ytic activity can be
mai nt ai ned or sustained for a | ong period of time. Thus, the catalyst
can be used for a long tine or repeatedly w thout activating
treatment. 15 Accordingly, the catalytic system (A) is useful for
carbonyl ati on of an acetylenic or ol efinicor ethyl- eni c)

unsat urat ed conpound. The catalytic system (B) of the present

'(fE)VEBE ! ?E_e or eseh??lsR%&J—”&ﬁﬁ?ﬁ%ﬂgﬁgsﬁﬂ%%%b?i;%te%m?@ﬁce;a&efl%?eﬁ?F%éﬁ%ﬁ%ﬁﬁﬁ ce
of Periodic ﬁ?%b ;
VIIT metal el eneﬁpglgg’%‘ﬁﬁgésbmggﬁ@g%ﬁp e&?%nn&, % e-l lig}tr:!flﬁg% (gig?nyﬁm

cobal t, rhodium faicr'i di),ﬁ'ﬂ%ihgi %F@bléﬁd°9|‘?r‘gﬂ,ﬁlé§ salitlméﬁ _tﬁgb@%%' | Qrzgn or

after the year o s are classified into, In

Periodic Table 0%1%&%n€|%brrespon&fﬂ&stotfﬁéég(Eﬁhﬁiéﬂg?ﬁa&t%ohﬁiexRU, Gs) ,

the Goup 9 el enent s
(Co, Rh, Ir) gand gs@oup 10 el enents (N, Pt). Preferred exanpl e of
t he el ement includes rhodium cobalt, nickel and platinum and

platinum can advanta- ghe ca48Q4%'tY cBRtHIRIngPRE GEOSS SVIT G XBMedA! | ON
nunber of 5 the elenent may bé sel ected according to the species of

the el ement and istHa®! thas! phtiadiuBysiews Oftypidsliva-in a hoog@nepust i num
frequently has an oxidation nunber of O,
catalytic system, a significantly different behavior or
action from a palladium catalyst. By way of illustra-
10 tion, a catalytic system comprising a palladium-catalyst
and a triarylphosphine (triphenylphosphine} demonstrates
a comparatively high catalytic activity, but addition of
a tertiary amine such as pyridine remarkably decrease or
sacrifice the catalytic activity in carbonylation of an
15 olefin [Japanese Patent Application Laid-open No.
215852/1992 (JP-A-4-215852)].

On the other hand, in the catalytic system com-
prising an organic phosphine, when use is made of the
other Group VIII metal source than palladium (for exam-

20 ple, a platinum catalyst) in lieu of such palladium cat-
alyst, addition of a tertiary amine significantly im-
prove or enhance the activity and stability of the cata-
lyst, and in such catalytic system, the catalytic activ-
ity can hardly be manifested without coexistence of the

25 tertiary amine. These are features contrary to a con-
ventional catalytic system containing a palladium cata-

lyst. Further, similar results, namely significantly



+2, +4 or others. The G oup VIIl netal source (Bl) may be
me- 10 tallic formor state, or, preferably, a conpound of the
Goup VIl elenent. Exanpl e of the compound of the G oup VI
el enent i ncludes the inorganic acid salt, the organic acid salt,
t he hal ogenat ed conmpound and the conpl ex ( conplex 15 salt) as
exenplified in the explanation of the catalVtic conpound (A). As
ligand for constituting such com pl ex, there may be nentioned t
as nentioned in ; I t t ' ; ( €nPL
of the sarr%lri P 8%?’3?2 talgge%:f)éebsﬂ%jf&hﬁ}eg eicgangs%%yé%g %o‘r)?

dinated in the C%ERP%Q BY Eﬂgggf% Séldn electﬂgn doﬂ%%igéaﬁbhﬁﬁhnﬁxﬁﬂpL

t he conpl ex or conp
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such as di benzyl i deneacet onepl ati num di benzyl i

neacet yl -
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bi s(tri phenyl phosphi ne)pl ati num acetate, bis(tri-phenyl-

num

phosphi ne) pl ati num sulHealcatangthexagbtemnopB at éomprided a ligam@ ¢B29nd a

conpl ex or conplex salt of the Goup VIII

el enent corresponding to

these conpl exes ghecQiphfid (B2yashéwn by the formula (Ib) may frequently

10
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be different from the ligand which constitutes the com-
pound (complex) of the Group VIII metal as mentioned
above. Usually, the ligand (B2) of the formula (Ib}
comprises at least one phosphorus atom, arsenic atom or
antimony atom, and can be coordinated to the Group VIII
element. These ligands may be used singly or in combi-
nation. |

The ligand (B2) as shown by the formula {Ib) does
not contain a nitrogen-containing heterocyclic group,
and thus is not a special or unusual compound. There-
fore, the ligand (B2) of the catalytic system (B) can
easily be prepared or be avallable.

In the formula (Ib), as examples and preferred
examples of the alkyl group, the alkenyl group, the
alkynyl group, the cycloalkyl group and the aryl group,
and substituents which they may have, there may be men-
tioned those as exemplified in the explanation of the
ligand (A2) of the catalytic system (A).

In the formula (Ib), A may preferably be a phos;

phorus atom or an arsenic atom, typically a phosphorus



The catal yst containing the Goup VIII el enent ot her than pal |l adi um
shows, typically in a honbgeneous catalytic system a significantly
di fferent behavior or action froma palladiumcatal yst. By way of
illustra- 10 tion, a catalytic systemconprising a palladi umcatal yst
and a triaryl phosphi ne (triphenylphosphin§)3gepnnstrates a
conparatively high catalytic activity, but addition of atertiary

am ne such as pyridine renmarkably decrease or sacrifice the catalytic

activity in carbqﬂ*hgtion of an 15 ol efin [Japanese Patent Application
Lai d- open No. 15852/ 1992 (JP- A-4-215852)]. On the ot her

hand, in the catal yti%fé’ﬁéxﬁfﬂ&%ample ofPithsi N8gaAa O 82| ndhesediare, when
use i s nade of the other Goup VIIl netal source than palladium (for

exam 20  ple, @ddmAld ?ﬂa@sf;ﬁbi«hxsbbmbauhaﬁw{oﬁgmcpaiﬁsﬁimawpoum

alyst, addition of a tertiary amne significantly 1m prove or

enhance the acti Vidd/ s Sryadlicl bhtifbnyheofipbénd, typidalsly aandrganddch
catal ytic system the catalytic activ- ity can hardly be manifested

Wi t hout coexisst ergiosphia and5an beghhatyassine, afdeagsediidadiyrans
contrary to a con- ventional catalytic systemcontaining a palladi um

cat a- | yst .ofg#rilte phosiphiihar. r €hal bsganbeeblyosplyinid inmegntdey which-
- 37 - high activity and stability of the catal yst can be ob-

tai ned by the usewir aFf @ priimatydphasphtneo(Ponnekdmple, methylphosspecific

el ectron donability, typically a basic conpound anong them even when

such tertiary ampigines, ethylphosphine, propylphosphine, isopropyl-
phosphine, isobutylphosphine, isoamylphosphine, phenyl-

10 phosphine, cyclohexylphosphine and so on), a secondary
phosphine (for instance, dimethylphosphine, diethyl-
phosphine, diisopropylphosphine, di-n-butylphosphine,
diisoamylphosphine, diphenylphosphine, dicyclohexyl-
phosphine and the like) or a tertiary phosphine. The

15 organic arsine may also be whichever of a primary ar-
sine, a secondary arsine or a tertiary arsine. Pre-
ferred example of such organic phosphine and organic
arsine include a tertiary phosphine and a tertiary ar-
sine.

20 In such organic phosphine, R' to R? are respec-
tively the alkyl group, the alkenyl group, the alkynyl
group, the cycloalkyl group or the aryl group, each of
which may have a substituent. Typically preferred or-
ganic phosphine is a compound of the formula (Ib) where

25 at least one of R! to R® is an aryl group such as phenyl

group or a substituted phenyl group. In addition to

such aryl group, the alkylene group which is formed by
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phorus atom or an arsenic atom typically a phosphorus

at oralkyl-monoarylphosphineds exahp) ethd trie-dii-gan@lkB2) i ncl udes
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phosphines, (v) the mono-C4-10 cycloalkyl-diarylphos-
phines, (vi) the di-Cs-10 cycloalkyl-monoarylphosphines,
(vii) the tri-Cs4-10 cycloalkylphosphines and (ix) other
phosphines as exemplified in,thé explanation of the cat-
alytic system (A).

As the ligand, an arsenic compound (specifically a
tertiary organic arsine) and an antimony compound (typi-
cally a tertiary organic stibine) can also advantage-
ously be employed.

The catalytic system (B) comprises, as the elec-
tron donative compound:(B3), a compound having an elec-
tron donability AvD of not less than 2. The definition
of the electron donability AvD may also be referred to
the explanation of the catalytic system (A) as above.

Examples and preferred examples of the electron
donative compound include those exemplified in the cata-
lytic system (A}.

Preferred example of the electron donative com-
pound includes a basic compound such as the amine, the
imide and the amide. Typically, when use is made of

such basic compound (especially, a secondary amine and a



or gani ¢ phosphorus conpound, an organi c arseni c conpound and an
organi ¢ anti nony conpound, typically an organic 5 phosphi ne and an
organi c arsine, and specifically an or gani ¢ phosphi ne. The organic
phosphi ne may be whi ch- ever of a primary phosphine (for exanple,

met hyl phos- phi ne, ethyl phosphi ne, propyl phosphi ne, isopropyl -
phosphi ne, isobutyl phosphi ne, isoanyl phosphi‘ne, phenyl- 10 phosphi ne,
cycl ohexyl phosphi ne and so on), a secondary phosphi ne (for instance,

di met hyl phosphi n isethyl- . <P ' i'?aﬁr | RBRS RHAS
di-n-butylphosphﬁﬁg%h%&g %méPF%oéﬁyggﬁgg%ﬁﬁﬁﬁ?‘*lp é%?pphospﬁ?ﬁg? VI
di cycl ohexyl - h j.ne h [ - | gqggh' jyihe
15 organic arsimr?eta%ay a s% Sge%%cﬁ%%/eég%lf%ﬂ%?“l rert{aﬂréy%a)rt-ﬂ hg??ig a

secondary arSineiﬁgh%agf%ﬁbﬁ%¥iéﬁﬁ£ﬂf-bé”fﬁproved Jf”éﬁﬂiﬁ@éﬁﬂ&hemﬁBKSUCh

or gani ¢ phosphi ne gani arsine include a tertiary phosphi ne and

atertiary ar- sagesSi N@heré@ore, the! SatalbPtid q%a&nph%)pm#praﬁféﬁl to

Rlerr] are respec- tively the alkyl group, the al kenyl group, the

al kynyl 5 OF YR, dohpra%e! aabkyhc IEoHPoREd 4651 S¥Bda TP theAgon _
which may have a substituent. Typically preferred or- gani ¢ phosphi ne
is a conpound of ddiifsrig a£( the #hehe, V% imidd eard e apfiddl t@ul3 is
an aryl group such as phenyl group or a substituted phenyl group. In
addition to tHE4Ch compbin@t bR, ubbecof| Kyésd el i conpotmdss wiehmeteby

- 39 - R2 and R3 is also preferable.

ether and/or the ester may occasionally increase or en-
hance the transformation rate and the selectivity of the
10 reaction.

In the catalytic system (B) of the present inven-
tion, a suitable combination of the ligand (B2} and the
electron donative compound (B3) may be used according to
the species of the metal source (Bl). For example, even

15 when a combination of (Bl) the Group VIII metal source
other than palladium and the organic phosphine as the
ligand (B2) is employed, the stability and activity of
the catalyst are not sacrificed or decreased regardless
of the species of such organic phosphine. Accordingly,

20 the organic phosphine can be used in a suitable combina-
tion with the compound {B3) having an electron don-
ability AvD of not less than 2. By way of illustration,
in the catalytic system comprising the triarylphosphine
as the organic phosphine, the combination use of an ni-

25 trogen-containing compound or a basic compound (for in-
stance, the amine compound such as pyridine or its de-

rivative) can markedly improve or increase not only the



As preferred exanpl es of the organic phosphine (tertiary organic

phosphine), there may be nentioned (i) the optionally substituted
triaryl phosphines, (ii) the 5 nmono (Jerr] alkyl-di-aryl phosphines, (iii)
the di-Clerr] al kyl - nonoar yl phosphi nes, (iv) the tri-Clerr] alkyl-
phosphines, (v) the nono-Clerr] cycloal kyl fiewprhos- phi nes, (vi)
the di-Jerr] cycl oal kyl - nonoar yl phosphi nes, (vii) the tri-Clerr]
cycl oal kyl phosphi nes and (|x) ot her 10 phosphi nes as exenplified in the
expl anation of ”Zs‘acg%?&it ]h¥8' £nSYELEIU{tY of the catalyBt.the |igand,
an arseni c conpoun spe |ca terfiary organic arsine) and an

anti nony corrpound (typr%e cataly(i‘?nl'.:l %y@tbﬁrT(Bé”éffofﬂénﬂt)feééﬂ@'i}ﬁ)erﬁ&%r@' SO

advant age- ously enpl oyed he catal ytic system (B)
conpri ses, aS th?na%’ farther cohf:&ﬂndpﬂéi | 3¢ sorPound (FBdh a%l@oﬁﬁauﬁée—
having an el ec- tron donability [err]D of not |less than 2. The
definition ffrricae ekbfipl E8NtHENSHE | | £ive [£inil IArTRicidsS @nlde preferted t o

20 t he expl anation of the catalytic system (A) as above.
Exanpl es and spr efedaimpd egx@6PkRE 84taDetEE e6ysdm (A) calPBHY meptsonpaund

I ncl ude those exenplified in the cata- lytic system (A).
Preferred exanpl e of tie daaelyticdegstemne(Brof fhe present | nplertdom
basi ¢ conpound such as the amine, the i mde and the am de. Typically,

when use i s nadenafy be whighekebast cacCloomouenedes pactiallyist, o achemrdaby
am ne and a
geneous catalyst. In the use for a liquid phase reac-
tion, the catalytic system may generally be a homogene-
10 ous system. If necessary, the catalytic system (B) may
comprise or form a solid catalyst wherein the catalytic
component is supported on a carrier such as an activated
carbon, alumina, silica and others. The proportions of
each components can be selected, according to the spe-
15 cies of each of the catalytic components, within a range
insofar as the activity and stability of the catalyst
are not adversely affected.
The ratio of the ligand (B2} such as the organic
phosphine is, fof instance, about 0.1 to 1,000 mol,
20 preferably about 0.5 to 500 mol, more preferably about 1
to 100 mol and freguently about 1 to 50 mol, relative to
1 mol of the Group VIII metal source (Bl). The propor-
tion of the acid (for example a proton acid as a proton
source) is, relative to 1 mol of the Group VIII metal
25 source (Bl), about 0.1 to 1,000 mol, preferably about 1
to 500 mol, more preferably about 5 to 250 mol, and for

still better results, about 1 to 100 mol.



- 40 - tertiary amne) in conbination with (Bl) the Goup VIII

nmetal source except for palladium the catalytic activ- Ity can
significantly be inproved or enhanced in many cases. Therefore, the
catalytic system (B) may prefera- 5 bly conprise a basic conpound sel ect ed
fromthe group consi sting of the an132,_the I mde and the am de. Fur-
ther, conbination use of these basic conpoufids with the et her and/ or
the ester may occasionally increase or en- hance the transfornmation

rate and the selectiviphy ghoth€ of0the fiﬁaﬂ&”IBZ) such as thB bbgafatal ytic
system (B) of the present inven- tion, a suitable conbinatron of the

ligand (B2) and f)ﬁgs% ine LAESEIRD tdpriamo\zteo%orfaeuaeiaBmmu@e &6 ethe

according to e species of the nmetal source (Bl). For exanple, even

15 when a conbi ppbtoR &éid Bldy it @@%s\f‘:ﬁbt@ﬁt ahn8ouE Cefor examplel than
pal I adi um and the organi c phosphine as the | i gand (BZ) I's enpl oyed,

the stability angpeeti ¥i¢y €6 50 mol,t! preFRirabiyt abbatnNolozacsi 10 amst or
decreased regardl ess of the species of such organi c phosphine.

Accordingly, 5 20andtf6reé’ greferadlGs Rboit ©an5beouseiold aFsedniétBy conbi na-
tion with the compound (B3) having an el ectron don- ability [err] D of
not |ess than 2. thy weyaed may Usd n@iedin a proportibe ofit abyht cO SY>Btin
conprising the triaryl phosphine as the organi c phosphine, the
conbi nati on use Bfmab per m&b of ththegewidont ai ni ng conpound or a basic
compound (for in- stance, the am ne conpound such as pyridine or its
de- rivative) c@henpriépdtyiompedviche reletinmgs donativel gompeund
{B3)} is, for example, about 1 to 100,000 mol, preferably
10 about 5 to 50,000 mol and more preferably about 10 to
10,000 mol, relative to 1 mol of the Group VIII metal
source. Such electron donative compound may fregquently
be used in a proportion of about 10 to 10,000 mol (for
example about 50 to 7,000 mol), and particularly about
15 100 to 5,000 mol per mol of the Group VIII metal source.
The electron donative compound (B3) may be used as a
reaction solvent, and in such a case, an excess amount
of the electron donative compound relative to 1 mol of
the Group VIII metal source may be sufficient. When the
20 electron donative compound is not used as the solvent,
the proportion of the compound is typically about 2 to
200 mol, preferably about 5 to 100 mol and more prefera-
bly about 10 to 50 mol per mol of the Group VIII metal
source. The electron donative compound is pracfically
25 used as the reaction solvent.

The catalytic system (B) of the present invention

can show or perform high activity and stability in the



- 41 - stability but also the activity of the catal yst.

The catal ytic system (B) of the present invention may further contain
(B4) an acid. As such acid and pre- ferred exanpl es thereof, the
simlar acids and preferred 5 exanples to the catalytic system (A) can be
ment i oned. The catal ytic systeg1£§»_of t he present invention

may be whi chever of a honbgeneous catal yst of a hetero- geneous
catalyst. In the use for a liquid phase reac- tion, the catalytic

syst em may genera%%?‘b%‘g%/faﬁm%"%h uhBatuPHtedYhl&Pbcathol e CASS ¥ s tie

catal ytic system conprise or forma solid catal yst wherein

the catalytic P@fpﬂf‘eéﬁ HohydWRAeh! 8¢ 8 AcefyiéRic SeEorseAiic
activated c%?%on, a unﬁ%a,ygilica and othgrgf Thécproportions of

each conponents cghsdeusSt&s ihpoyme@Qr ding to the spe- 15 cies of each of

the catal ytic conmponents, within a range I nsofar as the activity and
stability of the catal xgtording €6 ctHwimetthod 9 ‘thef beesedt invention, The
ratio of the ligand (B2) such as the organic phosphine is, for

i nstance, abosit Oad d€etfyl¥iidWr olédEinpechabakbhiyatbeuiotipdui® HHGIDI,
nore preferably about 1 to 100 nol and frequently about 1 to 50 nol,
relative to ldwed| t@frdder GHamp cdirbbnnrbabxseer i {18 ) prddens apbr -
tion of the acid (for exanple a proton acid as a proton source) is,
relative to 1 noltipé ¢dealFioiy svistemgByl to2givesaucasbéidi)lat adwutedr-l to
1,000 nol, preferably about 1 to 500 nol, nore preferably about 5 to

250 nol, and for tion psddddt.better results, about 1 to 100 nol.
The acetylenic or olefinic unsaturated compound
10 may preferably be an asymmetric acetylenic or olefinic
compound, and more preferably be an a-acetylenic com-
pound, an o-olefinic compound or an allene compound.
The acetylenic compound (acetylene series compound)} has
usually about 2 to 30, preferably about 2 to 20, and
15 particularly about 2 to 10 carbon atoms. The olefinic
compound and the allene compound may have, for example,
about 2 to 30, preferably about 2 to 20, and typically
about 2 to 10 carbon atoms. These unsaturated compounds
include an alkyne, an alkene (olefin), a cycloalkene, a
20 cycloalkadiene and a bridged unsaturated hydrocarbon,
each of which may have a substituent. The unsaturated
hydrocarbon may have both of a double bond and a triple
bond, or two or more of double bonds in a molecule.
The unsaturated compound may have a various sub-
25 stituent. Example of such substituent includes a halo-
gen atom such as fluorine, chlorine, bromine and so on;

a Ci1-10 cycloalkyl group such as cycloheptyl, cyclohexyl



- 42 - The amount of the ligand (B2) such as the organic
phosphine relative to 1 nol of the acid (B4) such as the proton acid
may not be restricted, and is, for exanple, about 0.01 to 50 nol,
preferably about 0.02 to 10 nol, 5 and nore preferably about 0.05 to 5
nmol. Frequently, t he Ilgand may be ysged in a proportion of about
0.03 to 3 nol per nol of the acid. The proportion of the
el ectron donative conpound (B3) is, for exanple, about 1 to 100, 000

mol, preferably @ ¢ Ey%a%bt 1t gr éQpQOOaﬁDA:\fncbﬂmﬁse sicH @is2ph¥nghodhdl0 to
up

10, 000 nmol, relative the Go net al source. Such

el ectron donatlv G apHERRY N grie sfraﬂu&ﬁamyl group &utdets benzgtopadt i on of
about 10 to 10, 000 nol fgr b exanpl e about 50 to 7,000 nol), and

particularly abotﬁhenb"th 110@otifs?. A08yamd @.ﬂiuﬁfp|amfad1he oToupp hekvtingnet al
sour ce. The electron donative conmpound (B3) nmay be used as a

reaction sol vent ,alﬂﬂ& 11N U Gh carbah Cat Gifis EXEES Sainfivaiyl, acetyfl,t he
el ectron donative conpound relative to 1 nol of the Goup VIII netal

source may be sufgrdpiomyl,\\betythe, 28obutyeyl; oralkaryd, desovalesyidand not

used as the solvent, t he proportion of the conpound is typically

about 2 to ﬁﬂyhnﬁyL groape: ahhyaepboky Sgraur Gavioig ,arch rblvee agkyfler a-
bly about 10 to 50 nol per nol of the Goup VIII netal source. The

el ectron donati vencistiyquabout fr &ot 6 cahtlyon 25tons eshicls ashaaedxy @group;
sol vent . The catal ytic system (B) of the present invention
a hydroxyl group; an alkoxy group having about 1 to 6
carbon atoms such as methoxy, ethoxy, propoxy. butoxy
10 and t-butoxy groups; a haloalkyl group such as tri-
fluoromethyl and trichloromethyl groups: a haloalkoxy
group such as trifluoromethoxy and trichloromethoxy
groups; a carboxyl group; an alkoxycarbonyl group hav-
ing, in the alkoxy moiety, about 1 to 6 carbon atoms; an
15 amino group and an N-substituted amino group such as a
monoalkylamino group and a dialkylamino group; an amide
group and an N-substituted amide group such as acetamide
group and the like.
As example of the alkyne, there may be mentioned
20 acetylene, propyne, l-butyne, 2-butyne, l-pentyne, 1-
hexyne, 1l-heptyne, l-octyne, 2-octyne, 4-octyne, 1,7-
octadiyne, 5-methyl-3-heptyne, 4-propyl-2-pentyne, 1-
nonyne, phenylacetyne, benzylethyne and cyclohexyle-
thyne.
25 The alkene includes, for example, ethylene, pro-

pylene, phenylethylene, l-butene, 2-butene, l-pentene,

3-methylpentene-1, 4-methylpentene-1, l-hexene, l-hept-



can show or performhigh activity and stability in the

- 43 - carbonyl ati on of an unsaturated hydrocarbon, and thus is
useful in carbonylation of an acetylenic or olefinic unsat ur at ed
conpound. According to the nethod of the present invention, 5
an acetylenic or ol efinic unsaturated conpognd is al - | oned to react
wi th carbon nonoxide in the presence of the catal ytic system (B) to
gi ve a carbonyl ati on reac- tion product. The acetyl enic or

ol efinic unsat ur Z%If‘éiﬁ qogsead . 0oc xeprgtséeéﬁé/, b1 Peh S WeyBaldeSene

acetylenic or olefinic conmpound, and nore preferably be an
a-acetylenic comang noryaGiedd.a-ol efinic conpound or an allene
conpound. e acetylenic conmpound (acetyl ene series conmpound) has

usual Iy about 2 to 30, ppr &l P InordAQ\de 2 whicREvedNOf pire SRFBOE UG- Y
about 2 to 10 carbon atons. The olefinic conmpound and the allene

conpound may havex{dd oiX@Ra®bon monoRPAH! d216LedCrit eieraltint faeut 2 to
20, and typically about 2 to 10 carbon atons. These unsaturated

conpounds 5 iAKHIGE IFItHIGERS, halidhkeasgédr) etarhon Axyeidmlde@dtha 20
cycl oal kadi ene and a bridged unsaturated hydrocarbon, each of which

may have a substidrieitay Bee edipioiefat ed hydr ocar bon nay have both of
a doubl e bond and a triple bond, or two or nore of double bonds in a

mol ecul e. Thige unssd tinaitedl compownd may beveasbuaylated siddi- 25
stituent. Exanple of such substituent includes a hal o-
vidually, or in the presence of another reactant such as
a nucleophilic compound having a hydrogen or a hydrogen
10 atom which can be left in the reaction (active hydro-
gen).. Example of the nucleophilic compound having a
hydrogen atom capable of releasing includes a compound
having a hydroxyl group such as an alcohol, water and a
carboxylic acid. The alcohol may alsc include a silan-
15 ol.

The alcohol may be whichever of an aliphatic, ali-
cyclic, aromatic alcohol or a phenol, and of a monohy-
dric or polyhydric alcohol. Such alcohol may have one
or more of substituents other than a hydroxyl group

20 among the substituents as exemplified in the explanation
of the unsaturated compound.

As the monohydric alcohol, there may be mentioned,
for instance, an aliphatic alcohol such as methanol,
ethanol, l-propanocl, 2-propanol, l-butanol, 2-butanol,

25 1-methylpropan-1-0l, 2-methylpropan-l-ol, 2-methylpro-
pan-2-0l, l-hexanol, l-octanol, 2-ethylhexanol, stearyl

alcohol, allyl alcohol, crotyl alcohol and propargyl



gen atom such as fluorine, chlorine, bromne and so on; a Cerr]
cycl oal kyl group such as cycl oheptyl, cycl ohexyl

- 44 - and cycl ooctyl groups; an aryl group such as phenyl and

napht hyl groups; an aral kyl group such as benzyl and phenet hyl groups;
a cyano group; an acyl group having about_. 1 to 7 carbon atons such as
fornyl, acetyl, 5 propi onyl, butyryl, isobutyryl, valeryl, isovaleryl
and pi val oyl groups; an acyl oxy group having, in the alkyl

noi ety, about 1 9 8hedibaR ai08FcEié hBSoRSElshth @O dyclopentanbyr oxyl
group; an al koxy group having about 1 to 6 carbon atons such as

met hoxy, ethoxy, RicaBa¥¥anbit #XMetBPlcydlshdxdidloX\cy@loekienalhaloal kyl
group such as tri- fluoronet hyl and trichl oronethyl groups; a

hal oal koxy FcloBeptiahods EyéidoOraEl hmd tomheiali;clandr aneaitomgtic
groups; a carboxyl group; an al koxycarbonyl group hav- ing, in the
al koxy noiety, akadohbdlt @ubhcasbbsnsyDrélcstivl lsaliaylnalgohop ,abdnan
N-substituted am no group such as a nonoal kyl ami no group and a

di al kyl ami no sgr olgydren amtidphenethylralgoleoll. aThe phesiolt dnedudesdefgroup
such as acetam de group and the |ike. As exanple of the
al kyne, there naexamplent pheadl, 28n adkyiphensl, pregopnednol-bgeysehol

2- butyne, 1-pentyne, 1- hexyne, 1-heptyne, 1-octyne, 2-octyne,
4-octyne, 1,7- and 2qCtbdsyAehydrowyplyényl jprapans. 4- propyl - 2- pentyne, 1-
nonyne, phenyl acetyne, benzyl ethyne and cycl ohexyl e-
Example of the polyhydric alcohol includes ethyl-
ene glycol, propylene glycol, diethylene glycol, poly-

10 ethylene glycol, dipropylene glycol, polypropylene gly-
col, trimethylene glycol, tetramethylene glycol, 1,6-
hexanediol, glycerol, trimethylolpropane(2,2-bishy-
droxymethyl-1l-butanol), pentaerythritol, 1,2-cyclo-
hexanediol, 1,4-cyclohexanediol, a carbohydrate (a mono-

15 saccharide, an oigosaccharide, a polysaccharide) such as
glucose, fructose, mannose, galactose, saccharose, aldo-
hexose, aldopentose, altrose, allose, talose, gulose,
idose, ribose, arabonose, xXylose, lyxose, erythrose,
threose and cellulose.

20 Preferred example of the alcohol includes a mo-
nohydric alcohol having about 1 to 20, particularly
about 1 to 10, and among them about 1 to 5 carbon atoms.
An aliphatic saturated alcohol may typically used as the
alcohol.

25 As example of the carboxylic acid, an aliphatic

carboxylic acid such as formic acid, acetic acid, propi-

onic acid, n-butyric acid, isobutyric acid, pivalic



thyne. 25 The al kene includes, for exanple, ethylene, pro-

pyl ene, phenyl et hyl ene, 1-butene, 2-butene, 1-pentene,

3- et hyl pentene- 1, 4-nethyl pentene-1, 1-hexene, 1-hept-

- 45 - ene, 1-octene, 2-octene, 4-octene, allene, cycl ohexene

and nor bor nadi ene. As carbon nnqgflde whi chever of pure carbon
non- oxi de or a carbon nonoxide diluted with an inert gas 5 such as
nitrogen, helium argon, carbon di oxi de and ot h- ers may be enpl oyed.

The unsaturated Qﬁﬁﬁpu%@lgﬁicbﬁciarb@ﬂﬁf@i@daéiﬁh'capryliﬁ @ieald,y capiribn the
presence of another reactant such a nucl eophi I'i ¢ conpound having a

hydrogen or a hy%@menlalﬁlc acea, \Aﬁyﬁﬂsﬁf@ 6id efgalni tilke dcddcnan (active
hydr o- gen). Exanp e of the nucl eophilic conmpound having a

hydrogen at om capali-i¢f acalagaannglisptudescarsexgoitiacid suchawsng a
hydr oxyl group such as an al cohol, water and a carboxylic acid. The

al cohol nay al so dytlloiéaRedalrdbxylid acdl; an aromatic Barbetxyaliel andy be
whi chever of an aliphatic, ali- cyclic, aromatic al cohol or a phenol,

and of a nDnA@y- such asdbefizohicpabyllydphthaltehatid Sudopitteildlc mejdhave
one or nore of substituents other than a hydroxyl group 20 anong
t he subgtituentsamﬁ(ﬁeﬁﬁvhthbﬂdciaclbe and| anatnsaturated afarblexylisat ur at ed
“ONpOng. acid such as acrylic acid, methacrylic acid, propiolic

acid, crotonic acid, maleic acid, fumaric acid, citra-

conic acid@, mesaconic acid and oleic acid. An aliphatic

10 carboxylic acid, preferably that having about 2 to 20,
and more preferably about 2 to 18 carbon atoms, and in
particular an aliphatic carboxylic acid having about 2
to 10 carbon atoms may be used as the carboxylic acid,
typically speaking.

15 An alcohol or water may frequently be used as the
nucleophilic compound having a hydrogen atom which can
be left in the reaction.

In the carbonylation reaction, a compound corre-
sponding to the olefinic unsaturated compound and the

20 acetylenic unsaturated compound can be produced accord-
ing to species éf the reactant. By way of illustration,
when water is employed as the reactant, a corresponding
carboxylic acid and an unsaturated carboxylic acid such
as an o,B-unsaturated carboxylic acid are produced by

25 carbonylation of the olefinic unsaturated compound and

the acetylenic unsaturated compound. The use of an al-

cohol results in production of an ester corresponding to



As the nonohydric al cohol, there may be nenti oned,

for

i nstance, an

al i phatic al cohol such as nethanol, et hanol , 1-propanol, 2-propanol,
1- butanol, 2-butanol, 25 1-nethylpropan-1-ol, 2-nethyl propan-1-ol,
2- met hyl pro- pan-2-ol, 1-hexanol, 1-octanol, 2-ethyl hexanol, stearyl

al cohol, allyl alcohol, crotyl alcohol and jraopargyl

- 46 - al cohol ; an alicyclic al cohol 'such as cycl opent anol

cycl ohexanol 4-nethyl cycl ohexanol, cycl ohexen-1-ol,

cyc

| ohept anol

cycl ooct anol and +h@r BgeboxgNélc adcfd iR Ithe unsathigiteld sdebBogglbenayid.

al cohol, salicyl alcohol, benz- 5 hydrol and phenet hyl

al co

hol . The phenol

includes, for  purtB%27PLf, tREeh@se & wing RhVa@boxiyeser acnal , anaseLdol

and 2, 2-bi s(4-hydroxyphenyl ) propane.

Exanpl e of the polyhydric

al cohol i ncl udes agbipride corré8fosded|to PP WaaRxg1eohcidi ahlythee

gl ycol, poly- 10 et hyl ene gl ycol, dipropylene glycol, polypropylene gly-
col, trimethyl engnghyaehteticbaap®iylierecit ViaoprolivGed. hexanedi ol ,
gl ycerol, trinmethyl ol propane(2, 2-bi shy- dr oxynet hyl - 1- but anol ),

pentaerythriol, 1,2-@od example, WhsAnegéols made F |atiplanedias the
car bohydrate (a nono- 15 saccharide, an oigosaccharide, a
pol ysacchari de) sielffiaic unsatgtatedecompanidsandrmethanolgaravtber, as

saccharose, al do- hexose, al dopentose, altrose, allose, talose,

gul ose, i dake, reabtant Gnabbeopiel 1y |csmpoundlos @etbyit propéonate
threose and cel lul ose. 20 Preferred exanple of the al cohol includes
a no- or propionic acid can be produced by reacting with car-

bon monoxide. By allowing allene as the olefinic unsat-

10 urated compound and methanol or water as the reactant

(nucleophilic compound)} to react with carbon monoxide,

methyl methacrylate or methacrylic acid may be obtained.

Methyl methacrylate or methacrylic acid may also be pro-

duced by using propyne as the acetylenic compound and

15 methanol or water as the reactant (nucleophilic com-

pound) to react with carbon monoxide.

Thus, according to the method of the present in-

20

25

vention, species of the reactant may be selected depend-
ing on the objective compound, and is frequently water,
an alcohol or an organic carboxylic acid.

Proportions of each components in the carbonyla-
tion may be selected within a wide range. By way of
exemplification, the amount of the catalytic system is,
in terms of atomic metal of the Group VIII metal source,
about 1 x 10°% to 2 x 10~ ! mol, preferably about 1 x
10°5% to 1 x 10™! mol and frequently about 1 x 10"% to 1

x 1072 mol, relative to 1 mol of the acetylenic or ole-



nohydric al cohol having about 1 to 20, particularly about 1 to 10,

and anong them about 1 to 5 carbon atons. An al i phatic saturated

al cohol may typically used as the al cohol . 25 As exanpl e of
the carboxylic acid, an aliphatic carboxylic acid such as formc
acid, acetic acid, propi- oni ¢ acid, iB—butyric acid, isobutyric acid,
pivalic - T - 47 - acid, valeric
acid, caproic acid, caprylic acid, capric acid, lauric acid, nyristic
acid, palmtic agdhdtnsaryratea’ tomfialii. an Ald PHdrtIdPOEY khe 8atd
such as cyclo exanecarBoxy Ic a ; an aromat’l c carboxyli1c aci 5

such as benzoi ¢ gaivts PRHREKC (RS G (SPARPHIdH Adxbotea £26H LELARA! hal i C

acid; and an uns oxy such as acrylic acid,

methacrylic aci dyhyf 9@kl Ghout 0261 dro CI9¥ QY Gredih, PHe@letadliydanbufier i C
acid, citra- conic acid, nesaconic acid and oleic acid. An aliphatic

10 carboxylic %Qild,toprlggeggb{,gi Re %hf%mglyz doud00.5 to s@ngynore

t
preferably about 2 to 18 carbon a ons, particular an aliphatic
carboxylic ag d havight 289Htide to thd CadtFEPRN ¥ Yleridicdéneaed-as the

carboxylic acid, typically speaking. 15 An al cohol or water
may frequently bea4eRd cafmpbitd. nucl eophi | i ¢ conpound havi ng a hydrogen
atom whi ch can be left in the reaction. In the

carbonyl ati on reacti orWheh adEP@atd1geitesystem (A) is employed, the
proportion of carbon monoxide is, for example per mol of
the acetylenic or olefinic umnsaturated compound, about

10 O.l to 100 mol, preferably about 1 to 80 mol, and more
preferably about 1.5 to 50 mol (for instance, about 1.5
to 5 mol). The reactant (nucleophilic compound) may be
used, for instance, in an amount of about 0.1 to 100
mol, preferably about 0.1 to 80 mol, and more preferably

15 about 1 to 50 mol (for example, about 1.5 to 5 mol},
relative to 1 mol of the acetylenic or olefinic unsatu-
rated compound. When water is employed as the reactant,
the amount thereof may be about 0.5 to 10 mol per mol of
the unsaturated compound.

20 As to the catalytic system (B), the ratio of car-
bon monoxide is, for example, about 0.1 to 100 mol (e.g.
about 1 to 20 mol), preferably about 0.8 to 10 mol (for
instance, about 1.2 to 10 mol), and more preferably
about 1.0 to 5 mol (e.g. about 1.5 to 5 mol), pér mol of

25 the acetylenic or olefinic unsaturated compound. Such
carbon monoxide may frequently be used in an excess

amount (for example about 1 to 20 mol) relative to 1 mol



sponding to the ol efinic unsaturated conpound and the 20 acetylenic
unsat urated conpound can be produced accord- i ng to species of the
reactant. By way of illustration, when water is enployed as the
reactant, a corresponding carboxylic acid and an unsaturated
carboxylic acid such as an [err]-unsaturated carboxylic acid are
produced by 25 carbonyl ati on of the O|€%Inlc unsat urated conpound and
the acetylenic unsaturated conpound. The use of an al- cohol results

gl ORI AR e o e

- 48 - an unsat urate I C aci

Further, in the o] | nhydri de
correspondi ng toggﬁgocéirf g%(%%e?:a acf%o Jl 9 n%l@opﬁﬁaﬁgagﬁrpg?gﬁdza oxylic
acid is producedeq;Sipgrance e{%ir AR tﬁ@h?& %’ﬁeh&c”@ﬂ%@éfﬂai‘d lghe as

t he ol ef i ni' ¢ unsat ur at conmpound, met hanol or water as t he
reactant (nucl eo chk&r&& fina eldbt qup't%nqb@ mol (e9%. pas&a@nico acid
can be produced y reacting car - bon nonoxi de. By all ow ng

al 1 ene as thg ol gfi By Hﬂ?atpreﬂéi'abl‘i{ s tC YTROYRd lénﬂoﬂewéﬂoéx&ﬁpmt er
as the reactant nucl eophi I'i ¢ conmpound) to react wth carbon

monoxi de, aBbAY! 1 MBH8CIY 10 Und RidIRE tlirerashy EBYubel bt es ned.
Met hyl nethacrylate or nethacrylic acid may also be pro- duced by

using propyne asybhe (268! vhethkce OEBud My tol 5 meR)hanwhenr wabeeri@s the
react ant (nucl eophilic com pound) to react with carbon nonoxi de.
Thus, accordi ng bfplBgedCaothdirddtraitcSaite iamount of such reactant
may be about 0.5 to 10 mol relative to 1 mol of the un-
10 saturated compound.
Meanwhile, the reactant may also be used as a re-
action solvent.
The reaction (carbonylation) may be carried out in
an inert organic solvent. As example of such organic
15 solvent, there may be mentioned an aliphatic hydrocarbon
such as hexane and octane; an aromatic hydrocarbon such
as benzene; a halogenated hydrocarbon such as chloro-
form, dichloromethane, carbon tetrachloride and chloro-
benzene; and a mixture of these solvents. Where the
20 electron donative compound or the reactant is used as a
solvent, the above-mentioned organic solvent is not nec-
essarily employed.
The carbonylation reaction may typically be con-
ducted at a temperature of, for instance, about 10 to
25 250°C (e.g. about 10 to 200°C) and preferably about 25

to 200°C, and under a pressure of about 1 (atmospheric)

to 150 atm and preferably about 1 to 100 atm. The reac-



vention, species of the reactant may be sel ected depend-

ing on the

obj ective conmpound, and is frequently water, 20 an al cohol or an organic
carboxylic acid. Proportions of each conponents in the

car bonyl a- tion may be selected within a wi de range. By way of
exenplification, the amount of the catalytig,systemis, in terns of
atomc netal of the Goup VIII netal source, 25 about 1 x 10[err] to 2 x
10[err] nol, preferably about 1 Xx 10[err] to 1 x 10[err] nol and

frequently about gign Hieie da®ried out ¥h19£86f&aﬁ681wiﬁﬂﬁﬁidﬁh%ﬁ?tl nol  of

the acetylenic or ole-

finic unsaturatedi GUPWEhod stt® BEOROBhALER MéthdE, CHdmi-batch Method
system (A) or (B) may also selected fromw thin t he range about 0.01
to 15% by wei ght, oredftiighlonsaReithod, andOid 4011@%6d)phEddgiir iaNG@ gas
frequently about 0.5 to 8% by 5 weight relative to the acetylenic or

ol efinic unsatu- (%asedtﬁ)e(i)li‘a@@pousdnce the catalyhb® sFetend JB) iandsyst em
t he

(A) is enployed,

proportion of carbon nonoxide is, for exanple

per nol of

0.1 to 100 nol,

5

(Be sl Higjhi ¢tabi0li i, ntheupsattisn etk qurgrstindh 1 labout

preferably about 1 to 80 nol, and nore preferably

10

about 1.5 to 50 nednddatted Hsf anddégualiophaie5 In patrtiduladt) .thEheatmact ant
(nucl eophi li c conpound) may be used, for instance, in an anount of
about 0.1 to 100 lytic systenpr(B)emalyl prabtically be @feds aivbmogee

preferably

15

10

15

20

25

about 1 to 50 nol (for exanple, about 1.5 to 5 nol),
neous system in a liquid phase. Meanwhile, the above

mentioned catalytic system (B) may be used singly or in
a suitable combination.

After completion of the reaction, the reaction
product(s) can easily be separated and purified accord-
ing to a conventional technology such as a separating
means including filtration, concentration, distillation,
extraction, crystallization, recrystallization and col-
umn chromatography, or a combination of these technolo-
gies.

According to the catalytic system (B) of the pres-
ent invention which comprises the Group VIII metal
source except for palladium and the specific electron
donative compound as the catalytic components, the sta-
bility of the catalytic system can be improved or en-
hanced without the use of a special phosphine, and high
catalytic activity can be obtained in a carbonylation
reaction. Therefore, with utilizing the catalytic sys-
tem (B) for carbonylation of an acetylenic or olefinic

unsaturated compound, a carbonylated product such as a



relative to 1 nol of the acetylenic or ol efinic unsatu- rated

conpound. Wien water is enployed as the reactant, t he anount t hereof
may be about 0.5 to 10 nol per nol of t he unsaturated conmpound. 20
As to the catalytic system (B), the ratio of car- bon nonoxi de is,
for exanple, about 0.1 to 100 nol (e.g. about 1 to 20 nol),
preferably about 0.8 to 10 nol (for 'i%%tance, about 1.2 to 10 nol),
and nore preferably about 1.0 to 5 nol (e.g. about 1.5 to 5 nol), per
mol of 25 the égf§ i f LN COSRO Sh-
carbon nonoxi de may ftr qgéﬁt &agg%ugegsrgagﬁigigigga gﬁghgﬁy(for

exanpl e about 1 t?&égﬁégﬁ é@?t%b&!%ﬁ%?iiiaﬁid phase with high trans-

- 50 - of t yl enic or ni ¢ unsaturated conpound. The

rati o of the reaciaatidie rate g%hgghgc@mggpnd)mfeover, didlo jsdthgae per
sa

nmol of the acetylenic or olefinic un- urated conpound, about 0.1 to
100 mol (e.g. abifid dhsardr@téd ERkrboxpleteasd Yo Udedivatrel dHBYledff Or
exanpl e, about 1.2 to 10 nol) and nore preferably about 1.0 to 5

mol (for inst@ncezarmidiiproduded %ifthl highhePanetGfmation ratemdrdeas the
reactant, the amount of such reactant may be about 0.5 to 10 nol
relative to 1 nolecifvitie un- 10 saturated conpound.

Meanwhi |l e, the reactant nay al so be used as a re- action solvent.

The reaction (carbonyl Bhé ofdlIewidie exampled are merely intended to il-
lustrate the present invention in further detail and
should not be construed as defining the scope of the

10 invention.

EXAMPLES
In the following examples, the term "part" means
"part by weight"”.
15 Exampl
A stainless steel-autoclave (inner volume of 300
ml) was charged with 0.25 mmol of dibenzylideneacetone-
platinum (0), 1 mmol of triphenylphosphine, 10 mmol of
methanesulfonic acid, 48 g (609 mmol) of pyridine and 20
20 g {624 mmol) of methanol. Propyne {300 mmol) and carbon
monoxide (600 mmol) were introduced into the autoclave
after expelling air therefrom. The autoclave was sealed
and heated, and thus the reaction was conducted under a
pressure of 60 atm and at a temperature of 100°C for 1
25 hour.
By analyzing the reaction product(s) using gas

chromatography, propyne was transformed to methyl meth-



an inert organic solvent. As exanple of such organic 15 solvent, there

may be nentioned an aliphatic hydrocarbon such as hexane and oct ane;
an aromati c hydrocarbon such as benzene; a hal ogenat ed hydrocar bon
such as chl oro- form dichl oronethane, carbon tetrachl oride and

chl oro- benzene; and a m xture of tbegg solvents. Were the 20
el'ectron donative conpound or the reactant 7S used as a sol vent, the
above-nenti oned organi c solvent is not nec- essarily enpl oyed.

The carbonyl ati o &AREE SRS trbRistBrhi 6y CPRte of 35 At dith

t enperature of, for nst ance, 10 to 3 250[err] C (e.qg. about 10 to

200[err] €) and prﬁéh ARV B3P %tr &‘éth 1 mei:ﬂa@PQi&Eé]&f @@Ob%mdexs FdY essure
of about 1 (atnobspheric) 8 atm and preferably about 1 to 100

atm The reac-  the reaction mlxture after co ?letlon of S8he reactior, ON
may be carried out 1 n accordance with a conven i onal method such as

a batch nethod, sggphadiihtRIYds obserPedCandi thie URiXBiFe® tra s ibndyes

| i quid phase or in a gas (gaseous) phase. Since the catalytic systens
(A) and 5 £B) hayes high stability, the reaction is practically

conducted in a liquid phase. In particular, the cata- | ytic system
(B) may practically becospsra6ive otfige 1 neous systemin a liquid
phase. Meanwhil e, the above mentioned catal ytic system (B) may be
used singly or in 10 The Seadtidre wapridaratiednout in the sahétmannenpation
of the reaction, the reaction product(s) can easily be separated and

purified accord- Example 1 except for using methanol as the reactant in
lieu of pyridine as the solvent. As a result, methyl
1o methacrylate in a trace amount was detected.

Cc ative Ex 1

A stainless steel autoclave (300 ml in inner
volume) was charged with 0.05 mmol of palladium (II)
chloride, 2 mmol of triphenylphosphine, 2 mmol of

15 .methanesulfonic acid, 0.2 g (2 mmol) of pyridine and
3.96 g (124 mmol) of methanol. After expelling air from
the autoclave, 300 mmol of propyne and 600 mmol of car-
bon monoxide were introduced thereto. The autoclave was
sealed and heated, and reaction was conducted at 60 atm

20 and 63°C for 1 hour.

The reaction products were analyzed by gas chroma-
tography. Resultantly, the transformation rate of pro-
pyne was so little as 3.7%., and methyl methacrylate was
produced with a selectivity of 52.7%. When examining

25 the resultant reaction mixture, precipitates of metallic

palladium due to metalation of palladium were observed.

Comparative Example 3



ing to a conventional technol ogy such as a separating means i ncl udi ng
filtration, concentration, distillation, 15 extraction, crystallization,
recrystallization and col - um chr omat ogr aphy, or a conbi nati on of

t hese technol o- gi es. According to the catal ytic system
(B) of the pres- ent invention which nprises the Goup VIII netal
20 source except for palladiumand the EﬁégiTic el ectron donati ve
conpound as the catalytic conponents, the sta- bility of the

catalytic system can b 1oy QU 3a%gedture of BBk PO Ukxdp 42 Of 2

speci al phosphi ne, I'C actrvity can talned in a

car bony! at i on gm rrteei,%ta 2 oxBABELARE: ovh 1§ 4t I Ehdib e oty S

tenl(B)dfor carg | I*on an ace enlc or unsat ur at ed
conpound, a carbqg r c ck a

- 52 - car b%%(/ f % gggr hgﬁga? %E??l cc'fac?d2 estoefr %%rr% l%éleog-o give
tained in a Stab'%ﬁgﬁv'nle%‘ﬂa‘ép?'i %Ttﬁ Rl gB16E8091ty of dvyutRigoan rate

and selectivity et yl - eni ¢ ‘unsaturated carboxylic

acid or a derg vatdpye ﬂfﬁs@ma%i%ﬁ”rﬁ%e Bf‘@k‘&ﬁ?‘né"' W Nrsut rsyesf ammadheon

rate and sel e- | owi ng exanpl es are nerely

intended to il- reactldi§tnfﬁit%z%hﬁflﬁéﬁséﬂinplé’dﬁﬂﬁ'@f‘ tie frgddielonletpid- and
shoul d not be construed as defining the scope of the 10 i nventi on.

cipitates of metallic palladium due to metalation were

produced.
Example 2
10 With 2.5 mmol of dibenzylideneacetoneplatinum (0),
10 mmol of triphenylphosphine, 10 mmol of methanesul-
fonic acid, 48 g (609 mmol) of pyridine and 20 g (624
mmol) of methanol, was charged a stainless steel auto-
clave (300 ml in inner volume). Air was expelled from
15 the autoclave and 300 mmol of propyne and 600 mmol of
carbon monoxide were introduced to the autoclave. After
sealing, the autoclave was heated and the reaction was
carried out at 60 atm and at 100°C for 30 minutes, and
the resulting products were analyzed by gas chromatogra-
20 phy.
As a result, methyl methacrylate was produced with
a selectivity of 99.0%, and the transformation rate of
propyne was 98.7%. Further, in the resultant reaction
mixture, no precipitate was observed and the mixture was
25 homogeneous.

Example 3

A 300 ml-stainless steel autoclave (as inner



EXAMPLES In the foll owi ng exanples, the term"part" nmeans

"part by weight". 15 Exanple 1 A stainl ess

st eel -autocl ave (inner volune of 300 m ) was charged with 0.25 nmol of
di benzyl i deneacet one- platinum (0), 1 nmol of triphenyl phosphine, 10
mol of met hanesul fonic acid, 48 g (6 mrol ) of pyridine and 20 20.
g (624 mol) of methanol. Propyne (300 molj “and carbon nonoxi de
(600 nmol) were introduced into the autoclave after expelling air

therefrom The atiAchRyewdas cRB2LEE with o a8l mifd &b ARbrizyiddbhgatgaction

was conducted un pres tmand at a tenperature of
100[err]C for 1 epl@%inum (0), 10 mmv1 38! ¥&i gHbriyIPHHAPHING) nbomey(s)

usi ng gas chr ofmat ogr aphy, " propyne was transforned to neth
- 93 - aciofl fle¥ndhedul FBNSE0LERY | 050 /@t@f Qf - P AYnRN @ tzb §
selectivity for nethyl nethacrylate of 96.9% As for . the reaction

m xture after conpAl meR19f oEhRetRARd1ON, After e:ﬁﬂa]ﬂ.riﬁ‘@ Rijratreonaghebser ved
and the m xture was honoge- 5 neous. Conpar ative Exanple 1

The reaction ghas HKAHdd1edeQUirer8 1RLr6@iBedBIOE MRSl of propy@eplagdl 6escept
for using nethanol as the reactant in
mmol of carbon monoxide thereto, and the autoclave was
sealed and heated to conduct the reaction at 60 atm and
at a temperature of 100°C for 1 hour.
The resultant products were analyzed by gas chro-
10 matography. Resultantly, propyne was transformed to
methyl methacrylate with a transformation rate of 14.0%,
and the selectivity for methyl methacrylate was 95.3%.
Further, no precipitate was observed in the reaction
mixture, thus the mixture was homogeneous.
15 Example 4
The reaction procedure of Example 1 was repeated
except for using 30 g of 2,6-lutidine instead of 48 g of
pyridine, and using triphenylphosphine in an amount of
10 mmol to give methyl methacrylate with a selectivity
20 of 91.9% and with a transformation rate of propyne of
7.7%. As a result of investigating the reaction mix-
ture, the mixture was observed to be homogeneous without
any precipitate.
Example S5
25 By using 30 g of l-methylimidazole in lieu of 48 g
of pyridine, and employing triphenylphosphine in a pro-

portion of 10 mmol, methyl methacrylate was obtained in



|ieu of pyridine as the solvent. As a result, nethyl 10 nethacrylate in a

trace ampunt was detected. Conparative Exanple 2 A
stainl ess steel autoclave (300 m in inner vol une) was charged with
0.05 mmol of palladium(I1) chloride, 2 mmol of triphenyl phosphine, 2

mmol of 15 nethanesulfonic acid, 0.2 g (:%%?nﬂ ) of pyridine and
3.96 g (124 mmol) of nethanol. After expel | air from t he
aut ocl ave, 300 mmol of propyne and 600 mol of car - bon nonoxi de were

i ntroduced there&gﬁ Lgﬁeagéﬂﬁg % mg%?$%}e Ipqlgggﬁgggygq¥ ged reaction

was conducted at 1 hour he reaction

product s were angeyzgc bmheaéraﬂgfsﬁmanon rd Q0 BropFastikbantiysst he

transformation rate was so little as 3. 7% and net hyl

methacrylate was y tpe %QGEESH iﬁikbuﬁeseﬁ& fé/dltpat@té%a‘é%prwhaaeaxaﬁunl ng
25 the resultan reactlon m xture, precipitates of netal

pal | adi um due {0 iRl gli3o8 GhsPAbhaghhERUE! e obser ved.

Conpar ati ve Exanple - 54 -
The reaction grocedur ggfmd3 rati ve Exanple 2 was repeated except
that 0.2 g of nethanol (total anount of 4.16 g) was used instead of

0.2 g of pyridine to g procedi@ieWr ERahpaeyhahes iépedted|exdepti ty of
about 80% 5 The transfornatlon rate of propyne was about 30% In the
reaction mxture w@fdter3ocgpltehh9Boé WwhS tsedtimutesd ©f 48 g of pyri-
dine, and the amount of triphenylphosphine was changed
to 10 mmol to give methyl methacrylate with a selectiv-
10 ity of 82.0%. The fed propyne was transformed to methyl
methacrylate at a transformation rate of 4.0%. The re-
action mixture was homogeneous accompanying with no pre-
cipitate.
Example 7
15 Methyl methacrylate was obtained with a selectivi-
ty of 71.4% in the same manner as Example 1 except for
employing 30 g of xylene in lieu of 48 g of pyridine and
using triphenylphosphine in a proportion of 10 mmol.
The transformation rate of propyne was 8.6%. By analyz-
20 ing the reaction mixture, no precipitate was observed
and the mixture was homogeneous.
Ex e
With the use of 5 mmol of transbis(l,2-diphenyl)
phosphinomethylcyclobutane instead of 1 mmol of tri-
25 phenylphosphine, the reaction was conducted in the simi-
lar manner as Example 1, and propyne was transformed at

a rate of 21.9% to methyl methacrylate. The selectivity



cipitates of netallic palladiumdue to netal ation were pr oduced.
Exmple 2 10 Wth 2.5 mol of dibenzylideneacetonepl ati num (0),

10 mmol of triphenyl phosphine, 10 mml of nethanesul - fonic acid, 48
g (609 mmol) of pyridine and 20 g (624 mol ) of nethanol, was charged
a stainless steel auto- clave (300 mg4n inner volunme). Air was
expelled from 15 t he autocl ave and 300 mmol of propyne and 600 mmol of
carbon nonoxi de were introduced to the autoclave. After seal ing, the

autocl ave was heglgpd aua%aﬁétﬁylvaaémacryw@ ed geutssat G@eate-and
at 100[err]C for 0 n1nu es, the resulting products were anal yzed

by gas ChrO”BtOQQ&ﬁun%lethfe was homo?enéﬁuélﬁiﬁﬁﬂdt dit prlecipitagey! at e
was produced with a selectivity of 99.0% and the transformation rate

of propyne was QomlardtiiieN@ixampiet Be resultant reaction
m xture, no precipitate was observed and the m xture was 25 honbgeneous.

Exanpl e 3 A 396k 1 reististleed s asiteellatut 080 VRL (s immer vol-
- 55 - vol une) was charged with 0.25 nmol of di benzyli deneace-

tonepl ati numg 0) ,unk) Wy chhryeiphetl! phes ok, ofl Aibelzylidenshceto-
met hanesul fonic acid, 30 g of [err]-picoline and 20 g (624 mmol ) of
met hanol . After eepldtingmai(io)f,r anmihb® of 2-pyridylphenylphosphine, 10
mmol of methanesulfonic acid and 68 g (2,122 mmol) of
methanol. After expelling air from the autoclave, were
introduced 300 mmol of propyne and 600 mmol of carbon
10 monoxide to the autoclave. The autoclave was sealed and
heated to carry out the reaction at 100°C for 1 hour.
By analysis of the resultant products with the use of
gas chromatography, the transformation rate of propyne
was 8% and methyl methacrylate was produced with a se-
15 lectivity of 21%.
Example 9
The reaction procedure of Example 1 was repeated
except for employing a reaction temperature of 120°C to
give methyl methacrylate with a selectivity of 98.6% and
20 with a transformation rate of propyne being 48%. The
reaction mixture was observed to be homogeneous with no
precipitate.
Example 10
A stainless steel autoclave (300 ml in inner vol-
25 ume) was charged with 0.63 mmol of dibenzylideneace-
toneplatinum, 1 mmol of triphenylphosphine, 10 mmol of

sulfuric acid, 1.6 g {(20.2 mmol) of pyridine, 38.4 g



5 autocl ave, were introduced 300 mmol of propyne and 600 mol of

car bon nonoxi de thereto, and the autoclave was seal ed and heated to
conduct the reaction at 60 atm and at a tenperature of 100[err]C for 1
hour . The resultant products were anal yzed by gas chro- 10

mat ogr aphy. Resultantly, propyne was transfgQrned to met hyl

met hacrylate with a transformation rate of . 0% and the selectivity
for methyl methacrylate was 95.3% Further, no precipitate was

observed 11 the 1eaghiffol) of WG cxbinaticalxsyTe YES NEBOETSEUS

15 Exanple e€-reaction procedure e 1 was

repeat ed and ue nge{,“%%en%p ,,n%%%fo. fmB1hy Uahd! 8&?8&%&%9&&&@@“

pyridine, i'ne 1 n an anmount

gl ve nethyl_netha@ﬁ fLﬁ f@t{hfkéﬁﬂéga'iﬂtbythgoauteélgéegdéﬁég ddpdlLing
transformation ra propyne of a result of |nvest|gat|ng
the reaction mX-air thetdfsfom! NorHg éu{ro%l\m Qﬁ§e§¥§ﬂe&0a9& HOIRAEN Q1

wi t hout any precipitate. Exanpl e By using 30
g of 1-nethyl sm dggol feddtidf Ut Hirded out 8t BY aémnsnaaﬂsloﬂe@pfwm
tri phenyl phosphine in a pro- portion of 10 mmol, nethyl nethacryl ate
was obtained in ginutes. - 56 - t he
same nmanner as Exanple 1 with a selectivity of 89.5% The

transformation rate of gpr aRUNGz1R§ fHe HBeaction products with the use of
gas chromatography, the fed propyne was transformed to
methyl methacrylate at a transformation rate of 38.0%,

10 and the selectivity for methyl methacrylate was 94.2%.
In the reaction mixture, no precipitate was observed and
the mixture was homogeneous.

Ex le 1
By using 0.63 mmol of dibenzylideneacetoneplati-

15 num, 1 mmol of triphenylphosphine, 20 mmol of sulfuric
acid, 9.5 g (120 mmol) of pyridine, 30.5 g (305 mmol)} of
methyl crotonate and 20 g (624 mmol) of methanol, the
reaction was conducted in the same manner as Example 10.
Resultantly, propyne was transformed to methyl methacry-

20 late at a transformation rate of 41.4%, and the selec-
tivity for methyl methacrylate was 99.7% The reaction
mixture after completion of the reaction was homogeneous
and no precipitate was observed.

Example 12

25 The reaction procedure of Example 10 was repeated

except for using 0.65 mmol of dibenzylideneacetonepla-

tinum {0.02% by weight in terms of platinum), 1 mmol of



In the reaction m xture, no precipitate was produced and the m xture

was honobgeneous. 5 Exanpl e 6 The procedure of Exanple 1
was repeated except that 30 g of anisole was used instead of 48 g of
pyri - di ne, and the anmount of triphenyl phosphi ne was changed to

10 mmol to give nethyl nmethacrylate with a gslectiv- 10 ity of 82.0%
The fed propyne was transfornmed to nethyl ™ nmet hacryl ate at a
transformation rate of 4.0% The re- action m xture was honogeneous

acconpanyi ng “‘t2f€?RW1ﬁ¥ﬁRh°ﬁP4¥d% tatg. gel i mol) 5¥aﬂ?ﬁfb

Met hyl et hacryl W't h'a of 71 4@6|n t he
sane manner as Exgopi € do ¢C@Rle Iitlo1) ofhgggr@hﬁﬁén 3028 ef(m Gl )" df eu

of 48 g of pyridine and using trip phosphine 1n"a proportion of

10 nmol . Thiet KA1 A dTRjiveN nfe%h?lofnelﬁhae.ﬂ}@a’ﬁésw&l@% R aalviay 20

ing the reaction mxture, no precipitate was obServed and the mxture

was honbgeneous. of 97.8%. TRAMNRsFormation rat¥dlbh pRSpyse wis uemml, of

transbi s(1, 2-di phenyl) phosphi nonet hyl cycl obut ane instead of 1 mol

of tri- 25 sphefy! BhAsHIRIdd'enec2ehiceRonamifeRELC! S | fithers ivls

| ar manner as Exanple 1, and propyne was transforned at a rate of

21.9% to nethyl rmxﬂ@généaisemmxﬁﬁla@gt !‘b’b‘i itate.

- 57 - for the product nethyl acry ate was 90.5% The re-
Example 13

By using 0.63 mmol {(0.02% by weight in terms of

platinum) of dibenzylideneacetoneplatinum, 1 mmol of

10 triphenylphosphine, 10 mmol of methanesulfonic acid, 1.6
g (20.2 mmol) of pyridine, 38.4 g (384 mmol) of methyl
crotonate and 20 g (624 mmol) of methanol, the reaction
was carried out in the same manner as in Example 10.
Propyne was transformed to methyl methacrylate at a

15 transformation rate of 53.4%, and the selectivity for
methyl methacrylate was 96.6%. The reaction mixture

after completion of the reaction was homogeneous with no

precipitate.
Ex 1 4
20 Methyl methacrylate was produced with a selectivi-

ty of 89.6% in the same manner as Example 10, except
that 0.63 mmol of dibenzylideneacetoneplatinum, 1 mmol
of triphenylphosphine, 14 mmol of phosphoric acid, 1.6 g
(20 mmol) of pyridine, 38.4 g (384 mmol)} of methyl

25 crotonate and 20 g (624 mmol) of methanol were employed.
The transformation rate of propyne was 37.9%. By inves-

tigating the reaction mixture, no precipitate was ob-



action m xture was honogeneous w thout any precipitate.

Conparati ve Exanple 4 A stainless steel autoclave (300 m in

i nner vol- 5 une) was charged with 0.25 mmol of di benzyli deneacet o-
neplatinum (0), 1 mmol of 2-pyridyl phenyl phosphi ne, 10 mol of

met hanesul fonic acid and 68 g (2,122 mmol ) gg met hanol . After
expelling air fromthe autoclave, were introduced 300 nmmol of propyne
and 600 mmol of carbon 10 nonoxide to the autoclave. The autoclave was

seal ed and 5AISf! ey niibutBoyhe b oferdodOl errl C for 1 hour.

By anal ysis of the resultant ucts W t gas

chromat ogr aphy, the trﬁigﬁ%§%$¥icw1rale of propyne was 8% and net hyl
nmet hacryl ate was produce a se- 15 l ectivity of 21%

Exanpl e 9 Te Mo 0 RrdcRdre of Example 1o\was redsdth

except for enploying a reaction tenperature of 120[err]C to gi ve

net hyl methacryl alsg.ait Fox Sip2elingt 4. 68 ﬁﬁoﬁ%ﬂrwib&&ymmeacetone-
transformation rate of propyne being 48% he reaction m xture was

observed to bg hgimasnsMis 1Wrnd1nes triph@ﬁ?ﬂpl%éﬁﬁﬁle. 10 mmol ofEsanpl e 10
A stainless steel autoclave (300 mM in 1nner vol- 25 ume) was charged

with 0.63 nmml ofeghfienzild,dangage(s59 mmol) 0BEPpPEidime, 135UBIg qf327
trlphenylphosphlne 10 mmol of sulfuric acid, 1.6 g (20.2 mmol) of
pyridine, 38.4 gmmol) of anisole and 20 g (624 mmol) of methanol to give
methyl methacrylate with a selectivity of 97.9%. The
transformation rate of propyne was 36.9%. In the reac-
10 tion mixture, no precipitate.was observed and the mix-
ture was homogeneous.
Example 16
With the use of 0.63 mmol of dibenzylideneacetone-
platinum, 1 mmol of triphenylphosphine, 10 mmol of sul-
15 furic acid, 40.0 g (400 mmol) of methyl crotonate and 20
g (624 mmol) of methanol, the reaction was conducted in
the same manner as Example 10. Propyne was transformed
at a transformation rate of 25.6% and methyl methacry-
late was procured with a selectivity of 89.5%. By in-
20 vestigating the reaction mixture after completion of the
reaction, the reaction mixture was observed to be homo-
geneous without any precipitate.
Example 17
Methyl methacrylate was obtained with a selectivi-
25 ty of 94.1% in the same manner as Example 10, except
that 0.63 mmol of dibenzylideneacetoneplatinum, 1 mmol

of triphenylphosphine, 10 mmol of sulfuric acid, 4.7 g



- 58 - (384 mmol) of nmethyl crotonate and 20 g (624 mmol ) of

nmet hanol . Propyne (300 mmol ) and car bon nonoxi de (600 nol ) were

i ntroduced into the autoclave after expelling air therefrom The

aut ocl ave was seal ed and heated, and 5 the reaction was carried out at
60 atm and 150[err]C for 10 m nut es. By anal yzing the
reaction products with the use of gas “chr omat ogr aphy, the fed propyne
was transformed to met hyl nethacrylate at a transfornmation rate of
38.0% 10 and IQSBemﬁlSEL?CI)fV iéfﬁe meid1yd Wﬂ%chﬁﬂoit)eo‘éaaigﬂhﬁ%me

In the reaction Xxture, ‘no precipitate was observed and e mxture

was honogeneous dimeth¥RPtfer land 20 g (624PmdiNe£OmEEHAABL Of
dibenzylideneace?bgggﬂa e ﬁ% num flnwol o# trlphenglphosphlne 20 mol

of sulfuric we%ﬁ'qsea 5 ghé1€£hﬂ§¥6ﬂméﬁldﬁ”ﬁd¥eﬂ%f $Popyde( @88 mmol ) of

met hyl crotonate and 20 g (624 mmol ) of nethanol reaction was

conducted in thesjagg. mmﬁe{:hésrges@fﬂ;&xe mdkture, nof%@&@cti@mthxe paspype was
transforned to nethyl nmethacry- 20 |late at a transfornmation rate of

41.4% and the sgkefed and théViédctDin MRitetrdraidiationogencvas.99. 7% The
reaction m xture after conpletion of the reaction was honbgeneous

and no precipitate wagxahpdevaed. Example 12 25 The
reaction procedure of Exanple 10 was repeated except for using 0.65
mol of di benzyl i deneagst @eapitdon procelupenvf CELRPLy Meivgls repeateds of

platinum, 1 mmol of
except for employing 0.63 mmol of dibenzylideneacetone-
platinum, 1 mmol of triphenylphosphine, 10 mmol of
16 methanesulfonic acid, 1.9 g (20 mmol) of B-picoline,
38.1 g (381 mmol) of methyl crotonate and 20 g (624
mmol} of methanol. As a result, propyne was transformed
to methyl methacrylate at a transformation rate of
41.2%, and the selectivity for methyl methacrylate was
15 93.5%. By examining the reaction mixture, no precipi-
- tate was produced and the mixture was homogeneous.
Example 19
By using 0.63 mmol of dibenzylideneacetoneplati-
num, 1 mmol of triphenylphosphine, 10 mmol of methane-
20 sulfonic acid, 1.7 g (16 mmol) of diethanolamine, 38.5 g
(385 mmol) of methyl crotonate and 20 g (624 mmol) of
methanol, methyl methacrylate was produced with a selec-
tivity of 98.2% in the same manner as Example 10. The
transformation rate of propyne was 51.2%. The feaction
25 mixture after completion of the reaction was homogeneous
without any precipitate.

E e 20



- 59 - tri phenyl phosphine, 3.6 g (0.1 nol) of hydrochloric

acid, 40 g (506 mol) of pyridine and 20 g (624 mmol ) of nmet hanol to
give nethyl nethacrylate with a selectivity of 97.8% The
transformation rate of propyne was 46. 7@6 In investigating the
reaction m xture, the mxture was neous W thout any precipitate.
Exanple 3 By using 0.63 mol gqg§@6by wei ght in terns of

pl ati nun) of dibenzylideneacetoneplatinun1 1 nmol of 10

tri phenyl phosphi ne, 3%%& gJetﬁ%tc ms%el &aglsb@&mea kifth a seledtA®i2

mol ) of pyridine, hyl crotonate and 20 g

(624 mmol ) of ”E:}%a%@ 74. Bg &ﬁaEhéOQame mamY@s.S é‘sarzrxa@%wtlo' N elxdepgame
manner as in Exa Propyne was transfor to met hyl

methacryl ate at gpak>g.6h" ﬁﬂ%&obﬂﬂaiﬁélniﬁ faéiedie ttifepand intm, sel aebivity
for nethyl methacrylate was 96.6% The reaction m xture after

conpl etion of thes qag! y\l@ﬁob ﬁ@ﬂenengvwms Mfnol) ofPpyeiidinat and
Exanmple 14 20 Egh hyl “nmet hacryl ate was produced with a sel ectivi-

ty of 89.6%isn the %ar(‘iz'laﬂnfh@l)aﬁfﬁﬁéﬁﬂ&ﬁoi&ve@(ﬁfﬁﬁd The ttirans@okmarmol
of di benzylideneacetonepl ati num 1 mmol of triphenyl phosphine, 14

mol of phosphor itg ciCirdtel o8 ropyne w29 £MDO3. of Ipyhelimeactidnd mix-384
mol ) of nethyl 25 crotonate and 20 g (624 mmol ) of nethanol were
enpl oyed. Hird, aes breciplioate ayas odbperpyd aanda T H7 TSHCTBYN Migs-
tigating the reacti on m xture, no precipitate was ob-

ture was homogeneous.

Example 21
10 The reaction procedure of Example 10 was repeated
except for employing 0.65 mmol of dibenzylideneacetone-
platinum, 1 mmol of triphenylphosphine, 4.7 g (59 mmol)
of pyridine, 40 g (370 mmol) of anisole and 20 g (624
mmol) of methanol. As a result, propyne was transformed
15 to methyl methacrylate at a transformation rate of
24.0%, and the selectivity for methyl methacrylate was
99.6%. By examining the reaction mixture, no pre-
cipitate was observed and the mixture was homogeneous.
Example 22
20 By using 0.63 mmol of dibenzylideneacetoneplati-
num, 1 mmol of triphenylphosphine, 10 mmol of metha-
crylic acid, 0.8 g (5 mmol) of dipyridine, 40.0 g (400
mmol) of methyl crotonate and 20 g (624 mmol) of metha-
nol, methyl methacrylate was produced with a selectivity
25 of 97.7% in the same manner as Example 10. The trans-
formation rate of propyne was 47.3%. The reaction mix-

ture after completion of the reaction was homogeneous



- 60 - served, and the m xture was honogeneous. Exanmpl e 15

The reaction procedure of Exanple 10 was repeated except for enploying
0. 63 mmol of dibenzylideneacetone- 5 platinum 1 mml of

tri phenyl phosphi ne, 10 mmol of sul - furic acid, 4.7 g (59 nmmol) of
pyridine, 35.3 g (327 mol ) of anisole_and 20 g (624 nmmol) of nethanol
to give met hyl nethacrylate with a sélggtTvity of 97.9% The

transformation rate of propyne was 36.9% In the reac- 10 tion mxture,
no precipitate V. %HQ X - ture was honobgeneous.
Exanpl e 16 ‘Mﬁhfﬁﬁﬁxtéﬁk e 5%%&§?k§f63 mmol of di benzyl i deneacet one-
pl ati num 1 mmol of t;%g%@giégﬂ$sphine, 10 mmol of sul- 15 furic acid,
40.0 g (400 nmol) of crotonate and 20 g (624 mol ) of
methanol , the reacti ony P SEL1dte was obtBiRBECWIRANE s8Te AP ©

10. Propyne was transforne at” a transformation rate of 25.6% and
methyl methacry- go of deiish WG5S thieOSumeImbhhBraas chRahh Ve L ¥0 Ofekopa? By

in- 20 vestigating the reaction mxture after conpletion of the
reaction, thegreagii®no XA W3S cARSRbYEEtEA18€ab0AD-1 mmol AFERAAGUS

wi t hout any precipitate. _ Exanpl e 17 Met hyl
nethacryl ate was phéRy1itbspithed 30 RFbLYof sddfuriy &6i@4.1% idh tde sanme
manner as Exanpl e 10, except that 0.63 nmol of

di benzyl i deneacet pfRep} ¢ PyBidin®038.4 g (384 mmol) of methyl crotonate
and 20 g (624 mmol) of methanol were used. The trans-
formation rate of propyne was 17.8%. In the reaction

10 mixture, no precipitate was observed and the reaction
mixture was homogeneous.
M1} 24

A stainless steel autoclave (inner volume of 300

ml) was charged with 2.5 mmol of dibenzylideneacetone-

15 platinum, 10 mmol of triphenylphosphine, 10 mmol of
methanesulfonic acid, 45 g (569 mmol) of pyridine and
4.3 g (134 mmol) of methanol. After expelling air from
the autoclave, 67 mmol of allene and 610 mmol of carbon
monoxide were introduced thereto. The autoclave was

20 sealed and heated to conduct the reaction at 60 atm and
100°C for 1 hour.

As a result of analyzing the reaction products
with the use of gas chromatography, allene was trans-
formed to methyl methacrylate at a transformation rate

25 of 48%, and the selectivity for methyl methacrylate was
95.5%. The reaction mixture after completion of the

reaction was homogeneous without any precipitate.



of trlphenylphosphlne 10 mmol of sulfuric acid, 4.7 g
61 (59 mmol ) of pyridine, 35.3 g (218 mmol) of diethyl ene

egcoI di ret hyl ether and 20 g (624 mmol ) of nethanol were used. The
transformation rate of propyne was 51.5% In the reaction m xture, no
precipitate was ob- 5 served and the reaction m xture was honogeneous.
Exanpl e 18 The reaction proceduﬁé of Exanple 10 was repeated
except for enploying 0.63 mmol of dibenzyli deneacetone- plati num 1
mol of triphenyl phosphine 19 mmol of 10 nethanesulfonic acid, 1.9 g (20
mol ) of [err]-picoliff&, 38.1 g (381 nmmol) of nethyl crotonate and 20

624
Po methyl methacr yl at 308 *aapraalr BFeGERUEe of ONRA IS e ShRntEd, |
selectivity for EhNL PRLDSIME A Enethostind ras BisBU A 16 (e

reaction m xture, noO" precl uce and the m xture was

honmogeneous. ?nYBﬁ@%ﬁlﬂeg and that th@’ rdabR9ofl. fas "8RErLéd

dlbenzylldeneaceton num 1 mmol of triphenyl phosphi ne, 10 mol

of met hane- H%Uhéog'fe fficfatded OF (IRpETEok qb _fighbagotamynee 38.5 g
nEt

(385 mmol ) o croton 20 g (624 mol ano
met hyl met hacryl ﬁtae Sm@fﬂ&#fﬂatﬁé tfh #h S@'s@l‘ectlvityt byi by.0% PBtR%he the

sanme manner as Exanp e 10 transformation rate of propyne was
51.2% The react g@Rectivity of propyne being 25%. In the reaction mix-
ture, no precipitate was observed and the mixture was
homogeneous.
10 Exam 2
A flask was charged with 0.2 mmol of platinum (II)
chloride, 10 mmol of triphenylphosphine, 23.92 mmol of
pyridine and 141.16 mmol of anisole, and the flask was
heated at 150°C. Resultantly, even after heating for 40
15 hours, no metal was deposited or precipitated and the
.catalytic system was maintained in homogeneity.
iv am
The procedure of Example 26 was repeated except
for employing 0.2 mmol of palladium acetate instead of
20 0.2 mmol of platinum(II) chloride to examine the stabil-
ity of the catalytic system. As a result, a precipitate
was observed from 20 minutes after the initial of heat-
ing. By analyzing palladium concentration in the reac-
tion mixture after 2-hour heating treatment, palladium
25 was detected only in few ppm at most, and the majority
of palladium was deposited or precipitated as metal.

Thus, the catalytic system was extremely instable.



25 mxture after conpletion of the reaction was honbgeneous wi t hout

any precipitarte. Exanpl e 20 —_—

- 62 - P g![ uuﬂﬁm"ﬁcrylate was obt ai ned mnth a selectlvr——-
ty of 74.5% i n|itkE fllas Exanple 10, except Sﬂwaﬁwx&%

di benzyl i deneacét ofept ath ndm *1 mmol o% trlphenyl (506
mmol ) of pyridine and 5 20 g (624 mol) 1 nethanol gﬂ ﬂ%e

t ransf or na- tion rate of propyne was 47.0% In the reac

ture, no precipit and the reaction m x- ture was
honbgeneous. ﬁﬁé&wa;éﬁgﬁﬁk%Fgf The reaction procedure of
Exanpl e 10 was repeate ﬁﬁg f |

di benzyl i deneacet one- f. 6?%% 4?5f%%rk8% ??Fgﬂﬁglﬁgﬁosp ?%EP 157 g
(59 mmol) of pyrpging, k$pke 20cHou®24
mol ) of nethanol . Sgkegu?#a%{%%% was tc%fn z orrrg (ﬁﬂg to rrlgt hyl

methacryl ate at %f%la'}éé&h”%tdu‘i%er Sagepghodic 18018 %5 tﬁ?eﬁeﬁi&“dﬁ“ ty

for nethyl nethacrylate was 6% By exam ning t reaction m xture,

no pre- %m Rid 5t efa(ia%ﬂqscﬁr&\ﬁﬁld Qgé)t Re1 PhXhET ShoRe W%m&%wing

Exanpl e 22 dsin of dibenzyl i den€acetonepl ati -

num 1 mmol of tréphamd Ahas (}p*ydae(s%g HHDElQEthﬁh&onative Sonpdund@dats- 0. 8
g (5 mmol) of dipyridine, 4

ing an electron donability AvD relative to a deuterated
methanol D of not less than 2:
10 %7"\‘
Rl1—A—R3

(Ib)

wherein A represents a phosphorus atom, an arsenic atom
or an antimony atom; and R!, R? and R® independently
represent a hydrogen atom, an optionally substituted
15 alkyl group, an optionally substituted alkenyl group, an
optionally substituted alkynyl group, an optionally sub-
stituted cycloalkyl group or an optionally substituted
aryl group, oOr R? and R3 may together form an optionally
substituted alkylene group, with a proviso that R! to R®
20 are not concurrently hydrogen atoms.
2. A catalytic system for carbonylation as
claimed in claim 1, wherein said Group VIII metal source
{Bl) in said catalytic system (B) is at least one metal
selected from the group comnsisting of platinum, cobalt,
25 nickel and rhodium, or a compound of said metal.
3. A catalytic system for carbonylation as

claimed in claim 1, wherein said catalytic system (B)



mmol ) of nethyl crotonate and 20 g (624 mmol ) of netha-*‘-~ -nol, nethyl
met hacryl ate mag_Enggged_mth—a~select|V|ty 25 T g4 W |n t he sane
manner as Exanple 10. formation r

47.3% The reacti ‘“mmgﬁ‘ mm‘e aft'er corrpl etlo
honbgeneous

any precipitate. Exanple 23 - - Met hyl nethacrylate was
ogtained W th a sel ectivi - ty of 95.5%in the sane manner as Exanpl e
1 except I gh! phat R Cedingh I o~
phenyl phosphi ne é‘g@rlq‘ie%’sfeﬂsgﬁl ric ég?g E? %ﬂécf 20 2 %%lv?@cﬁé i is

pyridine, 38.4 g [ %ﬁﬂﬂﬁuéﬁéﬂﬁﬂhyl crotonate and 20 g (624 mmol) of
met hanol were used trans- formation rate of propyne was 17.8% In

the reaction 10 mxtyre, Ar@aﬁﬁ&li& t@tsﬁtéﬁﬁ%o&b&a&usﬂyﬁaéiéﬂeaéeactIon
m xt ure was honobgeneous. A stainless steel

autocl ave (inner y¥oliey ofn 30Qim 1, wﬁbkemsSamrgfghmt{m 51

dlbenzylldeneacetone- 15 platinum 10 mmol of tri phenyl phosphine, 10 mmol

of met haine syl D116 AGybtefd (@)(§§9aﬁﬁﬁhﬁ>oﬁﬁdp¢(flﬂiélef@ﬂﬂlla (Ib¥. 3 g

(134 mmol ) of nethanol”. After expelllng air from t he autocl ave, 67

mol of allene anghddd s Mleft GRch@F R! to RONQYI & AP dgroumdiead
thereto. The autocl ave was 20 seal ed and heated to conduct the reaction

at 60 atm and substituted aryl group.

5. A catalytic system for carbonylation as
claimed in claim 1, wherein said ligand (B2} in said
10 catalytic system (B} is a tertiary organic phosphine.
6. A catalytic system for carbonylation as
claimed in claim 1, wherein said electron donative com-
pound (B3} in said catalytic system (B) is at least one
member selected from the group consisting of an amine,
15 an imine, an amide, an ether, a ketone, an ester, a lac-
tone, an aldehyde, a sulfoxide, a nitrile, a nitro com-
pound, an aromatic hydrocarbon and an aliphatic hydro-
carbon.
7. A catalytic system for carbonylation as
20 claimed in claim 1, wherein said electron donative com-
pound (B3) in said catalytic system (B) comprises at
least one basic compound selected from the group con-
sisting of an amine, an imine and an amide.
8. A catalytic system for carbonylation as
25 claimed in claim 7, wherein said electron donative com-
pound (B3) in said catalytic system (B} further com-

prises an ether or an ester.



100[err]C for 1 hour. As a result of analyzing the reaction
products wth the use chronatography al l ene was trans- |

formed to nethyl transfornatlon ratéhwﬁﬁaihmmmﬂﬁﬁmmﬁnd
the selectivity fo wil Iate was 95. 59
m xture after conp reagt%gn_mas ho t any

precipitate.

Exanpl e 25 The reaction procedure of Exanple 1 was repeated
except that di phenyl buganeph
tri phenyl phosphi ne, an% thgtg?tgi tlon mag?carP?ggﬂgéatloﬁ as

temperature of 150f eiidd fprcibfinr numaraﬁng 4%a elecf?t%ﬁyéoﬂ@ii\?%rddnﬁle

with a selectivity ect|V|t propyne beil ng 25%

In the reaction n&ung (B3} Wi sa&e era%awt&et eygeémobé?ri/@ agubddifary Xt ure

was honobgeneous. | ask was char ged

with 0.2 nmmol of gaid rggnglﬂgrtiary a&ﬁhgrlde 10 mmol of
tri phenyl phosphi ne, 23.92 mol pyridi ne and 141. 16 nmol of

ani sol e, and ghe flaskjpas p cataiﬁ%ﬁé*%jﬁte%5&@r Basubh@nhtioneygn after

heating for 40 15 hours, no et was deposited or precipitated and the
catal ytic system yBsimed Hidiedn N ,hoAReeRAI E¥id electron AdKHPBFétdofe

Exanpl e 5 The procedure of Exanple 26 was repeated except
pound (B3) in said catalytic system (B) is a compound
having an electron donability AvD relative to a deute-
rated methanol D of 30 to 250.

10 11. A catalytic system for carbonylation as
claimed in claim 1, wherein said catalytic system: (B)
comprises (Bl) a platinum compound, {(B2) a tertiary or-
ganic phosphine having at least one aryl group or sub-
stituted aryl group and {(B3) an electron donative com-

15 pound having an electron donability AvD relative to a
deuterated methanol D of 50 to 250.

12. A catalytic system for carbonylation as
claimed in claim 11, wherein said electron donative com-
pound (B3} is a heterocyclic amine or an alkanolamine.

20 13. A catalytic system for carbonylation as
claimed in claim 1, wherein said catalytic system (B)
further comprises (B4) an acid.

14. A catalytic system for carbonylation as
claimed in claim 13, wherein said acid (B4) is a proton

25 acid or a Lewis acid.

15. A catalytic system for carbonylation as

claimed in claim 14, wherein said proton acid is at



for enploying 0.2 mmol of palladiumacetate instead of 20-—6-2-mml of
platinum(l1) chloride to exam ne-the stabil- ity of t?enﬁéﬁg&yt|c
Li

system As a result, WY . was obser VibidS: tes after
the initial of heat}f ‘B‘ [@mﬂgag“anal yzi ng pal | adi
reac- tion m -hour heating treat

fion in the
25 was

detected only in few ppmat nost, and the mgjority of pal |l adi um was

deposited or precipitated as netal. Thus, the catalytic system was

extrenmely instablg., s embEA Tsb e Shdd B dp the group consisting of 65
1. A catalytic éﬁ%tgﬁffgr carbon%%atlon ﬁtlchizg P (B) a catalytic

syst em compr i si nguyf B 131leBASE ABEaTCAR! a BAHIAR IR GRA AT aMobBogoUP

consisting of iron, osmum co , rhodium” iridium nickel and platinum
(B2) aligand shoun, ideal abheuhatobehiw| doid Poumizale deqa,naitesstal n
a heterocyclic group having a "nitrogen atomas a hetero atom and (B3) an

el ectron donabilidgid et bﬁo%%h@i‘il&eaéfdaaﬁ&% Pl og@iiftan@idd of not |ess

than 2: J[err] wher €I n represents a phosphorus atom an arsenic atom

or an antimony atom ajgl Rrdg 5] sggﬂeﬂ[ eb+ ]| caPeRETWEIdI WHIRI esent a

hydrogen atom an optionally subsfituted al kyl group, an optionally
substituted al kepdmp#i@da; an optionally substituted al kynyl group, an
optionally substituted cycl oal kyl group or optionally substituted aryl

group, or Rlerr] and R®yrd donbine@abRebsl ¢BIYaa ppatDmah | yompisdd t ut ed
al kyl ene group, with a proviso that R err] to R err] are not concurrently

hydrogen atons. (B2) a tAr&dkakybrGahyct pdéphiims) Eaid atrganias phlosi-med in
claim1l1l, wherein said nmetal source (Bl) in said catalytic system(B) is at

| east one netal  aHiand edviingmatheegsoupne oasystgrmnmfom|sathighirqutedbalry L
ni ckel and rhodium or a conpound of said netal. 3. A catal ytic system
for carbonylxs i orgmsie laaidreeing €raenttomwhenbtrogas ccardtainimg eferem ( B)
conprises the ligand (B2) of the formula (1b) where A is a phosphorus atom
4. A cat al yt i ccyyisitce rgrfomp ,c 4BBonghaelentren clenatsive reannaundl hapiagei n
said |igand. (B2)

an electron donability AvD relative to a deuterated

methanol D of not less than 2, and (B4) a proton acid.

17. A method for carbonylation which comprises

15 allowing an acetylenic unsaturated compound or an ole-
finic unsaturated compound to react with carbon monoxide
in the presence of;

(B) a catalytic system comprising (Bl) a Group
VIII metal source of Periodic Table of the Elements ex-

20 cept for palladium, (B2) a ligand shown by the following
formula (Ib) and (B3) an electron donative compound hav-
ing an electron donability AvD relative to a deuterated
methanol D of not less than 2:

R2-.

P (Ib)

25 :
Rl—A—R

wherein A represents a phosphorus atom, an arsenic atom



in said catal ytic system (B) is a conpound of the formula (Ib) where at

| east one of Rlerr] to Rlerr] is an-aryl group or a substituted aryl 'group.

5. A catalytic s I ation as clai rrmeslsmecHaan lwbrérel n

said |igand (B2) |r1’ mgystem(& |sate

phosphi ne. 6. o aait em for bonyI at| | n claim
a a

1, wherein said electron donatl ve corrpound in sal IC system
(B) is at |east one nenber selected fromthe group consi sting of an am ne,

an imne, an am de. 43N aRtRbny 2aksh O Ena A" esﬁerand"llﬂ3agfn‘&'é§enaﬂn%h.§ehyde a

sul foxide, a nitrile, a nltro compoun an aromati c hydrocarbon and an

aliphatic Fﬁ!‘ Qéﬁﬁaﬁb droggn atorﬁ\ Ca aptichaaiyt els@h tuted
carbonyl ation as clained in a| m 1, wherein said el ectron donative

conpound (B3) inagd gababytaﬁ syfismall swsvitafedhlkeayl oroupasas
conmpound sel ected fromthe group consisting of an amne, an imne and an

am de. 8. Aocptiohkling siBEEIthEsd CAIBEW] ajrctp ,aanC |o?t'1&ﬂal1my0bﬁbm 7,
wherein said el ectron donative conpound (B3) in sai d catal ytic system (B)
further conpri segtarutelety8lodlkestgroup & an obteiadnalldly csumsatnetrtéar
carbonylation as clained in claim1l, wherein said el ectron donative
conpound (B3) i na&q&dgﬁ‘ahpl ybECR3yaRERT Bay stogetreandarn am betabnally
tertiary am ne. A catalytic systemfor carbonylation as clainmed in
claim1, wherei nsemsdmheear alkybeané | geouppaittd & BHoviisos ahadtcafakyt RE
system(B) is a conpound having an el ectron donability [err] relative to a
deut er at ed net hamale Dotif c8fictoré&sdly hydrogernh ataime.yti ¢ system for
carbonylation as clained in claiml, wherein said catalytic system (B)
conprises (Bl) a pl atilfum @domeshod, £oB2rarbonylatign crgagiaingtsighi ne
havi ng at | east one aryl group or substituted aryl group and (B3) an
el ectron dod#&t i veledmpédndwhaveihy s@id| wesaiorratsthsiampopndr dsr @hative to a
deut erated nmethanol D of 50 to 250. 12. A catalytic systemfor
carbonyl ati on as%cRSPFFdePACcrarRPYRd %eﬁ‘%lfh“%]éﬁ}@cem?u&@natl ve
conpound (B3) is a heterocyclic_amne or an al kanol am ne.
catal ytic systemfor dar boﬁyl‘“&ttPSﬁ $9T cFEFREBYI AL LR 35 1°l%¥’éerqe|31? sai d
catalytic system (B) fuyrt he e nd, aci d. A cat al
system for carbo i &l a¥ EF%?‘ ?"i %‘F%’z eféic \M%%@ﬁddcgﬂ‘ﬁ’ﬂuf’éél i
a proton acid or A cat al (% S temf%r carlégnylation
t

asI cl ai ge](c:l in clhz?r%m i\é\ﬂflﬁﬁgrgf‘lﬁ?g‘ﬁﬁ:?ﬁ o??ﬂlp% ES -0 AE2 nbe][
201, & car Bowyl FAtHCLRrBE bEbGRTAE A £ ;c‘.kcgiﬂgquﬁrf&ﬁa Sofhpofia byl O

a phosphoric aci d a98:-34B6" BRLA%PRIGn A4 be 1eft in the reaction.

20. A method for carbonylation as claimed in

claim 19, wherein said nucleophilic compound is at least
one member selected from the group consisting of water,

20 a compound having a hydroxyl group and a carboxylic
acid.

21. A method for carbonylation as claimed in
claim 20, whereln said compound having a hydroxyl group
is an alcohol.

25 22. A method which comprises allowing, in the
presence of a catalytic system, (a) an asymmetric

acetylenic or olefinic unsaturated compound to react



16. A catalytic systemfor carbonyl ati on whi chrconprises;—--—— (B) a
conbi nation of (Bl) a platinumco nd, (B2) a tefkical%, 060201 QQOSphine,
said organic phospﬁTﬁé‘ﬁEVTﬁ—_—_—ﬂpﬂgt one aryl gro f d aryl
orovp e b et U JMCMCEALNAE -

ni trogen-containi ngi e € up, (Bg% an el conpound

havi ng an el ectronh d6na6illty err] relativé“t0 a deuterated nethanol D of
not less than 2, and (B4) a proton acid. 17. A nmet hod for carbonyl ation

whi ch conprises glLgwg LRGeS0 ISR YT 8l §OHROUBHE LoRSo @' | i ¢

unsat urated conp react w carbon no ein e preserice 01,

(B) a catalytic ggﬂgfg&%@éﬂl S 4 ?&ﬂsﬁ%%ﬁpgnan@éﬁnggﬁ .C%&%&ft ed

fromthe group consrstrng of iron,” 0s coba rhodium 1ridium nickel

A DAt { Shbving 9208 AOWILIN, ‘diorls” e Gak BB o (a0 My o

not contain a h rocycli ¢ group having a nitrogen a as a hetero

and (B3) an elecirgg ?Bnég}ﬁééSQfgﬁg relative to a deuterated nethanol D of
not less than 2: [éerr erein ‘A represents a phosphorus atom an

arseni c atomgor an anihapRY,akeiy ARFaIYEid lsydid fils;and Rierr]

i ndependently represent a hydrogen ato an optionall’y substituted al kyl

group, an optional |y Suyshi byl kenybedli Oth tahiyIUtAGLY coigibLUL ed

al kynyl group, an optionally subStituted cycloal kyl group or optionally
substituted aryl g450¢R1) 04 cllﬂ@ﬁ;s lvand gl lsottet 84CPBLLoBREMTELe of

optionally substitlUted al kyl ene group, with a proviso that Rerr] to Rerr]

are not concurr ephkYENNGEREE NedP®  for FhlladAuiBt hed)f ar 1egah@nyhedm on as
claimed in claim 17, wherein said unsaturated conpound is an [err]

acetyl eni c conpoygdtRé £61Powigf i foEmaeab)dand 183) aA skébvtoh odona-
carbonylation as clained in claim 17, wherein said acetyl enic unsaturated
conpound or 10l ef kigeussmboiiad esavinmg amelestalonodedabdlitgcivii taletiven
nonoxi de and a nucl eophilic conmpound having a hydrogen atom whi ch can be
left in the reactboa. deuBfrated methendX @ cfampdniessi thans2el ai med in
claim 19, wherein said nucleophilic conpound is at |east one nenber

sel ected fromthe group consisting of water, a conpound having a hydroxyl

group and a carboxylic acid. 21. A ng2-hod for carbonyl ation as clained
in claim20, wherein said conpound having a“hydroxyl(I§doup is an al cohol .
Rl—A—R3

15 Qherein A represents a phosphorus atom, an arsenic atom
or an antimony atom; and R!, R? and R® independently
represent a hydrogen atom, an optionally substituted
alkyl group, an optionally substituted alkenyl group, an
optionally substituted alkynyl group, an optionally sub-

20 stituted cycloalkyl group or an optionally substituted
aryl group, or R? and R® may together form an optionally
substituted alkylene group, with a proviso that R! to R®
are not concurrently hydrogen atoms.

23. A method of producing an «,B-ethylenic unsat-

25 urated carboxylic acid or a derivative thereof, which
comprises allowing (a) an a-acetylenic hydrocarbon to

react with (b) carbon monoxide and (c) at least one nu-



68 22. A met hod which conprises allowng, in the presence of a catalytic
system (a) an asymetric-acetytentcor ol efin unsaturated conpound to
react with (b) carbojuig i gt c) at | east one conpound sel ected from
the group consi sti ngj RN u r mohol having 1 to 20 carbon atons and
a carboxylic acid havkngel £ o ®20scarbon at . wherei n said
catalytic systemfor carbonylation conprising (Bl) at |east one netal

source selected fromthe group consisting of iron, osmum cobalt, rhodium
iridium nickel angopHialic)édmpoBal Belbfd SRMNEY dritug UdWididnfgor mul a
(I'b), which does not contain a heterocyclic group having a nitrogen atom
as a hetero at omofr&te?3) adn a2eBbl0AnE0ARATHéNy] RS dci® dld e Pras-
deut erat ed nmet hanol D of not |ess than 2: [err wherein A représents a
phosphorus at om emtearodgni c atom or an antinony atom and Rerr], Rerr]
and Rlerr] independently represent a hydrogen atom an optionally :
substituted al kyl groufB) an cytidigrald yystemt Fbyt 6drBbkeDyt i tnprk -
optionally substituted al kynyl group, an optionally substituted cycl oal kyl
group or opti%naling sulcmbinatdoar gf (BDMpa platfirami lcoapbdidEr r(B2yay
together forman optionally substituted al kyl ene group, with a proviso that
Rlerr] to R err] texiary organicephbyphimie dyeviied Gaxs.aryl JFoup or a A

met hod of producing an [err]-ethylenic unsat- urated carboxylic acid or
a derivative thesybistitmited arytogpoupeand|baingfxes faron e hetaretylenic
hydr ocarbon to react wth (b) carbon nonoxide and (c) at |east one nu-

cl eophil i ¢ conpodid-cs&reapPed (BRonft Aecopdagy camigiestam@ texdiiamyt eminen

al cohol and a carboxylic acid, in the pres- ence of; (B) a
catal yti c syst ema®gr (B4dbdnPpratrenaeddpris- ing a conbination of (Bl) a
pl ati num conmpound, (B2) a tertiary organi c phosphine having an aryl
group or a substituted aryl group and being free froma heterocy-

clic group, (B3) a secondary am ne or a tefrtiary anmne,—

proton acid. This Sheet Has Belis
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