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"'55CATALYTic'SYSTEMS_AND METHODS FOR-CARBONYLATIQN

'FIELD CF.THE'INVENTION

ThlS 1nventlon relates to catalytlc systems useful

_-for carbonylatlon, and to methods for carbonylatlon of

an acetylenlc or oleflnlc unsaturated compound w1th the

use of the catalytlc system.
BACKGROUND OF ‘THE INVENTION

Catalytlc systems and technologles for carbonyla—i

tlon of ‘an acetylenlc or oleflnlc unsaturated compound

have been proposed. Typlcal carbonylatlon reactlons

include a method'whlch.compr1ses-allow1ng an acetylenlc.'

or olefinic unsaturated compound toureact with carbon

monoxide and a nucieophiiic compound. ' In this method,

a carbonylation_catalyst-comprises'a'Group VIII metal

. source of'Periodic Table of the Elements'and a phos-

phine which.is a typical ligand.
EP—Al 106379 EP—Al 235864 EP-Al 274795 and -

_EP-Al 279447 dlsclose catalytlc systems for carbonyla-
'=tlon compr1s1ng a palladium compound, a trlarylphos-

: phlne and a proton acid and methods for carbonylatlon

of an acetylenlc unsaturated compound and an oleflnlc

compound w1th the use of such catalytlc systems.

. Japanese Patent Publlcatlon No. 29212/1993

“(JP—B-S 29212), Japanese Patent Appllcatlon Lald-open

No. 176549/1986 (JP—A—61 176549), Japanese Patent

-fim
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Application Laid-open No. 72649/1987 (a2~ _A-62- ~72649) -

" and Japanese Patent Appllcatlon Lald—open No.

154646/1988 (JP—A—63—154646)=dlsclose carbonylation

cataiytic systems'comprising'a bivalent paliadium com-

' pound an organlc phosphlne and a proton acid, and

methods for carbonylatlon of an acetylenlc unsaturated

compound and an oleflnlc compound by usrng the catalyt-

:iGISystems.' The Japanese Patent Appllcatlon Lald—open

No. 154646/1988 (JP—A—63 154646) describes that a
homogeneous compound is rather preferred as the paiia—
dium- compound than a heterogeneous compound and that a'
phosphlne havrng a heterocycllc group is used as the

organlc phosphlne and, as an lnert.solvent, N-

dmethylpyrrolldone is preferred

Further, Japanese Patent Appllcatron Lard—open No.

: 215851/1992 (JP-A-4-215851) ‘discloses a catalytic
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system for carbonylation which comprises a Group VIII

metal source of Periodic'Table'of the Elements) a

'.phosphlne substltuted with an aromatlc substltute
-_contalnlng an 1m1no-n1trogen atom,.a proton source and
-an- anlon source of an alkylsulfonlc ac1d,-and a method.
.ﬂfor carbonylatlon of an acetylenlc unsaturated compound
. and an oleflnlc compound us1ng the catalytlc system. - |
_Moreover, Japanese Patent Appllcat;on Laldfopen_No.
-2_15_852/1992 _(JP-A44-215852)_.' ~discloses a catalytic 'system

- comprising a Group:VIII metal source, a phosphine

having an imino-nitrogen atom-containing aromatic
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fsubstltuent, a proton source and an anlon source of an

alkylsulfonlc ac1d,_and a method of carbonylatlon of,an

acetylenic'or'olefinic-unSaturated compound with the

‘use of the'catalytic system. There'is described in

these llteratures, JP-A-4 215851 and JP—A-4 215852

'that as the Group VIII metal source of Perlodlc Table'

of the Elements, a compound contalnlng the Group VIII

metal, spec1f1cally a palladlum compound is rather

.preferred than an element in a metalllc state._

Accordlng to these technologles, a methacryllc '

'ac1d ester, for example, ‘can’ “be obtalned from methyla— -

,cetylene, carbon monox1de and an alcohol w1thout u81ng

sulfurlc ac1d 1n ‘a large quantlty. Therefore, these

- technologles are superlor to the acetone-cyanohydrln

.method for a productlon of a methacryllc acid ester 1n"

a point that a methacryllc-acld.ester'can_be produced

without exhausting industrial wastes'such_as_waste '

sulfurlc ac1d

The catalytlc systems used in the methods ‘have,

however, a 31gn1f1cant dlsadvantage that they have a

short catalyst llfe although hav1ng an 1n1t1al act1v1ty :
to ‘a certaln extent, and thus they are not sultable as o
a catalyst for commercial use. By way of 1llustratlon,t
in carbonylatlon of an acetylenlc unsaturated compound,

use of a heterogeneous catalytlc system compr1s1ng a

catalytlc component in a metalllc state such as palla-'

o _ dlum black as the catalytlc system results in not so

-
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_much h1gh catalytlc act1v1ty and ‘causes a srgnlflcant

decrease of the catalytlc act1v1ty in a short perlod

:: When a homogeneous catalytlc system contalnlng a palla-i
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dium compound such as palladlum chlorlde is used as the
tcatalytlc system, the palladlum compound 1s reduced 1n

_the course of the reactlon to pre01p1tate as a metalllc

simple substance in the reactlon system, and a ligand

such-as an organlc phosphlne 1s ox1d1zed.wh1ch'results_e

\ -

in a decreased catalytic activ1ty.:

'ﬂIn fact, a practlcal use of a palladlum compound

as a component-of the above—mentloned catalytlc system
in'a carbonylatlon reactlon results in metalatlon of
| palladium to rapldly prec1pltate or dlspose in the

' reactlon mlxture and thus in decrease of the catalytlc

activ1ty and reactlon rate for carbonylation.

Further, as set forth in the Japanese Patent -

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

when'a catalytiCISYStem comprising a Group VIII element

_and an trlarylphosphlne as base components is 1ncorpo—
urated w1th a. tertlary amlne, the catalytlc propertles

of the catalyst is qulte decreased in a carbonylatlon

of an olefln Therefore, in the method using a ter—

e'tlary amine such as pyrldlne as’ descrlbed in the Japa—

nese Patent Appllcatlon Lald-open No. 215852/1992

(JP-A—4 215852), a. phosphlne hav1ng an aromatlc sub—

Vstltuent contalnlng an lmlno—nltrogen atom (e g.,

'blsphenyl 2-pyr1dylphosph1ne) is. requ1red to be used as.



—————___;___;~__

This Sheet Has Been R

umm e Iil!

wthe phosphine, and components for the catalytic system
-_'are remarkably restricted._ Moreover, the catalytic
ysystem compr1s1ng a palladium compound as the catalytic-

component shows insuffic1ent catalytic activ1ty. S

SUMMARY OF THE INVENTION L

Accordingly, 1t is an object of the present inven-

- tion to prov1de a carbonylation catalytic system where-__
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by, even though being a heterogeneous catalytic system,

a high catalytic act1v1ty can be obtained and main-"'

tained for a long period, and a method for carbonyla-
tion u51ng the catalytic system._ |

Another object of the present 1nvention 1s to

' prov1de a catalytic system whereby, even if containing f_,_
a palladium source, a decrease of the catalytic act1v1-

-ty can ‘be suppressed and thus carbonylation can be-con-_

ducted with high transformation rate .and selectivity

and with high stability, and a method for carbonylation'

'-w1th the use of such catalytic system._

It 1s a further object of the 1nvention to prov1de

a catalytic system and a method for carbonylation whereby a

'carbonylation product such as a carboxylic ac1d and a

carboxylic ac1d ester can be produced by carbonylation

of an acetylenic or olefinlc unsaturated compound in a

_stable liquld phase system w1th maintaining high trans-

ﬂformation rate and select1v1ty for a long duration.

A'yet further object of the present 1nvention is
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to provrde a catalytlc system and a method for carbony-

-6-

latlon Wthh are useful for produc1ng an a,ﬂ—ethylenlc

5_unsaturated carboxyllc a01d or a derlvatlve thereof

"such as methyl methacrylate w1th hlgh transformatlon

rate and selectrvrty and with malntalnlng hlgh stablll--

ty for a long perlod.

It~ 1s another object of the present 1nventlon to

-prov1de a catalytlc system for carbonylatlon havrng,_

regardless of compr1s1ng a tertlary amlne or not, hlgh

stablllty and high catalytlc-actlvity w1thout the use

of a spec1al phosphlne hav1ng an 1m1no-n1trogen atom-h
contalnlng aromatlc substltuent, and a method for
carbonylatlon utlllzlng such catalytlc system.

| It is a further object of the 1nventlon to prov1de

anstablllzed catalytlc system whereby-carbonylatlon can

be carrled out w1th high transformatlon rate and selec—

t1v1ty, and a method for carbonylatlon us1ng the cata-

lytlc system.

A yet another object of the present 1nventlon 1s

. to prov1de a catalytlc system and a method for carbony—

latlon whereby a carbonylatlon product such as a car-

boxylic ac1d and a carboxyllc a01d ester can be pro—

_duced by carbonylatlon of an acetylenlc-or oleflnlc

. unsaturated compound in a stable lquld phase . system

with malntalning hlgh transformatlon rate and selectiv-

A stilquurther'object-of the present invention is
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- to prov1de a catalytlc system and. a method for carbony—-

- latlon whlch are useful for produc1ng an a,ﬂ-ethylenlc

unsaturated carboxyllc ac1d or a derlvatlve thereof

such ‘as methyl methacrylate with hlgh transformatlon

yrate and select1v1ty.

After inten51ve 1nvest1gatlon and research to '

*Q.accompllsh the above,objects,_the_lnventors of the
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. present'invention found that when a'Group'VIII metal of

Perlodlc Table of the Elements such as palladlum 1s

-supported on a carrler and 1s used 1n a catalytlc'

'system in comblnatlon with a 11gand such as an- organlc

phosphlne and’ an ac1d such as an alkylsulfonlc acld,_ah

_hlgh catalytlc act1v1ty ‘can ‘be obtalned in splte of

belng a heterogeneous catalytlc system, and moreover,

'decrease of such catalytlc act1v1ty can 31gn1f1cant1y

'be suppressed or restralned.,

They further found that a comblnatlon use. of a.

-Group VIII element of Perlodlc Table of the Elements

'except for palladlum, a non—heterocycllc 11gand whlch

does not contaln a nltrogen atom as a hetero atom, and

a speclflc electron donatlve compound can suppress or

: prevent decrease of the catalytlc act1v1ty, and remark--

ably 1mprove or enhance the catalytlc act1v1ty in _h

comblnatlon w1th an amlne, and that when u51ng platl-

num,_typlcally speaklng, the catalytlc act1v1ty can

.further be - enhanced and a carbonylatlon product can be

produced w1th hlgh select1v1ty.
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The present 1nventlon has been accompllshed based

on the above’ flndlngs. _:_ S

Thus, the carbonylatlon catalytlc system (A) of

'the present 1nventlon comprlses a comblnatlon of (Al) a

Group VIII metal source of Perlodlc Table of the Ele-
ments, (A2) a llgand and (A3) an ac1d.

The Group VIII metal source of Perlodlc Table of

. the Elements (Al) may be cobalt, nlckel, rhodlum,_

palladlum or platlnum, or a compound of such metal.

The carrler may be an actlvated carbon, an ox1de of a ;d'

'metal or nonmetal ox1de or a clay mineral The spec1f—j:'

ic surface area of the carrier may be about 10 to 3,000

"lz/g. The supportlng amount of .the Group VIII metal |

source . (Al) may frequently be about 0 01 to 20% by
welght relatlve to the carrier. The llgand (A2) may be
a phosphorus compound such as a tertlary organic phos-

phlne and others, an arsenic compound such.as a ter-

L tiary organic ar51ne and the like; or an antlmony

20

compound. As the ac1d use may be. made of a proton_

;.ac1d (a Bronsted ac1d) such as an- arylsulfonlc acid, an
. alkylsulfonlc ac1d, a carboxylic ac1d;.a hydrohalogenlc'

.acid,'Sulfuric-acid- nitric acid, a phosphoric acid, a

perhalogenlc ac1d and SO on.
The catalytlc system for carbonylatlon (B) accord—
1ng to the present 1nventlon comprises a comblnatlon of

(Bl) a Group VIII metal source of Periodlc Table of the

'Elements_except for-palladlum,.(BZ) amllgand shown by
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- the following formula (Ib), and (B3) an electron dona-
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-tiVeICOmpound'having”an electrongdonahility:AwD rela-

tive to deuterated methanol D of not less than 2:

_ Rz;;‘ - -
by awy -
';Rlﬁ-ﬁrfﬂ3_ o :

'.'whereln A represents a phosphorus atom, an arsenic atom
or an antlmony atom; and R1 R? and R3 1ndependently

._,represent a hydrogen atom, an optlonally substltuted

alkyl group, an optlonally substltuted alkenyl group,

an optlonally substltuted alkynyl group, an. optlonally ’

substltuted cycloalkyl group or an optlonally substl-

tuted .aryl group, or R? and R3 may together form an op-

) tlonally substltuted alkylene group, w1th a provmso

that R! to R? are not concurrently hydrogen atoms.

The - Group VIII metal source (Bl) may be the other

metal'source than palladlum such_as platlnum,*cobalt,

nickei rhodlum and 'so.on. The 11gand (B2) may be a

'.phosphorus compound of-the formula (Ib) where A lS a-

*phosphorus atom such -as an organlc phosphlne 1nclud1ng _

a.tertlary organlc phosphlne, for.lnstance, The Ilgand :

- (B2) is_charaCterized.by being a compound-which does .
not contain a heterocycllc group hav1ng a nltrogen atom

_as a hetero atom. -

'The electron donatiye compound (B3)'maylbe which-

ever of a compound hav1ng an electron donablllty AND of

not less than 2,-and may for example be an amlne such
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) as a heterocycllc tertlary amlne,'an alkanolamlne, an
'ether, an ester and others. The catalytlc system for
'_-carbonylatlon (B) may further comprlse (B4) an acid -

(proton acid or Lewis ac1d)

o Accordlng to the method of the present 1nventlon,'

an acetylenlc or oleflnlc unsaturated compound is

.allowed to react w1th carbon monoxlde in the presence

of the catalytlc system (A) or (B) to produce a carbo--

'nylatlon product. Further, the reactlon may: also be

conducted in the presence of a nucleophlllc compound

having a hydrogen atom whlch can be left or ellmlnated

'(for example, a compound hav1ng a hydrcxyl group such

as water, an alcohol -1 carboxyllc ac1d ‘and the llke)
to glve an unsaturated carboxyllc acid, a saturated
carboxyllc a01d or a derlvatlve thereof such as an
ester or anhydrlde of the carboxyllc ac1d correspondlng

to the acetylenic or oleflnlc unsaturated compound.

DETAILED DESCRIPTION OF THE INVENTION

In thls spec1f1catlon, the term "oleflnlc unsatu-

_rated compound"'means and 1ncludes a compound hav1ng an

ethylenlc unsaturated double bond regardless of the'
number of such double bond. . _

The catalytlc system (A) of the present 1nventlon
1s now descrlbed 1n detall _'

The catalytlc system (A) of the present 1nvent10n

comprlses (Al) ‘a Group VIII metal source of Perlodlc a
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_'iTable.oflthe'Elements (hereinafter may briefly'referred
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to as Group VIII metal source) Wthh is supported on a

carrier or support The Group VIII metal element

'1ncludes, for example, 1ron, ruthenlum, osmlum, cobalt,

rhodlum, 1r1d1um, n1cke1 palladlum and platlnum. On-

- or after the year of 1990, these elements are cla331-
'fled 1nto the Group 8 elements (Fe, Ru, Os), the Group :
.”9 elements (Co, Rh, Ir) and the group 10 elements (Nl,
:Pd Pt) of Perlodlc Table of the Elements. . As pre-
'ferred elements, there may be mentloned cobalt, nlckel,;
3 rhodlum, palladium and platlnum, and spec1f1cally

-preferred are cobalt and,palladlum.H Among them, palla-_

dium can. advantageously be.employed. “The ox1datron
number of such element can. be selected accordlng to the
specres thereof and is not cr1t1cally restrlcted. The
ox1datlon number may frequently be 0, +2 or +3, for
instance. _ | _

The Group VIII metal source- may whlchever of ah
31mple substance of the metal or a compound contalnlngy:'
the Group VIII element. The catalytlc system (A) of

the present 1nventlon is characterlzed in that h1gh

.catalytlc act1v1ty can be obtalned and ma1nta1ned for a

.long time, even though usxng such 31mple substance of.

_the metal

Examples of the compound of the Group VIII eélement

:'1nclude an 1norgan1c ac1d salt (for 1nstance, a nl—

_trate,_a sulfate, a perhalogenate,_a hydrohalogenlc
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'pacld such as hydrochlorlc ac1d and hydrobromlc ac1d),
:an organlc ac1d salt (for example,_a sulfonate such as
' methanesulfon;c'ac1d, ethanesulfonlc ac1d,_benzenesul-:

lfonic-acid and p4toluenesulfonic*acid,-a phosphonic

ac1d salt, a salt of a carboxyllc ac1d hav1ng about 20

or less carbon atoms (for example about 12 or less

o carbon atoms) such as-formlc ac1d acetlc aCld, propi-
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_ on1c acid and others), a hallde (a chlorlde, a bromide

and ‘the llke), a complex (or a complex salt) and so on.

Accordrng to the present.lnventlon,-even when the Groupj'

| VIII metal source is a hydrohalogenic acid salt of the =

Group VIII metal 'such as palladium chloride,'a'riSk of

corr0310n ‘can’ be mlnlmlzed and Stlll more, hlgh cata-

-lytlc act1v1ty can be sustalned for a long perlod of

_tlme.

As a 11gand constructlng the complex, there may be:

: mentloned for example OH (hydroxo), an alkoxy group
-such as methoxy, ethoxy, propoxy and. butoxy groups, an'
'acyl group such as acetyl and proplonyl groups, an
'falkoxycarbonyl group such as methoxycarbonyl (acetato)
land ethoxycarbonyl group, acetylacetonato, cyclopenta— |
_ :dlenyl group, benzylldene group, benzylldeneacetone,
'_.benzylldeneacetylacetone, benzylldeneacetophenone, a
l‘cycloalkadlene such as cyclooctadiene,-a halogen atom

‘ such as chlorlne atom and bromlne atom, CO, CN, oxygen

atom, H 0 (aquo),.a phosphlne (for instance, a trlaryl—_

phosphlne such as trlphenylphosphlne), a nltrogene
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containing compound such as NH3 (ammine),_NO, NO

(nitro), NO3 (nitrato), ethylenediamine, diethylene—
-_triamine, pyridine_and_phenanthroline. In-such complex-
" or complex'salt, one or more of ligandslof the same or

ydifferent species may be 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)palladiumr'
_acetate, tetrakis(dlphenyl 2—pyridylphosph1ne)palladi—;

| um, . bls(dl o—tolylpyridylphosphine)palladium acetate,

bis(diphenylpyridylphosphine)palladium sulfate and

'others, and corresponding complexes of the above-men—

tioned Group VIII metals.
As the carrier (support), a conventional carrier

whereby disperSing property of the catalytic active

' component ‘can be 1mproved or enhanced_and effective

surface area can be increased may be used. Examples of

such carrier include an activated carbon; a metal or

nonmetal oxide (including a compound ox1de) such as

81lica, alumina, 31lica alumina, magne31a, silica-

,magne51a and titania, a clay mineral such as diatoma—

ceous earth-'kaolin, 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 obtainable from whichever of a raw material
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'?1nclud1ng a carbonlzable vegetable (plant) raw materlal

such as wood, charcoal, coconut shell and carbonlzed '

products of these materlals,'a carbonlzable mlneral raw

:.materlal such as llgnlte, coal, coal tar and petroleum

pltch, a carbonizable polymer raw materlal such- as

tphenol re31n, furan resin, epoxy resin, acryllc re31n

and polyacrylonltrlle, v1nylldene chlorlde re31n ,dThe

_'actlvated carbon may be a product obtalnable by any .

actlvatlng process or treatment such as chemlcal actl-

.vatlon, steam (aqueous vapor) actlvatlon and the llke.

Preferred examples of the carrier 1nclude an

~activated carbdn, a metal or nonmetal ox1de such as
'-silica,-alumiha.(1ncludlng yfalumlna), s111ca-alum1na" i

and'titania, aﬁd-in particular, an'actlvated carbon.

Form (shape) of the carrler may be selected ac-
cordlng to the reaction type such as suspensxon type
and flxed—bed type, and is for 1nstance powdery, granu-

1ar, flbrous structure, pellet structure, honeycomb

”structure or so forth

The speciflc surface area of the carrler may ‘be |

:selected from a range as far as the catalytlc act1v1ty |
is not adversely affected and 1s, for example,'about

- 0. l-to 3-000~m2/g, usually about 10 tof3'000'm2/g,
Vpreferably about 10 to 2 500 n3/g,,and ‘more preferably

about 50 to 2, 000. mz/g (for 1nstance about 50 to 1 500 -

2/g)- The carrler hav1ng a spec1f1c surface area of

'about 100 to 2 000 mz/g may frequently be used . When



10

15

20

25

T
. This Sheet Has Beep

. uumumnmmuiu

-the spec1f1c surface area of the carrler 1s too small, e

hlgh catalytlc act1v1ty can hardly be obtalned
' The pore volume and mean pore 51ze (dlameter) can

be any volume and 51ze w1th1n a range whereln the

.act1v1ty and. stablllty of the catalyst are not sacrl—"
flced As such, the mean pore 31ze of the carrler may,

_for example in case of the actlvated carbon, usually

about 5 to 200 A, and preferably about 10 . to 150 A,

The pore volume of the carrler 1s for example about

- 0.05 to 7 ml/g, preferably about 0. 05 to 3 ml/g, and

more preferably about 0.1 to 2 ml/g. Exceedlngly small“ o

”mean pore size or pore volume of the carrler tends to
' decrease the catalytlc act1v1ty.' Conversely,-the

'catalyst llfe has a tendency to be shortened because of

an excess amount of- the mean pore 31ze or pore volume.
Supportlng amount of the Group VIII metal source

may be chosen w1th1n a range 1nsofar as the catalytlc

act1v1ty and the stablllty of the catalyst, and is, for’

'.1nstance, about 0 01 to 40% - by welght, usually about

._0 01 to 20% by welght, preferably about 0 1 to 15% by

welght, more preferably about 0 2 to 10% by weight and

frequently about 0.5 to 5% by.welghterelatlve to”the-'.

.amount of the carrier. "When too much small amount of

.the catalyst 1s supported on the carrler, suff1c1ently

hlgh catalytlc act1v1ty may-hardly-be obtalned. On the
contrary, too much" large amount of the supported cata-

lyst -may occas1onally result 1n sacr1f1c1ng the act1v1—'
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| ty and stablllty of the catalyst as well as’ economlcal

7performance.,.

Supportlng of the Group VIII metal source (Al) on
the carrler can be conducted accordlng to a conventlon-

al supportlng process such as lmpregnatlon, coat;ng,

‘ spraylng, adsorptlon or prec1p1tatlon process. 'By
ox1dlzlng or redu01ng the metal source supported on the :
carrler, the oxldatlon number of the metal element can

‘be . converted to a des1red value.; By way of 1llustra—'3

tion, by supportlng a compound of the Group VIII metal

_hav1ng an ox1datlon number of +2 such as palladlum

chlorlde on the carrler and subjectlng the supported
compound to a- treatment w1th a redu01ng agent such as
formalln, a s1mple substrate of the Group VIII: metal
hav1ng a ox1datlon number of 0 such as palladlum metal
supported on the carrler can be obtalned.

The catalytlc system (A) of the present 1nventlon

contalns a llgand (AZ)- This llgand (A2) may frequent-

'ly be dlfferent from the llgand wh1ch constltute the

metalllc compound (complex) of the Group VIII metal as

_mentioned above. Usually, the 1lgand (A2) comprlses ‘at

least one phosphorus atom, arsenlc atom, n1trogen atom

yor antlmonylatom, and can be coordlnated to the Group

_VIII'element. These llgand can be used s1ngly or in

combination.

Examples of the llgand (A2) 1nclude a: llgand shown_

_by the follow1ng formula (Ia):
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o whereln A represents a phosphorus atom, an arsenlc atom
or an antlmony atom, and R1 R2. and R? 1ndependently

_'represent a hydrogen atom, an optlonally substltuted

alkyl group,_an optlonally substituted alkenyl group,

an optlonally substltuted alkynyl group, an optlonally

'substltuted cycloalkyl group,_an optlonally substltuted

aryl group or an optlonally substltuted heterocycllc

group, or R? and R? may together form an optlonally

_substltuted alkylene group, w1th a provmso that R} to

' R3 are not concurrently hydrogen atoms.

In the formula (Ia), the alkyl group. 1ncludes, for

-.ekample, a stralght-chaln or branched—chaln alkyl group

hav1ng about 1 to 10 carbon atoms such as methyl,

'ethyl,-propyl, 1sopropy1 butyl, 1sobutyl, sec-butyl
—butyl pentyl, hexyl heptyl octyl, nonyl and decyl

 groups. Preferred alkyl group includes, for ‘instance,

:a 1ower alkyl group hav1ng about 1 to 6 carbon atoms,,

"spec1f1cally about 1 to 4 carbon atoms

As examples of the alkenyl group, there may be

'mentioned a stralght—chaln or branched-chaln alkenylt
group hav1ng about 2 to 10 carbon atoms such as v1nyl,_
,allyl 1sopropenyl,-2-methyl—l-propenyl, 1—butenyl 2-

. butenyl l-pentenyl 1- hexenyl, i-heptenyl, 1-octenyl,

1= nonenyl and 1-decenyl groups. ,Ereferred examples of'

'~ the alkenyl group_lnclude an alkenyl.group haVing-about
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tho_G'carbon atoms, and in particular about 2 to 4~

carbon atOms ' The alkynyl group 1ncludes, for example,

“an alkynyl group hav1ng about 2.to 10 carbon atoms such

as ethynyl propynyl l-butynyl 2—butynyl 1—pentynyl,

1- hexynyl 1- heptynyl l—octynyl l-nonynyl and 1 decy-
nyl groups..'

Example of the cycloalkyl group 1ncludes a cy—

- cloalkyl group hav1ng about 4 to 10 carbon atoms such

as cyclobutyl, cyclopentyl, cyclohexyl and cyclooctyl

‘groups. = The ary1.group includes,'for.instance, phenyl

The heterocycllc group 1ncludes a heterocycllc

group containlng a n1trogen atom as ‘a hetero atom,

spec1f1cally an. aromatlc heterocycllc group. As such
heterocycllc group, there may be mentloned for exam— B

ple, a pyrldyl group such as 2-pyr1dyl group,~a pyra21—

. nyl group such as 2-pyra21nyl group, a quinolyl group
_such as 2—qu1nolyl group, an 1soqu1nolyl group such as
"1—1soqu1nolyl group,_a pyrlmldlnyl group such as 2-
__pyrlmldlnyl group, a pyr1daz1nyl group such as 3—pyr1—
'da21ny1 group, c1nnollny1 group, tr1a21nyl group,

jqulnoxallnyl group, ‘qui nazollnyl group and so on.

Preferred example of the heterocycl;c group.lncludes

- pYridyl group,'pyrimidinyl group and;so_forth;

These.alkyl group,.cycloalkyiigroup, aryl group-=

- and heterocyclic group may have a various substitute.'

which does not affects on the catalytic activity ad-
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verse;y'such as a halogen-atOm,-an,alkyl'group,.a hy—”

'idroXyl group,'anfalkoxy group, a carboxyl group, an -

alkoXycarbonyl group,'an acyl group, agnitro group or-a

'cyano group..

- The halogen atom 1ncludes fluorlne, chlorlne,
bromlne and 1od1ne atoms. - As the alkyl group, there

may be mentloned for 1nstance an alkyl group hav1ng

-about 1 to 10 carbon atoms such as. methyl ethyl

propyl,'lsopropyl, butyl, 1sobutyl t—butyl, pentyl, )

hexyl and other groups, preferably an alkyl group

'to 4 carbon atoms._p

' Example of the alkoxy group 1ncludes an alkoxy
group hav1ng about 1 to 10 carbon atoms, preferably
about 1 to 6 carbon atoms . such as methoxy, ethoxy, pro-
poxy, 1sopropoxy, butoxy, 1sobutoxy, t- butoxy, penty-

loxy-and hexyloxy groups. Typlcally preferred alkoxy .

_group 1ncludes a lower alkoxy group hav1ng about 1 to 4_

;carbon atoms.:

As the alkoxycarbonyl group, there may be men—'

tioned-for lnstance an_alkoxycarbonyl.group hav1ng, in

~ the alkoxy'moiety,-about 1 to 10 carbon atoms such as

| -methoxycarbonyl, ethoxycarbonyl propoxycarbonyl

1sopropoxycarbonyl, butoxycarbonyl, 1sobutoxycarbonyl,
_fbutoxycarbonyl, pentyloxycarbonyl and hexylokycarbo-

nyl groups. Preferred example of the_alkoxycarbonyl

‘'group includes a lower alkoxycarbOnyl group having, in -
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the‘alkoxyfmoiety, about 1 to 6 carbon atoms, and

. typlcally about 1 to 4 -carbon atoms.:prd

- The acyl group 1ncludes, for example, an acyl ,

_group hav1ng about 1 to 6 carbon atoms such- as formyl,

_ acetyl, proplonyl butyryl, 1sobutyryl valeryl 1so—

valeryl and plvaloyl groups., N .
and R? may together form an alkylene group

hav1ng about 1 to 10 carbon atoms such as methylene,'

_.ethylene, propylene, 1sopropylene, 1sopropylldene and

' tetramethylene groups,_to form a cycllc.group contarn-*-
| ing.A. By'way of”illustration, ﬁ?-and ﬁ?-may”together"'”:h“'”w;ﬁ
.. form a phosphacycloalkylene group hav1ng about 3 to 10

'carbon atoms together w1th a phosphorus atom.

Preferred example of the 1lgand 1ncludes an organ— '

'1c phosphorus compound, ‘an organlc arsenlc compound and ,

~an organlc antlmony compound, typlcally an ‘organic

phosphlne and an organlc ar81ne, and specrflcally an-

'organlc phosphlne.- The organic phosphlne may be which-

ever of a prrmary phosphlne (for example, methylphos- :

phlne, ethylphosphlne, propylphosphlne, lsopropylphos—

o phlne, 1sobutylphosph1ne, 1soamylphosphine, phenylphos—'

' phlne, cyclohexylphosphlne and so. on), a secondary

phosphine (for 1nstance, dlmethylphosphlne, dlethyl—-

.phosphlne, d11sopropy1phosph1ne, dl-n-butylphosphlne,_"

dllsoamylphosphlne, dlphenylphosphlne, dlcyclohexyl—

phosphlne and the llke) or a tertlary phosphlne..-.The

- organ;c arsine may;also be_whlcheverﬁof a prlmary :
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o ar51ne, a secondary ars1ne or a tertlary ar51ne._'
: Preferred example of such organlc phosphlne and organlc
. ‘arsine 1ncludes a tertlary phosphlne and a tertlary

'ar31ne shown by the formula (Ia).

Preferable organlc phosphlne may be an organlc
phosphlne of the formula (Ia) whereln at least. one of

R? to R? is an aryl group ‘such as phenyl group or a

-substltuted phenyl groupw The heterocycllc group and

the alkylene group formed by a combinatlon of R? and R? -

are also preferred as. an alternatlve for the aryl groupﬂ

or: as in- comblnatlon w1th the aryl group.

As pract1ca1 examples of the organlc phosphlne,

there may ‘be mentloned (i) an optlonally substltuted

trlarylphosphlne such as trlphenylphosphlne, tr1(4—_:._ .
,methylphenyl)phosphlne, tri(3, S-dlmethylphenyl)phos-

o phlne, tr1(2 4, G-trlmethylphenyl)phosphlne, tr1(4—

methoxyphenyl)phosphlne, tr1(3 5- dlmethoxyphenyl)phos-

.phlne, tr;(4—chlorophenyl)phosphine-and tr1(3,5-d1chlo-"

rophenYI)phosphine;'(ii)'a.mono—crdo'alk&l-diarylphos-"
phine suchfas'methyldiphenylphosphine, ethyldipheny14

'phéSphine, prdpyidiphenylphosphinehand.butyldipheny14

phosphlne, (ill) a di- C110 alkyl-monoarylphosphlne such_
as dlmethylphenylphosphlne, dlethylphenylphosphlne,
dlpropylphenylphosphlne and dlbutylphenylphosphlne, |

(lV) a tri- C__10 alkyl-phosphlne such as trlmethylphos—

'phlne, trlethylphosphlne, trlbutylphosphlne, trlamyl-

_phosphlne, trlhexylphosphlne and the llke, (v)na~monof _
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C 6 cycloalkyl dlarylphosphlne such as cyclopentyldl—

i phenylphosphlne ‘and cyclohexyldlphenylphosphlne, (Vl) a
| di- C410 cycloalkyl-monoarylphosphlne such as dlcyclo- |
5'pentylphenylphosph1ne and dlcyclohexylphenylphosphlne,  _

- (vii) a tri- C, 4-10 cycloalkylphosphlne such as trlcyclo-'

o pentylphosphlne and trlcyclohexylphosphlne, (Vili) a.

10

15

cphosphlne hav1ng a heterocycllc group such as 2-pyr1- |

dylblsphenylphosphlne, bls(2—pyr1dyl)phenylphosphlne,
trls(2-pyr1dyl)phosph1ne, 2-pyr1dylb1smethylphosphlne,

_bls(2-pyr1dyl)methylphosphlne, 2-pyridylbiseuhyl§hos- i B
phlne, bls(2-pyr1dyl)ethylphosphlne,:2¥§§ridylbisbut§14=;-'”'””m
: phosphlne, bls(2—pyr1dyl)butylphosphlne, G-methyl#z—

pyrldylblsphenylphosphlne, b1$(6—methyl 2—pyridyly?

_phenylphosphlne, trls(G-methyl 2—pyr1dyl)phosph1ne, 6-

ethyl 2-pyr1dy1b1sphenylphosphlne, bls(6-ethyl 2—pyr1—'
dyl)phenylphosphlne, trls(ﬁ ethyl 2—pyr1dy1)phosph1ne,

G—butyl-z-pyridYIbisphenylphosphine, bis (6-butyl-2-

_ pyridyl)phenylphosphine, tris(G—butyl—ZFPYridyl)phos-

25

urphlne, 4 6—d1methy1 2-pyr1dylb1sphenyl—phosphlne, 64

methoxy-z—pyrldylblsphenylphosphlne, bls(G—methoxy-Z—-
pyrldyl)phenylphosphlne, trls(G—methoxy-Z—

'pyrldyl)phosphlne, 6-chloro—2—pyr1dylblspheny1phos— :
' phlne, bis (6- chloro 2-pyr1dyl)phenylphosphlne, trls(6— _

chloro—z-pyrldyl)phosphlne, 4,6~ dlchloro 2—-

'_pyrldylblsphenylphosphlne, 6= bromo—2—pyrldylblsphenyl-

phosphlne, bls(G bromo 2—pyr1dyl)phenylphosphlne, 2,6-

b;s(d;pheny;phosph;no)pyrld;ne, Z,Gjbls(dl-p-tolylphos-
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phino)pyridine and so"on;_(ix)'other-phosphine such'as

'ethane—l 2-d1y1b1sdlphenylphosphlne,_ethane-l 2~ dlyl-'
bls[bls(trlfluoromethyl)phosphlne], ethene—l 2 dlylbls- 3
dlphenylphosphlne, ethyne—l 2~ dlylblsdlphenylphosphlne,'

1, 2-pheny1eneb1sdlphenylphosphlne, hexafluorocyclopen—

tene-l 2= dlylblsdlphenylphosphlne, octafluorocyclohex—

ene—l 2 d1ylb1sdlphenylphosphlne,-1 4—diphenyl—1 4-

dlphosphacyclohexane, blS(l 2 dlphenyl)phosphlnomethyl-

cyclobutane and so forth.

'As preferred organlc arsine,'there7may'bé ﬁén;“i' e |

"tloned an organlc ar31ne correspondlng to the preferred,i

organlc phosphlne as mentloned above, 1nc1ud1ng an

_ optlonally substltuted trlarylar51ne such as trlpheny-

larsine; @ mono- C110 alkyl d1ary1ars1ne such as
ethyldlphenylar31ne, a di- C110 alkyl-monoarylars1ne

such as dlethylphenylarslne and others. An antimony

.compound'(typically, a tertiary'organic'stibine) corref"

_spondlng to the above—exempllfled phosphorus compound

may also preferably be employed as the llgand

The llgand (A2) may be supported on the carrler

: together with the Grouo VIII metal source. Supportlng

- of such llgand can be coqducted accordlng to a conven-

tlonal technology, for example, the- process as men-

' tloned above.f-

~ As the ac1d (A3) constltutlng the catalytlc system

(A),_a varlety of proton ac1ds (1norgan1c a01ds and

d'ﬁ]



o 10..

15

20

25"

This Sheet Has Been Reﬂ aced

AT

-~ 24 -

'organic acids) and_LeWisfacids'can be used. uThe proton

acid includes, for example}.sulfuric'aCid, a_hydrohaloe-

f_genlc ac1d, nltrlc ac1d, phosphorlc ac1d, a suifonic
'-ac1d (for 1nstance, an arylsulfonlc ac1d, an alkylsul-

;fonlc ac1d and the llke), phosphonlc ac1d, a carboxyllc |

ac1d, perhalogenlc-acld'and a heteropolyac1d.- Theseh'

‘acid may be used s1ngly or in comblnatlon. -The acid -

.may probably act or functlon as a proton source (proton

donor) Therefore, when employlng a Lew1s a01d, such

-.Lew1s acid may frequently be used in comblnatlon ‘with

- other proton source.i

As the 1norgan1c compound among the proton ac1ds,

chere,may be. exempllfled with sulfurlc ac1d, a hydroha—
- 1ogen1c acld such as hydrochlorlc ac1d and hydrobromlc

‘ac1d, a phosphorlc ac1d (for example, orthophosphorlc .

acid or pyrophosphorlc ac1d), perhalogenlc ac1d such as .

'fperchlorlc ac1d, a heteropolyacld contalnlng V W or Mo -
such as phosphomolybdic acid, - tungstos111c1c acid and

_vanadomolybdic ac1d.'

Among such proton ac1ds, the organlc compound

-._1nc1udes, for 1nstance, an optlonally substltuted aryl—
'sulfonlc a01d such as benzenesulfonlc ac1d, p—toluene—
.sulfonlc ac1d and naphthalenesulfonlc-ac1d. an optlon-

-ally substltuted alkylsulfonlc ac1d such as methanesul—

fonlc ac1d, ethanesulfonlc ac1d, propanesulfonlc ac1d,
-butylsulfonic ac1d, 2 hydroxypropanesulfonlc acld,-

trlfluoromethanesulfonlc acld and trlchloromethanesul— :
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'fonic ac1d, a phosphonic ac1d such as benzenephosphonic

acid; a carboxylic acid 1ncluding an optionally substi—

tuted saturated aliphatic carboxylic a01d such as

'chloroacetic acid, dichloroacetic acid, trichloroacetic

cid, rifluoroacetlc acid, formic"aCLd, acetic ac1d,
propionic acid, n—butyric ac1d, isobutyric ac1d, pival—

1c acid, valeric ac1d, caproic a01d, caprylic ac1d,

'1capric acid, lauric acid myristic aC1d, palmitic acid

stearic acid and oxalic acid, an alicyclic acid such as

'_such as-ben201c ac1d, phthalic ac1d, isophthalic-ac1d

and terephthalic a01d, an unsaturated allphatlc carbox-_-'

ylic acid such as acrylic ac1d methacrylic ac1d,'

_propiolic ac1d, crotonic ac1d, maleic ac1d, fumaric
-'acid, c1tracon1c ac1d, mesaconic acid and olelc ac1d..
.an amino aCld such -as’ aspartic ac1d, glutamic ac1d and'
" so forth ' The ac1d may be an ac1d1c ion exchange resin
such as an ion exchange res1n hav1ng a. sulfonlc ac1d
'group, -a phosphonic ac1d group or a phosphinic ‘acid

20-_,group, for example.

Example of the Lewis ac1d 1ncludes a halide of an

'element belonging to the Group VIIIB, the Group IVA,
the Group IVB, th Group VA or the: Group VB of - Periodic

_ Table of the Elements, or a complex compound thereof

-SnCl4 SnCl,, NbFs, TaF 5+ PF , AsF and SbF or.an

alkoxide {for example, a Cl__5 alkoxide), R

—_—
aced

-cyclohexanecarboxylic ac1d, an aromatic carboxylic aCLd'_-

* such as BF., BF4+0(C Hs)z, AlCL, T1c14, T4 [OCH (CH, )2]4, :
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S The”acid maY usually have an anion capable of

- lcoordlnatlng.' As preferred example of-the'acid, there

' may be mentloned a proton acid (Bronsted ac1d) 1nclud-
;1ng:an arylsulfon;c acid such as p—toluenesulfonlc
iacid; an alkylsulfonic acid having about'l'to'lo'carbon'

yatoms, preferably about 1 to 6 carbon atoms, and more -

preferably an alkylsulfonlc ac1d hav1ng about 1 to 4

*'carbon atoms such as methanesulfonlc ac1d, an allphatlc

10

20

carboxyllc ac1d, preferably an allphatlc unsaturated

carboxyllc ac1d hav1ng about 2 to 10 carbon atoms, an

'1norgan1c ac1d-(for 1nstance, ulfuric ac1d, a hydroha— '

logenlc ac1d or a phosphorlc acld)

The ac1d may be supported on the carrler with the

.'Group VIII metal source Such ac1d can be supported

accordlng to a conventlonal method such as a technology

as mentloned above.”.

The catalytlc system (A) of the present 1nventlon o

may further comprlses an electron donatlve (electron
_repelllng) compound._ As the electron donative com-
'pound a compound hav1ng an electron donablllty AND of
..not less than 2 may be used for example _ The electron

B donablllty means a- s1ft value of wave number of 0-D

non-conjunctlve stretchlng v1bratlon of a’ deuterated
(deuterlum-contalnlng) methanol (0 4 mol per llter) in .

a liquid compound-when benzene is used as a prlmary--

. standard; andfis:defined as "an;electron donability AVD

_ relative_tolmethanol D". SuchyelectrOn_donative com—
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1pound may probably have coordlnatlng propertles to the

Group VIII element.

'y As such electron donatlve compound, there may be
erempllf;ed_w;th an amlne, anmlmrne,_an_amlde, a sul—
Ifoxidey an'aidehYde, an-ether,ya_ketOne, a lactone, an

ester,za nitrile,”a nitro'compound, an aromatlc hydro—

-carbon, an allphatlc hydrocarbon and so- on. These

_compounds may be used 51ngly or 1n comblnatlon.

' Wlth respect to the electron donablllty AND there
can be referred to, for 1nstance,_"Solvent Effect on

Organlc Chemlcal Reactlon" wrltten by Senoo and Aral,

__publlshed by Sangyo Tosho Co., Ltd., Japan on: Apr11 25, i

1976 : For the follow1ng electron donatlve compounds as.

_examples, the Value of the electron donabillty AND is

1nd1cated 1n a parenthe51s, for reference.

The amlne 1ncludes, for 1nstance, an allphatlc

_amlne such as methylamlne, ethylamlne (233), n-propyla—_
. mlne (230), n—butylamlne, dlethylamlne, dl-n-propyla-
.mlne (242), dlbutylamlne and trlethylamlne (238), an
allcycllc amine such as cyclohexylamlne,.an aromatlc
.pamlne such as anlllne (158), N-methylanlllne (151) and -
N, N-dlmethylanlllne (148), an alkanolamlne such as-
z-dlmethanolamlne, trlmethanolamlne, ethanolamlne, die-
.thanolamlne, trlethanolamlne, dlpropanolamlne, trlpro—
| panolamlne, butanolamlne, dlbutanolamlne, trlbutanola-'
-mlne, dlmethylamlnoethanol and dlethylamlnoethanol, a

heterocycllc am1ne such as morphollne, N—methylpyrroll-
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'done,.pyrrole;'imidazole,:1fmethylimidazole,.pyridine

(168), aépicoline (183);-B—piCOline(.7-picoline'(160),

pz 3-1utidine,'2;4-1utidiné,-z sélutidine, 2'6;1utidine,_'

3 4 lutldlne, 375—lutidine; 2—ethylpyr1d1ne, 3—ethylp-

yrldlne, 4- ethylpyrldlne (179), 2 3, 4—tr1methylpyr1-

_sdlne, 2 4 6-tr1methylpyr1d1ne, dlpyrldlne, o—toluldlne -

(145), Plperldlne (240), 4—v1nylpyr1d1ne (193), Pyra--'

zine, pyrlmldlne, qulnollne, 1soqu1nollne and the like.

~ The amine also 1ncludes a resin and an ion exchange

resin hav;ng a bas1c group such as amlno group, a sub—

stltuted amino group 1nc1ud1ng, for 1nstance, a monoal-ﬁ

'kylamlno group or a. dlalkylamlno group and quaternary

ammonlum group (e.g. an amlne re31n such as a pyrldlne

res1n obtalnable from a reactlon of pyrldlne and for--
maldehyde)

Typlcal example of the amine 1ncludes a secondary

' amlne and a tertlary amlne, and spec1f1cally a hetero—
' cycllc amlne contalnlng a nltrogen atom as a hetero

_ atom (for example, pyrldlne, 1m1dazole, etc.) or a

derlvatlve thereof and an alkanolamlne. The derivative

- of such heterocycllc amine 1ncludes; for inStance; a

-_compound substltuted with an alkyl group having about 1

to 4 carbon atoms and others (e.qg. picoline,_luuidine,

dipyridine,-l—methyllmlcazole and 'so on). The hetero-
-_cycllc amlne such as pyrldlne and ltS derlvatlve may

'_frequently have.aromat1c1ty.

r-Example of the imine includes'ethyleneiminei(237),
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The amide .

includes,.for inStance,.formamide, acetamide, N, N=

dlmethylformamlde (107), N,N-dlmethylacetamlde (113),

-tetramethylurea and hexamethylphosphamlde.

As the

. sulfoxide, there_may;be_mentroned dlmethylsulfoxide--

(14lj, diiSoprcpylsulfOXide,-snlfolane,“2—methylsulfdf_;

lane and 3-methylsulfolane, for. 1nstance

The aldehyde 1ncludes, for example, an aliphatic :

aldehyde such as acetaldehyde (79), Proplonaldehyde

and crotonaldehyde (75):.and an aromatlc_aldehydexsuch yf"'“w"

~as’ benzaldehyde (53)

-(85), n- butylaldehyde (83), acroleln (122), metacroleln

Example of the ether 1ncludes a cha1n ether such

as dlethyl ether (78), d1 n—propyl ether (73), dl 1so-

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

'v1nyl ether (31), n- butyl v1nyl ether (33), 1sobutyl
"Vlnyl ether (33), dlallyl ether (66), 1, 2-
_dlmethoxyethane (71), cellosolve (ethylene glycel |

'_monoethyl ether), carbltol (dlethylene glycol ethyl

ether), dlglyme [b1s(2—methoxyethy1) ether], dlethylene

"glycol dlmethyl ether and dlethylene glycol dlethyl _

_ ether, an aromatlc ether such as anlsole (26), phene-

tole (25), 1, 2 dlmethoxybenzene and dlphenyl ether; and

tetrahydrofuran (90),_1 3- dloxolan (58),_

dloxolan (61),

;—methyl 1 3 dloxolan (56),

a cycllc ether such as propylene ox1de (59), styrene

_ox1de (51), 3 3- blschloromethyloxetane (78), furan (4),-

-methyl -1, 3—

_} _



10

15

20

QU
laced

heet Has Been

\\Illl\\ T \I\

- 30-

.'-~'“~,f-~':=... oo

h(43), tetrahydropyran (93) and 1 4= dloxane (77)

a2-phenyl -1, 3 dloxolan (56), 4 chloromethyl -1, 3 dloxolan ;

' Typlcal use is made of an aromatlc ether hav1ng an'

optlonally substltuted aryl group (for 1nstance, an1—'

sole) or a chaln ether (e g. dlethylene glycol dlmethyl'

ether) among these ethers.

As the ketone, . there may be mentloned for example

an allphatlc ketone such as acetone (64), methyl ethyl -

ketone" (57), dlethyl ketone (56), dlisopropyl ketone,

: methyl v1nyl ketone (89) and methyl 1sobutyl ketone, an

ketone such as acetophenone (56) and so forth Example

- of the lactone 1ncludes B—proplolactone (34), T-butyro-

lactone (66), a—caprolactone 82) and so on.

allcycllc ketone such as cyclohexanone(GG), an aromatlc""

The ester 1ncludes, for 1nstance, an’ organlc car-

boxylic acid alkyl ester such as,methyl acetate (35),
ethyl acetate (39);.methyl chloroacetate-(27$, butyl

acetate, methyl dlchloroacetate (23), methyl proplonate

'(33), ethyl propionate (32) and methyl 1sobutyrate
-(32), a v1nyl ester such as v1nyl acetate (21),'an

"unsaturated carboxyllc acid alkyl ester such as methyl

u._dacrylate,(30). ethyl acrylate (33),;methy1 methacrylate

(37); methyl Crotoﬁate'and ethyl crOtonate; Even when-

:an unsaturated carboxyllc acid alkyl ester (e g. methyl

25.

methacrylate, methyl crotonate, etc ) is used as the

"jester, the reactlon may proceed smoothly.

' As example of the nltrlle, there may be mentloned
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acrylonltrile (37), benzonltrlle (38) and others.

Example of the nltro compound 1ncludes an allphatlc “

‘nitro compound such as nltromethane (6) and n1troethane

(8), an aromatlc nitro compound such as nitrobenzene

(21) The aromatlc hydrocarbon 1ncludes, for example,

: toluene (2),_xylene (4), ethylbenzene (4), styrene (2),l-'
,a—methylstyrene (4) and p-methylstyrene (2) Example
. of the allphatlc hydrocarbon 1ncludes ethylene chlorlde_
'r(2) : _ | . | |

o Practically,'an electron-donative“compound haVing-j
aan electron donablllty AvD of about 4 to 250, prefera-

bly about 10 to 230 (for 1nstance, about 20 to 200) may .

be used among-these compounds. A compound hav1ng an

electron donablllty AND of about 30 to 250, preferably

.about 50" to 250 (e . about 100 to 250) may also be.
| 1ncluded in such preferred electron donative compounds.
ﬂThe electron donatlve compound may frequently be used

_ as a reactlon solvent in order to 51mp11fy the prepar-

1ng process of the catalytlc system.

From the standp01nt of operatlng propertles of the

-reactlon-or'others, a: compound whlch is other than a

v1nyl compound (that ls, a non-polymerlzable compound)

and does not adversely affects on the carbonylatlon is

'typlcally employed As such compound, there may be
umentloned, for';nstance, the amine such as a tertlary

:amine, the{amlde;'the sulfoxide, the'ether,lthe:ketone,'_

\

|_
o
l
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':'the-ester, the nltrlle, the nltro compound and the

: aromatlc hydrocarbon (specrflcally, the amlne, the

ether, the ester and: the aromatlc hydrocarbon)

Preferred example of the electron donatlve com-

":pound 1ncludes a ba31c compound such as ‘the . amlne, the
. mlde and the amlde.- Typlcally, when use 1s made of

.fsuch basic. compound (espec1ally,_a secondary amine and

a tertiary amlne)—;n.comblnatlon w;th the_Group VIIT

'ymetal:Source'(typically,'a palladium source), the

. catalytic activity-can_significantly'be improved or

. enhanced'infmany cases. 'Therefore,'the catalytic.'

15

20
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| 'system (A) may preferably comprlse a ba31c compound

selected from the group cons1st1ng of the amlne, the

m de and the amlde. Further, comblnatlon use of these

| bas1c compounds Wlth the ether and/or the ester may

occa31onally 1ncrease or enhance the transformation

_'rate and the select1v1ty ‘of the reaction.

. In. the catalytlc system (A) of the present 1nven-"

'tlon, the llgand and the electron donatlve compound can
Ube used in a- sultable comblnatlon accordlng to species

:'of-the metal source.' By way of 1llustratlon, a combl-

natlon use of the Group VIII metal source (Al) (for

.example, a palladlum source) and an organlc phosphlne

as the llgand may not sacrlflce the stablllty or actlv-

_ 1ty of the catalyst, regardless of specres of the

forganlc phosph;ne, Therefore, the’ organlc phosphlne

can be used in a sulcable comblnatlon with the,compound"
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hav1ng an electron donablllty AND of not less than 2

"When a trlarylphosphlne is employed as. the organlc

phosphlne, for example, the nltrogen contalnlng com-

pound or the bas1c compound, 1nclud1ng an. amine com-

' pound such as pyrldlne or 1ts derlvatlve as mentloned

'abcve, is frequently employed for 51gn1f1cant increase:

or improvement of not only the - stablllty but also the

'”-act1v1ty of the catalyst.

Proportlons of each components of the catalytlc f

"system may be selected from a range accordlng to spe-

cies of each of the catalytlc components, where the

: catalytlc act1v1ty due to an 1nteractlon or correlatlon
_of the Group VIII metal source supported on. the carrl—

_ er, the llgand and the ac1d is not sacrlflced and the

stablllty can ‘be malntalned.

Proportlon of the ligand (A2) such as the crganlc

- phosphine 1s, for example,,about 0.1 to 1,000,mol,

usually about 5 to'SOO mol,'preferably about 10 to 200

mol and more preferably about 15 to 100 mol relative
.3to 1 mol cf the Group VIII metal source (Al). The
lllgand may typlcally be used in a proportlon of about
h10 tc 100 mol, and - preterably about 20 to 60 mol per
:mol of the metal source, When such llgand is used in a

:too much small proportlon, the catalytlc act1v1ty tends

to be decreased. On the contrary, use of the llgand in .

an excess amount is apt to réesult. 1n an economlcal

: dlsadvantage._
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'ff'p In regard to the ac1d (for 1nstance, a proton ac1d

as a proton source), the amount of such acrd 1s, per d o

mol of the Group VIII metal source, for example about

0.1 to 1, 000 mol, usually about 5 to 500 mol, prefera-
lbly about 10 to 200 mol and more preferably about 15 to

f1oo mol.: Typlcal use 1s made of the ac1d in an amount

of about 10 to. 100 mol spec1f1cally about 20 to 60 mol

per mol of the metal source. .Proportlon-of.the llgand_

-such as the'organic phosphine relative to .1 mol of the

aciduis, for 1nstance, about 0. 01 to 50 mol usually

about. 0. 1 to 50 mol preferably about 0.2 to 20 mol andlutfp

'-_more preferably about 0.5 to 5 mol

: The amount of the electron donatlve compound 1s,:

. for example, about 1 to 100 000 mol, preferably about 5

to 50,000 mol and more preferably about 10 to- 10 000

'mol relatlve to 1 mol of the Group VIII metal source.
_Such electron donatlve compound may frequently be used
in a proportlon of about 10 to 10 000 mol (for example_

about 50 to 7 000 mol), and partlcularly about 100 to

5, 000 mol per mol of the Group VIII metal source. The '

-:.electron donatlve compound may be used as a reactlon
_solvent, and 1n such a case, an. excess amount of the
'electron donatlve compound relatlve to 1 mol of the

h'Group VIII metal source may ‘be - suff1c1ent. When the
_electron donatlve compound is not used as the reactlon

'solvent, the proportlon of the compound is typlcally )

about 2 to 200 mol, preferably about 5 to 100 mol and
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more preferably about 10 to 50 mol per mol of the Group

: VIII metal source.- The electron donatrve compound may

practlcally be used as the reactlon solvent.:

"In a catalytlc system where a Group VIII metal

'_source as a’ catalytlc actlve component 1s not supported'

on a carrler, use of a heterogeneous catalytlc system

contalnlng the catalytlc actlve component in a metal

~ form (state) may sometimes result 1n an 1nsuff1c1ent

catalytlc act1v1ty with decrea31ng the~catalyt1c-act1v4
1ty in a short perlod When us1ng a heterogeneous -
catalytlc system contalnlng a Group VIII metal com—

pound, in some cases, the catalytlc act1v1ty may gradu—;*

.'ally be decreased or sacrlflced in the course of the

use for some perlod or some tlmes.: Typically,'such .

catalytlc system contalnlng a palladium source tends to

'result in s1gn1f1cant deactlvatlon of the catalyst, as

mentioned above, although hav1ng comparatlvely hlgh

"n't al act1v1ty

To the contrary, the catalytlc system (A) of the

present 1nventlon has, in - splte of belng a heterogene4

'ous catalytlc system, a h1gh catalytlc act1v1ty 1n_'

carbonylatlon of an unsaturated hydrocarbon. Further,'
according to such catalytlc system, hlgh catalytlc
act1v1ty and long catalyst llfe can be obtalned even

when the Group VIII metal source 1s 1n a metalllc form _

(a’ 31mple substance) Moreover, even 1f contalnlng a’

palladlum source as the Group VIII metal source, the

Has Been Replaced
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'catalytlc system has merltorlously h1gh stablllty, and

_hlgh catalytlc act1v1ty can be malntalned or sustalned

for a long perlod of tlme. Thus, the catalyst can be

'used for a long tlme or repeatedly w1thout actlvatlng

'treatment._ Accordlngly, the catalytlc system (A) 1s

useful for carbonylatlon of an acetylenlc or oleflnlc

(or ethylenlc) unsaturated compound

The catalytlc system (B) of the present 1nventlon"

lS now descrlbed 1n detail.

The catalytlc system {B) of the present 1nventlon.'

comprlses (Bl) a Group VIII metal ‘source of Periodic

nium, osmium, cobalt, rhodlum, 1ridium,'nickel_and

-Table of the Elements other than palladlum._ Such Group :

;VIII metal element 1ncludes, for example, iron, ruthe-"

_ platinum.' Meanwhile, on or after_the year of'1990, the

elements_are_claSSlfied'into, 1n~Periodic;Tab1e_of.thes'

'Elements,_the Group 8 elements'(Fe, Ru, Os), the Group

ﬂBt);_ Preferred example of the element includes rhodif
um, cobalt, nlckel and platlnum, and platlnum can

fadvantageously be used among others._ The ox1datlon

number of the element may be- selected accordlng to the

_spec1es of the element and is not restrlcted. "By way
.of 1llustratlon, platlnum frequently has an oxldatlon

::number of 0, +2, +4 or others.

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

' 9 elements (Co,.ﬁh,hIr) andathe;Group 10 elements (Ni,

- metalllc form or state, or, preferably, a compound of
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Example of the compound of the Group VIII element
lncludes the 1norgan1c ac1d salt,: the organlc ac1d

salt,,the halogenated compound_and the complex (or

- complex salt)-as exemplified.in the:explanation.of the _.

_catalytic compound (A) ' As the'ligand for. cOnstituting

such complex, there may be mentloned those as mentloned

in the explanatlon of catalytlc system (A) - One or

.'more of the - same or dlfferent spec1es of these llgands

'may be-coord;nated in ‘the complex or complex saltr

As-practical'example of the complex or complexl
salt, there may be mentloned a platlnum complex or -
complex salt 1nclud1ng a dlbenzylldeneketoneplat1num
such as dlbenzylldeneacetoneplat1num,_'

dlbenzyl1deneacetylacetoneplatlnum and

'ldlbenzyl1deneacetophenoneplat1num, dlcyclooctadlenepla-.

tlnum, dlchlorobls(trlphenylphosphlne)platlnum, tetra—

"kls(triphenylphosphlne)platlnum, bls(trlphenylphos-

'phine)platlnum acetate, bls(trlphenylphosphlne)platlnum_
'sulfate and hexachloroplatlnlc (IV) ac1d, and a complex
Hor complex salt of the Group VIII element correspondlng

to these complexes or complex salts. -

The catalyst contalnlng the Group VIII element

'_other than palladlum shows, typlcally in a_ homogeneous

catalytlc system, a s1gn1f1cantly dlfferent behav1or or

jactlon from a palladlum catalyst By way of illustra—

-..tlon, a catalytlc system comprlslng a palladlum—i'
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-:catalyst{and:ahtriarylphosphine ftriphenylphosphine)

lidemonstrates a comparatively high catalytic actiVity,
but addition of a tertiary amine such as pyridine
mremarkably decrease or sacrifice the catalytic actiVity
in carbonylation of an olefin [Japanese Patent Applica—'

'tion Laid-open No 215852/1992 (JP-A—4-215852)].

On the other hand, in the'catalytic system com-

prlSlng an organic phosphine, when use - is made of the

other Group. VIII metal source than palladium (for-

'example, a platinum catalyst) in lieu of such palladium

icatalyst, addition of a tertiary amine Significantly

improve or enhance the actiVity and stability of the

' catalyst,'and in- such catalytic system, the catalytic'

: actiVity can hardly be manifested Without coeXistence

of the-tertiary-amine. These are features contrary to

.a conventional catalytic system containing a palladium
.catalyst._'Further, Similar results, namely signifi-

cantly high actiVity and stability of the catalyst can

'1_be obtained by the use of an electron donative compound

20

25"

'haVing a speCific electron donability, typically a
'baSic compound among them, even when such tertiary

-1amine is not employed

The catalytic system (B) comprises a ligand (B2)

 The ligand (B2) shown by the formula (Ib) may frequent—
ly be different from the ligand which constitutes the

'compound (complex) of the- Group VIII metal as mentioned

above,’ Usually, ‘the ligand (B2) of the formula (Ib)
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."comprlses at 1east one phosphorus atom, arsenic atom or
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'_antlmony-atom,_and can be coordlnated to the Group VIII

element. These llgands may be used 51ngly or 1n combl- -

natlon.

The llgand (B2) as shown by the formula (Ib) does

‘not contarn a_nltrogen—contalnlng heterocycl;c group,

and thuslis-not-a'special'or'unusual-compound3 There-.
fore, the llgand (BZ) of the catalytlc system (B) ‘can
ea31ly be prepared or be avallable.=

In the formula (Ib),-as examples and preferred

gexamples of the alkyl group, the alkenyl group, the

alkynyl group, the cycloalkyl group and the aryl group,

and substltuents whlch they may have, there may.be.men—

'.tioned those'as'exemplified in the enplanation of the

llgand (A2) of the catalytlc system (A)

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

' phorus_atom or an-arsenlc_atom, typlcally.a_phosphorus

‘atom..

Preferred example of the 11gand (B2) 1nc1udes an

organlc phosphorus compound an organlc arsenic com—

'pound and an organlc antlmony compound, typlcally an

-organlc phosphlne and an organic ar31ne, and spec1f1-~

cally an organlc phosphlne. -The organlc,phosphlne may

be whlchever of a prlmary phosphlne (for example,

-methylphosphlne, ethylphosphlne, propylphosphlne,'

'_1sopropylphosph1ne,-;sobutylphosphlne,_1soamylphose-

phing;gphenylphosphine, cyclohexylphoSphine and so:on), ,
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a seCOndary phosphine (for instancé, dimethylphosphine,

'-_dlethylphosphlne, dllsopropylphosphlne, di- n-butylphos-
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.phlne, dllsoamylphosphlne, dlphenylphosphlne, dlcyclo—'
'ﬁhexylphosphlne and the llke) or a tertiary phosphlne.
‘The organlc ar51ne may also be whlchever of a prlmary

iar81ne, a secondary ars1ne or a tertlary ars1ne.

Ereferred example.of such organlc phosphlne and organic_.

~arsine includewa tertiary phOSphinegand a tertiary

arsine

In such organlc phosphlne, R? to R? are respec—“"

- tlvely the alkyl group, the alkenyl group, the alkynyl '

group, the cycloalkyl group or the aryl group, each of
whlch-may have a substltuent. Typlcally preferred
organlc phosphlne 1s a compound of the formula (Ib)

where at least one ‘of R! to R3 is an. aryl group such as

phenyl group or a substltuted phenyl’ group ' In addl- |
' tlon to such aryl group, ‘the alkylene group whlch is~

'_ formed by R?'and R? ls also preferable. :

As preferred examples of the organlc phosphlne"

(tertlary organlc phosphlne), there may be mentloned '

'(1) the optionally substltuted trrarylphosphines, (11)

the mono C110 alkyl dl-arylphosphlnes, (111) the dl-r

zcllo alkyl-monoarylphosphlnes, (lv) the trl Clld alkyl—

phosphlnes, (v) the mono- 0410 cycloalkyl dlarylphos-

_phlnes,.(v1) the di-C,_,, cycloalkyl-monoarylphosphlnes,
.(v11) the trl C41°'cycloalkylphosph1nes and (1x) other

_f'phosphlnes as’ exempllfled in the explanatlon of the



10

15

- 20

25

_

" This Sheet Has Been R,

i l Wil

7 catalytlc system (A)

As the llgand, an arsenlc compound (spec1f1cally a

tertlary organic arslne) and an antlmony compound

:(typlcally a tertlary organlc stlblne) can also advan—'

tageously be employed
' The catalytlc system (B) comprlses, as the elec-,f

tron donatlve compound (B3), a compound hav1ng an elec-

_tron donabillty AVD of not less than 2 The definition

of the electron donablllty AvD may also be referred to

the explanatlon of the catalytlc system (A) as above‘v

Examples and preferred examples of the electron __"

'donatlve compound 1nclude those exempllfled in the

catalytlc system (A)
Preferred example of the electron donatlve com-'
pound 1ncludes a bas;c compound such as the amine, the

1m1de and the amlde. Typlcally,.when use is made of

~..such ba31c compound (espec1ally, a secondary amine’ and
'a tertlary amlne) 1n comblnatlon w1th (Bl) the Group
'.-VIII metal source except for palladlum, the catalytlc

ract1v1ty can 31gn1f1cantly be 1mproved or . enhanced in

many cases.; Therefore, the . catalytlc system {B) . may

_ preferably comprlse -a basic compound selected from the

Jgroup con31st1ng of the amlne, the lmlde and the amlde.-

Eurther, comblnatlon ‘use of-these ba31c compounds with

;the ether and/or the ester may occa51onally 1ncrease or
~'enhance the transformatlon rate and the select1v1ty of

the reactlon.
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In the catalytlc system (B) of the present lnven—'”"

"electron donatlve compound (B3) may be used accordlng

ieven when a comblnatlon of (B1) the Group VIII metal

source other .than palladlum and the organlc phosphlne

. as the llgand (BZ) is- employed,_the stablllty and

-[act1v1ty of the - catalyst are not sacrlflced or de-

creased regardless of the spec1es of such organlc

"phosphlne.' Accordlngly, the organlc phosphlne can be

used in a sultable comblnatlon w1th the compound (B3)

hav1ng an. electron donablllty AvD of not less than 2.

By ‘way of-lllustratlon,_ln the catalytic system con~

prisingathe triarylphosphine as the“organic phosphine,

the comblnatlon use of an nltrogen—contalnlng compound

or a bas1c compound (for 1nstance, the amlne compound
_'such as pyridine.or 1ts derlvatlve) can markedly im-
"iprove or lncrease not only the stablllty but also the

sactiv1ty of the catalyst
S 20

The catalytlc system (B) of the present 1nvent10n

:may further contaln (B4) an ac1d As such acld and '

-preferred examples thereof the s1mllar ac1ds and

preferred examples to the - catalytlc system (A) can be

' mentloned..

The catalytlc system (B) of the present lnventlon

itlon, a sultable comblnatlon of the llgand (B2) and the -

"to the specles of the metal source (Bl) For example,'_

may be whlchever of a homogeneous catalyst or a hetero-

.geneous catalyst._ In the use for a 11qu1d phase reac-
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ltlonm'the'catalytic'system-may generally be a homogenef
:ous system.- If necessary, the catalytlc system (B) may
_comprlse or form a SOlld catalyst whereln ‘the catalytlc
fcomponent is supported on -a carrler such as an actlvat— :."'
.ed-carbon, alumlna, 3111ca and others The proportlons'
'yof each components can be . selected accordlng to the

: spec1es of each of the catalytlc components, w1th1n a

f.range 1nsofar as the act1v1ty and stablllty of the _

catalyst are not adversely affected

. The ratlo of the llgand (B2) such as the organlc .
phosphlne 1s, for 1nstance, about 0. 1 to 1 000 mol,.
preferably about 0 5 to 500 mol, more preferably about -

1 to 100 mol and frequently about 1 to 50 mol relatlve_ :

_to 1 mol of the Group VIII metal source (B1). The

_dproportlon of. the acrd (for example a- proton ac1d as a

proton- source) ls, relatlve to 1 mol-of the Group VIII

‘metal source (Bl), about 0 1 to 1, 000 mol, preferably

about 1 to 500 mol more preferably about 5 to 250 mol,

and- for stlll better results, about 1° to 100 mol

" The amount of the ‘ligand (B2) such as the organlc

_-phosphlne relatlve to 1 mol of the ac1d (B4) such as
.'Ethe proton acid may not be restrlcted,‘and 1s,_for
'_example,'about Q:Ol_to'SO_mol, preferably'about=0.dz to
: 10 mol,.and more”preferably”about-0205 to 5 mol.
_.Frequently, the llgand may be ‘used. in a proportlon of

-about 0. 03 to 3 mol per mol of the ac1d

The proportlon of the electron donatlve compound
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(B3) 1s, for example, about 1 to 100 000 mol prefera- o

'_bly about 5 to 50, 000 mol and more preferably about 10

to 10 000 mol, relatlve to 1 mol of the Group VIII

metal source. Such electron donatlve compound may

frequently be used in a proportlon of about 10 to

10, 000 mol (for example about 50 to 7 000 mol), and

Vpartlcularly about 100 to 5 000 mol per mol of the

_Group VIII metal source. The electron donatlve com-'

pound (B3) may be used as a reactlon solvent,'and in-

B compound relatlve to 1 mol of the Group VIII metal

' .source may be sufflcient._ When the electron donatlve.
;compound is not used as the solvent, the - proportlon of .
h the compound 1s typlcally about 2 to 200 mol, preferaf

bly about 5 to 100 mol and more . preferably about 10 to

50 mol per mol of the Group VIII metal source. The_;-

electron donatlve compound is practlcally used as the )

reaction solvent.

. The catalytlc system (B)- of the present 1nventlon

can show or perform hlgh act1v1ty and stablllty 1n the

:carbonylatlon of an unsaturated hydrocarbon, and thus

1s useful in carbonylatlon of an acetylenlc or- oleflnlc

' unsaturated compound.

Accordlng to the method of the present 1nventlon,
an acetylenlc or oleflnlc unsaturated compound is

allowed to-react with carbon monox1de in the presence'

~of the catalytic system (a) or (B) to give a carbonyla—

_'such a case, an excess amount of the electron donatlve _"



10

15

-20

: 25

| tlon reactlon product

- usually about 2 to -30, preferably about 2 to 20, and

‘and a triple bond,;or two or moresofrdouble bonds in a

- /,e.... This Sheet Has Been
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The acetylenlc or oleflnlc unsaturated compound
may preferably be an asymmetrlc acetylenlc or oleflnlc 1

compound and more preferably be an a—acetylenlc com- -

pound, an a—oleflnlc compound or an allene compound

. The acetylenlc compound (acetylene serles compound) has

partlcularly about 2 to 10 carbon atoms.. The oleflnlc

_ compound and the allene compound may have, for example,-p

about 2 to 30, preferably about 2 to 20, and typlcally .

about 2 to 10 carbon atoms._ These unsaturated com- .
‘pounds 1nclude an alkyne, an alkene (olefln), a cy-
_ cloalkene, a cycloalkadlene and a- brldged unsaturated

'hydrocarbon, each of which may have a substltuent. The”

unsaturated hydrocarbon may have both of a double bond

molecule.

The unsaturated compound may have a’ various sub—

.Stituent. Example of such substltuent 1nc1udes a

halogen atom such as fluorlne, chlorlne, bromlne and so
on;-a C110 cycloalkyl group such as cycloheptyl cyc;o—:
hexyl and cyclooctyl groups, an aryl group such as =
phenyl and naphthyl groups, an aralkyl group such as

benzy1 and - phenethyl groups a cyano group, an acyl

‘group hav1ng about 1 to 7 carbon atoms such as formyl

acetyl, proplonyl butyryl 1sobutyryl, valeryl _1so-

valeryl and plvaloyl groups, an acyloxy group hav1ng,
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:f in: the alkyl m01ety,_about 1 to 6 carbon atoms such as.
liacetoxy group; a hydroxyl group, an alkoxy group hav1ng B

- about 1 to 6 carbon atoms such as methoxy, ethoxy,

propoxy, butoxy and t- butoxy groups, a haloalkyl group

such as trifluoromethyl and trlchloromethyl groups, a

p.haloalkoxy group such as trlfluoromethoxy and trlchlo—

: romethoxy groups, a carboxyl group; an alkoxycarbonyl

group hav1ng,'1n the . alkoxy m01ety, about 1 to 6 carbon '

_ atoms, an amino . group and an N—substituted amlno group

nsuch as . a monoalkylamlno group and a dlalkylamlno

. _group, an amlde group and an N—substltuted amlde group

15

20

25

_thyne.-'

“such as acetamlde group and’ the llke.

--As example of the alkyne,.there_may.be'mentioned7

-

._acetylene,'propyne, i1-butyne, 2-butyne, l-pentyne,:lf_ -

hexyne, l—heptYne,'lfoctyne,'Z;octyne, 4—octyne, 1,7~

coctadiyne, 5—methYl—3?heptyne; “—propjl-z-pentyne,'le _

nonyne, phenylacetyne, benzylethyne and cyclohexyle-

The alkene 1ncludes, for example, ethylene, pro-

-pylene, phenylethylene, 1- butene, 2—butene, l-pentene,
l3—methy1pentenevl, 47methylpentene—1, 1- hexene, 1-
' heptene,'leoctene, 2foctene, 4 octene,_allene,:cyclo—' '

-hexene and norbornadiene

As carbon monox1oe, whlchever of pure carbon

monoxlde or a carbon monox1de dlluted w1th an 1nert gas

- such as nltrogen, hellum, argon, carbon dlox1de and

' others may be employed
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The unsaturated compound may be carbonylated

-7 -

=

1nd1v1dually, or in the presence of another reactant-

-such as a nucleophlllc compound hav1ng a hydrogen or a_':'
'-hydrogen atom which can be left. ln the reactlon (actlve
'*hydrogen) Example of the. nucleophlllc compound hav1ng

a hydrogen atom capable of relea51ng 1ncludes a com—
'pound hav1ng a hydroxyl group such as an alcohol water

.fand a carboxyllc acid. _The.alcohol may alsoplnclude a

31lanol..

",The_alcohol'may be whichever offan'aliphatic,*

alicyclic, aromatic aldohol or a phenol, and of a

monohydric'or'polyhydric'alcohol Such alcohol may

”_have one or more of substltuents other than a hydroxyl
.:group among the substltuents as exempllfled in the

_explanatlon of the unsaturated compound.

As the monohydrlc alcohol there may ‘be mentloned,'

.for 1nstance, an allphatlc alcohol such as methanol,

ethanol l-propanol 2—propanol 1~butanol 2-butanol, .
'jll—methylpropan-l—ol 2—methylpropan—1-ol 2-methy1pro-f

'pan—2—ol 1 hexanol l—octanol 2—ethylhexanol stearyl_'

'alcohol, allyl alcohol - crotyl alcohol and propargyl

alcohol- an-allcycllc alcohol such'as cyclopentandl,

1;cyclohexanol 4-methylcyclohexanol cyclohexen—l-ol

cycloheptanol cyclooctanol and borneol.-and an aromat-

1c alcohol ‘such as benzyl alcohol sallcyl alcohol

_benzhydrol and-phenethyl_alcohol The phenol 1ncludes,

‘for example;'phenol,_an alkylphenol resorcxnol cate—_
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chol and 2 2—bls(4—hydroxyphenyl)propane.

Example of the polyhydrlc alcohol 1ncludes ethyl-

fene glycol, propylene glycol, diethylene glycol poly—
ethylene glycol dlpropylene glycol, polypropylene
'glycol, trlmethylene glycol, tetramethylene glycol

1,6~ hexanedlol, glycerol, trlmethylolpropane(Z 2- blshy-

droxymethyl-l—butanol), entaerythr1tol,,l,2—

cyclohexanediol 1 4-cyclohexanedlol, a carbohydrate (a':'
: monosaccharlde, an orgosaccharlde,_a polysaccharlde)
‘such as glucose, fructose, mannose, galactose,_saccha-

. rose, aldohexose; aldopentose; altrose, allose, talose,

gulose, idose, ribose, arabonose, xylose, lyxose,

erythrose, threose and cellulose."

: Preferred example of the alcohol 1ncludes a mo-

nohydrlchalcohol hav1ng_about 1 to 20,_part1cularly

about 1 to 10, and among'them aboutul t635 carbon

atoms. An allphatlc saturated alcohol may typlcally

 used as the. alcohol

As example of the-carboxylic acid, an allphatlc

,_carboxyllc acid such as formic acid, acetic ac1d

e -proplonlc ac1d, n- butyrlc acrd, 1sobutyr1c acid, plval—

25

ic aC1d, valerlc ‘acid, caproic, acid, capryllc ac1d,

'capric acrd, laurlc acid, myrlstlc acid, palmltlc ac1d

and stearlc ac1d, an allcycllc carboxyllc acld such as

cyclohexanecarboxyllc acld, an aromatlc carboxyllc ac1d

such as benzorc aC1d, phthallc ac1d, 1sophtha11c acid

and terephthalic ac1d and an unsaturated_carboxyllc;
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.aoid_suchfas:acrylicﬁacid, methacrylic acid, propiolich’

woo-

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

‘conic acid, mesaconic acid and oleic acid. ‘An aliphat-

ic_carboxylic acid;ypreferably that having about'2 to
20, and more preferably abOut_Z to 18wcarhon.atoms; and'
in particular an aliphatic carboxylic acid having about

2 to lb:carbon'atoms mayfbe"used as the carboxylic

| ac1d typlcally speaklng

An alcohol or water may frequently be used as the

nucleophlllc compound hav1ng a hydrogen atom whlch can

be left 1n the reactlon.

In the carbonylatlon reactlon, a compound corre—:

'sponding to the oleflnlc unsaturated compound and the |
'acetylenlc unsaturated compound can be produced accord—

~ing to spec1es of the reactant.' By’ way of 1llustra—

tlon, when water lS employed as ‘the reactant, a corre-

_spondlng carboxyllc ac1d and anlunSaturated carboxylic

ac1d.such as an a,B—unsaturated carbokylic'aCid are

produced by.carbonylation‘of the olefinic unsaturated

_compound and the acetylenlc unsaturated compound._ The

'use of an alcohol results in productlon of an ester

correspondlng_to the carboxyllc acrd and the_unsaturat-'

~Zedfcarb02yliofacid..:Eurther, in the case of using a

'carboxylic'acid,'antacid anhydride'correspOndintho the .

carboxylic acid and'the_unsaturated-carboxylic'acid is
produced;~' |

For example, when use is made of ethylene as the
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B olefinic'unSaturatedHCOmpound, and methanol or water as

the reactant (nucleophlllc compound),'methyl proplonate

 or proplonlc ac1d can. be produced by reactlng with - -
5carbon monox;de._ By allow;ng allene as the oleflnlc_
-unsaturatedhcompound and methanol or water-as the

_reactant (nUCleOphlllC compound) to react w1th carbon

monox1de, methyl methacrylate or methacryllc ac1d may
be-obtalned.. Methyl methacrylate or’ methacryllc ac1d

may also be produced by u31ng propyne as the acetylenlc

_compound and methanol or water as the reactant (nucleo—

‘thlllc compound) to react w1th carbon monoxide.

' Thus, accordlng to the method of the present

-1nventlon, spec1es of the reactant may be selected

-

'dependlng on the objectlve compound, and is frequently

.,water, an alcohol or an organlc carboxyllc acid.

Proportlons of ‘each components 1n the carbonyla—

tion may be selected w1th1n a w1de range._ By way of

exempllflcatlon, the amount of the . catalytlc system is,

in terms of atomlc metal of the Group VIII metal

_ source, about 1 x 10° 6 to 2 x 107t mol, preferably

.about 1x 10"5 to 1 x 1071 mol and frequently about 1 x

04 to 1 X 102 mol relatlve to 1 mol-of.the acety-f

_lenlc or oleflnlc unsaturated compound.a The propor-
“tlon of the catalytlc system (A) or (B) may also se-

,lected from w1th1n the range about 0 01 to 15% by

welght, preferably about 0.1 to 10% by welght, and

;frequently;about 0.5 to 8% by welghtrrelatlye_to ‘the
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'_acetylenlc or’ oleflnlc unsaturated compound.

When the catalytlc system (A) is employed, the
proportlon of carbon monoxrde 1s, for example per mol

of the acetylenlc or oleflnlc unsaturated compound,-

afabout 0. 1 to 100 mol, preferably about 1 to 80 mol, and

‘_more preferably about 1. 5 to- 50 mol (for 1nstance,

about 1 S to 5 mol) The reactant (nucleophlllc com-
pound) may be used, for 1nstance, 1n an amount of about

0. 1 to 100 mol preferably about 0 1 to 80 mol and

more preferably about 1 to 50 mol (for example, about

1 5 to 5 mol), relatlve to 1 mol of the acetylenlc or

_oleflnlc unsaturated compound When water rs employed

as the reactant, the amount thereof may be about 0.5 to

10 mol per mol of the unsaturated compound

As to the catalytlc system (B), the ratlo of

~ carbon monoxrde 1s, for example, about 0 1 to 100 mol
..(e.g. about 1 to 20 mol), preferably about 0. 8 to 10 -
,”mol'(for-lnstance, about 1.2 to 10'mol), and more

' preferably about 1.0 to 5 mol (e g. about 1 5 to 5
-mol), per mol of the acetylenlc or oleflnic unsaturated
';compound Such carbon monoxrde may frequently be used

i'ln an excess amount (for example about 1 to 20 mol)

relatlve to 1 mol of the acetylenlc or oleflnlc unsatu-

jrated compound. The ratio of the. reactant (the nucleo—_

phlllc compound) 1s, for 1nstance per mol of the acety—

-lenlc or oleflnlc unsaturated compound, about 0 1 to

100 mol (e g about 1.0 to. 20 mol), preferably about
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: bon such as hexane and octane, an aromatlc hydrocarbon"
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?:0 8 to 10 mol (for example,.about 1.2 to 10 mol) and -
_zmore preferably about 1 0 to 5 mol (for 1nstance, about

1. 5 to 5 mol) When water is employed as the reactant,_

the amount of such reactant may be about 0. 5 to 10 mol
relatlve to 1 mol of the unsaturated compound _
Meanwhlle, the reactant may also be used as a.
reactlon solvent. | | '.
i The reactlon (carbonylatlon) may be carrled out in
an 1nert organlc solvent ~ As example of such organlc

solvent, there may be mentloned an allphatlc hydrocar- ;

-such as benzene,-a halogenated hydrocarbon such as

chloroform, dlchloromethane, carbon tetrachlorlde and

.chlorobenzene, and a mlxture of-these solvents | Where
.the electron donatlve compound or the reactant 1s used

- as a solvent, the above—mentloned organlc solvent 1s

not necessarlly employed.

The carbonylatlon reactlon may typlcally be con— ;

ylducted at -a temperature of for 1nstance, about 10 to

_250 C (e g.:about 10 to 200 C) and preferably about 25

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

) reactlon may be carried out in accordance w1th a con—

ventlonal method such as a batch method seml—batch '

_method or contlnuous method, and in a llquld phase or

-in a gas (gaseous) phase : olnce the catalytlc systems

(A) and (B) have hlgh stablllty, the reactlon is prac-
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 tically conducted'in a.liquid phase. . In particular,“

; the catalytlc system (B) may practically be used as a

homogeneous system 1n a liquld phase. Meanwhile, the

"above mentioned catalytic systems () and (B) may be _

used s1ngly or in a suitable combination._

After completion of ‘the: reaction, the reactlon :

_ product(s) can eas11y be separated and purified accord—.

ing to a conventional technology such as a separating

"means 1ncluding filtratlon, concentration, distilla-

tion, extraction, crystallization, recrystallization K
and column chromatography, or a combination of these
technologies.

'Since comprising the'Group.VIII metal source sup- .

. ported on the carrier as the catalytic component, the
; catalytlc system (A7) of the present 1nvention has high

. catalytic act1v1ty”and excellent stability even_thought '

being-a heterogeneous catalytio system, and thus can
maintain high catalytic aotiv1ty 1n ‘a carbonylation
reaction; Therefore, when use 1s made of the catalytic
system (A) for carbonylation of an acetylenlc or ole-
finic unsaturated compound, a carbonylation product

such as a carboxylic acxd or an ester of a carboxylic

.acid can stably_be produced in_a.stable-liquid_phase g

- with highftransformation rate and selectivity-for'a

long period' _Such carbonylation_can:be'conducted:with- '

'out activatlon of the catalyst Further, an a,ﬁ?

ethylenic unsaturated carboxylic ac1d or a derivative.
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'fsystem (B) for carbonylation of an acetylenlc or ole—-m

. !

fthereof can be produced w1th high transformation rate L

' ~and selectivity as well as high stability._

According to the catalytic system (B) of the

present invention whlch comprises the Group VIII metal

isource except for palladium and the spec1f1c electron

donatlve compound as the catalytlc components, the

_stabllity of the catalytic system can be improved or o

fenhanced.without the use of a spec1al phosphlne, and

higthatalytic activity can be:obtained in a-carhony1a4

tion'reaction.. Therefore, with’ utilizing the catalytic

finlc unsaturated compound, a carbonylated product such

" as a carboxylic ac1d or a carboxylic acid ester ‘can be

obtalned 1n a stabilized liquid phase with high trans-

formation rate and select1v1ty. Moreover,_an'a,ﬁ-

‘ethylenic unsaturated carboxylic acid or a derivative
.thereof can. be produced with high transformation rate

-:and selectiv1ty

The follow1ng examples are merely 1ntended to

1llustrate the present invention in further detail and

should not be construed as defining the scope of the

_1nventlon.

. EXAMPLES

In the follow1ng examples, the term "part" means

lﬁ"part by weight""
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‘To 100 parts of acetone and 0 03 part of concen-

'-trated hydrochlorlc acid (an aqueous solutlon contaln—

1ng about 35% or more of hydrogen chlorlde) was added

1.77 part of palladlum chlorlde for dlssolv1ng fA;

"granular actlvated carbon [trade name. Shlrasagl C,

' manufactured by Takeda Chemlcal Industrles Co. ' Ltd.,'

spec1f1c surface area of 1, 200 mz/g, pore volume of

0. 53 ml/g. mean pore s1ze of 17 A] (100 parts) was '

'dlpped 1n the resultant solutlon to adsorb palladlum

chlorlde on the actlvated carbon

A nltrogen-substltuted stalnless steel autoclavef'f

'f(lnner volume of 30 ml) was charged w1th palladlum

'chlorlde-supportlng actlvated carbon-prepared above in

an amount of 5 X 10 -6 mol in terms of palladlum chlo— |
rlde, and w1th 2 x 1074 mol of trlphenylphosphlne, 2 x'
1074 mol of methanesulfonlc ac1d, 4 ml of methanol and
0 lg of methylacetylene, in turn._ The autoclave ‘was

1ntroduced w1th carbon monox1de up to a pressure of 60

.'Kg/cm ’ and was sealed.-_ The reactlon was conductedt

under heatlng and stlrrlng at 60 C for 2 hours.

-~ The reactlon product was analyzed by gas chroma—'

:tography. As a result, the mean transformatlon rate of

methylacetylene was 142 mol/hr ‘per gram atom of palla- o

"dlum, and the methylacetylene-based select1v1ty for the

product methyl methacrylate was 80%
Examnle_z[

The reaction solution_obtained in'Example'l'was'
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_'concentrated under reduced pressure to remove the

methylacetylene. To the res1dual concentrate, were.

| added methanol and methylacetylene 1n the same propor-

'gtlons as. Example 1.' Carbon monoxlde was 1ntroduced

into the autoclave and the reactlon was conducted in
the same manner as Example 1. |

| A series of procedures of such concentratlon of
the reactlon mlxture, charglng of the raw materlals,'

and. the reactlon was. repeated five (5) tlmes.- The

results are set forth 1n Table 1 In the-following
Tables, the term'"Transformatlon rate" means the mean

transformatlon rate (mol per hour) of methylacetylene'

per gram atom of palladlum.. The term "Select1v1ty".

.produced methyl methacrylate and unreacted methanol and :

shows the methylacetylene-based select1v1ty (%) for the'

product methyl methacrylate. " As apparent from Table
1, although the catalyst was used repeatedly, the |

transformatlon rate of methylacetylene ‘and the selec-

's1fted. f;'

-tivrty for methyl methacrylate were scarcely changed or -

|
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h_Table'l
'Repeating.  Transformation | ; Select1v1ty
-times. ' rate (mol/hx) - - . (%)

1 141 81
2 139 T2
3. w0 e

4 o138 - 82

5 139 . - 80

":Cgmparatﬁxe_ﬂgamé]e 1

The procedure'of'Example 1 was repeated exoept

‘that palladium'chloride Which was not supported'oﬁ a

carrler was used 1nstead of palladlum chloride support—f

ed on the actlvated carbon. Resultantly, the fed

o methylacetylene was transformed to methyl methacrylate '

15

20

25

at an average transformatlon rate of 145 mol/hr per.
gram atom of palladlum, and the methylacetylene—based

selectlvlty for methyl methacrylate was 81%. By ana-

"lyzing the'reaotion_mixture'after completion of the
: reaotion, it-was'found that a3part of palladium chlo-
.rlde was reduced to cause a prec1p1tate of metalllc '

_ palladium.-]f

-cgmparatixe_Example;a_
. The serles of procedures descrlbed in Example 2

were repeated flve tlmes in the same’ manner as Example

h 2, except for using the reaction mlxture obtalned in

Comparatlve Example 1 1nstead of the reactlon mlxture

7obta1ned,1n Example l. The results are shown in Table
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2; As clearly shown 1n Table 2, when the catalyst was

_utillzed repeatedly, the transformatlon rate of the

methylacetylene was 51gn1flcantly decreased.u

.'Table.z

Repeating "_Transformation"? Select1v1ty -
‘times - 1'rateu(mol/hr)'_--_ : '(%)
1 112 T 1
2 98 S 80
3 83 - - 18
4 61 18
5 83 . 76

' To a dlluted aqueous solutlon of hydrochlorlc ac1d
containlng 1.77 part of palladlum chlorlde was, added
100 parts of y-alumlna [trade name Neospeed, manufac-
tured by Mlzusawa Chemlcal Co , Ltd.; Japan,.spec1f1c
surface area of 200 nF/g, pore volume of 0. 40 ml/g;

mean pore 31ze of 80 A], and y—alumlna was dlpped in

fpalladlum chlorlde w1th stlrrlng. To the dlpped T‘

alumlna, were added 5 parts ‘of an aqueous solution of

formalln and 100 parts of a 1N aqueous solutlon of

.sodlum_hydrox1de to reduce palladium chloride. lThe.

resultant mixture was filtrated, and the residue was

washed with water and dried to give a metallic palladi-.

um~-supported catalyst.

The reaction was conducted in the same mannér as

This Sheet Has Been Reilaced .:
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'uExample 1 except that, 1nstead of the palladlum chlo-”
_ rlde supported on the actlvated carbon, the metalllc
1pallad1um supported on y-alumlna was used in an amount

of 5 x 10 -6 mol in terms of metalllc palladlum, and

liu

that 2 x 10'4 mol of. 2 6- bls(dlphenylphosphlno)pyrldlne' .

- was employed in lleu of trlphenylphosphlne.. As a re-
msult, the mean transformatlon rate of methylacetylene
,was 245 mol/hr per’ gram atom of palladlum, and methyl
.methacrylate was ‘produced w1th a methylacetylene-based.

_select1v1ty of 87%.

‘Thus, the serles of the. procedures, that 1s, the

concentratlon of the reactlon mlxture, charglng of the

raw. materlals and the reactlon, was . repeated 10 tlmes

“in the same manner as Example 2 ' Resultantly, ‘even :

lene was transformed to methyl methacrylate at a mean

transformatlon rate of 239 mol/hr per gram atom of

,palladlum, and the catalytlc act1v1ty was scarcely

_decreased.

'-f The reactlon was conducted in the 31m11ar manner

not supported on a carrler in lieu of the metallic
palladium supported on y—alumlna. As a result, the

mean transformatlon rate for methylacetylene was 112

'mol/hr per gram atom of palladlum and the methylacety-

lene-based select1v1ty for methyl methacrylate was 83%

' after the procedure was - repeated 10 tlmes, methylacety—_-

as Example 3 except for u31ng palladlum black Wthh was
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Then,.the serles of the procedures as in Example

-

2, namely, concentratlon of the reactlon mlxture, ‘the

charging of the~raw_mater1als and therreactron, was

repeated lO'times. After tenetime'repetition of the

'procedures, the mean transformatlon rate of methylacet-

ylene was remarkably decreased to 18 mol/hr per gram
atom of palladlum,.and the selectlvity for methyl
methacrylate was decreased to 43%. f L

The procedure-of.Example 1 was“followed eicept

phosphlne. Methylacetylene was transformed to methyl

jmethacrylate at a mean transformatlon rate of 23 mol/hr

_per gram atom of palladlum, and the methylacetylene-

based selectlvlty for the_product methyl methacrylate

' .was 53%

: After repeatlng the serles of procedures of con-

-_centratlon of the reactlon mlxture, charglng of the raw

as Example 2, the mean transformatlon rate of methyla-
_cetylene and the methylacetylene—based select1v1ty for

'-methyl methacrylate changed scarcely.

A stalnless steel autoclave (1nner volume of 300

'ml) was charged w1th 0. 25 mmol of dlbenzylldeneacetone-'

platlnum (0), 1 mmol of trlphenylphosphlne, 10 mmol of

methane ulfonlc ac1d, 48 g (609 mmol) of pyrldlne and

ummmumm/i’ii“"
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”a"20*g (624'mmol) of'methanol-' Propyne'(300 mmol) and =

carbon monox1de (600 mmol) were 1ntroduced 1nto the
autoclave after expelllng alr therefrom. The auto-"

clave was sealed and heated, and thus the reactlon was

T”conducted under a pressure of 60 atm and at a tempera-'”

‘7iture of 100 (o} for 1 hour.

15T

20

25

' By analy21ng the reactlon product(s) using gas

' chromatography, propyne was transformed to methyl
"'methacrylate at a transformatlon rate of 35 6% and w1th--

.10_

a select1v1ty for methyl methacrylate of 96 9%. As for

',the reactlon mlxture after completlon of the reactlon,-ﬁ

no prec1p1tate was observed and the mlxture ‘was homoge-'
neous. = . |

The reactlon was carrled out 1n the same manner ‘as
Example 5 except for uS1ng methanol as the reactant in

lleu of pyrldlne as the solvent.“ As a result,-methyl

'methacrylate_rn a trace amount was detected. -

'“: A stalnless steel autoclave (300 ml in 1nner.

,volume) was - charged w1th 0 05 mmol of- palladlum (IT).

chlorlde, 2 mmol of trlphenylphosphlne, 2 mmol of

_methanesulfonlc ac1d 0 2 g (2 mmol) of pyrldlne and
3. 96 g (124 mmol) of methanol | After expelllng air

- from the autoclave, ‘300 mmol of propyne and 600 mmol of

carbon monox1de were 1ntroduced thereto The autoclave'

'-was sealed and heated, and reactlon was conducted at 60
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The reactlon products were analyzed by gas chroma-'

. tography. Resultantly,-the transformatlon rate of pro-

'.pyne was 50 llttle as 3 %, and methyl methacrylate was-

produced w1th a select1v1ty of 52 7% When examinlng

;-the resultant reactlon mixture, prec1p1tates of metal--_

lic palladlum due to metalatlon of palladium were

observed.

- . N . . ..
‘The’ reactlon procedure of Comparatlve Example 5
was repeated except that 0. 2 g of methanol (total

amount of 4. 16 g) ‘was used 1nstead of 0.2 g of pyrldlne

_'to give methyl methacrylate w1th a select1v1ty of about.

'_80%. The transformatlon rate of propyne was about 30%

In the reactlon mlxture after completlon of the reac—

tlon, prec1p1tates of metalllc palladlum due to metala—

tion were produced.
With 2 5 mmol of dlbenzylldeneacetoneplatlnum (0),'

_ 10 mmol of trlphenylphosphlne, 10 mmol of- methanesul—.
_fonlc acid, 48 g (609 mmol) of pyrldlne ‘and 20 g (624

mmol) of methanol was charged a stalnless steel auto-'
clave (300 ml in innex volume) i Alr was expelled from -
the autoclave and 300 mmol of propyne and 600 mmol of

carbon monox1de were 1ntroduced to the autoclave.

. After seallng(_the autoclave was.heated,and the reac-

rtion'Was'carriediout'at 60_atmfand'at“100‘c for.éo"'
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gas chromatography.

As a result, methyl methacrylate was produced w1th

a selectlvlty of 99.0%,_and the transformation rate of

lfpropyne was 98. 7%. Further, in the resultant reactlon

mlxture, no prec1p1tate was observed and the mlxture

- was homogeneous. L

Eesls |

A 300 ml-stalnless steel autoclave (as inner

.volume) was charged with 0. 25 mmol of dlbenzylldeneace-
'_7toneplat1num (0), 10 mmol of trlphenylphosphlne, 1Q;
' -mmol of methanesulfonlc acld, 30 g of a—plcollne and 20
g (624 mmol) of methanol After expelllng a1r from the

'autoclave, were 1ntroduced 300 mmol of propyne and 600

mmol of carbon monox1de thereto, and the autoclave was

sealed and heated to conduct the reactlon at 60 atm and-

‘at a temperature of 100°C for 1 hour.

The resultant products were analyzed by gas
chromatography.. Resultantly, propyne was transformed

to methyl methacrylate with a transformatlon rate of

.14 0% and the select1v1ty for methyl methacrylate was

95 3% | Further, no prec1p1tate was observed in the

_reactlon mlxture, thus the mlxture was homogeneous.

-'The reaction procedure'of'Example 5 was repeated

except for u31ng 30 g of 2,6~ lutldlne 1nstead of 48 g -

r_of pyrldlne,'and using trlphenylphosphlne 1n an amount

> This Sheet Has Been Repl
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"mlnutes, and the resultlng products were analyzed by

’\
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- of .10 mmol to give methyl methacrylate with a. selectlv-

‘Tlty of o1, 9% and w1th a. transformatlon rate of propyne

of 7. 7% As a result of 1nvest1gating the reactlon'

mlxture, the mlxture was observed to be homogeneous

W1thout any prec1p1tate.a .. | | |
By u51ng 30 g of 1—methy11m1dazole in lieu of 48 g

_of pyrldine, and employlng trlphenylphosphlne in a pro—

portlon of 10 mmol methyl methacrylate was- obtalned in -

_the same manner as Example 5 with a select1v1ty of
.89 5% The transformatlon rate of propyne was 11 5%
'In the reactlon mlxture, no prec1p1tate was produced

.and the mlxture was homogeneous.

The procedure of Example 5 was repeated except

'that 30 g of anlsole was used 1nstead of 48 g of pyrl—'

dlne,_and the amount of trlphenylphosphlne was changed

- to 10 mmol to glve methyl methacrylate w1th a selectlv—
.ity.of 82 0%.f The fed. propyne was transformed to
fmethyl methacrylate at a transformatlon rate of 4 0%
:The reactlon mlxture was homogeneous accompanylng w1th

no prec1p1tate._

Examnls_l_ : _- :.'"1' B

' Methyl methacrylate was obtalned w1th a select1v1-

ty of 71 4% in- the same manner as Example 5 except for

.employlng 30 g of xylene in 11eu of 48 g of pyrldlne

and u31ng trlphenylphosphlne in a proportlon of 10
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;mmol | The transformatlon rate of propyne was 8. 6% 'By'd '

analy21ng the reactlon mlxture, no prec1p1tate was-

' observed and the mlxture was homogeneous.

Wlth the use of 5 mmol of transbls(l 2-

diphenyl)phosphlnomethylcyclobutane instead of 1 mmol

of trlphenylphosphlne, the reactlon was conducted 1n-
the 31mllar manner as Example 5, and propyne was trans-
formed at a rate of 21.9% to methyl methacrylate. "The
selectrvrty for the product methyl methacrylate was

90. 5% The reactlon mlxture was homogeneous w1thout

A stalnless steel autoclave (300 ml in 1nner vol-

ume) was charged w1th 0.25 mmol of dlbenzylldeneaceto-

'_neplatlnum (0),_1 mmol of 2-pyrldylphenylphosphlne, 10 -
mmol of methanesulfonlc acid and 68 g (2 122 mmol) of

: methanol After expelllng alr from the autoclave, were
'_glntroduced 300 mmol of propyne and.- 600 mmol of carbon .

20

monox1de to the autoclave. The autoclave was sealed

~and heated to carry out the reactlon at 100° C for 1
- hour. By analy31s of the resultant products w1th the .

_:use of gas chromatography, ‘the- transformation rate of

propyne was 8% and methyl methacrylate was produced

w1th a select1v1ty of 21%.
. . . -

~ The reaction procedure of Examble_s_was repeated
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 except for_embloying a reaction temperature of 120°C to

givejmethyl methacrylate with a selectivityfof 98.6%

‘and with a tranSformation rate of nropyne being”48%

The reactlon mlxture was observed to be homogeneous

"with no prec1p1tate.

A stainless_steel autoclave_(BOOiml in inner

- vOlume) waS'charged with 0.63. mmol of dibenzylideneace—
| toneplatlnum, 1 mmol of trlphenylphosphlne, 10 mmol of

fsulfurlc ac1d,-1 6 g (20 2 mmol) of pyrldlne, 38. 4 g

(384 mmol) of methyl crotonate and 20 g (624 mmol) of

"'_methanol Propyne (300 mmol) and.- carbon monox1de (600

15

20

25

'mmol) were 1ntroduced 1nto the autoclave after expel-

llng alr therefrom. The autoclave was sealed and

heated, and the reactlon was carrled out at 60 atm and

: 150 C for 10 mlnutes.-”

By analy21ng the reactlon products w1th the use of

bgas chromatography, the fed propyne was transformed to'

-ﬂmethyl methacrylate at _a transformatlon rate of 38 0%,

and the select1v1ty for methyl methacrylate was 94 2%

N In the reactlon mlxture,_no preclpltate was observed

and . the mlxture was homogeneous.
| - _

. By u31ng 0. 63 mmol of dlbenzyl1deneacetoneplat1-

-num, 1 mmol of trlphenylphosphlne, 20 mmol of sulfuric

ac1d 9 5 g (120 mmol) of pyrldlne, 30. 5 g (305 mmol)

'_ of methyl crotonate ‘and 20 g (624 mmol) ‘of methanol,
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the reactlon was conducted in the same manner as Exam-..-

'_ple 14 : Resultantly, propyne was transformed to methyl

. methacrylate at a transformatlon rate of 41 4% and the

“10

15

20

' select1v1ty for methyl methacrylate was 99. 7% The.

f*reactlon mlxture after completlon of the reaction was

homogeneous and no-prec1prtate_was_observed.
S . _ S

) The reactlon procedure of Example 14 was repeated

=except for u31ng O 65 mmol of dlbenzylldeneacetonepla—

tlnum (0 02% by welght 1n terms of platlnum), 1 mmol of

7-tr1phenylphosph1ne, 3.6 g (0.1 mol) of hydrochlorlc -
'-a01d, 40 g (506 mmol) of pyrldlne and 20 g (624 mmol)

'of methanol to glve methyl methacrylate with a selec-

tiv1ty of 97. 8% The transformatlon rate of propyne

‘was 46.7%. In 1nvest1gat1ng the reactlon mlxture, the

';mixturefwas_homogeneous w1thout any pre01p1tate.

By us1ng 0.63 mmol (0 02% by welght in terms of

platlnum) of dlbenzylldeneacetoneplatlnum, 1 mmol of

-'trlphenylphosphlne, 10 mmol of methanesulfonlc ac1d,_

' l 6 g- (20 2 mmol) of pyrldlne, 38 4 g (384 mmol) .of.

methyl crotonate and 20 g (624 mmol) of methanol the-

”reactlon was carrled out in the same manner as in
3Example 14, Propyne was transformed to methyl metha—

crylate at a transformatlon rate of 53 4% and the

select1v1ty for methyl methacrylate ‘was 96.6%. The

reactlon mlxture after completlon of the reactlon was - -
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homogeneous.with no precipitate}

Methyl methacrylate was produced withfafseleotivi— :

ty of-89;6%fin the same manner as Example 14;:except_

that 0.63 mmol of diben2ylideneacetoneplatinum, 1 nmol .

_ of trlphenylphosphlne, 14 mmol of phosphorlc acid, 1. 6 '
g (20 mmol) .of pyrldlne, 38.4 g (384 mmol) of methyl

fcrotonate;and 20~g {624 mmol) of methanol'were emf

ployed."The tranSformation rate of propYne was'37.§%.'

By 1nvest1gat1ng the -reaction mlxture, no prec1p1tate

The reactlon procedure of Example 14 was repeated

-

_ except for employlng 0. 63 mmol . of dlbenzylldeneacetone-

platlnum, 1 mmol of trlphenylphosphlne, 10 mmol of
sulfurlc aC1d; 4, 7 g (59 mmol) of pyrldlne, 35 3 g (327_

mmol) of anlsole and 20 g (624 mmol) of methanol to

:glve methyl methacrylate w1th a select1v1ty of 97 9%._

The transformatlon rate of propyne was 36. 9% In the

reactlon mlxture, no prec1p1tate was observed and the

m1xture was homogeneous

Wlth the use of 0 63 mmol of dlbenzylldeneacetone—'

-splatlnum,.l mmol of trlphenylphosphlne, 10 mmol of
sulfurlc a01d 40.0 g (400 mmol) of methyl crotonate
_and 20 g (624 mmol) of methanol the reactlon was

'conducted 1n_the_same_manner as Example 14. Propyne-e
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was transformed at a transformatlon rate of 25 6% and

'”methyl methacrylate ‘was procured w1th a select1v1ty of

89 5%. By lnvestlgatlng the reactlon mlxture after

'completlon of the reactlon, the reactlon mlxture was

;observed to be homogeneous_wlthout“any prec1pitate.

Methylfmethacrylate was obtained with a selectivi%

ty of 94 1% 1n the same. manner as Example 14,“except

athat 0. 63 mmol of dlbenzylldeneacetoneplatlnum, 1 mmol

of tr;phenylphosphlne, 10 mmol of sulfurlc ac1d,f4'7'g o

(59 mmol)“of pyridine, 35.3 g (218 mmol) of dlethylene_”""'""" o
_glycol dimethyl ether and 20 g (624 mmol) of methanol

were used.- The transtrmatlon rate of propyne was

51. 5% - In the reactlon mlxture, ‘no prec1p1tate was

observed and the reactlon mlxture was homogeneous.

' The reactlon procedure of Example 14 was repeated

except for employing 0. 63 mmol of- dlbenzylldeneacetone-

platlnum, 1 mmol of trlphenylphosphlne, 10 mmol of

methanesulfonlc a01d, 1. S 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 trans-

[formed to methyl methacrylate at a transformatlon rate

uof 41. 2%, and the select1v1ty for methyl methacrylate

was 93. 5%. By examln ng the reactlon mlxture, no -

prec1p1tate was produced and the mlxture was homogene—

ous.
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' By u31ng 0. 63 mmol of dlbenzylldeneacetoneplatl-

'num, 1 mmol of trlphenylphosphlne, 10 mmol of methane—

'sulfonlc ac1d, 1.7 g (16 mmol) of dlethanolamlne, 38. S

'methanol methyl methacrylate was produced with a

select1v1ty of 98 2% in the same manner as Example 14

The transformatlon rate of propyne was 51 2%. The

‘reaction mlxture after completlon of the reactlon was

homogeneous w1thout any prec1p1tate.-_f
. : N 3 - - h ¢ :
Methyl methacrylate was obtalned with a- select1v;-

ty of 74 5% in- the same manner as - Example 14, except

.of trlphenylphosphlne, 40.g (506 mmol) of pyrldlne and

20 g (624 mmol) of methanol were used., The transforma—

tlon rate of propyne was 47. 0%. In the reaction mlx-"
| ture, no prec1p1tate was observed and the reactlonf

mixture was homogeneousr '

F""__-"::'—-"';
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g (385 mmol) of methyl crotonate and 20 g (624 mmol) of

 that 0 63 mmol of dlbenzyl1deneacetoneplat1num, 1 mmol

The reactlon procedure of Example 14 was repeated :

- except for employlng O 65 mmol of. dlbenzylldeneacetone—

of pyrldlne,_40 g (370 mmol) of anlsole and 20 g (624

'mmol) of methanol As a result, propyne was trans-

formed to methyl methacrylate at a- transformatlon rate

‘of 24. 0%, and the select1v1ty for methyl methacrylate

' platlnum, 1 mmol of trlphenylphosphlne, 4, 7 g (59 mmol)'
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'-,&as-gg é%; By examlnlng the reactlon mlxture, no pre— )

'c1p1tate was observed and the mlxture was homogeneous.h

By u51ng 0 63 mmol of dlbenzylldeneacetoneplatl—'

num, 1 mmol of trlphenylphosphlne, 10 mmol of metha-

crylic ac1d, 0 8 g (5 mmol) of dlpyrldlne, 40. 0 g (400.

mmol) of methyl crotonate and 20 g (624 mmol) of metha—

.nol methyl methacrylate ‘was produced w1th a select1v1-
”ty of 97.7% in the same manner as Example 14. The

.:transformatlon rate of propyne was 47 3% The reaction-

mlxture after completlon of the reactlon was homogene— -

.'-ous w1thout any prec1p1tate

a 15

25 .

MethYl'methaCrylate was obtained with a selectivi-
ty'of'95'5% in the sameimanner as'Eiample 14, except

that 0.63 mmol of chloroplatlnlc ac1d, 1 mmol of tri- a

.phenylphosphlne, 10 mmol of sulfurlc ac1d, 1-6 g (20
_mmol) of pyrldlne, 38 4 g (384 mmol) of methyl croto-
d nate and 20 g (624 mmol) of methanol were used. -The
20.-.transformat;on_rate of propyne was 17 8% In the
| '“reactiOn mixture, no prec1pltate was observed and the

_reactlon mlxture ‘was homogeneous

A stalnless steel autoclave (1nner volume of 300

ml) was charged w1th 2.5 mmol of dlbenzylldeneacetone— -

.platlnum, 10 mmol of trlphenylphosphlne, 10 ‘mmol of

' jmethanesulfonlc ac1d 45 g (569 mmol) of.pyrld;ne and
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' the autoclave, 67 mmol of ‘allene. and 610 mmol of carbon

_monox1de were 1ntroduced thereto The autoclave was

i"

- 4. 3 g (134 mmol) of methanol After expellingfair from

sealed and heated to. conduct the reactlon at 60 atm and.

100°C’ for l hour

As a result of analy21ng the reactlon products

. w1th the use of gas chromatography, allene was trans-

formed ‘to methyl methacrylate at a transformatlon rate

of 48% and the select1v1ty for methyl methacrylate was

'95 5% The reactlon mlxture after completlon of the

The reactlon procedure of Example 5 was repeated

:'trlphenylphosphine, and that the reactlon was ‘carried

out at a temperature of 150 C for 10 minutes to glve

methyl methacrylate w1th a select1v1ty of 97. 0% with

the select1v1ty of propyne belng 25%.. In the reactlon'

' mlxture, no preclpltate was observed and the mlxture

was homogeneous.
A flask was charged with 0. 2 mmol of platlnum (IT) .

~chlor1de, 10 mmol of trlphenylphosphlne, 23 92 mmol of

pyrldlne and 141 16 mmol of anlsole, and the flask was

lheated at 150 C Resultantly, ever after heatlng for
| 40 hours, no metal was dep031ted or prec1p1tated and

'the catalytlc system was malntalned 1n homogenelty

_except that dlphenylbutanephosphlne was used 1n lleu of
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The procedure of Example 30 was repeated except
for employlng 0 2 mmol of palladlum acetate lnstead of

0.2 mmol of platlnum (II) chlorlde to examlne the

stablllty of the catalytlc system ‘As a result, a
' prec1p1tate was observed from 20 mlnutes past after the B
1n1t1al of heatlng.- By analy21ng palladlum concentra- '

~tlon 1n the reaction mlxture after 2 hour heatlng

treatment, palladlum was. detected only in few ppm ‘at _-'

most, and the majorlty of palladlum was dep051ted or -

”prec1p;tated as metal. Thus, the catalytic system was_\.

' extremely-instah;e;
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-1.5 A catalytlc system for carbonylatlon which is;
(A) a catalytlc system comprls;ng (Al)_a Group
VIII metal source of Periodio Table of'the'Elements,

said;metal source belng supported on. a carrler, (A2) a

: ligand and (A3) an ac1d,

QB)_a catalytlc system compr131ng (Bl) a Group

“VIII metal source of Perlodlc Table of the Elements

except foropalladlum, (B2) a llgand shown by the fol—-

lowing formula-(Ib)'and'(B3)-an electron donatiye com- g

__pound hav1ng an electron donablllty AvD relatlve to a:

'deuterated methanol D of not less than 2

’}2“,  (1p)

Rl——A——R3

whereln A represents a phosphorus atom, an arsenlc atom

or an antlmony atom; and Rl ‘R? and R3 1ndependently
_represent a hydrogen atom, an optlonally substltuted
.'“alkyl group, an optlonally substltuted alkenyl group,

.an optlonally substltuted alkynyl group, an optlonally

substltuted oycloalkyl group or an optlonally substi-

tuted aryl.group, or'RZ and R3 may'together-form an op-

"tlonally substituted alkylene group, with a prov1so

“that R! to R?® are not - concurrently hydrogen atoms.

2. A catalytlc system for carbonylatlon as

o clalmed in clalm 1, whereln sald Group VIII metal

source_(Al) ;n sald catalytlc system (A) is at_least
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one. metal selected from the group cons1st1ng of. cobalt,

5n1ckel rhodlum, palladlum and platlnum, or. a. compound

of sald metal

33. A catalytlc system for carbonylatlon as

clalmed 1n c1a1m 1 whereln sald carrler in sa1d cata-

lytic system (A) is at least one member selected from

the group con81st1ng of an actlvated carbon, a metal

-ox1de,.a nonmetal oxlde and a clay mlneral

4, A catalytlc system for carbonylatlon as

-clalmed 1n clalm 1, whereln sald carrler in said cata-"

lytlc system-(A) has_a spec1f1c surface~area of 10 to B

: §. A catalytlc system for carbonylatlon as
clalmed in clalm 1, whereln the supportlng amount of
sa1d Group VIII metal source (Al) 1n sald catalytlc
system (A) is 0 01 to 20% by welght relatlve to the_
carrler. L |

6. A catalytlc system for carbonylatlon as

'*clalmed in clalm 1, whereln sa1d ligand (A2) 1n said
' catalytlc system (A) is at least one member selected
,_from the group con31st1ng of a phosphorus compound, an

_arsenlc compound and an. antlmony compound._.

:'7{_ A catalytlc system for carbonylatlon as

claimed-ln clalm 1, whereln said llgand (A2) ln said-

catalytlc system (A) 1s a tertlary organlc phosphlne or .

. a tertlary organlc ars1ne.'

8. A catalytlc system for carbonylatlon as

e
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| *;clalmed in cla1m 7 whereln sald tertlary organlc

.uphosph;ne-or tertlary organic ars1ne.has an aryl group,

oo a substituted-aryl group or an.aromatic.heterocyclic o

10
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group contalnlng a nltrogen atom as ‘a hetero atom.

9. A catalytlc system for carbonylatlon as_:

claimed in claim l, wherein said Group VIII metal

.source-(Bl)-in said‘catalytic SyStem (B) is-at least'

one metal selected from the group cons1st1ng of platl--_

num, ‘cobalt, nlckel and rhodlum, or a compound of sald
metal._l'

_ 10; A catalytlc system for carbonylatlon as

gclalmed 1n clalm 1, whereln sald catalytlc system (B)

comprlses the llgand (B2) of the formula (Ib) where A

'is a phosphorus atom

11. A catalytlc system for carbonylatlon as']
clalmed in clalm 1, whereln sa1d llgand (B2) in said

catalytlc system . (B) is a_ compound of the formula (Ib)

_where at 1east one of R! to R? 1s an aryl group or a

substltuted aryl group.

:f12._ A catalytlc system for carbonylatlon as

-clalmed in clalm 1, whereln said llgand (B2) in sald

- catalytlc system (B) is. a tertlary organlc phosphlne.

13. A catalytlc system for carbonylatlon as

clalmed in clalm 1, whereln sald electron donatlve

_compound (B3) in sald catalytlc system (B) is at least

one member selected from the group con31st1ng of an

amlne, an 1m1ne, an amide, an ether, a ketone, ‘an
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'f'ester;_a lactOne,'an aldehyde, a sulfox1de, a nitrile,

Ca nltro compound an aromatlc hydrocarbon and an all-

phatlc hydrocarbon.

14. -'A'Catalytic system for carbonylation as. |

--clalmed 1n clalm 1, whereln sald electron donatlve'

compound (B3) 1n said catalytlc system (B) comprises at1
least one ba51c compound selected from the group con--
31st1ng of an amlne, an imine. and an amlde.

15} A catalytlc system for carbonylatlon as

jclaimed-in clalm 14 whereln sa1d electron donatlve
- compound (B3) in sald catalytlc system (B) further com--

l;prlses an ether or. an ester.

"'16. A catalytlc system for carbonylatlon as

clalmed in clalm 1, whereln sald electron donatlve

.compound (B3) 1n sald catalytlc system (B) is a second-'

' ary amine or a tertlary amine. :

.17. A catalytlc system for carbonylatlon as

'claimed-ln claim 1, wherein said_electron donative

compound (B3) in said catalytic'sys_te'm (B) is a com-

pound haying-an electron'donability AvD relative'to a

| d,deuterated methanol D of 30 to 250

25

18 A catalytlc system for carbonylatlon as
clalmed in clalm 1, whereln said catalytlc system (B)
comprlses (B1) a- platlnum compound, (B2)-a tertiary

organlc phosphlne hav1ng -at least one aryl group . or

"7_substitutediaryl”group and (B3) an electron:donatlve

compound having an electron donability AVD relative to
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o 19 A catalytic system for carbonylation as

Bt

a deuteratéd.methanol DrofISC'to 250

' claimed in claim 18, wherein sald electron donative

-compound (B3) 1s a heterocyclic amine or an alkanola-'

mlne-f _
520. A catalytic system for carbonylation as_;
claimed 1n claim l _wherein said catalytic system (B)
further comprises (B4) an ac1d |
- 21. ‘A catalytic system for carbonylation as

claimed in claim 1 or 20, wherein said ac1d (A3) or

,(B4) is a proton ac1d or a LerS ac1d.

'22." A catalytic system for carbonylation as

._claimed in. claim 21 wherein said proton ac1d is at

"least one member selected from the group conSisting of

-15

an arylsulfonic aCld, an-alkylsulfonic acid, a carbox-'

.ylic7acid, a“hydroﬁalogenic adid, sulfuric acid,-hitric

ac1d, a phosphoric ac1d and a perhalogenic ac1d '
' *23. A catalytic system for carbonylation which
comprises, | |

(A) a combination of (Al) a palladium source, said

hpalladium source-being supported on a carrier having a

speCific surface area of 100" to 2, 000 mz/g, (A2) a

: tertiary organic phosphine or a tertiary organic arsine

_ and (A3) a proton acid, or .

(B) a combination of (Bl) a- platinum compound
(B2) a tertiary organic phosphine, said organic phos—

phine hav1ng at least one aryl group or. substituted :
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;aryl group and belng free from a nltrogen contalnlng
hheterocycllc group, (B3) an electron donatlve compound
"hav1ng an . electron donablllty AVD relatlve to a deuter- '
'ated methanol D of not less than 2, and (B4) a proton

'ac1d

24, A method for’carbonylation wnich'comprises
allowing an acetylenlc unsaturated compound or an

olefinic unsaturated compound to react w1th carbon

- monoxide in the presence of,_

(Ai a- catalytlc system compr1s1ng (Al) a Group

VIII metal source of Perlodlc Table of the Elements,"."""m"-.'uwl

said metal source belng supported on a carrler, (A2) a~
ligand and (A3) an ac1d,_or |

y(B) a'catalytlc system compris;ng (Bl) a Group o -

-VIII'metal source of Perlodlc Table of the Elements

except for palladlum, (B2) a. llgand shown by the fol-

low1ng formula (Ib) and (B3) an ‘electron donatlve

_compound hav1ng an electron dopablllty -AVD relatlve to-

, 'a deuterated methanol D of not less. than 2
90 . _

' R2-~‘ . _

RI—A—R3

wherein A repreSents a phosphorus_atom,'an arseniC'atom

sor an antlmony atom, and R?' R? and R? 1ndependently
_represent a hydrogen atom, an optlonally substltuted
-alkyl group, an’ opt;onally substituted alkenyl group,

an optionally_substituted alkynyl group,.an optionally"
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substltuted cycloalkyl group or an optlonally substl-

C -%Br -
- 80 - 3! EN.

'-tuted aryl group, or RZ and R3 may together form an op—'

_'tlonally substltuted alkylene group, w1th a prov1so

that R to R3? are not concurrently hydrogen atoms. :
”25, A method for carbonylatlon as clalmed in

clalm 24 whereln said unsaturated compound is an -

T acetylenlc compound or an-a—oleflnlc compound

10

15

20 -

25

26 A method for carbonylatlon as clalmed in _

-clalm 24 whereln sald acetylenlc unsaturated compound

or oleflnlc unsaturated compound 1s allowed to react

w1th carbon monox1de and a- nucleophllic compound having

- a hydrogen atom Wthh ‘can be left 1n the reactlon.

27) ‘A method for carbonylatlon as clalmed in |

clalm 26, whereln sald nucleophlllc_compound is at

least one_member selected.from'the'group consistiﬂg-of

'waterp a compound having a hydroxyl_group'and'a carbox-

ylic acid.

':28. A method for carbonylatlon as clalmed in

clalm 27 whereln sald compound hav1ng a hydroxyl group

‘is an alcohol..'

29 A method: Wthh comprlses allow1ng, in the

o presence of a catalytlc system, (a) an asymmetrlc

acetylenlc or oleflnlc unsaturated compound to react

with (b) carbon monoxlde and (c) atsleast one compound]~

selected from~the group consisting of:water,lan'alcohol

_hav1ng 1 to 20 carbon atoms and a carboxyllc acid

".hav1ng 1 to 20 carbon atoms,,
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whereln sald catalytlc system 1s,_"_'

"(A) a catalytlc system for carbonylatlon comprls-

the Elements, sald metal source belng supported on a -

'.carrler, (A2) a ligand and (A3) ‘an ac1d,

(B) a catalytlc system For carbonylatlon comprls-

the Elements exceptffor_palladium;_(BZ) a ligand shown

by the.foIIQWing formula (Ib) and_(B3) an electron.

donative compound having an electron donability AvD

' relative to a'deuterated_methanol;Dlof not less_thanp2;

RZ- R
T\ o
Rl-——A—-R3 AR

- or an antlmony atom, and R, R? and R3 1ndependently
.represent a hydrogen atom, an optlonally substituted

.alkyl group, ‘an optlonally substltuted alkenyl group,

an optlonally substltuted alkynyl group, an optlonally

substltuted cycloalkyl group or. an optlonally substl-

.tuted aryl group, or R2 and R3 may together form an op-

'tlonally substltuted alkylene group, w1th a prov1so

that R1 to R? are not concurrently hydrogen atoms.
30. A method of producing an-q,ﬂeethylenlc unsat-

urated carboxylic acid or a deriVatiyeythereoﬁ{ whidh'

'comprises aliowing'(a)'an a4acetyienic.hydrocarbon to

I

I 00 0 IIII

-ing (A1) a Group VIII metal source of Perlodlc Table off,y

ing (Bl) a Group VIII_metal source of Perlodlc Table of

-Wherein'Ahrepresents a phoSphorus atom,'an arsenic atom -

react with (h) carbdn_monoxide and,(c) at least one nu- -
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.cleophlllc compound selected from the group con51St1ng

_'azm_

of water, an alcohol and a carboxyllc acrd, in. the

presence of:

(A) a”catalYtic-systemrfor:carbonylation'compris¥

1ng a comblnatlon of (Al) a Group VIII metal source of
Perlodlc Table of the Elements, sald metal source belng'
~supported on.a’ carr1er,_(A2) a tertlary organlc phos—

: _phine or a tertlary organlc arsine and (A3) a proton

ac1d, or

(B) a catalytlc system for carbonylatlon comprls-'

ing a comblnatlon of (Bl) a platlnum compound, (B2) a .

tertlary organlc phosphlne hav1ng an. aryl group or a

‘ substltuted aryl group and belng free from a heterocy-.
_cllc-group, (B3) a secondary amine or a tertlary amlne,

“and (B4) a proton acid.

e[ilaced ;




