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.... , CATALYTIC . SYSTEMS AND METHODS FOR. CARBONYLAT:J;ON 

FIELD OF THE INVENTION 

This invention· relates to catalytic systems useful 

5 for carbonylation, and to methods for carbonylation of 

a~ acetylenic or olefinic unsaturated compound with the 

use of the catalytic system • 

.. 
BACKGROUND OF THE INVEN~ION 

10 ·Catalytic systems· and technologies for carbonyla- · 
. . . 

tion of an acetylenic or olefinic unsaturated compound 

have been proposed. Typical carbonylation· reactions 

iricluge a method whic:h.comprises allowing an acetylenic 

or olefinic unsaturated compound to react with carbon 

15 monoxide· and a nucieophilic compound. In this method, 

a c~rbonylation 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 

20· EP-Al-279447.disclose catalytic systems for carbonyla-

25 

·. tion comprising ·a palladium .compound, . a triarylphos­

phine and a proton acid-and methods for carbonylation 

of an acetylenic unsaturated compound and an olef inic 

compound with the use of such catalytic systems. 

Japanese Patent Publication No~ 29212/1993 

(JP-B-5-29212), Japanese Paten~ Application Laid-open 

No. 176549/1986 (JP-A-61-176549) ,. Japanese Patent 
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Application Laid-open No. 72649/1987 ·(JP-A-62-72649) 

and Japanese Patent Application Laid-open No. 

154646/1988 (JP-A-63-154646) ·disclose carbonylation 

catalytic systems compris:ing ·a biv~lent palladium com-

. 5- pound, an organic phosphine and a proton acid, and 

methods for carbonylation of an acetylenic unsaturated 

compound and an olefinic compound by using the catalyt­

. ic systems. The Japanese Patent Application Laid-open. 

No. 154646/1988 (JP-A-63-154646) describes that a 

10 · homogeneous compound is rat.her preferred as the palla­

dium. compound than a heterogeneous . compou.nd and that a 

phosphine having a heterocyclic gro~p is used as the 

organic phosphine and, as an inert solvent, N­

methylpyrrolidone is preferred . 

. 15 · Further, .Japanese Patent:- Appl.ication. Laid-open No. 

215851/1992 (JP-A-4-215851) disclOS!!S a catalytic 

system for. carbo~ylation which comprises a Group VIII 

metal source: of Periodic Table of the Elements, a 

phosphine·substituted with an aromatic substitute 

.20 . containing.an imino-nitro9en ~tom, a proton source and 

an ani_on source of an alkylsulf o,nic acid, and ·a method 

.for carbonylat:·ion of° an· acetylenic unsaturated compound 

and an olefinic compound using the catalytic system. 

Moreover, Japanese Patent Application Laid-open No. 

25 . 215852/1992 (JP-A-4-215852) disclos~s a· catalytic system 

comprising a Group.VIII metal source; a phosphine 

having an imino.;..nitrogen atom-co.ntaining aromatic 
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·substituent;·. a protqn source and a:n. anion source of an 

alkylsulfonic acid, and a method of carbonylation of,an 

acetylenic or.olefinic·unsaturated compound with the 

use of the catalytic system. There is described in 

s these literatures,. JP-A-4-215851 and JP-A-4-215852, 

that as the Group VIII metal SC?Urce of Periodic Table 

of the Elements, a compound· containing the Group VIII 

metal, _spe6ifically a palladium.compound is rather 

preferred tnan an element in a rnetallic state. 

10 ·Acco.rding to these technologies;· a methacrylic 

. a:cid ester,· for example, ····e:ari"""be ·ohfa1iied .. from .rnethyla...:: 

,cetylene, carbon monoxide and an alcohol without using 

sulfuE"iC acid in a large quantity. Therefore,· these 

technologies are· superior to the acet.one-cya:nohydrin 

15 method for a production of a methacrylic acid ·ester in 

a point thc;tt a· methacrylic acid ester· can be produced 

without exhausti~g industrial wastes such as waste 

sulfuric acid.·· 

.. : The catalytic systems used ·in the methods have; 

20 however, a s.ignificant disadvantage that. they have a 

short catalyst lffe although having an initial activity 

to a certain extent, and thus they are not suitable as 

a catalyst for ~ommercial use. By way of illustration, 

·in carbonylation of an acetylenic unsaturated_ compound, 

25 . use of a heterogeneous catalytic system comprising a 

catalytic component in a metallic state such as palla:... . 

dium black as the cata°lytic system results in not so 
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rnuch high. _catalytic activity and causes a significant 

decrease of .the catalytic activity in a short period. 

When a homogeneous catalytic.system containing a palla­

dium compound such as palladium chloride is used as the 

S catalytic system, the ·pall:adium compound is reduced in 

the course of the reaction.to precipitate as a metallic 

simple substance in the reactio~ system, and a ligand 

such ·as an organic phosphine is ox_idized which results 

10 

\ . 

in a decreased catalytic activity. 

In fact, a practi.cal use of a ·palladfum compound · 

as a component of the above·-mentio~ed. catalytic. syst.em ·- .. 
. . 

in a ca-rbonylatlon reaction· results in metalation. of 

palladium to rapidly precipitate or dispose in the 

reaction mixture and thus in decre·ase of the catalytic 

15. activity and reaction rate for carbonylation. 

Further,· as set.forth-in the Japanese Patent 

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

when· a catalytic system compri_sing a Group VIII element 

and an tria:rylphosphine. as base ¢omponents· is incorpo..,. 

20 .. rated with-a:tertiary amine, the catalytic properties 

· of the catalyst is quite. decreased. i.ri a .carbonylation 

of an olefin. Therefore, in .the method using a ter­

.tiary amine such as pyridine as described in the Japa­

nese Patent Application.Laid-open.No. 215852il992 

25 (JP-A-4-215852),. a ph~sphine having an aromatic sub­

stituent c.ontaining an imino-nitrogen at.om (e.g., 

bisphenyl-2-py:t;"idylphosphine) is required to be used as 
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. . 

the· phosphine, and components for the catalytic system 

. ar·e remarkably restricted. Moreov:e~, the. catalytic 

system comprising a palladium compound. as the catalytic 
. :. . . .. · .. 

component shows. in.suf f ic.ient catalytic activity. 

SUMMARY OF THE INvE~'.?ION .. 

Ac::cordingly, it is an object 6~ the present inven-
" . 

tion to provide a carbonylat"ion CB:tal~tic sys.tern .where-

by, even though being a heterogeneou~ catalytic system; 

10 a· high cataly_tic activity can be obtained and main-
... 

ta-ined for a long pe;riod, and a method for carbonyla-

tion using the cata~ytic system .. 

Another object of the present inventio·rt is to 
... · .. ·.. . . 

provide a catalytic sy·stem whereby,:~ even if "containing 

15 a palladium source, a ·decrease of ,the.catalytic·activi­

ty can be suppressed and thus . carbonylation ca·n be con­

ducted with high.transformation rate.and selectivity 

and with high.stability, and a method for carbonylation 

· with the use ·of. such catalytic system •. 

20. It is a· further object of the :·invention to provide 

a ca"!::alytic system and a mE_3thod for. carbonylation whereby a 
. . . . . ,. 

carbonylation product such as a carboxylic acid and·a 

carboxylic·acid ester can be produced by carbonylation 

of an acetyleni.c or olefinic unsatu.rated compound in a 

25 stable liquid phase system with mai'ntaining high trans­

-'formation rate.and selectivity for a long duration. 

A yet further object of the present invention is 
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to provide a.catalytic system arid a method.for carbony­

lation which· are u_seful for producing an a, p-ethylenic 

unsaturated carboxylic acid or a d~rivative thereof 

·· such as methyl methacrylate with high transformation 

5 rate and selectivity and with maintaining high stabili­

ty for a long period.· 

It . i·s. another object of the present invention ·to 

provide a catalytic system for-carbonylation having, 

regardless of·comprising a tertiary_ amine· or riot, high 

10 stability and high catalytic activity with.out the use 

of a special phosphine having an imim;>-nitrogen atom"".' 

containing aromatic substituent, and a method for 

carbo~ylation utilizing such catalytic system. 

It is a further object ·.of the .invention to provide 
. . . 

· 15 a· stabilize<i ·catalytic ·system. whereby . carbonylation can 

be carried out with high, transformation rate and selec­

tivity, and. a method for carbonyl~tion using the ·cata-. 

lytic system • 

. A yet another object of the present invention is 
. . 

20 ·: to proyide a catalytic system. and a method for c_arbony-

lation whereby a carbonylation product such· as a car­

boxylic acid and a carboxylic acid ester can be pro­

duced by carbonylation of an acetylenic· or olefinic 

unsaturated compound in a stable liquid phase.system 

25 with maintaining high transformation rate and selectiv­

_ity. 

A still ;further object of the present invention is 



to ··provide a catalytic system and. a method for . carbony- . 
. . . . 

lation which ·are useful ·for producing an a,p-ethylenic 

unsaturated carb()Xylic acid o·r a derivative. thereof 

such as methyl methacrylate with high transformation 

5 rate and selectivity. 

After intensive.investigation and research to 

accomplish the above objects, the inventors of the 

present invention found that when a·Group.VIII metal.of 
. -

Periodic Table. of the Elements such· ~s palladium i·s 

10 supported on a carrier and. ·is used in a cata,lytic ·. 

system in combination with a ligarid such as· ari. organ1ci ·· · 

phosphine and· an acid.such as an a1kylsulfonic acid, a 

high catalytic activfty can be obtained. in spite of 

being a heterogeneous catalytic . system, and moreover, . 

15 ·decrease of such catalytic activity can significantly 

be suppressed or restrained. 

They further found that a combination use of a 
· .. 

·Group VIII element of Periodic Table of the Elements 

exC:ept for palladium, a non-heterocyclic ligand whic.h 
. . . . . . . . 

20 d.oes not contain a :nitrogen ·atom as a hetero atom, and 

a :specific electron donative compound can supp;-ess or 

prevent decrease of the· catalytic activity, arid remark~ 
. . . .. 

ably improve or enhance the ·cata.lytic activity in 

combination with·an amine, and that when using plati-
. : ·.. . . . . . : . 

25 num, typical·ly speaking, the catalytic activity can 

further be·. enhanced and a c.arb.onylation product can be 

produced with high selectivity. 
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The.present invention has been accomplished.based 

on the above.findings. 

Thus, _the carbonyiation catalytic· system (A} ·of 

the present.invention comprises a combination of (Al) a 

5 Group VIII ~etal ·sourc:e of Periodic_ Table.of the.Ele­

ments, (A2) a l.igand and· (A3) an acid. 

·The Group_ VIII metal source of Periodic Table of 

the Elemerits (Al) may be cobalt, nickel, rhodium, 

palladium or platinum, or a compound of ~uch metal~ 

10 The carrier .may be an activated carbon, an oxide of a 

. metal . or nonmetal oxide or a clay minera.l. . The specif- · 

ic surface area of the carrier may be abo\lt 10 to 3,000 

. 2 
~Jg •. - The supporting amount of the Group VIII metal 

source (Al} may frequently be about 0.01 to 20% by 

15 weight relativ~ to the carrier. The ligand (A2) may be 

a phosphorus compound such as a tertiary organic phos­

phine and others; an arsenic compound such.as a ter­

tiary organic arsine and the like; or an antimony 

compound. As the acid; use may bemade of a proton 

20 · acid (a Bronsted acid) such as an·· ary1sulf onic acid, an 
. . . . ~ 

~lkylsuifonic acid,· a 6arboxylic acid~- a hydrohalogenic . . . . . . . 

acidt ~ulfuri~-acidi nitric ac{d; a phosphoric acid, a 

perhalogenic acid and so on. 

-The catalytic.:: system for carbonylation (B) accord..., 

25 ing to t~e present invention comprises a combination of 

(Bl) a Group VIII metal source of Periodic Table of.the 

Elements except for palladium, . (B2) a ligand shown by 
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the followi!lg formula (Ib), and (133).an electron dona-
. . 

tive compound havi.ng an electron donability.avD rela-

tive to deuterated:methanol Dot not less than 2: 

R2-;. . 
. ( \ .(Ib) 

·. Rl~A.-R3 

·wherein A represents a phosphorus.atom, an arsenic atom 

or an antimony atom; and R1 , R2 and R3 independently 

. represent. a hydrogen ato:n:i, an optionally substituted 
. . 

alkyl group,·an optionally, substituted alkenyl·group, 
. . : . . . 

an optionally:· s·ubstituted · alkynyl group, an .·optionally. 

substituted cycloalkyl group or an optionally substi-· 

tuted._aryl group, or R2 arid R3 may. together form an op­

tion~lly stjbstitute~ alkylene qroup, ~ith a proviso 

that R1 to ·R3 are n~t concti~rently hydrogen atoms.• 

The·Group VIII inetal source (Bl)_may be the other 

metal ·source than palladium such as platinum,.· cobalt, 

nickel, rhodium and so. on.. The ligand (B2) may be a 

pho·sphorus compound of· the formula (Ib) where A is a· 

20 .. ph.osphorus atom such .as an organic. phosphine including 

25 

a tertiary organic phosphine, ·tor instance. The ligand 

(B2) is.characterized,by being a compound which does 

not contain a heterocyclic group having a nitrogen atom 

as a hetero atom. 

·The electron donative compound (B3) may be which­

ever of a compound having an electron dC?riability avD .of 

not less than 2; and.may for exampl.e.be an amine such 
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as a heterpcyclic tertiary amine, ah'alkanoiamine, an 

ether, an ester and others. The catalytic _system for 

carbonylation. (B.) may further comprise (B4) an· acid 

(proton acid or Lewis ac~d) •. 

. 5 According to the.method·of ·the· present· invention, 

art acetylenic or olefinic unsaturateci:compound is 
. . ,· 

allowed to react with carbon monoxlde i11 the presence 

of the catalytic system (A) or (B) · to produce a carbo- . 

·ny_lation product. Further, the reaction may_'. also be 

10 conducted in the presence· of. a nucleophilic compound· 
· ... -

having a hydrog~n.atom. which can beleft or eliminated 

(for example, a compound having a.hydroxyl group such 

as water, an alcoh~l,. a carboxylic acid-~nd the like) 

to give an unsaturated carboxylic acid, a .saturated 
. .· 

15 carboxylic acid or a deri"vative thereof such as an 

20 

ester or anhydride o-f the carboxylic' ac·id corresponding 

to the acetyleni~ or olef inic unsaturated compound. 

DETAILED DESCRIPTION OF THE INVENTION· 

.In this specification, the term. "olefinic unsatu-
. . 

rated compound" means and includes a compound having an 

ethylenic ·unsaturated double bond regardless ·Of the,, 

number of such d,ouble.bond. 

The catalytic system (A) of the,. present invention 

25. is now described in detail • 

. The catalytic system. "(A) of the· present invention 

comprises (Al) a Group VIII metal source of Periodic 
· ... 

',, H• 

.. ·. 
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· Table of· the Elements (her~inaft~r may briefly. referred 

to as Group VIII metal source) which is supported on a 

ca-rr:i.er or support.: The Group VIII metal element 

·includes, for -example, iron, _ruthen,ium, osmium,.cobalt, 

5 rhodium, iridium, nicke_l, palladium and platinum. On 

or after the year of 1~90, these.elements are classi­

·fied _into the Group· 8 elements (Fe, Ru, Os), the Gi::oup 

9 elements (Co,. Rh, Ir) and the group 10 elements (Ni, 

Pd, Pt) of Pe+iodic Ta~le of the Elements •. As pre-

10 ferred· elements,, there m~y be mentioned cobalt, nickel, 

rhodium, pa_lladium and pl~tinum, and .. specifically, 

preferred are cobalt and palladium. Among them, palla­

dium can advantageously be employed. The oxidation· 

number o·f such element can be selected according to the 

15 species thereof and ls not critically .restricted. The 

oxidation number may frequently be O, +2· or +3, for 

instance. 

The Group VIII metal source-may whichever of a 

simple subst;.ance of the metal,· or a compound containing 

20 the Group VIII element. The catalytic system (A) of 

the.present invention is characterized in that high· 

.catalytic activity can be obtained and maintained for a 

long t:i.me, -even th.ough using_ such simple. substance of 

25 

.the· metal. 

ExamJ?les of the .compound of the Group VIII element 

include an inorgani-c acid salt (for instance, a ni- . 

trate, a sulfate~ a perhalogenate, .a hydrohalogenic 
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·acid such· as hydrochloric acid. and hydrobromic acid), 

an orga.nic acid salt (for example, a sulfonate such as 

methanesulfonic acid, ethanesulfonic acidr . benzenesul-' 

fonic acid and p-toluenesulfonic acid, a phosphonic 

5 acid salt, a salt of a carboxylic acid having about 20 

o_r less carbon atoms (for example about 12 or less 

carbon atoms} such as ·formic acid, acetic acid, propi­

onic acid and ·others), a halide .(a chloride, a bromide 

and·the like), a complex (or a comple~·salt) and so on. 

· 10 According to the present.invention; even when the Group 

.. V:III metal source is a hydrohalogenic acid salt. of the · 

GrC?UP VIII metal such as palladium chloride, a risk of 

corrosion can be minimized and still more, high cata­

lytic activity· can be sustained for ··a long period of 

15 time. 

As a ligand constructing the complex, there may be. 

mentioned for example OH (hydroxo), ~n ,alkoxygroup 

-such as methoxy, ethoxy, propoxy and. butoxy groups, an 

acyl group· such as acetyl and propionyl groups, an 

20 ·alkoxycarbonyl_group such as methoxycarbonyl (acetate} 

and ethoxycarbonyl group, acetylacetonato, cyclc;>pen:ta­

dienyl group,_ berizylidene group,· benzylideneacetone, 

benzylideneacetylacE!tbne, ·benzylidenea_cetophenone, ·a 

cycloalkadiene · such as· cyclooctadiene·, a halogen atom 

25 such as chl()rine atom and bromine .atom, CO, CN, _oxygen 

atom, H20. (aquo), a phosphine· .(for inst.ance, a t~iaryl_-
. . 

phosphine such as triphenylphosphin~·) , a nitrogen-
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containing compound such as·. NH3. '(ammine), NO, N02 

(nitro), .N03 (nitrato), ethyienediam~rie, diethylene­

triamine, pyridine and phenanthroline. In such ·comp.lex 

or complex ·salt~ one or mor~ of ligands of the same or 

5 different species may b~ coordinated. 

Examples o~ the complex include. a palladium com-
. : . 

plex such as acetylacetonepalladium, tetrak,is(triphe-

nylphosphin.e)palladium, bi.s (tri-o...;tolylphosphine) palla­

. d.f.um acetate, b.is (diphenyl.,..2-pyridylphosphine) palladium· 
. . 

10 acetate, t.etrakis (diphenyl-2-pyridylphosphine) palladi- ·· 
·. . . . . . .. . . . ....... . 

um, bis(di-o-tolylpyridylphosphine)palladium acetate; 

bis(diphenylpyrldylphosphine)palladium sulfate and 

others..; and corresponding complexes of the above-men~ 

"'·. tioned Group VIII". metals. 

15. ·· As ·the carrier (support) j a con_ventional .carrier 

whereby dispe~sing property of the catalytic active 
. . 

component can be improved or enhanced .and ~ffective 

surface area can be increased may be used. Examples of 

such carrier include·an activated carbon; a metal or 

20 nonmetal ox~de (including a compound oxide) such as 

silica, .aluini"na;" silica-alumina, magnesia, silica­

.magnesia and titania; a clay mineral such as diatoma­

ceous eart·h,. kaolin, bentonite, pumice, asbestos, 

alundum and corundum; silicon carbide and so on. 

25 As.examples of the activated carbon, there may be 

mentioned, regardless of its origin, _an activated 

carbon obtainable from w.nichever·of a raw material 
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·.including· a carboniz.able vegetable. (plant) raw material 

such as wood, charc6al, coconu~ shell and carbo~ized 

products of these materials; a carbonizable mineral raw 

materiai such as lignite, coal, coal tar and petroleum 

5 p"itch; a carbonizable polymer raw· material·such·as 

pheriol resin; furan re.sin, epoxy resin, acrylic resin 

and P,Olyacrylonitrile, vinylidene chloride resin. The 

.activated carbon may be a· product_ obtainable by any 

activating· process· or treatment such as chemical acti-

10 .. vation, steam (aqueous vapor) activation and the like. 

Preferr~d . exarnpl~s · oi the ·c·a·~~ie·;; .in~i~de .. an . . .. 

activated carbon; a metal or nonmetal oxide such as .. . . . . . . . 

silica, alumina. (including y-:alumina), silica-alum.ina · 

arid" titania, andiri particular, an·act~vated carbon. 

15 Form (shape) of the carrier may be selected ac-

20 

cording to the reactlon type s-µch as suspension type 

and fixed-bed type, and is ··for instance powdery, granu­

lar, ·fibrous structure; pellet str.ucture, honeycomb 

structure or so forth.·· 

The specific surf ace area of the carrier may .·be .· 

selected from a range as far as the catalytic activity 

is not adversely affected, and is, for. example;· about 

0.1 to 3,0QO.m2/g, usually about 10 to 3,000 m2/g., 

preferably about 10 to 2,SOO.m2/g~. and_more preferably 

25 about 50 to 2, 000 m2/g (for instance about 50 to l, 500 

. m2/g) • The carrier having a specif1c surface ar~a of 
about· 100 to 2,000 m2/g may frequently be used. When 
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. the specific surface area of the carrier is too small., 

high catalytic activity can hardly b.e. obtained.· 

The.pore voiume and mean pore ·size (diameter} can 

be any volume and size within a rangewher~in·the 

5 activity arid stability of the catalyst are not sacri- . 

ficed·. As such,; the mean pore size of the ·carrier. may, 
. . . . 

for example in .case of· the ac~i vated. .carbon, ·usually ·.· 

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

The pore .volume of the carrier is for example about 

· 10 O. 05 to 7 ml/g, prefer(ibly about O. O!f to 3 ml/g, and 

more preferably abou~ .. 0 .1 to 2 ml/g .• · ·:Exceedingly smaii · 

mean pore size ·or pore volume of the .carrier·tends ·to 

decrea-se the catalytic activity. Conversely, the. 

catalyst life has a tendency to be shortened .because of 

15 an excess amount of· the mean pore· si.ze or pore volume. 

Supporting amount . of the Group· ·VIII metal· source 

may be chosen wi~hin a range insofar ~s·the catalytic 

activity and the stability of the.catalyst, and is, for· 

. instance, about 0.01 to.40%·by weigQ.t,usually about 

20 0 .• 01 to 20% by weight-, preferably. about 0 .1 to 15% by 

weight, more preferably about 0. 2 ·to .':10% by weight. and 
. . 

frequently about 0.5 to. 5% by .wei9ht,.relative to the 

amount of the car~ier. ·when.too much. small amount of 

the catalyst is supported on the carrier, sufficiently 

25 high catalytic.activity may hardly·b~ obtained. On the 

contrary, too much large amount of .the suppor~ed cata~ 

ly~t may occasion•lly result in sacrificirig the ·activi-

-~ 
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ty and stability of the catalyst as well as· economical 

performance •. · · 

Supporting of the Group VIII metal source (Al) on 

the carrier· can be conducted accorc;iing to a convention-

5 al supporting.process such as impregnation, coating, 
. . . ~ 

spraying, adsorption or precipitation process. By 

oxidizing or reducing the me~al source sµpported on the 

carrier, the oxidation number of the metal element can 

. be .con.verted to a desired value. "By way of illustra-

10 tion, by supporting a compound of the Group· VIII metal 

having· an oxidation number of +2 such as palladium .· · ·· 

chloride on the carrier and subjecting the supported 

cqmpo~nd to a treatment with: a reducing agent such _as 

formalin, a simple substrate of the Group ·vIII:metal 
.. 

15 having a oxidation number of 0 such as palladium metal 

supported on the carrier can be obtained. 

The catalytic system (A) of the present invention 

contains a ligand (A2). This ligand (A2) may· frequent...:. 

ly be different from the ligand which constitute the 

20 metall.ic compound (complex) of the Group VIII metal as 

mentioned above. Usually, the lig'!lnd (~2) comprises ·at 

least one·phosphorus atom, arsenic atom, nitrogen atom 

or antimony atom, and can be coordinated to the.Group 

VIII element. These ligand can be used singly or in 

25 combination • 

. Examples of the ligand (A2) include a ligand shown 

by the following formula (Ia) : 
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R2-;;. 
I . \ 

Rl---A-RS 

li1ili1i1Uf ~if · 
(Ia) 

wherein A represents a phosphorus atom, an arsenic atom 

or an antimony atom; . and Ri, · R2 . and :R.3 ,independently 

5 represent a hydrogen atom, an optionally substituted 

alkyl group, an optionally sub~tituted alkenyl g~oup, 
. . . . 

an optionally substituted alkynyl group, an optionally. 

substituted cycloalkyl group, an optionally substituted 

aryl group or an optionally substituted heterocyclic 

t() group, or R2 and R3 may. together forrci an optional.ly 

.substituted alkylene group·, with. a proviso that R1 to 

R3 are not concurrently hydrogen atoms. 

~n the formula (Ia), th~ alkyl group.includes, for 

example, a straight~chain or branched-chain alkyl group 

lS having about. 1 to 10 carbon atoms such as methyl, 

ethyl,. propyl, isopr6pyl, butyli isobutyl, sec-butyl, 

t-butyl, pentyl, hexyl, heptyl,_ octyl, nonyl· and decyl 

groups. Preferred alkyl group includes, for instance, 

. a lower alkyl·· group having .about 1 to 6 .carbon atoms, 
. -

20 specifically about.1 to 4 carbon atoms. 

As examples of the. alkenyl group, there may be 

mentioned a straight-chain or branched-chain alkenyl 

gr,oup having about .·2 to 10- carbon at9ms such. as vinyl, 

allyl, isopropenyl, 2-methyl-l~propenyl, i-butenyl, 2-

25 . butenyl, 1-pentenyl, 1-hexenyl,· 1-heptenyl, · 1-octenyl, 

l-:nonenyl a~d 1-decenyl groups.. Preferrec;i examples of 

the alkenyl group include an alkertyl group having about 

. :·: ....... ·. 
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2·to 6 carbon atoms, and. in particular about 2·to 4 

carbon atoms. · The alkynyl. group· in.eludes, for example, 

an alkynyl group h?tving about 2. to 10 __ carbon .atoms such 

as ethynyl, ·propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 

· 5 1-hexynyl, · l~heptynyl, 1-octynyl~ .1-nqnynyl and 1-decy­

nyl groups •. 

Example·of the cycloalkyl gtoup·includes a cy­

cloalkyl group having about 4 to.10 carbon atoms such 

as cyclobutyl, cyclopentyl, cyclohexyl and cyclooctyl 
. . . 

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

group and naphthyl group. 

The heterocyclic group includes _a heterocyclic. 

group .. containing a nitrogen atom as a hetero a.to~, 

specifically an aromatic heterocycl-ic group. As such 

15 heterocycl1c group;. there may be· mentioned, ·for exam­

ple,. a pyridyl group __ such as 2-p_yridyl group, ·a pyra.;zi­

nyl group such a_s 2-pyrazinyl group, a. quinolyl group 
. . . 

such as 2-quinolyl group, an isoquinolyl group such as 

1-isoquinolyl group, a·pyrim.:i..dinyl group _such as 2-

. 20 pyrimidinyl group, a pyridazinyl. group such as 3-pyri­

dazinyl group, cinnol:inyl group, tr_~azinyl group, 

quinoxalinyl group, quinazolinyl group and so on. 

Preferred example of the heterocyclic group includes 

pyridyl group, pyrimidir1yl group and so forth. 

25 These alkyl group, _cycloalkyl.group, aryl group· 

and heterocyclic group· may have a various substitute 

which does.not affects on the catalytic activity ad-
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versely such as a halogen atom, an. alkyl group, a hy-
. . . . . . . . 

·. droxyl group, an alkoxy g.roup, a carboxyl. group, an 

alkoxycarbonyl group, an acyl group, a nitro group or a 

cyano· group •. 

The halogen atom inc,ludes fluorine~ chlorine, 

bromine and iodine atoms. ·As· the alkyl group, there· 

may be mentioned for instance an alkyl group having 

about 1 to. 10 carbon atoms such ·as methyl, . ethyl, 

propyl, isopropyl, butyl, isobutyl, t-buty~~ pentyl, 

10 hexyl and other:. groups, preferably ·an alkyl 9roup 

··· · ·· ·having ·about ·1 ·to -6 ·carbon a:·t:oms --a.n:a t.ypicaliy ·a.bout· 1 

·to 4 carbon atoms. 

15 

Example of the alkoxy group includes an alkoxy 

group having about 1 to-10 carbon atoms, preferably 

about 1 to 6 carbon atoms such as rnet:tioxy, ethoxy,·pro-· 

poxy, isopropoxy, butoxy, isobutoxy ,· t-buto:Xy, penty­

loxy apd hexyloxy groups. Typically preferred alkoxy 

group includes a lower alkoxy group having about 1 to 4 

carbon atoms~ 

· · 20 . As the alkoxycarbonyl group, there may be men-

tioned for instance an alkoxycarbonyl group having,·in 

the alkoxy.moiety, about 1 to 10 carbon atoms such as 

methoxycarbonyl, · .ethoxycarbony1,· _propoxycai:l::>onyl, 

isopiopoxycarbonyl°, butoxycarbonyl, isobutoxycarbonyl, 

25 t"':'"butoxycarbonyl, pentyloxycarbonyl and hexyloxycarbo­

nyl · groups. ·.· Preferred example of the alkoxycarbonyl 
· .. 

·group includes a lower alkoxycarbonyl group having, in· 
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the· alkoxy moiety, about 1 to 6 carbon atoms, ··and 

typically ab.out · 1 to: _4 ·carbon atoms·. 

The acyl ·group includes, for example, an acyl 

group having about 1 to 6 carbon atoms such· as··. formyl, 

. 5 acetyl, propionyl, butyryl, isobut,yry1_; valeryl, iso­

valeryl and_ pi valoyl groups •. 

F.2 and R3 may together form an alkylene_group 

having about 1 to 10 carbon atoms such -as methylene, 

ethylene, propylene, isopropylene, isopropylidene and 

.·· 10 tetramethylene groups, to fo~m a cycl,ic .group contain-· 

ing A. By wiay of_ il~ustration, R2 ~nd :R3 ~ay ·together 

form a phosphacyclo~lkylene group having about 3 to 10 

carbon atoms together with a phosphorus atom. 

p·referred example of the ligan~. includes an organ-

15 ic phosphorus compound,: an organic arsenic compound and 
. . . : 

·an_ organic ·antimony compound, typically an ·organic 

phosphine and an ·organic arsine, and. specifically an· 

organic phosphine. The organic phosphine may.be which­

ever of a primary phosphine ·(for exampl,e, methylphos-

20 phine, ethy.lphosphine, propylphosphine, is?propylphos­

phine, isobuty_lphosphine, i_soamylphosphine, pheI)ylphos­

phine, cyclohexylphosphine and so on)~·· a secondary 
. . 

phosphine (for instance~ d.imethylphosphine, diethyl-

phosphine, diisopropylphosphine, di-rt.;.:,butylphosptiine,· 

25 diisoamyiphosphine, diphenylphosphine, ·aicyclohexyl­

pnosphine· and the like} or a tertiary phosphine. · . The 

organic arsin·e may also be which.ever . of ·a primary 
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arsine, a secondary arsine or a tertiary arsine. 
. . . 

Preferred example of such.organic .phosphine and organic 

arsine includes a tertiary phosphine and a tertiary 

arsine shown by the formula ·era) . 

s· . Preferable organic phosphine.may be an organic 

phosphine of the· formula (Ia). wherein at least one of 

R1 to R3 ·is an aryl group. such as ~heriyl group or a 
. -. . 

"<>-• . 
substituted phe_nyl group. The heterocyclic group and 

the alkylene group formed by a coxDbination of R2 and R3 

10 are also preferred as an. alternative for tne aryl group 

or as incornbination with the aryl group. 

As practical _examples of the organic phosphine, 

there ~may be mentioned· (i) an optionally substitut~d . 

triarylphosphine. such-as triphenylphosphine, tri(4- . 

15 .methylphenyl)phosphine, tri(3~5-dimet~ylphenyl)phos­

phine, tri(2,4,6-trimethylphenyl)phosphine~ tri(4-

methqxyphenyl}phosphine, ·tri(3,5-dimethoxyphenyl}phos­

.phine, tri ( 4-chlorophen.yl) phosphine· and tri (3, 5-dichlo- · 

rophenyl) phosphine; (ii) a. mono-C1~10 a_lkyl-diarylphos-

20 phin~ such:as methyldiphenylphosphine, ethyldiphenyl­

phosphine, propyldiphenylphosphine and.~ butyldiphenyl.:.. 

phosphine; (iii) a di-C1_10 allcyl-monoarylphosphine ·such 

as dimethylphenylphosphirie, diethylphenyiphosphine, 

dipropylphenylphosphine .and dibutylphenylphosphine; 

25 (iv) a tri-C1 _10 alkyl-phosphine such as trimethylphos­

phine, triethylphosphine, tributyiphosphine, triamyl­

phosphine, trihexy~phosphine and the li:ke; (v) a·mono-

.. ·:,, .. 
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C4~io cycloalkyl-diarylphosphine such as cyclopentyldi­

phenylphos~hine ·.and cyclohexyldiphenylphosphine; · (vi) a 

di-C4_10 cycloalkyl-monoarylphosphine such as dicyclo­

pentylphenylphosphine and dicyclohex~llphenylphosphine; 

. 5 (vii) a tri-c4:-io cyc~oalkyiphosphinE! such as tricycle- .· 

pentylphosphine and tricyclohexylphosphine; (viii) a .· 
phosphine having a heterocyclic group such as 2-pyri­

dylbisphenylphosphine,- bis(2-pyridyl)phenylphosJ::>hine, 

tris (2.:.pyridyl) phosphine,· 2-pyridylbismethylphosphine, 

10 bis (2--pyridyl)methylphosphine,: 2-,pyridylbisethylphos­

phine, bis_(2-pyridyl) e.thy.lphosphi.ne, •. 2:...pyridylbisbutyl~-· 

phosphine, bi_s (2-pyridyl) butylphosphine, 6-methyl-2-
. . . . 

pyridylbisphenylphosphine, bis(6-methyl-2-pyridylf-

phenylphosphine, tris(6-methyl-2-pyridyl)phosph,:i.ne, 6-

15 ethyl.;..,2-pyridylbisphenylphosphine, bis(6~ethyl-2-pyri-· 

dyl)phenylphosphine, tris(6-ethyl-2-pyridyl)phosphine, 

6-butyl-2-pyridylbisphenylphosphine,. bis (6-butyl-2-

pyridyl) phenylphosphine, tris(6-butyl-2-pyridyl)phos­

phine, 4,6-dimethyl-2-pyridylbisphenyl-phosphine, 6-
. . . . 

20 methoxy-2-pyridylbisphenylphosphine_, bis (6-methoxy-2-

pyr:i..dyl) phenylphosphine, tris(6-methoxy-:-2-

pyridyl) p.ho$phine, · 6"'.'"chloro-2-pyridylbisphenylphos...; 

phine, bis(6-chloro-2-pyridyl)phenyiphosphine, tris(6-

chloro"".'2-pyridyl} phosphine,· 4, 6-dichloro~2- . 

25 pyridylbisphenylphosphine, 6...,bromo-2-pyridylbisphenyl-

phosphine, bis(6-bromo:-2-pyridyl)phenylphosphine, 2,6-
. . . . . 

bis(diphenylphosphino)pyrid.ine, 2,6~bis(di-p~tolylph6s-

..... ,·,. 



5 

10 

15. 

- 23 -

phino)pyridine and so on; (ix). other phosphine such as 

ethane-1,2-diylbisdiphenylphosphine, ethane~l,2-diyl-· 

bis[bis(trifluo:i::omethyl)phosphine], ethene-1,2-diylbis­

diphenylphosphine, ethyne-1,2-diylbisdiphenylphosphine, 

1,2-phenylenebisdiphenylphosphine, hexafluorocyclopen;... 

t~ne.;...:1, 2-diylb_i_sdiphenylphosphine, tetrafluorocyclobu-· 

tene-li2-diylbi~diphenylphosphine; 6ctafluoroc~clohex­

ene~l, 2-diylbisdipheny~phosphine, 1,~-diphenyl-1,4-

diphosphacyclohexane, bis(l,2-diphenyl}phosp~~~omethyl­

cyclobutane and so fcirth .. 

As pref°er.red .. org°c:i"n"ic· ·arsfne, there .. may. be men~ . ·: ...... . 

tioned an organic arsine cc:>rresponding to the preferred. 

orgari;J.c phosphine as mentioned above, including an 

optionally substituted triarylarsine such as tripheny­

larsine; a mono~C1_10 ·alkyl-diarylarsine such as 

ethyldiphenylarsine; a di-c1 _10 . alkyl-monoarylarsine 

such as diethylphenylarsine and others. An antimon.Y 

. compound (typically, a tertiary organic st.ibine) corre­

spon.ding to the above-exemplified phosphorus . compound 
. . . . 

20 may a·lso preferably· be employed ~s the ligand. 

The ligand (A2) may be supported on the carrier 

together with the: Group VIII metal source. Support~ng 

of such li~and can be conducted according to a conven;... 

tional technology, for example, the·process as men-

25 tioned above. 

As the acid (A3) constituting the catalytic system 

(A), a-variety of proton acids (inorganic acids and 
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organ-ic acids) and Lewis acids can be used. The proton 

acid includes, for example, sulfuric acid, a hydro}lalo-­

genic acid, nitric acid, phosphoric acid, a sulfonic 

acid. (for_lnstance, an ~rylsulfonic acid, an alkylsul-

5 fonic-acid and the like), phosphonic acid, a carboxylic 

acid, perhalogenic acid and_a·heteropolyacid. These 

acid may be used singly or in· combination. The acid 

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

do~or). Therefore, when employi~g a Lewis acid, such 

10 Lewis acid may frequently be used in combination with 

other.proton source • 

. As. the inorganic ·compound among th~ proton acids, 

·there,.may be~xemplifi.ed with sulfuric acid; a hydroha­

logenic acid such as.hydrochloric acid and hydrobromic 

15 · acid; a phosphoric acid (for example,. orthophosphoric ·. 

acid or pyrophosphoric acid); perhalogenic acid such as 

perchloric acid; a heteropolyacid containing .· V, W or Mo 

such·as.phosphomolybdic acid, _tungstosilicic acid and 

vanadomolybdic acid. 

20 Among su_ch proton acids, the organic compound 

includes, ·fcir instance, an optionally substituted aryl...;. 

sulfonic acid. such as benzenesulf onic acid, . _p.,-toluene"".' 

sulfonic acid and naphthalenesulfonic.acid; an option­

ally substituted alkylsulfonic acid such as methanesul-
··-

25 · f~nic acid, ethanesulfonic·acid, propanesulfonic acid, 

t-butylsulfonic acid, 2-hydroxypropanesulfonic acid, 

trifluoromethanesulfonic acid and trichloromethane_sul-
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· fonic· acid; a. ·phosphonic acid such· as: benzenephosphonic 
··,,_ 

acid; a carboxylic acid includin9 ari:optionally substi­

tuted saturated aliphatic carboxyli.c . ~:cid such as 
. . . 

chloroacetic acid, dichloroacetic acid, tric.hloroacetic 

5 · acid, trif luoroacetic aci~,. formic· ~cid,. a~etic acid, 

propionic. acid, . n-butyric acid, iso·b~tyric acid·, ·pival­

ic. acid, valeric acid, caproic acid~·.· caprylic acid, 

capric acid, lauric. ~cid, myristic acid,· palmitic acid, 

stearic acid and oxalic acid, an.alicyclic acid such as 

10 · cyclohex~necax:boxylic acid, an aromatic carboxylic acid 
...... · .• . . .. ·-. . ... - ... . 

such as·benzoic acid,. phthalic acid;· isophthalic acid 

and terephthalic ac~d, al) unsaturated aliphatic carbox:­

ylic acid such as a9rylic acid, methacrylic acid, 

propiolic acid, . crotonic acid, . ma,leic: acid, fumaric 

· 15 acid, citraconic ·acid, mesaconic acid an.d oleic acid: 

an amino acid such .as a~partic acidi· glutamic acid and 
·, . . ~ ·. . 

·so forth. The acid may be an acidic·ion exchange resin 

such. as an .ion exchange resin having a·. sulfonic acid 

group,· a phosphonic_acid group or a:phosphinic ·acid 

20· _group, for example • 

. ·Example of the· Lewis acid includes . a· halide of an 

element belonging to the Group- VIIIB;· the Group IV.A, 

the Group IVB, th Group VA or the:G:i:-oup VB of Periodic 

Table of the· Elements, or a complex· c.ompound thereof 
. . 

25 such as BF 3; BF 3 •O (C2H5) 2 ~. AlC1
3

, TiC14, Ti [OCH (CH
3

) 
2

] 
4

, 
. .. .· . . . 

SnC14, SnC12, NbF5, TaF5, PF5, AsF5 and_SbF5; or an 

alkoxide ·(for example, a C1_5 alkoxide). 



- 26 ~ 

··•· The ·acid may usua·lly have an anion capable· of· 

coord.inating. As pref erred example of the acid, there 

may be mentioned a proton-acid (Bronsted acid)· includ- · 

ing:an arylsulfonic acid sucih as p-toluenesulfonic 

s acid; an alkylsuifonic acid having ~bout 1 to 10 carbon 

atoms, preferably about 1 to 6 carbon atoms, and more .. 
preferably an alkylsulfonic_acid having about l to 4 

carbon.atoms such as methanesulfonic acid; an aliphat"ic 

carboxylic acid, preferably an aliphatic unsaturated 

10 carboxylic acid having about 2 to 10 carbon atoms·; an 
. . 

inorganic acid (for instance, sulfuric acid, 'a hydroha-

logenic acid or a phosphoric acid)~ 

~he acid may be supported on.the carrier with the 

. ·Group VIII metal source. Such acid can be supported 

15 according to a conventional method such as a technology 

as mentioned, abov·e •. 

The ·catalytic system (A) ·of. the present invention 

may further comprises an electron donative (ele~tron 

repelling) compound •. ·As the electron donative com-

20 pound., a compound ·having an electron donabi_lity AvD of 

not less than 2 may be used, for· example. The electron 

donabil:i.ty _means a ··sift. value of wave number of 6-o 

non~conjunctive ~tretching vibration of a deuterated 

(deuterium~containing} methanol (0.4 mol per liter) in 

· · 25 a ·liquid compound when benzene is used as a primary. 

standard, and is defined as "an electron donal:>ility AvD 

relative to methanol D". Such electron donative· com-
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pouh(i. may probably have coordinating· pr_operties to the 

Group VIII element. 

As such electron.donative compound, there may be 

exemplified with an amine, an imine,· an ~mide, a sul-

5 . foxide, an aldehyde, ~n ether, a ketone, a lactone; an 

ester,. a nitrile, a nitre· compound, an aromat_ic hydro­

carbon, an aliphatic hydr()carbon and so on. These 

compounds may be used singly or in combinatio"n. 

With respect to the electron donability AvD, there 

10 can be referred to, for instance, .·"Solvent Effect on . 

Organic Chemical Reaction'~ written by S~noo and Arai", 
. . . . 

publishe~·by Sangyo Tosho Co., Ltd., Japan on April 25, 

1976·. _; For the following· electron donative compounds as. 

examples, the va:iue of the electron donab_ility AvD is 

15 indicated in a parenthesis;. for· referEmce. 

The amine includes, for instance, an aliphatic 

_amine such as methylamine, ethylamine· (233), n-propyla-
. . . 

mine (230)", n-butylamine, diethylamine,· di-n-propyla-
.. 

mine· (242) ·, dibutylamine and triethylamine (238); an 

· 20 a1"~cyclic amine such as cyclohexylamine;. an aromatic 

am~ne such as aniline. (158), N~methylaniline (i5i) and 

N,N-dimethylaniline (148); an .alkanolamine such as 

· dimetha.nolamine, trimethanolamine, ethanolamine, die­

thanolamine,. triethanolamine·, dipropanolamine, tripro-

25 panolamine, butanolamine, dibutanolamine, tributanola-
. . . . . 

. . . . . 
mine, dimethylaminoethanol and.diethylaminoethanol; a 

heterocyclic amirie such as morpholima,_ N-methylpyrroli-
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done, pyrrole,- imidazole, .1"'."'methylimidazole, pyridine 
. . . . : 

. . 
(168)-, a_;picoline (183), ~-pi·coline, y-picoline (160), 

. . 

. 2,3"'."'lutidin~, 2~1-lutidirie, 2,5-lutidine, 2,6~lutidine, 

3, 4-lut:i.dine, 3, 5-lutidine, 2-ethylpyridine, 3·-ethylp-
. . . . 

5 yridine, 4-ethylpyridine· (179), 2, 3i 4-trimethylpyri-:-
. . 

.· d~ne.; 2, 4, 6_'"'.'tri_methylpyridine, · dipyridine, o-toluidine· 

(145), piperidine (240}, 4:-vinylpyridine (193), pyra­

zine; pyrimidine, quinoline, isoquinoline and the like. 

·The a.mine also. includ~s a resin and an ion.exchange 

10 resin having a basic group such as amino group, a sub-

15 

. . - . . . . .. . 

stituted amino group including, for instance, a monoa1-· 

· kylamino group· or a dia_lkylamino · group and quat.ernary 

ammonium group (e.g. an amine resin such as a pyridine 

resin·· obtainable from a reaction of pyridine and for­

maldehyde) ... 

Typical example of the amine includes a secondary 

amine and_a·t.~rtiary amine, and specifically a hetero­

cyclic amine containing a nitrogen atom as a hetero 

atom (for example, pyridine, imidazole, etc.) or a 

20 derivative thereof and an alkanolamine. The derivative . . . . . 

of such heterocyclic amine includes, for instance, a 

compound substituted with an alkyl group having about 1 

to ·4 carbon atoms and others (e.g. picoline, lutidine, 

dipyridine, -1-methylimidazole and so on). The hetero-

25 cyclic amine such as pyridine and its derivative. may 

·.frequently have aromaticity. 

Example of the imine includes ethyleneimine · (237), 
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N-pheriylethyleneimine (186) and so forth. The amide 

includes, .for instance, formamide, acetamide, N;N...; 

dimethylformamide. (107), N, N-dimethylacetamide (113}, 

tetramethylurea and hexamethylphosphamide. As the 

5 · s"ulfoxide, there may be mentioned dimethylsulfoxide 

{141), diisopropylsulfoxide, sulfolane, ·· 2:-methylsulfo-. 

lane and 3-methylsl.llfoiane,.for instance. 

The aldehyde includes, for example, an aliphatic 

aldehyde such as acetaldehyde (79), propionaldehyde 

10 (85), n-butylaldehyde (83), a·crolein (122), metacrolein 
... . . . .. . . . . . . . ...... ·-······· -- - . 

-andcrotonatd.ehyde (75); and an aromatic aldehyde.such 

as benzaldehyde (53). 
· .. 

Example of the ether includes a·. chain ether such 

as diethyl ether (78) ~. di-n-propyl ether (73), di-:iso-

15 propyl ether (75), ethyl n-butyl ethex: (77), ethyl 

vinyl ether (31), n:-butyl vinyl ether (33), isobutyl 

· vinyl ether (33) ,_ diallyl ether (66), 1, 2·­

dimetholfyethane (71)~ cellosolve (ethylene glycol 

.monoethyl ether), carbitol (diethylene glycol ethyl 

20 ether), diglyme.· [bi·s (2-methoxyet,hyl) ether],· diethylene 
. . . . ' . 

·glycol dimethyl ether and diethylene glyco-i diethyl 

ether; an·. arom_atic ether such· as ·anisole (26), phene""'. 

tole (25), 1,2,...d~methoxyberizene and.diphenyl ether; and 

:a cyclic ether such as propylene oxide (59), styrene 

25 o~ide (51), 3, 3...:.6ischlororriethylox·et.ane (78), furan (4), . . . . 

tetrahydrofuran: (90), 1, 3-:dioxolan · (58), 2-methyl-1, 3-

dioxolan (61), .4-methyl-1, 3""'.dioxolan. (56), 
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2-phenyl-1, 3...,dioxolan (5§)·, 4-chloromethyl-l, 3-dioxolan 
. . 

(43), tetrahydropyran (93) and 1, 4:...dioxane · ·(77). 

Typical use is made of an aromatic ether having an 

optionally .. substituted. ary~ group (fo'r instance,: ani- . 

5 sole) or a chain ether (e.g. diethy.iene .g·lycol dimethyl 

ether) among these ·ethers·' 

As ·the ketone, .t~ere may be me~tioned for example 

an aliphatic ke-:tone. such· as acetone!'. (64), methyl ethyl 

ketone (57), diethyl ketone (56) ,·. dffsopropyl ketone, · 

10 methyl vinyl ketone. (89) and methyl: ~sobutyl ketone; an 

15 

. . 

alicyciic"" "ketone':su"c~-·a.·5 cyci"ohexa:r;cirie (66); a.ti aromatic 

ketone such· as acet~phenone (56) and~so.forth~ Example 

of the lactone includes ~-propiolactorre '(34), · y-butyro­

lactone .· (66), e-caprolactone "(c82) and· so on_ 

The ester includes,. for instance;· an· organic car­

·boxylic acid alkyl ester such ·as methyl acetate (3~), 
.· .. 

ethyl acetate (39), methyl chloroac~tat::e (27J, butyl 
... . 

acetate, metbyi dichloroacetate (23)·, methyl_ prO'pionate 

. (33) I ethyf propionate. (3Z) and met.J:l.yl isobutyrate 
.. 

20 (32); _a· vinyl. ester such as vinyl acet·ate (21); an 

unsaturated ca~boxylic acid alkyl ester such as methyl 
'··· :· 

acrylate (30}, ethyl acrylate {33), ·inethy_l methacrylate 

{37)., methyl crotonate ·and e~hyl crotonate. Even when­

an unsaturated. carboxylic acid alkyl.· ~ster (e.g. methyl 

25. · methacrylate, methyl crotonate, etc.} is used as the 

. ester, . tl:i"e reaction may proceed smoothly. 

As. example of· the nitrile,. there. m:ay be mentioned 
. •, ,. ~ 

· ...... . 

-~ 
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· · · acetonitrile ·. (49}, propionitrile (52), butyronitrile( 

acrylonitrile (37)~ benzonitrile (38) and others. 

Example of the nitro compound includes ~n aliphatic 

riitro compound such as nitromethane- (6) ·and nitroethane 

5 (8), ah aromatic nit;ro compound such as nitrobenzene 

(21). The aromatic hydrocarbon includes, for example, 

toluene (2),. xylene (4), ethylbenzene · (4), styrene (2) ·, 

. a.:.methylstyrene (4) and p-methylstyrene (2). Example · · 

of the aliphatic hydrocarbon includes ethylene chloride 

10· (2).· 

Practically, an electron-donative compound having· 

an electron :donability .6.vD of about 4 to 250, prefera-
. . . . 

bly apout 10. to 230 .(for instance, ab.out ·20 to 200) may 

be used among these compounds. A compound having an · 
. . 

15 electron donability ·AvD of about 30 t~. 250, preferably 

-about.SO to.250 (e.-g. about 100 tq_2_50) may also be 

included in such preferred electron donative compounds~ 

·The electron donative co.mpound may frequently .be. used. 

as a ·reaction s·olvent in order to simplify the prepar-

20 . ing _process ·_of th~· catalytic system. 

, From the standpoint of ope_rating properties of the 

.reactiort· OJ:' others, a compound which is other than·a 
. . 

vinyl_compound (that is, a non-polymerizable compound) 

and does not adv~rsely affects on the carbonylation" is 

25 typically employed. As such compound, there may be 
. . 

-_mentioned, for instance, the amine such as a tertiary 

amine, the. amide, the $ulfoxide, the ether, the. ketone,· 

l'j: I 
~ 
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. · · th& ester, the nitrile, ttie nitro compound and the 

aromatic.hydrocarbon (specifically, the amine, the 

ether, the· ester and·the aromatic.hydrocarbon) .. 

Preferred example of the.electron donative com-

5· ·pound includes a basic compound such as the amine, the 

.imide and the amide. Typically, when use is made of· 

su·ch basic- compound (especially, a secondary amine and 

a tert:lary amine) -in combination with the Group VIII 

. metal_ source · (t:ypically, a palladium source), the 

10 . catalytic activity can significantly be improved or 

enhanced ·in many cases •. Therefore~ the catalyti.c 

system (A) may preferably comprise a basic compound 

selected from the. group consisting of the amine, the · 

imide and the amide·. -Further, combination use of these 

15. basic compounds with the ether and/or the ester may 

occasionally increa,se or enhance the transformation 

r.ate and the selectivity of the· reaction . 

. In. the cat.alytic system (A) of the present inven­

tion, the ligand and the electron donative. compound can 

20 .be used in a-suitable combination according to species. 

of the metal source. ·· By way of illustration, a combi-· 

nation use of the Group_ VIII metal. source (Al) (for 

. example, a palladium source) .and an organic phosphine 

as the ligand may riot sacrifice the·' stability. or activ-

25 ity of the catalyst, regardless-of species of the 

· organic phosphine. Therefore, the:· organic phosphine 

can be used in a suitable combination with the .. compound 
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having an electro~·donability ·AvD of not less than 2. 

. . . . . . 

When a triarylphosphine is employed as the_organic 

phosphine, for example, the nitrogen;...containing com­

pound or the basic compound, including an amine com..-

5· pound· such as pyridine or its der1vative as mentioned 

above, is frequently employed for significant increase· 

o:t improvement o:f ·not only the stability but also the 

activity of· the catalys~. 

· Proportions of each components of the catalytic 

10· system may be selected from a range according to spe­

cies of each of the c~talytic components, where the ..... 

catalytic activity due to· an interaction or correlation 

. of the. Group VIII met"al. source supported on the carri­

er, the ligand_ and the acid ·is not sacrificed arid the 

15 stability can be ma;intained. 

Proportion of _the ligand (A2} such as the organic 

phosphine is, for example,_a:bout 0.1 to 1;000 mol:, 

usually about 5 to 500 mol, preferably about 10 to 200 

mol andmore preferably about 15 to 100 mol, relative 

20 to 1 mol of the Group VIII metal source ·(Al). The 

ligand may typically be _used in a proportion of about 
.. . 

10 to. 100 mol, and :e~eferably about 20 to 60 mol per 

mol of the. meta~·source. When such liga~d is used in a 

too much small.proportion, the catalytic activity tends 

25 to be decreased. On the contrary, ·tise of the ligand in 

an excess amount is apt to result in an economical 

disadvantage. 
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Iri r·egard to the acid (for· instance, a proton acid 

as a· proton scforce), the amount. of such acid is, per 

mol of the GJ;'oup VIII metal .. source, for exa,mple about 

0.1 to 1,000 mOl, usually about 5 to 500 mol, prefera-

5 bly about 10 to 200 mol and more preferably a.bout 15 to 

100 mol. Typical use ·is made of the acid in an amou·nt 

of about 10 to _100 mol, specifically about 20 to 60 mol 

per mol of the metal source. Proportion of the ligand. 

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

· 10 acid is, for instance~ about 0.01 to 50 mol, usually 

about-· b .1 to ·so mol, prefe.rably about 0. 2 to 20 mol and 

more pr~f er ably. about 0 • 5 to 5 mol ·. 

The amount .of the electron donative ·compound is, 
;-

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

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

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

Such electrori donative compound_ may frequently be used 

in a· .proportion of about 10 to 10, 000 mo.l (for example 

about. 50 .to 7, 000 mol),. -and particularly about ·100 to 

20 5,000 mol per inol of the Group VIII _metal sou:J:ce. The 

electron donative compound may be used as a reaction 

solvent, .and in such ·a ¢ase1. an excess amount of the 

electron donative compound relative to 1 mo:I of the 

Group VIII metal source may.be sufficient. When the 

25 electron· donat.ive compound is not used as the reaction 

s9lvent, the proportion of the compound is _typically · 
. . . . 

about 2 to 200 mol, pr·eferably about 5 to 100 mol and 

.·.. -~ . 
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more ~referabiy about 10 to 50 mol·p~:c: mol of tne Group 

VIII metal soµrce. The electron. cio:~ati.ve _compound may 

practically be used as the reaction solvent. 

· In a catalytic system where a .Gr_oup VIII metal 
.. " . 

s source as a catalytic active component is not supported· 

10 

on a carrier, -use of a heterogeneous_::catalytic system · 

contai~ing the catalytic .active component in a metal 
. . 

· form (state) . may sometimes re_sult in ari -insufficient 

catalytic activity with decreasing the catalytic -_activ...: 

ity in a short period. When using.: a ·heterogeneous 

ca~alytic system containing a Group VIII metal com­

pound, in some cases, the c_atalytic. ·activity may gradu­

ally be ~ecreased or sacrificed in the course of the 

use for some pe_riod or some times. ·· Typically,. such 

15 catalytic system conta"ining a pallad~um source tends to 

result· in significant deactivation of .the.cata.lyst, as 

mentioned above, althoug~ having· comparatively high . 

ini~ial activity. · 

To. the contrary, the catalyticsy~tem (A) of the 

20 . present invention has, in spite of :~~ing a heterogene-

. ous catalytic system, a high cataiytic activity in. 

carbonylation of an uns~turated hyd:r;ocarbon. ·Further, 

according to such .catalytic system,: high catalytic 

activity and long catalyst life can be obtained even 

25 when the Group VIII metal source is in a metall_ic form 

·ca simple substance). Moreover, even if containing a 

palladium source as the Group.VIII metal source, the 

·· .. , 
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catalytic .system has meritoriously high stability, and 

high catalyt_ic activity can be maintained or sustained 

for a long. period of ·t.ime. Thus, the catalyst can be 

used for a long time or repeatedly. witho~t- activating 

5 treatment. Accordingly, the catalytic system (A): is· 

useful fo~ carbonylati~n of an aceiylenic or :olefinic 

(or ethylenic) unsaturated c;:9mpound. 

The catalytic system (B) of the present invention· 

is now described in detail. 

10 . The· catalytic system (B} of the present invention 
.. . 

comprises (Bl) a Group VIII metal source of Periodic 

Table.of the Elements other than palladium. Such Group 

VIII.metal element includes, for example,_ iron., ruthe-· · 

nium, osmium, cobalt, rhodium, iridium, nickel.and 

15 platinum. Meanwhile, on or after the year of 1990, the 

elements are class~fied into, ·in Periodic .Table of the 

Elements, the Group 8 elements (Fe; Ru, Os), the Group 

9 elements (Co, Rh, Ir) and the.Group 10 elements (Ni, 

. Pt).~- Preferred example of the element includes rhodi-:-

20 um, cobalt, nickel and platinum, arid platinum can 

advantageously be use.d among others. The oxidation 

number of the element m~y be-selected according to ~he 

species of the element and is not restricted. By way 

of illustration, platinum frequently has an oxidation· 

25 number of·o, +2, +4 or·others. · 

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

metallic form or state, or, pre·ferably, a compound of 
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the- Group ·vIII element. · · 

Example of the c·ompo:und of the Group VIII element 
. . . 

includes the inorganic acid salt,- the organic acid 

salt, _the halogenated ·compound an<! the complex (or 

5 complex salt) as exemplified in the explanation of the 

_ catalytic compound (_A) • As the ligand for. constituting 

such_ complex, t_here · may be mentioned those as mentioned 

in-the explanation of catalytic system (A). One· or 

more of ·the ·same or different species o-f these .ligands 

10 may be coordinated in :the complex or complex salt_. 

As· practical example of the complex or complex, 

salt, there may be mentioned a platinum complex or 

complex ·salt including a dibe;mzylideneketoneplatinum 

such as dibenzylideneacetonep].atinum, · 

15 dibenzylideneacetylacetoneplatinum and 

-_ dibenzylideneacetophenoneplatinum; dicyclooctadienepla-
.· 

tinum, dichlorobis(triphenylphosphine}platinum, tetra-

kis(triph~nylphosphine)platinum, bis{triphenylphos­

phine)platin:um. acetate~ bis(triphenylphosphine)platinun\ 

20 s~lfate an~ h,exachloroplatinic (IV) acid; and a complex 

or ·complex salt of the Group VIII element corresponding 

to_these complexes or c~mplex salts. 

The catalyst containing the Group VIII element 
. . 

other than palladium. shows, typically.in a homogeneous 
. . . 

25 catalytic system, a significant:ly different be.havior or 

action from a palladium catalyst. By way of illustra-

. _ tion, a c_atalytic sy::>tem _ comprising a..· palladium-
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catalyst and a tria~ylph6sphine (triphenylphosphine) 

. demonstrates a c~mparativ~_ly high _catalytic. activity, 

but addition of a tertiary amine. such. as pyridine 

remarkably decrease or sacrifice the catalytic activity . 

5 in carbonylation of an olefin [Japanese Patent Applica­

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

On the <:>ther hand~· in the· catalytic system com-.· 

prising an organic phosphine, when use is made of tne 

other Group: VIII metal source than palladium (for . ·. . . . 

10 ·example, a platinum catalyst) in .lieu.of such, palladium 

catalyst~. additfori .. of a.·· fert"iary "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. 

15 of the tertiary·amine. These are features contrary to 

.a ·conventional cat~lytic system containing a palladium 

catalyst •. Further, similar results, namely signifi:­

cantly high activity and stability of the catalyst can 

be obtained by the. use .of an e_lect~on donative compound 

20 baving a speci~ic electron donability, typically ~ 

·basic compound among them, even when.such ·tertiary 

· amine is not employed. 

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

The ligand. (B2) shown by the formula (lb) may frequent-

25 ly .be different from the ligand which· constitutes the 

compound· (comple~) of the·Group VIII ·metal as mentioned 

above. Usually,.the ligand (B2) of the formula (Ib) 

:· .. · ·. 
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·c6mprises at least one phosphorus atom, arsenic atom or 

a~timony·atom, and can be coo~d~nated to the Group VIII 

element. These ligands may be used singly or in coiribi._ 

nation. 

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

not contain a nitrogen-containing heterocyclic group, 

and thus . is not a special or unu.sual compound. There­

f·()re, the ligand (B2) of the catalytic system (B) can 

easily be prepared or be available •. · 

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

examples of the alkyl group., the alkenyl gZ:oup~ the 

alkynyl._ g;roup, the cycloalkyl ·group and the aryl group, 
. . . 

and substituents .·which. they may ~ave,· the".re· may be .men-

tioned those· as exemplified in the explanation of the 

15 ligand (A'2) of the catalytic· system· (A) • 

In the formul~ .(Ib), A may preferably be a phos­

phorus atoi:n or an arsenic atom, typically.a phosphorus 

atom •. 

Preferred example, of the ligand . (B2) includes an 

2 O . organic phosphorus compound, an organic . a,rsenic com­

pound and an organic antimony compound, typically an 

·organic phosphine and an organic arsine, · and specifi;... .· 

cally an organic phosphine. The organic. phosphine may 
. .· . . . . 

be whichever of a primary phosphine (for. example, 

25 methylphosphine, ·ethylphosphine, propylphosphine, 

isopropylphosphine, isobutylphosphine, isoamylphos:... 

phine, phenylphosphine, cyclohexylphosphine and so on), 
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a secondary phosphine. (for instance,.dimethylphosphine, 

diethylphospnine, diisopropylphosphine, di-n-butylph_os­

phine, diisoamylp.hosphine, diphenylphosphine, .dicyclo- · 

.hexylphosphine a._nd the like) or a _tertiary phosphine . 

. s The organic arsine may also be whichever of a primary. 

·10 

arsine, a secondary arsine or a tertiary arsine. 

Preferred example· of such organic phos_phine and organic 
' . 

arsine include a tertiary phosphine_-.and a tertiary 

arsine. 

In such OJ;"ganic phosphine, R1 to R3. are respec-· 
. . . 

tively the alk.y"i. group, .the_ alkenyl group, the alkynyl 
. . 

group, the ·cycl6alkyl.group o~ th~ aiyl group,· each.of 

which may have a substituent .· _Typically preferred 

organic phosphine is a compound of the ··formula (Ib) 

15 where at least o:n~ of R1 to R3 is ~-n az-yl ~roup such as 

pheny1·group or a substituted.phenylgroup~· tn addi­

tion to such aryl group, the alkylene.group which is 

formed by R2 and· ·R3 is also preferable. . 
. . 

As.preferred examples of the ·organic phosphine 

20 (tertiary organic phosphine), there may be mentioned 

· (i) the·. optionally sub_stituted triarylphosphines, (iiJ 

the mono c1_10 a.lkyl-di~~rylphosphines, (iii) the di-: 

C1 _10 alkyl-monoarylphosphines, (iv)' the tri~c1_10 alkyl-
. ·- .'·;· . .. . . . . 

phosphines' (v) the· mono-c4_10 · cycloalkyl...:diarylphos-

25 phines, . (vi) the di-C4_10 cycloalkyl-monoarylpho.sphines, 

(vii) the tr:i:--C4_10 cycloalkylphosph:ines and (ix) other 

phosphines as ·exemplified irt the explanation of. the 

: . : 
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catalytic ~ystem (A). 

~s _the ligand, an arsenic compound (specifically a 

tertiary· organic arsine) and an antimony compound 

. (typically·a·tertiary organic stibine) can also advan:-

5 tageously be employed. 

The catalytic system (B}.comprises, as the elec.;.. 

tron. donative_ co~pound .. (B3) ·' a compound ·having an elec­

tron donability AvD of not less than 2. The definition 

of the electron donability AvD may also be referred to 

10 the explanation of the catalytic system (A) as above. · .. 

·Examples and: preferred examples of the electron 

·d;onative compound include those exemplified-in the 

catal:ttic system (A) •. 

Preferred example of the electron donative ·com-

15 pound includes ·a basic compound such as the amine,.the 

imide and the amide. Typi~ally, when use is made of 

-such, basic. compound (especially, a secondary amine and 

a tertiary.amine) in combination with, (Bl) the Group 

·VIII metal· ·source except for paliadium, the catalytic 

20 activity can significantly be improved or.enhanced in 

many_cases •. Therefore, the catalytic ~ystem (B) .may 

preferably· comprise .a basic compound·· selected from .the 

.group consisting of the amine, t~e imide and the amide. 

Further, combination use of these basic compounds with 

25 the ether arid/or t~e ester may occa~{onally incre~se or 

enhance the transformatio·n rate and the selectivity of 

the reaction. 
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In the ·catalytic system (B) of the present inven- · 

. tion, ·· a· suitable combination of the ligand (B2) and the 

electron donative c_ompound (B3) · may be used according . 
. • 

to the species of the metal source (Bl). For example, 

5 . even when a combination of· (Bl) the Group VIII, metal 

source other than palladium and the organic phosphine 

as the ligand (B2) is_ employed·, the stability and 

· activity of the catalyst are not sacrificed or de­

creased regardless ·of the species of suc}_l organic 
. . ·' . 

10 ·· phosphine.· · According.ly, · the· organic phosphine ·can ·be 

used in a suitable combination·with the compound (B3) 

having an.electron donability l1vD of not less .than 2. 

By -way of iilustration,. in the catalyti_c system com­

prising the triarylphosphine as the organic phosphine, 

15 the combination use of· an nitrogen-containing compound 

or a· basic compound (for instance, t~e amine compound 

such as pyridine. or its derivative) · c;:an markedly im-. 

·prove or inc~ease not only the stability but also the 

. activity of thecataly~t. 

20 ·.·The catalytic system (B) of the present invention 

may further contain (B4) an acid. As s:uch acid and 

pre:ferred examples thereof, the similar acids ·and· 

preferred examples to the-~atalytic system (A) can be 

mentioned. 

25. The catalytic system (B) of, the present invention 

may be whichever of a homogeneous catalyst. or· :a hetero:­

_ geneous catalyst. lrt the use for a liquid phase· reac-
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tion,· the catalytic system ·may generally be a homogene-. 

· ous s·ystem. • ._If. necessary, the catalytic system· (B) may 
.. . ·. . . . . ·. 

comprise. or. form ·a sol_id catalyst wherein·. the catalytic 

component is supported on a c~rrier such as_ an activat-

5 .ed carbon, alumina, silica and others. The proportions 

10 

. . . . 

of each components can be.selected, according to the 

species of each of the catalytic components, withiri .a 

. range insofar as the activity and stability of the 

catalyst are not adversely affected.· 

The ratio.of the ligand (B2) such as the organic 
. . . 

phosphin·e is, .for instance, 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 mo1,_· relative 

to 1 mol of the Group VIII m~tal sou.rce. (Bl) •. The 

15 proportion of. the acid (fo.r example a proton a.cid as a 

proton· source) is, relative to 1 mol·of the Group VIII 

·metal source . (Bi), about 0 .1 to 1, 000 mol, _preferably 

about 1 to 500 mol, more preferably about 5 to250 mol, 

and· for still better r¢sults, about 1·to 100 mol. 

20 The amount of theligand (B2) such astl:le o~ganic 
. . . 

phosphine relative to 1 mol of the. acid (B4) such as 

. the proton acid mciy not be restricted, and is, for 

example, about 0.01 to 50 mol, preferably about 0.02 to 

10 inol, and mor.e preferably ·about O. 05 to 5 mol. 

25 Frequently, the ligand may be used. in a· proportion of 

about 0.03 to 3 mol per mol of the acid. 

The proportion of the ~lectr·on donative compound 
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(B3:) is~ 'for example, about 1 tol00,000 mol, prefera._;, 

bly . abOUt ·· 5. tO 5 0 I 0 0 0 mol arid me:> re preferably abOUt 10 

to 10,000 mol, relative tol ·mol of the Group VIII 

metal source. Such electron donative_compound may 

5. f:i:-equently be used.in a proportion of about.10 to 

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

particularly about 100 to 5,000 mol per·mol of the 

Group VIII. metal source. The electron donative com­

pound (B3) may be used as·a reaction solvent~ and in 
.• .' 

10 such a case, an excess amount of the electron donative 

compound relative to l_mol of the Group VIII metal 

. source m,ay be sufficient. When the electron donative 
. . . 

compound is riot used as the solvent, the-proportion of 

the compound-is typicaliy aboµt 2 to 200 mol,· prefera-
. . 

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

50 mol ·per mol of the Group VIII metal source. The 

electron donative compound is practically used as the 

reaction solvent. 

The catalytic system (B) of the present invention 

2 O · can show· or perform high. activity ·and· .stability in the 
. . 

carbonyla~io~ of an unsaturated.hydrocarbon, and thus 

is useful. in carbonylation of. an acetylenic or olefinic· 

unsaturated comp·ound.· 

According to ~he method of the present invention, 

· 25 ·. an acetylenic or ole.finic unsaturated co.mpound is 

allowed to react with carbon monoxide in the presence 

of the catalytic system (A) or (B) to give a car:bonyla-

.-. 
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tion .. reaction product. 
.· .·. 

The acetylenic or olefinic . un'saturated compound 
... :. 

may preferably be an asymmetric acetyfenic or_olefinic 

compound, and more preferably be an· ·a-acetyl,e·nic corn­

s pound, an cx-olefinic compo_und· or an·'·allene· compound. 
,· 

The acetylenic compound (acetyleneseries compound) has 

usually about.2 to 30, preferably about 2 to·20, and 

particularly about 2 to 10 carbon atoms .. ·. The olefinic 

compound and· the · allene ·compound may:: have, for example, 

10 about 2 to. 30, preferably about 2" tp·. 20, and typically 

about 2 to fO carbon atoms. These unsaturated com­

·pounds include an alkyne, an alkene (olefin),· a "cy­

cloalkene, a cycloalkadiene and· a· bridged unsaturated 

hydrocarbon, each of which may have. a substibient. . The · 

15 unsatur~ted hyd~ocarbon may have bo~h of· a double bond 

·and a triple bond, ·or two or more of:. double bonds in a 

molecule. . -·-~ .. 

The unsaturated compound may have a· various sub-

stituent. Example of $uch substituent ·includes a 
.·· .. 

20 halogen atom such as fluorine, chlorine, bromine and so 
. .. . . .. :~ . 

on; a c1~10 cycloalkyl group such as- cycloheptyl, cyclo-. . . . . .. . -~ . . 
:•··: 

hexyl and cyc_looctyl gr~ups; an aryl'"group such ·as '· 

phenyl and naphthy:J.. groups; an aralkyt·. group such as 

benzyl and·phenethyl groups; a cyano.group; an acyl 
. . 

25 ·group having about 1 to 7 carbon atoms such as _formyl, 

acetyl,.propionyl, butyryi, ·isobu~yJ:yI, v~iery~, iso­

valeryl and pivaloyl groups; an acyioxy gro'Op having, 
, ... ·. 

. i . . . 
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in· _the alkyl. moiety,. about 1 to. 6 carbon atoms such as. 

· acetoxy group; . a hydroxyl group; · an alkoxy · group ha:ving . · .. 
' about 1 to 6 carbon atoms such as methoxy,_ethoxy, 

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

5 such astrifluoromethyi and: trichloromethyl groups; a 

. haloalkc)xy group sue~ . as trifluoromethoxy and trichlo­

romethoxy groups; a carboxyl group; an afkoxycarbonyl 

group having, in the·. alkoxy moiety, about i to 6 carbon 

a-toms; an amino group and anN-substituted amino 9roup 

10 such.as a monoalkylamino group and a dialkylamino 

. group; an amide grO:l:iP and an N-substituted amide group 

·such as acetamide·group .and the like. 

As example of the ·a1kyne,; .there. may be mentioned 

acetylene, propyne,. 1-:-butyne, 2-butyne, 1-perityne, 1-

15 hexyne, 1-heptyne, ·1:-octyne, · 2-oct¥ne, 4-octyne, 1, 7-

octadiyne, 5-me~hy~-3-heptyne; 4-propyl-2-perttyne; i;_ 

nonyrie., phenylacetyne, · benzylethyne a~d cyclohexyle­

thyne. · 

The alkene includ~s, for example, ethylene, pro-

20 pylerie, phenylethylene, 1-butene, 2~butene, 1~pentene, 

3-methylpentene~l, 4""".methylpentene-1, l""".hexene, 1-

hepten~, i~oc~ene, 2-octene, 4-octene,.allen~, cyc~o­

hexene and norbornadiene. 

As carbon monoxide, whichever of pure carbon 

25 monoxide or a carbon morioxide diluted with an inert gas 

such as I)it_rogen, helium, argon, carbon dioxide and 

others may be employed~~ 
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, The un:saturated compound may be _carbonylated 
. . 

individua.lly, or in t~e presence of ~nether reacta.nt. 

such as a nucleophilic compound having a hydrogen or a 

hydrogen atom which can be left in the. reaction (active_· 

5 ·hydrogen). Example of the. nucleophilic compound having 

10 

a hydrogen atom capable of releasing includes a com-

· pound having a hydroxyl group such as an alcohol, water 

·and a carboxyli<? acid. The alcohol may also.include a 

silanol. 

The alcohol may be whichever of ail aliphatic,· 

alicyclic, aromatic alcohol° or a pheno"i, and. of a 

monohydric_· or polyhydric alcohol.. Such alcohol may 

have one or more of· substituents ·other tha·n a hydroxyl 

group among the substituents as exempl.ified in. the 

15 .explanation_ of-the unsaturated compound. 

As the monohydric alcohol, there may be.mentioned, 

for instance, an·aliphatic.alcohol such as methanol, 

ethanol,.1-propanol, ·2-propanol, 1-butanol~ 2-butanol, 

l;;_inethylpropan-1-ol, 2-:-methylpJ;:"opan-1-ol, 2-methylpro-. 

20 pan"'."2-ol, 1-hexanol, 1-octanol, 2.;...ethyihexanol, stearyl 

alcohol, allyl alcohol, crotyl alcohol and propargyl 

alcohol; an alicyclic alcohol such·as cyclopentano1; 

cyclohe~anol ·4-methylcyclobexanol, 9yciohexen-1-oi, 

cycloheptanol, cyclooctanol and borneol; and an aromat-

25 ic alcohol such ~s benzyl alcohol, salicyl alcohol, 

benzhydrol and· phe_nethyl alcohol. The phenol includes, 

for exampie~ phenol, an alkylphe.nol, · resor:cinol, cate-
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chol· and 2,2-bis(4-hydroxyphenyl)propane. 

Example of the polyhydricalcohol includes ~thyl­

ene _glycol, propylene glycol1 diethylene glycol, poly­

ethylene. glycol, dipropylene glycol, polypropylene 

5 glycol, trimethylene glycol, tetramethylene glycol,· 

1, 6-hexanediol, glycerol, trimethylolpropane (2, 2-bishy.­

droxymethyl-1-butanol), pentaerythritol, 1,2-

cyclohexanediol, 1,4-cyclohexanediol; a carbohydrate (a 

monosaccharide, · an oigosacch.arid:e, a polysaccharide) 

10 such.as glucose, fructose, mannose, g~1actose, saccha­

r6se,·. aldohexose·~. aldopentose; .. altrose"," aiio'se, talose, 

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

erythrose, threose and cellulose. 

Preferred example of the alcohol includes a mo-

15 nohydric alcohol havin·g about 1 to 20, particularly 

about 1 to 10, and among them about·l to 5 carbon 

atoms. An aliphatic saturated aicohol may typically. 

u.sed as the alcohol • 

.. As example of the . carboxylic acid, .an aliphatic 

20 carboxylic acid such as formic acid, acetic acid, 
. . . . 

propionic acid, n;..;.butyric acid., isobutyric acid, pival-

ic acid, valeric acid, caproic, acid, caprylic acid,. 

capric acid, lauric acid, myristic acid, palmitic acid 

and stearic acid; an alicyclic carboxylic acid such as 

25 cyclohexanecarboxylic acid; an aromatic carboxylic acid 

such· as benzoic acid, phtha.lic acid, isophthaiic acid 

and terephthalic acid; and o.n unsaturated carboxylic· 
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acid such as acrylic· acid, methacrylic acid, propiolic 

acid, crotoriic· acid, .maleic ·aci~, fumaric acid~ citra-
- . . 

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

ic carboxylic acid1 preferably that having about 2 to 

5 2.0, and more. preferably about 2 to 18 carbon atoms, and 

in particular an aliphatic carboxylic acid having about 

2 to 10 carbon atoms may be used as the·carboxylic 

acid, typically speaking. 

An alcohol·or. water may frequently be used as the· 

10 nucleophilic compound having a hydrogen atom which can 
. ~ .. .. . .. . . .. 

be left inthe reaction. 

Irt the_carbonylation reaction, a compound corre-. 

sponding to the olef inic unsaturated compound and the 
.· . . . .. 

acetylenic_ upsa:turated compound can. be produced accord-

15 ing .to species of the reactant~-· By· way of illustra~ 

tion·, when water ·i~ empl"oyed as the reactant, a corre­

sponding carboxylic acid and an unsaturated carboxylic 

acid.such a$ an·cx,p:...unsaturated carboxylic acid are 

produced by carbonylatiori of the olef inic unsaturated 

· 20 compound and the ~cety"lenic unsaturated compound. The 

use of· an alcohol results in production of an ester 

corresponding to the.ca:r-boxylic acid and the unsaturat­

ed _carboxylic· acid. Further, in the case of using a 

carboxylic acid,·an acid anhydride corresponding.to the 

· 25 carboxylic acid and the unsaturated carboxylic acid is 

produced. 

For example, when use is made.of ethylene as the 

·- . ~ .... -.. :. 
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ole.f inic unsaturated compound, and methanol or water as 

the reactant (nucleophilic compound), ·methyl propionate 

or propionic acid can b~ produced by re~ctin~ with -

carbon monoxide. By allowing allene as the olefinic 
. . 

5 unsaturated compound·andmethanol or water .as t~e 

reactant (nucleophilic compound) .·.to react. with carbon 

monoxide, methyl methacrylate or me_thacrylic acid m~y . 

be· obtained •. Methyl methacrylate or methacrylic acid 

may also be produced by using prop.yneas the acetylenic 

10 compound and 'methanol or water as the re~ctant (nucieo­

philic compound) to react with carbon monoxide •. 

Thus,· ·~ccording to the .method Of ·the: present 

invention, species of the reactant may.be selected 

depending on the . objecti:ve compound, and. is . frequently 

15 water, an· alcohol or an organic carboxylic acid. 

Proportions of each components i.n the carbonyla­

tion may be selected within a wide range. :By way of 

exemplification, .the amount of the.c(ltalytic system is, 

in terms of atomic metal of the Group_ VIII metal 

20 source, about· 1 x lCl.;.6 to 2 x 10-1 mol, preferably 

about 1 x· 10-5 to 1 x 10-1 · mol and freq'1e~tly about 1 x 

10_:-4 to 1 x. 10-2 "inol, relative to 1 mol of the acety-: 

lenic or. oletinic unsa.turated compound. The propo.t:-
··;· 

:l'· 

·· tion of the catalytic _system (A) or (B) may also. se­

. 25 lected from within the range about 0 .-01 to 15% by 

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

. frequently about 0.5 to 8% by weight.relative to.the 
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acetylenic or·olefinic unsaturated compound. 

Wheri the- catalytic system (A) ·is employed, the 

proportion of carbon monoxide is, for example p~r mol 

of the acetylenic or.olefinic unsaturated compound, 

5 about 0 .1 to 100 mo·1; preferably about 1 to 80 mol, and 

more .preferably about 1. 5 t·o SO mol (for instance, 

about 1.5 ·to 5 mol). The reactant (nucleophilic com­

pound} may be used, ·. for. instarice, in an amount of about 

0.1 to 100 mol, preferably about 0.1 to 80 mol, .and 

10 more preferab_iy about 1 to 50 mol (for. example, about 

15 

. . 

1.5. to 5 mol), relative to 1 mol of the .acetylenic. or 

olefiriic unsaturated compound. · When water is employed 

as th~.reactant~ the amount thereof may be about.0.5 to 

10 mol _per mol of th.e unsaturated compo~nd. 

As to the -catalytic system (B), the. ratio of 

carbon _monoxide is,_ for example, about 0 .1 :to 100 mol 

(e.g. about 1 to 20 mol), preferably about 0. 8 to 10 · 

. _mol (for ·instance~ about 1. 2 to 10. mol), and "more 

preferably about 1. 0 to 5 mol (e.g. about 1. 5 .. to 5 

20. mol), per mol of ·the acetylenic or olefinic unsaturated 

·compound. Such-carbon monoxide may ·frequently be used 

in an excess amount (for example about 1 to 20 mol). 

relative to 1 mol of the acetylenic or olefinic unsatu-

. rate~ compound_. The ratio of the. reactant (the nucleo-

25 philic compound) is, for instance per mol.of the ac~ty..:. 

· ienic or olefinic. unsaturated compound, about 0.1 to 

100 mol (e.g. about 1.0 to 20 mol), preferably about 
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0 •. 8 .. to io mQ,1 (fC?r example;. about -1. 2 to 10 mol)· and 

more pre:fe.rably · aQout 1 ~ o to 5 ~ol (for instance, about 

. 1. 5 to 5 mol) • When water is employed . as the" :reacta_nt I 

the amount of such reactant may be.about 0.5 to 10 inol 
. . 

5 rel_ative. to l mol of the unsaturated compound •. 

Meanwhile, the reactant may also be used as a 

reaction solvent. 

The. reaction ·ccarbonylation) may be carried out ·in 

an inert organic solvent. As example of such organic 

10 solve~t, there may be mentioned an aliphatic hydrocar­

bon such ·as hexane and octarie; an aromatic hydrocarbon· 

.such as benzene; a halogenated ~ydrocarbon. such as 

chloroform, dichloromethane;, carbon tetrachloride and 

chlorobenzene; and ·a. mixture of these solvents.. Where 

15 the electron donative compound or the reactant is used 

as a solvent,_ the above-mentioned organic solvent is 

not necessarily employed. 

The carbonylation reaction may typically be con­

ducted at a temperatur~ of, for instance, ·about 10 to 

20 25o·c (e~g •. about 10 to -2oo·c) and pre:ferably about 25 

to 200 •c, . and under a pressure of about. 1 .(atmospheric) 

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

reaction may be carried ou~ in accordance with a con-

ventional m~thod su.ch. as a batch· ~ethod, semi~batch 

25 method or·continuous·method, and.in a liquid phase- or 

-in ·a gas (gaseous) phase . .Since the catalytic systems 

(A) . and (B) :have high stability, the reaction is prac-

· ... ·•. 
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tically conducted in a liquid phase. In particular,·· 

the catalyt_ic system (B) may pract~cally be used as a 

homogeneous system _in- a liquid phase. Meanwhile, the 

above mentiqned .catalytic· systems ·(A) ·and (B) may be 

5 used singly or in a suitable combination. 

After.completion bf the· reaction, the reaction 

product(s) can easily be separated and- purified accord­

ing .to a conventional technology such as a ·separating 

means includ~ng filtration, co~ce~tration, distilla-

10 tion, extraction, crystallization, recrystallization 
''' ,• pOOO '"'' o oO 

and column chroma.tography, Or a coir\bfnati.on of these 

technologies. 

Since comprising the Group.VIII metal source sup­

ported on the carrier as the catalytic component, the 

15 catalytic· system .. (A) of the p_resent invention ."has high 

catalytic activ.ity_and excellent stabiiity even.thought 

being a heterogeneous catalytic system, and thus can 

maintain high·. catalytic activity· in ·a carbonylation 

reaction~- Therefore, when use is made of the catalytic 

20 system (A) for carbonylation of· an a_cetyleI)ic or ole­

.f inic unsatu·rated compound, a carbonylat_ion product 

such. as a ca~boxyiic acid or an ester of a ca.rboxylic 

. acid can stably be produced in a. stable ·liquid phase 

with high "transformation rate and selectivity for a 

25 lon.g_ period." . Such c·arbonylation can .be conducted with­

out activation of the catalyst. Further, an cx,P-:­

ethylenic unsaturated carbo:.icylic acid or a· derivative 
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·thereof can be p_roduced with high transformation rate 
: . . . . . 

.. and selectivity as well as high_ stability. 

According to the catalytic system (B) of the 

present invention which comprises the-Group VIII ~etal 

s spurce except for palladium.and ·the specific electron· 

donative ccm\po~nd · as the catalytic components, _the 

. stability of the cataiytic system can be improved or· 

enhanced w~thout the use of a special phosphine, and 

high catalytic activity can be obtainedln a-carbonyla-. . 

·10 tion·reaction. ·Therefore, with.uti.lizing the catalytic 
........ ··-· · .. ··· ·-.~· .• - . - --·-.. system (B} for carbonylation of an acetylenic or ole~ 

firiic unsaturated compound, .a ca:tbonylated product such 

as a carboxylic acid or a carboxylic acid.ester can be 

obtained in a stabilized liquid phase with high tran.s~ 

15 formation rate and selectivity. Moreover, an cx,p...: 

· ethylenic unsatura~ed carboxylic acid or a derivative 

thereof can.be produced with ·high transformation rate 

·and selectivity. 

The. follo_wing examples are merely intended to · 

20 illustrate ·t.he present invention in further detail and 

should not be construed as defining the scope of the 

25 

invention. 

· EXAMPLES 

In the· following examples, the term "part" means 

"part by weig:ht". 

· ... Example 1 
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To· 100 ·parts of acetone and O. 03 ·part of concen­

trated hydrochloric ~cid (an aqueous solution contain­

ing. about 35% or more of hydrogen. ch1·oride) was added· 

1_. 77 part 9f palladium chloride for dissolving·. A 

. 5 granular activated carbon [trade name: Shirasagi C, 

manufactured by Tak~da c~_einical In.dust.ries Co., .Ltd.; . 

specific surface area of 1,200 m2/g; po~evolume of 

0.53 .. ml/9; mean pore size ·of 17 A] _(10~ parts) was 

dipped i~ the resultant solution to.adsorb palladium 

10 chloride on the activated carbon·. 

A nitr·ogen-substituted stainless-steel. ·autoclave 

(inner volume of 3.0 ml) was charged with palladium 

·chloride-supporting activated carbon. ·prep~red above in 

an amount of 5 x 10-6 . m_ol in ternis of: palladium chlo-

15 ride, and with·2 x 10""'4 mol of triphenylphosphine, 2 x 

10-4 mol of methanesulfonic acid, 4 ml· of methanol and 

0.1 g of methylacetylene, in turn. The autoclave was 

introduced with carbon monoxide up to a pressure of 60 

Kg/cm2,·and was sealed. 
. . . - .The rea~tion was conducted 

20 under he~ting and stirring at 60 ·c for· 2 hou.rs. 

The reaction product.was· analyzed by.gas ·chroma­

tography. As a result, the mean transformation rate.of 

methylacetylene_was 142 moi/hr·per gram atom of palla­

dium, and.the methylacetylene-based sel~ctj_vity for the 

25 product methyl methacryiate was 80%. 

Example 2. 

The reaction solution obtained in Example 1 was 

. .~ ~ 
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·.. . .. · 

~c>n:cent~·ated under ·reduced pressure to remove the 
.·. . 

.produced methyl methacrylate·and unrea~ted.methanol and 
.. 

methylacetyl_ene. To the residual concentrate, were. 

added methanol and methylacetylene inthe same propor""". 

5 tions as.Example 1 .. · Carbon monoxide was introduced 

into the autoclave and the reaction was conducted in 

the same manner as Example.1. 

A series of procedures of such concentration of 

the reaction.mixture, .charging· of the raw materials, 

10 and the reaction .was repeated five (5) times. The 
. . . 

. . 
re·sults are set forth in Table 1. In the following 

Tables, the term "Transformation rate" means the mean 

transformation rate (mol per hour) of methylacetylene 

per gram atom of palladium. The term"Selectivity" 

15 shows the methylacetylene-based selectivity (%} for the 

product methyl methacrylate. · As ap:parent from Table 

l, although the _·catalyst was used. _repeatedly, the 

trarisforination rate of methylacetylene and the selec­

tivity for methyl· meth~crylate were scarcely changed or 

20 sifted:~ 

·-· 
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·Repeating 
times 

1: 
.2 
3_ 
4 
5 

.,. 57 .,. 

Table 1 

Transformation 
rate. (mol/hr) 

14l 
139-
140 
138 
139 

:comparat iye _ Example 1 
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Selectivity 
(%) 

81 
82· 

81 
82 
80 

The procedure of Example 1 was repeated except 

that palladium chloride which was not supported· on a 

carrier was· used instead of pa-l~a,dium. chloride support- -

ed on the activated carbon. Resultantly, £he fe~ 

meth:y:lacetylene was transfo'rmed to methyl methacrylate 

15 at an average transformation rate of 145 mol/hr per 

gram. atom ·of palladium,. __ · and the methylacetylerie-based 

selectivity for methyl methacrylate was 81%. By ana­

lyzing the reaction mixture after completion of the 

reaction, it was found that a part of palladium chlo-

20 ride was reduced to cause a precipitate of metallic.· 

palladium.-

Comparative Example.2 

The series of procedu~es described.in Example 2 

were repeated five times in the same· manner as Example 

25 2,_ except· for· using_ the reaction mixture obtained in 

Comparative Example 1 instc.ad of the· reaction mixture 

·obtained in Example 1. The results· are shown in.Table 
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2. As clearly.shown in Table 2, when the catalyst·wa~ 

utilized repeatedly, · the. transform~tion rate o·f the. 

methylacetylene was significantly decreased. · 

Repeating 
times 

1 
2 
3 
4 
5 

Example 3 

Table. 2 

Transformation 
· rate . (mol/hr) 

112 
98 
83 
61 
53 

Selectivity 
(%) 

79 
80 
78 

. 78 

76 

.To a diluted aqueous solution of hydrochloric acid 

15 containing. 1. 77 _part of palladium chloride was, added 

100.parts of y;...alumina [trade name: Neospeed, manufac-
. . . . 

tur¢d by Mizusawa·chemical Co., Lt;.d~, Japan; specific 

surface area of. 2·00 m2 /g; pore volume of 0.40 ml/g; 

mean p()re size oi 80 · A.J. , and y-alumina was dipped in 

20 ·palladium . chloride with stirring. To the dipped Y"'."' 

alumina,.were added 5 parts of an ~queous solution of 

forma"Iin and 100 parts of a lN aqueous solution of 

sodium hydroxide to reduce palladium chloride. The 

resultant mixture was filtrated,. and the residue was 

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

um-supported 9atalyst. 

The reaction was conducted in the same.manner CiS 
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.. ·Example 1 except. that·, instead of the palladium chlo'."" 

ride supported on t~e ac.tivated· c~rbon, the. metallic 

palladium ·supported o.n .1-alumina was used in an amount 

of 5 x 10-6 mbl in terms of metallic palladium, .and 

s that 2 x io-4 mol of. 2, 6-bis (diphenylphosphino) pyridine· 

was employed in lieu of t;.riphenylphosphine. As a re­

sult,. the mean transformation rate.of methylacetylene 

.was 245 mol/hr. per gram atom of palladium, and methyl 

methacrylate was·produced with a metbylacetylene-based 

10 selectivity of. 87%. 

Thus, the series of the procedures, t~at is, the 

concentration of the. reaction mixture, charging of the 

raw ·materia:j..s and the reaction, wa.s . repeated 10 times 

in the same· manner as Example 2 .• · Resultantly, even 

15 after the procedure was repeated· 10 times, methylacety-:. 

lene was transformed to methyl methacrylate at a mean 

transformation rate of 239 mol/hr· per gram atom of 

palladium, and the catalytic activity was scarcely 

decreased. 

20 · Compar9tiv'e Example 3 

The reaction was conducted in tbe similar manner 

as Example 3 except for. using palladium black which was 

.not supported on a carrier in lieu of the metallic 

palladium supported on · y-alumina. As a result, the 

. 25 mean transformation rate for.methylacetylene was 112 

mol/hr per gram atom of palladium and the methylacety­

lene-based selectivity f·or ·methyl inethacrylate was 83%. 
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Then,.tlie series of the procedures as in Example 

.2, namely, concentration· of the reaction. mixture~· the 

charging of the raw materials.· and the reaction, was. 

repeated 10 times. After ten-time repetition o~ the 

.5 procedures, the mean transformation rate of methylacet-

·10 

. . 

ylene was remarkably deer.eased to 18 mol/hr per gram 

atom of palladium,_ and the selecti"7ity for methyl 

methacrylate was decreased to· 43%. 

Example 4 
. . 

The procedure of Example 1 was fc:>llowed except 

"th~t t"i:1phenyiarsine "was employed instead o"f "t'iiphenyl_. ..... 

phosp_hine. · · Methylacetylene was ·trarisf ormed to methyl 

methac:tylate at a mean trarisf ormation rat.e · of 23 moll hr 
~ . .· . . .· 

.· .. 

per gram atom of palladium, and" the methylacetylen_e-

15 based selectivity for the product methyl iriethacrylate 

was 53%. · 
.: . 

After-repe~ting the series of procedures of con-
. . . . . . . . . 

centration·of the reaction mixture, charging of_the raw 
. . ·' 

material and the reaction-five times in the·samemanner 

20 as Example 2, the mean transformation rate of methyla­

. cetylene and the methylacetylene-based .~electivity fo.r 

methyl methacrylate chapged scarcely~ 

Example 5 .:.·. 

A stainless steel-autoclave (inner volume of 300 

25 · ml) was charged with 0. 25 mrnol of dibenzylideneacetone­

platinum (0), l mmol of triphenylphosphine, 10 mmol of 

niethanesulfonic acid, 48 g (609 mmoll of :pyridine and 

•. 
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20· g (624 mmol) of methanol. Propyne (300 mmol) and 

carbon monoxide (600 mmol} were introduced into the 

autoclave after .expelling air therefrom. .. The auto-· 

clave was sealed and heated, and thus the reaction was · ·· 

5 ·conducted under ·a. pressure of .60 atm and at a tempera­

ture of 1oo·c for 1 hour. 

By analyz~ng the reaction product(s} using gas 

chromatography, propyne was transf.ormed ·to methyl 

methacry.late at a traris·formation rate of 35. 6% and with 

10 a selectivity for methyl methacrylate of 96·. 9%. . As for 

.the ·reaction mixture. after cotnpl.etion c;;·f the reaction, 

no precipitate was observed and the mixture was homoge~ 

neous. 

Comp_arative Example 4 

15 · . The reaction was carried out in the same manner ··as 

20 

Example 5 except f ~r using met°hano.l as the . reactant in 

lieu of pyridine as the solvent. As a result, methyl 

methacrylate in a trace amount was detected. 

Compa7atiye Example 5 

Astainiess steel autoclave (300 ml in inner.· 

volume) was -charged with 0.05 mmol· of· palladium (II). 

chloride, 2 mrnol of triphenylphosphine, 2 mrnol of 

methanesulfonic acid, 0.2 ·g (2 mrnol) ·of pyridine and 

. 3.96 g C124 mrnoi) of .methanol.· After expelling air 

25 from the autoclave·, 300 mrnol of propyne and 600 mrnol of 

carbon monoxide were introduced thereto. The autoclave 

was· sealed and heated, ·and reaction was conducted at 60 



·~ 62 -

atnfanci ·63·c for 1 ho.ur. 
. .. . . 

The.reaction products were analyzed by gas chroma-

tography. Resultantly, the tral).sformation rate of pro"." 

.pyne was so little· as 3. 7%, and methyl methacrylate was 

5 produced with a selectiyity of 52.7% •. When examining 

the resultant reaction mixture, precipitates of metal­

lic palladium due to metalation of palladium were 

observed. 

Comparative ExaJllPle 6 

10. The· ·react~on procedure· of Comparative Exampl~ 5 

was repeated except.that ·0.2 ·g ·of methanol (total 

amount of 4 .16 g) . was used instead of 0. ·2 g of pyridine 

to giy_e methyl methac:~:-ylate with a selectivity .. of about 

80%. The transformation rate of propyne was about 30%. 

15 In the reaction mixture after completion of the reac­

tion, precipitates .of metallic palladium due to metala­

tion were produced. 

Example 6 

With 2.5 mmol of dibenzylideneacetoneplatinum (0), 

20 10· mmol of triphenylphosphine,· io mmol of·niethanesul­

fonic acid,. 48 g (609 mmol) of pyridine.and 20 g (624 

mmol) of methanol;. was ~barged a stainless steel auto-· 

clave (300 ml in inner volume). Air was expelled from 

the au~oclave and 300 mmol of.propyne and 600 mmol of 

25 carbon monoxide were introduced· to the autoclave. · 

.After sealing, thE! autoclave w~s heated and the reac­

. tion was carried out at 60 atm and at· 100 •c for 30 · 
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minutes, andthe resulting products.were analyzed by 

gas chromatography. 

As a result, methyl methacrylate was produced with 

a selectivity of 99. 0%, and the transformation rate o.f 

propyne was 98.7%. Further, in the resultant reaction 

mixture, no precipitate was observed and the mixture 

was homogeneous. 

Example 7 

A 300 ~1-stainless steel autoclave (as iriner 

10 volume)·was charged with 0.25 mmol 9f dibenzylideneace~ 

toneplatinum .<of, i·o ·nimbi ·of· triph~ny.i"pb.o.sphine, 10 

mmol of methanesulfonic acid~ 30 g of cx..,;picoline and 20 

g (62~ mmol) of methanol. After expelling air from the. 

autoclave,·were introduced 300 mmol of propyrie and 600 

15 mmol of carbon monoxide thereto, and the autoclave was 

sealed and heated ~o conduct the reaction 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 

20 . · to methyl methacrylate with a trans't'ormation rate of 
. . 

.14.0%, ·and the ·selectivity for methyl methacrylate was 

95. 3%. Fu.rther, no precipitat~ was observed in the 

reaction mixture, thus the mixture was homogeneous. 

Example 8 

25· The reaction procedure of Example 5. was repeated 

except for using 30 g of 2,6-lut~dine·instead of 48 g 

of pyridine; and tising triphenylphosphine in an amount 



'. 

64 
.; .·· 

of .·10 mmol to give methyl methacrylate with a .selectiv­

ity of 91.9% and with a transformation rate of propyne 

of 7.7%. As.a result· of investigating the·reaction 

mixture·, the mixture was observed to be homogeneous 

5 without any precipitate. 

Example 9 

By using 30 g of 1~methylimidazole in lieu of 48 g 

of pyridine, and employing triphenylphosphine in a_ pro­

portion of 10 mmol, methyl methacrylate. was-obtained in 

· 10 the same manner as Example 5 with a selectivity of 

is 

. . . . . 

89.5%. The.transformation rate_ of propyne was 11.5%. 

In the reaction mixture, no precipitate was produced 

and the mixture was homogeneous. 

Example 10_. 

The procedure of ··Example 5 was· repeated except 

that ·30 g of anisole was used instead of 48 g of pyri­

dine, and the amount of triphenylphosphine was changed 
. . . 

to 10 mmol to give methy"l methacrylate with a selectiv-

it,y of 82.0%. The. fed.propyne.was transformed to 
. . . 

20 · methyl methacrylate at. a transformatiop rate of 4. 0% • 

. The reaction. mixture was homogeneous accompanying with 

no precipitate •. 

ExaJ;nPle ll 

Methyl methacrylate was obtained with a selectivi-

25 ty of 71.4% ·in·the same manner as Example 5 except for 
. . . 

employing 30 g of xylene in lieu of 48 g of pyridine 

and using triphenylphosphine in a proportion of 10 
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- mmol. . The transformation rate of p:i:opyne was 8. 6%. -- By 

analyzing the react.ion.mixture, no p~ecipitate was 
:• .. -~: .. 

obs_erved and the mixture was hornogerie.ous • 

. Example 12 

5 - With the use of 5 mmol of tran:sbis (1, 2-

diphenyl) phosphinomethylcyclobutane :instead of 1 mmol 

of triphenylphosphine, the reacti6n«_was conducted in 

the similar ~anner as Example 5, and propyne was trans-

formed at a rate of 21. 9% to methyL:inethacrylate. - -The 

10 selectivity for the product methyl:m.ethacrylate was 
.. . . .. 

90~5%. The reaction mixture was-ho_Ittogeneous without· 

any precipitate. 

ComparS'tiye Example 7 . . - . . ·-. 
·.= •. ·: • 

A stainless steel autoclave _(300ml in.inner vol-

15 ume) was charged with 0.25 mrilol of dibenzylidenea~eto­

neplatinum (0), 1 ri_lrnol of 2-pyridyl:f>henylphosphine, 10 

mmol of' methanesulfonic acid and 68-~: g-- (2, 122 mmol) of 

methanol. ·After expelling air from-the autoclave, were 

introduced _300 mmol of _propyne and -:600 mmol o_f carbon 

20 monoxide to the· autoclave. The autoclave was sealed 

25 

.. and heated to carry out the reacticm at 1oo·c for 1 

hour. By analysis of t~e-resultant.products with the 

use of gas cll.romatography, ·the -trans_:formation rate of 

propyne was 8% and methyl methacryi_~te was P.roduc.ed 

with a selectivity of 21%. 

Example 13 

The. re~ction procedure of Example 5 was repeated 

,.~;.·. ··. 
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_except for employing a reaction temperature of i2o·c to 

give methyl methacrylate with a selectivity of 98.6% 

and with a transformation.rate of propyne peing 48%. 

The reaction mixture was observed to be homogeneous 

5 · with no precipitate. 

_Example 14 

A stainless stee1 autoclave (300 ml in inner 

volume) was· charged with.· 0. 63. mmol . of dib.enzylideneace­

toneplatinum, · 1 mmol of b::iphenylph.osph.ine, 10. mmol of 

10 sulfuric acid, 1.6 9 c20.2·mmol) of pyridirie, 38.4 9 

(384 mmol)" of methyl crotonate and 20 g (6"24 mmol} of 

.. methanol. Propyne. (300 mmol) and carbon m·onoxide (600 

mmol) were introduced. into the .~utoclave after· expel­

ling air ther_efrom. The autoclave was · seaied and 

15 heated, and.the reaction was carried out at 60 atm and. 
. . . 

15o·c for 10 minutes. 

By analyzi_ng the reaction products with the use of 

gas chromatography, the fed propyne was transformed to 

··methyl methacrylate at a transformation rate of 38. 0%, 

20 and.the selectivity for methyl methacrylate was 94~2%. 

In the reaction mixture, no precipitate was observed 

and.the mixture was.homogeneous. 

Example 15 

. By using 0. 63 mmol of dibenzylideneacetoneplati-

25 -num,·1 mmol of triphenylphosphine, 20 mmol of sulfuric 

acid, 9. 5 g · (120 mmol) ·of pyridine, 30. 5 g (305 mmol) 

of methyl crotonate and 20 g (624 mmol) of methanoi, 
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the reaction was conducted in the. s_ame manner as Exam-

ple. 14. Resultantly, propyne was transformed to methyl 

methacrylate at a transformation rate of 41.4%, and the 

selectivity for methyl·methacrylate was 99.7%. The 

5 .. reaction. mixture after completion of the reaction was 

homogeneous arid no precipitate was observed. 

Example 16 

The reaction p-rocedure·of Example 14 was repeated . 

.. except for u·sing 0 .. 65. ~ol of dibenzylideneacetonepla-

· 10 tinu~ (0. 02% by. ·weight in terms of ·platinum), 1 ·mmo1 of 

.·.triphenylphosphine,· 3. 6 g (0 .1 mol) of hydrochlo_ric·. 

~cid, 40 g (506 mmol) of ·pyridine and 20 g (624 mmol) 
. . . 

of·methanol to give methyl methacrylate with.a selec-

tivity of 97. a·%. The transformation rate· of propyne • 
. . 

15 · ·was 46.-7%. In investigating the reaction mixture, the 

mixture was homogeneous without any precipitate. 

Example 17 

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

platinum)· of dibenzy1i4eneace_toneplatinum, 1 mmo:L · of 

20. ·triphenylphosphine, 10 mmol of methanesulfonic acid,. 

i.6· ·g (20.2 lnmol) of pyr_idine~ ·3a.4· g (384 mmol·)._,of. 

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

reaction was carried out ~n the same manner as in 

-Example 14. Propyne was transformed to methyl metha-

25 crylate at·a transformation rate of 53.4%, and the 

selectivity for methyl methacrylate•was 96.6%. The 

reaction mixture after completion of the reaction was 
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homogeneous with no precipitate. 

Example 18 

Methyl methacrylate was produ-ced with a selectivi­

ty of 89. 6% in the same manner as Example 14, exc_ept 

s that. 0. 63 ~ol of dibenz.ylideneacetoneplatinum, 1 mmol 
. . 

of tri"phenylphosphine, 14 mmol ·.of phosphoric ·acid, 1. 6 .. 

g (20 mmol) . of pyridine, 3a. 4 g (384 mtnol) of methyl 

crotonate and20 g (624 mmoi). of methanol· were em-
.. 

ployed. The transformation rate of propyne was 37.9%. · 

10 By investigating the, rea-ction mixture, no ·precipitate 

was observed, ··and" the ···mixture was "homogerieoiis ·: 

Exarople.19 

The reaction procedure of Examp;Le 14 was repeated 

except for employing·o!63.mmol of dibenzylideneacetone-
. . 

15 platinum, .1 mmol of triphenylphosphine,· 10 mmql of 

sulfuric acid~ 4.7 g· (59 mmol) of pyridine, 3S.3g (327 

mmol) of anisole and 20 g (624 mmoi) of methanoi·to 

give methyl methacrylate with a selectivity of 97.9%. 

The transforma_tion rat~ of propyne was 36. 9%. ·· In the 

2·0 . reacti-on mixture, no precipitate was observed and the 

mixture.was homogeneous. 

·Example 20 

With the use of 0.63 mmol of·dibenzylideneacetone­

platinum, 1 mmol of triphenylphospJ:iine,· 10 mmol of 

·25 sulfuric acid, 40!0 g (400 mrnol) of methyl crotonate 

and 20 g (624 mmol) of methanol, the reaction was 

conducted in the same manne~ as Example 14. Propyne 



~-----------------------------------------·-·· 

- 69 -
. l 

\I 
L u __ 

This Sheet Has B . 

lflll!Bllilir 
was·· transformed at a transformation· rate of 25. 6% and 

. ·methyl methacrylate was procured with a _selectivity of 

89.5%. By investigating the reaction mixture after· 

completion of.the reaction, the reaction mixture was 

5 . observed to be homogeneous without any precipitate. 

Example 21 

. Methyl methacrylat~ was obtained with a selec:tivi­

ty of 94 .1% in the same manner·-as Example 14,. except 
. . 

· that 0. 63 mmol . of ciibenzylideneacetoneplatinum, 1 mmol 

10 of triphenylphosphine". 10 · mmol o.f sulfuric acid,-· 4. 7 g 
. . . . . . . 

(59 mmol)_of pyridine1 35.3 g (218 mmol) of diethylene 

glycol _dimethyl ether and 20 g (624 mmol) of methanol· 

were used. · Th~ transformation rate of propyne was 

51. 5%. In the reaction mixture~ no precip_itate was 

·.is· observed and the reaction mixture was homogeneous. 

Example 22 

The reaction procedure of Example 14 was repeated 

except. for employing 0.63.mmol of dibenzylideneacetone­

platinum, 1 mmol of triphenylphosphine, _10 mmol of 

20 methanesulfonicacid, 1.9 g (20 mmol) of ~~picoline, 

38.1 g -(381 mmol) of methyl· crotonate and 20 g (624 

mmol) of methanol. As a result, propyhe was trans:... 

.formed to methyl methacrylate at a transformation rate 

of 41.2%, and the sele.ctivity for methyl methacrylate 

25 was 93.5%. By examining the reaction mixture, no 

precipitate was produced and the mixture was homogehe-

ous. 

.· .• 
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Example· 23 

. ·.· .. 

By using. 0.63.mmol of dibenzylideneacetoneplati-. 
·. ' _., ~. 

num, 1 mmol of triphenylphosphine, ·10. mmol. of methane-
.. . 

sulfonic acid, . l. 1 g (16 mmol) of diethanolamine, 38. 5 

· 5 · g (385 · mmol) of methyl crotoriate and. 2_6 g (624 mmol) of 

methanol, ·methyl methacrylate was produced with a 

selectivity of 98.2%-in the same manner as Example. 14. 

The transformation rate of propyne was 51.2%. The 

reaction mixture after completion · o.f _ t_he .reaction was. 
. . . 

10 homogeneous without any precipitate~ . ·: _ 
· .... - . -·· . .. '. ......... ·•··· 

i:;xample 24 

Methyl.methacrylate wa.s obtained-with a· selectivi­

ty of.74.5% in· the same manner as Exainple-14, except 

that 0.63 mmol of d:i.benzylideneaceton~platinum, 1 mmol 

15 of triphenylphosphine, 40 g (506 nunQ.l) of pyridine and 

20 

20 g (624 mmol) of methanol were used. The transforma~ . . .· . 

tion rate of propyne was 4 7. 0%. In .. the reaction mix-· 

ture, no precipitate. was observed .~nd the reaction.· 

mixture was homogeneous .. 

Example 25 

The reaction procedure of Example 14 was repeated 

except for. employing. 0. _65 mmol of .. dibenzylideneacetone­

platinum, 1 mmol o~ triphenylphosphirie, 4.7 g (59 mmol) 
.... 

of pyridine, 40 g (370 mmol) of ani_sole and· 20 g (624 

25 mmoi) of .methanol. As a result, propyne was tr~ns­

formed to methyl methacrylate at a·transformation rate 

of 24.0%, and the selectivity for methyl methacrylate 

: ... ..., 
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· was·· 99. 6% ~ · By .examining the reaction mixture, no pre-

. . 
. . : . . 

·cipitate. was observed and the mixture.was ·homogeneous. 

Example 26 
·.:-

By using 0.63 mmol of dibenzylideneacetoneplati-

5 num, 1 mmol _of triphenylphosphine, 10 mmol of metha­

crylic acid, 0.8 g (5 mmol)· of dipyridine, · 40.0 g (400 

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

nol, methyl.methacr;Y'late.was produced with a· selectivi­

ty of 97. nr in the same manner as Example 14. The 

10 transformation rate of propyne was 4 7. 3%. The reaction 

mixture after completion of the reaction was homogene­

ous. without any precipitate. 

~xam,ple 27 

Methyl methacrylate was obtained with a selectivi-

i5. ty of 95. 5% in the s-ame ·manner as E~·ample 14, except 

that 0.63 mniol of c;hloroplatinic acid, 1 mmol of tri­

phenylphosphine,_ · 10 mmol of sulfuric acid, 1. 6 g (20 

mmol) of pyridine, 38.4 g (384 mmol) of methyl croto­

nate and20 g (624 mmol) of methanol were used •. The 

20 ·. transform_at1on rate of propyne was 17. 8%. In the 

reaction mixture, no precipitate. was observed and the 

reaction mixture was homogeneous. 

Example 2a· 

A sta:Lnless steel autocla:ve (inner volume of 300 

2.5 ml) was charged with 2. 5 mmol of dibenzylideneacetone­

. platinum, lCl mmoi of triphenylphosphine, 10 mmol of 

methanesulfonic acid,_ 45 g {569 mmol) of pyridine and 
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4 .,3· 9. (134 mmol} of methanol. After eJCpelling air from 

the autoclave~ 67 mmol of ·all~ne.and 610 mmol of carbon 

monoxide were introduced thereto. The autoclave was 

sealed and· heated to· .conduct the reaction at 60 atm and 

5 1oo·c for 1 houf. 

· As a result of analyzing th,e reaction· products·· 
. . . 

with the use of gas chromatography, allene was trans-

formeci ·to methyl methacrylate at a transformation rate_ 

of 48%, and·the selectivity for methyl methacrylate was 

10 95. 5%.. TJ:ie -~eaction mixture after completion of the 

re"action was. homogerieoiis wn::h·ouf--·any preclpifiite ;· - ··-.·-- . ·. 

·.Example 29 

The· reaction procedure o·f Example 5 was repeated . 

except that diphenylbutanephosphine was.used in lieu of· 

15 triphenylphosphine, and that the reaction was' carried 

out at a te_mperature of 150°C ·for 10 minutes to. give· 

methyl methacrylate with ·a selectivity of 97.0% with 

the se·1ectivity of propyne being 25%. In the reaction 

mixture, no precipitate was .observed. and the mixture 

20 was homogeneous. 

Example· 30. 

A flask was charged with 0.2 mmol·of platinum (II} 

.· chloride, 10 mmol of triphenylphosphine, 23. 92 mmoi of 

pyridine anci 141.16 mmol of anisole, _and the flask was 

25 · heated at 1so·c.·· Resultantly, even. after heating for 

4_0_ hours, no. metal was deposited or precipii;.ated and 

the catalytic system was maintained in homogeneity. 

·-~ 

:i 
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·coniparative·Example·s 

The procedure-of Example 30 was repeated except 

for empioying·0.2 mmol.of palladium· acetate·instead of 

0.2 mmol of platinum (II) chloride to examine the 

stability of the catalytic system. ·As a result', a 
. . . .· . . . . . . . . . 

precipitate was observed· from 2.0 minutes past after the 

initial· of :heating. By analyzing palladium concentra-

·- tion in the reaction mixture after 2-hour heating 

treatment, palladium was.detected only in few ppm at 

10 most, and the majority of palladium was deposited or · 

precipitated as metal. Thus, the catalytic system was_ 

extremely·i~stable. 
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- 1. A catalytic system·for. carbonylation which is; 

{A) a· catalytic system comprising (Al} a Group 

VIII metal source of Periodic Table of· the· Elements, 

s said metal source being supported on a carrier, · (A2) a 

ligand and (A3).an acid, or 

(:B} a ·catalytic system comprising ·(Bl} a· Group · 

VIII metal· source of Periodic Table. of the Elements · 

except for palladium, (B2) a ligand shown by the fol-

10 . lowing formula. (Ib) an.d (B3) an electron donative com-

15 

.. : .· . : . . . . . . . . . . . . . ( . . ... .. . . . . . . . . -
pound having an electron·donability AvD relative to a· 

·deuterated methanol o· of .not less than 2: 

R2~, 
·1 ... 

. I 

(.Ib) 

Rl--A-R3. 

wherein A'represen~sa·phosphorus atom, an arsenic atom 

or an antimony atom; and R1 , . R2 and R3 independently 

_represent a hydrogen atom~ an optionally substituted 
. . 

_alkyl group~ an optionally substituted alkenyl group, 

20 :an optionally substituted alkynyl group, an optionally· 

substituted cycloaikyl group or an optionally substi..:. 

tuted aryl_ group, or· R2 . and R3 may together form an op­

tionally substituted alkylene group, with a proviso· 

that R1 to R3 are . not ·.concurrently. hydrogen atoms • 

25. ·· 2. A· catalytic system for carbonylation as 

claimed in claim 1, wherein said Group VIII metal· 

source {Al.) in said c·atalytic system (A) is at least 
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one metal selected·from the group consisting of cobalt, 
.. ··:.·'· .. ·· 

·nickel, rhodium, ·pailadium and platinum, or. a compound 

of said metal. 

3. A catalytic sys1:.em :_for carbonylation as 

claimed in claim 1, wherein said carrier· in.said ca ta-
.. . 

lytic system (A) is at least one me:1'1ber selected from 

the group.consisting of an activate~ carbon, a .metal 

oxide, .a nonmetal oxide and a clay mineral • 
. .. , . 

4. A catalytic system ~or carbonylation ·as 
. . .. . 

10 claimed.in claim l, wherein said carrier in said cata-

lytic system (A) has a specific.suJ;"face area of 10 to 

3, 000 m2 /g. : · .. · ., 

. . 

~· . A catalytic system for carbonylation as 

claimed in claim l, . wherein the supporting amount of 

15 said Group VIII metal source (Al) in said catalytic 

system· (A) ·· is 0. 01 .to 20% by weight relative to the 

carrier. 
- . . 

6. A catalytic system for carbonylation·as 

claimed fn claim 1, wherein said licjarid (A2) ·in said 

20 catalytic.system (A) is at·least one meinber selected· 

.. · from the group qonsisting of .. · a phosphorus compound, an 

arsenic compound and an. antimony .c·o~pound. 

7. A catalytic system for carbonylation as 

claimed· . in claim 1, wherein said ligand · (A2) · in said . . . . . . 

25 catalytic system (A) _is a tertiary organic phosphine or 

a tertiary organic arsine. 

·a. A .. catalytic system for carbonylation as 
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claimed in· claim 7~ wherein said tertiary organic 

phosphine o+ tertiary organic arsine has an aryl 9roup, 

a substitutedaryl group or an. aromatic heterocyclic 

group containing a nit.rogen atom as a hetero atom. 

5. 9. A· catalytic system fo:r carbonylation as 

claimed in claim 1, wherein said Group VIII metal 

source (Bl) :in said catalytic system . (B} is at least · 

one metal ·selected from the group con-sisting of plati­

num, cobalt, nickel· and rhodium, or a compound of said 

10· metal. 

10. A catalytic ~ystem for carbon.ylation- as 

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

comprises the 'ligand (B2} of the formula (Ib} where A. 

is a phosphorus atom. 

15· 11. A catalytic system for carbonylation as 

20 

/ 

claimed in claim 1,. wherein .sa-~d ligand (B2) in said 

catalytic system .· (B) is a compound of the formula (Ib) 

where at least one of R1 to R3 is an aryl group or a 

substituted aryl group •. · 

12. A catalyti-c system for carbonylation ·as 

claimed in claim · 1,· whereil:i said ligand (B2) · in said 
. . . 

catalytic system (B) ·is: a tertiary organic phosphine. 

13. 'A catalytic system for carbonylation as 

claimed in claim 1, wherein said electron donative 

25 compound (B3} in said catalytic Sy.stein_ (B} is at least 

one member selc;!cted from the group consisting of an 

amine, _an imine, an amide, an ether, a ketone, an 

- •. 
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ester, .. a ~actone, an aldehyde, a s·ulfoxide, a nitril.e, 
. . . 

a nitro compound, an aromatic hydrocarbon and an ali-

phatic hydrocarbon. 

14. A catalytic system for carbonylation as 

5 claimed in claim 1, wherein said electron donative 

compound (B3) in said catalytic syst:em (Bl comprises at 

least one basic compound selected from the group con- . 
.. 

sisting of an amine, ari imine. and an amide.· 

15 • A catalytic·. system for carbonylation as 

10 claimed in ~'bi.a±m 14, wherein· said electron donat~ve 

compound (B3) in said. catalytic system (B) further com-·· 

prises an ether or an ester. 

16. A catalytic system for car:bonylation as .- . 

claimed in .claim·l, ,wherein said electron donative 

15 compound (B3) ih said catalyti.c system (B) is a second­

ary. amine or a tertiary amine. 
-. 

17. A catalytic system for carbonylation as 

claimed in claim 1, wherein said electron donative 

comp.ound (B3) in said catalytic· system (B) is a com-

20 pound having an electron donability ~vD relative to a 

25 

. deuterated methanol D of 30 to . 250. 

18;; ·A catalytic system for carbonylation as 

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

comprises (Bl) a platinum compound, (B2) a tertiary 

organic phosphine having at lea·st one aryl group or 

substituted aryl group and (BJ) an ele~tron.donative . . . . . 

compound having an electron donability ·~vD relative to 
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19. A cat.alytic system· for carbonylation as 

claimed in claim 18, wherein said electron donative 

compound (B3) is a heterocyclic amine.or an alkanola-

5 mine. 

· _20. A catalytic. system for carbonylation. as .. 
claimed in ·claim 1, wherein said qatalytic sys:tem (B) 

further comprises (B4) an acid. 

21.. ·A catalytic system for carbonylation as 

10 claimed· in claim 1 oz- 20, wherein said acid (A3) or 

. (B4) is a proton acid-or a iewi~ a~i~. 

is 

20 

25 

22. · A catalytic system for ·carbo.nylation as 

claimed in claim 21, wherein said proton acid is at 

least qne ·member selected from the group consi·sting of 

an ~ryisulforiic acid, ari alkylstilfonic acid, a car~ox-

yiic acid, a··hydro~alogenic acid, sulfuric acid, nitric 

acid, a phosphoric acid and a ~erhalogenic acid. 

· 23. A catalytic system for carbonylation which· 

comprises;· 

(A) a combination of (Al) a palladium source, said 

_palladiui:n source being supported on a carrier having .a 

specific surface area of 100 to 2,000 m2/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 phosphin~, said organic phos~ 

phine having.at least one a:r.yl group or substituted 
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aryl group and being free from· a nitrogen.:...conta.ining. 

heterocyclic group, {B3) an electron donative compound 

·having an electron donability AvD relative to a deuter­

·ated methanol D of not less than 2, and (B4) a proton 

· 5 · · acid. 

. 10 

24. A method for carbonylation which ·c9mprises 

allowing an acetylenic unsaturated c.ompound or an 
·. . . 

olef inic unsaturated compound to react with carbon 

monoxide in .the presence of; 

(A) a catalytic system ·comprising (Al} a Group 

VIII metal source of Periodic Table of the Elements, 

said metal source being supported on a carrier, (A2} a· 

ligan4 arid (A3) an acid, or 

(B) a catalytic system comprising (Bl) a Group. 

15 VIII metal source of Periodic Table of the Elements 

except for palladi~m, (B2} a ligand shown by the fol­

lowing formula (Ib) and (B3} an.electron donative 

.compound having an elee<:trc;m. do,nability AvD relative to 

a deuterated methanol D of not less.than. 2: 

20 
· R2- .. 
. · I \ (Ib) 

Rl-A-R3 

wherein A represerits a phosphorus atom, ·an arsenic atom 

.. or an antimony at:-om; .. and R1 , R2 a:r_id R3 independently 

.25 represent· a hydrogen atom, ·~n ol>tionally substituted 

alkyl group, an optionally substituted. alkenyl gro~p, 
. . 

an optionally substituted alkynyl group; an optiona·11y. 
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substituted cycloalkyl group.or an optionally substi­

tuted aryl g~~upl'. or R2 and R3 may ·tog~ther. form an. op-
. . . . 

tionally ··substituted alkylene group;.' with a proviso 

that R1 to R3 are not concurrently hydrogen·~toms. . . . · .. 

25. A method for carbonylation ·a~ claimed .in· 

claim 24, wherein. said unsaturated c·ompound is· an a­

acetylenic compound or ana-olefinic;: compound. 

26. A method for carbonylation as claimed in 

claim 24, wherein sai.d acetylenic unsaturated compound 

· 10 or olefinic unsaturated compound is allowed to react 

with carbon monoxide and a nucleophi°lic·compound having 

a hydrogen at()m which can :be left irtthe reaction. 

27. ·A method_ for carbonylation as claimed in 

claim 26, ·wherein said nucleophilic :compou_nd is at 
. . 

15 least one member selected from the g:z::<?up consisting .of 

water, a compound ~aving a hydroxyl group and a carbox~ 

ylic acid. 

· 2 8 •· A method· for carbonylation .as claimed in 

claim 27, ·wherein f;aid. compound having a hydroxyl group 

· 20 is an alcohol. 

29. ·.A method which-comprises_ allowing, in the 

presence of a catalytic. system,· (a)· an asymmetric· 

acetyienic . or olef inic un·saturated compound to react 

with {b) carbon monoxide and {c) at.least one compound 
. . . 

25 selected from the group consisting of water,·. an .alcohol 

having 1 to.20 carbon atoms and a carboxylic acid 

.havirig·1 to 20 carbon atoms, 
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(A) a Catalytic· system for carbonylation compriS"'.'. 

ing (Al) a Group VIII met.al source of Periodic Table of 

the Elements,. said metal source being supported on a 

5 carrier, (A2). a ligand and (A3) an acid, or 

(B) a catalytic· system .·for carbonylation compris-:- . 

ing (Bl) a Group.VIII metal .source of Periodic Table. of 

the Elem~nts except· for palladium,. (B2) a .ligand shown 

by the following formula (Ib) and (B3) an electron.· 

10 donative compound having an electron donability AvD 

relative to a·deuterated methanol D of not less than 2: 

R2- .. 
. I '\ (Ib) 

Rl~A-R3 

15 · ·whe·r·ein A represen~~ a phosphorus atom, ·an arsenic atom 

or an _antimony ato~; and R1 , ·R2 ~nd R3. independerttiy . 

represent a·hydrogen atom, an optionally substituted 

.alkyl group, an optionq.lly ·substituted alkenyl group, 

an optionally substituted alkynyl group, an optionally 

20 substituted cyclo~lkyl group or .. an ·optionally ·substi-

. tuted aryl group, or R2 and R3 may together form an op­

tionally substituted alkylene.group, with a provis9 

that ·Rl to ~3 are hot concurrently hydrogen atoms. 

30. A method of producing an a.,p"'.'.ethylenic unsat-

25 urated carboxylic acid or. a derivative. t:hereof,· which 

comprises allowing ·ca>· an a._:acetylenic hydrocarbon to 

react with (b) carbon monoxide and . (c) at least ·one nu:-
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cleophilic compound.selected from the group.consist.ing 

of water, an alcohol and a carboxylic acid, intlie· 

presence of; 

(A) a·catalytic system for carbonylation. compris-

. 5 irtg a combination of (Al) ·a Group VIII metal· source. of 

Periodic Table.of.the Elements, said metal source being. 

·supported on.a· carrier, (A2) a tertiary organic phos­

phine or a tertiary organic arsine and (A3) a proton 

. 10 

acid, or 

·.(B) a catalytic sy~tem for carbonylation compris­

ing a combination of (Bl) a platinum compound, (B2) a 

tertiary organic phosphine having an aryl group or a · 

sub~tituted •ryl· group and being free from a heterocy-. 

clic group, (B3) a secondary amine or a tertiary amine, 

l~ and. (B4) a proton acid.· 


