CATALYTIC SYSTENB AND NETHCDS CNYLATLCN FIELD*GF-?HE—FNVEAFL@»LIhls
I nvention.rel ates t.o net hods UC|ng 5 a carbqé aC|d or
y t

~derivative thereof by car at1on. ~an - hﬂﬁ _
ol efi nic unsaturated conpound Wt h the u e of a spécifi ﬂ st em
- BACKGROUND OF THE INVENTICN 10 t Iyt|c sy t-ens |es :

for carbonyla—_'ﬁy-

'f?cATALYTic'SYSTEMs_AND METHODS FOR-CARBONYLATIQN

'PIELD OE'THE'INVENTION
ThlS 1nventlon relates to catalytlc systems useful
5 _:for carbonylatlon, and to methods for carbonylatlon of
an acetylenlc or oleflnlc unsaturated compound w1th the
.use of the catalytlc system. |
BACKGROUND OF ‘THE INVENTION
10 . Catalytlc systems and technologles for carbonyla—-
tlon of ‘an acetylenlc or oleflnlc unsaturated compound
have been proposed Typlcal carbonylatlon reactlons
include a method whlch.comprlses-allowlng an acetylenlc.'
or olefinic unsaturated compound toureact With carbon
15 monoxide“and'a nucieophiiic_compound.h'In'this method,.
| a carhonylationycatalyst-comprises'a'Group VIII metal
. source of'Periodic Tab;e of the Elements and a phos- |
phine which.is a typical ligand. |
| EP—Al 106379 EP—Al 235864 'EP-A1-274795 and -
-267 _EP-Al 279447 dlsclose catalytlc systems for carbonyla-
.'=tlon compr1s1ng a palladium compound, a trlarylphos-
: phlne:and_a'proton acid- and methods for carbonylatlon
of an‘aCetylenic-unsaturated compound and an olefinic
compound w1th the use of such catalytlc systems.
-.25 S Japanese Patent Publlcatlon No. 29212/1993
| '-(JP—B-S 29212), Japanese Patent Appllcatlon Lald-open
No. 176549/1986 (JP—A—61 176549), Japanese Patent

x|



~tion of an acetylenic or olefinic unsaturated conpourd-have been proposed.
Typi cal - carbonyl ation reactions include a nethod which conprises “Tfomkﬂg
an acetylenlc or olefinic unsaturated conpound to.rea®his Skl mg@é?gn

monoxi de and a nucl eophi lic compound. In this met hod l’ m}fﬂ
E

catal yst conprises a Goup VIII netal sodrze-of Perlod
El enents and a phos- phine which is a typlcal Ilgand
EP- Al1- 235864, EP-Al- 274795 and
Appllcatlon Laid-open No. 72649/1987 (JP A-62 72649)

" and Japanese Patent Appllcatlon Lald—open No. _
154646/1988 (JP—A-63 154646) dlsclose carbonylatlon
catalytlc systems compr1s1ng a brvalent palladlum com—

5 pound an organlc phosphlne and a proton acid, and
methods for carbonylatlon of an acetylenlc unsaturated
compound and an oleflnlc compound by usrng the catalyt-

:iGISystems.' The Japanese Patent Appllcatlon Lald—open
No. 154646/1988 (JP—A—63 154646) describes that a

10 homogeneous compound is rather preferred as the palla—
dium- compound than a heterogeneous compound and that a
phosphlne havrng a heterocycllc group is used as the
organlc phosphlne and, as_an lnert.solvent, N-
dmethylpyrrolidone_is'preferred. . |

15+ o Further,.Japanese Patent Applicationlhaid-open No.

| 215851/1992 (JP-A-4-215851) discloses a catalytic

. system fOr_carbonylation'which comprises a Group VIII
metal sourcedof Periodic'Table'of.the Elements) a-

'.phosphlne substltuted with an aromatlc substltute

.20 -_contalnlng an 1m1no-n1trogen atom,.a proton source and
._an anlon source of an alkylsulfonlc ac1d,-and a method
.ﬂfor carbonylatlon of an acetylenlc unsaturated compound
. and an olef1n1c compound us1ng the catalytlc system. - |
_Moreover, Japanese Patent Appllcatlon Lald-open No

2_5.. -2_15_852/1992 _(JP—A— -21585_2)_- dJ.S_.ClOSQS _a catalyt:.c system
: comprising a Group:VIII metal source;'a'phOSPHine

having an imino-nitrogen atom-containing aromatic



20 . EP- Al- 279447 di scl ose catalytic systens for carbunyta-—%lrurrxunyjiy ng .

a paIIadlun1conpound a tr|arylphos- phine and a protgn acid and net hods

conpound wi th the use of such catalytic systens..
Publ i cation No. 29212/:1993.(JP-B-5-29212)7 Japan@ise se,Pa

for carbonyl ation.. of an acetyl.eni c unsaturated 4Ul|p0 ﬁ emkﬁabéal c.
Lai'd- open No.. 176549/1986 (JP—A—61 176549) Japanese Patent
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alkylsulfonlc ac1d,_and a method of carbonylatlon ofian

acetylenic'or'oleﬁinic-unSaturated compound with the

‘use of:the]catalytic system. There'is described in
these literatures, JP-A-4 215851 and Jp-A-4-215852,

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

of the Elements, a compound contalnlng the Group VIII

metal, spec1f1cally a palladlum compound is rather

.preferred than an element in a metalllc state._

Accordlng to these technologles, a methacryllc '

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

,cetylene, carbon monox1de and an alcohol w1thout u81ng

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

- technologles are superlor to the acetone-cyanohydrln

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

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

without exhausting industrial wastes'such_as_waste '

sulfurlc ac1d

The catalytlc systems used in the methods ‘have,
however, a 31gn1f1cant dlsadvantage that they have a

short catalyst llfe although hav1ng an 1n1t1al act1v1ty :

to ‘a certaln extent, and thus they are not sultable as |
a catalyst for commercial use. By way of 1llustratlon,-
in carbonylatlon of an acetylenlc unsaturated compound,

use of a heterogeneous catalytlc system compr1s1ng a

catalytlc component in a metalllc state such as palla-'

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

, atent -

fsubstltuent, a proton source and an anlon source of an

- v



-
2 Appllcatlon Lai d-open No. 72649/1987 (JP-A-62-72649) and Japanese Pateﬂ}
. Application Laid-open No.: 154646/ 1988 (JP-A-63- 154646) - dhsggmﬁﬁﬂmfmanhmac
car bonyl ati on catalytlc systens conprising a bival ent: pal

‘pound,” an. organi ¢ phosphine and a proton- CI d, and net hodsﬂ‘mr“““)m“‘ﬁ“\

:carbonylatlon of an acetylenlc unsaturafe

_much h1gh catalytlc act1v1ty and ‘causes a 81gn1flcant

decrease of the catalytlc act1v1ty in a short perlod

:: When a homogeneous catalytlc system contalnlng a palla-i

10

o . 15'.

20

25

dium compound such as palladlum chlorlde is used as the f
tcatalytlc system, the palladlum compound 1s reduced 1n

_the course of the reactlon to pre01p1tate as a metalllc

51mple_substance in the-reactlon system, and-a ligand

suchVas an organic phosphine is oxidized.which'results_e

\ -

in a decreased catalytic activ1ty.:

'ﬂIn fact, a practlcal use of a palladlum compound

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

' reactlon mlxture and thus in decrease of the catalytlc

activ1ty and reactlon rate for carbonylation.

Further, as set forth 'in the Japanese Patent '

Application-Laidfopen.No.'215852/1992 (JP—A44-215852),

when'a catalytiCISYStem comprising a Group VIII element

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

'~of-the catalyst is qulte-decreased in a-carbonylatlon

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

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

nese Patent Appllcatlon Lald-open No. 215852/1992

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

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

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



conpound and an ol efinic conpound by using the. catalyt stens The
‘Japanese Patent Application Laid-open No. 154646/1988

describes that a 10 honpgeneous conpound is rat:her pre paIIa-'
di um conpound ‘than a heter.ogeneous. conpound and that a ng a
heterocycllc group is used as the or gant ¢ phosphlne and, as an |nert

- .sol vent, * N nethylpyrrolldone IS preferred 15 .fhp_ Further Japanese

Pat ent . Appllcatlon ‘Lai d-.open-- No.

the phosphlne,'and components for the catalytlc system
-_'are remarkably restrlcted._ Moreover, the catalytlc
ysystem compr1s1ng a palladlum compound as the catalytlc-

component shows 1nsuff1c1ent catalyt1c act1v1ty. S

SUMMARY OF THE INVENTION .
Accordlngly, 1t is an object of the present inven-
- tion to prov1de a carbonylatlon catalytlc system where-__
l.by, even though belng a heterogeneous catalytlc system,
- 10 . a high catalytlc act1v1ty can be obtalned and maln-"'
| .talned for a long perlod, and a method for carbonyla-
tion u51ng the catalytlc system._ | |
| Another object of the present 1nventlon 1s to
' provrde a catalytic system whereby, even if contalnlng d_l_
15 .a palladlum source, a decrease of the catalytlc act1v1-.
-ty can ‘be suppressed and thus carbonylation can be-con-_
ducted with hlgh transformatlon rate .and selectlvity
and with hlgh stablllty, and a method for carbonylatlon'
'-w1th the use of such catalytlc system._ | |
20. | It is a further object of the 1nventlon to prov1de
| a catalytlc system and a’ method for carbonylatlon whereby a
'carbonylatlon product such as a carboxyllc ac1d and a |
carboxyllc ac1d ester can be produced by carbonylatlon
of an acetylenlc or oleflnlc unsaturated compound in a
25 _stable llquld phase system w1th malntalnlng hlgh trans-
»format;on ratezand_select1v1ty for_a_long.duratlon.

A'yet further object of the present invention is



215851/1992 (JP- A-4-215851) discloses a catalytlc sysxe"foT‘CaTbUnyfarron
whi ch conprises a Goup VIl netal source. of Peri odi cl; qul

" El ement s; a phosphlne substituted. with an aromatic sul stl ea B%nReh“”
contai ning. an i m no- nltrogen atom’ a protgon source: and an mul Hof
~an al'kyl sul'foni ¢ aci d, and“a et hod for carbonyl ation of
unsat ur at ed conpound and an ol efinic conpound using the catalytlc systen1
Mor eover Japanese ‘Pat ent Appllcatlon Lai d- open No.. :

to provrde a catalytlc system and a method for carbony-

latlon Wthh are useful for produclng an a,ﬂ—ethylenlc
5_unsaturated carboxyllc a01d or a derlvatlve thereof |
"such as methyl methacrylate w1th hlgh transformatlon
' __5'h rate and selectrvrty and with malntalnlng hlgh stablll--
h‘ty for a long perlod. | ' | _ .
It~ 1s another object of the present 1nventlon to
-prov1de a catalytlc system for carbonylatlon havrng,_
regardless of compr1s1ng a tertlary amlne or not, hlgh.
10 | stablllty and high catalytlc actlvity w1thout the use
of a spec1al phosphlne hav1ng an 1m1no-n1trogen atom-h
contalnlng aromatlc substltuent, and a method for
carbonylatlon utlllzlng such catalytlc system.
| It is a further object of the 1nventlon to prov1de
.'152' anstablllzed catalytlc system whereby-carbonylatlon can
be carrled out w1th high transformatlon rate and selec—
t1v1ty, and a method for carbonylatlon us1ng the cata-
lytlc system. | | |
' A yet another object of the present 1nventlon-1s
:20.1 to prov1de a catalytlc system and a method for carbony—
| latlon whereby a carbonylatlon product such as a car-
.boxylic acid and a carboxylrc ac1d-ester can_be-pro-_
_duced'by carhonylation of an acetylenic-or olefinic
. unsaturated compound in a stable lquld phase . system
25 with malntalning hlgh transformatlon rate and selectiv-
| .J.t_y . | | | |

A stilIhfurther'object-of the present invention is



I —
25 215852/ 1992 (JP—A—4 215852) di scl oses a catal ytic systen1conpr|5|ng a
Group VIII netal source, a ‘phosphi ne having an i m'no: A8 as Been Replaced

atom containing -arematic . - 3 - substituent, a pr ton
ani on source of an-al kyI sulfonl C aci d an;}i a rret hod _' Hmﬂﬂm f an

- to.prov1de a catalytlc system and. a method for carbony—-
-h.latlon whlch are useful for produc1ng an a,ﬂ-ethylenlc
unsaturated carboxyllc ac1d or a derlvatlve thereof

.such ‘as methyl methacrylate with hlgh transformatlon |
-75 _'rate and select1v1ty.
| After inten51vezinyestigation and researchyto:'
zf_accompiish the above;ohjects,ythe_inventors of the
,.presenthinvention found that when a'Group'VIII metal of
.Perlodlc Table of the Elements such as palladlum 1s
'16 -supported on a carrler and 1s used 1n a catalytlc'
-rsystem in comblnatlon with a 11gand such as an- organlc"
phosphlne and’ an ac1d such as an alkylsulfonlc ac1d,_ah
_hlgh catalytlc act1v1ty ‘can ‘be obtalned in splte of
belng a heterogeneous catalytlc system, and moreover,
15 'decrease of such catalytlc act1v1ty can 31gn1f1cant1y
'be suppressed or restralned., |
They further found that a comblnatlon use. of a.
-Group VIII element of Perlodlc Table of the Elements
'except for palladlum, a non—heterocycllc 11gand whlch
20 , does not contaln a nltrogen atom as a hetero atom, and
a spe01f1c electron donatlve compound can suppress or
: prevent decrease of the catalytlc act1v1ty, and remark--
.ably 1mprove or enhance the catalytlc act1v1ty in _f
comblnatlon w1th an amlne, and that when u51ng platl-
_25' num,_typlcally speaklng, the catalytlc act1v1ty can
.further be - enhanced and a carbonylatlon product can be

produced w1th hlgh select1v1ty.



“acetylenic or olefinic unsaturated conpound wth the
- system There is described in 5 these literatures, JP—A—4 215851 and

JP-A-4-215852, that as the Group VIl netal source” on &?dof ‘the -
El enents, a conpound containing the Goup VIII. netal, -
pmlamumcommumilsrmherprﬁeﬂedﬂﬁm1anelamn stme"

10 -~ . According to-these technol ogies, a nethacryllc aC|d ester for

"exanple can be obtalned fron1nethy|a-

The present inventlon has been accomplished based
on the above’ findings. _:_ e |
Thus, the carbonylation catalytic system (A) of
'the'present 1nvention comprises a-comblnation-of (Al) a
._ 5 Group VIII metal source of Periodic Table of the Ele-
ments, (A2) a ligand and (A3) an ac1d. _ |
The Group VIII metal source of Periodic Table of
~ the Elements (Al) may be cobalt, nickel, rhodium,_
.palladium or platinum, or a compound of such metal.
10 The carrler may be an actlvated carbon, an oxide of a ;I'
| 'metal or nonmetal ox1de or a. clay mineral The spec1f—g:'
ic surface area of the carrier may be about 10 to 3,000
"lz/g. The supporting amount of .the Group VIII metal |
source . (Al) may frequently be about 0 01 to 20% by |
hml5- weight relative to the carrier. _The llgand (A2) may be
| a phosphorus_compound such as a.tertiary_organic phose
phine and others; an arsenic compound such.as a ter-
.-1_ tiary organic ar51ne and the like; or an antimony
compound. As the ac1d use may be. made of a proton_
20 ;_ac1d (a Bronsted ac1d) such as an- arylsulfonic acid, an.
_i alkyISulfonic ac1d, a carboxylic ac1d;.a hydrohaiogenic'
.acid,tSulfuric:acid- nitric acid;.a'phosphoric'acid, a--
perhalogenic ac1d and SO on. _— | N
The catalytic system for carbonylation (B) accord—
25 1ng to the present invention comprises a combination of
| (Bl) a Group VIII metal source of Periodlc Table of the

'Elements_except for-palladium,.(BZ) amligand shown by



cetyl ene," car bon nmonoxi de-and an al cohol without using sulfuric Céegnkéma&d -
| arge quantity. Therefore, these technol ogi es are superi ofhi K \“k\‘g o
|ngf

acet one- cyanohydrln 15 - method for a production of a netha
in a point that a nethacryllc aci-d ester gan be produced w
industrial wastes .such as wast e sulfurlc acid. The’ Catalytlc systens used -
~in the nethods have 20 _ homever a S|gn|f|cant dlsadvantage t hat they
have a . . . : _
= the follow;ng;formula_(Ib), and (B3)Ian electron.dona—_
.-tiVe'c0mpoundhhavingfan eiectrongdonahiiity:AwD.relaf-
tive to deuteratedfmethanol.b ofunot less than 2; |
o RS RZ;;‘ _ o
5 S B D T § 1 I
o : ':le-ﬂffﬂ3_ o :
'.'wherein A represents a phosphorus atom, an'arsenic atom
" or an antlmony atom; and R1 R? and R3 independently
.h:represent a hydrogen atom, an optlonally substltuted
10 alkyl group, an optlonally substltuted alkenyl group,
an optlonally substltuted alkynyl group, an. optlonally -
substltuted cycloalkyl group or an optlonally substl-
tuted .aryl group, or R? and R3 may together form an op-
) tlonally substltuted alkylene group, w1th a provmso
1 15._ that R! to R? are not concurrently hydrogen atoms.
. . The - Group VIII metal source (Bl) may be the other
lmetal'source than palladlum such_as platlnum,*cobalt,
nickei rhodlum and 'so.on. The 11gand (B2) may be a
'lphosphorus compound of the formula (Ib) where A lS a-
20-.*phosphorus atom such -as an organlc phosphlne 1nclud1ng _
| .a tertlary organlc phosphlne, for 1nstance. The llgand :
.(B2) 1s characterlzed by being a compound which does , |
not contain a heterocycllc group hav1ng a n1trogen atom
as a hetero atom.'uf '
- 25..“ _.' ‘The electron donatiye oompound (B3)'may'he which-
' ever of a compound hav1ng an electron donablllty AND of

not less than 2, -and may for example be an amlne such



short catalyst |ife although having an initial activi a certaln

extent, and thus they are not suitable as a catalyst: for co thﬁ_lgﬁﬁ By
way of illustration,.in carbonylatlon of an acetyl.eni

compound, 25 use of a heterogeneous catalytic sy t¢m1c !“

catal ytic conponent in a netallic state s&@h as: pIIIa t he

i "~~'~r LAl

catal ytic systenlresults in . not Yo)

) asla heterocycllc tertlary amlne,Ian alkanolamlne, an
Iether, an ester and others._ The catalytlc system for
'_-carbonylatlon (B) may further comprlse (B4) an acid -
(proton acid or Lewis acid). | ) - |
'5l.Tf o Accordlng to the method'of-the“present-inVenticn,:
| an acetylenlc or oleflnlc unsaturated compound is
.allowed to react w1th carbon monoxlde in the presence
of the catalytlc system (A) or (B) to produce a carbo--
'nylatlon product. Further, the reactlon may: also be
: “IQ conducted in the presence of a nucleophlllc compound
o having a hydrogen atom whlch can be left or ellmlnated.
'(for example, a compound hav1ng a hydroxyl group such
as water, an alcohol -1 carboxyllc ac1d ‘and the llke)
to g1ve an unsaturated carboxyllc acid, a saturated
' 15 carboxyllc ac1d or a derlvatlve thereof such as an
| ester or anhydrlde of the carboxyllc ac1d correspondlng

to the acetylenic or oleflnlc unsaturated compound.

DETAILED DESCRIPTION OF THE INVENTION
' 20 ;"' I In thls spec1f1catlon, the term "oleflnlc unsatu-
| _rated compound"'means and 1ncludes a compound hav1ng an
ethylenlc unsaturated double bond regardless of the'
number of such double bond. . _
The catalytlc system (A) of the present 1nventlon
_25.I 1s now descrlbed 1n detall _I |
The catalytlc system (A) of the present 1nvent10n

comprlses (Al) ‘a Group VIII metal source of Perlodlc a



e, -

4 much hi gh catalytlc activity and causes -a significa se of the
catalytic activity in a short period. \Wen a honngeneous cat eﬁR &&Hn_
cont ai ni ng a pall a- di um conmpound- such as palladlu chﬂmﬁ

5 catalytic system the palladlun1conpound S redu ; the yg'

reaction to- preC|prtate as’ a netalllc srn%le-substance
_systen1 and a Ilgand N

'ZTable of:thevﬁlements.(hereinafter may briefly‘referred.
'to as Group VIII metal source) Wthh is supported on a
.carrler or support The Group VIII metal element
'1ncludes, for example, 1ron, ruthenlum, osmlum,_cobalt,
S -rhodlum, 1r1d1um, n1cke1 palladlum and platlnum. On-
t or after the year of 1990, these elements are cla331-
'fled 1nto the Group 8 elements (Fe, Ru, Os), the Group :
.”9 elements (Co, Rh, Ir) and the group 10 elements (Nl,
:Pd Pt) of Perlodlc Table of the Elements. . As pre-
10 'ferred elements, there may be mentloned cobalt, nlckel,;
3 rhodlum, palladium and platlnum, and spec1f1cally
‘preferred are cobalt and palladlum.: Among them, palla-_
dium can;advantageously_be employed,_'The oxidation”
number of such'element can-be-selected according'to_the
'15:-'spec1es thereof and is not cr1t1cally restrlcted. The
ox1datlon number may frequently be 0, +2 or +3, for
instance. | | _
The Group VIII metal source- may whlchever of ah
31mple substance of the metal or a compound contalnlngy:'
_20.; the Group VIII element. The catalytlc system - (A) of
| the present 1nventlon is characterlzed in that h1gh
.catalytlc act1v1ty can be obtalned and ma1nta1ned for a
.long time, even though usxng such 31mple substance of.
_the metal _ ;_ | _ :
.:=d25_' _:' Examples of the compound of the Group VIII element
| g'lnclude an 1norgan1c ac1d salt (for 1nstance, a nl—

_trate,_a sulfate, a perhalogenate,_a hydrohalogenlc



- such as an organrc phosphrne i s oxidized which results —TT?TTERTTﬁﬁRRT"“_""
catalytic activity: 10 - In fact, a practical use o [ :
conpound as a conponent “of the above- nentloned catalyt %m?seg ce, lmﬁi '

car bonyl.ation reaction results in. netalﬁﬁ;on of pallad unr I"

preeci pitate or .di spose i.n the reaction ture and thus i he

“catalytrc 15 activity and’ reactron rate for carbonylatron4 Further as set
'forth in the Japanese Pat ent - : '

'_ac1d such as hydrochlorlc ac1d and hydrobromlc ac1d),
lan organlc ac1d salt (for example,_a sulfonate such as
'.methanesulfonlc'ac1d, ethanesulfonlc ac1d,_benzenesul-:
lfonic-acid and p4toluenesulfonic*acid,-a phosphonic
5g_-ac1d salt, a salt of a carboxyllc ac1d hav1ng about 20
| or less carbon atoms (for example about 12 or less
o carbon atoms) such as formlc ac1d acetlc ac1d, propi-
_ on1c acid and others),la hallde (a chlorlde, a bromide'
and ‘the llke),_a complex (or a complex salt) and so on.
10 Accord;ng to the present.lnventlon,-even when the Groupj'
. VIII metal-source.is a'hydrohalogenic'acid-saltioflthe.T--'
Group'VIII.metal such as palladium chloride,'a'riSk of
corr0310n ‘can’ be mlnlmlzed and Stlll more, hlgh cata-
_ -lytlc act1v1ty can be sustalned for a long perlod of
15 time. | ' ‘
As a 11gand constructlng the complex, there.may be{
-lmentloned for example OH (hydroxo), an alkoxy group
-such as methoxy, ethoxy, propoxy and. butoxy groups, an"
'acyl group such as acetyl and proplonyl groups, an
20 'falkoxycarbonyl group such as methoxycarbonyl (acetato)
N land ethoxycarbonyl group, acetylacetonato, cyclopenta— |
_ :dlenyl group, benzylldene group, benzylldeneacetone,
'_.benzylldeneacetylacetone, benzylldeneacetophenone, a
l‘cycloalkadlene such as cyclooctadiene, a halogen atom
_25_‘_such as chlorlne atom and bromlne atom, Co, CN, oxygen
atom, H 0 (aquo),.a phosphlne (for instance, a trlaryl—_

phosphlne such as trlphenylphosphlne), a nltrogene



-

Appllcatlon Lai d- open No. 215852/1992 (JP-A-4- 215852) when_a ga%g“y;&c-'

_systen1conpr|5|ng a.Goup. VIl elenent and an trlaryIB se
‘conponents is incorpo- 20 “rated with a tertiary am ne m c
properti-es of the catalyst is.quite decreased in a~car an’:

ol’'efin. Therefore, in_ the- net hod u5|ng &- er - tlary am ne such as pyridine

as -described in t he Japae nese Patent - Appllcatlon Lai d- open No.- 215852/1992
25 (JP—A—4 215852)_ a phosphlne haV|ng an aromatic sub-

contalnlng compound such as NH3 (ammlne),_NO, NO
-(nltro),_NOB_(nltrato), ethylenedlamlne,_dlethylenef
-.triamine,.pyridinehand_phenanthroline; In:such'complex .
'_or complex'salt, one or more.of ligandslof the same or
1_5I.id1fferent specles may be coordlnated |
: Examples of the complex include a palladlum com~
plex such as acetylacetonepalladlum, tetrakls(trlphe— _;
nylphosphlne)palladlum, blS(trl o-tolylphosphlne)palla--
_dlum acetate, bls(dlphenyl 2 pyrldylphosphlne)palladlumn'
- 10 _acetate, tetrakls(dlphenyl 2—pyridylphosph1ne)palladl-;..
| um,_bls(dl o—tolylpyrldylphosphlne)palladlum acetate, o
bis(diphenylpyridylphosphine)palladium sulfate andt
'others, and correspondlng complexes of the above-men—
tloned Group VIII metals. | _ _
15.f' - As the carrier (support), a conventlonal carrler
whereby disper51ng property of the catalytlc actlve
' component ‘can be 1mproved or enhanced and effectlve
surface area can be 1ncreased may be used Examples of
such carrler include an actlvated carbon, a:metal or
20 nonmetal oxlde (1nc1ud1ng a. compound ox1de) such as
8111ca, alumlna, 31llca alumlna, magne31a, sxllca—_h
,magne51a and_tltan;a, a clay mlneral such as dlatoma—
ceous earth-'kaolin, bentonlte,lpumlce, asbestos, |
'_alundum and corundum, eilicon carbide.and'so on.
25- - - As examples of the actlvated carbon, there may be
mentloned, regardless of its orlgln,.an actlvated

carbon obtainable from whichever of a raw material



'stituent containing an i m no- nitrogen atom(e.g., .= TMSSmaHa

and- conponents for-the catalytic system are remarka

bi sphenyl - 2- pyri dyl phosphi ne) i's required to. be USG%L rlm Eﬁ?ﬁ b ne,", K
y . R
Mor eover, the catalytlc systen1conpr|3|q9 a palladlu co _ :

-catalytlc
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'?1nclud1ng a carbonlzable vegetable (plant) raw materlal

such as wood, charcoal, coconut shell and carbonlzed '

products of these materials; a carbonizable minéral raw

:-material;Such as lignite,'coal, cdal.tar.and petroleum

pltch, a carbonizable polymer raw materlal such- as

tphenol res1n, furan resin, epoxy resin, acryllc re31n

and polyacrylonltrlle, v1nylldene chlorlde re31n ,dThe

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

actlvatlng process or treatment such as chemlcal actl-

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

Preferred examples of the carrier 1nclude an

__actlvated carbon, a metal or nonmetal oxrde such as
'-silica,-alumina.(1ncludlng yfalumlna), s111ca-alum1na" i

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

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

1ar, flbrous structure, pellet structure, honeycomb

”structure or so forth

The speciflc surface area of the carrler may ‘be |

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

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

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

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

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



conmponent. shows |nsuff|C|ent catalytic activity. 5 SUMMARY OF THE INV

Accordi ngly,

of producing a carboxylic acid or-a derivative 't her eof
t hough. usi ng a heterogeneous catalytlc S %tenl a- hlgh c
can. be obtalned and nalntalned for a’ Ioné
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it is an object of the present |nvent|Dn ﬂbm Mmmmdgaﬁ
R@Iw

llﬂf

perlod

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

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

be any volume and 51ze w1th1n a range whereln the

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

_for example in case of the actlvated carbon, usually

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

The pore volume of the carrler 1s for example about

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

more preferably about 0 1 to 2 ml/g. Exceedlngly small“ o

”mean pore size or pore volume of the carrler tends to

decrease the catalytlc act1v1ty.' Conversely,-the

'catalyst llfe has a tendency to be shortened because of

an excess amount of- the mean pore 31ze or pore volume.
Supportlng amount of the Group VIII metal source
may be chosen w1th1n a range 1nsofar as the catalytlc

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

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

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

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

frequently about 0.5 to 5% by welght relatlve to the '

.amount of the carrler. When too much small amount of

.the catalyst 1s supported on the carrler, suff1c1ently

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

lyst -may occas1onally result 1n sacr1f1c1ng the act1v1—'



.Anot'her object of the preseht invention is to provrde a net hod of produci ng "

‘a carboxylic acid or a derivative thereof where, n-nmmgakngmgﬁlﬁclmmd

catal ytic systemcontaining.a palladi um source, ecrea
activity can be suppressed and thus: carbonglatlon bu
high transformation rate and’ select|V|ty and mnth hlgh s

further object of the lnventlon to

| ty and stablllty of the catalyst as well as’ economlcal

7performance.,.

Supportlng of the Group VIII metal source (Al) on

the carrler can be conducted accordlng to a conventlon-

‘5 al supportlng process such as lmpregnatlon, coat;ng,

‘ spraylng, adsorptlon or prec1p1tatlon Pro

cess. By

Iytlct

ox1dlzlng or redu01ng the metal source supported on the :

carrler,_the oxldatlon number of the metal element can

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

10 tion, by supportlng a compound of the Group VIII metal -

_hav1ng an ox1datlon number of +2 such as palladlum

chlorlde on the carrler and subjectlng the supported

compound to a- treatment w1th a redu01ng agent such as

formalln, a s1mple substrate of the Group

15j hav1ng a ox1datlon number of 0 such as palladlum metal

supported on the carrler can be obtalned.

The catalytlc system (A) of the present 1nventlon

'ly be dlfferent from the llgand wh1ch con

20 metalllc compound (complex) of the Group VIIT metal as

VIII. metal

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

stltute the

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

least one?phosphOrus atom, arsenlc atom, nltrogen atom

yor antimonylatom, and can be-coordinated_to the Group

VIII element. These ligand can be used s

25 combination.

ingly or in

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

_by the follow1ng formula (Ia):



20 provide a nmethod of. producing a carboxylic acid or-a-derrvatTVE“Fﬁereof

by carbonyl at.i-on” whereby a car bonyl ation product- such &8s She® BhIKLY

and a carboxylic.acid ester can be produced by carbonyl

DR RpfaodC1 0

acetyl enic
system-wi t h.mai ntaini-ng. high-transformation-ratée and se

10

or:

ol efinic unsat ur at ed-.CQJTH_G,UI'].d ina Stab?\ ,‘”mgﬂ,mmle
ec |Ong

duration. A yet further object of . the present invention |s
R l- K (Ia)
'.ff-' '-Rl-—A——R3.'

o whereln A represents a phosphorus atom, an arsenlc atom
or an antlmony atom, and R1 R2. and R? 1ndependently

_'represent a hydrogen atom, an optlonally substltuted

alkyl group,_an optlonally substituted alkenyl group,

an optlonally substltuted alkynyl group, an optlonally

'substltuted cycloalkyl group,_an optlonally substltuted

aryl group or an optlonally substltuted heterocycllc

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

_substltuted alkylene group, w1th a provmso that R} to

' R3 are not concurrently hydrogen atoms.

In the formula (Ia), the alkyl group. 1nc1udes, for:'

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

15

20

25

hav1ng about 1 to 10 carbon atoms such as methyl,

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

 groups. Preferred alkyl group includes, for ‘instance,

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

"spec1f1cally about 1 to 4 carbon atoms

'f_ As examples of_the_alkenyl group,_there may be

'mentioned_a straight—chain or branched-chain'aikenylr

group having about 2 to 10.carbbn atoms-suchpas Vinyl,_

,allyl 1sopropenyl,-2-methyl—1-propenyl,'1—butenyl,.2—

. butenyl l-pentenyl 1- hexenyl, i-hepteny1,-l-octeny1,

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

 the alkenyl group_lnclude an alkenyl.group haVing-about



.

' e N
.6 to provi de a- met hod of produ0|ng an a, -ethylenic unsaturated carboxyllc o

acid or a derivative thereof such as nethyl methacr Hpy Rclmmd
transfornation rate and sel ect|V|ty and W|th mai nta i, ngl I m,”y for

a |l ong perlod 18 ~
é;to_G:carbon atoms, and ih particular about 2 to 4~
carbon atOms.' The alkynyl group 1ncludes, for cxample,
“an alkynyl group hav1ng about 2.to 10 carbon atoms such
as ethynyl propynyl l-butynyl 2—butynyl 1—pentynyl,
5 1- hexynyl 1- heptynyl l—octynyl l-nonynyl and 1 decy-
nyl groups..' )
Example of the cycloalkyl group 1ncludes a cy—
- cloalkyl group hav1ng about 4 to 10 carbon atoms such
as cyclobutyl, cyclopchtyl, cyclohexyl and cyclooctyl
- 10 .groups,f The ary1.group ihcludcs,'for.instance, phenyl
- group and naphtth{group. T . ) __ .
o The heterocycllc group 1ncludes.a heterocycllc
.group containlng a n1trogen atom as ‘a hetero atom, -
- R _f":. spec;flcally an:aromatlc_heterocycllc group. As such_“'
‘. 15 hetéroCyclic gréﬁbiithere may bejmehtioned,'for'cxam4 B
pia, a pyridyl group such as 2-pYridyl group,~a'pyrazi—
. nyl group such as 2-pyra21nyl group, a quinolyl group
_such as 2—qu1nolyl group, an 1soqu1nolyl group such as
"1—1soqu1nolyl group,_a pyrlmldlnyl group such as 2-
.20 __pyrlmldlnyl group, a pyr1daz1nyl group such as 3—pyr1—
| 'da21ny1 group, c1nnollny1 group, tr1a21nyl group,
jqulnoxallnyl group, ‘qui nazollnyl group and so on.
Preferred cxample of the heterocycl;c group.lncludes
;_pYridyl group,'pyrimidinyl group and;so_forth.u. |
25 B Thésé.alkyl group,.cycloalkyiigroup, aryl group-=
-._and heterocyclic_groupfmay have a various substitutc:'

which does not affects on the catalytic activity ad-



7 After intensive |nvest|gat|on and research to aCCOan+é#¥44H}ﬁﬂﬁﬁﬁ%——————
obj ects, the inventors of the present i nvention foupd. that when a G oup

VI11 netal of Periodic Table of the Elenents such a& paﬂhaéh@ﬂwif iﬁ*

on'a carrier and is used in L 19 |““|I|

verse;y'such as a halogen-atOm,-an,alkyl'group,.a hy—”

'idroXyl group,:anfalkoxy group, a carboxyl.group, an
alkoXycarbonyl group,'an acyi group, agnitro group.or-a
'cyano group.. _ | | - : | -' |

.5 o - The halogen atom 1ncludes fluorlne, chlorlne,

| bromlne and 1od1ne atoms.l As the alkyl group, there
may be mentloned for 1nstance an alkyl group hav1ng
-about 1 to 10 carbon atoms such as. methyl ethyl -
propyl,'lsopropyl, butyl, 1sobutyl t—butyl, pentyl,."

| 10 - hexyl and other groups, preferably an alkyl group |

h t'having about 1 to 6 carbon atoms’ and typlcally about 1
:to 4 carbon atoms.gp o

' Example of the alkoxy group 1ncludes an alkoxy
group hav1ng about 1 to 10 carbon atoms, preferably
15 __about 1 to 6 carbon atoms . such as methoxy, ethoxy, pro—"

poxy, 1sopropoxy, butoxy, 1sobutoxy, t- butoxy, penty-
loxy-and_hexyloxy groups. Typlcally preferred alkoxy ,
_group inciudesfa'louer alkoxy group having about 1_to 4
;carbon atoms.: S - | | |

20 '5;‘ As the alkoxycarbonyl group, there may be men—'
tloned for lnstance an alkoxycarbonyl group hav1ng, rn

__the alkoxy m01ety,-about 1 to 10_carbon atoms such as

| -methoxycarbonyl,Tethoxycarbonyl,_propoxycarbonyl,
isopropoXYCarbOnYl,lbutoxycarbonY1, isobutoxycarbonyl,

25 tfbutoxycarbonYl, pentyloxycarbonyl and hexylokycarbo-

. ny}bgroups.f Preferred example of.the_alkoxycarbonyl

‘'group includes a lower alkoxycarbOnyl group having, in -



a catalytlc systen1|n conbi nation with a |igand such as an organlc
phosphine and .an acid such as an al kyl sul fonic aci; Tﬁsghgmhgm&a
u |cantly

activity can be obtained in spite of being a het er| ge
~system and noreover, decrease of.such caéglytlc

*be suppressed or . restralned

the‘aikoxyfmoiety, about 1 to 6 carbon atoms, and
. typlcally about 1 to 4 -carbon atoms.tpre |
- The acyl group 1ncludes, for example, an acyl ,
_group hav1ng about 1 to 6 carbon atoms such- as formyl,
uhf5 _ acetyl, proplonyl butyryl, 1sobutyryl valeryl 1so—_
| valeryl and plvaloyl groups., N _ |
and R? may together form an alkylene group
hav1ng about 1 to 10 carbon atoms such as methylene,'
_.ethylene, propylene, 1sopropylene, 1sopropylldene and

10 tetramethylene groups,_to form a cycllc.group conta1n-5-

ing A. By way of”illustration, ﬁ?-and R?-may”together"'”'m'””MMh

.. form a phosphacycloalkylene group hav1ng about 3 to 10
hcarbon atoms together w1th a phosphorus atom.
Preferred example of the 1lgand 1ncludes an organ— '
15 ic phosphorus compound, ‘an organlc arsenlc compound and ,
-"'*an organlc antlmony compound, typlcally an ‘organic
phosphlne and an organlc ar81ne, and speclflcally an-
'organlc phosphlne.- The organic phosphlne may be which-
ever of a prlmary phosphlne (for example, methylphos- :
éol phlne, ethylphosphlne, propylphosphlne, lsopropylphos—
| o phlne, 1sobutylphosph1ne, 1soamylphosphine, phenylphos—'
' phlne, cyclohexylphosphlne and so. on), a secondary
phosphine (for 1nstance, dlmethylphosphlne, dlethyl—-
.phosphlne, d11sopropy1phosph1ne, dl-n-butylphosphlne,_"
: 25 dllsoamylphosphlne, dlphenylphosphlne, dlcyclohexyl—
| phosphlne and the llke) or a tertlary phosphlne..-.The

- organ;c arsine may;also be_whlchever,of a prlmary :



8 The present inventionh has been acconplished based on_?he*EBBVE—T“ﬁHTﬁgst
Thus, the carbonyl ati on catalytlc system (A) of the pﬂmsaﬁ&}hpﬁgg

_conprlses a conbination.of (Al) a5 ‘Goup VIII ne zw%hlch
Tabl e of the ‘Ele: nents, (A2) a- Ilgand aaq LAB) an o

netal source of Perlodlc Table of -

- SN

o ar51ne, a secondary ars1ne or a tertlary ars1ne._'
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: Preferred example of such organlc phosphlne and organlc
. ‘arsine 1ncludes a tertlary phosphlne and a tertlary

'ar31ne shown by the formula (Ia).

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

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

-substltuted phenyl group. The heterocycllc group and

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

are also preferred as. an alternatlve for the aryl group

or: as in- comblnatlon w1th the aryl group.

_ As practlcal examples of the-organlc phosphine,
there'may-be mentioned"(i) an optionally substituted'

trlarylphosphlne such as trlphenylphosphlne, tr1(4— D

,methylphenyl)phosphlne, tri(3, S-dlmethylphenyl)phos-

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

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

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

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

'phosphlne, propyldlphenylphosphlne and butyldlphenyl-

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

(lV) a tri- C110 alkyl-phosphlne such as trlmethylphos—

'phlne, trlethylphosphlne, trlbutylphosphlne, trlamyl-

_phosphlne, trlhexylphosphlne and the llke, (v)sa~monof _



‘the El ements (Al) may be cobalt ni ckel, rhodium palladium or platlnun1 or -

a conpound of such netal . 10 The carrier . may bd{fanThcs lmﬂé&%ﬁt an :
oxi de of a metal or nonnetal  oxide-‘ar a clay n1n.t’ o
surface area of the carrier may be about to 3-fQ0 N
“supporting amount of the C?oup VI 11 netal “Source | requent y be '

~about - 0.01 to 20@6by 15 wei ght rel ative to the Carrler The Ilgand (AQ)
may be a phosphorus conpound such as. a tertlary or gani ¢ ‘phos- :

C 6 cycloalkyl dlarylphosphlne such as cyclopentyldl—
i phenylphosphlne ‘and cyclohexyldlphenylphosphlne, (Vl) a
| di- C410 cycloalkyl-monoarylphosphlne such as dlcyclo- |
:'pentylphenylphosphlne and dlcyclohexylphenylphosphlne,  :
5 - (vii) a trl—C 4-10 cycloalkylphosphlne such as trlcyclo- 
e pentylphosphlne and trlcyclohexylphosphlne, (Vili) a-
cphosphlne hav1ng a heterocycllc group such as 2-pyr1- :
dylblsphenylphosphlne, bls(2—pyr1dyl)phenylphosphlne,
| trls(2-pyr1dyl)phosph1ne, 2-pyr1dylb1smethylphosphlne,
10 _bls(2-pyr1dyl)methylphosphlne, 2-pyridylbiseuhyl§ﬁos- i B
phlne, bls(2-pyr1dyl)ethylphosphlne,:2¥§§riaylbisbut§14=;-'“'””m
:.phosphlne, bls(2—pyr1dyl)butylphosphlne, G-methyl#z—
pyrldylblsphenylphosphlne, b1$(6—methyl 2—pyridyly?
' _phenylphosphlne, trls(G-methyl 2—pyr1dyl)phosph1ne, 6—
15 ethyl 2-pyr1dy1b1sphenylphosphlne, bls(6-ethyl 2—pyr1—'
dyl)pheny;phosphlne, trls(G-ethyl—z—pyrldyl)phosph;ne,
6—butyl-2-pyridy1bisﬁhenylphosphine, bis(B-butyl—Z;
pyridyi)éhenylphosphine, tris(G-butyl—ZFPYridyl)phos-
u?phlne, 4 6—d1methy1 2-pyr1dylb1sphenyl—phosphlne, 6~
"éo" methoxy-z—pyrldylblsphenylphosphlne, bls(G—methoxy-Z—-.
| pyrldyl)phenylphosphlne, trls(G—methoxy-Z—
'pyrldyl)phosphlne, 6-chloro—2—pyr1dylblspheny1phos— :
- phlne, bis (6- chloro 2-pyr1dyl)phenylphosphlne, trls(6— _
chloro—z-pyrldyl)phosphlne, 4,6~ dlchloro 2—- |
l-'25':_pyrldylblsphenylphosphlne, 6= bromo—2—pyrldylblsphenyl-
; phosphlne, bls(G bromo 2—pyr1dyl)phenylphosphlne, 2,6-

bls(dlphenylphosphlno)pyrldlne, 2, 6 bls(dl—p-tolylphos-



phine'and ot hers; an arsenic conpound such as a ter- ﬁhﬁ%&wﬁ%ﬁ%&h&_
and the like; or an antinmony conmpound. As the acid;. M’H"

ace:# nﬁ '
proton 20 acid (a Bronsted acid) such as an. arylsulf '
al kyl sul'fonic acid, a carboxylic acid, .a gdrohalogenlc

acid, nitric acid,. a phosphoric acid, -a perhal ogenic acid and so on. The
catalytlc systenl(A) may- be used in a 25. conblnatlon with a catalytlc
systen1(B) The catal ytic :

phlno)pyridlne and so on, (1x)'other-phosphine such'as

'ethane—l 2-d1y1b1sdlphenylphosphlne,_ethane-l 2~-diyl-
| bls[bls(trlfluoromethyl)phosphlne], ethene—l 2 dlylbls- 3
dlphenylphosphlne, ethyne—l 2~ dlylblsdlphenylphosphlne,'
';, : .'r_si 1, 2-pheny1eneb1sdlphenylphosphlne, hexafluorocyclopen— N
' h.. tene-l 2-dlylblsdlphenylphosphlne, tetrafluorocyclobu--
tene-l 2= dlylblsdlphenylphosphlne, octafluorocyclohex—
ene—l 2 d1ylb1sdlphenylphosphlne,-1 4—diphenyl—1 4-
dlphosphacyclohexane, blS(l 2 dlphenyl)phosphlnomethyl-

10 cyclobutane and so forth.

‘As preferred organlc arsine,'therefmay'be ﬁéni“‘“ ER

h'tloned an organlc ar31ne correspondlng to the preferred,i
organlc phosphlne as mentloned above, 1nc1ud1ng an
; ' - . _ optlonally substltuted trlarylar51ne such as trlpheny-
| lS.I larsine; @ mono- C110 alkyl d1ary1ars1ne such as
ethyldlphenylar31ne, a di- C110 alkyl-monoarylars1ne
such as dlethylphenylars1ne and others An antlmony
-compound (typlcally, a tertlary organlc stlblne) corre—:'
_spondlng to the above—exempllfled phosphorus compound
-20 ' may also preferably be employed as the llgand
o | The llgand (A2) may be supported on the carrler-
: together with the Grouo VIII metal source. Supportlng
- of such llgand can be conducted accordlng to a conven-
tlonal technology, for example, the- process as men- |
25 | tloned above. . - | _
~ As the ac1d (A3) constltutlng the catalytlc system

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



fsysten1for carbonylatlon (B) conprises a conblnatlon

nmetal source of Periodic Table of the El ements except

El
| | i gand shown by the followi ng formula (Ib), .and (BS) miamﬁﬂiﬂ

tive conpound haV|ng an el ectron donablléay AVD: rela-
nethanol D of not Iess than 2 _

o 10..

15

20

25"

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

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

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

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

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

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

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

donor) Therefore, when employlng a Lew1s a01d, such

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

- other proton source.i

As the 1norgan1c compound among the proton ac1ds,

chere,may be;exempllfled w1th.sulfur1c_ac1d, a_hydroha—
- logenic acidtsuch'as,hydrochloric acid and'hydrobromic

‘acid; a phoSPhoric,acid-(for example,horthophosphoric'-_

acid or pyroohosphoric acid);'perhaiOgenic acid such as.

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

_vanadomolybdic ac1d.'

Among such proton ac1ds, the organlc compound

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

-ally substltuted alkylsulfonlc ac1d such as methanesul—

fonlc ac1d, ethanesulfonlc ac1d, propanesulfonlc ac1d,
-butylsulfonic ac1d, 2-hydroxypropanesulfon1c acid, -

trlfluoromethanesulfon;c acid and'frichioromethanesul—-3

C?oup VI



[err]. 5 wherein A represents a phosphorus aton1 an. jisdhksmﬁﬂﬁgggh aced
antinony atom and [err], [err] and [err] |ndependen |y

hydrogen-atom an optlonally substituted 10 . al Kyl J

“substituted al kenyl group, an optlonally substttuted alky

optionally substituted cyCIoalkyI group~ of~an optlonally substl- tuted aryI
‘group,” or Lerr]_and [erT] may- together forn1an op-~~ : S :

fonic ac1d, a phosphonic ac1d such’ asfbenzenephosphonic
acid; a carboxylic acid 1ncluding an optionally substi—.
tuted saturated aliphatic carboxylic a01d such as
'chloroacetic acid, dichloroacetic ac1d, trichloroacetic
5 _acid,'trifluoroacetlc ac1d, formic a01d, acetic ac1d,
| propionic'acid,-n-butyric ac1d, isobutyric ac1d, pival—
1c acid, valeric ac1d, capr01c ac1d, caprylic ac1d,
ticapric acid, lauric ac1d myristic aC1d, palmitic ac1d
stearic ‘acid and oxalic acid, an alicyclic acid such as
lO7facyclohexanecarboxylic ac1d, an aromatic carboxylic aCLd'_e
| '_such as-ben201c ac1d, phthalic ac1d, isophthalic-ac1d :
and terephthalic a01d, an unsaturated allphatlc carbox-_-'
ylic acid such as acrylic ac1d methacrylic ac1d,' |
_propiolic ac1d, crotonic ac1d, maleic ac1d, fumaric
"15--'ac1d, c1traconic ac1d, mesaconic acid and olelc ac1d..
.an amino aCld such -as’ aspartic ac1d, glutamic ac1d and'
" so forth ' The ac1d may be an ac1d1c ion exchange resin
such as an ion exchange res1n hav1ng a. sulfonlc ac1d
'group, -a phosphonic ac1d group or a phosphinic ‘acid
ZQ..;group, for example. | | | | |
Example of the Lewis ac1d 1ncludes a halide of an
'element belonging to the Group VIIIB, the Group IVA,
| the Group IVB, th Group VA or the: Group VB of - Periodic
_ Table of the Elements, or a complex compound thereof
25 ”.such:as BF BF *0(C Hs)z' A1C13, TlCl4, Ti[OCH(CH )2]4,_
snC1,, snCl,, NbE‘s, TaF;, PFy, AsF, and SbFg; of an |

alkoxide {for example, a Cl__5 alkoxide), R



_l_____‘________-
tlonally substi tuted alkylene group, with a proviso 15T§@§&mhﬁéﬁ erw

are not concurrently hydrogen atoms. The Goup W II . y
be . the other metal source than.pal l.adi um such as pl atl n M‘M kel
rhodi um and so on. The li gand' (B2). may. Qez% phosphor us ,
formula (Ib) where Ais a 20  .phosphorus atom such-as an organic phosphlne

including a tertiary organlc ‘pPhosphine, for |nstance The Ilgand (BZ)
characterlzed by belng a ‘conpound whi ch does L

- The acld may usually have an anlon capable of
o .coordlnatlng.' As preferred example of-the ac1d, there
t may be mentloned a proton acid (Bronsted ac1d) 1nclud-
;1ng .an arylsulfonlc acld such as p—toluenesulfonlc
.5 .iac1d; an alkylsulfonlc acid hav1ng about 1 to 10 carbon'
yatoms, preferably about 1 to 6 carbon atoms, and more -
preferably an alkylsulfonlc ac1d hav1ng about 1 to 4
. carbon’ atoms such as methanesulfonlc acld, an allphatlc.
.'carboxyllc acld, preferably an allphatlc unsaturated
lO carboxyllc ac1d hav1ng about 2 to 10 carbon atoms,-an
'1norgan1c a01d-(for 1nstance, sulfuric ac1d, a hydrohaf '
logenlc ac1d or a phosphorlc ac1d) _ _
The ac1d may be supported on the carrler with the
.'Group VIII metal source Such acld can be supported
I-L15'- accordlng to a conventlonal method such as a technology
._as mentloned above.”. | |
| The catalytlc system (Al of the present 1nventlon o
may further comprlses an electron donatlve (electron
_repelllng) compound._ As the electron donative com-
':20'7'pound a compound hav1ng an electron donablllty AND of
:..not less than 2 may be used for example _ The electron
B donablllty means a- s1ft value of wave number of 0-D
non-conjunctlve stretchlng v1bratlon of a’ deuterated
(deuterlum-contalnlng) methanol (0.4 mol per llter) in .
-”25'f a liquid compound3when beniene is used as a primaryss'
.. st_a'n'd'ard_', and is defined as "an .'e_l.ectron donability AVD

_ relative_tolmethanol D". Suchyelectron_donative com—



not contain a heterocyclic group having a nrtrogen atomas.a hetero atom

25 : The el ect roon donati ve conpound (B3) may be whi ch- ever of a
conpound havi ng an -el ectron donablllty [err] of not Iess 't
for exanple be an amine. such. 10, _ 27 _ I ,I I "

':pound may probably have coordlnatlng propertles to the
Group VIII element. | | | | |
'y As such electron donatlve compound, there may be
enempllfled_w;th an amlne, anrlmrne,_an_amlde, a sul—
-S_ ﬁfoxidey an'aidehYde, an-ether,ya_ketOne, a lactone, an
ester,za nitrile,ma nitro'compound, an aromatlc hydro—
-carbon, an allphatlc hydrocarbon and so- on. These
_compounds may be used 51ngly or 1n comblnatlon. _
' Wlth respect to the electron donablllty AND there
'10 can be referred to, for 1nstance,_"Solvent Effect on
Organlc Chemlcal Reactlon" wrltten by Senoo and Aral,
_,publlshed by Sangyo Tosho Co., Ltd., Japan on: Apr11 25, i
1976 : For the follow1ng electron donatlve compounds as.
_examples, the Value of the electron donabillty AND is
l5: 1nd1cated in a parenthe51s, for reference |
| The amlne 1ncludes, for 1nstance, an allphatlc
_amlne such as methylamlne, ethylamlne (233), n-propyla—_
g mlne (230), n—butylamlne, dlethylamlne, dl-n-propyla-
.mlne (242), dlbutylamlne and trlethylamlne (238), an
320 _ allcycllc amine such as cyclohexylamlne,.an aromatlc
.pamlne such as anlllne (158), N-methylanlllne (151) and -
N, N-dlmethylanlllne (148), an alkanolamlne such as-
3-d1methanolam1ne,_trlmethanolamlne, ethanolamlne, die-
.thanolamine,_triethanolamine; dipropanolamine, tripro—
' 25 panolamine,.butanolamine, dibutanolamine, tributanola-'
-mlne, dlmethylamlnoethanol and dlethylamlnoethanol, a

heterocycllc am1ne such as morphollne, N—methylpyrroll-



as a heterocyclic tertiary amine, an al kanol ami ne, an e sSa&tﬂﬁtB%g B ld
ot.hers. The catalytic system for carbonylatlon (B) may u mmd
(B4) .an acid (proton acid or Lewi s acid). According to-

present -invention, an .acetylenic or oIefbglc unsaturate conpou

“all owed to react. Wi th ‘carbon nmonoxi de in he presence of the catalytlc
system (A). to produce “a carboxylic acid: a- derlvatlve '

'done,ipyrrole;'imidazole;:1-methYlimidazole; pyridine
(168), a-plcollne (183), B—plcollne, 7-p1collne (160),
:2 3~ lutldlne, 2, 4- lutldlne, 2,5~ lutldine, 2, 6= 1ut1d1ne,_'
3,4- lutldlne, 3-5—lut1d1ne, 2—ethylpyr1d1ne, 3—ethylp-
S .yrldlne, 4- ethylpyrldlne (179), 2 3:4—tr1methylpyr1- .
_sdlne, 2 4 6-tr1methylpyr1d1ne, dlpyrldlne, o—toluldlne -
(145), plperldlne (240), 4—v1nylpyr1d1ne (193), Pyra--'.
zine, pyrlmldlne, qulnollne, 1soqu1nollne and the 11ke;
 The amine also 1ncludes a resin and an ion exchange
~ 10  resin hav;ng a bas1c group such as amlno group, a sub—
stltuted amino group 1nc1ud1ng, for 1nstance, a monoal-ﬁ.
"kylamlno group or a. dlalkylamlno group and quaternary
'ammonlum group (e.g. an amlne re31n such as a pyrldlne
res1n obtalnable from a reactlon of pyrldlne and for--
15 maldehyde) |
| | Typlcal example of the amine 1ncludes a secondary
' amlne and a tertlary amlne, and spec1f1cally a hetero—
' cycllc amlne contalnlng a nltrogen atom as a hetero
_ atom (for example, pyrldlne, 1m1dazole, etc.) or a
'20.. derlvatlve thereof and an alkanolamlne. .The derivatiue
. of such heterocycllc amine 1ncludes; for inStance{.a
-_compound substltuted with an alkyl group hav1ng about 1 i
to 4 carbon_atoms.and-others (e.q. p;collne,_luuldlne,
dipyridine,ai—ﬁeth?limidazole and 'so on). The hetero-
25'-tcycllc amine. such as pyrldlne and 1ts derlvatlve may |
:_frequently have.aromat1c1ty. | |

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



thereof . Further, the reaction may al so be conducted in the > SEAGR
nucl eophilic corrpound havi ng a hydrogen atom whi ch can W;ﬁ
un

el'im nated (for exanple, -a canpound having a hydroxyl gr
an al cohol , a carboxyllc acid and the like) to give an
carboxylic "-acid, sat'urat ed- car box@Pie acid or & derlvatlve thereof
such as-an- ester or- anhydrlde of . the carboxyllc aCld
Nephenylethyleneimine_(l86) and,sb forth:: The amide =
1ncludes, for instance,.formamlde, acetamlde, N, N=
dlmethylformamlde (107), N,N-dlmethylacetamlde (113),
-tetramethylurea and hexamethylphosphamlde. As the
: 5ft sulfoxide, there_maytbe_ment;oned dlmethylsulfpxide-:
("141)'.‘ diiSoprbI.)Ylsulfloxide, -.sulfol'a-ne,"2’f_‘.1¢thyll._$u_lfo'-...
lane and 3-methylsulfolane, for. 1nstance .
The aldehyde 1ncludes, for example, an aliphatic |
aldehyde such as acetaldehyde (79), proplonaldehyde
10 -(85), n- butylaldehyde (83),_acrole1n (122), metacroleln
| .and crotonaldehyde (75), and an aromatlc aldehyde such |
as benzaldehyde (53). |
Example of the ether.lncludes a cha1n ether such
_ as dlethyl ether (78), d1 n—propyl ether (73), dl 1so- |
- 15  propyl ether (75), ethyl n-butyl ether (77), ethyl
'v1nyl ether (31), n- butyl v1nyl ether (33), 1sobutyl
"Vlnyl ether (33), dlallyl ether (66), 1, 2-
_dlmethoxyethane (71), cellosolve (ethylene glyccl |
'_monoethyl ether), carbltol (dlethylene glycol ethyl
u20‘ ether), dlglyme [b1s(2—methoxyethy1) ether], dlethylene
"glycol dlmethyl ether and dlethylene glycol dlethyl _
_ ether, an aromatlc ether such as anlsole (26), phene-
tole (25), 1, 2 dlmethoxybenzene and dlphenyl ether; and
| a cycllc ether such as propylene ox1de (59), styrene
25 _Odee (51), 3 3- b:.schloromethyloxetane €18), furan (4), .
| tetrahydrofuran~(90),_l 3- dloxolan (58),. -methyl -1, 3—
dloxolan (61), ;—methyl 1 3 dloxolan (56),



correspondlng to the acetylenic or olefinic unsaturatedTﬁpgaammdBm
;DESCRIPTICN OF THE | NVENTI ON 20 .. I'n this specificati

"ol efini.c unsatu- rated conpound" means and includes a c mm

et hylenic unsat ur at ed doubl e’ bond regard ss of ‘the nunb ou Ie
“bond. The catalytlc systen1(A) in the pré ent. lnventlon is nom1descr|bed I n
detail . S .

.'-~'“~,f-~':=... oo

a2-phenyl -1, 3 dloxolan (56), 4 chloromethyl -1, 3 dloxolan ;
(43), tetrahydropyran (93) and 1 4= dloxane (77)
' Typlcal use is made of an aromatlc ether hav1ng an'
optlonally substltuted aryl group (for 1nstance, an1—'_
.5 sole) or a chaln ether (e g. dlethylene glycol dlmethyl'
| ether) among these ethers. h SR
As the ketone, . there nay be mentloned for example
an allphatlc ketone such as acetone (64), methyl ethyl o
ketone" (57), dlethyl ketone (56), dlisopropyl ketone,
10'-lmethy1 v1nyl ketone (89) and methyl 1sobutyl ketone, an
| .allcycllc ketone such as cyclohexanone(GG), an aromatlc""
ketone such as acetophenone (56) and so forth Example
- of the lactone 1ncludes B—proplolactone (34), T-butyro-
lactone (66), a—caprolactone 82) and so on.

15 . The ester 1ncludes, for 1nstance, an’ organic'car- |
-boxyllc a01d alkyl ester such as methyl acetate (36),
.ethyl acetate (39), methyl chloroacetate (27), butyl .
acetate, methyl dlchloroacetate (23), methyl proplonate
'(33), ethyl propionate (32) and methyl 1sobutyrate

20 - (32); & vinyl ester such as v1nyl acetate (21),'an |
;unsaturated carboxyllc acid alkyl ester such as methyl

't _'acrylate (30), ethyl acrylate (33), methyl methacrylate

(37), methyl crotonate ‘and ethyl crotonate. Even when
an unsaturated carboxyllc acid alkyl ester (e g. methyl
25,_-methacrylate, methyl crotonate, etc ) is used as the
-"jester, the reactlon may proceed smoothly.

' As example of the nltrlle, there may be mentloned



The catalytlc systen1(A) i.n the present invention conprihsﬁméﬁégség

Vi1l netal

carrier

or

20

_ source of Periodic - - 11- Table:of the Ele
-may briefly referred to as: ‘Group-VIll netal: source) vvhlc H,m

support The Group VI Il rret aI eé errent

up

(0]

y
n i

i
|
i

a -

-'i'acetonltrlle (49), proplonltrlle (52), butyronltrlle,__._v

15"

2

acrylonltrile (37), benzonltrlle (38) and others.

Example of the nltro compound 1ncludes an allphatlc “

(8), an aromatlc nitro compound such as nitrobenzene

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

,a—methylstyrene (4) and p-methylstyrene (2) Example

‘nitro compound such as nltromethane (6) and n1troethane

_ of the allphatlc hydrocarbon 1ncludes ethylene chlorlde

L (2).

Practically,'an electron-donative“compound having-

ran electron donablllty AvD of about 4 to 250, prefera-

: toluene (2),_xylene (4), ethylbenzene (4), styrene (2),l-'

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

be used among-these compounds. A compound hav1ng an

electron donablllty AND of about 30 to 250, preferably

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

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

1ng process of the catalytlc system.

From the standp01nt of operatlng propertles of the

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

and does not adversely affects on the carbonylatlon is

'typlcally employed As_such,compound, there may be

.mentioned, for instance, the amine such as a tertiary

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

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



~includes, for exanple, iron, ruthenium. osmum cobalt, 5TmhmdaemﬁB*ﬂR.lﬂ£m

ni ckel , palladrunrand platinum On or after the year of 1

9
.eIenents are.classi- fied into ‘the Goup 8- element s (Fe Riﬂﬂ
‘9 elenments (Co, Rh, Ir) and the group 10 :ﬁjerrents (Ni,

Tabl e of the Elenents As pre- 10 ferred el enents, there may be nentroned

-cobal t, nickel

upr' o

"t hodi-um pal |'adi um and pl ati num - and specrfrcally preferred
are cobalt and pal I adi um Among them: palla-- -

the-ester, the nltrlle, the nltro compound and the

: aromatlc hydrocarbon (specrflcally, the amlne, the

_fsuch basic compound (espec1ally,_a secondary amine and"

ether, the ester and-the-aromatlc hydrocarbon)

Preferred example of the electron donatlve com-

":pound 1ncludes a basrc compound such as ‘the . amlne, the

.lmlde and the amlde Typlcally, when use 1s made of

a tertlary amlne)—ln comblnatlon w1th the Group VIII

'ymetal source (typlcally, a palladlum source), the

10 -

catalytlc act1v1ty can 51gn1f1cantly be 1mproved or

. enhanced 1n-many cases. Therefore, the catalytlc.'

15

'system (A) may preferably comprlse a ba31c compound

selected from the group consrstlng of the amlne, the

1m1de and the amlde. Further, comblnatlon use of these

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

occa31onally 1ncrease or enhance the transformation

_'rate and the select1v1ty ‘of the reaction.

20

. In. the catalytlc system (A) of the present 1nven-"
'tlon, the llgand and the electron donatlve compound can

Ube used in a- sultable comblnatlon accordlng to species

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

25

nation use'of'the Group_VIII metal source (Al) (for

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

as the ligand may not sacrifice thejstability,or'activ-

ity of the'catalyst, regardlessiof”species of the

forganic phosphine. Therefore,_thé?organic_phosphine-

can be used in a suitable combination with the compound

i



di um can advant.ageously be enpl oyed. The oxidation nu ir of su
-can be selected according to the 15 speci es thereof ﬁﬂnﬁﬂy
+

restricted. The oxidation number nay frequently be 0, 2
i nstance. The Group.VII'I metal source rmmysyhichever of“a s
of ‘the netal,; or:a- conpound contai'ning 20 . the Goup VIII elenent The

*catalytlc systenl(A) of the -present |nventron is characterLzed in that high

hav1ng an electron donablllty AND of not less than 2
"When a trlarylphosphlne is employed as. the organlc
phosphlne, for example, the nltrogen contalnlng com-x
pound or the bas1c compound, 1nclud1ng an. amine come
5 pound such as pyrldlne or 1ts derlvatlve as mentloned
'abcve, is frequently employed for 51gn1f1cant increase:
or improvement of not only the - stablllty but also the
'”-act1v1ty of the catalyst. |
Proportlons of each components of the catalytlc f
-ibf "system may be selected from a range accordlng to spe-
cies of each of the catalytlc components, where the
: catalytlc act1v1ty due to an 1nteractlon or correlatlon
_of the Group VIII metal source suppcrted on. the carrl—
_ er, the llgand and the ac1d is not sacrlflced and the
i5 ﬂ.Stablllty can ‘be malntalned.
Proportlcn of the ligand (A2) such as the crganlc |
'phosphlne 1s, for example,,about 0. 1 to 1, 000 mol,
usually about 5 to 500 mol, preferably about 10 to 200
| mol and more preferably about 15 to 100 mol relative
. 20 .3to 1 mol cf the Group VIII metal source (Al). The
.lllgand may typlcally be used in a proportlon of about
t10 tc 100 mol, and - preterably about 20 to 60 mol per
:mol of the metal source, When such llgand is used in a
:too much small proportlon, the catalytlc act1v1ty tends
-_25'- to be decreased. On the contrary, use of the llgand in .
| an excess amount is apt to result. 1n an economlcal

: dlsadvantage._



catalytic activity can be obtained and maintained for a |QP i even

t hough using such-sinpl e substance of the netal. 25 A
conpound “of the Group. VI 11 el enent ‘i ncl udean .i nor ganijt aci 1|
instance, a ni-

10

15

20

25

- trate, a sulfate a perhagggenate a yﬂfoh

-"p In regard to the ac1d (for 1nstance, a proton ac1d

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

mol of the Group VIII metal source, for example about

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

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

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

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

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

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

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

'-_more preferably about 0.5 to 5 mol

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

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

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

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

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

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

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

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

'solvent, the proportlon of the compound is typlcally )

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




-12- acid such as hydrochlorlc -acid and hydrobron1c aC|dT‘“§ﬁ757iiﬂTT?ﬁ;zr‘

sal t (for exanple, a sulfonate :such as nethanesul fonic ClﬂusShéehHas
aci d; benzenesul - - fonic acid and p-tol uenesul fonic’ ‘aci-d,lia

acid salt, -a salt of a carboxyllc aci d haygnhg about:.20 dk I

(for: exanple about 12 or | ess carbon atons) such as- formc aC| , acetlc
aci-d, prop| .onlc aC|d and - others) a; hallde (a ch1or|de a bron1de

more preferably about 10 to 50 mol per mol of the Group
: VIII metal source.- The electron donatlve compound may
practlcally be used as the reactlon solvent.: _' |
"In a catalytlc system where a Group VIII metal
5.'_source as a’ catalytlc actlve component 1s not supportedr
on a carrler, use of a heterogeneous catalytlc system
contalnlng the catalytlc actlve component in a metal
~ form (state) may sometimes result 1n an 1nsuff1c1ent
catalytlc act1v1ty with decrea31ng the~catalyt1c-act1v4
10 '1ty in a short perlod When us1ng a heterogeneous'
catalytlc system contalnlng a Group VIII metal com—
pound, in some cases, the catalytlc act1v1ty may gradu—;*
'ally be decreased or sacrlflced in the course of the
.use for some perlod or some tlmes.: Typically,'such ,
is catalytlc system contalnlng a palladium source tends to
'result-ln s1gn1f1cant deactlvatlon of.the catalyst, as
mentioned above, although hav1ng comparatlvely hlgh
"n't al act1v1ty | | | 'h__ _ |
To the contrary, the catalytlc system (A) of the
'_zo”f present 1nventlon has, in - splte of belng a heterogene—
'ous catalytlc system, a h1gh catalytlc act1v1ty 1n_' h
carbonylatlon of an unsaturated hydrocarbon. Further,'
according to such catalytlc system, hlgh catalytlc
act1v1ty and long catalyst llfe can be obtalned even
'l25 when the Group VIII metal source 1s 1n a metalllc form _
(a’ 31mple substance). Moreover, even_lf conta;n;ng_a )

palladium source as the Group VIII metal source, the



~and the'like), a conplex (or a conplex salt) and so on'_lQ__,AccoLdLng—Le;—

the present invention, even when.the Goup VIII metal source is a

hydr ohal ogeni ¢ acid salt of the Group VIl metal. suc kmﬁi "
- chloride, a'risk of corrosion can be n-ni3ei zed and sl-ﬁg nﬁim
‘Iytic activity can be sustained for a |ong period -of |15 and
- constructing the’ Conplex there my be nentloned for exanple CH (hydroxo)
an alkoxy group
catalytlc system has merltorlously hlgh stablllty, and
_hlgh-catalytlc act1v1ty can-be malntalned or sustalned
for a long perlod of tlme. Thus, the catalyst can be
'used for a long tlme or repeatedly w1thout actlvatlng
5':'treatment._ Accordlngly, the catalytlc system (A) 1s
useful for carbonylatlon of an acetylenlc or oleflnlc
(or ethylenlc) unsaturated compound
The catalytlc system (B) of the present 1nventlon
.lS now descrlbed 1n detail. |
'10 g t The catalytlc system {B) of the present 1nventlon.'
| comprlses (Bl) a Group VIII metal ‘source of Periodic
-Table'of the Elements other than-palladlum,_ Such Group -
;VIII metal element 1ncludes,_for eXample,.iron, ruthe-”l'
nium, osmium, cobalt,’ rhodlum, 1ridium;'nickel:and - |
15 ) platinum.' Meanwhile, on or after_the year of 1990, the
elements_are_claSSlfied'into, 1aneriooic;Tablefof.thea:
'ﬁlements,_the Group.S elements'(Fe, Ru, Os), the Group
T9'elements (do}.ﬁh,tIr) and ‘the .Group 10 elements (Ni,
ﬂBt);: Preferred example of the element includes_rhodff-
~.20'_“um, cobalt,'nickel and:platinum;'and'platlnum can
fadyantageously be used among others.p The oiidation
number of the element may be- selected accordlng to the
_spec1es of the element and is not restrlcted. "By way :
.of 1llustratlon, platlnum frequently has an oxldatlon
25':Snumber of 0, +2, +4 or- others. |
The Group VIII metal source (Bl) may be in a

- metalllc form or state, or, preferably, a compound of



such as rref hoxy, ethoxy, propoxy and butoxy gr-oUps, an aKhjé|Sh&f%@e§H&

acetyl and. propionyl groups, an 20 al koxycar bonyl - group qmm?
met hoxycar bonyl (.acetato) and et-hoxycarbonyl. group, ety IH,I m
cycl opent a- di enyl. .group, -benzyl i dene gr @p,- benzylld nea

-;benzyl|deneacetylacetone benzylldeneacetophenone a cycloalkadlene such as_{

cyclooctadlene a_.hal-ogen.-atom 25- such as chlorjne atom and bronmine atom"
- CO, CN oxygen aton1 [err]: (aquo), a phosphlne (for |nstance a-triaryl -
' . the Group VIII element.-
| Example of the compound of the Group VIII element
lncludes the 1norgan1c ac1d salt,: the organlc ac1d
salt, the halogenated compound and the complex (or.
_5”' complex salt)-as exempllfled.ln the explanatlon.of the :.
_catalytic compound (A) ' As the'ligand fbr cOnstitutino
such complex, there may be mentloned those as mentloned_
in the explanatlon_of catalytlc system (AL.. One or |
.'morelof'thefsame or different.species'of'these_ligands
10 :may be;coordinated in the:c0mplex or COmplexlsaltr'
:  As- practlcal example of the complex oxr complex'
salt, there may be mentloned a platlnum complex or -
complex salt 1nclud1ng a dlbenzylldeneketoneplat1num
such as dlbenzylldeneacetoneplat1num,_'
lS | dlbenzyl1deneacetylacetoneplatlnum and
| 'ldlbenzyl1deneacetophenoneplat1num, dlcyclooctadlenepla-.
.tlnum, dlchlorobls(trlphenylphosphlne)platlnum, tetra—
"kls(triphenylphosphlne)platlnum, bls(trlphenylphos-
'phine)platlnum acetate, bls(trlphenylphosphlne)platlnum_
_:20":sulfate and hexachloroplatlnlc (IV) ac1d, and a complex
” Hor complex salt of the Group VIII element correspondlng
to these complexes or complex salts. - | |
The catalyst contalnlng the Group VIII element
'_other than palladlum shows, typlcally in a_ homogeneous
_25 lcatalytlc_system, a slgnlflcantly dlfferent behav1or or
| jaction from-a'palladium catalyst By way of illustra—'

-..tlon, a catalytlc system comprlslng a palladlum—i'



phosphi ne such.as triphenyl phosphine), a nitrogen- . < 13 - containing
conmpound such as [err] (ammne), NO NOQ2 (nitro), [er(% Beenkeﬁlaced
na
sa

~ ethyl enedi-ani ne, diethylene- triam ne, - pyridine:and p ﬁmﬁﬂ' " 'FUCh

conplex ar conplex salt one or nore. of. 3agands of th
:catalyst”and'a.triarylphosphine ftriphenylphosphine)

&Idemonstrates a comparatlvely hlgh catalytlc act1v1ty,
but addltlon of a tertlary amlne such as pyrldlne
hremarkably decrease or sacrlflce the catalytlc act1v1ty

'5 _ 1n carbonylatlon of an olefln;{Japanese.Patent_Appllca—'
'tlon Lald-open o. 2l5852/l992 (JP-A-4-215852) ] .
' On the other hand, in the'catalytic system com-
_prlslng an organlc phosphlne, when use is made of the
other Group. VIII metal source than palladlum (for- |

.10 'example, a_platinum catalyst) 1n_11eu.of such palladium

‘catalyst, addition of a tertiary amine significantly =~~~ T T

improve_or'enhance_the'actiyity.andustabllity of the
: catalyst,:and;inisuCh catalytic.system,'the'catalytic |
..5ctivity can hardly be-manifested'without.coexistence.
l5_d of the.tertiary-amlne. These are_features_contrary to
.a'conventional catalytlc system containing'a palladium'
.cat31Yst,_frﬁrthét, Similar results; namely signifif.
:cantly'high actiyity and-stabillty offthe catalyst can
'l_be obtained by the use of an electron donatlve compound.
26 'hav1ng a spe01f1c electron donablllty, typlcally a
."ba81c compound among them, even when such tertiary
-1am1ne is not employed
_ The catalytlc system (B) comprlses a llgand (B2)
 The llgand (B2) shown by the formula (Ib) may frequent—
25: _ly.be dlfferent from the llgand Wthh constltutes the
'compound (complex) of the- Group VIII metal as mentioned

above,’ Usually, ‘the ligand (B2) of the formula (Ib)



- 5 dlfferent speC|es nay be coordi nated. Exanples of‘?hehooﬁﬁTEY*Tﬁttude

pal | adi um com pl ex such as acetylacetonepalladl laced

- nyl phosphi ne) pal | adi um bis(tri-o-tolyl phosphin iﬁb‘llSl a- WW! ﬁ PR

_bls(dlphenyl 2- pyrldylphosphlne)pallad+u3919 o etate s

t et raki s(di phenyl - 2- pyri dyl phosphi ne) pal | adi = uny -

--bi-s(di - o-tol yl pyri dyl phosphi‘'ne) pal | adi um acetate, - E

:bls(dlphenylpyrldylphosphlne)palIadlun1sulfate and others and -

: correspondlng compreses at 1hesabone phnsphorus atom, arsenlc atom or
antlmony atom,_and can be coordlnated to the Group VIII.
element. These ligands may be used 51ngly or 1n combl-_
natlon. _ . | '_' ; _ _ _ - _ _

.'5.1 E The llgand (B2) as shown by the formula (Ib) does
 ‘not conta;n a_nltrogen—contarnlng heterocycl;c group, -
and thus?is-not-a'speoial'or'unusuaiﬂcompound3..There-.
fore, the llgand (BZ) of the catalytlc system (B) ‘can
ea31ly be prepared or be avallable.= |
':16 - In the formula (Ib),-as examples‘and preferred
gexamples of the alkyl group, the alkenyl group, the _
alkynyl group, the cycloalkyl group and the aryl group,'
and substltuents whlch they may have, there may ‘be men-
'-tloned those as exempllfled 1n the explanatlon of the
'is ' llgand (A2) of ‘the catalytlc system (A) _
| "In the formula (Ib), A may preferably be a phos-._"
' phorus_atom or an-arsenlc_atom, typlcally.a_phosphorusl
_atom.. | - | o | |
: Preferred example of the 11gand (B2) 1nc1udes an
2d;f organlc phosphorus compound an organlc arsenic com—
ﬁpound and an organlc antlmony compound, typlcally an
sorganlc phosphlne and an organic ar31ne, and spec1f1-~ r
cally an organlc phosphlne. -The organlc phosphlne may_
be whlchever of a prlmary phosphlne (for example,
.25 -methylphosphlne, ethylphosphlne, propylphosphlne,'
| "_1sopropylphosph1ne,-1sobutylphosph1ne, 1soamylphos--

phlne, phenylphosphlne, cyclohexylphosphlne and so on), ,



tioned G oup VIl metals. 15 As the carrier. (support) a
conventional .carrier V\/nereby di spersing property of th t'ﬂixs)ﬂhb&H&(Bebﬂ/mTlaced

conponent can be |nproved or enhanced and. ef f ective su f Bce

increased may be used. Exanpl es.of such <agi-er includél an a 'MH! ﬂm I!
carbon; ‘a nmetal or 20 nonmetal oxide (including a: ‘cor nd " OXI

silica, alumna, silica-alumna, nagne5|a silica- nagne5|a and tltanla a
clay m.neral such -as di at oma- . -

a secondary phosphlne (for lnstance, dlmethylphosphlne,

'-_dlethylphosphlne, dllsopropylphosphlne, di- n-butylphos-
yphlne, dllsoamylphosphlne, dlphenylphosphlne, dlcyclo—'
'ﬁhexylphosphlne and the llke) or a tertiary phosphlne.

-5 The organlc ar51ne may also be whlchever of a prlmary
.:ar81ne, a secondary arSLne or a tertlary ars1ne.
Preferred example of such organlc phosphlne and organlc_.
'ar31ne 1nclude a tertlary phosphlne and a tertlary
arsine. | .. ' “_
-10. S In such organlc phosphlne, R? to R? are respec—”' h

:_tlvely the alkyl group, the alkenyl group, the alkynyl ;
group, the cycloalkyl group or the aryl group, each of
whlch-may have a substltuent. Typlcally preferred

organlc phosphlne 1s a compound of the formula (Ib)
l5' ‘where at least one ‘of Rl to R3 is an. aryl group such as
| .phenyl group or a substltuted phenyl group ' In addl-
' tlon to such aryl group, ‘the alkylene group whlch is~
'_ formed by R?'and R? is also preferable. :
As preferred examples of the organlc phosphlne';
20 (tertlary organlc phosphlne), there may be mentloned '
'(1) the optionally substltuted trrarylphosphines, (11)
the mono C110 alkyl dl-arylphosphlnes, (111) the dl-r
zcllo alkyl-monoarylphosphlnes, (lv) the trl Clld alkyl—
.phosphlnes, (v) the mono- 0410 cycloalkyl dlarylphos-
f25_ _phlnes,.(v1) the di-C,_,, cycloalkyl-monoarylphosphlnes,
.(v11) the trl C41°'cycloalkylphosph1nes and (1x) other

_f'phosphlnes as’ exempllfled in the explanatlon of the



ceous earth, kaolin, bentonite, punice asbest os, alun_UﬁTEﬁETTRﬂTHﬂnnn"-*
"silicon carblde and .so on. 25 ' As- exanpl es of e ThigShest dlacBles REpROY

there -may be nentioned, regardless of its. orlgln ﬂfCtl
obtalnable fronlmhlchever of a raM/naterlgg _5; -14

7.catalyt1c system (A) '

As the llgand, an arsenlc compound (spec1f1cally a
tertlary organic arslne) and an antlmony compound
:(typlcally a tertlary organlc stlblne) can also advan—'

5. tageously be employed |

| ' The catalytlc system (B) comprlses, as the elec-,f
tron donatlve compound (B3), a compound hav1ng an elece
_tron donabillty AVD of not less than 2 The definition
of the electron donablllty AvD may also be referred to

.16 the explanatlon of the catalytlc system (A) as above‘f |

o Examples and preferred examples of the electron __"
'donatlve compound 1nclude those exempllfled in the |
catalytlc system (A) | |

Preferred example of the electron donatlve com-h

l5'_ pound 1ncludes ‘a bas;c compound such as the amine,.the
1m1de and the amlde. Typlcally,.when use is made of
~..such ba31c compound (espec1ally, a secondary amine’ and
'a tertlary amlne) 1n comblnatlon w1th (Bl) the Group
',TVIII metal source_except for palladlum, the catalytlc
20 'deiiéity can slgnifiCantly'he improyedlor enhanced in
many.cases.; Therefore, the . catalytlc system {B) . may
_ preferably comprlse -a basic compound selected from the
Jgroup con31st1ng of the amlne, the lmlde and the amlde.-
Eurther, comblnatlon ‘use of-these ba31c compounds with
25 ;the ether and/or the ester may occa51onally 1ncrease orl
~'enhance the transformatlon rate and the select1v1ty of

the reactlon.



i'ncl uding a carboni zabl e vegetable (plant) raw materi al -steh—as—wood;
charcoal, coconut- shell and carboni zed products of. theg Se,gétﬁgssBee,aRe laced
car boni zabl e m.neral raw material such as lignite, coal, ¢

petroleun15 pItCh a carboni zabl e ponneﬁZraM/naterlal suci“ i

- resi.n, furan resin, ~epoxy- resin, ‘acrylic resin and pol yacr

_V|nyI|dene chlorlde resin. "The actlvated carbon may be a product obtalnable
by any actlvatlng process ‘or treatment such as chenical ‘acti- : .

. T n the catalytlc system (B) of the present 1nven— '

itlon, a sultable comblnatlon of the llgand (B2) and the -
"electron donatlve compound (B3) may be used accordlng .
"to the spec1es of the metal source (Bl) For example,'_
.5 'teven when a comblnatlon of (B1) the Group VIII metal
source other .than palladlum and the organlc phosphlne
. as the llgand (BZ) is- employed,_the stablllty and
c[act1v1ty of the - catalyst are not sacrlflced or de-
creased regardless of the spec1es of such organlc
"lO : phosphlne.' Accordlngly, the organlc phosphlne can be
used in a sultable comb;natlon'w1thgthe compound_(B3)
haying an.electronhdonahilityhnyb-ofhnot-less;than'z;
.By-way.of-illustration,_in the catalytic'system com-
prislhgathe triarylphosphine as the organic phosphine,
',l5-_ the comblnatlon use of an nltrogen—contalnlng compound |
| or a bas1c compound (for 1nstance, the amlne compound
_'such'as pyridine or 1ts derlvatlve)-can markedly im-
"iprove or lncrease not only the stablllty but also the
sactiv1ty of the catalyst B y |
= 201'-'5ii The catalytlc system (B) of the present 1nvent10n
emay further contaln (B4) an ac1d As such ac1d and '
hpreferred examples thereof the 31mllar ac1ds and .
preferred examples to the - catalytlc system (A) can be
' mentloned.. o o
_25I _ h The catalytlc system (B) of the present lnventlon
| may be whlchever of a homogeneous catalyst or a hetero-

.geneous catalyst._ In the use for a 11qu1d phase reac-



10 'vati on, st eam (aqueous vapor) activation and-th ¢|TM§m1P eferre -
exanpl.es of ‘the carrier include an activated carbonjf. hﬁ| -
. oxi de such as silica, alumha (lncludlng [err]-alu na)TﬂHﬂ a and -
titania, and in particular, an activated £harbon. 1 e) of - -
the .carrier -nay be selected ac- cording to the reaction type such as o
suspensi on type. and flxed bed type, and is-for instance pomdery granu-

-Iar flbrous structure, pellet structure, honeyconb
. tlon, the catalytlc system ‘may generally be a homogenef

'ous system.- If necessary, the catalytlc system (B) may
_comprlse or form a SOlld catalyst whereln ‘the catalytlc
fcomponent is supported on -a carrler such as an act1vat¥ :
5 ‘ed. carbon, alumlna, 3111ca and others The proportlons'
Tyof each components can be . selected accordlng to the
: spec1es of each of the catalytlc components, w1th1n a
f.range 1nsofar as the act1v1ty and stablllty of the _
catalyst are not adversely affected -
'lO ' _. The ratlo of the llgand (B2) such as the organlc .
| phosphlne 1s, for 1nstance, about 0. 1 to 1 000 mol,.
preferably about 0 5 to 500-mol, more preferably about
1 to 100 mol and frequently about 1 to 50 mol relativey
_to 1 mol of the Group VIII metal source (B1). The
V_lS;u'proportlon of-the acid (for example_a-proton acid as a'
| proton: source) is,. relative to.l mollof the’GroupIVIII
‘metal source (Bl), about 0 1 to 1, 000 mol, preferably
about 1 to 500 mol more preferably about 5 to 250 mol,
and for stlll better results, about 1° to 100 mol
'2Q - - The amount of the ‘ligand (B2) such as the organlc
| : phosphlne relatlve to 1 mol of the ac1d (B4) such as
.'Ethe proton acid may not be restrlcted,‘and 1s,_for
'_example,'about Q:Ol_to'SO_mol, preferably'about=0.dz to
: 10 mol,.and more”preferably”about-0205 to 5 mol.
25'_ Frequently, the llgand may be ‘used. in a proportlon of
sabout 0. 03 to 3 mol per mol of the ac1d

The proportlon of the electron donatlve compound



ey

structure or so forth. 20 - - The specific surface ar#@fShoét HadBeef R al:e%
may be selected froma range as far as the catalytic acti E

adversely affected,. and is, for exanple, about 0.1 to 3,

about 10 to 3,000 [err]/g,_ preferably aboig -10 to. 2,500 nR/g, aﬁm’m
preferably 25 -about. 50 to 2,000 nR/g (for instance about 50 to 1,500

[err]/g). The carrier haV|ng a. speC|f|c surface area of - about 100 to 2 000
nQ/g nay frequently be :used. Wen =
: (B3) 1s, for example, about 1 to 100 000 mol prefera- o
'_bly about 5 to 50, 000 mol and more preferably about 10
to 10 000 mol, relatlve to 1 mol of the Group VIII
.metal source. Such electron donatlve compound may
5.; frequently be used in a proportlon of about 10 to
10, 000 mol (for example about 50 to 7 000 mol), and
Vpartlcularly about 100 to 5 000 mol per mol of the
_Group VIII metal source. The electron donatlve com-'
pound (B3) may be used as a reactlon solvent,'and in-
10 _'such a case, an excess amount of the electron donatlve ._"'
B compound relatlve to 1 mol of the Group VIII metal
' .source may be sufflcient._ When the electron donatlve.
;compound is not used as the solvent, the - proportlon of .
h the compound 1s typlcally about 2 to 200 mol, preferaf
l5y~:bly about 5 to 100 mol and more preferably about 10 to
50 mol per mol of the Group VIII metal source. The_;-
electron donatlve compound is practlcally used as the
‘reaction solvent. | _
. The catalytlc system (B)- of the present 1nvent1on
20 'can show or perform hlgh act1v1ty and stablllty 1n the
| .:carbonylatlon of an unsaturated hydrocarbon, and thus_
1s useful in carbonylatlon of an acetylenlc or- oleflnlc
' unsaturated compound. _ | _ |
Accordlng to the method of the present 1nventlon,
25" an acetylenlc or oleflnlc unsaturated compound is
allowed to-react wlth carbon monox1de in the presence'

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



15 - the specific surface area of the carrier is. too“ﬁatt-—hrgh———_____

catalytlc activity can hardly be obtained. The po
si ze (dianeter) can be- any vol une and size within
act|V|ty and stablllty of the catalyst are5net sa

10

15

20

: 25

| tlon reactlon product

,e;&ohmggmgngwgga ore

;:’a“gﬁlMﬂTlllﬂ 01

The acetylenlc or oleflnlc unsaturated compound
may preferably be an asymmetrlc acetylenlc or oleflnlc 1

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

'pound, an a—oleflnlc compound or an allene compound
. The acetylenlc compound (acetylene serles compound) has

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

partlcularly about 2 to 10 carbon atoms.. The oleflnlc

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

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

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

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

unsaturated hydrocarbon may have both of a double bond

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

molecule.

The unsaturated compound may have a’ various sub—

.stltuent. Example of such substltuent 1nc1udes a

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

benzy1 and - phenethyl groups a cyano group, an acyl

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

acetyl, proplonyl butyryl 1sobutyryl, valeryl _1so-"

valeryl and plvaloyl groups, an acyloxy group hav1ng,



fi.ced. As such,

of the actlvated carbon, usually about.-5 to 200 A,

to 150 A The pore volune of the carrier is for exa
7 m/g; preferably about 0.05 to 3 ni/gy a&d—nore'pr
m/g. "Exceedingly smal| “‘nean pore size or pore vol ur

the mean pore size of the™carrier m

to decrease the catalytlc activity:- Cbnversely the catalyst life has

tendency to be

shortened ‘because of

Cine the alkyl m01ety,_about 1 to 6 carbon atoms such as.

md_pr ﬁua‘d 10

)| &N § 5 to - .

_fe “‘ to- 2
tends~_1l

a :

acetoxy group; a hydroxyl group, an alkoxy group hav1ngaj'

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

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

such as trifluoromethyl and trlchloromethyl groups, a

g.haloalkoxy group such as trlfluoromethoxy and trlchlo—

: romethoxy groups, a carboxyl group; an alkoxycarbonyl

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

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

10

nsuch as . a monoalkylamlno group and a dlalkylamlno

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

“such as acetamlde group and’ the llke.

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

-

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

15

20

_thyne.-'

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

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

nonyne, phenylacetyne, benzylethyne and cyclohexyle-

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

-pylene, phenylethylene, 1- butene, 2—butene, l-pentene,

l3—methy1pentenevl, 47methylpentene—1, 1- hexene, 1-

' heptene, leoctene, 2foctene, 4 octene,_allene,:cyclo—' '

25

-hexene and norbornadiene

As carbon monox1de, whlchever of pure carbon

monoxlde or a carbon monox1de dlluted w1th an 1nert gas

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

' others may be employed



15 an excess anount of the nean pore size. or pore volune Sup ortlng
anmount . of .the Goup VIII netal source may be chosen . mnﬂh £
as the catalytic activity and the stability of the ltal ﬁmmﬂ
i nst ance,” about 0.01:to0 40% by wei ght ,- usunLly abou
“wei ght preferably ‘about- 0.1 to 15% by wei ght, rnorelpreferably about O.
10% by wei ght . and: frequently about 0.5 to 5% by wei ght relatlve to the
-anDunt of the: carfler Wien too mich small “anount of L
f' The unsaturated compound may be carbonylated
1nd1v1dually, or in the presence of another reactant-
-such as a nucleophlllc compound hav1ng a hydrogen or a_':'
'-hydrogen atom which can be left. ln the reactlon (actlve
5.“-hydrogen) Example of the. nucleophlllc compound hav1ng
a hydrogen atom capable of relea51ng 1ncludes a com—
'pound hav1ng a hydroxyl group such as an alcohol water
.fand a carboxyllc ac1d _The.alcohol may alsoplnclude a
31lanol;, . B |
10 ".The_aicohol'ma§ be whichever ofﬁan'aliphatic,*.
~alieyclic, aromatic aldohol or a phenol, and of a
monohydric' or polyhydric' alcohol. Such alcohol may'
”_have one or more of substltuents other than a hydroxyl
.:group among the substltuents as exempllfled in the
ni5 _explanatlon of the unsaturated compound.
| As the monohydrlc alcohol there may ‘be mentloned,'
.for 1nstance, an allphatlc alcohol such as methanol,
ethanol l-propanol 2—propanol 1~butanol 2-butanol, .
'jll—methylpropan-l—ol 2—methylpropan—1-ol 2-methy1pro-z
éb 'pan—2—ol 1 hexanol l—octanol 2—ethylhexanol stearyl_'
Walcohol, allyl alcohol _crotyl alcohol and propargyl
” alcohol- an allcycllc alcohol such as cyclopentanol,
1;cyclohexanol 4-methylcyclohexanol cyclohexenelfol,
cycloheptanol cyclooctanol and borneol;-and antaromat-
: 25'1 ;c alcohol_such as benzyltalcohoi;.saliCYl_alcohoi, _
_benihydroi and.PhenethYl_aicohol.'.The phenOl includes,

‘for example;'phenol,_an alkylphenol,'resorcinoi,;cate—_



the catalyst

I s. supported on the carrier,

suffi.ci ent Ly f@‘sshdqt N
activity may hardly be obtained. On the contrary, to® mﬁﬂv
the supported cata- | yst may occasional Iy result in sacri

- 16 - ty and stablllty of the catalyst-aasmell as econonlcal

10

15

20

chol and 2 2—bls(4—hydroxyphenyl)propane.

Example of the polyhydrlc alcohol 1ncludes ethyl-

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

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

droxymethyl-l—butanol), pentaerythr1tol,,l,2—

b e

I Vi -

cyclohexanediol,*1,4-cycl°hexanediol,-a carbohydrate"(a':'

: monosaccharide,'an oigosaccharide, a polysaccharide)

‘such. as glucose, fructose, mannose, galactose, saccha-

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

erythrose, threose and cellulose."

: Preferred example of the alcohol 1ncludes a mo-

nohydrlchalcohol hav1ng_about 1 to 20,_part1cularly

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

atoms. An allphatlc saturated alcohol may typlcally

 used as the. alcohol

As example of the-carboxylic acid, an allphatlc

,_carboxyllc acid such as formic acid, acetic ac1d

e -proplonlc ac1d,-n—butyr1c_acrd, 1sohutyr1c ac1d,_piyal—

25

'iC'acid, valerlc ‘acid, caproic, acid, caprylic acid,

'capric a01d, laurlc acid, myrlstlc acid, palmltlc ac1d

and stearlc ac1d, an allcycllc carboxyllc acld such as

'cyclohexanecarboxyllc acld, an aromatlc carboxyllc ac1d

such as benzoxc aC1d, phthallc ac1d, 1sophtha11c acid

and terephthalic ac1d and an unsaturated_carboxyllc;

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



performance. Supporting of the Goup VIII netal source (ﬁ*%Lﬁﬁ“Tﬁé—Ea?FTEF—V h

can be’ conduct ed according to - a convention- 5 al support@mgg@&@ﬁeﬁsn d
as i _er_regnat i-on, coating, spraying, adsorption or- precipi taﬁ \ \ﬁﬁ‘ﬁ By

OX|d|2|ng_or_redUC|ng ‘the netal source supported on the car
oxi dati on number ~ofthe netal: el ement - can be converted to a |red val ue.

By way of iJlustra~ 10 t|on ~by supportlng a conp0und of the C?oup V1II
nmet al . : _
: ac1d such as acryllc ac1d, methacryllc a01d, proplollc_’

ac1d, crotonlc ac1d malelc ac1d, fumarlc aC1d, crtra-'-
_conlc ac1d, mesaconlc ac1d and olelc ac1d. 'An"aliphatft
ic carboxyllc ac1d, preferably that hav1ng about 2 to
.5 . 20, and more preferably about_2 to l?-carbon atoms, and'
in particular_an aliphatic_carboxylic acid haying ahout'.
2 to lb:carbon'atoms mayfbe"used as the-carboxylic-'
| ac1d typlcally speaklng |

An alcohol or water may frequently be used as the

- :10 nucleophlllc compound hav1ng a hydrogen atom whlch can

be left in’ the reactlon.
In the carbonylatlon reactlon, a compound corre—:
'sponding to the oleflnlc unsaturated compound and the |
ﬁacetylenlc unsaturated compound can be produced accord—
'lS ~ing to spec1es of the reactant.' By’ way of 1llustra—
tion, when water lS employed as ‘the reactant, a corre-
:spondlng carboxyllc ac1d and anlunsaturated carboxylic._
ac1d.such as an a,B—unsaturated carhoXylic'acid_aré
produced hy.carbonylation‘of the olefinic unsaturated
' u20 fcompound and the acetylenlc unsaturated compound._ The
l'use of an alcohol results in productlon of an ester-
correspondlng to the carboxyllc a01d and the unsaturat-'
~Zed.carboxy11C-ac1d.l Eurther, 1n.the-case of using a
'carboéylic'acld,'antacid anhydride'correspondinglto the
25 Carb02ylic1acid and'the_unsaturated-carboxyllc'acid isp
produced;~' h | | .

For example, when use is made of ethylene as the



and.subj ecting. the supported ‘conpound ‘to a treatnent Mﬁt
such. as formalin, asinple substrate of the G oup V11I
oxi dati on nunber of .0 :such aspall adi unrnd@at suppoﬂ%ed on

haV|ng an oxidation nunber of +2 such as paIIadlun1cthﬂmﬂMa£H% ﬁﬁﬁ |er
‘ !ﬂ can.
be obtained. The catalytic. systen1(A) of the present -invention contains a .

I'i gand (A2). This Ilgand (AQ) nmay frequent- Iy be . dlfferent fronlthe Ilgand d B

which constitute the
. : oleflnlc unsaturated compound, and methanol or water as

the reactant (nucleophlllc compound),'methyl proplonate.
 or proplonlc ac1d can. be produced by reactlng with - -
fcarbon monox;de._ By allowrng allene as the oleflnlc_
_5_ -unsaturatedhcompound and_methanol.or ‘water as the:_-.
| _reactant.(nucleophiiic compound)ttoyreact-with'carbon R
monoxide, methy1'methacrylate or methacrylic acid may'
be-obtained.. Methyl methacrylate or’ methacryllc acid
may also be produced by u31ng propyne as the acetylenlc.
10 ycompound and methancl or water as the reactant (nucleof_
‘thlllc compound) to react w1th carbon monoxide. | |
' Thus, accordlng to the method of the present
.nventlon, spec1es of the reactant may be selected
'dependlng on the objectlve compound, and is frequently o
is .,water, an alcohol or an organlc carboxyllc acid.
| Proportlons of ‘each components 1n the carbonyla—.
tion may be selected w1th1n a w1de range._ By way of
exempllflcatlon, the amount of the . catalytlc system is,
in terms of atomlc metal of the Group VIII metal
'2Q : source, about 1 x 10'6 to 2 x 10° ? mol, preferably
| .about 1x 10"5 to 1 x 1071 mol and frequently about 1 x
04 to 1x 102 mol, relatlve to 1 mol of the acety-f
_lenlc or.olef;nlc unsaturated compound.a The_propor-
“tion of theecatalytic system"(A) cr-(s) maynalso se-
| 25;.-lected from w1th1n ‘the range about 0 01 to 15% by
welght, preferably about 0.1 to 10% by welght, and

;frequently;about 0.5 to 8% by welghtrrelatlye_to ‘the



20 netallic conpound (conplex) of the Goup VIII metjal | h Hﬁm@ bove
Usual ly, the ligand (AQ) conpri ses- at - | east one phos hor

atom nitrogen atom or antinony atom and can be coor'di /{/Mf

VITl element. These |ligand can be used slggly or in 25 ‘conbina

Exanpl es of the Ilgand (A2) |nclude a Ilgand shomn by the fo1|omnng fornula_ o

(Ia)
h acetylenlc or’ oleflnrc unsaturated compound. .
When the catalytlc system (A) is employed, the
proportlon of carbon monoxrde 1s, for example per mol
of the acetylenlc or oleflnlc unsaturated compound,-
;S ufabout 0. 1 to 100 mol, preferably about 1 to 80 mol, and
‘_more preferably about 1. 5 to- 50 mol (for 1nstance,
about 1 S to 5 mol) The reactant (nucleophlllc com-
pound) may be used, for 1nstance, 1n an amount of about.
0. 1 to 100 mol preferably about 0 1 to 80 mol and
'15 more preferably about 1 to 50 mol (for example, about
| .1 5 to 5-mol), relatlve-to 1 mol of the_acetylenlc or
_oleflnlc unsaturated compound When water is employed
as the reactant, the amount thereof may be about 0.5 to
“10 mol per-mol of the unsaturated compound
_iSl -; '. As to the catalytlc system (B), the ratlo of
~ carbon monoxrde 1s, for example, about 0 1 to 100 mol
..(e.g; about 1 to 20 mol),.preferably about 0.8 to 10 -
u”mol'(fortinstance, about 1.2 to 1ono1), and:more
' preferably about 1.0 to 5 mol (e g. about 1 5 to 5
20.'-mol), per mol of the acetylenlc or oleflnic unsaturated
) ';compound Such carbon monoxrde may frequently be used
i'ln an excess amount (for example about 1 to 20 mol)
relatlve to 1 mol of the acetylenlc or oleflnlc unsatu-
.jrated compound. The ratio of the. reactant (the nucleo—_
25 phlllc compound) 1s, for 1nstance per mol of the acety—
-lenlc or oleflnlc unsaturated compound, about 0 1 to

100 mol (e g about 1.0 to. 20 mol), preferably about



17. [err] wherein A represents a phosphorus atom an arseﬂhsﬁagg@ 1
antinony atom and [err], [err] and [err]. independently 5 a%d
hydrogen atom an- optlonally substituted al kyl group, an

substituted alkenyl group, an optronally §stt|tuted alkyn

,optronally
?;0 8 to 10 mol (for example,.about 1.2 to 10 mol) and .
_zmore preferably about 1 0 to 5 mol (for 1nstance, about
1. 5 to 5 mol) When water is employed as the reactant,_
the amount of such reactant may be about 0. 5 to 10 mol
-5: relatlve to 1 mol of the unsaturated compound
Meanwhlle, the reactant may also be used as a.
reactlon solvent. | s
i The reactlon (carbonylatlon) may be carrled out in
an 1nert organlc solvent ~ As example of such organlc
h10.. solvent, there may be mentloned an allphatlc hydrocar- ;
| B bon such as hexane and octane, an aromatlc hydrocarbon'l
-such as benzene,-a halogenated hydrocarbon such as
chloroform, dlchloromethane, carbon tetrachlorlde and
rchlorobenzene, and a mlxture of-these solvents | Where
is '.the electron donatlve compound or the reactant 1s used
- as a solvent, the above—mentloned organlc solvent 1s
not necessarlly employed. | -
| The carbonylatlon reactlon may typlcally be con— ;
;Lducted at -a temperature of for 1nstance, about 10 to
zb.-nZSO C (e g.:about 10 to 200 C) and preferably about 25
- to 200 C,.and under a pressure of about 1 (atmospherlc)
| to 150 atm and preferably about 1 to 100 atm.. The |
) reactlon may be carried out in accordance w1th a con—
ventlonal method such as a batch method seml—batch '
'.és' _method or contlnuous method, and in a llquld phase or
-in a gas (gaseous) phase i olnce the catalytlc systems

(A) and (B) have hlgh stablllty, the reactlon is prac-



eet Has Been Replaced -
optionally substituted heterocyclic 10 group, or [err] apd [ ﬂn‘mﬁﬂlﬂmn
toget her f'orm an opti.onally substltuted al kyl ene- group; L_th
Rl to R3 are not concurrently hydrogen at@s:.-1n the formula (la), the
~al kyl group includes, for:exanpl e,. a straight-chain or branched- chai n-al kyl
group 15 - having about 1. to 10 carbon atons such as nethyl, ethyl - propyl ,
|sopropyl butyl i sobutyl, sec- butyl, - ' R

: . tically conducted in a 11qu1d phase. . In particular,“

substituted cycloal kyl group, an optional Iy substituted ar iﬁ

;.the catalytic system-(B)_may practically'besused as a
homogeneous syStem'in a liquid:phaSe Meanwhile, the
"above mentioned catalytic systems () and (B) may be _
5 used s1ngly or in a suitable combination._ y
After completion of ‘the: reaction, the reactlon :
_ product(s) can eas11y be separated and purified accord—'
ing to a conventional technology such as a separating
"means 1ncluding filtratlon, concentration, distilla-

10 tion, extraction, crystallization, recrystallization ln
and column chromatography, or a combination of these
technologies. _

'Since comprising the'Group.VIII-metal source sup- .
. ported on the carrier as the catalytic component, the
iS;f catalytlc system () of the present 1nvention has high |

| .:_catalytic act1v1ty”and excellent stability even_thought '
.being-a heterogeneous catalytic system, and thus can
maintain high catalytic activ1ty 1n ‘a carbonylation
reaction; Therefore, when use 1s made of the catalytic

j20' system (A) for carbonylation of an acetylenlc or ole-

| finic unsaturated compound, a carbonylation product
such as a carboxylic acxd or an ester of a carboxylic

.acid can stably_be pioduced in_a.stable-liquid_phase."

" wikh highftransformation rate and selectivity-for'a
_ 25” long period' -Such carbonylation_can:he'conducted:with- '
B 'out activatlon of the catalyst Further,'an a,ﬁ?.

ethylenic unsaturated carboxylic ac1d or a derivative.



al kyl group .i ncl udes, for i nst ance, a | ower aIkyI group havi

car bon atons,
t he ‘al kenyl:
br anched- chaln alkenyl group havi ng about 2 to 10 carbon atons such as
vinyl, allyly
1 hexenyl 1= hegtenyl 1- octenyl

't-butyJ,upentyI, hexyl, heptyl, octyl, nonyl and. decyl graﬂpsssﬂee eferred i]

lfpentehyL

S10
15

- 25

group, there may be nentlonedsa ‘straight-chain

20 - specifically about I to 4 .carbon at ons

il

i

lsopropenyl_ 2-met hyl - 1- propenyl 1 butenyl 2 25 butenyl,

thereof can be produced w1th hlgh transformatlon rate L
' ~and seleotlvlty as well as h;gh.stablllty._ |
According.to the'catalytic system (B) of the

present'invention which'compriSes'theYGroup'VIII metal

5 '_source except for palladlum and the spec1f1c electron

donatlve compound as the catalytlc components, the
_stabllity of the catalytlc system can be 1mproved or o
fenhanced w1thout the use of a spec1al phosphlne, and
hlgh catalytlc act1v1ty can be obtalned 1n a. carbonyla-
tlon reactlon.. Therefore, w1th utlllzlng the catalytlc
'fsystem (B) for carbonylatlon of an acetylenlc or ole—dm
flnlc unsaturated compound, a carbonylated product such
" as a carboxyllc ac1d or a carboxyllc acid ester ‘can be
obtalned 1n a stablllzed liquid phase with high trans-
formatlon rate and select1v1ty. Moreover,_an'a,ﬁ?
‘ethylenlc unsaturated carboxyllc acid.or a'derivative
.thereof can. be produced with hlgh transformatlon rate
-:and selectiv1ty
The follow1ng examples are merely 1ntended to
flllustrate the present 1nventlon in further detall and
should not be construed as deflnlng the scope of the

_1nvent10n.

. EXAMPLES
In the follow1ng examples, the term "part" means
lﬁ"part by welght""
._\ . . ‘_



-lﬁnonehyf and 1-decenyl groups. Preferred.exanples-of't éﬁ kenyl . grou

include an al kenyl group having about ~-18 - 2 to 6-car ITW celd

__3

particul ar about 2 -to ‘4 carbon atoms. The aIkynyI group i
“exanpl e,r an alkynyl group haV|ng about 2 55 10 carbon ato

To.lOO parts of acetone and 0 03 part of concen-
"-trated hydrochlorlc acid (an aqueous solutlon contaln—
1ng about 35% or more of hydrogen chlorlde) was added
1.77 part of palladlum chlorlde for dlssolv1ng fA;
5 "granular actlvated carbon [trade name. Shlrasagl C,
' manufactured by Takeda Chemlcal Industrles Co. ' Ltd.,
spec1f1c surface area of 1, 200 mz/g, pore volume of
0. 53 ml/g. mean pore s1ze of 17 A] (100 parts) was "~
'dlpped 1n the resultant solutlon to adsorb palladlum
10-' chlorlde on ‘the actlvated carbon | | . | .
A nltrogen-substltuted stalnless steel autoclave
'f(lnner volume of 30 ml) was charged w1th palladlum
'chlorlde-supportlng actlvated carbon-prepared above in
an amount of 5 X 10 -6 mol in terms of palladlum chlo— |
.15 rlde, and w1th 2 x 1074 mol of trlphenylphosphlne, 2 x
| 107 mol of methanesulfonlc ac1d, 4 ml of methanol and
0 lg of methylacetylene, in turn._ The autoclave ‘was
1ntroduced w1th carbon monox1de up to a pressure of 60
.'Kg/cm ’ and was sealed.-_ The react;on_wasgconductedt
20 under heatlng and stlrrlng'at éd-c'EAriz'honrsﬁ
| -~ The reactlon product was analyzed by gas chroma—'
:tography. As a result, the mean transformatlon rate of
methylacetylene was 142 mol/hr ‘per gram atom of palla- o
"dlum, and the methylacetylene-based select1v1ty for the
25 product methyl methacrylate was 80%

The reaction solution_obtained in'Example'l'was'



.as ethynyl, propynyl, 1-butynyl , 2-butynyl, 1-pentynyl' 5Ths%k§§&¥ﬁ&£

. . Replaced
1-heptynyl, 1-octynyl, 1-nonynyl and 1-decy- -nyl groups.: i .]
cycl oal kyl group includes. a cy- .cloal kyl group havi ng about ﬂm "I: n
at ons. such as cyclobutyl:; cyclopentyl, cygbohexyl and cycI J

~groups. The aryl. group- |ncludes -for -instance, phenyl group and napht hyl
group The heterocyc|,c group |ncludes a heterocycllc SR .

_ concentrated under reduced pressure to remove the.
:produced methyl methacrylate and unreacted methanol and
methylacetylene ' To the res1dual concentrate, were.

| added methanol and methylacetylene 1n the same propor-

5 'gtlons as. Example 1.' Carbon monoxlde was 1ntroduced “
into the autoclave and the reactlon was conducted in
the same manner as Example 1. |

| A series of procedures of such concentratlon of .
the reactlon mlxture, charglng of the raw materlals,'
h10' and. the reactlon was. repeated five (5) tlmes.- The

.results are set forth 1n Table 1 In the-following
Tables,  the term'"Transformatlon rate" means the mean T
ltransformatlon rate (mol per hour) of methylacetylene'
per gram atom of palladlum : The term'"Select1v1ty".

h 15 shows the methylacetylene-based select1v1ty (%) for the'
“ product methyl methacrylate. “ As apparent from Table
1, although the catalyst was used repeatedly, the :
transformatlon rate of methylacetylene ‘and the selec-

-tiv1ty for methyl methacrylate were scarcely changed or -

20 '81fted. _:'



group containing a nltrogen atom as a hetero aton1 speC|ﬁmqg M n ar ormat
het erocyclic group “As 'such 15 heterocyclic group, the *mRekaﬂ
mentioned, for exam ple, a pyridyl group such as-2- pyrld

_pyrazi- nyl group such as' 2-pyrazinyl gfogmp,-a quinolyl

2-qui nol yl - 'group, - an. |squ|nonI group- such-as 1- |squ|nonI gr oup, a
-pyrim di nyl- group::such" as 2- 20 pyrimdinyt group, a pyridazinyl group
such as 3- pyrl--da2|nyl group, C|mq%51y11group, tr|a2|nyl_group, S

. Repeatlng ' Transformation' ; Select1v1ty
tlmes rate (mol/hx) - - . (%)
| 1 141 81

5 o2 . 13y 82

. 3. w0 el
a - o138 - 82
5 139 . - 80

":Cgmpératﬁxe_ﬂgamp]e 1
10 - The procedure'of'Example 1 was repeated exoept

‘that palladium chlorlde whlch was’ not supported on a'
carrler was used 1nstead of palladlum chloride support—f
ed on the actlvated carbon. Resultantly, the fed _
'hs.methylacetylene was transformed to methyl methacrylate '
15 at an average transformatlon rate of 145 mol/hr per.
gram atom of palladlum, and the methylacetylene—based
selectlvlty for methyl_methacrylate was 81%. By ana-
'lyzing.the'reaotion mixture'after completlonnof the
-.reactlon, 1t was found that a part of palladlum chlo;
20-.'r1de was reduced to cause a prec1p1tate of metalllc '
'_ palladium.-]f _
| tiv 2
| The'series of prooedures described'ih~Example'2
were repeated flve tlmes in the same’ manner as Example
25 h 2, except for u51ng the reactlon mlxture obtalned 1n
Comparatlve Example 1 1nstead of the reactlon mlxture

fobtalned in Example 1 The results are shown in Table



qui noxal i nyl

group, quinazolinyl group and so on. Preferred exanple of t he

heterocycllc group includes pyridyl group, pyrinmdinyl groufhaSheethns

25 These - al kyl" group, cycloalkyl group, -aryl group and
'group may ‘have a varlous substltute mhlchggpes not' affect

act|V|ty ad-

20

f_.zs

15

2; As clearly shown 1n Table 2, when the catalyst was

utillzed repeatedly, the transformatlon rate of the

methylacetylene was 51gn1flcantly decreased.u

.'Table.z

Repeating "_Transformation"? Select1v1ty -
‘times - 1'rateu(mol/hr)'_--_ : '(%)
1 112 T 1
2 98 .. 80,
3 83 78
4 61 18
5 - 53 76

.To a diluted aqueous:solution'of hYdrochloric acid

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

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

fpalladlum chlorlde w1th stlrrlng. To the dlpped T‘

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

formalln and 100 parts of a 1N aqueous solutlon of

.sodlum hydroxlde to reduce palladlum chlorlde. .The.

resultant mlxture was flltrated,.and-the residue was

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

um~-supported catalyst.

The reaction was conducted in the same manner as

el

laced '



_—
-19- versely such as a halogen atom an alkyl group, a hy- groxyl group, an
al koxy - group,. a carboxyl group, an al koxycarbonyl -group, ahb wd-
nitro group or a cyano group. 5 -~ -The hal ogen aton1|ncl

chl ori ne, brom ne and iodine atons. .As th% al kyl- group, the

[

néntioned for ‘instance. an aIkyI group ‘hav g about 1 to 10 carbon atons
such as nethyll ethyl : : ,

'uExample 1 except that, 1nstead of the palladlum chlo-”
_ rlde supported on the actlvated carbon, the metalllc
tpalladlum supported on y-alumlna was used in an amount
.of 5 x 10 é mol in terms of metalllc palladlum, and _
'5' that 2 x 10'4 mol of. 2 6- bls(dlphenylphosphlno)pyrldlne' .

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

10 ._select1v1ty of 87%. '_ | “

' ‘Thus, the serles of the. procedures, that 1s; the
'concentratlon of the reactlon mlxture, charglng of the
raw. materlals and the reactlon, was . repeated 10 tlmes
“in the same manner as Example 2 ' Resultantly, even-'

‘15 after the procedure was - repeated 10 tlmes, methylacety—_-
lene was transformed to methyl methacrylate at a mean
transformatlon rate of 239 mol/hr pexr gram atom of
tpalladlum, and the catalytlc act1v1ty was scarcely

S ldecreased._ ; . L | |

| o The reactlon was conducted in the 31m11ar manner
as Example 3 except for u31ng palladlum black whlch was :
not supported on a carrler in lieu of the metallic
palladium supported on y—alumlna. As a result, the

25" mean transformatlon rate for methylacetylene was 112
'mol/hr per gram atom of palladlum and the methylacety-

lene-based select1v1ty for methyl methacrylate was 83%



groups, preferably an alkyl group haV|ng about 1to 6 carbo

typically about 1 to 4 carbon atons.. Exanple of the alkoxy

an al koxy group having about 1 to 10 car boggat ons, preferam

to 6 carbon atons such as nethoxy, ethoxy,_pro- ‘poxy, |sopropoxy, but oxy,
|sobutoxy t- butoxy penty ony and hexyloxy groups Typlcally_preferred.
_alkoxy : : ' : .

propyl, isopropyl,. butyI,.isdbutyI t-butyl, pentyl, 10 hqxg ﬁis t her o
' ' Rﬁced

Then,.the serles of the procedures as in Example
l,2( namely, concentratlon of the reactlon mlxture, ‘the
_charglng of the~raw_mater1als and theureactron, was
repeated lO'times. After tenetime'repetition of the
5 procedures, the mean transformatlon rate of methylacet-
ylene was remarkably decreased to 18 mol/hr per gram |
atom of palladlum,.and the selectlvity for methyl
methacrylate was decreased to 43%. f L
Example 4
-16 o h '.The procedure-of.Ekample 1 wasffollowed eicept |
phosphlne. Methylacetylene was transformed to methyl
jmethacrylate at a mean transformatlon rate of 23 mol/hr
_per gram atom of palladlum, and the methylacetylene-
is based select1v1ty for the product methyl methacrylate
' .was 53% .
: After repeatlng the serles of procedures of con-'
-_centratlon of the reactlon mlxture, charglng of the raw
'- 'material and the reaction- five times in the same manner.
2g :as Example 2, the mean transformatlon rate of methyla-
_cetylene and the methylacetylene—based select1v1ty for
'-methyl methacrylate changed scarcely.
A stalnless steel autoclave (1nner volume of 300
25"'ml) was charged w1th 0. 25 mmol of dlbenzylldeneacetone-'
platlnum (0), 1 mmol of trlphenylphosphlne, 10 mmol of

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



group includes a lower al koxy group having about 1 to 4 carbon_atons d
As the al koxycarbonyl group, there may be men- tioned fofhig ) 2Ce
al koxycarbonyl group having,. in the al koxy noiety; -aboyt ﬂ \
at oms " such as met hoxycarbonyl, ethoxycarbgpyl, . propoxy€ar
|sopropoxycarbonyl butoxycarbonyl |sobutoxycarbonyl 25

t - but oxycar bonyl , pentyloxycarbonyl and hexyloxycarbo- nyl. groups.
Preferred exanple of “t'he-al koxycar bonyl o S
L C 20 g (624 mmol) of methanol ' Propyne (300 mmol) and

carbon monox1de (600 mmol) were 1ntroduced 1nto the
autoclave after expelllng alr therefrom. The auto-"
clave was sealed and heated, and thus the reactlon was;"
5_g”conducted under a pressure of 60 atm and at a tempera--
- ture of 100°c for 1 hour. - |
' By analy21ng the reactlon product(s) using gas
'.chromatography, propyne was transformed to methyl
"'methacrylate at a transformatlon rate of 35 6% and w1th--
..10' a select1v1ty for methyl methacrylate of 96 9%. As for
| .',the reactlon mlxture after completlon of the reactlon,-ﬁ
no_prec1p1tate was-observed_and the;mlnture was homogee'
neousi_f.l _ | . _ B |
ali5: | The reactlon was carrled out 1n the same manner ‘as
Example 5 except for uS1ng methanol as the reactant in |
lleu of pyrldlne as the solvent.“ As a result,-methyl ”
'methacrylate 1n a trace amount was detected. .
20.:_.'[5 A stalnless steel autoclave (300 ml in inner
| fvolume) was - charged w1th 0 05 mmol of- palladlum (II),-T
chlorlde, 2 mmol of trlphenylphosphlne, 2 mmol of
_methanesulfonlc ac1d 0 2 g (2 mmol) of pyrldlne and
i3 96 g (124 mmol) of methanol | After expelllng air
25 - from the autoclave, 300 mmol of propyne and 600 mmol of
| carbon monox1de were 1ntroduced thereto The autoclave'

'-was sealed and heated, and reactlon was conducted at 60



.group includes a Iomer alkoxycarbonyl group having, " Ln,r_—*zer-the*ark’iy
noi ety, about t to 6 carbon atons, and typically about 1 hﬁ Gadhlrep aoad ons.

The acyl group includes, for exanple an acyl group- hé&
carbon atons such as fornyl ' e 62 - “

jfatm and 63 C for 1 hour
| . The reactlon products were analyzed by gas chroma-'
. tooraphy. Resultantly, the transformatlon rate of pro-
'.pyne was so llttle as 3 7% and methyl methacrylate was.
-5 produced w1th a select1v1ty of 52 7% When examinlng |
;-the resultant reactlon mixture, prec1p1tates of metal--_
lic palladlum due to metalatlon of palladium were |
observed. R “ ) ” |
o tive Example 6
.'_lOl' - The reactlon procedure'of Comparatlve Example 5
was repeated except that 0. 2 g of methanol (total
amount of 4. 16 g) ‘was used 1nstead of 0.2 g of pyrldlne.
_:to give methyl methacrylate w1th a select1v1ty of about.
'_80%. The transformatlon rate of propyne was about 30% |
: l5 In the reactlon mlxture after completlon of the reac—
tlon, prec1p1tates of metalllc palladlum due to metala—
ltlon were produced. | . |
With 2 5 mmol of dlbenzylldeneacetoneplatlnum (0), '.
20.:l10 mmol of trlphenylphosphlne, 10 mmol of- methanesul—.
_fonlc acid, 48 g (609 mmol) of pyrldlne ‘and 20 g (624
mmol) of methanol was charged a stalnless steel auto-'
clave (300 ml in innex volume) i Alr was expelled from -
the autoclave and 300 mmol of propyne and 600 mmol of
25'- carbon monox1de were 1ntroduced to the autoclave.
. After seallng(_the autoclave was.heated,and the reac-'

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



5-acetyl, propianyl, butyryl, ispbutyryl val eryl, -i so- vaIeryI and

pi val oyl ~groups. [err] and [err] may together forntan arkgbeﬁ
about 1 to 10 carbon atonms such as nethyl ene, ethylene pr
I sopr opyl ene, |sopropylldene and 10 .tetrapgt hyl ene grodbs ic.

gr oup cont ai n- ing A’ By way of illustration, [err] and [err] may together
forma phosphacycloalkylene group havi ng about 3 to 10 carbon at ons
_together Wtha phosphor us ‘at om

mlnutes, and the resultlng products were analyzed by

gas chromatography.
' As a result, methyl methacrylate was produced w1th
a select1v1ty of 99 0% and the transformation rate of
-5 hfpropyne was 98. 7%. Further, 1n the resultant reactlon
mlxture, no prec1p1tate was observed and the mlxture
. was homogeneous.__- |
.Exam‘p.le_l
A 300 ml-stalnless steel autoclave (as inner
10 .volume) was charged with 0. 25 mmol of dlbenzylldeneace-
'_7toneplat1num (0), 10 mmol of trlphenylphosphlne, 1Q;
' -mmol of methanesulfonlc ac1d, 30 g of a—plcollne and 20
g (624 mmol) of methanol After expelllng a1r from the
'autoclave, were 1ntroduced 300 mmol of propyne and 600 |
'lS : mmol of carbon monox1de thereto, and the autoclave was
sealed and heated to conduct the reactlon at 60 atm and -
‘at a temperature of 100°C for 1 hour.
The resultant products were analyzed by gas
chromatography.. Resultantly, propyne was transformed
20 . to methyl methacrylate with a transformatlon rate of
.14 0% and the select1v1ty for methyl methacrylate was
95 3% | Further, no prec1p1tate was observed in the
_reactlon mlxture, thus tue_mlxture was homogeneous.
E&amp_lﬂ
25’1- ~ 'The reaction procedure'of'Erample 5 Qas repeated'
._except for u31ng 30 g of 2,6~ lutldlne 1nstead of 48 g -

r_of pyrldlne,'and using trlphenylphosphlne 1n an amount



Preferred exanpl e of the ligand:-includes an organ- 15 iC phosphorus
compound, an organic arsenic conpound and an organic-a WQQMEQQHpQuﬁﬂq,

typically. an argani c phosphine and an organic arsine,
organi ¢ phosphine. The organrc phosphi ne-ngy be whi ch- eve

phosphi ne (for exanple ‘met hylphos-. 20 phine, ethyl pheSphi
propylphosphrne i'sopr opyl phos- phrne |sobutylphosph|ne |soanylphosph|ne
phenylphos- phine, 'cyclohexylphosphrne and so on), a secondary

- 0of :10 mmol to give methyl methacrylate with a. selectlv-

‘Tlty of 91 9% and w1th a. transformatlon rate of propyne
of 7. 7% As a result of 1nvest1gating the reactlon' |
mlxture, the mlxture was observed to be homogeneous

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

_of pyrldine, and employlng trlphenylphosphlne in a pro—

portlon of 10 mmol methyl methacrylate was- obtalned in -
1Q h_the same manner as Example 5 with a select1v1ty of
..89 5% The transformatlon rate of propyne was 11 5%

'In the reactlon mlxture, no prec1p1tate was produced

.and the mlxture was homogeneous.
is. The procedure of Example 5-was repeated except | )

'that 30 g of anlsole was used 1nstead of 48 g of pyrl—'.
dlne,_and the amount of trlphenylphosphlne was changed

- to 10 mmol to glve methyl methacrylate w1th a selectlv—

.ity.of 82 0%.f The fed. propyne was transformed to

'_20f”fmethyl methacrylate at a transformatlon rate of 1. 0%
:The reactlon mlxture was homogeneous accompanylng w1th
no prec1p1tate.. ‘ . |
B Methyl methacrylate was obtalned w1th a select1v1-
'25_ .ty of 71 4% in -the same manner as Example 5 except for.
.employlng 30 g of xylene in 11eu of 48 g of pyrldlne

and u31ng trlphenylphosphlne in a proportlon of 10



phosphlne'(for i nstance, dinethyl phosphi ne, dlethyl phosphlne
di i sopropyl phosphi ne, di-n-butyl phosphi ne, 25. di‘i-soan
-di phenyl phosphi ne, di cycl ohexyl'- phosphi ne and the:fi

phosphine. . The organic arsine may al so gg whi cheverl

;mmol h The.transformatlon rate of propyne was 8. 6% dBy'y |
analy21ng the reactlon mlxture, no prec1p1tate was-'-: |

'_observed and the mlxture was homogeneous. g

5 .. “With the use of 5 mmol of transbls(l 2- . _
.diphenyl)phosphlnomethylcyclobutane instead of 1 mmol
of trlphenylphosphlne, the reactlon was conducted 1n-
the 31mllar manner as Example 5, and propyne was trans-
formed at a rate of 21.9% to methyl methacrylate. "The
10 select1v1ty for the product methyl methacrylate was

90. 5% The reactlon mlxture was homogeneous w1thout

: any prec1p1tate. | _' . |

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

l5 ume) was charged w1th 0.25 mmol of dlbenzylldeneaceto-
| '_neplatlnum (0),_1 mmol of 2-pyrldylphenylphosphlne, 10 -
mmol of methanesulfonlc acid and 68 g (2 122 mmol) of
: methanol After expelllng alr from the autoclave, were
'_glntroduced 300 mmol of propyne and.- 600 mmol of carbon .
- 20__'monox1de to the autoclave. The autoclave was sealed
~and heated to carry out the reactlon at 100° C for 1
© hour. By analy31s of the resultant products w1th the .
-_:use of gas chromatography, ‘the- transformation rate of
-propyne was 8% and methyl methacrylate was produced
- 25 with a select1v1ty of 21%. o |
. Example 13

~ The reaction procedure of Examble_s_was repeated




.arsine a secondary arsine or a tertiary arsine. Preférrfm;;%;“7N~7ﬁf?§ﬁﬁT“f.
organi ¢ phosphi ne and organic arsine |ncludes a tertigry;p S Replaced . -
tertiary arsine shown by the formul a (la).: P eferaﬁm ﬂmﬁ
phosphlne may be an organi c phosphlne of- t@@ formila (4@# . :
one of [err] to [err] is an:aryl group such as phenyl group or a
substituted phenyl .group. The ‘het erocyclic: group and ‘the al kyl ene group
f or med by a conbi-nation of [err] and [err]
: _ .,except for employlng a reactlon temperature of 120 C to-
g;ve_methyl methacrvlate with a selectlvltynof 98.6%
‘and with a transformation rate of propvne being”48%
The reactlon mlxture was observed to be homogeneous
'“5_-'w1th no prec1p1tate.. | | |
} .
A stalnless steel autoclave (300 ml in 1nner-
. volume) was charged with 0.63. mmol of dlbenzylideneace—
| toneplatlnum, 1 mmol of trlphenylphosphlne, 10 mmol of
'10 fsulfurlc ac1d,-1 6 g (20 2 mmol) of pyrldlne, 38. 4 g
| .(384 mmol) of methyl crotonate and 20 g (624 mmol) of
"'_methanol Propyne (300 mmol) and-carbon monox1de (600'
'mmol) were 1ntroduced 1nto the autoclave after expel-
llng alr therefrom. The autoclave was - sealed and
lS heated, and the reactlon was carrled out at 60 atm and |
'.150 Cc for 10 mlnutes.-” | |
By analy21ng the reactlon products w1th the use of
lgas chromatography, the fed propyne was transformed to'
-ﬂmethyl methacrylate at _a transformatlon rate of 38 0%,
'20- and the select1v1ty for methyl methacrylate was 94 2%
r.In the reactlon mlxture,_no preC1p1tate was observed
and . the mlxture was homogeneous. | |
-Example_li
. By u31ng 0. 63 mmol of dlbenzyl1deneacetoneplat1-
25 snum,_l mmol of trlphenylphosphlne, 20 mmol of sulfuric
ac1d 9 5 g (120 mmol) of pyrldlne, 30. 5 g (305 mmol)
'_ of methyl crotonate ‘and 20 g (624 mmol) ‘of methanol,



10 are also preferred as-an alternative for the aryl grol p I 8
conbi nation with the aryl.group. As practical exanples of n R
phosphi ne, there may be-nentioned (i) an optionally substlt l
triaryl phosphi'ne such as trlphenylphosphkn®7 tri(4- 15

met hyl phenyl ) phosphi ne, -t ri(3, 5- dlnethylphenyl)phos- phi ne,
tri(2,4,6-trinmethylphenyl)phosphine, tri(4- nmethoxyphenyl)phosphi ne,

tri(3,5- dlnethoxy%henyl)phos- phi ne, tri(4- chlorophenyl)phosphlne and
tri(3,5- djtho-

_ple 14 : Resultantly, propyne was transformed to methyl
o methacrylate at a transformatlon rate of 41 4% and the
"select1v1ty for methyl methacrylate was 99. 7% The.
15__Vreactlon mlxture after completlon of the reaction was
homogeneous and no-preclprtate_was_observed. |
) The reactlon procedure of Examnle 14 was repeated
=except for u31ng O 65 mmol of dlbenzylldeneacetonepla— |
”iO tlnum (0 02% by welght 1n terms of platlnum), 1 mmol of |
7-tr1phenylphosph1ne, 3.6 g (0.1 mol) of hydrochlorlc -
'-a01d, 40 g (506 mmol) of pyrldlne and 20 g (624 mmol)
'of methanol to glve methyl methacrylate with a selec-
tiv;ty of 97.8%. The transformatlon rate of propyne .
TS'.ﬂwas.46;7%; In inVestigatinghthe-féactionImfxture, the
' :;mixturefwas_homogeneous without any precipitate;
Example 17
By us1ng 0.63 mmol (0 02% by welght in terms of
platlnum) of dlbenzylldeneacetoneplatlnum, 1 mmol of
j20'-'trlphenylphosphlne, 10 mmol of methanesulfonlc ac1d,_
' l 6 g- (20 2 mmol) of pyrldlne, 38 4 g (384 mmol) .0of.
methyl crotonate and 20 g (624 mmol) of methanol the-
”reactlon was carrled out in the same manner as in
.3Example 14, Propyne was transformed to methyl metha—
3'25 _.crylate at a transformatlon rate of 53 4% and the |
. select1v1ty for methyl methacrylate ‘was 96.6%. The

reactlon mlxture after completlon of the reactlon was - -

e reactlon was conducted in the same ‘manner as Exam—- .. -



met hyl di phenyl phosphi ne, -et hyl di phenyl - phosphi ne, ne
and butyl di phenyl - phosphlne (iii) a di-[err]-alkyl such
as di met-hyl phenyl phosphi ne, ' di et hyl phenyl #8sphi ne, dlpr phine
-and di butyl phenyl phosphi ne; 25 (iv) a tri-[err] -al kyT-phosphi ne such as
tri met.hyl phos- phine, triethyl phosphi.ne, trlbutylphosphlne triamyl- -

'phosphlne trlhexylphosphlne and the like; (v) a mono-
homogeneous w1th no prec1p1tate

Methyl methacrylate was produced withnafseleotivi— :

rop_heny! )phosphi.ne_; _(il_i.)_ a mono-[err] = alkyl-diaryl phosrhsﬁ)ﬁﬁasg s{uclh s

.ty of-89;6%fin the Same'manner as Example 14;:except_
.5: that 0.63 mmol:of-diben2ylideneacetoneplatinum, 1 mmol '
d of trlphenylphosphlne, 14 mmol of phosphorlc acid, 1. 6 '
g (20 mmol) of pyridine, 38.4 g (384 mmol) of methyl
.scrotonate;and 20~g (624 mmol) of methanol'uere emf
ployed."The tranSformation rate of propyne was'37.§%.'
10 By 1nvest1gat1ng the -reaction mlxture, no prec1p1tate
o hwas observed, and the mlxture was homogeneous.
_ .,_
The reactlon procedure of Example 14 was repeated
- except for employlng 0. 63 mmol . of dlbenzylldeneacetone-
-'15 platlnum, 1 mmol of trlphenylphosphlne, 10 mmol of
- sulfurlc aC1d; 4, 7 g (59 mmol) of pyrldlne, 35 3 g (327_
mmol) of anlsole and 20 g (624 mmol) of methanol to
:glve methyl methacrylate w1th a select1v1ty of 97 9%._
The transformatlon rate of propyne was 36. 9% In the
_ 20 reactlon mlxture, no prec1p1tate was observed and the
| l'mlxture was homogeneous
N
| Wlth the use of 0 63 mmol of dlbenzylldeneacetone—'
-splatlnum,.l mmol of trlphenylphosphlne, 10 mmol of.
25 :'sulfurlc a01d 40.0 g (400 mmol) of methyl crotonate
| .and 20_g_(624 mmol) of methanol,_the reactlon was

'oonduoted in_thehsame_manner.as-Example 14. Propyne. -



-22- [err] cycloal kyl - dlarylphosphlne such. as cyclopen

phenyl phosphi.ne and cycl ohexyl di phenyl phosphi ne;- (V|1 ﬂ asB%ch
cycl oal kyl - nonoar yl phosphi ne such- as di cycl o- pentyl p

dlcyclohexylphenylphosphlne 5 (V||) a|}ﬂéd cycloalkyl
.trlcyclo- _ _ L _

was.transformed at a transformatlon rate of 25 6% and
'”methyl methacrylate ‘was procured w1th a select1v1ty of
89 5%. By lnvestlgatlng the reactlon mlxture after '
'completlon of the reactlon, the reactlon mlxture was
'35 '_observed to be homogeneous_wlthout“any prec1pitate.
Methylfmethacrylate was obtained.with a eeiectini;
ty of 94 1% 1n the same. manner as Example 14,“except
athat 0. 63 mmol of dlbenzylldeneacetoneplatlnum, 1 mmol

10 of trlphenylphosphlne, 10 mmol of sulfurlc ac1d,f4'7'g o

(59 mmol) ‘of pyrldlne, 35 3 g (218 mmol) of dlethylene_fm"'"""'

._glycol dimethyl ether and 20 g (624 mmol) of methanol
were used.- The transtrmatlon rate of propyne was
.51.5%.- In the reactlon mlxture, ‘no prec1p1tate was
';;5}_ obeerved_andgthe reactlon mixture was_homogeneous,
.Example;ZZ
' The reactlon procedure of Example 14 was repeated
except for employing 0. 63 mmol of- dlbenzylldeneacetone-
| platlnum, 1 mmol of trlphenylphosphlne, 10 nmmol of
20 'methanesulfonlc a01d, 1. S g (20 mmol) of B—picoline,
| 38. 1 g (381 mmol) of methyl crotonate and 20 g (624
mmol) of methanol. As a result, propyne was trans-
[formed to methyl methacrylate at a transformatlon rate
fof 41. 2%, and the select1v1ty for methyl methacrylate
325 . was 93. 5%. By examining the reactlon mlxture, no . |
prec1p1tate was produced and the mlxture was homogene—

ous.



pentyl phosphi ne and tricycl ohexyl phosphi ne; (viiig:a;pﬁespnlne naV|ng a

het erocyclic group such as 2-pyri- dylbi sphenyl phospghi®he; This Sheet Has Been Re laced
bi s( 2- pyrldyl)phenylphosphlne tris(2- pyrldyl)phos_hine
2-pyri dyl bi smet hyl phosphine,* 10 - bi s(2- pyryglyl) met iyt

|l III

2- pyri dyl bi set hyl phos- phi-ne,. bis(2- pyrldyl)ethylphosph
2-pyridyl bisbutyl - phosphi ne,  bi s(2- pyrldyl)butylphosphlne 6- et hyl -
pyrldylblsphenylphosphlne -bi s(6-net hyl - 2- pyrldyl) phenylphosphlne

trls(6 nethylf

10

- 15

'.zo_

25

pyri ouxammmne 6-

' By using. 0.63 mmol of dlbenzylldeneacetoneplatl-

jnum, 1 mmol of trlphenylphosphlne, 10 mmol of methane—

'sulfonrc acid, 1.7 ‘g (16 mmol) of dlethanolamlne, 38.5-
"é_(38$’mmo1) of methyl crotonate andT20~g (624 mmol) of
'methanol 'methyl.methacryiate:Was.produeedlwith-a

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

The transformatlon rate of propyne was 51 2%. The

‘reaction mlxture after completlon of the reactlon was

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

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

 that 0 63 mmol of dlbenzyl1deneacetoneplat1num, 1 mmol o

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

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

tlon rate of propyne was 47. 0%. In the reaction mlx-"

ture, no prec1p1tate was observed and the reactlonf

mixture was homogeneousr '

'1oExample;25 |

The reactlon procedure of Example 14 was repeated :

- except for employlng O 65 mmol of. dlbenzylldeneacetone—

' platlnum, 1 mmol of trlphenylphosphlne, 4, 7 g (59 mmol)'

of pyrldlne, 40 g (370 mmol) of anlsole and 20 g (624

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

formed to methyl methacrylate at a- transformatlon rate

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



15 et hyl -2-pyridyl bi sphenyl phosphi ne, bis(6- ethyl 2- py. FT?‘N““*“*-—;~;r_

dyl ) phenyl phosphi ne, tris(6-ethyl-2- pyrldyl)phosphlne 1 This Sheet Has

6- but yl - 2- pyri dyl bi sphenyl phosphi ne, bis(6-butyl - ' laww laced
pyri dyl ) phenyl phosphi ne, “tri s(6:butyl:2- pyggdyl )phos- phl ”’I ”I
4, 6-di met hyl - 2-.pyri dyl bi sphenyl - phosph ne

nethoxy 2- pyri dyl bi sphenyl.phosphi ne, - bi s(6- met hoxy-. 2-

pyrldyl)phenylphosphlne t'ri s(6-nmet hoxy- 2- pyrldyl)phosphlne

6- chl or o- 2- pyr i dyhli sphesy! pB9SexBRiA€hg the reaction mlxture, no pre— ;
bi s(6- chloro 2- pyrldyl)phenylphosphlne trls(6

c1p1tate was observed and the mlxture was homogeneous.h_
- ii" '
By u51ng 0.63 mmol of dlbenzylldeneacetoneplatle:
;5' num, 1 mmol of trlphenylphosphlne, 10 mmol of metha-
crylic ac1d, 0 8 g (5 mmol) of dlpyrldlne, 40. 0 g (400.
- mmol) of methyl crotonate and 20 g (624 mmol) of metha—
.nol methyl methacrylate ‘was produced w1th a select1v1-
”ty of 97.7% in the same manner as Example 14. The |

"_10 _:transformatlon rate of propyne was 47 3% The reaction-

' mlxture after completlon of the reactlon was homogene- L

.r-ous w1thout any prec1p1tate
MethYl'methacrylate wa's ohtained'with:a selectivi-
"_iSi' tyroflés;s%.ingthe saméimanner as'Eiample 14, exCept |
that 0.63tmmol-of chloronlatinic acid;'l mmol'or tri-
.phenylphosphine;'lb mmol of'sulfuric acid, 1. 6'g“(20'
_mmol) of pyrldlne, 38 4 g (384 mmol) of methyl croto-
'd nate and 20 g (624 mmol) of methanol were used. -The
20.-.transformatlon rate of propyne was 17 8% In the
| '“reactlon mlxture, no prec1pltate was observed and the
'-_reactlon mlxture ‘was homogeneous
-Example_za
A stalnless steel autoclave (1nner volume of 300
-25'. ml) was charged w1th 2.5 mmol of dlbenzylldeneacetone—.-'
.platlnum, 10 mmol of trlphenylphosphlne, 10 ‘mmol of

' jmethanesulfonlc ac1d 45 g (569 mmol) of.pyrld;ne and



chl oro- 2- pyridyl)phosphine 4, 6-di chl oro-2- 25 pyrldylblspnenylpnospnlne
6- brom) 2- pyri dyl bi sphenyl - phosphl ne, i. ThlsSheetHasBeenRefilace

- bi s(6- br ono- 2- pyri dyl )phenyl phosphi ne, 2, 6- bls(dlpheny; ne,
2, 6- bi s(di-p- tonIphos- 23 phlno)pyrldyye_and so on; L(|

phosphlne such as. _'
- 4. 3 g (134 mmol) of methanol Kfter expelllng air from

"the autoclave, 67 mmol of ‘allene. and 610 mmol of carbon

':monox1de were 1ntroduced thereto The autoclave was |
sealed and heated to- conduct the reactlon at 60 atm and.

‘5 - 100°C’ for l hour
o As a result of analy21ng the reactlon products

. w1th the use of gas chromatography, allene was trans—..
formed ‘to methyl methacrylate at a transformatlon rate
of 48% and the select1v1ty for methyl methacrylate was

.10 '95 5% The reactlon mlxture after completlon of the

-l' | _
The reactlon procedure of Example 5 was repeated
_except that dlphenylbutanephosphlne was used 1n lleu of
is :'trlphenylphosphine, and that the reactlon was ‘carried
| out at a temperature of 150 C for 10 minutes to glve
methyl methacrylate w1th a select1v1ty of 97. 0% with
the select1v1ty of propyne belng 25%." In the reactlon'
' mlxture, no pre01p1tate was observed and the mlxture
.;2d'w'was homogeneous. |
A flask was charged with 0. 2 mmol of platlnum (IT) .
~chlor1de, 10 mmol of trlphenylphosphlne, 23 92 mmol of
pyrldlne and 141 16 mmcl of anlsole, and the flask was
;-25-'lheated at 150 C Resultantly, ‘even after heatlng for
40 hours, no metal was dep031ted or prec1p1tated and

'the catalytlc system was malntalned 1n homogenelty



ethahe-l}Z-dinbisdjphenylphbsphine et hane-1, 2-diy R_lmmd -
bi s[ bi s(trifluoronethyl)phosphine], et hene- 1, 2. dlylblsThl o o
‘hexaf | uor ocycl open- tene-1, 2- d|be|sd|phenMjphosph|ne \ obuf-
tene-1, 2- d|be|sd|phenyIphosph|ne ‘oct af | uor ocycl ohex-

bls(l 2- d|phenyl)phosphlnonethyl- 10 _cyclobutane and so forth

et hyne-1, 2- dlylblsdlphenylphosphlne 5 1, 2-phenyl enebi
‘ene-1; 2 di yl bi sdi-phenyl phoesphi ne,. 1 4-di-phenyl -1, 4- dlphosphacyclohexane
The procedure ot Example 30 was repeated except

for employlng 0 2 mmol of palladlum acetate lnstead of
0.2 mmol of platlnum (II) chlorlde to examlne the
5y stablllty of the catalytlc system ‘As a result, a-
‘ prec1p1tate was observed from 20 mlnutes past after the :
_1n1t1al of heatlng.- By analy21ng palladlum concentra- :
~tlon 1n the reaction mlxture after 2 hour heatlng
| treatment, palladlum was. detected only in few ppm ‘at _-h
10. most, and the majorlty of palladlum was dep051ted or -
| .:prec1p;tated as metal. Thus, the catalytic system wast.

' extremely-instah;e;

=



As preferred organlc arsine, there nay be nmen- tlonedﬂmSth

corresponding to the preferred organi c phosphi ne as ner
including an optionally substituted triarylarsine. such

dén Ré

larsine;. a [err]. al kyl -diaryl arsine such as. ethyldlpheny arS|ne -

al kyl - nnnoarylar5|ne such as dlethylphenylar5|ne and ot hers.

An antlnDny

above- exenpllfled phosphorus conpound

Corbouna TSy 2T ) S E C°”|m|||ﬁmnum1mmnr

10

15

What is claimed is: - |
-1;' A catalytlc system for carbonylatlon which is;
(A) a catalytlc system comprlslng (Al) a Group |
VIiI metal source of Perlodlc Table of the Elements,:

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

: llgand and (A3) an ac1d,

(B) a catalytlc system compr131ng (Bl) a Group

“VIII metal source of Perlodlc Table of the Elements

.except for palladlum, (B2) a 11gand shown by the fol—'

low1ng formula (Ib) and (B3) an electron donatlve com- g

__pound hav1ng an electron donablllty AvD relatlve to a:

'deuterated methanol D of not less than 2

’}2“,  (1p)

Rl——A——R3

whereln A represents a phosphorus atom, an arsenlc atom

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

.an optlonally substltuted alkynyl group, an optlonallyf

substituted cycloalkyllgroup'or an optionally substi-

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

"tlonally substituted alkylene group, with a prov1so

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

2. A catalytlc system for carbonylatlon as

o clalmed in clalm 1, whereln sald Group VIII metal

'7_ source_(Al) ;n sald catalytlc system (A) is at_least



- This Sheet Has Been Replaced

20 may al so preferably be enployed as-the |igand. The‘ll be
supported on the carrier together with the Goup" V1III _—
- I

Supporting of such ligand can be- conduct ed accordi:ng“tip a
t echnol ogy, for exanple, ‘the process as megs 25 tysned above. As the acid-
(A3) constituting the catalytlc systenl(A) a varle

(i norganl c aC| ds and £ lo”lm'f mnmﬂﬂﬁ”m

one. metal selected from the group cons1st1ng of. cobalt,

5n1ckel rhodlum, palladlum and platlnum, or. a. compound
of sald metal | | | | |
33. A catalytlc system for carbonylatlon as
5‘ 'clalmed in c1a1m 1, whereln sald carrler in sa1d cata-
lytic system (A) is at least one member selected from
the group con81st1ng of an actlvated carbon, a metal
-ox1de,.a nonmetal oxlde and a clay mlneral |
| 4,l A catalytlc system for carbonylatlon as
10 -clalmed in clalm 1, whereln sald carrler in said cata-"
lytlc system-(A) has_a spec1f1c surface~area of 10 to :1
3,000 n?/g. R :
5. A catalytlc system for carbonylatlon as
claimed'in clalm 1, whereln the supportlng amount of
'_l5.l said Group VIII metal source (Al) 1n sald catalytlc
system'(A) is 0 01 to 20% by welght relatlve to the_
carrier. _' " |
| 6,- A catalytlc system for carbonylatlon as
'”claimed in clalm 1, whereln sa1d ligand (A2) 1n said
20 catalytlc system (A) is at least one member selected
| . from the group con31st1ng of a phosphorus compound, an
Jarsenlc compound and an, antlmony compound.__ |
'2'7{_ A catalytlc system for carbonylatlon as
clalmed in clalm 1, whereln said llgand (A2) 1n said-
__25_ catalytlc system (A) 1s a tertlary organlc phosphlne or .'

-a tertlary organlc arsine.

8. A catalytlc system for carbonylatlon as



- 24 - organic acids) and Lewi s acids can be used..
i ncl udes, for exanple, sulfuric_acid, ‘a hydrohal o-

This Sheet Has Been Replaced
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phoSphorLc acid, a sulfonlc aC|d (for i nstance, an anyls

LU Iléc'd
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| *;clalmed in c1a1m 7 whereln sald tertlary organlc

.fphosph;ne-or tertlary organic ars1ne.has an aryl group,
- a substituted-aryl group.or an.aromatic.heterocyclic g
'_ group containlng'a.nitrogen atom'as”a'hetero.atom; |
; 5:” 9. Afcatalyticnsystem for.carbonylation as
B claimed in claimll 'Wherein said'Group VIII metal
'source (Bl) 1n sald catalytlc system (B) is at least
—one metal selected from the group cons1st1ng of platl--_
num, ‘cobalt, nlckel and rhodlum, or a compound of sald
.10' metal.:_” | |
. 10; A catalytlc system for carbonylatlon as
gclalmed 1n clalm 1, whereln sald catalytlc system (B)
comprlses the llgand (B2) of the formula (Ib) where A
'is a phosphorus atom _ _ '_ |
isj - 11. A catalytlc system for carbonylatlon as'y
| clalmed in clalm 1, whereln sa1d llgand (B2) in said
catalytlc system . (B) is a. compound of the formula (Ib)
_where at 1east one of R? to R? 1s an aryl group or a
substltuted aryl group. _ '. |
20 yg p}';z,p A catalytlc system for carbonylatlon as
| -clalmed in clalm 1, whereln said llgand (B2) in sald
} catalytlc system (B) is. a tertlary organlc phosphlne.
13. A catalytlc system for carbonylatlon as
clalmed in clalm 1, whereln sald electron donatlve
25 _compound (B3) in sald catalytlc system (B) is at least |
. one member selected from the group con31st1ng of an

amlne, an 1m1ne, an amide, an ether, a ketone, ‘an



acid may be used singly or in combination. The acid nay
function as a proton source (proton donar). Therefare,
Lewi s acid, such 10 Lew s acid may frequently be. usedl
ot her proton source. As.the. jnorganic canmpquad anong th
t here may be exenpllfled with suffuric acid; a hydroha-
as hydrochlori-c acid and hydrobronlc 15 aC|d a phosph
exanpl e, orthophosphorlc

This Sheet Has Been Replaced -
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1'ester,_a lactone,'an aldehyde, a sulfox1de, a nltrlle,

a nltro compound an aromatlc hydrocarbon and an all-

phatlc hydrocarbon

'14 A catalytlc system for carbonylatlon as |

-5 --clalmed 1n clalm 1, whereln sald electron donatlve'

compound (B3) 1n said catalytlc system (B) comprises aty

least one ba51c compound selected from the group con--

s1st1ng of an amlne, an imine. and an amlde.

15, A catalytlc system for carbonylatlon as

10 _jclaimed-in clalm 14 where1n=sa1d electron donatlve

o compound (B3) in sald catalytlc system (B) further com—a:':

l;prlses an ether or. an ester

"'16. A catalytlc system for carbonylatlon as

clalmed in clalm 1, whereln sald electron donatlve

15 . compound (B3) 1n sald catalytlc system (B) is a second-'

' ary amine or a tertlary amine. :

.17. A catalytlc system for carbonylatlon as

'clalmed in clalm 1 ,whereln sald electron donatlve

compound (B3) 1n sald catalytlc system (B) is a com-

.20 pound having an electron donablllty AyD relatlve to a

B,deuterated methanol D of 30 to 250

18 A catalytlc system for carbonylatlon as

clalmed in clalm 1, whereln said catalytlc system (B)

: comprlses (B1) a- platlnum compound, (B2)

-a tertiary

25 f organlc phosphlne hav1ng-at least one-aryl group . or

"“_substituted aryl group and (B3) an electron donative

compound hav1ng an electron donablllty AND relatlve to



acfd"or pyrophosphoric acid); perhalogenic acid such as mmﬂ
~heteropol yacid containing V, Wor M such as phosphomaﬂ— bdlrmmn‘,ﬂm,
a

tungstosil'icic ‘acid and vanadono! ybdi ¢ acid. - 20
aci ds, the organic conpound incl udes, fqr7@nsxance optlon

substltuted aryl -- sul fonic acid such as- benzenesulfonlc acid, p- toluene‘Q__'=='

sul.foni ¢ acid and naphthalenesulfonlc aC|d an optlon aI’ t ed .
al kyI sul foni.c acid such as net hanesul - : I"Iﬂnﬁ Hmn’m,”m ;
_— S a deuterated methanol D of 50 t 250 L s
- 19 A catalytlc system for carbonylatlon as
' clalmed in claim 18, whereln sald electron donatlve
-compound (B3) 1s a heterocycllc amine or an alkanola-'
5 mine. |
520. A catalytic system for carbonylatlon as_;
clalmed 1n clalm l _whereln sald catalytlc system (B)
further comprlses (B4) an ac1d o
- 21. ‘A catalytlc system for carbonylatlon as
..l01 clalmed in clalm 1 oz 20, whereln said acid (a3) or
,(B4) is a proton ac1d or a Lew1s ac1d. |
'22." A catalytlc system for carbonylatlon as
._clalmed in. claim 21 whereln said proton ac1d is at
"least one member selected from the group cons1st1ng of
-'iS . an’ arylsulfonlc a01d, an alkylsulfonlc ac1d, a carbox-'
| .yllc-ac1d, a hydrohalogenlc a01d, sulfurlc ac1d,-n1tr1c
ac1d, a phosphorlc ac1d and a perhalogenlc ac1d '
23. A catalytlc system for carbonylatlon wh1ch
comprises, | |
20 N (A} a comblnatlon of (Al) a palladlum source, said
.hpalladlum source belng supported on a carrier having a
.spec1f1c surface area of 100" to 2, 000 mz/g, (A2) a -
: tertlary organlc phosphlne or a tertlary organlc arsine
_ and (A3) a proton acid, or . | |
) '25 _ (B) a comblnatlon of (Bl) a- platlnum compound
(B2) a tertlary organlc phosphlne, sald organlc phos— _

phlne hav1ng at least one aryl group or. substltuted :
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- 25 fonic acid, ethanesul fonic acid, propanesulfonic acid, |c
acid, 2-hydroxypropanesul fonic acid, trifluoronethanesul fﬁr}uuﬂml] EEI'
trichl oromet hanesul - -1 25. ~ fonic acid; a phosphonlc a
'benzenephosphonlc aC|d a carboxyllc acqulucIudlng an. i optlonallr substi -

;aryl group and belng free from a nltrogen contalnlng
hheterocycllc group, (B3) an electron donatlve compound
"hav1ng an . electron donablllty AVD relatlve to a deuter- '
'ated methanol D of not less than 2, and (B4) a proton
5 "ac1d |
24, A“method.for'carhonylatlon which'comprises
allowing anlacetylenic;unsaturated}compound:or an
olefinic”unsaturatedfcompoUnd to react'uith carbon
monoxide in the presence of; o

10 . (Ai a: catalytlc system compr1s1ng (Al) a Group

VIII metal source of Perlodlc Table of the Elements,"."""m"-"uw

said metal source belng supported on a carrler, (A2) a~
ligand and (A3) an ac1d,_or | :
- y(B) a'catalytlc system compris;ng (Bl) a Group o -
' ; .15 VIII metal : source of Perlodlc Table of the Elements -
. except for palladlum, (B2) a. llgand shown by the fol-
low1ng formula (Ib) and (B3) an ‘electron donatlve |
_compound hav1ng an electron dopablllty -AVD relatlve to-
, 'a deuterated methanol D of not less. than 2: |
B R, -. |
Yy am
R1—A—R3
wherein A repreSents a phosphorus atom,'an arseniC'atom
sor an antlmony atom, and R?' R? and R? 1ndependently
25 _represent a hydrogen atom, an optlonally substltuted
| -alkyl group, an’ opt;onally substltuted alkenyl group,

an optionally_substituted alkynyl group,.an optionally"



' _ ' This Sheet Has Been Replaced
tuted saturated aliphatic carboxylic acid such as chlo
di chl'oroacetic acid, trichloroacetic 5 aC|d trlfluoro _
acid ‘acetic acid, .propioni.c acid; n-butyric acid, sobu yric acid, éf ==
ic acid, valeric aC|d caproic- aC|d caprgblc aci.d, ric acid, Iaurlc}_:EN-
acid, nyristic acid, palmtic acid, stearic acid and §mu(ﬂuﬂummltmm :
'allcycllc aci d such as 10 - cyclohexanecarboxyllc aci d,;
carboxylic. acid such as benzoi ¢ aci d, phthallc aci-d, isophthalic aci d

: substltuted cycloalkyl group or an optlonally substl-

tuted aryl group, or RZ and R3 may together form an- op~
_'tlonally substltuted alkylene group,-w1th a prov1so
.that R! to R? are not concurrently hydrogen atoms. :
f~id5.r“ ”25, A method for carbonylatlon as clalmed in
clalm 24, whereln said unsaturated compound is an a—
“‘j_acetylenlc compound or an-a—oleflnlc compound
26 A method for carbonylatlon as clalmed in _h
-clalm 24 whereln sald acetylenlc unsaturated compound |
10  or oleflnlc unsaturated compound 1s allowed to react
w1th carbon monox1de and a- nucleophllic compound having
- a hydrogen atom Wthh ‘can be left 1n the reactlon.
27) 'A method for carbonylatlon as clalmed in |
claim éG,'Whereln Sald nucleophlllc_compound is at_
l5 .least one_member-selected-from'the:group consisting.of
'waterp a compound having a hydroxyl_group'and'a carhox;
_Y-lic_-aci:id. R - -
':29. A method for carbonylatlon as clalmed in :
clalm 27 whereln sald compound hav1ng a hydroxyl group
- 20 fxls an alcohol.:' | h
29, A method- Wthh comprlses allow1ng, in the
- presenoe of a catalytlc_system, (a);an asymmetric
acetylenic'oraolefinic unsaturated.compoundfto react
with (b) carbon'monoxlde.and (C)'athleast one compound'
25'r selected from the group con51st1ng of water, an alcohol
_hav1ng 1 to 20 carbon atoms and a carboxyllc acid

".hav1ng 1 to 20 carbon atoms,,



and terephthalic acid, an ‘unsat ur at.ed allphatlc carbox-,yﬁm
acrylic acid, nethacryllc acid, propiolic acid, crotoni
fumaric -15 aC|d .citraconic aC|d nmesaconi c aC|d and ojel
aci d -such as aspartic acid, glutan1c aci-d 8ane¢ so forth.~The aci
aci dic i on-exchange resin such as an- ion exchange resin-having a sulfonic
“acid group, a phosphonlc aC|d group.or a phOSphInIC aC|d 2

exanple

15

_ __zo'

whereln sald catalytlc system i s;

"(A) a catalytlc system for carbonylatlon comprls-

-1ng (A1) a Group VIII metal source of Perlodlc Table off,y
| the Elements, sald metal source belng supported on a -

'.carrler, (A2) a ligand and (A3) ‘an ac1d,

(B) a catalytlc system For carbonylatlon comprls-

Tlng (Bl) a Group VIII metal source of Perlodlc Table of

_ the Elements except for palladlum, (B2) a ligand shown

by the.followlng formula (Ib) and (B3) an electron.

donative compound having an electron donability AvD

' relative to a'deuterated_methanol;Dlof not less_thanp2;

. R2-. IR
oy )

Rlé—eA—R3 -

-Wherein'Anrepresents a phosphorus atom,'an arsenic atom -
- or an antlmony atom, and R, R? and R3 1ndependently
.represent a hydrogen atom, an optlonally substituted

.alkyl group, ‘an optlonally substltuted alkenyl group,

an optlonally substltuted alkynyl group, an optlonally

substltuted cycloalkyl group or. an optlonally substl-

.tuted aryl group, or R2 and R3 may together form an op-

'tlonally substltuted alkylene group, w1th a prov1so

that R1 to R? are not concurrently hydrogen atoms.
30. A method of producing an. a,ﬂ—ethylenlc unsat-

urated carboxylic ac1d or ' a derlvat;ve.thereoﬁ, Wthh

'comprises aliowing'(a)'an aeacetyienic.hydrocarbon to

react with (h) carbdn_monoxide and,(c) at'least one nu- -

SlmtlHas Bagu Rephsed

g“Lay ge an
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" Group VIIIB, the Goup IVA, the Goup IVB, th C}OUp VA or th
- Periodic Table of the Elenments, or a conpl-ex conpound the eof
[err], [err], [err] “[err], [err]l [err]ls ggwr] [err], [err], [err], [err]

and [ere]; or an'al koiide {for example,"aTerr] alkoxi de): ||||||||||||||||||||||||||||||H_

.cleophlllc compound selected from the group con51St1ng

Exanple of the Lewis acid includes a halide of an el enent be [Immﬂm

.of water, an alcohol and a carboxyllc acrd, in. the
presence of; | . | |
(&) a catalYtic-systen;for:carbonylation'compris¥
5 ing a“combination of (Al)'a?Group ViiI metal'source of
tPerlodlc Table of the Elements, sald metal source belng
~supported on.a’ carr1er,_(A2) a tertlary organlc phos—
: _phine or a tertlary organlc arsine and (A3) a proton
ac1d, or_ | _' .
10 E (B) a_catalytic'system for~carbonYIation'cOmpris-'
| ing a corrlbination of (B1) a platinum .com-pound; (B2) a
tertlary organlc phosphlne hav1ng an. aryl group or a
: substltuted aryl group and belng free from a heterocy-:
_cllc-group, (B3) a secondary amine or a tertlary amlne,

- 15 and_ (B4) a proton acid.



-26- ‘The acid rmay usual |y have an .anion capable of coordinating. As -
preferred exanple of the acid, there may. be nent i oned a proton acid. =
(Broonsted acid) includ- i.ng an aryl sul fonic acid such as p- toluenesulfonlc

5 acid; an. alkylsulfonic.acid having about. 1 to 10 carbon atons,
preferably about 1 to 6. carbon atons, ‘and nore preferably ﬁmsgkgy¢§§gﬁ

e e o 2o IIIIllIIIIlHIlIlIHIIl

ABSTRACT -

fA'carbonyiation'catalyticasYStem ccmprises () a
'combination of'(Al).a'Group VIII metal source of-Peri— ]
t ) : odlc Table of the Elements (e g " palladlum, palladlum
'chlorlde) supported on a carrler, (AZ) a llgand such as
_trlphenylphosphlne and (A3) an acid such as an alkyl- -
_sulfonlc a01d, or. (B) ‘a comblnatlon of (Bl) the: Group
"VIII metal source.except;for palladlum.(e.g., a plati-
10 r-guﬁ ccmpcund),.(BZ)-a ligand-such'as_triphenYiphoSPhine'
r_:and‘fBS)_an electron'donative cqmpcund having'an élec;'
trcn donability.AND of_nct.less*than 2 (for instance,
an amine”such.as.a_heterocyclic tertiary amine);_.The
catalytic'systemd(B)_may further comprise.(B4)lan'acid
15' -such_as methanesulfonic acid. In the presence of the
| catalytic_system'(A) or (B); an acetylenlc or oleflnlc
funsaturated-compcund is allowedvtc-react.wrth_carbon
mcncxide and a nucleophilic;compcund,hauing an
factive hydrcéen such as water, an.alcohoi and a carbox—:
':20' YllC ac1d in a liquid phase to glve an unsaturated or
- saturated carboxylic a01d or an ester thereof w1th hlgh

h-transformatlon rate and selectivity.



carbonatons $tich as met hanesul foni ¢ acid;_an aliphatic carboxylic acid,

preferably an aliphatic unsaturated 10 -ca & Baer Rbpla@yi Ng about 2 to
A0 carbon atoms; an inorganic acid (for fins c acid, _
| ogeni ¢ acid or a phosphoric acid). The 'aci rted on fREpLACER LS

carrier with the Goup VIIl netal source. Such acid canbe supporjed lﬁs 2>
according to a conventional nethod such as a technol ogy as nenti ofjemkiabgve- |-

C AND METHODS FOR ON
ABSTRACT

A carbonylation catalytic system comprises (A) a
combination of (Al) a Group VIII metal source of Peri-
5 odic Table of the Elements (e.g., palladium, palladlum
chloride) supported on a carrier, (A2) a ligand such as
triphenylphosphine and (A3) an acid such as an alkyl-
sulfonic acid, or (B) a combination of (Bl) the Group
VIII metal source éxcept for palladium (e;g., a plati-
10 num compound), (B2) a ligand such as triphenylphosphine
and (B3) an electron donative compound having an elec-
tron donability AvD of not less than 2 (for instance,
an amine such as a heterocyclic tertiary amine). The
catalytic system (B) may further comprise (B4) an acid
15 such as methanesulfonic acid. 1In the presence of the
catalytic system (A) or (B), an acetylenic or olefinic
unsaturated compound is allowed to react with carbon
monoxide and a nucleophilic compound having an
active hydrogen such as water, an alcohol and a carbox-
20 ylic acid in a liquid phase to give an unsaturated or
saturated carbpxylic acid or an ester thereof with high

transformation’ rate and selectivity.
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The catalytic system (A) of the present invention may ﬁurther conpri ses-an
el ectron donative (el ectron repelling) conpound. As th a@L@piroEKPo Ve,
com 20 pound, a compound having an el ectron donabili .“Leqs

than 2 . may be used, for exanple. The el ectron donablllty'neans a sift value.

of wave nunber of O D non-conjunctive strgtchl ng vibrati OﬁrTFl mHMI ﬁl‘

(deuteriumcontaining) nethanol (0.4 nol per liter) in 25
CATALYTIC SYSTEMS AND METHODS FOR CARBONYLATION

conpound when benzene is used as a prinary

FIELD OF THE INVENTION

This invention relates to methods of producing

5 a carboxylic acid or a derivative thereof by

carbonylation of an  acetylenic or olefinic

unsaturated compound with the use of a specific
catalytic systen. |

BACKGROUND OF THE INVENTION

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

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

EP—A1—10637§, EP-A1-235864, EP-Al-274785 and

20 EP-A1-279447 disclose catalytic systems for carbonyla-
tion comprising a palladium compound, a:triarylphos—
phine and a proton acid- and methods.for carbonylation
of an acetylenic unsaturated compound and an olefinic
compound with the use of such catalytic systems.

25 | Japanese Patent Publication No. 29212/1993

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

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



standard, and is defined as "an elembsmwt
met hanol Such el ectron donatlve

el enent .
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As such el ectron donative conpound there may b
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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 comprising a bivalent palladium com-
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 Patént Application Laid-open
No. 154646/1988 (JP-A-63-154646) describes that a
homogeneous compound is rather preferred as the palla-
dium compound than a'heteroéeneous compound and that a
phosphine having a heterocyclic group is used as the
organic phosphine and, as an inert solvent, N-
methylpyrrolidone is preferred.

Further, Japanese Patent Application Laid-open No.
215851/1992 (JP-A-4-215851) discloses a catalytic
system for carbonylation which comprises a Group VIII
metal source of Periodic Table of the Elements, a
phosphine substituted with an aromatic substitute
containing an imino-nitrogen atom, a proton source and
an anion source of anjalkylsulfonic acid, and a method
for carbonylation of an acetylenic unsaturated compound
and an olefinic compound using the catalytic system.
Moreover, Japanese Patent Application Laid-open No.

215852/1992 (JP-A-4-215852) discloses a catalytic system

comprising a Group VIII metal source, a phosphine

t . s .
having an imino-nitrogen atom-containing aromatic



exenplified with an am ne, an | cedy sy
al dehyde, an ether, a ketone, [ ster,
conmpound, an aromat i ¢ hydr o- ca ati c hyd= -
These conpounds may be used singly or in conbinatio .RE%LQGEQ§Q?% EE
el ectron donability [err], there 10 can,be referrgd to, 1.0S ce
"Sol vent Effect on Organic Chenical Reactfon" WW|ttunDQ§"§lﬁp&L&n ral,

publ | Shed by Sangyo TOShO CO, Ltd Japan on Apr|| B e

Vthe

substituent, a proton source and an 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

5 these literatures, JP-A-4-215851 and JP-A-4-215852,
that as thé Group VIII metal source of Periodic Table
of the Elements, a compound containing the Group VIII
metal, specifically a palladium compound is rather
preferred than an element in a metallic state.

10 | According to these technologies, a methacrylic

“acid ester, for éxample, 'can be obtained from methyla=< ~
cetylene, carbon monoxidé and an alcohol without using
sulfuric acid.in a large quantity. Therefore, these
technologies are superior to the acetone-cyanohydrin

15 method for a production of a methacrylic acid ester in
a point that a methacrylic acid ester can be produced
without exhausting industrial wastes such as waste
sulfuric acid.

The catalytic systems used in the methods have,

20 however, a significant disadvantage that they have a
short catalyst life although having an initial activity
to a certain extent, and thus they are not suitable as
a catalyst for commercial use. By way of illustratibn,
in carbbnylation 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 catalytic system results in not so



1976. For the follow ng el ectron donative conpounds HEXEM@L@S tﬁ%- aLue

of the electron donability [err] is 15 i ndicated iR a par gns

ref erence. The am ne includes, for instance, an aliph ﬁmm a anh -agd
met hyl am ne, ethylam ne (233), n-propyla- m ne (230) m f
di et hyl ami ne, di-n-propyla- mne (242), dj butylan1 eT -
(238); an 20 alicyclic anmine such as ¢y Iohexylaﬁ1n an1ne
such as aniline (158), N-nethylaniline (151) and

much high.catalytic activity and cauées 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

5 catalytic system, the palladium compound is reduced in
the course of the reaction to precipitate as a metallic
simple substance in the reactionlsystem, and a ligand
such as an organic phosphine is oxidized which results
in a decreased'catalytic activity.

10 In fact, a practiéal use of a palladium compound

''as a component of the above-mentioned catalytic system

in a carbonylation reaction results in metalation of
paliadium to rapidly precipitate or diépose in the
reaction mixture and thus in decrease 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 comprising a Group VIII element
and an triarylphosphiné as base'components is incorpo-

20 rated with a tertiary'amine, the catalytic properties
of the catalyst is quite decreased_in 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. 215852/1992

25 (JP-A-4-215852), a phosphine having an aromatic sub-
stituent containing an imino-nitrogen atom (e.qg.,

bisphenyl-2-pyridylphosphine) is required to be used as



N, N- di et hyl ani i ne (148): an al k}%‘“ SB"' Ia ¢§‘ di met hanol ani ne
tri net hanol am ne, et hanol am ne, tri . ot

di propanol am ne, tripro- 25 panol nlne,
tributanol a- m ne, dinethylam noethanol and dlethylani oet
heterocyclic anmine such as norpholine, N gethylpyrrol

the phosphine, and components for the catalytic system
are remarkably restricted. Moreover, the catalytic
system comprising a palladium compound as the catalytic

component shows insufficient catalytic activity.

SUMMARY OF THE INVENTION

Accordingly, it is an 6bject of the present
invention to provide a wmethod of producing a
carboxylic acid or a derivative thereof where, even

10 though using a heterogeneous catalytic system, a
high catalytic activity can be obtained and
maintained for a long period. |

Another object of the present invention is to
provide a method of producing a carboxylic acid or
a derivative thereof where, even if wusing a

15 catalytic system containing a palladium source, a
decrease of the catalytic activity can be
suppressed and thus carbonylation can be conducted
with high transformation rate and selectivity and
with high stability.

It is a further object of the invention to

20 provide a method of producing a carboxylic acid or
a derivative thereof by carbonylation whereby a
carbonylation product such as a carboxylic acid and
a carboxylic acid ester can be produced by
carbonylation of an acetylenic or olefinic
unsaturated compound in a stable 1liquid phase
system with maintaining high transformation rate

23 and selectivity for a long duration.

A yet further object of the present invention is
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to provide a method of producing an o, R- ethylenlc
unsaturated carboxylic acid or a derivative
thereof such as methyl methacrylate with high
transformation rate and selectivity and with
maintaining high stability for a long period.

i noline, isoquinoline and the |ike. i e



The am ne also includes a resin and an ion exchange 1§
basi ¢ group such as am no group, a sub- stituted amn
instance, a nonoal - kylam no group or a dial kyl am.no g
anmoni um group (e.g. an am ne resin such as a pyrldln?

froma reaction of pyridine and for- 15 nmal dehyde): yslcé. é*aﬁﬁTe?@g*mhl

am ne includes a secondary amne and a tertiary anT heaHds m'i

ll it

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 as

palladium is supported on a carrier and is used in

a catalytic system in combination with a ligand
such as an organic phosphine and an acid such as an
alkylsulfonic acid, a high catalytic activity can
be obtained in spite of being a heterogeneous
catalytic system, and moreover, decrease of such
catalytic activity can significantly be suppressed
or restrained.
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cyclic am ne containing a nltrogen atom (for e
pyridine, im-dazole, etc.) or a 20 r eof M aks
The derivative of such heterocyclic . f dy RERSEEREE

conmpound substituted with an al kyl group haV|ng about #-to 4 ',
and others (e.g. picoline, lutidine, dipyridine, 1- neth%ffﬂ_ ;%L,l :

on). The hetero- 25 cyclic amne such & pyridine and i*£5-derivative may
frequently have aronmaticity.

The present invention has been accomplished based
on the above findings.

Thus, the carbonylation catalytic system (A) of
the present invention comprises a combination of (Al) a

5 Group VIII metal source of Periodic Table of the Ele-
ments, (A2) a ligand and (A3) an acid.

The Group ViII metal source of Periodic Table of
the Elements (Al) may be cobalt, nickel, rhodium,
palladium or platinum, or a compound of such metal.

10 The carrier may be an activated carbon, an oxide of a
metal or nonmetal oxide or a clay mineral. The specif-
ic surface area of the carrier may be about 10 to 3,000
m?/g. The supporting amount of the Group VIII metal
source (Al) may frequently be about 0.01 to 20% by

15 weight relative 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 be made of a proton

20 acid (a Brdénsted acid). such as an arylsulfonic acid, an
alkylsulfonic acid, a carboxylic acid, a hydfohalogenic
acid, sulfuric acid, nitric acid, a phosphoric acid, a
perhalogenic acid and so on.

The catalytic s?stem (A) may be. used in a’

25 combination with a catalytic system (B). The catalytic '

system for carbonylation (B) comprises a combination of,

(B1) a Group VIII metal source of Periodic Table of the:
Elements except for palladium, (B2) a ligand shown by
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the following formula.(Ib), and (B3) an electron dona-
tive compound having an electron donability AvD rela-
tive to deuterated methanol D of not less than 2:

R2--.

I (Ib)

R1—A—R3

wherein A represents a phosphorus atom, an arsenic atom
or an antimony atom; and R?, R? and R® independently
represent a hydrogen atom, an optionally substituted
alkyl group, an optionally substituted alkenyl group,
an optionally substituted alkynyl group, an optionally
substituted cycloalkyl group or an optionally substi-
tuted aryl group, or R? and R3 may together form an op-
tionally substituted alkylene group, with a proviso
that R* to R® are not concurrently hydrogen atoms.

The Group VIII metal source (Bl) may be the other
metal source than pallédium such as platinum, cobalt,
nickel, rhodium and so_on. The ligand (B2) may be a
phosphorus compound of-the formula (Ib) where A is a
phosphorus atom such as an organic phosphine including
a tertiary organic phosphine, for instance. The ligand
(B2) is characterized by being a compound which does
not contaiﬁ 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 donability AvD of

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

(proton acid or Lewis acid).

According to the method of the present
invention, an acetylenic or olefinic unsaturated
compound is allowed to react with carbon monoxide
in the presence of the catalytic system (A) to
produce a carboxylic acid or a derivative
thereof. Further, the reaction may also be
conducted in the presence of a nucleophilic
compound having a hydrogen atom which can be left
or eliminated (for example, a compound having a
hydroxyl group such as water, an alcohol, a
carboxylic acid and the 1like) to give an
unsaturated carboxylic acid, a saturated
carboxylic acid or -a derivative thereof such as
an ester or anhydride of the carboxylic acid
corresponding to the 'acetylenic or olefinic

- unsaturated compound.

DETAILED DESCRIPTION OF THE INVENTION
20 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 double bond.

The catalytic system (A) in the present 1nvent10n
is now described in detail.

The catalytic system (A) in the present invention
comprises (Al) a Group VIII metal source of Periodic

25
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Table of the Elements (hereinafter may briefly referred
to as Group VIII metal source) which is supported on a
carrier or support. The Group VIII metal element
includes, for example,. iron, ruthenium, osmium, cobalt,

5 | rhodium, iridium, nickel, palladiﬁm and platinum. On
or after the year of 1990, these elements are classi-
fied into the Group 8 elements (Fe, Ru, Os), the Group
9 elements (Co,_Rh, Ir) and the group 10 elements (Ni,
Pd, Pt) of Periodic Table of the Elements. As pre-

10 ferred elements, there may be mentioned cobalt, nickel,
rhodium, palladium and platinum, and specifically
preferred are cobalt and palladium. Among them, palla-
dium can advantageously be employed. The oxidation
numbef of such element can be selecfed according to the

15 species thereof and is not critically restricted. The
oxidation number may frequently be 0, +2 or +3, for
instance. | |

The Group VIII metal source may whichever of a
simple substance of thé metal, or a compound coniaining

20 the Group VIII element. The catalytic system (A) of
the present invention is characterized in that.high
catalytic acti&ity can be obtained and maintained for a
long time, even though using such simple substance of
the metal.

25 Examples of the compound of the Group VIII element
include an inorganic 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 organic acid salt (for example, a sulfonate such as
methanesulfonic acid, ethanesulfonic acid, benzenesul-
fonic acid and p-toluenesulfonic acid, a phosphonic
acid salt, a salt of a carboxylic acid having about 20
or less carbon atoms (for example about 12 or less
carbon atoms) such as formic acid, acetic acid, propi-
onic acid and others), a halide (a chloride, a bromide
and the like), a complex (or a complex salt) and so on.
Accqrding to the present invention, evén when the Group
VIII metal source is a Hydiohalogenié acid salt of the
Group VIII metal such as palladium chloride, a rxisk of
corrosion can be minimized and still more, high cata-
lytic activity can be sustained for a long period of
time.

As a ligand constructing the complex, there may be
mentioned for example OH (hydroxo), an alkoxy group
such as methoxy, ethoxy, propoxy and butoxy groups, an
acyl group such as_acetyl and propionyl groups, an
alkoxycarbonyl group such as methoxycarbonyl (acetato)
and ethoxycarbonyl group, acetylacetonato, cyclopenta-
dienyl group, benzylidene group, benzylideneacetone,
benzylideneacetylacetone, benzylideneacetophenone, a
cycloalkadiene such as cyclooctadiene, a halogen atom
such as chlorine atom.and bromine atom, CO, CN, oxygen
atom, H,0 (aquo), a phosphine (for instance, a triaryl-

phosphine such as triphenylphosphine), a nitrogen-
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containing compound such as NH; (ammine), NO, NO,

(nitro), NO, (nitrafo), ethylenediamine, diethylene-

triamine, pyridine and phenanthroline. In such complex

or complex salt, one or more of ligands of the same or
5 different species may be coordinated.

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

10 acetate, tetrakis(diphenyl—z-pyridylphosphine)palladi-

| um, bls(dl o-tolylpyrldylphosphlnéipélladlum acetate, o
bis (diphenylpyridylphosphine)palladium sulfate and
others, and corresponding complexes of the above-men-
tioned Group VIII metals.

15 As the carrier (support), a conventional carrier
whereby dispersinghprope;ty of the catalytic active
component can be.improved or enhanced and effective
surface area can be increased may be used. Examples of
such carrier include an activated carbon; a metal or

20 nonmetal oxide (including a compound oxide) such as
silica, alumina, silica-alumina, magnesia, silica-
magnesia and titania; a. clay mineral such as diatoma-
ceoﬁs earth, 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 whichever of a raw material
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(34), [err]-butyro- lactone (66), [err]-caprol actone (82) and 'Ssgon.....15. .
The ester includes, for instance, an orggni¢c car- boxylic aci#=arkyl-—ester
such as nethyl acetate (36), ethyl acetate (39), nethyl chloroacetate (27),
butyl acetate, methyl dichloroacetate (23), nethyl propionate

including a carbonizable vegetable (plant) raw material
such as wood, charcoal, coconut shell and carbonized
products of these materials; a carbonizable mineral raw
material such as lignite, coal, coal tar and petroleum
5 pitch; a carbonizable polymer raw material such as
phenol resin, furaﬁ resin, epoxyufesin, acrylic resin
and polyacrylonitrile, vinylidene_chloride resin. The
activated carbon may be a producf obtainable by any
activating process or treatment such as chemical acti-

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

Preferred examples of the carrier include an
activated carbon; a metal or nonmetal oxide such as.
silica, alumina (including y-alumina), silica-alumina
and titania, and in particular, an activated carbon.

15 Form (shape) of the carrier may be selected ac-
cording to the reaction type such as suspension type
and fixed-bed type, and is for instance powdery, granu-
lar, fibrous structure, pellet structure, honeycomb
structure or so forth.’

20 The specific surface area of the carrier may be
selected from a range as far as the catalytic activity
is not adversely affected, and is, for example, about‘
0.1 to 3,000 m®/g, usually about 10 to 3,000 m?/g,
preferably about 10 to 2,500 m?/g, and more preferably

25 about 50 to 2,000 m?/g (for instance about 50 to 1,500
m?/g) . The carrier having a specific surface area of

about 100 to 2,000 m?/g may frequently be used. When
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the specific surface area of the carrier isrtoo small,
high catalytic activity can hardly be obtained.
The pore volume and mean pore size (diameter) can
be any volume and size within a range wherein the
5 activity and stability of the catalyst are not sacri-
ficed. As such, the mean pore size of the carrier may,
for example in case of the acfivated 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 0.05 to 7 ml/g, preferably about 0.05 to 3 ml/g, and
more preferably about 0.1 to 2 ml/g. Exceedingly small
mean pore size or pore volume of the carrier tends to
decrease the catalytic activity. Conversely, the
catalyst life has a tendency to be shortened because of
15 an excess amount of the mean pore size or pore volume.
Supporting amount of the Group VIII metal source
may be chosen within a range insofar as the catalytic
activity and the stability of the catalyst, and is, for
instance, about 0.01 to 40% by weight, 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 weight relative to the
amount of the carrier. When too much small amount of
the catalyst is supported on the catrier, sufficiently
25 ﬁigh catalytic activity may hardly be obtained. On the
contrary, too much large amount of the supported cata-

lyst may occasionally result in sacrificing the activi-

X EaELf HIAEEBEEN.
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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 according to a convention-
al supporting process such as impregnation, coating,
spraying, adsorption or precipitation process. By
oxidizing or reducing the metal source supported on the
carrier, the oxidation number of the metal element can
be converted to a desired value. By way of illustra-
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
compound to a treatment with a reducing agent such as
formalin; a simple substrate of thé Group VIII metal
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 thch constitute the
metallic compound (complex) of the Group VIII metal as
mentioned above. " Usually, the 1i§and (A2) 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
combination.

Examples of the ligand (A2) include a ligand shown

by the following formula (Ia):

i

Ji



(21). The aromatic hydrocarbon includes, for exanple, QJM@n@L(Eh,hEyI
(4), ethyl benzene (4), styrene (2), a- nethylstyrene (2% and p- nethylst
(2). Exanple of the aliphatic hydrocarbon includes éthyj.en rg@nn

(2). Practically, an electron donative conpound  having: aa—zﬁictrenww~

donability [err] of about 4 to 250, pre&férfa= bly about—10—-to—230(for ==

i nstance, about 20 to 200) may be used anpng these cong

e e R

"R1—A—R3

wherein A represents a phosphorus atom, an arsenic atom
or an antimony atom; and R*, R? and R® independently

5 represent a hydrogen atom, an optionally substituted
alkyl group, an optionally substituted alkenyl group,
an optionally substituted alkynyl group, an optionally
substituted cycloalkyl group, an optionally substituted
aryl group or an optionally substituted heterocyclic

10 group, or R? and R3? may together form an optionally
substituted alkylene group, with a proviso that R to
R3 are not concurrently hydrogen atoms.

In the formula (Ia), the alkyl group includes, for
example, a straight—chain or branched-chain alkyl group

15 having about 1 to 10 carbon atomé such as methyl,

" ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
t-butyl,_bentyl; hexyl, heptyl, octyi, nonyl and decyl
groups. Preferréd 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
group having about 2 to 10 carbon aﬁoms such as vinyl,
allyl, isopropenyl, 2-methyl-l-propenyl, l-butenyl, 2-

25 butenyl, l-pentenyl, l-hexenyl, l-heptenyl, l-octenyl,
l-nonenyl and l-decenyl groups. Preferred examples of

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

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

Example of the cycloalkyl group includes a cy-
cloalkyl group having about 4 to 10 carboh atoms such
as cyclobutyl, cyclopentyl, cyclohexyl and cyclooctyl

10 groups. The aryl group includes, for instance, phenyl
group and naphtﬁyl groﬁb. ) ) ) -

The heterocyclic group includes a heterocyclic
group containing a nitrogen atom as a hetero atom,
specifically an aromatic heterocyclic group. As such

15 heterocyclic group, there may be mentioned, for exam-
ple, a pyridyl group such as 2-pyridyl group, a pyrazi-
nyl group such as 2—pyra2inyl group, a quinolyl group
such as 2-quinolyl group, an isoquinolyl group such as
l-isoquinolyl group, a pyrimidinyl group such as 2-

20 pyrimidinyl group, a pyridazinyl group such as 3-pyri-
dazinyl group, cinnolinyl group, triazinyl group,
quinoxalinyl group, gquinazolinyl group and so on.
Preferred example of the heterocyclic group includes
pyridyl group, pyrimidinyl 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 group, a carboxyl group, an
alkoxycarbonyl group, an acyl group, a nitro group or a
cyano group.

The halogen atom includes 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-butyl, pentyl,
hexyl and other groups, preferably an alkyl group
"having abouf 1 to 6 carbon atoms and typically about 1 =
to 4 carbon atoms.

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 methoxy, ethoxy, pro-
poxy, lisopropoxy, butoxy, isobutoxy, t-butoxy, penty-
loxy and hexyloxy groups. Typically preferred alkoxy
group includes a lower alkoxy group having about 1 to 4
carbon atoms.

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, ethoxycarbonyl, propoxycarbonyl,
isopropoxycarbohyl, butoxycarbonyl, isobutoxycarbonyl,
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 Ume==d
typically about 1 to 4 carbon atoms.

The acyl group includes, for example, an acyl
group having about 1 to 6 carbon atoms such as formyl,

S acetyl, propionyl, butyryl, isobutyryl, valeryl, iso-
valeryl and pivaloyl groups.

R? 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 form a cyclic group contain-
ing A. By way of illustration, R? and R® may together
form a phosphacycloalkylene group having about 3 to 10
carbon atoms together with a phosphorus atom.

Preferred example of the ligand 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 example, methylphos-

20 phine, ethylphosphine, propylphosphine, isopropylphos-
phine, isobutylphosphine, isoamylphosphine,. phenylphos-
phine, cyclohexylphosphine and so on), a secondary
phosphine (for instance, dimethylphosphine, diethyl-
phosphine, diisopropylphosphine, di-n-butylphosphine,

25 diisoamylphosphine, diphenylphosphine, dicyclohexyl-
phosphine and the like) or a tertiary phosphine. The

organic arsine may also be whichever 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 (Ia).

5 Preferablé organic phosphine may be an organic
phosphine of the formula (Ia) wherein at least one of
R! to R? is an aryl group such as phenyl group or a
substituted phenyl group. The heterocyclic group and
the alkylene group formed by a combination of R? and R®

10 are also preferred as an alternative for the aryl group
or as in combination with the aryl group.

As practical examples of the organic phosphine,

there may be mentioned (i) an optionally substituted

_ triarylphosphine such as triphenylphosphine, tri (4~

15 methylphenyl)phosphine, tri(3,5-dimethylphenyl)phos-
phine, tri(2,4,6-trimethylphenyl)phosphine, tri (4-
methoxyphenyl)phosphine, tri(3,5-dimethoxyphenyl)phos-
phine, tri(4-chlor6phenyl)phosphine and tri(3,5~dichlo-
rophenyl)phosphine; (ii) a mono-C, _,, alkyl-diarylphos-

20 phine such as methyldiphenylphosphine, ethyldiphenyi—
phosphine, propyldiphenylphosphine and butyldiphenyl—
phosphine; (iii) a di-C,_,, alkyl-monoarylphosphine such
as dimethylphenylphosphine, diethylphenylphosphine,
dipropylphenylphosphine and dibutylphenylphosphine;

25 (iv) a tri-C, ,, alkyl-phosphine such as trimethylphos-
phine, triethylphosphine, tributylphosphine, triamyl-

phosphine, trihexylphosphine and the like; (v) a mono-
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C,_1p cycloalkyl-diarylphosphine such as cyclopentyldl—
phenylphosphine and cyclohexyldiphenylphosphine; (vi) a
di-C,_,, cycloalkyl-monoarylphosphine such as dicyclo-
pentylphenylphosphine and dicyclohexylphenylphosphine;
5 (vii) a tri-C, ,, cycloalkylphosphine such as tricyclo-

pentylphosphine and tricyclohexylphosphine; (viii) a
phosphine having a heterocyclic group such as 2-pyri-
dylbisphenylphosphine, bis(2-pyridyl)phenylphosphine,
tris (2-pyridyl)phosphine, 2-pyridylbismethylphosphine,

10 bis(2-pyridyl)methylphosphine, 2-pyridylbisethylphos-
phine, bis(2-pyridyl)ethylphosphine, 2-pyridylbisbutyl-
phosphine, bis(2~-pyridyl)butylphosphine, 6-methyl-2-
pyrilebisphenylphosphine, bis (6-methyl-2-pyridyl)-

_ phenylphosphine, tris (6-methyl-2-pyridyl)phosphine, 6-

15 ethyl-2—pyridylbisphenylphosphine, bis (6-ethyl-2-pyri-
dyl)phenylphosphihe, 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-
pyridyl) phenylphosphine, tris(6—methqu—2— :
pyridyl)phosphine, 6~chloro-2-pyridylbisphenylphos-
phine, bis(6-chloro-2-pyridyl)phenylphosphine, 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)pyridine, 2,6-bis (di-p-tolylphos-
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phino)pyridine and so on; (ix) other phosphine such as
ethane-1, 2-diylbisdiphenylphosphine, ethane-1,2-diyl-
bis[bis(trifluoromethyl)phosphine], ethene-1,2-diylbis-
diphenylphosphine, ethyne-1,2-diylbisdiphenylphosphine,
S 1, 2-phenylenebisdiphenylphosphine, hexafluorocyclopen-
tgne—l,2—diylbisdiphenylphosphine, tetrafluorocyclobu-
tené—l,2-diylbisdiphenylphosphine, octafluorocyclohex~
ene—l,2—diylbisdiphenylphosphine, 1,4~diphenyl-1, 4~
diphosphacyclohexane, bis (1,2~diphenyl)phosphinomethyl-
10 cyclobutane and so forth.

"As preferred organic arsine, there may be men-
tioned an organic arsine corresponding to the preferred
organic phosphine as mentioned above, including an
optionally substituted triarylarsine such as tripheny-

15 larsine; a mono-C,_,, alkyl-diarylarsine such as
ethyldiphenylarsine; a di-C,_;, alkyl-monoaryiarsine
such as diethylphenylarsine and others. An antimony
compound (typically, a tertiary organic stibine) corre-
sponding to the above-exemplified phosphorus compound

20 may also preferably be employed as the ligand.

The ligand (A2) may be supported on the carrier
together with the Group. VIII metal source. Supporting
of such ligand can be conducted according td 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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organic acids) and Lewis acids can be used. The proton
acid includes, for example, sulfuric acid, a hydrohalo-
genic acid, nitric acid, phosphoric acid, a sulfonic
acid (for instance, an arylsulfonic acid, an alkylsul-
5 lfonic 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
donor). Therefore, when employing a Lewis acid, such

10 Lewis acid may frequently be used in combination with
other proton source.

As the inorganic compound among the proton acids,
there may be exemplified with suifuric 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 such proton acids, the organic compound
includes, for instance, an optionally substituted aryl-
sulfonic acid such as benzenesulfonic acid, p-toluene--
sulfonic acid and naphthalenesulfonic acid; an option-
ally substituted alkylsulfonic acid such as methanesul-

25 fonic acid, ethanesulfonic acid, propanesulfonic acid,
t-butylsulfonic acid, 2-hydroxypropanesulfonic acid,

trifluoromethanesulfonic acid and trichloromethanesul-
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fonic acid; a phosphonic acid such as benzenephosphonic
acid; a carboxylic acid including an optionally substi-
tuted saturated aliphatic carboxylic acid such as
chloroacetic acid, dichloroacetic acid, trichloroacetic
acid, trifluoroacetic acid, 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,
stearic acid and oxalic acid, ah alicyclic acid such as
cyclohexanecarboxylic acid, an aromatic carboxylic acid
such as benzoic ééid, éhtﬁaiid acid,.isophtﬂéiic acid “
and terephthalic acid, an unsaturated aliphatic carbox-
ylic acid such as acrylic acid, methacrylic acid,
propiolic acid, crotonic acid, maleic acid, fumaric
acid, citraconic acid, mesaconic acid and oleic acid;
an amino acid such as aspartic acid, glutamic acid and
so forth. The aqid may be an acidic ion exchange resin
such as an ion exchange resin having a sulfonic acid
group, a phosphbnic acid group or a phosphinic acid
group, for example.

Example of the Lewis acid includes a halide of an
element belonging to the Group VIIIB, the Group IVA,
the Group IVB, th Group VA or the Group VB of Periodic
Table of the Elements, or a complex compound thereof
such as BF,, BF;°0(C,H.),, AlCl,, TiCl,, Ti[OCH(CH,),l,,
SnCl4, SnClé, NbFs, TaFg, PFg, AsFg and SbFg; or an

alkoxide (for example, a C, o alkoxide).
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i nstance, a proton a
per

The acid may usually have an anion capable of
coordinating. As preferred example of the acid, there
may be mentioned a proton acid (Brdnsted acid) includ-
ing an arylsulfonic acid such as p-toluenesulfonic
acid; an alkylsulfonic acid having abouﬁ 1 to 10 carbon
atoms, preferably about 1 to 6 carbon atoms, and more
preferably an alkylsulfonic acid haviﬁg about 1 fo 4
carbon atoms such as methanesulfonic acid; an aliphatic
carboxylic acid, preferably an aliphatic unsaturated
carboxylic acid having about 2 to 10 carbon atoms; an
inorganic acid (for instance, sulfuric acid, a hydroha-
logenic acid or a phosphoric acid).

The acid may be supported on the carrier with the
Group VIII metal source. Such acid'can be supported
according to a conventional method such as a technology
as mentioned above.

The catalytic system (A) of the present invention

may further comprises an electron donative (electron

repelling) compound. As the electron donative com-
pound, a compound having an electron donability AvD of
not less than 2 may be used, for example. The electron
donability means a sift. value of wave number of O-D

non-conjunctive stretching vibration of a deuterated

‘(deuterium-containing) methanol (0.4 mol per liter) in

a liquid compound when benzene is used as a primary
standard, and is defined as "an-electron donability AvD

relative to methanol D". Such electron donative com-
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pound may probably have coordinating properties to the

Group VIII element.

As such electron donative compound, there may be

exemplified with an amine, an imine, an amide, a sul-

5 foxide, an aldehyde, an ether, a ketone, a lactone, an
ester, a nitrile, a nitro compound, an aromatic hydro-
carbon, an aliphatic hydrocarbon and so on. These
compounds may be used singly or in combination.

With respect to the electron donability AvD, there

10 can be referred to, for instance, "Solvent Effect on
Organic Chemical Reaction" written b§ Sénoo'ahd'Arai,
published by Sangyo Tosho Co., Ltd., Japan on April 25,
1976. For the following electron donative compounds as
examples, the value of the electron donability AvD is
15 indicated in a parenthesis, for reference.

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 alicyclic amine such as cyclohexylamine; an aromatic
amine such as aniline (158), N-methylaniline (151) and
N,N-dimethylaniline (148); an alkanolamine such as
dimethanolamine, trimethanolamine, ethanolamine, die-
thanolamine, triethanolamine, dipropanolamine, tripro-

25 panolamine, butanolamine, dibutanoclamine, tributancla-

mine, dimethylaminoethanol and diéthylaminoethanol; a

heterocyclic amine such as morpholine, N-methylpyrroli-



—
1

i L Repl | I— .
nore preferably about 0.5 to 5 Th?Sh TS e m%ﬁ th I@hécﬁtam&&@@@kﬁ#e
conpound is, for exanple, about ’TQJI“ WEU |, pr ;!ferabl aggijt to
50,000 nol and nore preferably a 00 noljj, Prel:at.Nvay, da“ nof| of
e f & Y

the Goup VIIl netal source. Such electron donative i sy
be used in a proportion of about 10 te 28,600 nol (fol
7,000 nmol), and particularly about 100 to 20 5, 000 nmL

Goup VIl netal source. The

done, pyrrole, imidazole, l-methylimidazole, pyridine
(168), o-picoline (183), B-picoline, y-picoline (160},
2,3;lutidine, 2,4-lutidine, 2,5-1lutidine, 2,6-lutidine,
3,4-1utidine, 3,5-lutidine, 2-ethylpyridine, 3-ethylp-

5 yridine, 4-ethylpyridine (179), 2,3, 4-trimethylpyri-
dine, 2,4,6-trimethylpyridine, dipyridine, o-toluidine
(145), piperidine (240}, 4—vinylpyridine.(193), pyra-
zine, pyrimidine, quinoline, isoquinoline and the like.
The amine also includes a resin and an ion exchange

10 resin having a basic group such as amino group, a sub-
stituted amino group inclﬁding, far-inéganée, a monoal-
kylamino group or a dialkylamino group and qugternary
ammdnium group (e.g. an amine resin such as a pyridine
resin obtainable from a reaction of pyridine and for-

15 maldehyde).

Typical example of the amine includes a secondary
amine and a tertiary 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, l-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-phenylethyleneimine (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 sulfoxide, there may be mentioned dimethylsulfoxide
(141), diisopropylsulfoxide, sulfolane, 2-methylsulfo-
lane and 3-methylsulfolane, for instance.
The aldehyde includes, for example, an aliphatic
aldehyde such as acetaldehyde (79), propionaldehyde
10 (85), n-butylaldehyde (83), acrolein (122), metacrolein
and crotonalaehydé'(7§f{taﬂd an aromatic éldéhyde 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 ether (77), ethyl
| vinyl ether (31), n-butyl vinyl ether (33), isobutyl
vinyl ether (33), diallyl ether (66), 1,2-
dimethoxyethane (71), cellosolve (ethylene glycol
monoethyl ether), carbitol (diethylene glycol ethyl
20 ether), diglyme [bis(2-methoxyethyl) ether], diethylene
"glycol dimethyl ether ahd diethylene glycol diethyl
ether; an aromatic ether such as anisole (26), phene-
tole (25), 1,2-dimethoxybenzene and diphenyl ether; and
a cyclic ether such as propylene oxide (59), styrene
25 oxide (51), 3,3-bischloromethyloxetane (78), furan (4),
tetrahydrofuran (90), 1,3-dioxolan (58), 2-methyl-1,3-
dioxolan (6l1), 4-methyl-1,3-dioxolan (56},
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2—phenyl—1,3—dioxolan (56), 4-chloromethyl-1,3-dioxolan
(43), tetrahydropyran (93) and 1,4-dioxane (77).

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

As the ketone, there may be mentioned for example
an aliphatic ketone such as acetone (64), methyl ethyl
ketone (57), diethyl ketone (56), diisopropyl ketone,
methyl vinyl ketone (89%) and methyl isobutyl ketone; an
alicyclic ketone such as cyclohexanone(66); an aromatic
ketone such as acetophenone (56) and so forth. Example
of the lactone includes p-propiolactone (34), y-butyro-
lactone (66), e-caprolactone (82) and so on.

The ester includes, for instance, an organic car-
boxylic acid alkyl ester such as methyl acetate (36),
ethyl acetate-(BS), methyl chlorcacetate (27), butyl
acetate, methyl dichloroacetate (23), methyl propionate
(33), ethyl propionate- (32) and methyl isobutyrate
(32); a vinyl ester such as vinyl acetate (21); an
unsaturated carboxylic acid alkyl ester such as methyl
acrylate (30), ethyl acrylate (33), methyl methacrylate
(37), methyl crotonate and éthyl crotonate. Even when

an unsaturated carboxylic acid alkyl ester (e.g. methyl

methacrylate, methyl crotonate, etc.) is used as the

ester, the reaction may proceed smoothly.

As example of the nitrile, there may be mentioned
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acetonitrile (49), propionitrile (52), butyronitrile,
acrylonitrile (37), benzonitrile (38) and others.
Example of the nitro compound includes an aliphatic
nitro compound such as nitromethane (6) and nitroethane
5 (8), an aromatic nitrowcompound such as nitrobenzene
(21); The aromatic hydrocarbon includes, for example,
toluene (2), xylene (4), ethylbenzene (4), styrene (2),
c-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 AvD of about 4 to 250, prefera-
bly about 10 to 230 (for instance, about 20 to 200) may
be used among these compounds. A compound having an

15 electron donability AvD of about 30 to 250, preferably
about 50 to 250 (e.g. about 100 to 250) may also be
included in such'preferred electron donative compounds.
The electron donative compound may frequently be used
as a reaction solvent in order to simplify the prepar-

20 ing process of the catalytic system. .

From the standpoint of operating properties of the
reaction or others, a compound which is other than a
vinyl compound (that is, a non-polymerizable compound)
‘and does not adversely 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 sulfoxide, the ether, the ketone,



menti oned above, although having B o]

the contrary, the catalytic syst t 0 pfe , In
spite of being a heterogene- ous ca a em & hlgh 3a§ _
activity in carbonylation of an unsaturated hydrocarbon F her-mae. di ng
to such catalytic system high catalytit ¥tivity and” Iong catalyst life

can be obtained even 25 when the Goup VIII netal source is in a netallic

form

10

15

20

25

This Sheet Hag Been Replaced

the ester, the nitrile, the nitro compound and the
aromatic hydrocarbon (specifically, the amine, the
ether, the ester and the aromatic hydrocarbon).

Preferred example of the electron donative com-

pound includes a basic compound such as the amine, the

imide and the amide. Typically, when use is made of
such basic compound (especially, a secondary amine and
a tertiaty amine) in combination with the Group VIII
metal source (typically, a palladium source), the
catalytic activity can significantly be improved or
enhanced in many case€s. Therefore, the catalytic
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
basic compounds with the ether and/or the ester'may
occasionally increase or enhance the transformation
rate and the select1v1ty of the reaction.

In the catalytlc system (A) of the present inven-
tion, the ligand and the electron donative compound can
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 not sacrifice the stability or activ-
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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for a long period of time. Thus, the catalyst can be -q$m§

having an electron donability AvD of not less than 2.
When a triarylphosphine is employed as the organic
phosphine, for examplé, the nitrogen-containing com-
pound or the basic compound, including an amine com-

5 pound such as pyridine or its derivative as mentioned
above, is frequently emploYed for significant increase
or improvement of not only the stability but also the
activity of the catalyst.

Proportions of each compénents of the catalytic

10 system may be selected from a raﬁge according to spe-
cies of each of the catalytic components, where the
catalytic activity due to an interaction or correlation
of the Group VIII metal source supported on the carri-
er, the ligand and the acid is not sacrificed and the

iS stability can be maintained.

Proportion of the ligand (A2) such as the organic
phosphine is, for example, About 0.1 to.l,OOO mol,
usually about 5 fo 500 mol, preferably about 10 to 200
mol and more 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 preferably about 20 to 60 mol per
mol of the metal source. When such ligand is used in a
too much small proportion, the catalytic activity tends

25 to be decreased. On the contrary, use of the ligand in
an excess amount is apt to result in an economical

disadﬁantage.
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In regard to the acid (for instance, a proton acid
as a proton source), the amount of such acid is, per
mol of the Group VIII metal source, for example about
0.1 to 1,000 mol, usually about 5 to 500 mol, prefera-

5 'bly about 10 to 200 mol and more preferably about 15 to
100 mol. Typical use is made of the acid in an amount
of about 10 to 100 mol, specifically about 20 to 60 mol
per mol of the metal source. Proportion of the ligand
such as the organic phosphine relative to 1 mol of the

10 acid is, for instance, about 0.01 to 50 ﬁol, usually
about 0.1 to 50 mol, preferably about 0.2 to 20 mol and
more preferably about 0.5 to 5 mol.

The amount of the electron donative compound is,
for example, about 1 to 100,000 mol,lpreferably about 5

is to 50,000 mol and more preferably about 10 to 10,000
mol, relative to 1 mol of the Group VIII metal source.
Such electron donative compound may frequently be used
in a proportion 6f about 10 to 10,000 mol (for example
about 50 to 7,000 mol), and particularly about 100 to

20 5,000 mol per mol of the Group VIII metal source. The
electron donative cbmpound may be used as a reaction
solvent, and in such a case, an excess amount of the
electron donative compound relative to 1 mol of the
Group VIII metal source may be sufficient. When the

25 electron donative compound is not used as the reaction
solvent, the proportion of the compound is typically

about 2 to 200 mol, preferably about 5 to 100 mol and
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VIII metal source. The electron donative compound may
practically be used as the reaction solvent.
In a catalytic system where a Group VIII metal
5 source as a catalytic active_component is not supported
on a carrier, use of a heterogeneous catalytic system
containing the catalytic active component in a metal
form (state) may sometimes result in an insufficient
catalytic activity with decreasing the catalytic activ-
10 ity in a short period. When using a heterogeneous
catalytic system containing a Group VIII metal com-
pound, in some cases, the catalytic activity may gradu-
ally be decreased or sacrificed in the course of the
use for some period or some times. Typically, such
i5 catalytic system containing a palladium source tends to
result in significant deactivation of the catalyst, as
mentioned above, although having comparatively high
initial activity;
To the contrary, the catalytic system (A) of the
20 present invention has, in spite of being a heterogene-
ous catalytic system, a high catalytic activity in
carbonylation of an unsaturated hydrocarbon. 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 metallic form
(a 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 catalytic activity can be maintained or sustained
for a long period of time. Thus, the catalyst can be
used for a long time or repeatedly without activating
5 treatment. Accordingly, the catalytic system (A) is
useful for carbonylation of an acetylenic or olefinic
(or ethylenic) unsaturated compound.
The cataiytic system'(B)'wHich may be used with
the catalytic system (A) is now described in detail.
10 The catalytic system (B)
compriseé (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 classified 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, and platinum can
advantageously be used among others. The oxidation
number of'the element may be selected according to the
species of the element and is not restricted. By way
of illustration, platinum frequently has an oxidation
25 number of 0, +2, +4 or others.
The Group VIII metal source (Bl) may be in a

tmetallic form or state, or, preferably, a compound of
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Example of the compound of the Group VIII element
includes the inorganic acid salt, the organic acid
salt, the halogenated compound and the complex (or

S complex salt) as exemplified in the explanation of the
catalytic compound (A). As the ligand for constituting
sﬁch complex, there may be mentioned those as mentioned
in the explanation of catalytic system (A). One or
more of the same or different species of these ligands

10 may be coordinated in the coﬁplex or complex salt.

As practical example of thé'complek or complex
salt, there may bé mentioned a platinum complex or
complex salt including a dibenzylideneketoneplatinum
such as dibenzylideneacetoneplatinum,

iS dibenzylideneacetylaceténeplatinum and -
dibenzylideneacetophenoneplatinum; dicyclooctadienepla-
tinum, dichlorobis (triphenylphosphine)platinum, tetra-
kis(triphenylphoéphine)platinum, bis (triphenylphos-
phine)platinum acetate, bis (triphenylphosphine)platinum

20 sulfate and hexachloroplatinic (IV) acid; and a complex
or complex salt of the Group VIII element cprresponding
to these complexes or complex salts.

The catalyst containing the Group VIII element
other than palladium shows, typically in a homogeneous

25 catalytic system, a significantly different behavior or
action from a palladium catalyst. By way of illustra-

tion, a catalytic system comprising a palladium-
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catalyst and a triarylphosphine (triphenylphosphine)
demonstrates a comparatively high catalytic activity,
but addition of a tertiary amine such as pyridine
remarkably decrease or sacrifice the catalytic activity
5 in carbonylatién of an olefin [Japanese Patent Applica-
tion Laid-open No. 215852/1992 (JP-A-4-215852)].
N On the other hand, in the catalytic system com-
prising an organic phosphine, when use is made of the
other Group VIII metal source than palladium (for

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

‘catalyst, addition of a tertiary amine significantly =~~~

improve or enhance the activity and stability of the
catalyst, and in such catalytic system, the catalytic
-activity can hardly be manifested without coexistence
iS of the tertiary amine. These are features contrary to
a conventional catalytic system containing a palladium
catalyst. Further, similar results, namely signifi-
cantly high acti&ity and stability of the catalyst can
be obtained by the use.of an electron donative compound
20 having a specific electron dpnability, typically a
basic compound among them, even when such tertiary
amine is not employed.
The catalytic system (B) comprisés a ligand (B2).
The ligand (B2) shown by the formula (Ib) may frequent-
25 ly be different from the ligand which constitutes the
compound (complex) of the Group VIII metal as mentioned

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

puamm——ear—
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comprises at least one phosphorus atom, arsenic atom or
antimony atom, and can be coordinated to the Group VIII
element. These ligands may be used singly or in combi-
nation.

The ligand (B2) as shown by the formula (Ib) does
not contain a nitrogen-containing heterocyclic group,
ahd thus is not a special or unusual compound. There-
fore, 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 fhe alkyl'group; the alkenyl group, the
alkynyl group, the cycloalkyl group and the aryl group,
and substituents which they may have, there may be men-
tioned those as exemplified in the explanation of the
ligaﬁd (A2) of the catelytic system (A).

In the formula (Ib), A may preferably be a phos-
phorus atom or an arsenic atom, typically a phosphorus
atom.

Preferred example of the ligand (B2) includes an
organic phosphorus compound, an organie arsenic com-
pound and an organic antimony compound, typically an
organic phoephine and an organic arsine, and specifi-
cally an organic phosphine. The organic phosphine may
be whichever of a primary phosphine (for example,
methylphosphine, ethylphosphine, propylphosphine,
isopropylphosphine, isobutylphosphine, isoamylphos-

phine, phenylphosphine, cyclohexylphosphine and so on),

I ﬁ@ﬂiﬁﬁorfesnnmﬁwn
catal ys ofr=a#ini ng t he V| |
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a secondary phosphine (for instance, dimethylphosphine,
diethylphosphine, diisopropylphosphine, di-n-butylphos-
phine, diisoam&lphosphine, diphenylphosphine, dicyclo-
hexylphosphine and the like) or a tertiary phosphine.
The organic arsine may also be whichever of a primary
arsine, a secondary arsine or a tertiary arsine.
Preferred example of such organic phosphine and organic
arsine include a tertiary phosphine and a tertiary
arsine.

In such organic phosphine, R! to R?} are respec-
tively the alkyl group, the alkenyl group, the alkynyl
group, the cycloalkyl .group or the aryl group, each of
which may have a substituent. Typically preferred
organic phosphine is a compound of the formula (Ib)
where at least one of R! to R?® is an aryl group such as
phenyl group or a substituted phenyl group. In addi-

tion to such aryl group, the alkylene group which is

formed by R? and R3 is also preferable.

As preferred examples of the organic phosphine
(tertiary organic phosphine), there may be mentioned
(i) the optionally substituted triarylphosphines, (ii)
the mono C,_,, alkyl-di-arylphosphines, (iii) the di-
C,.,9 @lkyl-monoarylphosphines, (iv) the tri-C, ,, alkyl-
phosphines, (v) the mono-C,_,, cycloalkyl-diarylphos-
phines, (vi) the di-C,_,, cycloalkyl-monoarylphosphines,
(vii) the tri—C4__lo cycloalkylphosphines and (ix) other

phosphines as exemplified in the explanation of the
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catalytic system (A).

As the ligand, an arsenic compound (specifically a
tertiary organic arsine) énd an antimony compound
(typically a tertiary‘organic stibine) can also advan-
tageously be employed.

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

Examples and preferred examples of the electron
donative compound include those exemplified in the
catalytic system (3).

Preferred example of the electron donative com-
pound includes a basic compound such as the amine, the
imide and the amide. Typically, when use is made of
such basic compound (especially, a secondary amine and
a tertiary aminej in combination with (Bl) the Group
VIII metal source excepﬁ for palladium, the catalytic
activity can significantly be imprbved or enhanced in
many cases. Thérefore, the catalytic system (B) may
preferabiy comprise a basic compound selected from the
group consisting of the amine, the imide and the amide.
Further, combination use of these basic compounds with
the ether and/or the ester may occasionally increase or
enhance the transformation rate and the selectivity of

the reaction.
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In the catalytic system (B), a suitable
combination of the ligand (B2) and the electron
donative compound (B3) may be used according to
the species of the metal source (Bl). For
example, even when a combination of (B1l) the
Group VIII metal source other than palladium and
the organic phosphine as the 1ligand (B2) 1is
employed, the stability and activity of the
catalyst are not sacrificed or decreased
regardless of the species of such organic

phosphine. Accordingly, the organic phosphine can be

used in a suitable combihation with the compound (B3)

-'having an electron donability AvD of not less than 2.

15
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By way of illustration, in the catalytic system com-
prising thé triarylphosphine as the oiganic phosphine,
the combination use of an nitrogen-containing compound
or a basic compound (for instance, the amine compound
such as pyridine or its derivative) can markedly im-
prove or increase not.only the stability but also the
activity of the catalyst. |

The catalytic system (B)
may further conﬁain (B4) an acid. As such acid and
preferred examples thereof, the similar acids and
preferred examples to the catalytic system (A) can be
mentioned.

The catalytic system (B)
may be whichever of a homogeneous catalyst or a hetero-

geneous catalyst. In the use for a liquid phase reac-
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ous system. If necessary, the catalytic system (B) may
comprise or form a solid catalyst wherein the catalytic

component is supported on a carrier such as an activat-

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

of each components can be selected, according to the
species of each of the catalytic components, within a
range insofar as the activity and stabiliﬁy of the
catalyst are not adversely affected.

The ratio of the ligand (B2) such as the organic
phosphine is, for instance, about 0.1 to i,OOO mol,
preferably about 0.5 to 500 mol, more preferably about
1 to 100 mol and frequently about 1 to 50 mol, relative
to 1 mol of the Group VIII metal source (Bl). The
proportion of the acid (for example a proton acid as a
proton source) is, relative to 1 mol of the Group VIII
metal source (Bl), about 0.1 to 1,000 mol, preferably

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

~ and for still better results, about 1 to 100 mol.

The amount of the ligand (B2) such as the organic
phosphine relative to 1 mol of the acid (B4) such as
the proton acid may not be restricted, and is, for
example, about 0.01 to 50 mol, preferably about 0.02 to
10 mol, and more preferably about 0.05 to 5 mol.
Frequently, the ligand méy be used in a proportion of
about 0.03 to 3 mol pef mol of the acid.

The proportion of the electron donative compound



ORI

conprises at |east one phosphof gj&S a0 ot om or |[ametureriyFEiHRTESRh ‘
can be coordinated to the C?oup l These |iggnds |

singly or in conbi- nation. (B2) as tHe [
(I'b). does not contain a nltrogen contalnlng het er ocycl & —rghdeEhus—
~not a special or unusual conpound. Thgpe- fore, the IlbaﬁﬁSCBfﬁuﬁ AS BREN

catal ytic system (B) can easily be préepared or be avail abl e. REFLAGED

(B3) is, for example, about 1 to 100,000 mol, prefera-
bly about 5 to 50,000 mol and more preferably about 10
to_10,000 mol, relative to 1 mol of the Group VIII
metal source. Such electron donative compound may
5 frequently be used in a proportién 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 splvent, and in

10 such a case, an excess amount of the electron donative
compound relative to 1 mol of the Group VIII metal
source may be sufficient. When the electron donative
compound is not used as the solvent, the proportion of
the cohpound is typically about 2 to 200 mol, prefera-

15 Dbly 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)

20 can show or perform high activity and stability in the
carbohylation of an unsaturated hydrocarbon, and thus
is useful in carbonylation of an acetylenic or olefinic
unsaturated compound.

According to the method of the present

25 invention, an acetylenic or olefinic unsaturated
compound is allowed to react with carbon monoxide

in the presence of the catalytic system (A) to

"give a carboxylic acid or a derivative thereof
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The acetylenic or olefinic unsaturated compound
may preferably be an asymmetric acetylenic or olefinic
compound, and more preferably be an a-acetylenic com-

5 pound, an c-olefinic compound or an allene compound.
The acetylenic compound (acetylene series 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, preferabli about 2 to 20, and typically
about 2 to 10 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 substituent. The

15 unsaturated hydrocarbon may have both of a double bond
and a triple bond, or two or more of double bonds in a
molecule.

The unsaturated compound may have a various sub-
stituent. Example of such substituent includes a

20 halogen atom such as_fluofine, chlorine, bromine énd so
on; a C,,, cycloalkyl group such as cycloheptyl, cyclo-
hexyl and cyclooctyl groups; an aryl group such as
phenyl and ﬁaphthyl groups; an aralkyl 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, butyryl, isobutyryl, valeryl, iso—‘

valeryl and pivaloyl groups; an acyloxy group having,
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phenyl phosphi ne, cycl ohexyl phosphi ne and so on),
in the alkyl moiety, about 1 to 6 carbon atoms such as

=

acetoxy groﬁp; a hydroxyl group; an alkoxy group having
about 1 to 6 carbon atoms such as methoxy, ethoxy,
propoxy, butoxy and t-butoxy groups; a haloalkyl group
5 such as trifluoromethyl and trichloromethyl groups; a
haloalkoxy group such as trifluoromethoxy and trichlo-
romethoxy groups; a carboxyl group; an alkoxycarbonyl
group having, in the alkoxy moiety, about 1 to 6 carbon
atoms; an amino group and an N-substituted amino group
10 such as a monoalkjlamino group and a dialkylamino
group; an amide group and an N-substituted amide group
such as acetamide groub and the like.
As example of the alkyne, there may be mentioned
acetylene, propyne, l-butyne, 2—butyne, l-pentyne, 1-
i5 hexyne, l~-heptyne, l-octyne, 2-octyne, 4-octyne, 1,7-
octadiyne, 5-methy;-3-heptyne, 4-propyl-2-pentyne, 1-
nonyne, phenylacetyne, benzylethyne and cyclohexyle-
thyne. '
The alkene includes, for example, ethylene, pro-
20 pylene, phenylethylene, l-butene, 2-butene, l-pentene,
3-methylpentene~1l, 4-methylpentene-1l, l-hexene, 1-
heptene, l-octene, 2—ocpene, 4-octene, allene, cyclo-
hexene and norbornadiene.
As carbon monoxide, whichever of pure carbon
25 monoxide or a carbon monoxide diluted with an inert gas
such as nitrogen, helium, argon, carbon dioxide and

others may be employed.
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The unsaturated compound may be carbonylated
individually, or in the presence of another reactant
such as a nucleophilic compound having a hydrogen or a
hydrogeh atom which can be left in the reaction (active

5 hydrogen). Example of the nucleophilic compound having
a hydrogen atom capable of reléasing includes a com-
pbund having a hydroxyl group such as an alcohol, water
and a carboxylic acid. The alcohol may also include a
silanol.

10 The alcohol may be whichever of an aliphatic,
alicyclic, aromatic alcohol or a phenol, and of a
monohydric or polyhydric alcohol. Such alcohol may
have one or more of substituents other than a hydroxyl
group among the substi;uepts as exemplified in the

i5 explanation of the unsaturated compound.

As the monohydric alcohol, there may be mentioned,
for instance, an aliphatic alcohol such as methanol,
ethanol, l—propahol, 2-propanol, l-butanol, 2-butanol,
l-methylpropan-l-ol, 2-methylpropan-l-ol, 2-methylpro-

20 pan-2-0l, l-hexanol, l-octanol, 2-ethylhexanol, stearyl
alcohol, allyl alcohol, crotyl alcohol and propargyl
alcohol; an alicyclic alcohol such as cyclopentanol,
cyclohexanol-4-methylcyclohexahol, cyclohexen-l-o0l,
cycloheptanol, cyclooctanoi_and borneol; and an aromat-

25 ic alcohol such as benzyl alcohol, salicyl alcohol,
benzhydrol and phenethyl alcohol. The phenol includes,

for example, phenol, an alkylphenol, resorcinol, cate-
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chol and 2,2-bis (4-hydroxyphenyl)propane.

Example of the polyhydric alcohol includes ethyl-
ene glycol, propylene glycol, diethylene glycol, poly-
ethylene glycol, dipropylene glycol, polypropylene

5 glycol, trimethylene glycol, tetramethylene glycol,
1, 6-hexanediol, glycerol, trimethylolpropane(2,2-bishy-
dfoxymethyl—l—butanol), pentaerythritol, 1,2-
cyclohexanediol, 1,4—cyclohex§nediol, a carbohydrate (a
monosaccharide, an oigosaccharide, a polysaccharide)

10 such as glucose, fructose, mannose, galactose, saccha-
rose, aldohexose, aldopentose, altrose, allose, talose,
gulose, idose, ribose, arabonose, xylose, lyxosé,
erythrose,-threose and cellulose.

Preferred example of the alcohol includes a mo-

iS nohydric alcohol having about 1 to 20, particularly
about 1 to 10, and among them about 1 to 5 carbon
atoms. An aliphatic saturated alcohol may typically
used as the alcohol.

As example of the carboxylic acid, an aliphétic

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 carboxylié acid such as

25 cyclohexanecarboxylic acid; an arbmatic carbéxylic acid
such as benzoic acid, phthalic acid, isophthalic acid

and terephthalic acid; and an unsaturated carboxylic
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may be mentioned (i) the optionally subdtd tuted tri athEphdsph YT the

nono [err] al kyl -di-aryl phosphines, (iii) the di- [err]
al kyl - monoar yl phosphi nes, (iv) the [err] alkyl -

acid such as acrylic acid, methacrylic acid, propiolic
acid, crotonic acid, maleic acid, fumaric acid, citra-
conic acid, mesaconic acid and oleic acid. An aliphat-~-
ic carboxylic acid, preferably that having about 2 to
5 20, and more preferably about 2.to 18 carbon atoms, and
in particular an aliphatic carboxylic acid having about
2.to 10 carbon atoms may be used as the carboxylic
acid, typically speaking.
An alcohol or water may frequently be used as the
10 nucleophilic compound having a hydrogen atom which can
be left in the reaction.
In the carbonylation reaction, a compound corre-
sponding to the olefinic unsaturated compound and the
acetylenic unsaturated compound can be produced accord-
15 ing to species of the reactant. By way of illustra-
tion, when water is employed as the reactant, a corre-
sponding carboxylic acid and an unsaturated carboxylic
acid such as an d,B—unsaturated carboxylic acid are
produced by carbonylation of the olefinic unsaturated
20 compound and the acetylenic unsaturated compound. The
" use of an alcohol results in production of an ester
corresponding to the carboxylic 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



phosphi nes, (v) the [err] cycl o8t
10 cycloalkyI-nnnoarprhosphines‘

(i x) other phosphi nes as exenpli
system (A).
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olefinic unsaturated compound, and methanol or water as
the reactant (nucleophilic compéund), methyl propionate
or propionic acid can be produced by reacting with
carbon monoxide. By allowing allene as the olefinic
unsaturated compound and methanol or water as the
reactant (nucleophilic compound) to feact with carbon
monoxide, methyl methacrylate or methacrylic acid may
be obtained. Methyl methacrylate or methacrylic acid
may also be produced by using propyne as the acetylenic
compound and methanol or water as the reactant (nucleo-
philic compound) to react with carbon monoxide.

Thus, according to the method of the present
invention, species of the reactant may be selected
depending on the objective compound, and is frequently
water, an alcohol or an organic carboxylic acid.

Proportions of each components in the carbonyla-

tion may be selected within a wide range. By way of

'exemplification, the amount of the catalytic system is,

in terms of atomic metal of the Group VIII metal
source, about 1 x 107 to 2 x 107! mol, preferably
about 1 x 107 to 1 x 107! mol and frequently about 1 x
107 to 1 x 1072 mol, relative to 1 mol of the acety-
lenic or olefinic unsaturated compound. The propor-
tion of the catalytic system (&) may also se-
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
t . :
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having an el ec- tron donability [err] of not |ess~Eha Pff%ﬁfﬁgeﬁﬁniLLgﬂfPf
the electron donability [err] may al so be .referre@PLas LD SEERe//expl anati-on
of the catalytic system (A) as above. EXx | es and xanpl es of
the el ectron B

acetylehic or olefinic unsaturated compound.

When the catalytic system (A) is employed, the
proportion of carbon monoxide is, for example per mol
of the acetylenic or olefinic unsaturated compound,

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

10 more preferably about 1 to 50 mol (for example, about
1.5 to 5 mol), relative to 1 mol of the acetylenic or
olefinic unsaturated compound. When water is employed
as.the reactant, the amount thereof may be about 0.5 to

10 mol per mol of the unsaturated compound.
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Preferred exanple of the electro w=includes  a b@éQC\
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0.8 to 10 mol (for example, about 1.2 to 10 mol) and
more preferably about 1.0 to 5 mol (for instance, about
1.5 to 5 mol). When water is employed as the reactant,
the amount of such reactant may be about 0.5 to 10 mol
5 relative to 1 mol of the unsaturated compound.
Meanwhile, the reacﬁant may also be used as a
reaction solventl
The reaction (carbonylation) may be carried out in
an inert organic solvent. As example of such organic
10 solvent, there may be mentioned an aliphatic hydrocar-
bon such as hexane and octane; an aromatic hydrocarbon
such as.benzene; a halogenated hydrocarbon 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. h
The carbonyiation reaction may typically be con-
ducted at a temperature of, for instance, about 10 to
20 250°C (e.g. about 10 to 200°C) and preferably about 25
to 200°C, and under a pressure of about 1 (atmospheric)
to 150 atm and preferably about 1 to 100 atm. The
reaction may be carried out in accordance with a con-
ventional method such as a baﬁch method, éemi—batch
25 method or continuous method, and in a ligquid phase or
in a gas (gaseous) phase. Since the catalytic system

(A) has "~ high stability, the reaction is prac-

t
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tically conducted in a liquid phase. Meanwhile,
the above mentioned catalytic systems (A) and (B)
5 may be used in a suitable combination.

After completion of the reaction, the reaction
product (s) can easily be separated and purified accord-
ing fo a conventional technology such as a separating
means including filtration, concentration, distilla-

10 tion, extraction, crystallization, recrystallization
and column chromatography, or a combination 6f”ﬁhése'
technologies.

Since comprising the Group VIII metal source sup-
ported on the carrier as the catalytic component, the

15 catalytic system (A) of the present invention has high
catalytic activity and excellent stability even thought
being a heterogepeous 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 acetylenic or ole-
finic unsaturated compound, a carbonylation product )
such as a carboxylic acid or an ester of a carbokylic
acid can stably be produced in a stable liquid phase .//
with hiéh transformation rate and selectivity for a

25 long period. Such carbonylation can be conducted with-

out activation of the catalyst. Further, an a,f-

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

and selectivity as well as high stability.

The following examples are merely intended to
illustrate the present invention in further detail and
should not be construed as defining the scope of the

invention.

EXAMPLES
In the following examples, the term "part"™ means
"part by weight”.
Example 1
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enpl oyed, the stability and activit yst
I fi ' C|es
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sacrificed or decreased regardl
phosphi ne. Accordingly, the organic p
conmbi nation with the conpound (B3) haV|_ng§§n el ectron onab|I
not less than 2. By way of illustration, ¥Th the catal ytj
prising the triaryl phosphi ne as the organi ¢ phosphi ne,
use of an nitrogen-containing conpound

To 100 parts of acetone and 0.03 part of concen-

trated hydrochloric acid (an agqueous solution contain-
ing about 35% or more of hydrogen chloride) was added
1.77 part of palladium chloride for dissolving. A

5 '~ granular activated carbon [trede name: Shirasagi C,
manufactured by Takeda Chemical Industries Co., Ltd.:;
specific surface area of 1,200 m?/g; pore volume of
0.53 ml/g; mean pore size of 17 A] (100 parts) was
dipped in the resultant solution to adsorb palladium

10 chloride on the activated carbon.

A'nitrogen~subé£itutéd sEaiﬁless;gteéi autoclave
(inner volume of 30 ml) was charged with palladium
chloride-supporting activated carbon prepared above in
an amount of 5 x 1076 mol in terms of palladium chlo-

15 ride, and with 2 x 1074 mol of triphénylphosphine, 2 x
10" 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/cm?, and was sealed. The reaction was conducted
20 under heating and stirring at 60°C for 2 hours.

The reaction product was analyzed by gas chroma-
tography. As a result,.the mean transformation rate of
methylacetylene was 142 mol/hr per gram atom of palla-
dium, and the methylacetylene-based selectivity for the

25 product methyl methacrylate was 80%.

Example 2

The reaction solution obtained in Example 1 was
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or a basic conmpound (for instance, ound suchtas pyr
nly the's
S

Its derivative) can markedly im pr “VJ:T,.
but also the activity of the cataly *Egi Hal C s&ilﬂﬁﬂ(

may further contain (B4) an acid. As s aC|d.anqup fr-ed--exanpl es... :
thereof, the simlar acids and preferred catal ytic system

(A) can be nentioned.

concentrated under reduced pressure to remove the
produced methyl methacrylate and unreacted methanol and
methylacetylene. To the residual concentrate, were
added methanol and methylacetylene in the same propor-
5 tions as Example 1. Carbon monoxide was introduced
intc the autoclave and the reaction was cdéducted 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 fepeated five (5) times. The
results 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 épparent from Table
1, although the catalyst was used repeatedly, the
transformation rate of methylacetylene and the selec-
tivity for methyl methacrylate were scarcely changed or

20 sifted.
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43 tion, the catalytic systemnay ¢ honog e 1;_;:-;;_jgﬁzr+f
necessary, the catalytic systen1(B) may 57 ,%w' TR
' Table 1
Repeating Transformation Selectivity
times rate (mol/hr) (%)
1 141 81
5 2 139 82
3 140 _ 81
4 138 82
5 139 80
iv X 1
10 The procedure of Example 1 was repeated except

that palladium chloride which was not supported on a
carrier was used instead of palladium chloride support-
ed on the activated carbon. Resultantly, the fed
methylacetylene was transformed to methyl methacrylate
15 at an average transformation rate of 145 mol/hr per
gram atom of palladium, and the methylacetylene-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 Fxample 2
The series of procedures described in Example 2
were repeated five times iﬁ the same manner as Example
25 2, except for using the reaction mixture obtained in
Comparative Example 1 instead of the reaction mixture

obtained in Example 1. Thé results are shown in Table
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conprise or forma solid catal yst ta
supported on a carrier such as. an ca
ot hers. The proportions of each c be

t he species of each of the catalytic conponents, wthin
the activity and stability of the cat§1§§t'are not adversely affected. 10
The ratio of the ligand (B2) such as the organic phosphine is, for

i nstance, about 0.1 to 1,000 nol,

"vaupcqgnkﬂ
alum
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2. As clearly shown in Table 2, when the catalyst was
utilized repeatedly, the transformation rate of the

methylacetylene was significantly decreased.

Table 2
5 .
Repeating Transformation Selectivity
times rate {(mol/hr) (%)
1 112 79
2 98 80
3 83 78
10 4 61 78
5 53 76
Example 3

To a diluted aqueous solution of hydrochloric acid

15  containing 1.77 part of palladium chloride was added
100 parts of v-alumina_[trade name: Neospeed, manufac-
tured by Mizusawa Chemical Co., Ltd., Japan; specific
surface area of 200 m?/g; pore volume of 0.40 ml/g;
mean pore size of 80 A], and y-alumina was dipped in

20 palladium chloride with stirring. To the dipped y-
alumina, were added 5 parts of an aqueous solution of
formalin and 100 parts pf a 1N 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 catalyst.

The reaction was conducted in the same manner as
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proton source) is, relative to 1 nmol of the Group VIII neIaL.sou¢ e BEY“
about 0.1 to 1,000 nol, preferably abowut 5 0 500 nol, nore preferabry
about 5 to 250 nol, and for still better results, about 1 to 100 nol. 20

The amount of the ligand (B2) such as the organic

Example 1 except that, instead of the palladium chlo-
ride supported on the activated'carbon; the metallic
palladium supported on y-alumina was uéed in an amount
of 5 x 107° mol in terms of metallic palladium, and

5 that 2 x 10~ mol of 2, 6-bis (diphenylphosphino)pyridine
was employed in lieu of triphenylphosphine. 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 methylacetylene-based

10 selectivity of 87%.

Thus, the series of the procedures, that is, the
concentration of the reaction mixture, charging of the
raw materials and the reaction; was 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 - Comparative Example 3

The reaction was conducted in the 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 for methyl methacrylate was 83%.
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phosphine relative to 1 nol of t uch_as
not be restricted, and is, for e m @m og%p%mbmm‘ef erahl
about 0.02 to 10 nDI and nore p t 0 o5 nmol. 25
Frequently, the Ilgand may be used in a proport|0n~of‘ébaut Q. 03 ton._
per nol of the acid. The proportlon of ghhe el ectron domative r

Then, the 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 of the

5 procedures, the mean transformation rate of methylacet-
ylene was remarkably decreased to 18 mol/hr per gram.
atom of palladiuﬁ, and the selectivity for methyl
methacrylate was decreased to 43%.

Example 4

10 The procedure of Example 1 was followed excepﬁ
‘that triphenylarsine was employed instead of triphenyl-
phosphine. Methylacetylene was transformed to methyl
. methacrylate at a mean transformation rate of 23 mol/hr
per gram atom of palladium, and the methylacetylene-
15 Dbased selectivity for the product methyl methacrylate
was 53%.

After repea;ing the series of procedures of con-
centration of the reaction mixture, charging of the raw
material and the reaction five times in the same manner

20 as Example 2, the mean transformation rate of methyla-
cetylene and the methylacetylene-based selectivity for

methyl methacrylate cﬁanged scarcely.

25
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What is claimed is : VO 0

1. A method of producing a carboxylic acid or a

derivative thereof by = carbonylation which
comprises allowing an acetylenic unsaturated
compound or an olefinic 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 ligand and (A3) an acid.
2. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said Group VIII metal source (Al) in said
catalytic system (A) is at least one metal
selected from the group consisting of cobalt,
nickel, rohodium,.palladium and platinum, or a
compound of said metal.
3. A method of producing a carboxylic acid or
a derivative thereof as claimed in c¢laim 1,
wherein said carrier in said catalytic system (A)
is at least one member selected from the group
consisting of an activated carbon, a metal oxide,
a nonmetal oxide and a clay mineral.
4, A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said carrier in said catalytic system (A)
has a specific surface area of 10 to 3,000 m?/g.
5. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
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wherein the supporting amount of said Group VIii'

metal source (Al) in said catalytic system (A) is
0.01 to 20% by weight relative to the carrier.
6. A method of producing a carboxylic acid or
a derivative thereof .as claimed in claim 1,
wherein said ligand (A2) in said catalytic system
(A) is at least one member selected from the
group consisting of a phosphorus compound, an
arsenic compound and an antimony compound.

7. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said ligand (A2) in said catalytic system
(A) is a tertiary organic phosphine or a tertiary
organic arsine.

8. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 7,
wherein said tertiary organic phosphine or
tertiary organic arsine has an aryl group, a
substituted aryl group or an aromatic
heterocyclic group containing a nitrogen atom as
a hetero atom. '

9. A method of'producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said acid (A3) is a proton acid or a
Lewis acid.

10. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 9,
wherein said proton acid is at least one member
selected from the group consisting of an
arylsulfonic acid, an alkylsulfonic acid, a

metal source. The el ectron donative com pound (B3) may be used

t he

2]
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carboxylic acid, a hydrohalogenic ac1d, sulfuric

acid, nitric acid, a phosphoric acid and a
perhalogenic acid.
11. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1
wherein said catalytic system (A) is a
combination of (Al) a palladium source, said
palladium source being supported on a carrier
having a specific surface area of 100 to 2,000
m?*/g, (A2) a tertiary orgahic phosphine or a
tertiary organic arsine and (A3) a proton acid.
12. A method for carbonylation as claimed in
claim 1, wherein said unsaturated compound is an
a-acetylenic compound or an a-olefinic compound.
13. A method for carbonylation as claimed in
claim 1, wherein said acetylenic unsaturated
compound or -olefinic unsaturated compound is
allowed to react with carbon monoxide and a
nucleophilic compound having a hydrogen atom
which can be left in the rection.
14. A method for carbonylation as claimed in
claim 13, wherein said nucleophilic compound is
at least one member selected from the group
consisting of water, a compound having a hydroxyl
group and a carboxylic acid.
15. A method for carbonylation as claimed in
- claim 14, wherein said compound having a hydroxyl
group is an alcohol. |
16. A method of producing a carboxylic acid or
a derivative thereof by carbonylation which |



compound is allowed to react with carbon nonoxide in the presence of the
catal ytic system (A) to give a carboxylic acid or a derivative thereof
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comprises allowing, in the presence of a

catalytic system, (a) an asymmetric acetylenic or
olefinic unsaturated compound to react with (b)
carbon monoxide and (c) at least one compound
selected from the group consisting of water,'an
alcohol having 1 to 20 carbon atoms and a
carboxylic acid having 1 to 20 carbon atoms,
wherein said catalytic system is;

(A) a catalytic system for carbonylation
comprising (Al) a Group VIII metal source of
Periodic Table of the Elements, said metal source
being supported on a carrier, (A2) a ligand and
(A3) an acid. ' |
17. A method of producing an o«,R-ethylenic
unsaturated carboxylic acid or a derivative
thereof, which comprises allowing (a) an o-
.acetylenic hydrocarbon to react with (b) carbon
monoxide and (c) at least one nucleophilic
compound selected from the group consisting of
water, an alcohol and a carboxylic acid, in the
presence of; _

(A) a catalytic system for carbonylation
comprising 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 phosphine or a tertlary

organic arsine and (A3) a proton acid.
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CATALYTIC SYSTEMS AND METHODS FOR CARBONYLATION

A carbonylation catalytic system comprises
(A) a combination of (Al) a Group VIII metal
source of Periodic Table of the Elements (e.g.,
palladium, palladium chloride) supported on a
carrier, (A2) a ligand such as triphenylphosphine
and (A3) an acid such as an alkylsulfonic acid.
In the presence of the catalytic system (A), an
acetylenic or olefinic unsaturated compound is
allowed to react with carbon monoxide and a
nucleophilic compound having an active hydrogen
such as water, an alcohol and a carboxylic acid
in a 1ligquid phase to give an unsaturated or
saturated carboxylic acid or an ester thereof
~with high transformation rate and selectivity.
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CATALYTIC SYSTEMS AND METHODS FOR CARBONYLATION

FIELD OF THE INVENTION

This invention relates to methods of producing

5 a carboxylic acid or a derivative thereof by

carbonylation of an 'acetylenic* or olefinic

unsaturated compound w1th the use of a spec1f1c
catalytic system.

BACKGROUND OF THE INVENTION.

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

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

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

20 EP-Al-279447 disclose catalytic systems for carbonyla-
‘tion comprising a palladium compound, a triarylphos-
phine and a proton acid- and methods for carbonylation.
of an acetylenic unsaturated compound and an olefinic
compound with the use of such catalytic systems. ~

25 Japanese Patent Publication No. 29212/1993
(JP-B-5-29212), Japanese Patent Application Laid-oéen
No. 176549/1986 (JP-A-61-176549), Japanese Patent



hexyl and cycl ooctyl groups; an aryl group such as phenylg%miﬂﬂﬂ#ﬁ4ﬁﬁ;
groups; an aral kyl group such as benzyl and phenet hyl g&@ygﬁtaa»cyahex
group; an acyl 25 group having about 1 to 7 carbon onms such aslbﬁi m

acetyl, propionyl, butyryl, isobutyryl, valeryl, iso- \@J‘grblg dUN __a;r_gb_yl
groups; an acyloxy gr oup having, 2

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 comprising a bivalent 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 hoﬂogeneous compound is rather preferred as the palla-
dium compound than a heteroéeneous cqmpound and that a
phosphine having a heterocyclic group is used as the |
organic phosphine and, as an inert solvent, N-
methylpyrrolidone is preferred.

15 Further, Japanese Patent Application Laid-open No.
215851/1992 (JP-A-4-215851) discloses a catalytic
system for carbonylation which comprises a Group VIII
metal source of Periodic Table of the Elements, a
phosphine substituted with an aromatié substitute

20 containing an imino-nitrogen atom, a proton source and

| an anion source of an;alkylsulfonic acid, and a method
for carbonylation of an’ acetylenic unsaturated compound
and an olefinic compound using the catalytic system.
Moreover, Japanese Patent Application Laid-open No.

25 215852/1992 (JP-A-4-215852) discloses a catalytic system
comprising a Group VIII metal source, a phosphine

having an imino-nitrogen atom-containing aromatic



- 46 - in the alkyl noiety, about 1 to 6 carbon atons su Pgélggatoxyﬁﬂ"!‘
gr-oup; a hydroxyl group; an al koxy group havi ng about 1 tl0o"& carbon atons
such as net hoxy, ethoxy, propoxy, butoxy and t-butoxy gra pé&”.“ al Jg%’
group 5 such as trifluoronethyl and trlchlgronethyl groqug; ;; ” :
group such as trifluoromethoxy and trichlo® ronethoxy groups; a carboxyl
group; an al koxycarbonyl group having, in the al koxy noiety, about 1 to 6
car bon :

substituent, a proton source and an anion source 6f an
alkylsulfonic acid, and a method of carbonylation of an
acetylenic or olefinic unsaturated compound with the
use of the catalytié system. There is described in

5 these literatures, JP-A-4-215851 and JP-A-4-215852,
that as the Group VIII metal source of. Periodic Table
of the Elements, a compound containing thé Group VIII
metal, specifically a palladium compound is rather
preferred than an element in a metallic state.

10 According to these technologies, a methacrylic
acid ester, for example, ‘can’ be obtained from methyla- ~
cetylene, carbon monox1de and an alcohol without using
sulfuric acid in a large quantity. Therefore, these
technologies are superior to the acetone-cyanohydrin

15 method for a production of a methacrylic acid ester in
a point that a methacrylic acid ester can be produced
without exhausting industrial wastes such as waste
sulfuric acid.

The catalytic éystems used in the methods have, -

20 however, a significant disadvantage that they have a
short catalyst life although having an initial activity
to a certain extent, and thus they are not suitable as
a catalyst for commercial use. By way of illustratibn,
in carbonylation of an acetylenic uﬁsaturated compound,

25 use of a heterogeneous catalytic‘system comprising a
catalytic component in a metallic state such as palla-

dium black as the catalytic system results in not so



atons; an am no group and an N-substituted am no group 10 S§Cﬁ E§“”
nnnoalkylan1no group and a di al kyl am no group; an am de group and an
N-substituted am de group such as acetam de group and the Ilﬁuéygg;
“of the al kyne, there may be nentioned acetyl ene, propyne, ne
2-butyne, 1-pentyne, 1- 15 hexyne, 1-hépﬂyﬁe, 1-octyne, 2-octyne,
4-octyne, 1,7- octadiyne, 5-nethyl-3-heptyne, 4-propyl-2-pentyne, 1-
nonyne, phenyl acetyne, benzyl ethyne and cycl ohexyl e-

much_high catalytic activity and causes a siQnificant
decrease of the catalytic activity in a short period.
When a homogeneous catalytic syétem containing a palla-
dium compoﬁnd such as palladium chloride is used as the

5 catalytic sttem, the palladium compound is reduced'in
the course of the reaction to precipitate as a metallic
simple substance in the reaction system, and a ligand
such as an organic phosphihe is oxidized which results
in a decreased_catalytic activity.

10 In fact, a practiéal use of a palladium compound
as a component of the above-mentioned catalytic system
in a carbonylation reaction results in metalation of
palladium to rapidly precipitate or dispose in the
reaction mixture and thus in decrease of the catalytic

15 activity and reaction rate for carbonylation. |

Further, as set forth in the Japanese Patent
Application Laid-open Né. 215852/1992 (JP-A-4~215852),
when a catalytic system comprising a Group VIII element
and an triarylphosphine as base components is incorpo-

20 rated with a tertiary amine, the catalytic properties
of the catalyst is quite decreased in 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. 215852/1992

25 (JP-A-4-215852), a phosphine having an aromatic sub-
stituent containing an imino-nitrogen atom (e.gq., |

bisphenyl-2-pyridylphosphine) is required to be used as



thyne. The al kene includes, for exanple, ethylene, pro- ZBEP¥@¢%M%$T$HEET!
phenyl et hyl ene, 1-butene, 2-butene, 1-pentene, 3-nethyl gentene-1, =

4-met hyl pent ene-1,- 1- hexene, 1- heptene, 1-octene, 2-octjehae: hébd“ﬂé@gl ------
al I ene, cyclo- hexene and norbornadi ene. As carbon nono
pure carbon 25 nonoxi de or a carbon nonoxi dg diluted with an inert gas such
as nitrogen, helium argon, carbon dioxi de and

the phosphine, and components for the catalytic system
are remarkably restricted. Moreover, the catalytic
system comprising a palladium compound as the catalytic

component shows insufficient catalytic activity.

SUMMARY OF THE INVENTION

- Accordingly, it is an ébject of the present
invention to provide a method of producing a
carboxylic acid or a derivative thereof where, even

10 though using a heterogeneous catalytic system, a
high catalytic activity can be obtained and
maintained for a long period.

Another object of the present invention is to
provide a method of producing a carboxylic acid or
a derivative thereof where, even if using a

15 catalytic system containing a palladium source, a
decrease of the catalytic activity can be
suppressed and thus carbonylation can be conducted
with high transformation rate and selectivity and
with high stability.

It is a further object of the invention to

20 provide a method of producing a carboxylic acid or
a derivative thereof by carbonylation whereby a
carbonylation product such as a carboxylic acid and
a carboxylic acid ester can be produced by
carbonylation of an acetylenic or olefinic
unsaturated compound in a stable 1liquid phase

- system with maintaining high transformation rate
23 and selectivity for a long duration.
A yet further obj ect of the present invention is



ot hers may be enpl oyed. - 47 - The unsaturat ed Conpo yift=Fray—he=——=====—-~
carbonyl ated individually, or in the presence of another [leBEfafEsdtghsaEen
nucl eophi | i ¢ conpound havi ng a hydrogen or a hydrogen atof whic a

left in the reaction (active . i Dats W‘g\ﬂ”ﬁjﬁgm

6

to provide a method of producing an «o,R-ethylenic
-unsaturated carboxylic acid or a derivative
thereof such as methyl methacrylate with high
transformation rate and selectivity and with
maintaining high stability for a long period.



5 hydrogen). Exanple of the nucleophilic conpound having a hydrogen atom
capabl e of releasing includes a com pound having a hydr ox
an al cohol, water and a carboxylic acid. The al cohol

silanol. 10
aromati c al cohol

Such al cohol nmay have one or

D SUC

The al cohol may be whi chever of an al

ati o ic,
or a phenol, and of a nonohydric or pol yhydrli%abt’} @?7
nore of substituents other than a hydroxyl

7

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 as
palladium is supported on a carrier and is used in
a catalytic system in combination with a ligand
such as an organic phosphine and an acid such as an
alkylsulfonic acid, a high catalytic activity can
be obtained in spite of being a heterogeneous
catalytic system, and moreover, decrease of such

catalytic activity can significantly be suppressed

or restrained.

ey %%&fm BT SHEET

|
I



group anong the substituents as exenplified in the 15 expl anatief-af-the——
unsat ur at ed conpound. As the nonohydric al cohol, there nay'be.nﬁntbmnﬁda;“;z '
for instance, an aliphatic al cohol such as nethanol, etha bl ropanquﬁ
2-propanol , 1-butanol, 2-butanol, 1-nethyl propan-1- oI 2- nerhyl ...... “
2-nmet hyl pro- 20 pan-2-ol, 1-hexanol, 1-gctanol, 2- ethylhexanol- steary#

al cohol, allyl alcohol, crotyl alcohol and propargyl alcohol; an allcycllc

al cohol such as cycl opent anol ,

The present invention has been accomplished based
on the above findings.

Thus, the carbonylation catalytic system (A) of

~the present invention comprises a combination of (Al) a-
5 Group VIII metal source of Periodic Table of the Ele-
ments, (A2) a ligand and (A3) an acid.

The Group VIII metal source'of Periodic Table of
the Elements (Al) may be cobalt, nickel, rhodium, |
palladium or platinum, or a compound of such metal.

10 The carrier may be an activated carbon, an oxide of a
metal or nonmetal oxide or a clay mineral. The specif-
ic surface area of the_carrier may be about 10 to 3,000
mz/g. The supporting amount of the Group VIII metal
source (Al) may frequently be about 0.01 to 20% by

15  weight relative to the carrier. The ligand (A2) may be
a phosphorus compound such as a tertiary organic phos-
phine &and others{ an arsenic éompound'such as a ter-
tiary organic arsine and the like; or an antimony
.compound. As the acid, use may be made of a proton

20 acid (a Brénsted acid) such as an arylsulfonic acid, an
alkylsulfonic acid, a carboxylic acid, a hydrohalogenic
acid, sulfuric acid, nitric acid, a phosphoric acid, a

perhalogenic acid and so on.

The catalytic system (A) may be used in a’
25 combination with a catalytic system (B). The catalytic
system for carbonylation (B) comprises a combination of
(B1) a Group VIII metal source of Periodic Table of the
Elements except for palladium, (B2) a ligand shown by



cycl ohexanol
cycl ooct anol

al’cohol , salicyl
includes, for exanple, phenol, an alkylphegol, resorcinof,

10

15

20

25

4- et hyl cycl ohexanol , cycl ohexen-1-o0l, cycl oheptanol,

ﬁéﬁqfijgiég(
the following formula (Ib), and (B3) an electron dona-
tive compound having an eiectron donability AvD rela-
tive to deuterated methanol D of not less than 2:

R2--,

| % - (Ib)

R1—A—R3

wherein A represents a phosphorus atom, an érsenic atom
or an antimony atom; and R!', R? and R® independently
represent a hydrogen atom, an optionally substituted
alkyl group, an optionally substituted alkenyl group,
an optionally substituted alkynyl group, an optionally
substituted cycloalkyl group or an optionally substi-
tuted aryl group, or R? and R® may together form an op-
tionally substituted alkylene group, with a proviso
that R! to R® are not concurrently hjdrogen atoms.

- The Group VIII metal source (Bl) may be the other
metal source than palladium such as platinum, cobalt,
nickel, rhodium and so.on. The ligand (B2) may be a
phosphorus compound of-the formula (Ib) where A is a
phosphorus atom such as an organic phosphine including
a tertiary organic phosphine, for instance. The ligand
(B2) is characterized by being a compound which does
not contain a heterocyclic group having a nitrogen atom
as a hetero atom.-

The electron donative compound (B3) may be which-

ever of a compound having an electron donability AvD of

~not less than 2, and may for example be an amine such

i
I

and borneol; and an aromat- 25 ic al cohol I;%EﬁR?HZi rwlﬁ
al cohol , benzhydrol and phenet hyl al cohpl™ jﬁﬁﬁﬁ#ﬁE‘S



chol and 2, 2- bi s(4-hydroxyphenyl ) propane. Exanple of the polyhydric al cohol
includes ethyl- ene glycol, propylene glycol, diethylene glycol, poly-

et hyl ene gl ycol, dipropylene glycol, polypropylene 5 gly ;
glycol, tetramethyl ene glycol, 1,6-hexanediol, glycerol, || REPLACEMZNT SHEET |
trimet hyl ol propane( 2, 2- bi shy- droxynethqux}butanol), pefit aerythritol, 1,2-}
cycl ohexanedi ol , 1, 4-cycl ohexanedi ol, a carbohydrate (a ¥ n@f%fchar'

oi gosacchari de, a polysacchari de) =

as a heterocyclic tertiary amine, an alkanolamine, an
ether, an ester and others. The catalytic system for
carbonylation (B) may further comprise (B4) an acid

(proton acid or Lewis acid).

According to the method of the présent
invention, an acetylenic or olefinic unsaturated
compound is allowed to react with carbon monoxide
in the presence of the catalytic system (A) to
produce a carboxylic acid or a derivative
thereof. Further, the reaction may also be
conducted in the presence of a nucleophilic
compound having a hydrogen atom which can be left
or eliminated (for example, a compound having a
hydroxyl group such as water, an alcohol, a
carboxylic acid and the 1like) to give an
unsaturated carboxylic acid, a saturated
carboxylic acid or a derivative thereof such as
an ester or anhydride of the carboxylic acid
corresponding to the acetylenic or olefinic
unsaturated compound.

DETAILED DESCRIPTION OF THE INVENTION
20 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 double bond.

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

The catalytic system (A) in the ‘present 1nvent10n
comprises (Al) a Group VIII metal source of Periodic

25



10 such as glucose, fructose, mannose, gal actose, saccha- rose, al dohexose,
al.dopent ose, altrose, allose, tal ose, gulose, idose, rlbosehmangngn9§§+mmm_

xyl ose, |yxose, erythrose, threose and cellul ose. Preferred %&gﬂR£§MQE?%Q%ET i
al cohol includes a no- 15 nohydric al cohol gaV|ng about 1 tjp 20,7
paed SN /897!

particularly about 1 to 10, and anong t hemthbout 1 to 5 carl
al i phatic saturated al cohol may typically used as the al cohol.

Table of the Elements (hereinafter may briefly referred
to as Group VIII metal source) which is supported on a
carrier or support. The Group VIII metal element
includes, for example, iron, ruthenium, osmium, cobalt,
5 rhodium, iridium, ﬁickel, palladium and platinum. On
or after the year of 1990, these elements are classi-
fied into the Group 8 elements (Fe, Ru, Os), the Group
9 elements (Co, Rh, Ir) and the group 10 elements (Ni,
Pd, Pt) of Periodic Table of the Elements. As pre-.

10  ferred elements, there may be mentioned cobalt, nickel,
rhodium,_pailadium and platinum, and specifiéally
preferred are cobalt and palladium. Among them, palla-
dium can advantageously be employed. The oxidation
number of such element can be séiected accordipg to the

15 species thereof and is not critically restricted. The
oxidation number may frequently be 0, +2 or +3, for
instance.

The Group VIII metal source may whichever-of a
simp;e substance of thé 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 time, even though using such simple substance of
the metal.

25 Examples of the compound of the Group VIII element
include an inorganic acid salt (for instance, a ni-

trate, a sulfate, a perhalogenate, a hydrohalogenic



As exanpl e of the carboxylic acid, an aliphatic 20 carboxylic acid such as

farm c acid, acetic acid, propionic acid, n-butyric acid,

pival - ic acid,

lauric acid, myristic acid, paln1t|c acid d stearic acifk
carboxylic aC|d such as 25 cycl ohexanecarb lic acid; a igc |
carboxylic acid such as benzoic acid, phthalic acid, |sophthaI|c aclrd and

val eri c -acid, caproic acid, caprylic aci

an alicyclic

5|sobuterC“atrd’_7
“captic acu&”LéF]

|

il

terephthalic acid; and an unsat ur at ed carboxylic

10

15

20

25

acid such as hydrochloric acid and hydrobroﬁic acid),
an organic acid salt (for example, a sulfonate such as
methanesulfonic acid, ethanesulfonic acid, benzenesul-
fonic acid and p-toluenesulfonic acid, a phosphonic
acid salt, a salt of a carboxylic acid having about 20
or less carbon atoms (for example about 12 or less
carbon atoms) such as formic acid, acetic acid, propi-
onic acid and others), a halide (a chloride, a bromide
and the like), a complex (or a complex salt) and so on.
According to the present invention, even when the Group
VIII metal source is a hydtohalogenié acid salt of the
Group VIII metal such as palladiﬁm chloride, a risk of
corrosion can be minimized and sfill more, high cata-
lytic activity can be sustained for a long period of
time.

As a ligand.constructing the complex, there may be
mentioned for example OH (hydroxo), an alkoxy group
such as methoxy, ethoxy, propoxy and butoxy groups, an
acyl group such as acetyl and propionyl groups, an
alkoxycarbonyl group such as methoxycarbonyl (acetato)
and eﬁhoxycarbonyl group, acetylacetonato, cyclopenta-
dienyl group, benzylidene group, benzylideneacetone,
benzylideneacetylacetone, benzylideneacetophenone, a
cycloalkadiene such as cyclooctadiene, a halogen atom
such as chlorine atom_and bromine atom, CO, CN, oxygen
atom, H,0 (aquo), a phosphine (for instance, a triaryl-

phosphine such as triphenylphosphine), a nitrogen-



49 acid such as acrylic acid, nethacrylic acid, propiolic acid, crotonic
acid, maleic acid, fumaric acid, citra- conic acid, mesacofffC acre=ant——
oleic acid. An aliphat- ic carboxylic acid, preferably tha %ﬁ#ﬁﬁgﬁaﬁomggggr
to 5 20, and nore preferably about 2 to &% carbon atons, %Pd 19 JUN 1997

------------------

containing compound such as NH, (ammine), NO, NO,

(nitro), NO, (nitrato), ethylenediamine, diethylene-

triamine, pyridine and phenanthroline. In such complex

or complex salt, one or more of ligands of the'same or
5 different species may be coordinated.

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

10 acetate, tetrakis(diphenyl-2-pyridylphosphine)palladi-

o um, bis(di-o4t61ylpyriinéhosphinéipéilédiuﬁ-aéétafe}'-“""J
bis (diphenylpyridylphosphine)palladium sulfate and
others, and corresponding complexes of the above-men-
tioned Group VIII metals.

15 As the carrier (support){ a conventional carrier
whereby dispersing-prope:ty of the catalytic active
component can be'improved or enhanced and effective
surface area can be increased may be used. Examples of
such carriér include an activated carbon; a metal or

20 nonmetal oxide (including a compound oxide) such as
silica, alumina, silica-alumina, magneéia, silica-
magnesia and titania; a. clay mineral such as diatoma-
ceous earth, 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 whichever of a raw material



in particular an aliphatic carboxylic acid having about_2.tqa_10. carbhan
atons may be used as the carboxylic acid, typically speakkBgscAl:a) Rt
water may frequently be used as the 10 nucl eophilic mpound ﬁaV|ng
hydrogen at om which can be left in the reaction. In the gaf ‘
reaction, a conpound corre- sponding to~th& &lefinic U.;ﬁ_éfiéééQEJEJ:Eb
and the acetylenlc unsat urated conpound can be produced accord-

Dr

including a carbonizable vegetable (plant) raw material
~such as'wood, charcoal, coconut shell and carbonized
products of these materials; a éarbonizable mineral raw
material such as lignite, coal, coal tar and petroleum
S pitch; a carbonizable polymer raw material such as
phenol resin, furan resin, epoxy'resin, acrylic resin
and polyacrylonitrile, 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) activétion and thé like.

Preferred examples of the carrier include an
activated carbon; a metal or nonmetal oxide such as
silica, alumina (inciuding v-alumina), silica-alumina
and titania, and in particular, an activated carbon.

15 Form (shape) of the carrier may be selected ac-
cording to the reaction tyﬁe such as suspension type
and fixéd—bed type, and is for instance powdery, granu-
lar, fibrous structure, pellet structure, honeycomb
structure or so forth.’

20 The specific surface area of the carrier may be
selected from a range as far as the catalytic activity
is not adversely affected, and is, for example, about.
0.1 to 3,000 m?/g, usually about 10 to 3,000 m?/g,
preferably about 10 to 2,500 m?/g, and more preferably

25 about 50 to 2,000 m?/g (for instance about 50 to 1,500

| m?/g). The carrier having a specific surface area of

about 100 to 2,000 m?/g may frequently be used. When



r;:""{\;\:h éﬁse;’(ﬁé{?‘eiﬁﬂ,’EET },
paand an i
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15 ing to species of the reactant. By way of illustra- ti
I s.enpl oyed as the reactant, a corre- sponding carboxylic a
unsat urated carboxylic acid such as an a,[err]-unsaturated
are produced by carbonyl ation of the oleiigéc_unsaturated 20
t he acetyl eni c unsaturated conpound. The USe of an al cohol results in
production of an ester corresponding to the carboxylic acid and the
unsaturat- ed carboxylic acid. Further, in the case -of using a

the specific surface area of the carrier is too small,

high catalytic activity can hardly be obtained.
The pore volume and mean pore'size (diameter) can
be any volume and size within a range wherein the
5 activity and stability of the catalyst are not sacri-
ficed. As such, the mean pore size of .the carrier may,
for example in case of the activated carbon, usually
about 5 to 200 A, and preferably about 10 to 150 A.
The pore volume of the carrier is for example about
10 0.05 to 7 ml/g, preferably about 0.05 to 3 ml/g, and
more preferably about 0.1 to 2 ml/g. Exceedingly small
mean pore size or pore volume of the carrier tends to
decrease the catalytic_activity. Conversely, the
catalyst life has a tendency to be shortened because of
15 an excess amount of the mean pore size or pore volume.
Supporting amount of the Group VIII metal source .
ﬁay be chosen within a range insofar as the catalytic
activity and the stability of the catalyst, and is, for
instance, about 0.01 to 40% by weight, 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 weight relative to the
amount of the carriér. When too much small amount of
the catalyst is supported on the carrier, sufficiently
25 ﬁigh catalytic activity may hardly be obtained. On the
contrary, too much large amount of the supported cata-

lyst may occasionally result in sacrificing the activi-



carboxylic acid, an acid anhydride corresponding to the 25__ carhox-

acid and the unsaturated carboxylic acid is produced. For
i s made of ethylene as the 50 ol efinic unsaturated co
or water as - 16 - '

nmet hano
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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 according to a convention-
al supporting process such as impregnation, coating,
spraying, adsorption or precipitation process. By
oxidizing or reducing the metal source supported on the
carrier, the oxidation number of the metal element can
be converted to a desired value. By way of illustra-
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
compound to a treatment with a reducing agent such as
formalin, a simple substrate of the Group VIII metal
having a oxidation number of 0 such as palladium metal
supported on the carrier can be obtained.

The catalytic system (&) of the present invention
contains a ligand (A2). This ligand (A2) may frequent-
ly be different from the ligand ﬁhich constitute the '
metallic compound (complex) of the Group VIII metal as
mentioned above. Usually, the ligand (A2) 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

combination.

Examples of the ligand (A2) include a ligand shown

by the following formula (Ia):

,X@«.m?k gmﬁe IBHEEE
outo ol 9. Jun- W4



“the reactant (nucleophilic conpound), nethyl propionate_or propionic acid
can be produced by reacting with carbon nonoxi de. By ahe
olefinic 5 unsaturated conpound and net hanol or water
(nucl eophilic conpound) to react with car@gn_nonoxi de
or nethacrylic acid may be obtained. Methyl nethacryllg

s
thyl nephacryl

OFFR O

acid may al so be produced by using propyne as the acetyl eni c 10
and net hanol or water as the reactant (gaugl eo-
| (Ia)
Rl—A—R3

wherein A represents a phospborus atom, an arsenic atom
or an antimony atom; and R!, R? and R® independently

5 represent a hydrogen atom, an optionally substituted
a;kyl group, an optionally substituted alkenyl group,
an optionally substituted alkynyl group, an optionally
substituted cycloalkyl group, an optionally substituted
aryl group or an optionallylsubstituted heterocyclic

10 group, oOr R? and R3 may together form an optionally
substituted alkylene group, with a proviso that R! to
R? are not concurrently hydrogen atoms.

In the formula (Ia), the alkyl group includes, for

example, a straight-chain or branched-chain alkyl group
15 having about 1 té 10 carbon atoms such as methyl,

ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,

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

groups. Preferréd alkyl group includes, for instance,

a lower é.lkyl 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
group having about 2 to 10 carbon atoms such as vinyl,
allyl, isopropenyl, 2-methyl-l-propenyl, l-butenyl, 2-

25 butenyl, l-pentenyl,'l-hexenyl, 1;heptenyl, l-octenyl,
l-nonenyl and l-decenyl groups. Preferred examples of

the alkenyl. group include an alkenyl group having about



philic conpound) to react with carbon nonoxide. Th rding to the

met hod of the present invention, species of the refichapiadEye ciied .
dependi ng on the obj ective conpound and is frequeptly 15 matgfgﬁgk? cohol
or an organi c carboxylic acid. Proportlon%%f each cpgfpg_nﬂeﬁj[_s_UNriggﬂ
carbonyla- tion may be selected within a € rangeé=—By—way—af- "

exenplification, the anount of the catalytic systen1|s in terns of aton1c
nmetal of the Goup VIII netal

.2 to 6 carbon atoms, and in particular about 2 to 4
carbon atoms. The alkynyl group includes, for example,
an alkynyl group having about 2 to 10 carbon atoms such
as ethynyl, propynyl, 1-butyny1, 2-butynyl, l-pentynyl,

5 .l—hexynyl, l-heptynyl, l-octynyl, l-nonynyl and l-decy-
nyl groups. |

Example of the cycloalkyl group includes a cy-
cloalkyl group having about 4 to 10 carboh atoms such
as cyclobutyl, cyclopentyl, cyclohexyl and cyclooctyl

10 groups. The aryl group includes, for instance, phenyl
group and haphtﬁyl groﬁf. ) ) )

The heterocyclic group includes a heterocyclic
group containing a nitrogen atoﬁ as a hetero atom,
specifically an aromatic heterocyclic group. As such

15 heterocyclic group, there may be mentioned, for exam-
ple, a pyridyl group such as 2-pyridyl group, a pyrazi-
nyl group such as 2-pyrazinyl group, a qﬁinolyl group
such as 2-quinolyl group, an isoquinolyl group such as
l-isoquinolyl group, a pyrimidinyl group such as 2-

20 pyrimidinyl group, a pyridazinyl group such as 3-pyri-
dazinyl group, cinnolinyl group, triazinyl group,
quinokalinyl group, quinazolinyl group and so on.
Preferred example of the heterdcyclic group includes
pyridyl group, pyrimidinyl 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-



20 source, about 1 x [err] to 2 x [err] nol, preferably about 1 x 10-5 to 1

X [err] nol and frequently about 1 x [err] - to 1 x [err]
nmol of the acety- lenic or ol efinic unsaturated conmpound REPNR?QM
tion of the catalytic system (A) al so se- 2
the range about 0.01 to 15% by wei ght, ﬁ?gf%r

wei ght, and frequently about 0.5 to 8% by wei ght reIatiGE‘fﬁ=Fhe=;=::; ------
Y/
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20

25

‘having about 1 to & carbon atoms and typically about 1

| ect ed fréﬁ#%ﬁ%ﬁT
ably about [DLatst:0] 3%y 1997

versely such as a halogen atom, an alkyl group, a hy-
drokyl group, an alkoxy group, a carboxyl group, an
alkoxycarbonyl group, an acyl group, a nitro group or a
cyano group.

The halogen atom includes 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-butyl, pentyl,

hexyl and othér groups, preferably an alkyl group

to 4 carbon atoms.

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 methoxy, ethoxy, pro-
poxy, isopropoxy, butoxy, isobutoxy, t-butoxy, penty-

loxy and hexyloxy groups. Typically preferred alkoxy

" group includes a lower alkoxy group having about 1 to 4

carbon atoms.

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, ethoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl,
t-butoxycarbonyl, pentyloxycarbonyl and hexyloxycarbo-
nyl groups. Preferred_ekample of the alkoxycarbonyl

group includes a lower alkoxycarbonyl group having, in



51 acetylenic or olefinic unsaturated conpound. \Wen the catakp=-c=systefr
(A) is enployed, the proportion of carbon nonoxide is, f faxmﬁphﬁﬁﬁ&%hﬁﬂ??.
of the acetylenic or olefinic unsaturated conmpound, 5 abput O. E 0@97
nmol, preferably about 1 to 80 nol, and ngrSopLeferably abputat _p nﬁi

(for I nst ance,

the alkoxy moiéty, about 1 to 6 carbon atoms, and
typically about 1-£o 4 carbon atoms.
The acyl group includés, for examplé, an acyl
group having about 1 to 6 carbon atoms such as formyl,
5 acetyl} propionyl, bﬁtyrfl, isobufyryl, valeryl, iso-
valeryl and pivaloyl groups.

2 and R® may together form an alkylene group
having about 1 to 10 carbon atoms such as hethylene,
ethylene, propylene, isopropylene, isopropylidene and

10 tetramethylene groups, to form a cyclic group contain-
ing A. By way of illustration, R? and R® may together
form a phosphacycloalkylene group having about 3 to 10
carbon atoms together with a phosphorus atom.

Preferred exaﬁple of the ligand includes an organ-

15 ic phosphorus compound, an organic arsenic compoundland
an organic antimony coméound, 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 exampie, methylphos—

20 phine, ethylphosphine, propylphosphine, isopropylphoé;
phine, isobutYlphosphine, isocamylphosphine, phenylphos-
phine, cyclohexylphosphine and so on), a secondary
phosphine (for instance, dimethylphosphine, diethyl-
phosphine, diisopropylphosphine, di-n-butylphosphine,

25 diisoamylphosphine, diphenylphosphine, dicyclohexyl-
phosphine and the like) or a tertiary phosphine. The-

organic arsine may also be whichever of a primary



about 1.5 to 5 nol). The reactant (nucleophilic com pounﬁ}“ﬁ@ﬁggmgwyghggfi
for instance, in an anount of about 0.1 to 100 nol, prefefably about 0
80 nol, and 10 nore preferably about 1 to 50 nol (for eﬂ@qguﬁgﬂﬁppm%ﬂl

.1 to,

5. |

to 5 nol), relative to 1 nol of the acetyl gqic or ol efinile=tmsaturated -———='

conpound. Wen water is enployed as the reactant, the anmount thereof nmay be
about 0.5 to 10 nol per nol- of the unsaturated conpound.
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arsine, a secondary arsine or a tertiary arsine.

Preferred example of such organic phosphine and ofganic

arsine includes a tertiary phosphine and a tertiary

arsine shown by the formula (Ia).

Preferable organic.phosphine may be an organic
phosphine of the formula (Ia) wherein at least one of
R! to R?® is an aryi group such as phegyl group or a
substituted phenyl group. The heterocyc;ic group and
the alkylene group formed by a combihation of R?® and R3
are also preferred as an alternative for the aryl group
or as in combination with the aryl group.

As practical examples of the organic phosphine,
there may be mentioned (i) an optionally substituted
triafylphosphine such as triphenylphosphine, tri (4-
methylphenyl)phosphine, tri(3,5-dimethylphenyl)phos-
phine, tri(2,4,6-trimethylphenyl)phosphine, tri (4-
methoxyphenyl) phosphine, tri (3, 5-dimethoxyphenyl)phos-
phine, tri(4-chlorophenyl)phosphine and tri(3,5~dichlo-
rophenyl)phosphine; (it) a mono-C,_,, alkyl-diarylphos-
phine such as methyldiphenylphosphine, ethyldiphenyl-
phosphine, propyldiphenylphosphine and butyldiphenyl-
phosphine; (iii) a di-C;_,, alkyl-monoarylphosphine such
as dimethylphenylphosphine, diethylphenylphosphine,
dipropylphenylphosphine and dibutylphenylphosphine;

(iv) a tri-C, ,, alkyl-phosphine such as trimethylphos-
phine, triethylphosphine, tributylphosphine, triamyl-

phosphine, trihexylphosphine and the like; (v) a mono-



52 Meanwhile, the reactant may al so be used as a reaction solvent. The
reaction (carbonylation) may be carried out in an inert -organi-e-solvent A

exanpl e of such organic 10 sol vent, there may be menti omediansak:hphatize
hydrocar- bon such as hexane and octane;_ag,aronatic hydrocarbon

1200 gy 99T

C+€o cycloalkyl-diarylphosphine such as cyc;opentyidi—
phenylphosphine and cyclohexyldiphenylphosphine; (vi) a
. di-C,_,, cycloalkyl-monoarylphosphine such as dicyclo-
pentylphenylphosphine and dicyclohexylphenylphosphine;
5 -(vii) a tri-C,_,, cycloalkylphosphine such as tricyclo-

pentylphosphine and tricyclohexylphosphine; (viii) a
phosphine having a heterocyclic group such as 2-pyri-
dylbisphenylphosphine, bis(2-pyridyl)phenylphosphine,
tris (2-pyridyl)phosphine, 2-pyridylbismethylphosphine,

10 bis(2-pyridyl)methylphosphine, 2-pyridylbisethylphos-
phine, bis(2-pyridyl)ethylphosphine, 2-pyridylbisbutyl-
phosphine, bis(2-pyridyl)butylphosphine, 6-methyl-2-
pyridylbisphenylphosphine, bis(6-methyl-2-pyridyl)-

_ phenylphosphine, tris(6-methyl-2-pyridyl)phosphine, 6-

15 ethy1—2—pyridylbisphenylphosphine,'bis(G-ethyl—Z—pyri-
dyl) phenylphosphine, tris(6-ethyl-2-pyridyl)phosphine,
G-butyl-z—pyfidylbisphenylphosphine, bis (6-butyl-2-
pyridyl)phenylphosphine, tris(6-butyl-2-pyridyl)phos-
phine, 4,6-dimethyl-2-pyridylbisphenyl-phosphine, 6-

20 nmethoxy-2-pyridylbisphenylphosphine, bis (6-methoxy-2-
pyridyl)phenylphosphine,_tris(G—meﬁhoxy—Z-
pyridyl)phosphine, 6-chloro-2-pyridylbisphenylphos-
phine, bis(6-chloro-2-pyridyl)phenylphosphine, 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)pyridine, 2, 6-bis(di-p-tolylphos-

Surtmieeenrel 1]



such as benzene; a hal ogenat ed hydrocarbon such as chloron£g1'\-~-
di.chl or onet hane, carbon tetrachl oride and chl or obenzene; +and ‘& ﬂhXtm;gjﬁF
these solvents. \Were 15 the electron donative conpound’ ot he reactan&~43,
used as a solvent, the above-nentioned Q ganic sol vent | S=Rot. necessﬁrpby
enpl oyed. The carbonylatlon reaction may typically be con- ductéd-at-
tenperature of, for instance, about 10 to 20 [err] (e.g. about 10 to

[err]) and preferably about 25 _
phino)pyridine and so on; (ix) other phosphine such as

ethane-1, 2-diylbisdiphenylphosphine, ethane-1,2-diyl-
bis[bis(trifluoromethyl)phosphine], ethene-1,2-diylbis-
diphenylphosphine, ethjne-l,2-diylbisdiphenylphosphine,
5 1;2—phenylenebisdiphenylphosphine, hexafluoiocyclopen-
tgne-l,2—diylbisdiphenylphosphine, tetrafluorocyclobu-
tene—l,2-diylbisdiphenylphosphine, octafluorocyclohex-
ene-1, 2-diylbisdiphenylphosphine, 1,4-diphenyl-1,4-

"diphosphacyclohexane, bis(l,2-diphenyl)phosphinomethyl-

10 cyclobutane and SO forth.
”As'pfeférfé&'brdéﬁié'éréine,'tﬁeré;méy'bé men-

" tioned an organic arsine corresponding to the breferred
organic phosphine as mentioned above, including an
optionally substituted triarylarsine such as tripheny-

15 larsine; a mono—C;do alkyl-diarylarsine such as
ethyldiphenylarsine; a di-C,_,, alkyl-monoarylarsine
such as diethylphenylarsine and others. An antimony
compound (typically, a tertiary organic stibine) corre-
sponding to the above-exemplified phosphorus compound

20 may also preferably be employed as the ligand.

The ligand (A2) may be supported on the cafrier
together'with the Group. VIII metal source. Supporting
of such ligand can be conducted accordin§ 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 (1norgan1c acids and



to.[err], and under a pressure of about 1 (atnospheric) to 150 atm and
preferably about 1 to 100 atm The reaction may be carried -otH—tf-—r— ey
accordance with a con- ventional nethod such as a batch]mﬂépuAcsmnnv$m§§m
25 nethod or continuous nethod, and in a %%qyid phase of in ﬁ'.
(gaseous) phase. Since the catalytic systefn (A has | Date fill.
stability, the reaction is prac- : aess

organic acids) and Lewis acids can be used. The proton
acid includes, for example, sulfuric acid, a hydrohalo-
genic acid, nitric acid, phosphoric acid, a sulfonic
acid (for instance, an arylsulfonic acid, an alkylsul-
5 lfonic 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
donor). Therefore, when employing a Lewis acid, such

10 Lewis acid may frequently be used in combination with
other proton source.

As the inorganic compound among the proton acids,
there may be exemplified with suifuric acid; a.hydroha-
logenic acid such as hydrochloric acid and hydrobromic

15 acid; a phosphoric'acid_(for example, orthophosphoric
acid or pyrophosphoric acid); perhalogenié acid such as
perchloric acid;_a heteropolyacid containing V, W or Mo
such as phosphomolybdic acid, tungstosilicic acid and
vanadomolybdic acid.

20 Among such proton acids, the organic compound
includes, for instance, an optionally substituted aryl-
sulfonic acid such as benzenesulfonic acid, p-toluene-.
sulfonic acid and naphthalenesulfonic acid; an option-
ally substituted alkylsulfonic acid such as methanesul-

25 fonic acid, ethanesulfonic acid, propanesulfonic acid,
t-butylsulfonic acid, 2-hydroxypropanesulfonic acid,

trifluoromethanesulfonic acid and trichloromethanesul-



53 tically conducted in a liquid phase. Meanwhile, the %ﬁﬁﬁ@ﬁﬁﬁmrﬁgqghgT—]
catalytic systens (A and (B) 5 may be used in a suitpbl e conbination.
After conpletion of the reaction, the reaction productﬁ@?ﬂ@&nu.gih 1997
separated and purified accord- ing to a gog%egtional téEﬁnﬁFﬁég—se. al
separating neans including filtration, conCentration, distilla-

fonic acid; a phosphonic acid such as benzenephosphonic
acid; a carboxylic acid including an optionally substi-
tuted satufated aliphatic carboxylic acid such as
chloroacetic acid, dichloroabetic acid, trichloroacetic

5 acid, trifluoroacetic acid, 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,
stearic acid and oxalic acid, an alicyclic¢ acid such as

10 cyclohéxanecarboxylic acid, an aromatic carboxylic acid
such as benzéic acid, éhthaiic_acid, isophtﬁéiic acida
and terephthalic acid, an unsaturated aliphatic carbox-
ylic acid such as acrylic acid, methacryiic acid,
propiolic acid, crotonic acid, maleic acid, fumaric

15 acid, citraconic acid, mesaconic acid and oleic acid;
an amino acid such .as aspartic acid, glutamic acid and
so forth. The aqid 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 exaﬁple.

Example of the Lewis acid includes a halide of an
element belonging to the Group VIIIB, the Group IVA,
the Group IVB, th Group VA or the Group VB of Periodic
Table of the Elements, or a complex compound thereof

25 such as BF;, BF;°0(C,Hg),, ALCl;, TiCl,, Ti[OCH(CH,),],,
SnCl4, SnClé, NbFs, TaFg, PFs, AsFg and SbFs; or an

alkoxide (for example, a C; . alkoxide).



10 tion, extraction, crystallization, recrystallizati o .andWQQLManc Aﬂ
chr omat ogr aphy, or a conbi nation of these technologleg '

Slnc eonpy; | ,
the Goup VIIl netal source sup- ported on the carrleh;aSrtHE Fat'e myﬁ?gg*

conponent, the 15 catalytic system (A) ofz¢ he pr esent::t-nventi-en-has-hi-gh
catalytic activity and excellent stability even thought being a

het er ogeneous catal ytic system and thus can maintain high catalytic
activity in a carbonyl ation

The acid may usually have an anion capable of
coordinating. As preferred example of the acid, there
may be mentioned a proton acid (Brénéted acid) includ-
ing an arylsulfonic acid such as p-toluenesulfonic |

5 .acid; an alkylsulfonic acid having about 1 to 10 carbon
atoms, preferably about 1 to 6 carbon qtoms, and more
preferably an alkylsulfonic acid having about 1 to 4
carbon atoms such as methanesulfonic acid; an aliphatic
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).

The 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 above.

The catalytic system (A) of the present invention
may further compfises an electron donative (electron
repelling) compound. As the electron donative com-

20 pound, a compound having an electron donability AvD of "
not less than 2 may be used, for example. The electron
donability means a sift. value of wave number of O-D
non-conjunctive stretching vibration of a deuterated
(deuterium—-containing) methénol (0.4 mol per liter) in

25 a liquid compound when benzene is used as a primary
standard, and is defined as "an electron donability AvD

relative to methanol D". Such electron donative com-



reaction. Therefore, when use is nade of the catalytic 20

car bonyl ati on product such as a carboxylic acid or an ester: of a Carbéw'jﬂZET

acid can stably be produced in a stable Ilgzld phase with hlgh 1 9 JUN EB? I
transformation rate and selectivity for | ong period. ~Such - - .. ;¢,H
carbonyl ati on can be conducted with- out activation of the catalyst s
Further, an [err],[err]- ethylenic unsaturated carboxylic acid or a

derivative pound may probably have coordinating properties to the
Group VIII element;

As such electron donative compound, there may be
exemplified with an amine, an imine, an amide, a sul-

5 .foxide, an aldehyde, an ether, a ketone, a lactone, an
ester, a nitrile, a nitro compound, an, aromatic hydro-
carbon, an aliphatic hydrocarbon and so on. These
compounds may be used singly or in combination.

With respect to the electron donability AvD, there

10 can be referred to, for instance, "Solvent Effect on
Organic Chemical Reaction" written by Sénoouahd Arai,
published by Sangyo Tosho Co., Ltd., Japan on April 25,'
1976. For the following.electron donative compounds as
examples, the value of the electron donability AvD is

15 indicated in a parenthesis, for reference.

The amine includes, for instance, an aliphatic
amine such as me;hylamine, ethylamine (233), n-propyla-
mine (230), n~butylamine, diethylamine, di-n-propyla-
mine (242), dibutylamine and triethylamine (238); an

20 alicyclic amine_such as cyclohexylamine; an aromatic
amine such as aniline (158), N-methylaniline (151) and
N,N~dimethylaniline (148); an alkanolamine such as
dimethanolamine, trimethanolamine, ethanolamine, die-
thanolamine, triethanolamine, dipropanolamine, tripro-

25 panolamine, butanolamine, dibutanolamine, tributancla-
miae, dimethylaminoethanol and diethylaminoethanol; a

heterocyclic amine such as morpholine, N-methylpyrroli-
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54 thereof can be produced with high transfornatlon ratLiﬁﬁdﬁﬁﬁwﬂmﬁsmﬁgTé
as high stability. 5 10 15 . -
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done, pyrrole, imidazole, l-methylimidazole, pyridine
(168), a-picoline (183), p-picoline, y-picoline (160),
2,3-1lutidine, 2,4-lutidine, 2,5-lutidine, 2,6—iutidine,
3,4-1lutidine, 3,5—lutidine, 2-ethylpyridine, 3-ethylp-
yridine, 4-ethylpyridine (179), 2,3,4-trimethylpyri-
dine, 2,4,6—trimethylpyridine, dip&ridine, o-toluidine
(145), piperidine (240), 4-vinylpyridine (193), pyra-
zine, pyrimidine, quinoline, isoquinoline and the like.
The amine also includes a resin and an ion exchange
resin having a basic group such as amino group, a sub-
stituted amino group inclﬁding, fér.inéfanée, a monbal-
kylamino group or a dialkylamiﬁo group and quaternary
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 tertiary amine, and specifically a hetero-
cyclic amine containing a nitrogen atom as a hetero
atom (for e#ample, pyridine, imidazole, etc.) or a
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, l-methylimidazole and so on). The hetero-
cyclic amine such as pyridine and its derivative may
freéuently have aromaticity.

Example of the imine includes'ethyleneiminé (237),



The follow ng exanples are nerely intended to 20 illustrate the present
invention in further detail and should not be construed as definipg t he
scope of the invention. EXAVPLES 25 I'n the fol | oW TG exdm i
term"part" neans "part by weight". Exanplggl | gE%LAGtL%%ﬁESHté%;
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N-phenylethyleneimine (186) and so forth. The amide
includes, for instance, formamide, acetamide, N,N-
dimethylfoimamide (107), N,N-dimethylacetamide (113),
tetramethylurea and hexamethylphosphamide. As the

5 sulfoxide, there may be mentionéd dimethylsulfoxide
(141), diisopropylsulfoxide, sulfolane, 2-methylsulfo-
lane and 3-methylsulfolane, for instance.

The aldehyde includes, for example, an aliphatic

aldehyde such as acetaldehyde (79), propionaldehyde

10 (85), n-butylaldehyde (83), acrolein (122), metacrolein
and crotonal&ehydé.(75ff“aﬁdlén aromatic aldéhyde 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 ether (77), ethyl
vinyl ether (31), n-butyl vinyl ether (33), isobutyl
vinyl ether (33), diallyl ether (66), 1,2-
dimethoxyethane (71), cellosolve (ethylene glycol
monoethyl ether), carbitol (diethylene glycol ethyl

20 ether), diglyme [bis(2-methoxyethyl) ether], diethylene
glycol dimethyl ether and diethylene glycol diethyl
ether; an aromatic ether such as anisole (26), phene-
tole (25), 1,2-dimethoxybenzene and diphenyl ether; and
a cyclic ether sﬁch as propylene 6xide (59),-styrene

25 oxide (51), 3,3-bischloromethyloxetane (78), fufan (4),
tetrahydrofuran (90), 1,3-dioxolan (58), 2-methyl-1,3-
dioxolan (61), 4-methyl-1,3-dioxolan (56),



55 To 100 parts of acetone and 0.03 part of concen- trated hydrochloric
acid (an aqueous solution contain- ing about 35% or nore of hydrogef. ... . .
chloride) was added 1.77 part of palladiumchloride for : RESOhgERGMTAE: . |
granul ar activated carbon [trade nane: Sh|583a9| C, mant actured by Takeda:
Chenical Industries Co., Ltd. - 1 9 JUNuﬁﬁl_

2-phenyl—1,3—dioxolan (56), 4-chloromethyl;1,3-dioxolan
(43), tetrahydropyran (93) and 1,4-dioxane (77).
Typical use is made of an aromatic ether having an
optionally substituted aryl group (for instance, ani-
5 sole) or a chain ether (e.g. diethylene glycol dimethyl
ether) among these ethers. | |
As the keténe, there may be mentioned for example
an aliphatic ketone such as acetone. (64), methyl ethyl
ketone (57), diethyl ketone (56), diisopropyl ketone,

10 methyl vinyl ketone.(89) and methyl isobutyl ketone; an
alicyclic ketone such as cyclohexanone(66); an aromatic
ketone such as acetophenone (56) and so forth. Example
of the lactone includes B-propioiactone (34), y-butyro-
lactone (66), e-caprolactone (82) and so on.

15 - The ester includes, for instance, an organic car-
boxylic acid alkyl -ester such as methyl acetate (36),
ethyl acetate (39), methyl chloroacetate (27), butyl
acetate, methyl dichloroacetate (23), methyl propionate
(33), ethyl propionate- (32) and methyl isobutyrate

20 (32); a vinyl ester such as vinyl acetate (21); an
unsaturated carboxylic acid alkyl ester such as methyl
acrylate (30), ethyl acrylate (33),'methyl methacrylate
(37), methyl crotonate and ethyl crotonate. Even when
an unsaturated carboxylic acid alkyl ester (e.g. meﬁhyl

25 methacrylate, methyl crotonate, etc.) is used as the
ester, the reactioh may proceed smoothly.

As example of the nitrile, there may be mentioned



specific surface area of 1,200 nR2/g; pore volunme of 0:863=mtfg:-—fean-bor
size of 17 Al (100 parts) was dipped in the resultanﬁ EEPENGBMENDSﬂésﬁrﬁ
pal | adi um 10 chl oride on the activated carbon. A n trogen subst éé?ed
st ai nl ess-steel autoclave (inner volune Oflgo m ) Qﬂar

pal | adi-um chl ori de-supporting activated carbon prepdred~abﬂve +n ‘am=anount
of 5 x [err] nol in terns of palladiumchlo- 15 ride, and with 2 x [err]
nol of triphenyl phosphine, 2 x

acetonitrile (49), propionitrile (52), butyronitrile,
acrylonitrile (37), benzonitrile (38) and others.
Example of-the nitro compound includes an aliphatic
nitro compound such as nitromethane (6) and nitroethane
5 (8), an aromatic nitro'compound'such as nitrobenzene
(21) . The aroﬁatic hydrocarbon includes, for example,
toluene (2), xylene (4), ethylbenzene (4), styrene (2),
c-methylstyrene (4) and p-methylstyrene (2). Example
of the aliphatic hydrocarbon incluaes ethylene chloride
10 (2).

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

15 electron donability AvD of about 30 to 250, preferably
about 50 to 250 (e.g. about 100 to 250) may also be
included in such'preferred electron donative compounds.
The electron donative compound may frequently be used
as a reaction solvent in order to simplify the prepar-

20 ing process of the catalytic system.

From the standpoint of operating properties of the
reaction or others, a compound which is other than a
vinyl compound (that is, a non-polymerizable coméound)
and does not adversely affects on the ca:bonylation is

25 typically employed. As such compound, there may be
mentioned, for instance,. the amine such as a tertiary

amine, the amide, the sulfoxide, the ether, the ketone,



[err] nmol of nethanesulfonic acid, 4 m of nmethanol and 0. 1jg=ot

met hyl acetyl ene,

was anal yzed by

t he net hyl acetyl
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In turn. The autocl ave was introduced mﬁth'c%ﬁﬂkﬁﬁﬂﬁﬁﬁﬁkSHEET
up to a pressure of 60 [err], and was seal ed. The reacti ol was conducted
20 under heating and stirring at [err]-fge 2 hours. The reé@ﬂbdhﬂpgg ugh7-
gas chroma- tography. As a result, the nean transfornmation
rate of nethyl acetyl ene was 142 nol/hr per gram atom of palla- dium and

ene-based sel ectivity for the
the ester, the nitrile, the nitro compound and the

aromatic hydrocarbon (specifically, the amine, the
ether, the ester and the aromatic hydrocarbon).
Preferred example of the electron donative com-
pound includes a basic compound such as the amine, the
imide and the amide. .Typically, when use is made of
such basic compound (especially, a secondary amine and
a tertiary amine) in combination with the Group VIII
metal source (typically, a palladium source), the
catalytic activity can significantly be improved or
enhanced in many cases. Therefore, the catalytic
system (A) may preferably comprise a basic compound
selected from the group consisting of the amine, the

imide and the amide. Further, combination use of these

basic compounds with the ether and/or the ester may

occasionally increase or enhance the transformation
rate and the selectivity of the reaction.

In the catalytic System (A) of the present inven-
tion, the ligand énd the electron donative compound can
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 not sacrifice the stability or activ-
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

|



25 product nethyl nethacrylate was 80% Exanple 2 The reaction solution

obtained in Exanple 1 was -56- concentrated under reducd@presSid,e T
renove the produced nethyl nethacrylate and unreacted nethén@F?h§§E#“M%%HEE
| -33- e 1 QN B9T
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having an electron 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-

“pound such as pyridine or its derivative as mentioned

above, is frequently émPloyed for sign;ficant increase
or improvement of not ohly the stability but also the
activity of the catalyst.

Proportions of each components of the catalytic
system may be selected from a rahge according to spe-
cies of each of the catalytic components, where the
catalytic acﬁivity due to an ioteraction or correlation
of the Group VIII metal source supported on the carri-
er, the ligand and the acid is not sacrificed and the
stability can be maintained.

Proportion of the ligand (A2) such as the organic
phosphine is, for example, about 0.1 to 1,000 mol,
usually about 5 to 500 mol, preferably about 10 to 200
mol and more preferably about 15 to 100 mol, relative
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 preferably about 20 to 60 mol per
mol of the metal source. When such ligand is used in a
too much small proportion, the catalytic activity tends
to be decreased. On the contrary, use of the ligand in
an excess amount is apt to result in an economical

disadvantage.



met hyl acetyl ene. To the residual concentrate, were added net hanol and
net hyl acetyl ene in the sane propor- 5 tions as Exanple 1. Carbqnmnnggg£ﬂe=“

was introduced into the autoclave and the reaction was %ggkgﬁggthgggT
sane manner as Exanple 1. A series of procsggures of sucﬂrg hcentration of 3
the reaction mxture, charging of the raw materials, 10 7and, the reaction. *©

was repeated five (5) tines. The results are set forth Fnjfghle,ir.ln-the
fol |l owi ng

In regard to the acid (for instance, a proton acid
as a proton source), the amount of such acid is, per
mol of the Group VIII metal source, for example about
0.1 to 1,000 mol, usually about 5 to 500 mol, prefera-

5 'bly about 10 to 200 mol and more preferably ebout'ls to
100 mol. Typical use is made of the aeid in an amount
of about 10 to 100 mol, specifically about 20 to 60 mol
per mol of the metal source. Proportion of the ligand
such as the organic phosphine relative to 1 mol of the

10 acid is, for instance, about 0.01 to 50 mol, usually
about 0.1 to 50 mol, preferably about 0.2 to 20 mol and
more preferably about 0.5 to 5 mol.

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

is to 50,000 mol and more preferably about 10 to 10,000
mol, relative to 1 mol of the Group VIII metal source.
Such electron donative compound may frequently be used
in a proportion-ef about 10 to 10,000 mol (for example
about 50 to 7,000 mbl),’éhdhﬁartieularly about 100 to

20 5,000 mol per mol of the Group VIII metal source. The
electron donative compeund may be used as a reaction
solvent, and in such a case, an excess amount of the
electron donative compound relative to 1 mol of the
Group VIII metal source may be sufficient. When the

25 electron donative compound is not used as the reaction
solvent, the proportion of the compound is typically

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



Tables, the term"Transformation rate" neans the nean transformation rate
(ol per hour) of methylacetyl ene per gram atom of palladium The term
"Sel ectivity" 15 shows the nethyl acetyl ene-based sel ectivit
product nethyl methacryl ate. As apparent3gf -om Table 1, alt BEBhﬁ&@BE%T?TTf:_ﬂ
catal yst was used repeatedly, the transformation rate of ne hylac43ykgm§gm7
and the selec- tivity for methyl methacrylate were scarcely |ichanged o _

si fted. S
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more preferably about 10 to 50 mol per mol of the Group
VIII metal source. The electron donative compound may
practically be used as the reaction solvent.
In a catalytic system where a Group VIII metal
5 source as a catalytic active component is not supported
on a carrier, use of a heterogeneous c;talytic syStem
containing the catalytic éctive component in a meta;
form (state) may sometimes result in an insuffiéient
catalytic activity with decreasing the catalytic activ-
10 | ity in a short period. When using a heterogeneous
catalytic system'containing a Group VIII metél com-
pound, in some cases, the catalytic activity may gradu-
ally be decreased or sacrificed in the course of the
use for some period or some times. Typically, such
is catalytic system éontaining a palladium source tends to
result in significant deactivation of the catalyst, as
mentioned above, although having comparatively high
initial activity;
To the contrary, the catalytic system (A) of the
20 present invention has, in spite of being a heterogene-
ous catalytic system, a high catalytic activity in
carbonylation of an unsaturated hydrocarbon. 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 metallic form
(2 simple substance). " Moreover, even if containing a

palladium source as the Group VIII metal source, the



REPLACEMENT SHEET Tabl e 1 Repeating Transf ormati on EQLL___X_~IHES

rate (nol/hr)

139

10

15

20

25

(% 1 141 [ erdl s

82 o
- o s

36

catalytic system has meritoriously high stability, and
high catalytic activity can be maintained or sustained
for a long period of time. Thus, the catalyst can be
used for a long time or repeatedly without activating
treatment. Accordingly, the catalytic system (A) is
useful for.carbonylatipn of an acetylenic or olefinic
(or ethylenic) unéaturated coﬁpound.

The cataiytic system (B) which may be used with
the catalytic system (A) is now described in detail.

The catalytic system (B)

compriseé (Bl) a Gréup VIII metal source of Periodic
Table of the Elements other than palladium. Such Group
VIII metal elément includes, for example,- iron, ruthe-
nium, osmium, cqbalt, rhodium, iridium, nickel and
platinum. Meanwhile, on or after the year of 1990, the

elements are classified 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-
um, cobalt, nickel and platinum, and platinum can
advantageously be used among others. The oxidation
number of the element may be selected accofding to the
species of the element and is not restricted. By way
of illustration, platinum frequently has an oxidation
number of 0, +2, +4 or others.

The Group_VIII metal source (Bl) may be in a

metallic form or state, or, preferably, a compound of



3 . 140 81 4 138 82 5
139 .80 Conparative Exanple 1 10 [FRE-Pr 0CEaULE. of - |
Exanpl e 1 was repeated except that palladiumchloride WEFER™-was not
supported on a carrier was used instead 0f3pa+|adiunﬁph[qrgd !@qmﬁbrt- ed
on. the activated carbon. Resultantly, the fed nethyl&téky]ene.mas
transforned to nethyl nethacryl ate _ '

the Group VIII element.

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

S5 complex salt) as exemplified in the explanation of the
catalytic compound (A). As the ligand_fdr-constituting
sﬁch complex, there may be mentioned those as mentioned
in the explanation of catalytic system (A). One or
more of the same or different species of these ligands

10 may be coordinated in the complex or complex salt.

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

15 dibenzylideneacetylacetoneplatinum and
dibenzylideneacetophenoneplatinum; dicyclooctadienépla—
tinum, dichlorobis (triphenylphosphine)platinum, tetra--
kis(tripbenylphoéphine)platinum, bis (triphenylphos-
phine)platinum acetate, bis(triéhenylphosphine)platinum

20 sulfate and hexachloroplatinic (iV).acid; and a complex
or complex salt of the Group VIII element corresponding
to these complexes or cpmplex salts.

The catalyst containing the Group VIII element
"other than palladiﬁm shows, typically in a homogeneous

25 catalytic system, a significantly different behavior or
action from a palladium catalyst. By way of illustra-

tion, a catalytic system comprising a palladium-



15 at an average transformation rate of 145 nol/hr p
pal | adium and the nethyl acetyl ene-based selectivity f

nmet hacryl ate was 81%

of the reacti on,

it was found that a part 3¢ -pal |l adi uny N
reduced to cause a precipitate of netallic palladium Cbnpara R

..-O.mN\____
r REBAY o o
re after conpletIOn
dhio:-. .

By ana-.lyzing the reaction m xt

The series of procedures described in Exanple 2

10

catalyst and a triarylphosphine (triphenylphosphine)

demonstrates a comparatively high catalytic activity,

but addition of a tertiéry amine such as pyridine

remarkably decrease or sacrifice the catalytic activity

in carbonylation of an olefin [Japanese Patent Applica-

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

On the other hand, in the catalytic system com-

prising an organic phosphine, when use is made of the

other Group VIII metal source than palladium (for

example, a platinum catalyst) in lieu of such palladium

‘catalyst, addition of a tertiary amine significantly

15

20

25

improve or enhance the activity and stability of the

catalyst, and in such catalytic system, the catalytic

activity can hardly be manifested without coexistence

of the tertiary amine. These are features contrary to

a conventional catalytic system containing a palladium

catalyst. Further, similar results, namely signifi-

cantly high acti&ity-and stability of the catalyst can

be obtained by the use .of an electron donative compound

having a specific electron donability, typically a

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 (Ib) may frequent-

ly be different from the ligand which constitutes the

compound (complex) of the Group VIII metal as mentioned

above.

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



were repeated five tinmes in the same manner as Exanple 25 2. _except for
using the reaction mxture obtained in Conparative EJ L%Wbﬂsbead_—ﬂ
1re Lﬁ w%

réeaction mxture obtained in Exanple 1. The results
58 2. As clearly shown in Table 2, when-t (89 catal yst{jya
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comprises at least one phosphorus atdm, arsenic atom or
antimony atom, and can be coordinated to the Group VIII.
element. These ligands may be used singiy or in combi-
nation.

The ligand (B2) as shown by the formula (Ib) does
not contain a nitrogen-containing heterocyclic group,
ahd thus is not a special or unusual c;mpound. There-
fore, 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 fhe alkyl group, the alkenyl group, the
alk&nyl group, the cycloalkyl group and the aryl group,
and substituents which they may have, there may be men-
tioned those as exemplified in the explanation of the
ligand (A2) of the catélytic system (3).

In the formula (Ib), A may preferably be a phos-
phorus atom or an arsenic atom, typically a phosphorus
atom.

Preferred example of the ligand (B2) includes an
organic phosphorus compound, an organic arsenic 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 whichevef of a primary phosphine (for example,
methylphosphine, ethylphosphine, propylphosphine,
isopropylphosphine, isobutylphosphine, isoamylphos-

phine, phenylphosphine, cyclohexylphosphine and so on),

t he



utilized repeatedly, the transformation rate of the nethyl
si.gnificantly decreased. Table 2 5 Repeating Tr ansf or
Selectivity tines rate (nol/hr) (% 1
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a secondary phosphine (for instance, dimethylphosphine,
diethylphosphine, diisopropylphosphine, di-n-butylphos-—
phine, diisoamylphosphine, diphenylphosphine, dicyclo-
hexylphosphine and the like) or a tertiary phosphine.
The organic arsine may also be whichever of a primary
arsine, a secondary arsine or a tertia;y arsine.
Preferred example of such organic phosphine and organic
arsine include a tertiary phosphine and a tertiary
arsine. |

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

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

'phenyl group or a substituted phehyl group. In addi-

tion to such aryl group, the alkylene group which is
formed by R? and'R3-is.also preferable.

As preferred examples of the organic phosphine
(tertiary organic phosphine), there may be mentioned
(i) the optionally substituted triarylphosphines, (ii)
the mono C,.10 @lkyl-di-arylphosphines, (iii) the di~
Ci-10 alkyl-monoarylphosphines, (iv) the tri-C,_,, alkyl-
phosphines, (v) the mono-C,_,, cycloalkyl-diarylphos-
phines, (vi) the di-C,_,, cycloalkyl-monoarylphosphines,
(vii) the tri-C,_;, cyclqalkylphosphines and (ix) other

phosphines as exemplified in the explanation of the



4 61 78 10 5 53

76 Exanple 3 To a diluted aqueous sol ution of hydrochlOLLQ:HCLd—15--"~__ﬂ
containing 1.77 part of palladiumchloride was added 160hparts of myeET i
[err]-alunmina [trade name: Neospeed, nanuf#&ic--tured by, Mzusawa Chenlcalﬂ
Co., .Ltd., Japan; specific surface area of 200 n®/g; or@WVOﬂdhﬂUN MB}M)V

m/g; nean pore size of 80 A], and [err]-aluni na was di:pped-—ip-=m=—==== ]

catalytic system (A).

As 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) comprise§, as the elec-
tron donative compound (B3), a compound having an elec-
tron donability AvD of not less than 2. The definition
of the electron donability AvD may also be referred to

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

Examples and preferred examples of the electron
donative compound include those exemplified in the
catalytic system (a). |

Preferred example of the electron donative com-

15 | pound includes a basic compound such as the amine, the
imide and the amide. Typically, when use is made of
such basic compound (especially, a.secohdary amine and
a tertiary aminei in combination with (Bl) the Group
VIII metal source except for palladium, the catalytic

20 activity can significantly be imprbved or enhanced in
many cases. Therefore, the catalytic system (B) may
preferabiy comprise a basic compound selected from the
group consisting of the amine, the imide and the amide.
Further, combination use of these basic compounds with

25 the ether and/or the ester may occasionally increase or
enhance the transformatien rate and the selectivity of

the reaction.



20 . palladiumchloride with stirring. To the dippe ﬁzﬁ‘
added 5 parts of an aqueous solution of formalin an
aqueous sol ution of sodi um hydroxi de to reduce pal
resultant m xture was filtrated, and the residue wa
and dried to give a netallic palladi- unf3upported catalyst
was conducted in the same manner as

In the catalytic system (B), a suitable
combination of the ligand (B2) and the electron
donative compound (B3) may be used according to
the species of the metal source (B1). For
example, even when a combination of (Bl) the
Group VIII metal source other than palladium and
the 6rganic phosphine as the 1ligand (B2) is
employed, the stability and activity of the
catalyst are not sacrificed or decreased
regardless of the species of such organic
10 phosphine. Accordingly, the organic phosphine can be
used in a suitable combihation with the compound (B3)
‘having an électron donability AvD of not less than 2.
By way of illustration, in the catalytic system com-
prising the triaryiphosphine as the oiganic phosphine,

15 the combination use of an nitrogen-containing compound
or a basic compound (for instance, the amine compound
such as pyridine or its derivative) can markedly im-
prove or increase not only the stability but also the
activity of the catalyst.

20 The catalytic sys;em (B)
may further contain (B4) an acid. As such acid and
preferred examples thereof, the similar acids and
preferred examples to the catalytic system (A) can be
mentioned.

25 The catalytic system (B)
may be whichever of a homogeheous catalyst or a hetero-

geneous catalyst. 1In the use for a liquid phase reac-



59 Exanple 1 except that, instead of the palladiumchlo-_ LLLELé&&ﬁ@¢#€Hﬂg£
the activated carbon, the nmetallic palladlun1supporte§;g$ L@rmfﬁﬂ$mﬁMh
used in an anount of 5 x [err] nol in terns of netallic pall ? Eﬂa 5

that 2 x [err] nol of 2,6- bls(dlphenylphosﬁhrﬂo)pyrldlne nas ed |n

l'i eu of trlphenylphosphlne As a re-
tion, the catalytic system may generally be a homogene-
ous system. If necessary, the catalytic system (B) may
comprise or form a solid catalyst wherein the catalytic
component is supported on a carrier such as an activat-

5 ' ed carbon, alumina, silica and otheré. The proportions

of each components can be selected, according to the
species of each of the catalytic components, within a
range insofar as the activity and stability of the
catalyst are not adversely affected.

10 The ratio 6f the ligand (B2) such as the organic
phosphine is, for instance, about 0.1 to 1,000 mol,
preferably ébout 0.5 to 500 mol, more preferably about
1 to 100 mol and frequently about 1 to 50 mol, relative
to 1 mol of the Group VIII metal source (Bl). The

15 proportion of the acid (for example a proton acid as a
proton source) is,_relative to 1 mol of the Group VIII
metal source (Bl), about 0.1 to 1,000 mol, preferably
about 1 to 500 mol, more preferably about 5 to 250 mol,
and for still better results, aBout 1 to 100 mol.

20 The amount of the ligand (B2) éuch as the organic
phosphine relative to 1 mol of the acid (B4) such as
the proton acid may not be restricted, and is, for
example, about 0.01 to 50 ﬁol, preferably about 0.02 to
10 mol, and more preferably about 0.05 to 5 mol.

25 Frequently, the ligand may be used in a proportion of
about 0.03 to 3 mol pei_ﬁol of the acid.

The proportion of the electron donative compound



sult, the nean transformation rate of nethyl acetyl ene was 245 nDI/hr per
gran1aton1of pal I adi um and nmet hyl nmet hacryl ate was
net hyl acetyl ene-based 10 - selectivity of 87% Thus, ||t hepsetrd:es: Df”fﬁé..
procedures, that is, the concentration of the reacti ¢in m xt ure, iﬁglng of
the raw materials and the reaction, was 4%&peated 10 ti pes . |39WN5

manner as Exanple 2. Resultantly, even 15 after the proce ure was
repeated 10 tinmes, methylacety-

(B3) is, for example, about 1 to 100,000 mol, prefera-
bly about 5 to 50,000 mol and more preferably about 10
to 10,000 mol, relative to 1 mol of the Group VIII
metal source. Such electron donative compound may
5 frequently 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-
poﬁnd (B3) may be used as a reaction solvent, and in

10 such a case, an excess amount of the electron donative
compound relative to 1 mol 6f the Group VIII metal
source may be sufficient. When the electron donative
compound is not used ag the solvent, the proportion-of
the cphpound is typically about 2 to 200 mol, prefera-

15 Dbly 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)

20 can show or perform high activity and stability in the
carbonylation of an unsaturated hydrocarbon, and thus
is useful in carbonylation of an acetylenic or olefinic

unsaturated compound.

According to the method of the present

25 invention, an acetylenic or olefinic unsaturated
compound is allowed to react with carbon monoxide

in the presence of the catalytic system (A) to

' give a carboxylic acid or a derivative thereof



| ene was transformed to nethyl

of 239 nol/ hr

met hacryl ate at a nean txaﬂﬁigrnnflnn rate

per gram atom of pal |l adium -and the cat al t:a,@L@gghwngxyn

scarcel y decreased. 20 Conpar ative Exanple 3 Th reac

conducted in the sinilar manner as Exanple 3 except for m@kﬂ aWNaEEGm
bl ack whi ch was not supported on a carrier4Pn lieu of the. netal+|c S

pal | adi um supported on [err]-alumna. As a result, the
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The acetylenic or olefinic unsaturated compound
may preferably be an asymmetric acetylenic or olefinic
compound, and-mbre preferably be an a-acetylenic com-
pound, an a-olefinic compound or an allene compound.
The acetylenic compound (acetylene series compound) has
usually about 2 to 30, pfeferably about 2 to 20, and
particularly about 2 to 10 carbon atoms. The olefinic
compound and the allene compound may have, for example,
about 2 to 30, preferably about 2 to 20, and typically
about 2 to 10 carbon atoms. These unsaturated com-
pounds include an alkyne, an alkene (olefin), a cy-
cloalkene, a cycloalkadiene and a bridged unsaturated
hydrocarbon, each of which may have a substituent. The
unsaturated hydrocarbon may have both of a double bond
énd a triple bond, -or two or more of double bonds in a
molecule.

The unsaturated compound may have a various sub-
stituent. Example of such substituent includes a
halogen atom such as fluorine, chlorine, bromine and so
on; a C;_,, cycloalkyl grpup such as cycloheptyl, cyclo-
hexyl and cyclooctyl groups; an aryl group such as
phenyl and néphthyl groups; an aralkyl group such as
benzyl and phenethyl groups; a cyano group; an acyl
group having about 1 to 7 carbon atoms such as formyl,
acetyl, propionyl, butyryi, isobutyryl, valeryl, iso-

valeryl and pivaloyl groups; an acyloxy group having,

H



25 nmean transformation rate for nmethyl acetyl ene was

atom of pal |l adi um and the nethyl acety- |ene-based sel chéyi&wﬁmBWTmﬁﬁﬁyl
nmet'hacryl ate was 83% 60 Then, the series of the pnocedure § a ﬁﬁﬂ
Exanpl e 2, nanely, concentration of the +e¥etton n1xtur@f t ﬁN ............. h
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in the alkyl moiety, about 1 to 6 carbon atoms such as
acetoxy group:; a hydroxyl group; an alkoxy group having
about 1 to 6 carbon atoms such as methoxy, ethoxy,
propoxy, butoxy and t-butoxy groups; a haloalkyl group

such aé trifluoromethyl and trichloromethyl groups;.a

'haloalkoxy group such as trifluoromethoxy and trichlo-

rbmethoxy groups; a carboxyl group; an alkoxycarbonyl
group having, in the alkoxy moiety, about 1 to 6 carbon
atoms; an amino group and an N-substituted amino group
such as a monoalkylamino group and a dialkylamino
group; an amidé group and an N-substituted amide group
such as acetamide groub and the 1like.

As example of the alkyne, there may be.mentioned
acetylene, propyne, 1-5utyne, 2-butyne, 1l-pentyne, 1-
hexyne, l-heptyne, l-octyne, 2-octyne, 4-octyne, 1,7-
octadiyne, 5-methyl-3—heptyne, 4-propyl-2-pentyne, 1-
nonyne, phenylacetyne, beﬁzylethyne'and cyclohexyle-
thyne. '

The alkene includes, for example, ethylene, pro-
pylene, phenylethylene, l-butene, 2-butene, l-pentene,
3-methylpentene~l1l, 4-methylpentene-1, l-hexene, 1-
heptene,:l-octene, 2—oc;ene, 4-octene, allene, cyclo-
hexene and norbornadiene.

As carbon monoxide, whichever of pure carbon

.monoxide or a carbon monoxide diluted with an inert gas

such as nitrogen, helium, argon, carbon dioxide and

others may be employéd.



charging of the raw materials and the reaction, was ref
After ten-tinme-repetition of the 5 procedures, the nefa
rate of nethylacet- ylene was remarkably decreased to hgmgﬁﬂ @@?n1
atom of palladium and the selectivity fer 4fethyl nethhdrwﬂatk .............
decreased to 43% Exanple 10 The procedure of E&aﬁﬁ¢€f$=ﬁﬁ§;F€¥$%ﬁ
except that triphenyl arsine was enpl oyed i nstead of triphenyl -

The unsaturated compound may be carbonylated
individually, or in the presence of another réactant
such as a nucleophilic compoﬁnd having a hydrogen or a
hydrogen atom.which can be left in the reaction (active

5 hydrogen). Example of the nucleophilic compound having
a hydrogen.atom capable of releésing includes a com-
pbund having a hydroxyl group such as an alcohol, water
and a carboxylic acid. The alcohol may also include a
silanol.

10 The alcohol may be whichever of an aliphatic,
alicyclic, arcmatic aldohol or a phendl, and of a
monohydric or polyhydrié alcohol. Such alcohol may
have one or more of Substituents other than a hydroxyl
group among the substi;uents as exemplified 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—propahol, 2-propanol, l-butanol, 2-butanol,
l-methylpropan-l-ol, 2-methylpropan-l-ol, 2-methylpro-

20 Ppan-2-ol, l-hexanol, 1l-octanol, 2-ethylhexanol, stearyl
alcohol, allyl alcohol, crotyl alcohol and propargyl
alcohol; an alicyclic alcohol such as cyclopentanol,
cyclohexanol 4-methylcyclohexanol, cyclohexen-1-o0l,
cycloheptanol, cyclooctanol and borneol; and an aromat-

25 ic alcohol such as benzyl alcohol, salicyl alcohol,
benzhydrol and phengthyl alcohol. The phenol includes,

for example, phenol, an alkylphenol, resorcinol, cate-



phosphi ne.

was 53%

reaction m xture, charging of the raw material and th
I n the sane manner 20 as Exanple 2, the nean transfor

met hyl a-

Af ter
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Met hyl acetyl ene was transfornmed to nethyl
transformation rate of 23 nol/hr per gram atom of palljg8iem=<nd-the——,
met hyl acetyl ene- 15 based selectivity for the product]] MEFhRCENMENTaHAHETA

repeating the series of p+og8dures of n- ceptration of
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chol and 2, 2-bis(4-hydroxyphenyl)propane.

Example of the polyhydric alcohol includes ethyl-
ene glycol, propylene glycol, diethylene glycol, poly-
ethylene glycol, dipropylene glycol, polypropylene
glycol, trimethylene glycol, tetramethylene glycol,

1, 6-hexanediol, glycerol, trimethylolp;opane(2,2—bishy-
dfo#ymethyl-l-butanol), pentaerythritol, 1,2-
cyclohexanediol, 1,4-cyclohexanediol, a carbohydrate (a
monosaccharide, an oigosaccharide, a polysaccharide)

such as glucose, fructose, mannose, galactose, saccha-

met hacryl ate at a nean

le

rose, aldohexose, aldopentose, altrose, allose, talose,

gulose, idose, ribose, arabonose, xylose, lyxose,
erythrose,.threose and cellulose.

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

As example.of the_carboxylic acid, an aliphatic
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
cyclohexanecarboxylic acid; an aromatic carboxylic acid
such as benzoic acid, phthalic acid, isophthalic acid

and terephthalic acid; and an unsaturated carboxylic



cetyl ene and the nethyl acetyl ene-based sel ectivity for t hyl methacryl ate

changed scarcely. 25 61 What is clained is : 1. A
carboxylic acid or a
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acid such as acrylic acid, methacrylic acid, propiolic

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

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

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

An alcohol or water méy frequently be used as the

nucleophilic compound having a hydrogen atom which can

be left in the reaction.

In the carbonylation reaction, a compound corre-
sponding to the olefinic unsaturated compound and the -
acetylenic unsaturated compound can be produced accord-
ing to species of the reactant. By way of illustra-
tion, when water is employed as the reactant, a corre-
sponding carboxylic acid and an unsaturated carboxylic.
acid such as an d,B—unsaturated carboxylic acid are
produced by carbonylation of'thé olefinic upsaturated
compound and the acetylenic unsaturéted compound. The
use of an alcohol results in production of an ester
corresponding to the carboxylic acid and the unsaturat-
ed carboxyiic acid. Further, in the case of using a
carboxylic acid, an acid anhydride corresponding to the
carboxylic acid and the unsaturated carboxylic acid is
produced.

For example, when use is made of ethylene as the



derivative thereof by carbonylation which conpri ges—aoy

acetyl eni c unsaturated conpound or an olefinic unsat ur e ﬁﬁwnﬂd !
react with carbon nonoxide in the presence of; (A 7 acata JUN;Q@
conprising (Al) a Goup VIII netal source of Perlodlc WabLe"mf dheo

El ements, said netal source bei ng suppor ®d on a car rier; (A2y" a”1rgand and
(A3) an acid. 2. A net hod of producing a carboxylic aC|d or

olefinic unsaturated compound, and methanol or water as
the reactant (nucleophilic compouﬂd), methyl propionate
or propionic acid can be produced by reacting with
carbon monoxide. By allowing allene as the olefinic
5 unsaturated compound and methanol or water as the

reactant (nucleophilic compound) to react with carbon
monoxide, methyl methacrylate or methacrylic acid may
be obtained. Methyl methacrylate or methacrylic acid
may also be produced by using propyne as the acetylenic

10 compound and methanol or water as the reactant (nucleo-
philic compound) to react with carbon monoxide.

Thus, according to the method of the present
invention, species of the reactant may be selected
depending on the objective compound, and is frequently

15 water, an alcohol or an organic carboxylic acid.

Proportions of each components in the carbonyla-
tion may be'selected within a wide range. By way of
exemplification, the amount of the catalytic system is,
in terms of atomic metal of the Group VIII metal

20 source, about 1 x 107® to 2 x 107! mol, preferably
about 1 x 1075 to 1 x 107! mol and frequently about 1 x
1074 to 1 x 1072 mol, relative to 1 mol of the acety-
lenic or olefinic unsaturated compound. The propor-
tion of the catalytic system (A) 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



a derivative thereof as clainmed in claim1l, wherein said Goup VIII netal
squrce (Al) in said catalytic system (A is at |ef
sel ected fromthe group consisting of cobalt, nickel,
and platinum or a conpound of said netal. 3. A ne hod of pré

'carrler in said catal ytic system (A)

acetylenic or olefinic unsaturated compound.

When the catalytic system (A) is employed, the
proportion of carbon monoxide is, for example per mol
of the acetylenic or olefinic unsaturated compound,

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

10 more preferably about 1 to 50 mol (for example, about
1.5 to 5 mol), relative to 1 mol of the acetylenic or
olefinic unsaturated compound. When water is employed
as the reactant, the amount thereof may be about 0.5 to

10 mol per mol of the unsaturated compound.



Is at | east one nenber selected fromthe group consisting of an activated
carbon, a netal oxide, a nonnetal oxide and a clay mneral. 4. A net hod
of producing a carboxylic acid or a derivative thereof i -d_Ln~ng|m
1, wherein said carrier in said catalytlcsfysten1(A) ;a@L%L@paggtfgyﬁgt ce
area of 10 to 3,000 nR/g. 5. A et hod produci ngja_ car §Xy||ﬁ9§f g

a derivative thereof as clained in claim1, _ am

Meanwhile, thé reactanﬁ'may also be used as a
reaction solvent:
The reaction (carbonylation) may be carried out in
an inert organic solvent. As example of such organic
10 solvent, there may be mentioned an aliphatic hydrocar-
bon such as hexane and octane; an aromatic hydrocarbon
such as.benzene: a halogenated hydrocarbon 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. h
The carbonyiation reaction may typically be con-
ducted at a temperature of, for instancé, about 10 to
20 250°C (e.g. about 10 to 200°C) and preferably about 25
to 200°C, and under a pressure of about 1 (atmospheric)
to 150 atm and preferably about 1 ﬁo 100 atm. The
reaction may bé carried out in accordance with a con-
ventional method such as a baich method, semi-batch
25 method or continubus.method, and in a liquid phase or
in a gas (gaseous) phase.  Since the catalytic system

(A7) has high stability, the reaction is prac-



62 wherein the supporting anount of said Goup VIII netal source (Al) in

said catalytic system (A is 0.01 to 20% by wei ght relatlve to the carrier.
6. A nmet hod of producing a carboxylic acid or a der-
claimed in claim1, 53

tically conducted in a liquid phase. Meanwhile,
the above mentioned catalytic systems (A) and (B)
5 may be used in a suitable combination.

After completion of the reaction,-the reaction
product (s) can easily be separated and purified accord-
ing to a conventional technology such as a separating
means including filtration, concentration, distilla-

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

Singe comprising the Group VIII metal source sup-
ported on the carrier as the catalytic component, the

-15 catalytic system (A) of the present invention has high
catalytic activity and excellent stability even thought
being a heterogepeous.cétalytic system, and thus can

" maintain high catalytic activity in a carbonylation
reactionf Therefore, when use is made of the catalytic

20 system (A) for carbonylation of an acetylenic or ole-
finic unsaturated compound, a carbonylation product

such as a carboxylic acid or an ester of a carboxylic

-

acid can stably be produced in a stable liquid phase ./
with hiéh transformation rate and selectivity for a

25 long period. Such carbonylation can be conducted with-—
out activation of the catalyst. Further, an a,p-

ethylenic unsaturated carbbxylic acid or a derivative



wherein said ligand (A2) in said catalytic system (A) ,j-s..at_least one

menber selected fromthe group consisting of a phosph ngpg@ggggggﬁgyg
arseni ¢ conpound and an anti nony conpound. 7. - A netjhod of produci

ligand (A2) in said catalytic system (AP%s a tertiary-etrg:
a tertiary organic arsine.

thereof can be produced with high transformation rate

and selectivity as well as high stability.

10

15

The following examples are merely intended to
20 illustrate the present invention in further detail and

should not be construed as defining the scope of the

invention. -

- EXAMPLES
25 In the following examples; the term "part" means
"part by weight”.
Example 1

ARG all

carboxylic acid or a derivative thereof as clained in chaeml, wherein s




S S

8. A et hod of produci ng a carboxylic acid or a deri#aﬁ&mggéLi%
claimed in claim7, wherein said tertiary organic phosg%ine or 18T s
organi c arsine has an aryl group, a substituted aryl u 9odUN

aromati c heterocyclic group containing a=nsbregen atom
A nmet hod of producing a carboxylic acid or a derivative thereof a
in claiml,

To 100 parts of acetdne and“0.03 part of concen-
trated hydrochloric acid (an aqueous solution contain-
ing about 35% or more of hydrogen chloride) was added
1.77 part of palladium chloride for dissolving. A

5 granular activated carbon ftréde name: Shirasagi C,
manufactured by Takeda Chemical Industries Co., Ltd.;
specific surface area of 1,200 m?/g; pére volume of
0.53 ml/g; mean pore size of 17 A] (100 parts) was
.dipped in the resultant solution to adsorb palladium

10 chloride on the activated carbon.

A'nitrogen-sﬁbStifuted stainless-steel autoclave
(inner volume of 30 ml) was charged with palladium
chloride-supporting activated cérbon prepared above in’
an amount of 5 x 1075 mol in terms of palladium chlo-

15 ride, and with 2 x 107% mol of triphenylphosphine, 2 x
1074 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/cmz; and was sealed. The réaction was conducted
20 under heating and stirring at 60°C for 2 hours.

The reaction product was analyzed by gas chroma-
tography. As a result,_the mean transformation rate of
methylacetylene was 142 mol/hr per gram atom of palla-
dium, and the methylacetylene-based selectivity for the

25 product methyl methacrylate was 80%.
' Example 2 |

The reaction solution obtained in Example 1 was



wherein said acid (A3) is a proton acid or a Lewis acid. 10. A met hod of

producing a carboxylic acid or a derivative thereof asciarned o crar g,

wherein said proton acid is at |east one nenber selecteﬁEpFﬁﬁﬁWﬁﬁﬁé*ﬁﬁﬁb@p
!

consisting of an arylsulfonic acid, an a&ytsulfoni %g{d, a ;
: 8l e :

H —_—

concentrated under reduced pressure to remove the
produced methyl methacrylate and unreacted methanol and
methylacetylene. To the residual concentrate, were
added methanol and methylacetylene in the 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 éoncentration of
the reactibn mixture, charging of the raw materials,

10 and the reaction was repeated five (5) times. The
results are set forth.in Table 1. 1In 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 methylacetylehe-based selectivity (%) for the
product methyl methacrylate. As apparent from Table
1, although the catalyst was used repeatedly, the
transformation rate of methylacetylene and the selec-
tivity for methyl methacrylate were scarcely changed or

20 sifted.



63 carboxylic acid, a hydrohal ogenic acid, sulfuric acid, nitric acid, a
phosphoric acid and a perhal ogenic acid. 11. A net hod |
carboxylic acid or a derivative thereof as clained in caﬂapghodmywmgng§@ld
catalytic system (A) is a conbination b7 ¢Al) a pal; adlunliource

Date JUN
Table 1
Repeating Transformation Selectivity

times . rate (mol/hr) (%)

1 141 81

5 2 139 : 82

3 140 - 81

4 138 82

5 139 . 80
Comparative Example 1

10 The procedure of Example 1 was repeated except

that palladium chloride which was not supported on a
carrier was used instead of palladium chloride support- -
ed on the activated carbon. Resultantly, the fed
methylacetylene was transformed to methyl methacrylate
15 at an average transformation rate_of 145 mol/hr per
. 'gram atom of palladium, and the methylacetylene-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 preéipitate of metallic
palladium..
Comparative Example 2
The series of procédurés described in Example 2
were repeatéd five times in the same manner as Example
25 2, except for using the reaction mixture obtained in
Comparative Example 1 instead of the reaction mixture

obtained in Example 1. The results are shown in Table



pal | adi um source being supported on a carrier having [fF=Sped cife-—su

area of 100 to 2,000 n2/g, (A2) a tertiary organic p onﬁLM@EMFmash%E I Rry
of gani ¢ arsine and (A3) a proton acid. 12. A net hod f or earb |En as
claimed in claim1, wherein said unsaturatgg conpoun' A

conpound or an a-ol efinic conpound. 13. A net hod for FOTFH-at=0R-aS :

claimed in claiml, wherein said acetyl enic unsaturated

10

15

20

25

2. As clearly shown in Table 2, when the catalyst was
utilized repeatedly, the transformation rate of the

methylacetylene was significantly decreased.

Table 2
Repeating Transformation Selectivity
times rate (mol/hr) (%)
1 112 79
2 - 98 80
3 83 ' 78
4 61 78
)

53 76

Example 3

To a diluted aqueous solution of hydrochloric acid
cbntaining 1.77 part of palladium chloride was added
100 parts of y—alumina_[trade name: Neospeed, manufac-
tured by Mizusawa Chemical Co., Ltd., Japan; specific
surface area of 200 m?/g; pore volume.of 0.40 ml/g;
mean pore size of 80 Al, and y-alumina was dipped in
palladium chloride with stirring. To the dipped Y-
alumina, were added 5 parts of an agueous solution of
formalin and 100 parts pf a 1N aqueous solution of
sodium hydroxide to reduce palladium chloride. The

resultant mixture was filtrated, and the residue was

washed with water and dried to give a metallic palladi-

um-supported catalyst.

The reaction was conducted in the same manner as




conpound or ol efinic unsaturated conpound is allowed to 2\ '
nmonoxi de and a nucl eophilic conpound having a hydrogen #Fﬁhtg@ggg N
left in the rection. 14. A nethod for carbonylation a§ claimed in cf&sm
13, wherein said nucleophilic conpound is % | east one 1”ﬁ%§huﬁ§%%§heﬂﬁvr
the group consisting of water, a conpound ving a hydroxyl ~“grbeprand™4-.. /
carboxylic acid. T

Exémple 1 except that, instead of the palladium chlo-
ride supported on the activated carbon, the metallic
palladium supported on y-alumina was used in an amount
of 5 x 1075 mol in terms of metallic palladium, and
5 that 2 x 10~¢ mol of 2,6-bis(diphenylphosphino)pyridine

was employed in lieu of triphenylphosphine. 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 methylacetylene-based

10 selectivity of 87%.

Thus, the series of the procedures, that is, the
concentration of the reaction mixture, charging of the
raw materials and the reaction, was repeated 10 times
in the same manner as Example 2. Resultantly, even

15 after the procedu?e 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 tﬁe catalytic activity was scarcely
decreased.

20 Comparative FExample 3

The reaction was conducted ih the similar manner
as Example 3 except for. using palladium black which was
not supported on a carrier in lieu of the metallié
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 for methyl methacrylate was 83%.



15. A method for carbonylation as clained in claim14, wherein said
cpnpound having a hydroxyl group is an al cohol. 16. A neTheézeirprodueingm
a’carboxylic acid or a derivative thereof by carbonyl ationj! iHRRCE:. =64 woipx &

60 | Dae =19 JUN. s

H Yv- tmman :

Theh, the 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 of the
5 procedures, the mean transformation rate of methylacet-
ylene was remarkably decreased to 18 mol/hr per gram
atom of palladiuﬁ, and the selectivity for methyl
methacrylate was decreased to 43%.
Example 4
10 The procedure of Example 1 was followed except
'that_triphenyldrsineuhas'emblbyéd instead of triphenyl-
phosphine. Methylacetylene ﬁas transformed to methyl
methacrylate at a mean transformation rate of 23 mol/hr
per gram atom of palladium, and the methylacetylene-
15 based selectivity for the product methyl methacrylate
was 53%.

After repea;ing the series of procedures of con-
centration of the reaction mixture, charging of the raw
material and the reaction five times in the same manner

20 as Example 2, the mean transformation rate of methyla-
cetylene and the methylacetylene-based selectivity for

methyl methacrylate cﬁanged scarcely.

25



conprises allowing, in the presence of a catalytic system (a) an
asymmetric acetylenic or olefinic unsaturated conpound t t with (b)
carbon nonoxi de and (c) at |east one conpound selected f cn@ﬁl%gigroup—

consi sting of water, an alcohol having 1 to 20 carbon atgns an ﬁ
carboxylic acid haV|ng 1 to 20 carbon atons, wherein sa”ﬂrca;ahyg‘ﬁ”f%iﬁenp
Is; (A a catalytic systemfor carbonylatlon thrme

61
What is claimed is : )Y ) A

1. A method of producing a carboxylic acid or a

derivative thereof by <carbonylation which
comprises allowing an acetylenic unsaturated
compound or an olefinic unsaturated compound to
react with carbon monoxide in the presence of;
() 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 ligand and (A3) an acid.
2. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said Group VIII metal source (Al) in said
catalytic system (A) is at least one metal
selected from the group consisting of cobalt,
nickel, rohodium, palladium and platinum, or a
compound of said metal. '
3. A method of producing a carboxylic acid or
é derivative thereof as claimed in claim 1,
wherein said carrier in said catalytic system (A)
is at least one member selected from the group
consisting of an activated carbon, a metal oxide,
a nonmetal oxide and a clay mineral.
4. A method of producing a cafboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said carrier in said catalytic system (A)
has a specific surface area of 10 to 3,000 m?/g.
5. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,



conprising (Al) a Goup VIII nmetal source of Periodic Table of the

El.enents, said netal source being supported on a carrier, (A2) a ligand and
(A3) an acid. 17. A et hod of producing an a, [errr‘ethylentc -unsaturated
carboxylic acid or a derivative theumlmumnmﬂm | ses| aFFontpgela)sigRT 1,
[err]- acetylenic hydrocarbon to re gmon FDNOXi d§ jnur“i \gg? at’

| east one nucl eophilic ﬁ ael

i
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wherein the supporting amount of said Group VIII
metal source (Al) in said catalytic system (A) is
0.01 to 20% by weight relative to the carrier.
6. A method of producing a cérboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said ligand (A2) in said catalytic system
(A) is at least one member selected from the
group consisting of a phosphorus compound, an
arsenic compound and an antimony compound.

7. A method of producing a carboxylic acid or
a derivative thereof as claimed in claim 1,
wherein said ligand (A2) in said catalytic system
(A) is a tertiary organic phosphine or a tertiary
organic arsine.

8. A method of producing a carboxylic acid or
a derivative thereof as claimed in c¢laim 7,
wherein said tertiary organic phosphine or
tertiary organic arsine has an aryl group, a
substituted aryl group or an aromatic
heterocyclic group containing a nitrogen atom as
a hetero atom.

9. A method of producing a carboxylic acid or
a derivative thereof as claimed in c¢laim 1,
wherein said acid (A3) is a proton acid or a
Lewis acid.

10. A method of producing a carboxylic acid or
a derivative thereof as c¢laimed in c¢laim 9,
wherein said proton acid is at least one member
selected from the group consisting of an
arylsulfonic acid,.an alkylsulfonic acid, a



conpound sel ected fromthe group consisting of water, an al cohol and a
carboxylic acid, in the presence of; (A a catalytic syﬁpﬁgLfor

car bonyl ati on conprising a conbi nati on o | ! \‘sf
Peri odi c Table of the El enents, salﬂu , ei ng suppbrreﬁ‘bh%@rcT /
carrier, (A2) a tertiary organic p m”' 'ﬂ”ﬂﬂﬂl tiar D@fegaﬂngz‘}yNslggg ar}sd
(A3) a proton acid. o r e N VM e e ST T ;
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carboxylic acid, a hydrohalogenic acid, sulfuric
acid, nitric acid, a phosphoric acid and a
perhalogenic acid.

11. A method of produc1ng a carboxylic acid or
a derivative thereof as claimed in claim 1
wherein said catalytic éystem (a) is a
combination of (Al) a palladium source, said
palladium source being supported on a carrier
'having a specific surface area of 100 to 2,000
m’/g, (A2) a tertiary organic phosphine or a
tertiary organic arsine and (A3) a proton acid.
12. A method for carbonylatibn as claimed in
claim 1, wherein said unsaturated compound is an
o-acetylenic compound or an o-olefinic compound.
13. A method for carbonylation as claimed in
claim 1, wherein said acetylenic unsaturated
compound or olefinic unsaturated compound is
allowed to react with carbon monoxide and a
nucleophilic compound having a hydrogen atom
which can be left in the rection.

14. A method for carbonylation as claimed in
claim 13, wherein said nucleophilic compound is
at least one member selected from the group
consisting of water, a compound having a hydroxyl
group and a carboxylic acid.

15. A method for carbonylation as claimed in
claim 14, wherein said compound having a hydroxyl
group is an alcohol.

16. A method of producing a carboxylic acid or
a derivative thereof by carbonylation which
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comprises allowing, in the presence of a
catalytic system, (a) an asymmetric acetylenic or
olefinic unsaturated compound to react with (b)
carbon monoxide and (c¢) at least one compound
selected from the group consisting of water, an
alcohol having 1 to 20 carbon atoms and a
carboxylic acid having 1 to 20 carbon atoms,
wherein said catalytic system is;

(A) a catalytic system for carbonylation

comprising (Al) a Group VIII metal source of
Periodic Table of the Elements, said metal source
being supported on a carrier, (A2) a ligand and
(A3) an acid.
17. A method of producing an o«,f-ethylenic
unsaturated carboxylic acid or a _derivatife
thereof, which comprises allowing (a) an o-
acetylenic hydrocarbon to react with (b) carbon
monoxide and (c) at 1least one nucleophilic
compound selected from the group consisting of
water, an alcohol and a carboxylic acid, in the
presence of;

(A) a catalytic system for carbonylation.
comprising 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 phosphine or a tertiary
organic arsine and (A3) a proton acid.
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ABSTRACT
CATALYTIC SYSTEMS AND METHODS FOR CARBONYLATION

A carbonylation catalytic system comprises
(A) a combination of (Al) a Group VIII metal
source of Periodic Table of the Elements (e.g.,
palladium, palladium chloride) ,supported on a
carrier, (A2) a ligand such as triphenylphosphiné
and (A3) an acid such as an alkylsulfonic acid.
In the presence of the catalytic systém (a), an
acetylenic or olefinic unsaturated compound is
allowed to react with carbon monoxide and a
nucleophilic compound having an active hydrogen
such as water, an alcohol and a carboxylic acid
in a liquid phase to give an unsaturated or
saturated carboxylic acid or an ester thereof
with high transformation rate and selectivity.



