1 DESCRI PTI ON METHOD FOR SUPPRESSI NG PRECI PI TATI ON OF METAL FROM
JRANSI TI ON METAL COVWPLEX 5 TECHNI CAL FI ELD The present invention relates to
a method for suppressing precipitation of a transition netal in a solution
containing a transition netal conplex having the 10 transition netal and an
organic ligand. Particularly, the present invention relates to a nmethod for
suppressing precipitation of a transitioh metal froma transition netal
conpl ex catalyst in a solution aft?BEébﬁfﬁfiéﬁ“ such as a hydrogenati on
reaction or isonerization 15 reaction Usrhg a transition nmetal/organic
phosphorus- containing |igand conpl ex catal yst. BACKGROUND ART A conpl ex
catal yst conprising a transition netal and 20 an organic

Phosphor us- cont Rk koiaapBUERcINGA prbkaSRAN 43", Uig L1 ™Y

reacti on processes, reaction processes, a hy I on

reaction of an unsaturated %ggggﬁgﬁpﬁa&gg?ggy' ,on reaction, a

hydr of ormyl ati on reaction of 'an o I'merization reaction of an
olefin, are, for exanple, known. Further, it is also known to renove an
acidic
TECHNICAL FIELD
The present invention relates to a method for
suppressing precipitation of a transition metal in a
solution containing a transition metal complex having the
10 transition metal and an organic ligand. Particularly,
the present invention relates to a method for suppressing
precipitation of a transition metal from a transition
metal complex catalyst in a solution after a reaction
such as a hydrogenation reaction or isomerization

15 reaction using a transition metal/organic phosphorus-

containing ligand complex catalyst.

BACKGROUND ART
A complex catalyst comprising a transition metal and
20 an organic phosphorus-containing ligand such as a
phosphite ligand, is used in many reaction processes, and
as such reaction processes, a hydrogenation reaction of
an unsaturated compound, an isomerization reaction, a
hydroformylation reaction of an olefin, and a
25 dimerization reaction of an olefin, are, for example,
known. Further, it is also known to remove an acidic

compound which is produced as a by-product, since in a



conpound which is produced as a by-product, since in a 2 hydrofornylation
reaction, if a phosphite ligand constituting a rhodi um phosphite |igand
conplex catalyst is partially deconposed by the by-product acidic
substance or by hydrolysis, the conplex tends to be s unstable, and the
metal of the conplex catalyst will ©precipitate in the reaction solution
(Patent Docunent 1). The transition net such as rhodium (G oup 8) or
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at the tinme separation and recovery of t desi red product, whereby the
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The transition metal such as rhodium (Group 8) or

palladium (Group 10) in the complex catalyst used in such

a reaction, is separated and recovered from the reaction
10 solution after the reaction.

However, in an actual reaction process, if
precipitation of a metal from a complex catalyst takes
place in a reaction process, not only the catalyst metal
will be lost, but such will be a cause for contamination

15 within the apparatus, thus leading to a problem against
smooth operation, such as a decrease in the thermal
conductivity.

With respect to precipitation of a metal from a
metal complex catalyst, it is one of causes for such

20 precipitation that the ligand is partially decomposed
during the reaction or at the time of separation and
recovery of the desired product, whereby the complex
becomes unstable. Accordingly, it is desired to prevent
decomposition or the like of the ligand in the complex

25 catalyst thereby to secure the stability and to suppress
precipitation of the metal in the process step and to

take out the metal complex catalyst-containing solution



deconposition or the like of the ligand in the conplex 25 catal yst thereby
to secure the stability and to suppress precipitation of the nmetal in the
process step and to take out the netal conplex catal yst-containing solution
3 out of the reaction system Patent Docunent 1: JP-A-2000-501712

DI SCLOSURE OF THE | NVENTI ON 5 OBJECT TO BE ACCOWPLI SHED BY THE | NVENTI ON The
present invention is to provide a nethod For suppressing precipitation of a

transition q@ﬁ@] f”tﬁ? £g§§éigg %Qéyé$on after a reaction using a transition
co an

metal conpl ex catal ys ntarnin of gani ¢ phosphorus 10 |igand, whereby

the transition o} talystyis il y taken out of the
reacti on systemngéé%ngs]g?{i?%%%@cght a‘:f%iﬁngzﬁé WTO ACCOMPLI SH THE OBJECT

1s The present inventors have conducted an extensive study on the state of
a transition netal conplex in a reaction solution after a reaction, to

pr event prqgié&ﬁégﬁﬁﬁyégcﬁyéééﬁﬁﬁéiééynetaI, in the solution for the

reaction using a transi ex catalyst 20 containing a phosphite
l'i gand, %tc.%é&@ﬁ T@%Iiﬁ:}é@}ﬁ%ﬁ@r{?ﬁ e@ﬁ?ti‘ﬁlﬁ'snﬁﬁﬁlr Na result, have found
that a ligand suc as a phosphite Tigand of such a fransition netal conplex
The present invention is to provide a method for
suppressing precipitation of a transition metal in a
reaction solution after a reaction using a transition
metal complex catalyst containing an organic phosphorus
10 ligand, whereby the transition metal complex catalyst is
efficiently taken out of the reaction system as a

solution containing it.

MEANS TO ACCOMPLISH THE OBJECT

15 The present inventors have conducted an extensive
study on the state of a transition metal complex in a
reaction solution after a reaction, to prevent
precipitation of a transition metal, in the solution for
the reaction using a transition metal complex catalyst

20 containing a phosphite ligand, etc. to be used in various
reactions, and as a result, have found that a ligand such
as a phosphite ligand of such a transition metal complex
catalyst is partially decomposed during the reaction or
by e.g. oxidation during the separation and recovery, and

25 the complex thereby becomes unstable, thus causing
precipitation of the metal of the complex. Further, it

has been found possible to stabilize the transition metal



catalyst is partially deconposed during the reaction or by e.g. oxidation
during the separation and recovery, and 25 the conplex thereby becones
unstabl e, thus causing precipitation of the netal of the conplex. Further,

it has been found possible to stabilize the transition netal 4 conplex and
prevent precipitation of the transition netal by contact treatnent of the
transition netal conplex in the reaction*solution with a phosphite as an

ant | oxi dant. ’ﬂﬁfﬂﬁ % RO o0 fioe. beedy, agg onpli shed, op; e, basis s of

such di scoverTe presen nvent on provi offowing. 1
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net al conplex I soI ccording t he above 1

wherein %§§£%ﬁ§ éggggggé§ is represented by the following formula

(ry: p-- ereln each of three R which are independent of one
Namely, the present invention provides the

following.
1. A method which comprises contacting a solution
containing a transition metal complex of transition metal
10 selected from Groups 8 to 10 transition metals and having
a ligand made of a trivalent organic phosphérus compound,
with an aromatic phosphite different from said trivalent
organic phosphorus compound, to suppress precipitation of
metal from the transition metal complex in the solution.
15 2. The method according to the above 1, wherein the
aromatic phosphite is represented by the following

formula (I):
P——0-R): (1)

wherein each of three R which are independent of one
20 another, is a hydrocarbon group which may have a
substituent, provided that at least one R is an aryl
group.
3. The method according to the above 2, wherein at
least one aryl group in the formula (I) of the aromatic
25 phosphite, has a substituent at its ortho-position.

4. The method according to the above 3, wherein the



20 another, is a hydrocarbon group which may have a substituent, provided
that at |east one Ris an aryl group. 3. The nethod according to the above
2, wherein at |east one aryl group in the formula (1) of the aromatic 25
phosphite, has a substituent at its ortho-position. 4. The nmethod accordi ng
to the above 3, wherein the 5 substituent at the ortho-position of at |east
one aryl group in the fornula (1) of the>aromatic phosphite, is a

substituent bgnded by .a tertiar r quaternary carb tom s 5..The nethod
according t oﬂ%?&%b‘b%ét A\ e%lﬁﬁf%gpoﬁﬁle%n F?fnatt ﬁj;e?%? e ¥Ylof the
aromati c phosphite, are he me, and nyl_groups having,.at their ortho
positions, & Sutsti't 3te}?ﬁ éo%lﬁm e bﬁf’a ?Q&%%r@g%wﬁphﬁﬁﬁé?@ﬁt%arb%naat om 10
6. The net hod car di to any .one of the above 1 to 5, wherein the
aromatic phosslb%{e)tlf%n a br%nn%eoalen hi% t%ﬁ%ls%Wt%r. %atl%]énm h%%%é%%or ding to
any one of tggﬁggbove 1 to 6, wherein the trivalent organic phosphorus
conpound is at | east one nenber selected fromthe group consisting of

phosphi nes, phosphi tes, and PRI Ald &% dhe TIHIB0RES 1 e 1O anY
three R in the formula (I) of the aromatic phosphite, are
the same and phenyl groups having, at their ortho-
positions, a substituent bonded by a tertiary or
quaternary carbon atom.

10 6. The method according to any one of the above 1 to
5, wherein the aromatic phosphite is a monodentate
phosphite.

7. The method according to any one of the above 1 to
6, wherein the trivalent organic phosphorus compound is

15 at least one member selected from the group consisting of
phosphines, phosphites and phophoramidites.

8. The method according to any one of the above 1 to
7, wherein the trivalent organic phosphorus compound is
at least one member selected from the group consisting of

20 polydentate phosphines, phosphites and phophoramidites.

9. The method according to any one of the above 1 to
8, wherein the transition metal selected from Groups 8 to
10 transition metals, is palladium or platinum.

10. The method according to any one of the above 1 to

25 9, wherein the solution containing a transition metal

complex containing transition metal selected from Groups

8 to 10 transition metals and a trivalent organic



7, wherein the trivalent organic phosphorus conpound is at |east one nenber
sel ected fromthe group consisting of 20 pol ydentate phosphi nes, phosphites
and phophoram dites. 9. The nethod according to any one of the above 1 to
8, wherein the transition netal selected fromGoups 8 to 10 transition
metals, is palladiumor platinum 10. The nethod according to any one of the
above 1 to 25 9, wherein the solution cohtaining a transition netal

conpl ex containi transition tal selected from Grou 8 to 10 transition
metals and PHTTRATEN SEATE Th R eoR AbOTh . FeSh 8Bl uti on af ter
either an isonmerization drogenat.ion drof porinyl ation dehydr ogenati on,
oligonerizal%%)weﬂ% %ﬁ*ﬁgis,yc%ééﬁl?ﬁf%ﬁ’r@#é§$£§%¥¥f%gl?%action, carried
out by usin t.r itipn compl e S catalyst. 11. The met hod
accordi ng tgi%%%%v%aﬁwm%fle?%@%za%% Ut ixt?)%t%%iﬁ?%ll%l nﬁogp%%gﬂs?tr ion

retal compl e cont AL LEANSI I o LELAlL g Seleched, 119 Gioyng 8 to 10

transition TE s an organi ¢ rus conpound, is a 10

solution5aft€¥a .%fgﬁﬁﬁééggiré@éfg&ﬂééﬁgf@@gﬁﬁiﬁg?ing material allyl

conmpound “deri'vati Ve, Ich co ns an a npound derivative different

fromthe starti ng, | rﬁ{eertﬁ-e%hoci]‘zaccu}edi@g} h:oéj ﬁ?ecoaﬁgg\pg f(?, t@ﬁeggﬂ){etﬁg or 11,

solution containing a transition metal complex containing
transition metal selected from Groups 8 to 10 transition
metals and a trivalent organic phosphorus compound, is a

10 solution after an isomerization reaction of a starting
material allyl compound derivative, which contains an
allyl compound derivative different from the starting
material.

12. The method according to the above 10 or 11,

15 wherein the solution containing a transition metal
complex containing transition metal selected from Groups
8 to 10 transition metals and a trivalent organic
phosphorus compound, is a reaction solution after an
isomerization reaction of an acetoxyallyl compound.

20 13. The method according to the above 12, wherein the
acetoxyallyl compound is a solution containing 3,4-
diacetoxy-1-butene as the main component, obtained from
an oxidation diacetoxy-forming reaction product of
butadiene.

25
EFFECTS OF THE INVENTION

According to the method of the present invention, in



15 wherein the solution containing a transition netal conplex containing
transition netal selected from Goups 8 to 10 transition netals and a
trival ent organic phosphorus conpound, is a reaction solution after an

i sonerization reaction of an acetoxyallyl conmpound. 20 13. The net hod
according to the above 12, wherein the acetoxyallyl conmpound is a solution
containing 3,4- diacetoxy-l-butene as the7mai n conponent, obtained from an
oxi dati on di acetoxy-form g reaction product of butadiene. 25 EFFECTS OF
THE | NVENTI &N Wc%%ﬁ?lb‘?‘hgs?g FHN 2t hel df rERCTPPRSBALNInGehFPBALLEAT7 a
reaction soluti%f afte{ a reaction usiqg,a,transition _netﬁl cgnglex

catal yst corftefdt ngPER! &F gaRF 2L PRbsPART AED1INF AR JOTPRBEF pPRIAEPBRTYE a
transition tal is su fressed, wher eby t he. conpl ex if stabilized, and s
accordi ngl y, 19" raﬁ§?$ Bht et 3P %gnﬁlé§aﬁﬁfﬁ?€£tm€5ﬂ efficiently be taken

out of the reaction gxst mas, a _soluti mﬁthgut causing a

| oss of netaf"PRTEEHe e TR sHRE e maﬂﬁggg%a%?ggglé%égybﬁﬂ to suppress
©, 3, oS M DS LS L 1L appaCel s or gy 10,0FLgusg, L8, LD e ™
efficiently be taken out of the reaction system as a
solution containing it, without causing a loss of metal
in the reaction system, whereby it is possible to
suppress e.g. contamination within the apparatus or a

10 decrease in the thermal conductivity.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a graph showing a change with time of
dissolved residual ratio of Pd in Example 9 and
15 Comparative Example 7. The ordinate represents dissolved
residual ratio of Pd (%), the abscissa represents time
(hr), and DBPO represents tris(2,4-di-t-butylphenyl)

phosphite.

20 BEST MODE FOR CARRYING OUT THE INVENTION
Now, the present invention will be described in
detail.
The transition metal complex catalyst in the present
invention is made of a transition metal complex
25 containing a ligand made of a trivalent organic
phosphorus compound and transition metal selected from

Groups 8 to 10 transition metals, wherein the ligand has



Fig."1 is a graph showing a change with tine of dissolved residual ratio of
Pd in Exanple 9 and 1s Conparative Exanple 7. The ordinate represents

di ssolved residual ratio of Pd (1), the abscissa represents tine (hr), and
DBPO represents tris(2,4-di-t-butyl phenyl) phosphite. 20 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Now, the present invention will be described in
detail. The transition netal conplex cata8yst in the present invention is
made of a transitlon met al_conpl ex 25 containing a |igand made of a
trivalent orydiic PMdsfhd? 1} RADRIEP ek thaR3i t i hedt firang ¥t from
Goups 8 to 10 transition netals, wherein the ligand has 8 a_P-C bond, a
P-O bond or RETRIN GRIFRILEBRAL AL ¥FansT t7 JFROWRt BFIRHHPIAR BaEalyst is a known
transition netal. conpl f catalyst to be_used for producti on processes
such as i sorfRAMEARN TR &9 %%fgmrdww&x%ucglwd%@%ﬁaﬁﬁan of an
unsat ur at ed conpound, %gkofo Ia |on { §$ ol efin, ~deh dro enat i on,

ol i gorneri zat¥ GtS aP YN ¥ pq:‘?rﬁéou?%a € bY]a ive,

hydr ocyane nver si on of diene (ad onltrl e- conversi on of butadi ene), etc.
10 The | Poarty TRREFRAL 107 (9% AR AL,

hydroformylation of an olefln, dehydrogenation,
oligomerization of an olefin, metathesis, coupling
reaction, hydrocyane-conversion of diene (adiponitrile-
conversion of butadiene), etc.

10 The ligand made of a trivalent organic phosphorus
compound contained in the transition metal complex
catalyst in the present invention, is a compound having a
P-C bond, a P-0 bond or a P-N bond and includes
monodentate and polydentate ligands selected from

15 phosphines, phosphites and phophoramidites.

The phosphines may, for example, be a
trialkylphosphine, an alkyldiarylphosphine, a
dialkylarylphosphine, a dicycloalkylarylphosphine, a
cycloalkyldiarylphosphine, a triaralkylphosphine, a

20 tricycloalkylphosphine and a triarylphosphine and may,

for example, be represented by the following formula (i):

P+{R’) , (i)

In the above formula (i), each of three R’ which are
independent of one another and may be the same or
25 different, is a substituted or unsubstituted alkyl or

aryl group.



conpound contained in the transition netal conplex catalyst in the present
| nvention, is a conpound having a P-C bond, a P-O bond or a P-N bond and

i ncl udes nonodentate and pol ydentate |igands sel ected from 1s phosphi nes,
phosphites and phophoram dites. The phosphi nes may, for exanple, be a
trial kyl phosphi ne, an al kyl di aryl phosphi ne, a dial kyl aryl phosphi ne, a

di cycl oal kyl aryl phosphi ne, a cycl oal kyl d?aryl phosphi ne, a
triaral kyl phosphi ne, a 20 tricycl oal kyl phosphine and a triaryl phosphi ne and
may, for exanpl £2€RTYepd et BYY byt PheXPP LS ngef dr REFRYL] Proup.-{-- R)
S (i ) Inthe above formula (i), each of_three R which are independent of
one anot her HMPRREAYe FHRYUR £ %rglzﬁl?fwjf FEMP i NY LBt kYt edTBHP

unsubstituteqialk | or t%ggl ggogkaQ %@ﬁyﬁryl gr oup y, for e§$nple, be a
phenyl groupgi@¥% AR ouPDrd &dip GNP, e 3§ oup
may, for exanple, be a Cl 10 al kyl group such as a net hyl roup, an_ethyl
group, a pr&u%'rd‘l}b,e ﬂut%m{ﬁ/'ou% RFORY & inf?:q%he@(ﬁué’]oug?’o? eor a
aroup,  an alRERPRGrOLE IS | ey SRR L ae AT A PR giotp,
carboxy groyp, & halegen Ao AU MO ofoup, an alkoxy

group, a silyl group, an amino group, an acyl group, a

carboxy group, a halogen atom, a sulfonyl group, a

sulfonic acid group, a cyano group or a trifluoromethyl

10 group. Among them, an aryl group such as a phenyl group
or a naphthyl group is preferred.

Specific examples of the above phosphines include
triphenylphosphine, tris-p-tollylphosphine, tris-p-
methoxyphenylphosphine, tris-p-fluorophenylphosphine,

15 tris-p-chlorophenylphosphine, tris-
dimethylaminophenylphosphine, propyldiphenylphosphine, t-
butyldiphenylphosphine, n-butyldiphenylphosphine, n-
hexyldiphenylphosphine, cyclohexyldiphenylphosphine,
dicyclohexylphenylphosphine, tricyclohexylphosphine,

20 trimethylphosphine, triethylphosphine, tributylphosphine
and trioctylphosphine.

The above phosphites may, for example, be
monodentate and bidentate ligands represented by the
following formulae (1-1) and (2-1).

25 The above phosphoramidites may, for example, be
monodentate and bidentate ligands represented by the

following formulae (1-2), (2-2), (2-3), (2-4) and (2-5).



sul fonic acid group, a cyano group or a trifluoronethyl 10 group. Among
them an aryl group such as a phenyl group or a naphthyl group is
preferred. Specific exanples of the above phosphi nes incl ude

tri phenyl phosphine, tris-p-tollyl phosphine, tris-p- nethoxyphenyl phosphi ne,
tris-p-fluorophenyl phosphine, is tris-p-chlorophenyl phosphine, tris-

di met hyl am nophenyl phosphi ne, propyldiphéﬂylphosphine, t-

but yl di phenyl phosphi ne, n-butyl di phenyl phosphi ne, n- hexyl di phenyl phosphi ne,
cyclohexyldiphenylphogg fi cycl ohexyl phenyl phos#i ne,
tricycl ohexyl phosphi né, qnethylphosphine, t r R&t Pyl mosphi ne,

tri butyl phosphine a a6tgl phosphi ne. The above Lo may, for
exanpl e, be nonoden?g e and Hidgnhate | i gands r eR#*er >d oy he follow ng
formulae (1-1) and (2-7 *s-dhe above phosphor anrf 0-Yr exanple, be
monodent at e and bi deng atg Llhgands represented by th¢

ot h

ET {of 'ooiv®g f ornul ae
(1-2), (2-2), (2-3), (2-4Y,aft (2-5). 10 R= R RRTRE-RR®R R4 0 OP O Y
O'!l5 Ra 13-0-Y1 RS
(1-1) (2-1)
R2 R2 R? R?
R3 R1 R3 R1 R1 RS Ra R1
® ® J (L, o
R4 o._ Y2 o._ (,\)n_ 0 R4 R4 O-P—NY®Y7
R‘ O/P_ N‘Ys R® O,P N\Y4 Y?: P\o R‘ RS O_P\_NLEYQ
g g g or
R’ RS R’ RS R8 R8 R’ RS
RS RS R? RS
(1-2) (2-2) (2-3)
RZ
Ra ; R3 R2 Rz R3
Nag S
2 R4 R4
() 2PN . n
m o 3 (()m °,P—N(”‘)N p® )
R® o) Vi 5 o m
g Y4y
O Rs R O RS
R’ RS RS
R® 7
R RE
RS R?
(24) (2-5)
5 In the above formulae, each of Y', ¥*, Y*, Y%, Y°,

Y®, Y', ¥® and Y’ which are independent of one another,
is a linear or cyclic alkyl group, an aryl group or a
heterocyclic group, which may further have a substituent.
Further, Y? and Y?, Y* and Y°, Y® and Y, or Y® and Y°,

10 may be connected to each other to form a ring. n



10

15

20

25

RTRROY RFTRRRR () (221) RRRR RR RR R R
OP NY6Y7 (*J .. RO.P-NY3 Re Re 0L 10PNY Y5 PPOR R5 Re /
| | ORto R7 R5 R7 Re Re Re R7T Re Re Re R7 Re (1-2) (2-2) (2-3)
9 RMR-RRLR RO .YZRA ~ RA mP-NO n,0O}m O Y3 ( )m
YS 1/ ReRe YRS R7 RS Re .

represents the length of a methylene chain (-CH;-), and n
is from 1 to 10, preferably from 1 to 5, particularly
preferably from 2 to 4. m represents the length of a
methylene chain, and m is from 1 to 5, preferably from 1
to 3.

Each of R' and R® which are independent of each
other, is a hydrogen atom or a Cj;.;o secondary or tertiary
hydrocarbon group which may have a substituent, and each
of R*, R?, R®, R’, R’ and R'° which are independent of
one another, is a C;.39 hydrocarbon group which may have a
substituent, or a C;.;0 alkoxy group which may have a
substituent. Each of R®* and R® which are independent of
each other, is a hydrogen atom, a C;.; hydrocarbon group,
a halogen atom or a C;.4 alkoxy group.

The above linear or cyclic alkyl group, or the alkyl
moiety of an alkoxy group, usually has from 1 to 20
carbon atoms, preferably from 1 to 14 carbon atoms. Its
specific examples may, for example, be a methyl group, an
ethyl group, a n-propyl group, an i-propyl group, a n-
butyl group, an i-butyl group, a sec-butyl group, a t-
butyl group, a pentyl group, a hexyl group, an octyl
group, a decyl group, a cyclohexyl group and a
cyclopentyl group. Further, the substituent which the
alkyl group may have, may, for example, be a C;.;p alkoxy
group, a Cs.19 aryl group, an amino group, a cyano group,
an ester group having from 2 to 10 carbon atoms, a

hydroxyl group or a halogen atom.



RR/ Re Re R7 (2-4) (2-5) 5 In the above fornul ae, each of Y1 yz y3 ya ys
Y6 Y7 Y8 and Y9 which are independent of one another, 1is a linear or cyclic
al kyl group, an aryl group or a heterocyclic group, which may further have
a substituent. Further, Yz and Y3 , Y4 and Y5, Y6 and Y7, or Ye and y9 , 10
may be connected to each other to forma_ ring. n 11 represents the length
of a nmethylene chain (-CH2-), and n is fPom 1 to 10, preferably from1 to
o Do ULl LSSl R G e LSRN 4 o LA BeR, ¢
Secondary of (R 9L HTRR8C AF5h SortSun i B TRy HAVE & AEuBSt | Luent, and
cach o et e, Y A E B S g opPlg 2ot her
o1 KO 91 USRS, VRIS, EA6 el g e are
hal ogen 8t oMty & Gchi Y ha¥ed Riay’” 1 BB | R Uy UGS o1 KY!

atom, a Cj.zo alkyl group, a Ci.ip alkoxy group, a Ciz.yg

cycloalkyl group, a Ce.z0 aryl group, a Ce-z9 aryloxy

group, a Cs.z0 alkylaryl group, a Ce.20 alkylaryloxy group,

a Cs.z9 arylalkyl group, a Cs.zp arylalkoxy group, a cyano

10 group, an ester group, a hydroxyl group or a halogen atom
such as chlorine or fluorine.

In a case where each of Y' to ¥’ is an aryl group
which may have a substituent, its specific example may be
a phenyl group, a 2-methylphenyl group, a 3-methylphenyl

15 group, a 4-methylphenyl group, a 2,3-dimethylphenyl
group, a 2,4-dimethylphenyl group, a 2,5-dimethylphenyl
group, a 2,6-dimethylphenyl group, a 2-ethylphenyl group,

a 2-isopropylphenyl group, a 2-t-butylphenyl group, a
2,4-di-t-butylphenyl group, a 2-chlorophenyl group, a 3-

20 chlorophenyl group, a 4-chlorophenyl group, a 2,3-
dichlorophenyl group, a 2,4-dichlorophenyl group, a 2,5-
dichlorophenyl group, a 3,4-dichlorophenyl group, a 3,5-
dichlorophenyl group, a 4-trifluoromethylphenyl group, a
2-methoxyphenyl group, a 3-methoxyphenyl group, a 4-

25 methoxyphenyl group, a 3,5-dimethoxyphenyl group, a 4-
cyanophenyl group, a 4-nitrophenyl group, a

trifluoromethylphenyl group, a pentafluorophenyl group



nmoi &y of an al koxy group, usually has from1l to 20 carbon atons,
.preferably from1l to 14 carbon atons. Its specific exanples may, for
exanpl e, be a nethyl group, an ethyl group, a n-propyl group, an i-propyl
group, a n 20 butyl group, an i-butyl group, a sec-butyl group, a t- butyl
group, a pentyl group, a hexyl group, an octyl group, a decyl group, a

cycl ohexyl group and a cycl opentyl group3 Further, the substituent which
the alkyl grqup,ma ve,, may, foqr ex | e, be a Cl.10 al koxy 25 group, a
C6_10 aryl gpgugbeaﬁogﬁpﬁgngfdﬁﬁ}?atéygggggr&ﬁ&uP%ﬂlester group having from
2 to 10 carbon atons, a hydroxyl group or a halogen atom 12 The above
aryl group usually has fr to 20 ¢ n atons, preferably from6 to 14
carbon atons. As a specif exanpl he aryl group, a phenyl group or a
napht hyl group may be nen ed. Th ubstituent which s such a group may
have, may, for exanple, be hydrogen! atom a Cl1_20 al kyl group, a d _lo

al koxy group, a C3.20 cycloal kyl grqgg, a C6_20 aryl group, a C6_20 aryl oxy
group, a C6_20 al kyl aryl gFﬂbp, a C6 20 al kyl aryl oxy group, a C6_20

aryl al kyl group, a C6_20 aryl al koxy up, a cyano 10 group, an ester group,
a hydroxyl group or a hangiﬁD.ton1 as chlorine or fluorine. In a case
where each of Y to Y9 i aryl gr
Bu'
(C-3) (C4)
By’

e
0

MeO,C Bu
(C-5) (c-8)
(C-7 (C-8)

Specific examples of the ligands represented by the
5 above formulae (1-1), (1-2), (2-1), (2-2), (2-3), (2-4)

and (2-5), are shown below.



~which may have a substituent, its specific exanple may be a phenyl group, a
2- met hyl phenyl group, a 3-nethyl phenyl is group, a 4-nethyl phenyl group, a
2, 3-di met hyl phenyl group, a 2, 4-dinethyl phenyl group, a 2, 5-di nethyl phenyl
group, a 2,6-dinethyl phenyl group, a 2-ethyl phenyl group, a

2-i sopropyl phenyl group, a 2-t-butyl phenyl group, a 2,4-di-t-butyl phenyl
group, a 2-chl orophenyl group, a 3 20 chiléf ophenyl group, a 4-chl orophenyl
group, a 2,3- dichlorophenyl group, a 2,4-dichlorophenyl group, a 2, 5-

di chl orophenyl gr omy 1 4- di chl or ophe , a 3,5- dichl orophenyl
group, a 4-trifluoro phenyl group, hoxyphenyl group, a

3- met hoxyphenyl gr oy 3 25 p, a_3, 5-di net hoxyphenyl
group, a 4- cyanophgp
trifluoromethyl phenyl

ent af | uor'd : and the foll owi ng
. o0 CBull (C5)
(C8) CP (C7) (BB




_ Specific exanples of the ligands represented by the s above fornulae (1-1),
(1-2), (2-1), (2-2), (2-3), (2-4) and (2-5), are shown below. 14 (A-1)
(A-2) 44 (A-3) (A4) it X (A5 (A8 r-o-~ XXdirL A-7) (A-B) ( / \
(A4) (A-10) 15 00 _ 144, ~I | (A-13) (A44) Qi IN d (Ar10) p \/ x4

15




C(A17) (Aia) |1 (M) (*20) 16 .1- I~4 (A-21) (Afl) Ol. g p- p-p
O-'IL (A-23) (A44) 17 " (A-25) (A-26) d o ao~ \I \I (A-27) (A-28) Ind Ph
(A-29) (A 30) I\ / Ph 00k, Ilk (A31) (Afl) 18

16




~d XPd (A-33) (A-34) p- p- 00 (A-35) (A36) .. d-0... d Ph Ph A (A37)
(A-38) Ph QOPh P-0... da~ (A39 (A40) 19 Pi!l t Ph P-O-0O p(A 41)
(A42) C I~0S P-00, od (A43) 20 thd - YID (A 44) P- M (A 45)

17




d (A-4B) P-(A-47) | d Me $c3c ~ M1 i XO (A48) (A .) N (A50) Nr

) (A-51)" . one -N3 (A-52) \ P-ND (A-53) tOFo I~ 00 O (A-55) 4 I p (A-54)
Ind 21 OP Opr,002 OP 2 (B-1) (B2 /' 1/ OGP~-0J OGP O 2 PIOI\N /T
I OGP~ 1 1 i)

18
O Q O |
2 R
u, P-O qP-Om
v, d *u,, d
(A-33)
(A-34)




J2 z (B-3) (B4 | OPOI [/ OPO\N I/ 202 (B-5) (B-0)
0-P(00'0)2 Q2 (B-7) (B-8) 22 O/ """ - Ph O-POP- / \ I
11411 OP~\ / \ - Ph\ Ov (B-9) - (8-10) PCO- -0

(8-11) (8-12)

19

dr-o
(A-41)




d o-b-o v,0-Pro' o- -0 ~ o-P |

"N -P-O1 ) 20-1401 i )2 -P (O, ™
\ -

(8-15) (B-16) 23 O P- OP 0 (B-18)

-l R~ ~l | 2 (8-13) d
“Pf -l ~I 11~/ CF

i OGP\ I [ J |/

P~ O/ toP( I/ / [/ (B-19) (B-20) 24 OP- Ml ~N-P. O 0-P-

20




_ (B-21) (B-22) XCO- MooOMe -NN-P o OP-NV-NNP OM: Mo OM M “Oe Mo O

£8-23) (B-24) 1/ \l X-No.o P-NEF _p\ONPLO~\ | \ (B-25) (8-26)
OP-N-'NP OOP-N-NPO (B27) (B-28) 25 OPNOEt OP pez /| 0-Pc OR NME2
OP O Nvez 1/ (B-29) (B-30) xnmel NP-OP NEt2 N O%OP-NEt2 / \ \ Oo
(B-31) (B-31) 0 P-NMe2 r OPNEt2 (B-32) (B-33) v '\N




~ 00 O,P-NOP-N(B-34) (8-35) MO/ MO/ OAP-N-, p,P-N MO ~~~/// MO/
¢B-36) (B-37) 26 to NN-P.O O PN~-"N-Pp "0 OMe Me \O B-38) (B-39) O;P-NN-P'O
OP-N~~N-P O Et Et C O (B-40) (B-41) qOwv MO ~P-N""NP~ MO/ 1/ r 6
[/ \ Ove (B-42) 1In the present invention, the transition netal of G oups 8
to 10 in the transition netal conplex catalyst 5 is preferably ruthenium

rhodi um nickel, palladium platinumor %4%e |i ke, particularly preferably
pall adium Such a transitiop nmetal is supplied in the formof a conpound,
and as a specific conmpoung acetate, a sulfat a nitrate, a halide, an
organic salt, an




. 1o inorganic salt, an acetyl acetonate conpound, an al kene- coordi nated
eonpound, an am ne-coordi nated conpound, a pyridi ne-coordi nated conpound, a
car bon nonoxi de- coordi nated conmpound, a phosphi ne-coordi nated conpound or

a phosphite-coordi nated conpound, nmay, for exanple, be 27 nentioned. A
speci fic pall adi um conpound may, for exanple, palladiumnetal, palladium
acetate, palladium trifluoroacetate, pal:%diun1sulfate, pal l adium nitrate,
s pal l adium chl oride, palladium brom de, palladium i odi de,

bi s(acetyl acetonate) pall adi um dichlorocycl ooct adi enepal | adi um

di chl orobi s(tri phenyl phosp 8 yhenyl phosphi ne)

di chl or obi s(benzo
as well as other
organi ¢ phosphing-c
etc. Particul arl y#
etc., palladium aggt g
pal | adi um or tetTakis(t
preferably enpl oyed.

gLLonpounds,
s chloride diner,
g\ ng efficiency,

) etyl acet onat e)
exanpl e,

(B-19) (B-20)



20 Wth respect to the amount of the above ligand in the transition netal
conpl ex of the present invention, the nolar ratio of phosphorus atomin the
ligand is preferably fromO0.1 to 1,000, nore preferably from1 to 100,
particularly preferably from1l to 10, to 1 nol of 25 the transition netal in
the transition netal conplex. Further, as the ligand, one type or plural
types of Iligands may be contained. The hod for preparation of 28 the
transition nmetal conplex is not particularly limted, and for exanple, at
the tine of the reaction to convert the conplex to a catalyst, a transition
met al conpound ¢ i

ratio to obtain a c¥t yst-contafn solutlon e~present | , an
aromati ¢ phosphite 0.0 i act with ion contalm ~
transition netal c ehgrﬁh he above- ngnt jlong®- Wr?ggh&-qp a

trivalent organic p -horus conpo 10 and the ‘FrJnsit Men Met al Jiié oups
8 to 10. Here, the oMt i ‘ i mthe trivy

or gani ¢ phosphorus conpo e ligand. A cause for precipitathon of
metal of the transition mé#4D conplex catalyst is such ti@the 15
phosphite ligand of the metal conplex catalyst is oxidized during the

reacti on or durilyg MeO l i OMe
0 ¥o)

:P—N/\/\N—P

(B-27) (B-28)



_ recovery, whereby the conpl ex becones unstable. Accordingly, the aromatic
phosphite to be contacted may be one to prevent oxidation of the |Iigand
made of the 20 trival ent organi ¢ phosphorus conpound, which the above netal
conpl ex catal yst has, and to function by itself as a conponent to be
oxi di zed, and an aromatic phosphite represented by the follow ng fornula
(1) may be nentioned. P-{-0-R)3 (I} 25%% the above fornula (1), each of
three R which are 29 independent of one another, is a hydrocarbon group

whi ch may have alsybstituent, provid that {at | east one Ris an aryl

group. The hydroca gridp in the f L i el ected s froman al kyl
group or an aryl otipo-AHoet al kyl group g¥}fz ar or branched al kyl
group havi ng usuaklyJoorokt to 20 carbopn gtops, preferably from1 to 14
carbon atons, or_a | i Mad kyl group. sh&Gt al kyl group, a met hyl

group, an io ethy R, a n-propyl i -propyl group, a n- butyl
group, an i-butyl group, a sec-butyl grloup, t- butyl group, a pentyl

group, a hexyl gr ogB-2g9n octyl group, a d&g%b)group, a cycl ohexyl group or
a cycl opentyl

o

O-P-NEt,

l O-R-NEt,
O

(B-31)
O O
OIP—NMez O:P—NEtz
J
(B-32) (B-33)
SaVEN o N
O:P—N)V O:P—N
J S
(B-34) (B-35)



group may, for exanple, be nmentioned. Further, as the is substituent which
.the al kyl group may have, a Cl.10 al koxy group, a C6.10 aryl group, an

am no group, a cyano group, a C2_10 ester group, a hydroxy group or a

hal ogen atom nmay, for exanple, be nentioned. The aryl group usually has
from6 to 20 carbon 20 atons, preferabl fron16 to 14 carbon atons. As a
specific exanple of the aryl group, a ph group or a naphthyl group may
be nentioned. As the substituent which such a group may have, a hydrogen
atom a Cl-20 al kyl gyoup, Cl. 10 al koxy a C3.20 cycl oal kyl 25
group, a C6_10 ar ) kyl aryl group,
a C6.20 al kyl aryl o¥y group, a & ; =0 aryl al koxy
group, a cyano grogp, o3 dh“éstrr group, a hxﬁ?df?f”@fﬁqp r a hal ogen atom
such as chlorin qu% N As the

substituent, prefe p, a sec-butyl
t-'butyl group is

group, a t-butyl group @& cYéIohexyI group, a
particularly preferredﬂg?ﬁ% aromati c phosphite |@g6ﬁ%ferably such that at
| east one aryl group in the fornmula (1) has a substituent at its

ort ho-position (2-posi;tion or position), and the io supstituent at the
ortho-position sjprekgrably &

(B-40)
MeO O Q OMe
g:P—N/\\/”\N—P(g
MeO O @ @ O OMe
(B-42)

In the present invention, the transition metal of

Groups 8 to 10 in the transition metal complex catalyst

5 1s preferably ruthenium, rhodium, nickel, palladium,
platinum or the like, particularly preferably palladium.
Such a transition metal is supplied in the form of a
compound, and as a specific compound, an acetate, a
sulfate, a nitrate, a halide, an organic salt, an

10 inorganic salt, an acetylacetonate compound, an alkene-
coordinated compound, an amine-coordinated compound, a
pyridine-coordinated compound, a carbon monoxide-
coordinated compound, a phosphine-coordinated compound or

a phosphite-coordinated compound, may, for example, be



substituent bonded to the aryl group by a tertiary or quaternary carbon
atom A particularly preferred aromatic phosphite is such that the three R
in the fornula (1) are the same and phenyl groups, having at is their

ort ho-positions, a substituent bonded by a tertiary or quaternary carbon
atom Further, the aromatic phosphite is preferably a nonodentate
phosphite. Specifically, the aromatic ph83phite may, for exanple, be

tri phenyl phosphite,.tris-o-tolyl phosphite, 20 tris-o-i-propyl phenyl
phosphite, fM5S="2M<%utyl phenyl phosphite, tris-i-butyl phenyl phosphite,

i o2, 5001 -1 - bk YIRREAS DGR Somasund i) PoE SkomBRST  phosphi t .
phosphi e, EARAD B Gy SRNERIT aitndins oatiadtarts ol
DropY! phenyl. S LS s e 2 s SRR Bl e
putyl di (3, 4 HEGRS BRGNS SRbs i T b 1L ABHR | bEHgt )
i 5 2: 1 bR AISHARAE o e e 1. SR A RS 5AT sy
phosphite.,%g¥¥£éf3¥p é%éﬂfgféﬁﬁs(triphenylphosphine) palladium,

tetrakis (triphenylphosphine) palladium,

bis(dibenzyliacetone) palladium, potassium

10 tetrachloropalladate, sodium tetrachloropalladate,
dichlorobis (benzonitrile) palladium,
dichlorobis (acetonitrile) palladium, as well as other
carboxylate compounds, olefin-containing compounds,
organic phosphine-containing compounds, allyl palladium

15 chloride dimer, etc. Particularly from the viewpoint of
the cost, handling efficiency, etc., palladium acetate,
palladium trifluorocacetate, bis(acetylacetonate)
palladium or tetrakis(triphenylphosphine) palladium is,
for example, preferably employed.

20 With respect to the amount of the above ligand in
the transition metal complex of the present invention,
the molar ratio of phosphorus atom in the ligand is
preferably from 0.1 to 1,000, more preferably from 1 to
100, particularly preferably from 1 to 10, to 1 mol of

25 the transition metal in the transition metal complex.
Further, as the ligand, one type or plural types of

ligands may be contained. The method for preparation of



i's fris-2-t-buty|pheny| phosphite, tris-i-butylphenyl phosphite,
stris-i-propyl phenyl phosphite, tris-2,4-di-t 10 butyl phenyl phosphite or
tris-2,4-di-t-butyl phenyl phosphite, and particularly preferred is
tris-2,4-di-t- butyl phenyl phosphite. In the present invention, the solution
containing a transition netal conplex cqgtaining transition netal of is
Goups 8 to 10 and a ligand nade of a trfval ent organi c phosphorus conpound,

I's specifi Cf;i‘rié%gF9aor§r%‘f5%8”m§95?;fgt8Hp+§Rt g tg a@‘t.ri%g(igr(i?/t 4G e

transition c eéx cata e reacti using thé*transiti1dn netal

conpl ex cat Qhéis%o?%x?fngieexggpkﬁe P?PESB%Eghéa%%tg%nﬁ@ ngo%'\)e‘éjt conmpound

derivative, hydrogena n-6f "an unsat ur ated Conpoun roformylation of

an orefin, cfiehudhpgenation glLeoueri 2atiansobiah RLEthconfRhadIes!

coupling reaction rocyane- convérsi on o

(adi poni tri ‘aﬁacg”’_{Egah&l”SﬁfSPB‘dhédifa‘E@eileagédp%hi cubarly 3N At he Aresent

invention, a reacti [ Ion after an isonerization reaction of an allyl

compound, dephyabi ¥8 UBEAgn! BecLEANFELL ABAFBLAlngOUBIGY 125 32 @ catal yst is

preferred, and a reaction solution’o I sonerization reaction of an

acetoxyal Iyl coppoynd gobtained Rxnan oxi dat 0 AtSIOpHSNARISI QN reaction
of butadiene i.e. 3,4-d|acetoxy-IPbutene to 1, -§|ac§%¥§%%h
brought in contact with a solution containing a
transition metal complex containing the above-mentioned
ligand made of a trivalent organic phosphorus compound
10 and the transition metal of Groups 8 to 10. Here, the
aromatic phosphite is different from the trivalent
organic phosphorus compound as the ligand.
A cause for precipitation of the metal of the
transition metal complex catalyst is such that the
15 phosphite ligand of the metal complex catalyst is
oxidized during the reaction or during the separation and
recovery, whereby the complex becomes unstable.
Accordingly, the aromatic phosphite to be contacted may
be one to prevent oxidation of the ligand made of the
20 trivalent organic phosphorus compound, which the above
metal complex catalyst has, and to function by itself as
a component to be oxidized, and an aromatic phosphite

represented by the following formula (I) may be

mentioned.

P——0-R)s (1)

25

In the above formula (I), each of three R which are



s butene, is particularly preferred. In the nethod of the present invention,
.the reaction solution obtained by the reaction using the above transition
netal catalyst is contacted with an aromatic phosphite, and the reaction
solution may be the reaction 10 solution after the reaction itself, or the
residual liquid having the product renoved fromthe reaction solution or a
reaction solution containing the catalys%? It is particularly preferred to

contact the. ti solcution _after _the reactij .. _The cant act aqf. t,he
reaction islégg Fk%%nﬁi%ﬁ Ph% fother. S d¥gcag%°n(§%?%%ﬂﬁ%}%ﬁ

€ aronmati ¢ 6hosph|te may ‘spe

col ut fon to"PHe Frua s ARBSTRMARY. "Bl ARt AR R SiRIL

phosphite ol J itself or may be in its solution. However, fromthe
20 contactng f?g’§n8? Wrth the reaction solution at the time of the

addition, it is 'I@fee{hﬁ; : éér'%ro‘?l'[ |91110an; i -Iry tlﬂg fé%{'{ge&ﬁtar d-ﬁsoiélegelérngéd after

the reaction step, e reaction -solution, ansi tion ne conpl ex

CatalyStsanQrBQEan2§1%§%”§&B% pggsggi%?ngggg&%psported in the formof a

uni formsSolution 1nt prping and in aratus such as a distillation

col umn wi LA 1t DI tzl%% MEHPY 33 ndhd B adad Lig 1o

preci pitation of the
group having usually from 1 to 20 carbon atoms,

preferably from 1 to 14 carbon atoms, or a cyclic alkyl
group. As a specific alkyl group, a methyl group, an

10 ethyl group, a n-propyl group, an i-propyl group, a n-
butyl group, an i-butyl group, a sec-butyl group, a t-
butyl group, a pentyl group, a hexyl group, an octyl
group, a decyl group, a cyclohexyl group or a cyclopentyl
group may, for example, be mentioned. Further, as the

15 substituent which the alkyl group may have, a C;i.ip alkoxy
group, a Ce.190 aryl group, an amino group, a cyano group,
a C;.10 ester group, a hydroxy group or a halogen atom,
may, for example, be mentioned.

The aryl group usually has from 6 to 20 carbon

20 atoms, preferably from 6 to 14 carbon atoms. As a
specific example of the aryl group, a phenyl group or a
naphthyl group may be mentioned. As the substituent
which such a group may have, a hydrogen atom, a Ci_y
alkyl group, a Ci.i0 alkoxy group, a Ci;.,0 cycloalkyl

25 group, a Cg.10 aryl group, a Ce.zo aryloxy group, a Cs_2o
alkylaryl group, a Cs-20 alkylaryloxy group, a Cs-20

arylalkyl group, a Ce.20 arylalkoxy group, a cyano dJroup,



nmetal in the pi ping and in the apparatus such as a distillation colum, or
.contam nation within the process systemw /|| be suppressed. Further, the
catal yst nmetal 5 can be taken out of the systemin the formof a solution
containing it as dissolved, and the taken out solution is subjected to
catal yst treatnment (recovery of catalyst or disposal) In the catalyst
treatment step, the taken out solution Hy be subjected to incineration as

cubj ot o0 187c2B SR oBboUPy 2o S ORGIAE GERUB OF & TAIOUR ARCE) Wibust | on

subj ect ed t%nefeg
apparatus instalked.in the_plant. The m xture of the reaction.soluiion and
The™ ot omat 1 BROSHAE Fe P iprantad. FPtnstanblf BH o Hhithad

treatnment tenpetature is usually from 20C.to_200C __preferably from.80C to
180C. 11 thAot FOat FERE RS eERy 1 PESESOE oot 18 APgh PARBerati®seyBhd 1 hi s

range, the bﬁﬁgﬂggkgggcogpggkgkgﬁgﬁ gtir?%%Par gn@t_@bglt%gotsg%? e itself wll

proceed. OnTtl hand, "I’ f eratudre i ov?,r the sol ubil i ty

f th hi ' ' | uti . wh b

the off oot E5cigHSRYACSVEnbs, KA o STELFYL BRPUE AR HEI A st M

standard fogrgggggeidqn of the aromatic phosphite, it is necessary to avoid
n

deconposi ti ue'to 25 a factor other than oxygen in order to naximze the

oxidation-preveQ%Engl%mgﬁggo%hg%p%g%epQ%§%@éf%rgﬂ¥y such that at
least one aryl group in the formula (I) has a substituent
at its ortho-position (2-position or 6-position), and the
10 substituent at the ortho-position is preferably a
substituent bonded to the aryl group by a tertiary or
guaternary carbon atom. A particularly preferred
aromatic phosphite is such that the three R in the
formula (I) are the same and phenyl groups, having at
15 their ortho-positions, a substituent bonded by a tertiary
or quaternary carbon atom. Further, the aromatic
phosphite 1is preferably a monodentate phosphite.
Specifically, the aromatic phosphite may, for
example, be triphenyl phosphite, tris-o-tolyl phosphite,
20 tris-o-i-propylphenyl phosphite, tris-2-t-butylphenyl
phosphite, tris-i-butylphenyl phosphite, tris-i-
propylphenyl phosphite, tris-2,4-di-t-butylphenyl
phosphite, tris-2,5-di-t-butylphenyl phosphite, tris-2,6-
di-t-butylphenyl phosphite, tris-2,3-di-t-butylphenyl
25 phosphite, tris-2,4-di-i-propylphenyl phosphite, tris-
2,5-di-i-propylphenyl phosphite, tris-2,6-di-i-

propylphenyl phosphite, tris-2,3-di-i-propylphenyl



specifically, it is not desirable to use a phosphite 34 which is thermally
.or chemcally easily deconposable. Accordingly, a thernmally stable aromatic
phosphite is preferred, and further, in order to increase the chem cal
stability, or in order to prevent cleavage of the P-O s bond by a reaction
wi th anot her chem cal conponent, it is ££eferred to enpl oy a phosphite
wherein the aromatic ring has a bulky s stituent at the ortho-position to

2 monodent aPEOSRBSHRY { BEPRVARAAT§ POtV ABRENS %&ﬁﬁf&?ﬂ th e e
Where an ar BASTIEY) hospﬁmi?g%'ae&S{Dg‘ﬁ%%heﬁ%ﬁéé? Bt G eEst 1 on so ut on
Ohe s OB THRn e LAt SRR ioée e arovortfon o
o Lo BT e %#gn”%%yﬁ@ea dls o
N e L
RSt et el et el et R
butylcyclohexyl)phenyl phosphite. Among them, preferred
is tris-2-t-butylphenyl phosphite, tris-i-butylphenyl
phosphite, tris-i-propylphenyl phosphite, tris-2,4-di-t-
10 butylphenyl phosphite or tris-2,4-di-t-butylphenyl
phosphite, and particularly preferred is tris-2,4-di-t-
butylphenyl phosphite.
In the present invention, the solution containing a
transition metal complex containing transition metal of
15 Groups 8 to 10 and a ligand made of a trivalent organic
phosphorus compound, is specifically a reaction solution
obtained by a reaction using the transition metal complex
catalyst. The reaction using the transition metal
complex catalyst may, for example, be isomerization of an
20 allyl compound derivative, hydrogenation of an
unsaturated compound, hydroformylation of an olefin,
dehydrogenation, oligomerization of an olefin,
metathesgis, coupling reaction or hydrocyane-conversion of
a diene (adiponitrile-conversion of butadiene).
25 Particularly, in the present invention, a reaction
solution after an isomerization reaction of an allyl

compound derivative using the transition metal complex as



large, no further effect by such an additional anpunt 25 will be obtai nabl e,
.and such being undesirable fromthe viewoint of the cost. The

concentrati
depending u

50 wt ppmto 1 w% preferably from100 wt ppmto 5 000 vt ppm Now, a

nmet hod of c
of an aceto
an aronmatic
3, 4-di aceto
10 conpound
such as but
oxygen are
1, 4-di aceto
usual ly als

on in the aromatic phosphite solution 35 to be added varies

pon the type of the aromatic phosphite, but it is usually from

ontacting a reaction solution32s after an isonmerization reaction

xyal

Lyl d -usi iti . I I I ,
A RashteE TR PRCSERA8, At S A Rettion Al oG

W th

chebibangopandiar 8,1 4 dlacetoxe 2 huhene a5, an acet oxyal Lyl

I'acet’ oxy "oxXli -conversion re n

y a

react e preSence 0 pe

j ugat ed di ene

BT8R’ By AR 0 on” PR (AR SRR 0

-2-hutene and.3,4-di_acet oxy-I| ;but ene. The 15 .reaction solution
é%t%dgegg ? %. 3,4 dlipeﬁﬁgyg% b%%ﬁ e to q,4 %lacéioxy f

0 contains I-acétoxy- utene,

y_

3-hydro&¥-4§%§§%%%y1g-%g&@@ ulé%&ggg%%§%§§;%petoxy-l-butene, etc. as

hydr ol yzat e
supplied as
not only a

10

15

20

25

such I"acet oxy ,f—dlacetoxy-l-butene to be

a Sﬁﬁfkhﬂgmé%%&gmb iéﬂe‘Eyééé%%ifﬁUEHéf%%)‘%Lé*?%ééé%b&ay be

solution obtained by the reaction using the above
transition metal catalyst is contacted with an aromatic
phosphite, and the reaction solution may be the reaction
solution after the reaction itself, or the residual
liquid having the product removed from the reaction
solution or a reaction solution containing the catalyst.
It is particularly preferred to contact the reaction
solution after the reaction. The contact of the reaction
solution with the aromatic phosphite may specifically be
carried out by adding and contacting an aromatic
phosphite-containing solution to the reaction solution
after the reaction. The aromatic phosphite may be solid
itself or may be in its solution. However, from the
contact efficiency with the reaction solution at the time
of the addition, it is preferably preliminarily uniformly
dissolved.

Thus, after the reaction step, in the reaction
solution, the transition metal complex catalyst and the
aromatic phosphite are transported in the form of a
uniform solution in the piping and in the apparatus such

as a distillation column within the process step, whereby



pur€ product but also the reaction solution itself after the

di acetoxy-form ng reaction of the above butadiene, or one having at |east a
part of by-products having boiling points |lower than 3,4-di acetoxy-|-butene
such as acetic 25 acid, water, etc. renoved by e.g. distillation, or one
havi ng part or all of by-products having boiling points higher than
3,4-di acet oxy-1-butene renoved by 36 dis8Billation, or further one having
part or all of both _of |Iqw boiling point, by-products and hi gh boiling point
by- pr oduct s & ditffe Pt I"f?tta(r??e H& R R iR tite@ntot ithemtdtdlystch a

material is used as "a solution s containing 3, 4-diacetoxy-I|-butene as the
mai n conpondftal e PIPIRE AR ildh EhBRRATRE U SRS oky- | - but ene as
t he mai n conponent.” t.o be used in the present invention contains

1, 4- di acet 0;&}_55_ Frien YRy QF (I8t akiPn within the process

Wb e i e L A S TN S SO
further 1-acetoxy-4-hydroxy- 2-hytene and/or 1,4-dihydroxy-2-butene as a
ylr ol y2At 6 CA01 D5 EARSI Gt D MR SHSLER (bt | TP oo P EROR o be
acet oxyal |y EOREATING 07 AEUTIRL VIS FRb s LIS LB Pachim i th
a |igand, prseflfbef\jreactgeyd %dphc% a iyts“:{\: Q:rrépa}%?nsepnmor(’j‘rneicdci)\;eefy of catalyst or
disposal). In the catalyst treatment step, the taken out
solution may be subjected to incineration as it is, or
10 transported to another place for recovery of the metal,
or subjected to e.g. recovery as a metal ash by e.g. an
in-water combustion apparatus installed in the plant.
The mixture of the reaction solution and the
aromatic phosphite is heat-treated, if necessary. The
15 heat treatment temperature is usually from 20°C to 200°C,
preferably from 80°C to 180°C. If the treatment is
carried out at a high temperature beyond this range, the
thermal decomposition of the aromatic phosphite itself
will proceed. On the other hand, if the temperature is
20 too low, the solubility of the aromatic phosphite in the
reaction solution tends to be low, whereby the effect to
suppress precipitation of metal tends to be low.
As a standard for selection of the aromatic
- phosphite, it is necessary to avoid decomposition due to
25 a factor other than oxygen in order to maximize the
oxidation-preventing function of the phosphite, and

specifically, it is not desirable to use a phosphite



particularly preferably a phosphoram dite. The anmount of the transition
sretal conplex is fromO0.001 vt ppmto 20 1,000 wt ppm preferably from0.001
to 100 t ppm particularly preferably fromO0.01 to 100 wt ppm to the

acet oxyal Iyl conpound as the starting nmaterial for the reaction. The
tenperature for the isonmerization reaction is 25 usually from20 to 200C,
preferably from80 to 180C, particularl$4preferably from 100 to 160C. |f

the reaction.temperature ihs.toQ high,. deterioration by netal 37 conversion
of the trandit lﬁeﬁéﬁrggl Vé?rb§h m¢§ﬁﬁ 3%&&§§$¥laﬁﬁéﬂﬁﬂfqgiﬁﬁng to

di sappear an of the, activyity. th t.her._hand,. i f .t he.r.eaction

Cenpor at ur eACeOrAddBIYG o KbFnad o R trRed Pante i BETR Ehd S s | ar ge

si ze reacto il | r i red, . The pressure for .the isonerization reaction
s Cusual |y PR Sdna e FESEPERe: BB Pt ¢5UTs Rem e he i TS Ty

preferably Lhomito 3.3 T, allaough the. eachiqn Ipy e Garred out nder

reduced pressuiré or “10 "€l évatéd pressdar I'On pressure is too

low  the CRLALYLLC AGLLULLK GAUR LARROWARLI (AR,  qperat ur e

| owers, and on 't er “hand, reaction préssure 1s tdo ‘high, the
cost of thep&%%%&?%d Wblgmbﬂ%QEQS%hosphite wherein the aromatic ring

has a bulky substituent at the ortho-position to the P-O
bond. Further, a monodentate aromatic phosphite is
preferred, since a monodentate phosphite is usually

10 inexpensive as compared with a polydentate phosphite and
in view of the function and costs.

In a case where an aromatic phosphite is added and
contacted to a reaction solution obtained by a reaction
using a transition metal catalyst, the proportion of the

15 aromatic phosphite to the reaction solution is usually
from 1 mol equivalent to 1,000 mol equivalent, preferably
from 2 mol equivalent to 50 mol equivalent, to one mol of
metal of the transition metal catalyst, although it may
vary depending upon the type, amount, etc. of the

20 transition metal catalyst contained in the reaction
solution. If the amount is less than this proportion, no
adequate effect to suppress precipitation of metal will
be obtained. On the other hand, if the amount is too
large, no further effect by such an additional amount

25 will be obtainable, and such being undesirable from the
viewpoint of the cost.

The concentration in the aromatic phosphite solution



15 The isonerization reaction is carried out usually in a liquid phase, and
«the isonerization reaction may be carried out in the presence or absence of
a solvent. In a case where a solvent is used, a preferred solvent is not
particularly limted so long as it is capable of 20 dissolving the catal yst
and the raw material conpounds. SpeC|f|c exanpl es of such a sol vent include
an et her such as diglyne, diphenyl ethe% di benzyl ether, diallyl ether,

t et rahydr of aBe(zﬁgédoba%'%éagggeﬁﬁl §]%§O ugh a% uk%ﬁtmﬂ 2- pyrrolldone

N,N—dlnethy ornanl € or I et etam etone such” as

cycl ohexanone,gp s cephBoRlieh 2gul hut yl, & %g%aﬁg Sk Qaghans. o, di (n-

octyl ) phthal'ate; an ic Ny rocarbon su t ol uene, erne or

dodecyl benzgpe; Qe%&aﬁatb,'y%r@md AOBALROBLRLER SAR Y RANLARE, N- hexane,

n- hept ane or n-oCt ane; pr oduct Red by "t'he i so atlon reaction

tself; the al b, compaundaler vatine asd he A JBgH@l s tself;

t he aIIyI conpound 'as the product i1tself; Tand a conpoun rlved froma

| eaving yroa@teE aheléb%ylagtﬁ%t eehdk 13kl Wr & m%%xéém gticularly

preferred solvent may be an a conmpound as t e starting nmateri al

I tself, or éBmgUu}‘Jd ﬁ%’IH?UBd t%%ntsﬁﬁlghoql%tal' fc%%'pflezé Qa8 Aounfi§f the

solvent to be Used is no particularly I'imted. However, the'isomerization
an aromatic phosphite, will be described.

A method for producing a 3,4-diacetoxy-1-butene
and/or a 1,4-diacetoxy-2-butene as an acetoxyallyl
10 compound by a diacetoxy oxide-conversion reaction of a
conjugated diene such as butadiene, is known. Most
commonly, butadiene, acetic acid and oxygen are reacted
in the presence of a palladium type catalyst to produce
1l,4-diacetoxy-2-butene and 3,4-diacetoxy-1l-butene. The
15 reaction solution usually also contains l-acetoxy-4-
hydroxy-2-butene, 3-hydroxy-4-acetoxy-1-butene, 4-
hydroxy-3-acetoxy-1l-butene, etc. as hydrolyzates of such
diacetoxybutenes.
3,4-diacetoxy-1-butene to be supplied as a starting
20 material for the isomerization reaction may be not only a
pure product but also the reaction solution itself after
the diacetoxy-forming reaction of the above butadiene, or
one having at least a part of by-products having boiling
points lower than 3,4-diacetoxy-1-butene such as acetic
25 acid, water, etc. removed by e.g. distillation, or one
having part or all of by-products having boiling points

higher than 3,4-diacetoxy-1l-butene removed by



reaction proceeds mainly as an intranol ecul ar reaction and is therefore
spreferably carried out by using a solvent in an anount smaller than in a
conventional 15 nethod. It is usually fromO to 10 tines by weight,
preferably fromO to 5 tines by weight, nost preferably fromO to 1 tine by
weight, to the total weight of the allyl conpound derivative as the

starting material. If the anDunt of the3%olvent is too nuch the reaction
rate 20 deg €233, A%na reac gg syste a'gv,he I SO rb%atl 3§§§ on nmay be
carried out “b§-a c8htPRu0 & sys 3"SeMlORS Ri6ds Bat ch

system by ugfngg% Bga&rh XR% %%WB %thtFéé%t %g%§;% %r gb&§y flow type

reactor. The as p de port| ft med by

an inert gag ﬁggdﬁ ?rgggogr n|t oggge metﬁog'tkoﬁhgogggF¥% or derived from

t he sol vent, i ng materi a conpound r product, the

reaction by ggggggﬁ sh?ﬁ gahgk¥§ geg%nggggq prqduct S S Especial 'y,

tio
I ncl usi on O oxyge In o al r, ses @et erioration of

the catalyst| tsmghaaepgaa@%gtg s 10 g, Oasofthteh%a&p, WY gormound,

and accordlng esire Yrincm ze such an St o

reaction SObEEBQT f'“&‘?glﬁHEoﬁogbh@Q9H§h§ 3 5O LR SRR Jeact or

a solution
the main component” to be used in the present invention

contains 1,4-diacetoxy-2-butene, but may further contain
3-hydroxy-4-acetoxy-1-butene, 4-hydroxy-3-acetoxy-1-

10 butene and/or 3,4-dihydroxy-1-butene as a hydrolyzate of
3,4-diacetoxy-1-butene, and further l-acetoxy-4-hydroxy-
2-butene and/or 1,4-dihydroxy-2-butene as a hydrolyzate
of 1,4-diacetoxy-2-butene.

A transition metal complex to be used as a catalyst

15 in the above isomerization reaction of an acetoxyallyl
compound or the like, is a complex catalyst of palladium
with a ligand, preferably a phosphite or phosphoramidite,
particularly preferably a phosphoramidite. The amount of
the transition metal complex is from 0.001 wt ppm to

20 1,000 wt ppm, preferably from 0.001 to 100 wt ppm,
particularly preferably from 0.01 to 100 wt ppm, to the
acetoxyallyl compound as the starting material for the
reaction.

The temperature for the isomerization reaction is

25 usually from 20 to 200°C, preferably from 80 to 180°C,

particularly preferably from 100 to 160°C. If the

reaction temperature is too high, deterioration by metal-



phosphite is injected froma supply port provided in the io piping in the
vicinity of the outlet of the reactor. The injection of the aromatic
phosphite solution may be carried out continuously or intermttently,
preferably continuously. The reaction solution to which the aromatic
phosphite has been supplied, is transported to a 15 separation step
(distillation colum) to separate the pRdduct (1, 4-di acet oxy-2-butene)
obtained by the isonerization reaction of 3,4-diacetoxy-|-butene, from the
i soneri zat i GIPHERET I ol the drr 3Rt skpRrae Rl byemel 8% FRBR1I¥AL For the
separation of the product, a 20 conmon separation operation may be adopted.
Speci fi cal | )Rr%'ﬁe‘g?ﬂ y&%\eﬁ?}%}fi}? I DA LI RPPIIRRCEsOL Ehépi e
distillation, djistillation under reduced pressure, thin filmdistillation
or steam di €5511&5%n, Butha fher g“@ﬁ’éi(rj'atlifo it?péeétqtdr‘?rédtq{“%r%ta‘ér-?i qui d

Tay Do mont (GRCPS LY SO R TTT O r AT oy T PRat oY ed BHt A n an
i ndependent step, or separation of two 40 or re conponents nmay be carried
out si muPt anetiT S 2Furede ?rt“r?g“p_r‘%%lﬁ?uh’%e Il as the residual Iiquid
o TR Moo St A 00 e eyl gyl comRound, oS5 4 be
usually 1 atm, and it is preferably from 1 to 10 atm,
particularly preferably from 1 to 3 atm, although the
reaction may be carried out under reduced pressure or
10 elevated pressure. If the reaction pressure is too low,
the catalytic activity tends to be low as the reaction
temperature lowers, and on the other hand, if the
reaction pressure is too high, the cost of the reactor
will increase.
15 The isomerization reaction is carried out usually in
a liquid phase, and the isomerization reaction may be
carried out in the presence or absence of a solvent. In
a case where a solvent is used, a preferred solvent is
not particularly limited so long as it is capable of
20 dissolving the catalyst and the raw material compounds.
Specific examples of such a solvent include an ether such
as diglyme, diphenyl ether, dibenzyl ether, diallyl
ether, tetrahydrofuran (THF) or dioxane; an amide such as
N-methyl-2-pyrrolidone, N,N-dimethylformamide or N,N-
25 dimethylacetamide; a ketone such as cyclohexanone; an

ester such as n-butyl acetate, y-butyrolactone or di(n-

octyl)phthalate; an aromatic hydrocarbon such as toluene,



As an exanple of a reaction other than the above- nentioned isonerization
reaction, a hydrofornylation reaction of an olefin may be nentioned. A

hydr of ormyl ati on reaction of an olefin is carried out 10 usually by reacting
an olefin with an oxogas (a m xed gas of carbon nonoxi de and hydrogen) in
the presence or absence of a solvent by neans of a netal conplex catalyst
containing a transition netal (such as R@8or Pd) and a |igand nmade of an
organi ¢ phosphorus conmpound._the is ambunt_ of the catalyst is usually at

| east 0.1 ppifdie opragdgapiiengeneasin 2 hikhabic hydaoearber swehreaction
substrate and usually at nost 0.2 nol% preferably at nost 0.1 nol % The
reaction teffemHRATE ane udtigXAS ot - RERIERY) ABOT OPF AR adl HYfrom OC to
100C. The 20 reaction pressure is usually fromO0.01 MPa to 30  MPa,
preferably QA OFNEEE PP SIMFE AL 1R RRRHEPR r 2B8etbh BR@nple, a
hydr ogenati o rﬁgction of e, g..,an olefin, a car bon%ll conpound or an imne
conpound by%%%i GMRGHd, VAf ey S (il AT iRd s tatal yst, may be
mentioned. The unt of the catalyst in the hydrogenation reaction is
usual |y at Ilé:asﬁlafg}.)ltqbeprﬁw, NUR:] 137 dth§ é%ﬂys‘?é"lcgtppil'ﬁ%ﬁffim?? t® 1 ol of
t he reaction subst r&a\tde and sfually alt most 0. 2 rmlf% referablg at nost 0.1
nmol % The ré‘é%ﬁtg%}p erive rom-a eaving group o the starti g

material allyl compound. A particularly preferred
solvent may be an allyl compound as the starting material
itself, or an allyl compound as the product itself.

10 The amount of the solvent to be used is not
particularly limited. However, the isomerization
reaction proceeds mainly as an intramolecular reaction
and is therefore preferably carried out by using a
solvent in an amount smaller than in a conventional

15 method. It is usually from 0 to 10 times by weight,
preferably from 0 to 5 times by weight, most preferably
from 0 to 1 time by weight, to the total weight of the
allyl compound derivative as the starting material. TIf
the amount of the solvent is too much, the reaction rate

20 decreases.

As a reaction system, the isomerization reaction may
be carried out by a continuous system, a semicontinuous
system or a batch system by using a stirring type
complete mixing reactor or a plug flow type reactor. The

25 gas phase portion in the reactor is preferably formed by
an inert gas such as argon or nitrogen, in addition to a

vapor derived from the solvent, the starting material



tenperature is usually from-20C to 150C, preferably fromOC to 100C, and

t he hydrogen partial pressure is 5 usually fromO0.001 MPa to 30 MrPa,
preferably from0.05 MPa to 20 MPa. The nethod of the present invention nay
be applied to the reaction solutions obtained by the above-descri bed
reaction exanples, whereby transition netgl-containing I 0 solutions may be
taken out fromthe reaction solutions w?hout any trouble. EXAMPLES Now,

t he met hod %%

win e eaencg%t%ﬁln@Sn&%éée%ﬁqt@c%ﬁ%arﬂsﬂcﬁée&lieﬁpﬁdeiaic?tr j{ﬁ%‘\i%\?}e%g#?é%uﬁglgiel
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catal yst 1%%1éﬁgqow o é’%@i e % ¥ fj;g %@ﬁ%} i agid aémlag%geé

kg/ hr of a nixed gas O _ oxygen 0 ¢ nitrogen,
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is desired to minimize such an inclusion.

To the reaction solution flowing out continuously
from the isomerization reactor, a solution of an aromatic
phosphite is injected from a supply port provided in the

10 piping in the vicinity of the outlet of the reactor. The
injection of the aromatic phosphite solution may be
carried out continuously or intermittently, preferably
continuously. The reaction solution to which the
aromatic phosphite has been supplied, is transported to a

15 separation step (distillation column) to separate the
product (1,4-diacetoxy-2-butene) obtained by the
isomerization reaction of 3,4-diacetoxy-l-butene, from
the isomerization reaction solution and separated by
distillation. For the separation of the product, a

20 common separation operation may be adopted.

Specifically, not only a distillation operation such as,
simple distillation, distillation under reduced pressure,
thin film distillation or steam distillation, but also a
separation operation such as gas-liquid separation,

25 evaporation, gas stripping, gas absorption or extraction,
may be mentioned. Each separation operation may be

carried out in an independent step, or separation of two



acid, 3 wt% of other conponents having boiling points |ower than

-3, 4-di acet oxy-1-butene and 2 wt % of ot her conponents having boiling points
hi gher than 3, 4- di acetoxy-1-butene. 5 REFERENCE EXAMPLE 2 11 L of the m xed
liquid obtained in Reference Exanple 1 was separated into a

3, 4-di acet oxy-I| -butene- containing liquid and a

1, 4- di acet oxy- 2- but ene- cont ai ni ng quuiﬂoby continuous distillation. Here,

for 1o, 10 dishbbiatignenancd deyshancdistild aukon gohum I A0 trays ves

used. The continuous atron was carried out ntaini‘ng the col um

top tenpera%HEgBEQ bghgogrgﬁggt tgﬁangglgé E%%i%ég{d%%f&lﬁiﬁ¥folunn top

tenperature to be 95C an col tom tenpérature 1s e 151C, by

cont i nuous! ¢ 0tr aducig she REXEH oL EgHdn k.3 HOSHLAN i 20th tray

fromthe col'urm bottom | ow rate-o cc¢/ hr, “by carryirnd out

conti nuous gt Ll aKL0RAS ALl €00t n2 LU nLLOTILNG calumy dop  and by

carrying out contrnuous w rawal at a ra romthe col um

bottom By thj inuous distillation, a
1,4-diaégtoky%éFgggghe-containing liquid was obtained as the bottons from

e oL DO 0 Bttt RS AL g v
di acet oxy- | 5Bt ¢BR=EOREBMBYIGat iBH! deWRE iBnT %edyldritidnylation
reaction of an olefin may be mentioned. A
hydroformylation reaction of an olefin is carried out
10 usually by reacting an olefin with an oxogas (a mixed gas
of carbon monoxide and hydrogen) in the presence or
absence of a solvent by means of a metal complex catalyst
containing a transition metal (such as Rh or Pd) and a
ligand made of an organic phosphorus compound. the
15 amount of the catalyst is usually at least 0.1 ppm mol,
preferably at least 1 ppm mol, to 1 mol of the reaction
substrate and usually at most 0.2 mol%, preferably at
most 0.1 mol%. The reaction temperature is usually from
-20°C to 150°C, preferably from 0°C to 100°C. The
20 reaction pressure is usually from 0.01 MPa to 30 MPa,
preferably from 0.05 MPa to 20 MPa.

Further, as another reaction example, a
hydrogenation reaction of e.g. an olefin, a carbonyl
compound or an imine compound by means of the above

25 transition metal complex catalyst, may be mentioned. The
amount of the catalyst in the hydrogenation reaction is

usually at least 0.1 ppm mol, preferably at least 1 ppm



containing 45 wt % of 3, 4-di acetoxy-I|-butene, 11 wm % of 3-

shydr oxy- 4- acet oxy-1-butene, 22 ws of acetic acid, 20 wt % 43 of other
conponent s having boiling points | ower than 3,4- diacetoxy-I|-butene and 2
wt % of ot her conmponents having boiling points higher than

3, 4-di acet oxy-| -butene. Further, the 1, 4-di acetoxy-2-butene content in the
3,4 s diacetoxy-I-butene-containing quu?ﬁ was not higher than 1 wtg.

REFERENCE EOHPLE313000k8 0L e Syl Acehr b uenecaanta) ing 11 auid

obtai ned in ference was sub ecte I nuous [l ation

to separate,lue FRLOM tllo,H%r%‘% and %th%'éﬁg 9! lnidig, POifLS 5@'51%? { han

3, 4- dlacetoxy | -'but ené he di's |"at’i on,” a pac Sorain havi ng
or dered ackln erial. TM 70 ac ck b used (HETP 140
minTe). e BB TEh o TR 0 ﬁ RS co ?gatﬁmr:ﬁ@b%z*aﬁé.t El(ng (he
col um o] ressune e.re ux_r.a 0 be e colum
top terrperzlgtf%rg1 t%o&btéé @Garfd Fhe cot }?Pﬁdr%%‘?r% o‘?ﬁ‘?tl gr%’f%?%UY% b2 144cC, by
conti nuoysl ¥1sua’1t1 FUekNg . 309 KOk Salgdy Sqllilé)%ﬁr x%b‘i?ﬁ'f&'o‘?r{‘ Plox, 610 20 Mm

fromthe colum b tom at ?1om1rate of carryi ng out
conti nuous ﬁ@§tkblgblg@aqt a rate of 7.6 kg/hr fron1the colum top and by
carrying out continuous

The method of the present invention may be applied
to the reaction solutions obtained by the above-described
reaction examples, whereby transition metal-containing

10 solutions may be taken out from the reaction solutions

without any trouble.

EXAMPLES
Now, the method of the present invention will be
15 described in further detail with reference to Examples
and Comparative Examples. However, it should be
understood that the present invention is by no means
restricted to such Examples.
REFERENCE EXAMPLE 1
20 In the presence of 1 kg of a Pd-Te catalyst, 0.21
kg/hr of butadiene, 2.94 kg/hr of acetic acid and 0.34
kg/hr of a mixed gas of 6 vol% of oxygen/94 vol% of
nitrogen, were permitted to flow and subjected to an
acetoxylation reaction under conditions of 80°C and 6 MPa
25 to obtain a mixed liquid containing 81 wt% of 1,4-
diacetoxy-2-butene, 9 wt% of 3,4-diacetoxy-1l-butene, 2

wt% of 3-hydroxy-4-acetoxy-l-butene, 3 wt% of acetic



wi thdrawal at a rate of 11.4 kg/hr as a side streamfrom a position of 580
+m fromthe colum bottomand at a rate 25 of 1 kg/hr fromthe col um
bottom By this continuous distillation, conponents having boiling points

| ower than 3, 4-diacetoxy-I|-butene were obtained as a distillate from44
the colum top. The distillate contained 71 vt % of acetic acid, 0.18 w % of
3, 4-di acet oxy-1 -butene (correspondi ng t$20.17 wt % of the anpunt of the 3,4-

di acet oxy allyly campaundd nihedussdl.ihe diaild MG Gy and 21w

of ot her conpdonént’s havi ng I"ower

3, 4-di acet oxy- | - e., Furd. > - b QUi it f col um

bot t om cont gl}srv{eefh}%‘%\%k O}o 4ofdt1gl?:rf:t [ céLt oﬂﬁl&%n%bu necf‘néﬂ: %)g%vw%;for%éﬂ]eer

3- hydr oxy- 4- <+l . . %:Qf. .0 ent's, havi ng boiling
to points | 8\%@?5&%%SBh%%%g’gg?ggﬁﬂgV\%élgﬁg thral%‘e%g% 0 %’4 ot her conponents
havi ng boil | QLS {hi t han 3, 4- di acetoxy-I|-butene. Further, the
liquid wt hg?g\f/%%foﬁl !tb%gpegllede streamwas purified 3, 4-di acetoxy-|-butene

cont ai ni ng Q%F%%@%%ML%C? oxy-1l-butene, 15 wt%of 3 is
y-1-

hydr oxy-4- acet ox utene and 4 wt % of ot her conponents having boiling

poi nt s | ower t hany 3, 45¢diaretioed OURRE o Wl e O1digte cOmonent s

havi ng boiling points higher than 3] 4-di acetoxy-I|-butene. MPLE 1
Example 1 was separated into a 3,4-diacetoxy-1l-butene-
containing liquid and a 1,4-diacetoxy-2-butene-containing
liquid by continuous distillation. Here, for the

10 distillation, an Oldershow distillation column with 40-
trays was used. The continuous distillation was carried
out by maintaining the column top temperature to be 20
mmHg, the reflux ratio to be 3, the column top
temperature to be 95°C and the column bottom temperature

15 to be 151°C, by continuously introducing the mixed liquid
at a position of the 20th tray from the column bottom, at
a flow rate of 150 cc/hr, by carrying out continuous
distillation at a rate of 27 cc/hr from the column top
and by carrying out continuous withdrawal at a rate of

20 123 cc/hr from the column bottom. By this continuous
distillation, a 1,4-diacetoxy-2-butene-containing liquid
was obtained as the bottoms from the column bottom, and a
3,4-diacetoxy-1-butene-containing liquid was obtained as
a distillate from the column top. The obtained 3,4-

25 diacetoxy-1l-butene-containing liquid was a mixed liquid
containing 45 wt% of 3,4-diacetoxy-l-butene, 11 wt% of 3-

hydroxy-4-acetoxy-1-butene, 22 wt% of acetic acid, 20 wt$%



20 In a nitrogen gas atnosphere, into a glass flask, palladiumacetate (3.2
ny), a ligand represented by the following formula (1) (31.2 ng of a |ligand
represented by the above-nentioned formula (B-3), 2 nol equivalent to the
pal |l adium nmetal) and 75 g of the 3, 4-diacetoxy-l 25 butene-containing liquid
obtained fromthe side streamin Reference Exanple 3, were added, and
heated and stirred at 80C for one hour %or dissolution to prepare a 45
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residual digsglyed palladiumnetal concentration after 15 the thernal

filtration was 20 wt ppm Fromthe initial concentration before the heating
and the resg@P@ENCE EXAMPLE 3

300 kg of the 3,4-diacetoxy-1l-butene-containing
liquid obtained in Reference Example 2 was subjected to
10 continuous distillation to separate the majority of
components having boiling points higher than 3,4-
diacetoxy-1l-butene. Here, for the distillation, a packed
column having ordered packing material TM-700M (MC pack)
packed in 5 m was used (HETP 140 mm/NTP). The continuous
15 distillation was carried out by maintaining the column
top pressure to be 100 mmHg, the reflux ratio to be 3,
the column top temperature to be 77°C and the column
bottom temperature to be 144°C, by continuously
introducing 300 kg of said liquid at a position of 2,610
20 mm from the column bottom at a flow rate of 20 kg/hr, by
carrying out continuous distillation at a rate of 7.6
kg/hr from the column top and by carrying out continuous
withdrawal at a rate of 11.4 kg/hr as a side stream from
a position of 580 mm from the column bottom and at a rate
25 of 1 kg/hr from the column bottom. By this continuous
distillation, components having boiling points lower than

3,4-diacetoxy-1-butene were obtained as a distillate from



di ssol ved concentration, the dissolved residual ratio of palladium netal
was calculated. As a result, the dissolved residual ratio of palladium
nmetal was 100% and 20 the Pd netal precipitation ratio was 0% Di ssol ved
residual ratio (% = residual dissolved concentration/initial concentration
Pd netalized amount (W ppn) = initial concentration - residual dissolved
concentration 25 Pd netal precipitation Bdte (%9 = [Pd netalized
anount]/[initial concentration] 46 o-Po, | aol/ Q2 COMPARATI VE
EXAMPLE 1 5 BISANIOTEST 90R est hfadicdrirlilaf omontpined Jdnevtfarffer as in
Exanpl e 1 except, that, in Exanple 1, the palladium catalyst solution was

heated at 1PREWRIACH mBpHerTe® ofF edstir @l aFe HtY - Ll hg"®BPO thereto. As a

result, the ¢o resi dual, di ssol ved pal | adium netal concentration after the

thermal filtSREGPRCEMED I L AntEt Het PherstBpuniyreti bheadi dn rati o was

70% COVPARATI VE EXAMPLE 2 ) L )
diacetoxy allyl compound introduced to the distillation

5 column) and 21 wt% of other components having boiling
points lower than 3,4-diacetoxy-1l-butene. Further, the
liquid withdrawn from the column bottom contained 70 wt%
of 3,4-diacetoxy-1l-butene, 9 wt% of 3-hydroxy-4-acetoxy-
l-butene and 3 wt% of other components having boiling

10 points lower than 3,4-diacetoxy-1l-butene, and 18 wt% of
other components having boiling points higher than 3,4-
diacetoxy-1l-butene. Further, the liquid withdrawn from
the side stream was purified 3,4-diacetoxy-1-butene
containing 69 wt% of 3,4-diacetoxy-1-butene, 15 wt% of 3-

15 hydroxy-4-acetoxy-1l-butene and 4 wt% of other components
having boiling points lower than 3,4-diacetoxy-1l-butene
and 12 wt% of other components having boiling points
higher than 3,4-diacetoxy-1-butene.

EXAMPLE 1

20 In a nitrogen gas atmosphere, into a glass flask,
palladium acetate (3.2 mg), a ligand represented by the
following formula (1) (31.2 mg of a ligand represented by
the above-mentioned formula (B-3), 2 mol eqguivalent to
the palladium metal) and 75 g of the 3,4-diacetoxy-1-

25 butene-containing liquid obtained from the side stream in
Reference Example 3, were added, and heated and stirred

at 80°C for one hour for dissolution to prepare a



COVPARI SON | N EFFECTS OF DBPO AND TRI PHENYLPHOSPHINE is A test was carried
-out in the sane manner as in Exanple 1 except that in Exanple 1, the
pal | adium catal yst solution was heated at 175C under atnospheric pressure
wi t hout addi ng DBPO thereto and i nstead by adding triphenyl phosphine (0.4
ng, 4 nol equivalent to 20 the palladiumnetal) . As a result, the residual
di ssol ved pal | adi um netal concentration 4 ter the thermal 4 filtration was
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gg;sured bysbERe V6n, BRBHERY 4Rg2MELAL -Pablagh BHLGoRGeRhLaTQR Mas 54 wt

represented by the following formula (2) was added (5.0
mg, 20 mol equivalent to the palladium metal), followed
by heating at 175°C for 27 hours under atmospheric
10 pressure. The catalyst solution after the heating was
filtered by means of a filter having a mesh size of 8 um,
and the concentration of palladium remaining as dissolved
in the filtrate was measured by ICP-MS. As a result, the
residual dissolved palladium metal concentration after
15 the thermal filtration was 20 wt ppm. From the initial
concentration before the heating and the residual
dissolved concentration, the dissolved residual ratio of
palladium metal was calculated. As a result, the
dissolved residual ratio of palladium metal was 100%, and
20 the Pd metal precipitation ratio was 0%.
Dissolved residual ratio (%) = residual dissolved
concentration/initial concentration
Pd metalized amount (wt ppm) = initial concentration
- residual dissolved concentration
25 Pd metal precipitation rate (%) = [Pd metalized

amount] /[initial concentration]



To 2 cc of this palladiumcatal yst sol ution, DEPO
-(tris(2,4-di-t-butyl phenyl) phosphite) represented by the above formula (2)
was added (12.6 ng, 20 nol equivalent 20 to the palladiumnetal), followed
by heating at 175C for 10 hours under atnospheric pressure. The catal yst
solution after the heating was filtered by neans of a filter having a nesh
size of 8 }im and the concentration of4 al I adi um remai ni ng as di ssolved in
the filtrate was 25 neasured by ICP-MS. As a result, the residual dissolved
pal | adi um nmetal concentrati fter the thermal filtration was 52 wt ppm
Fromthe initial at i 48 Dbefore the heating and the residual
concentration, the [‘3&)%§ 3idual rati o of pall adium netal was
calculated. As a re % I sgpl ved regiigual ratio of palladi um netal
was 96% and the Pd “rg owibec'p&tation 5 ratio was 4% EXAMPLE 3 A test
was carried out in 2 y as in Exanple 2 except that in Exanple
2, the anmount of , ged to 6.3 ng (10 nol equivalent to the

pal | adium 10 nmetal) . As a re8ult, the residual dissolved palladium netal
concentration after the thermal filtration was 50 wt ppm and the Pd net al

precipitation ratio was 74 EXAMPLE 4
Plo (2)

3

COMPARATIVE EXAMPLE 1
5 BLANK TEST
A test was carried out in the same manner as in
Example 1 except that in Example 1, the palladium
catalyst solution was heated at 175°C under atmospheric
pressure without adding DBPO thereto. As a result, the
10 residual dissolved palladium metal concentration after
the thermal filtration was 6 wt ppm, and the Pd metal
precipitation ratio was 70%.
COMPARATIVE EXAMPLE 2
COMPARISON IN EFFECTS OF DBPO AND TRIPHENYLPHOSPHINE
15 A test was carried out in the same manner as in
Example 1 except that in Example 1, the palladium
catalyst solution was heated at 175°C under atmospheric
pressure without adding DBPO thereto and instead by
adding triphenylphosphine (0.4 mg, 4 mol equivalent to
20 the palladium metal). As a result, the residual

dissolved palladium metal concentration after the thermal



A test was carried out in the same manner as in is Exanple 2 except that in
-Exanple 2, to the palladium catalyst solution, triphenyl phosphite (P(OPh)3)
was added (5 pL, 4 nol equivalent to the palladiumnetal) instead of DBPQ
and heated at 175C under atnospheric pressure. As a result, the residual

di ssol ved pal | adium netal 20 concentration after the thermal filtration was
23 wt ppm and the Pd netal precipitati®dh ratio was 57% EXAMPLE 5 In a
nitrogen gas. re, into,a_glass flask, . palladi umacet.ate .(5.0 ng),
the Iigand ?é%‘?%%éﬁ?ﬁd“%ﬁ h e BBy o And £B 1)Pd(£f§t2qn£,reflr%1%agt Tal ent to
t he pal | adi retal), &l phenyl phosphine (12.4 ng, triphenyl phosphi ne
concentrati%%kgﬁ ?ﬁé 8gfalyst solution: 500 wt ppnm) and 49 24 g of the
3,4-diacetOﬁxAh-BEtSne-containing liquid obtained fromthe side streamin
Ref er ence Exaone 3, were added, and heated and stirred at 80C for one hour

f di | ut | I [ | j f thi
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catal yst so

formula (1) (78.8 mg, 2 mol equivalent to the palladium
metal), triphenylphosphine (76.5 mg, triphenylphosphine
concentration in the catalyst solution: 1,000 wt ppm) and
10 75 g of the 3,4-diacetoxy-1l-butene-containing liquid
obtained from the side stream in Reference Example 3,
were added, and heated and stirred at 80°C for one hour
for dissolution to prepare a palladium catalyst solution.
The dissolved palladium metal concentration in this
15 palladium catalyst solution was measured by ICP-MS,
whereby the metal palladium concentration was 54 wt ppm.
To 2 cc of this palladium catalyst solution, DBPO
(tris(2,4-di-t-butylphenyl) phosphite) represented by the
above formula (2) was added (12.6 mg, 20 mol equivalent
20 to the palladium metal), followed by heating at 175°C for
10 hours under atmospheric pressure. The catalyst
solution after the heating was filtered by means of a
filter having a mesh size of 8 um, and the concentration
of palladium remaining as dissolved in the filtrate was
25 measured by ICP-MS. As a result, the residual dissolved
palladium metal concentration after the thermal

filtration was 52 wt ppm. From the initial concentration



measured by | CP-M5, whereby the netal palladium concentration was 59 wt
ppm This palladiumcatal yst solution was heated at 175C for 10 hours under
at nospheric pressure. The catal yst solution after the 15 heating was
filtered by means of a filter having a nesh size of 8 pm and the residual
di ssol ved pal | adium concentration in the filtrate was neasured by | CP- M5
As a result, the residual dissolved pal B&i um netal concentration after
the thermal filtration was 55 wt ppm 20 Fromthe initial concentration
before the REHIGR B fter?etl%sﬁr&fﬁatrh%ofrﬁ:ﬂﬂ%% | SRRCRPEY JF 5B vEREr esi dual
ratio of palladiumpetal,K was calculated. As a result, the dissolved
residual rattFHYRd ITRA PRt L PR e un Hee L 221 precipitation
ratio was 7% 25 COVPARATI VE EXAMPLE 3 A test was carried qQut in the sane
manner as i FlStRReA 2 ERc@ptresiat i hhex ddsise lyeddasttadag aldde Pt o 50
the pal | adi um catal yst solution. As a result, the residual dissolved
pal | adi um né’caé'ilac%ﬁwéﬁ‘ﬁ"'a”t]i IRHf%T 3 theRrhimetat (RIS WEREEOWM ppm
and the Pd netal recipitation ratio was 93% 5 COVPARATI VE EXAMPLE 4 A
test wasScarfdedP dfﬁsi"fft he same manner as in Exanple 2 except that in
Exanple 2, tqQ the E'pal | adi um

EXAMPLE 3

A test was carried out in the same manner as in
Example 2 except that in Example 2, the amount of DBPO
was changed to 6.3 mg (10 mol equivalent to the palladium
10 metal). As a result, the residual dissolved palladium
metal concentration after the thermal filtration was 50
wt ppm, and the Pd metal precipitation ratio was 7%.
EXAMPLE 4
A test was carried out in the same manner as in
15 Example 2 except that in Example 2, to the palladium
catalyst solution, triphenylphosphite (P(OPh);) was added
(5 nL,, 4 mol equivalent to the palladium metal) instead
of DBPO, and heated at 175°C under atmospheric pressure.
As a result, the residual dissolved palladium metal
20 concentration after the thermal filtration was 23 wt ppm,
and the Pd metal precipitation ratio was 57%.
EXAMPLE 5
In a nitrogen gas atmosphere, into a glass flask,
palladium acetate (5.0 mg), the ligand represented by the
25 formula (1) (48.4 mg, 2 mol equivalent to the palladium
metal), triphenylphosphine (12.4 mg, triphenylphosphine

concentration in the catalyst solution: 500 wt ppm) and



catal yst solution, tri-n-butyl phosphite (P(On-Bu)3) was added (5 pL, 4 nol
equi valent to the palladiumnetal) 10 instead of DBPO As a result, the

resi dual dissolved palladiumnetal concentration after the thernal
filtration was 2 wt ppm and the Pd netal precipitation ratio was 96% The
results of the above Exanples 1 to 5 and 15 Conparative Exanples 1 to 4 are
sumari zed and shown in Table 1. 51 LO48-041r ') asrOaa' U mwn a

aJJ uw o a so ari ari QO WM uwa Map, OO0 mop rMMf]Osr-I
HHNGJd Ln 2¢% <F lﬁhﬁ(94ﬂ_q;qpqﬁqu 1-butene-containing ilqu

obtained from the side stream in Reference Example 3,
were added, and heated and stirred at 80°C for one hour
for dissolution to prepare a palladium catalyst solution.

5 To 3 cc of this palladium catalyst solution, 1.8 g of a
3,4-diacetoxy-1-butene-containing liquid containing DBPO
(tris(2,4-di-t-butylphenyl) phosphite) represented by the
above formula (2) was added (20 mol equivalent to the
palladium metal). The dissolved palladium metal

10 concentration in this palladium catalyst solution was
measured by ICP-MS, whereby the metal palladium
concentration was 59 wt ppm. This palladium catalyst
solution was heated at 175°C for 10 hours under
atmospheric pressure. The catalyst solution after the

15 heating was filtered by means of a filter having a mesh
size of 8 yum, and the residual dissolved palladium
concentration in the filtrate was measured by ICP-MS. As
a result, the residual dissolved palladium metal
concentration after the thermal filtration was 55 wt ppm.

20 From the initial concentration before the heating and the
residual concentration, the dissolved residual ratio of
palladium metal was calculated. As a result, the
dissolved residual ratio of palladium metal was 93%, and
the Pd metal precipitation ratio was 7%.

25 COMPARATIVE EXAMPLE 3

A test was carried out in the same manner as in

Example 2 except that in Example 2, no DBPO was added to
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the palladium catalyst solution. As a result, the
residual dissolved palladium metal concentration after
the thermal filtration was 4 wt ppm, and the Pd metal
precipitation ratio was 93%.
COMPARATIVE EXAMPLE 4

A test was carried out in the same manner as in
Example 2 except that in Example 2, to the palladium
catalyst solution, tri-n-butyl phosphite (P(On-Bu)i;) was
added (5 uL, 4 mol equivalent to the palladium metal)
instead of DBPO. As a result, the residual dissolved
palladium metal concentration after the thermal
filtration was 2 wt ppm, and the Pd metal precipitation
ratio was 96%.

The results of the above Examples 1 to 5 and
Comparative Examples 1 to 4 are summarized and shown in

Table 1.
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is above formula (2) was added (19 ng, 20 nol equivalent to the palladium
aretal), followed by heating at 175C for 10 hours under atnospheric
pressure. The catal yst solution after the heating was filtered by neans of
a filter having a nesh size of 8 }im and the residual dissolved 20

pal | adi um concentration in the filtrate was neasured by ICP-MS. As a
result, the residual dissolved palladiu2netal concentration after the
thermal filtration was 41 53 wt ppm Fromthe initial concentration before
the heating ang the residual concentyration, the dissolved residual ratio
of pal |l adi um ng#al al cul at ed. refit, the dissolved residual
rati o of pall adiu s was 98% ' e Pd netal precipitation ratio was

2%  COVPARATI VI S WRPLE 5 A test vag ~ed out in the same manner as
Exanple 6, except tha ~A-N - no| DBPO was added to the palladi um
catal yst sol uti on reSult, the ] i 0 dissolved palladium neta

concentration aftg he t her mal f||tr$ as O wt ppm and the Pd neta

precipitation ]_Nitrogen gas atnosphere, into
a glass flask, Is p dium acetate (2.2 nyg)!, the ligand represented by the
formula (3) (19.5 ng, 2 nol equivalent to the palladium (3)

EXAMPLE 6
In a nitrogen gas atmosphere, into a glass flask,

palladium acetate (2.2 mg), a ligand represented by the

5 formula (3) (19.5 mg, 2 mol equivalent to the palladium
metal) and 20 g of the 3,4-diacetoxy-1-butene-containing
liquid obtained from the side stream in Reference Example
3, were added, and heated and stirred at 80°C for one
hour for dissolution to prepare a palladium catalyst

10 solution. The dissolved palladium metal concentration in
this palladium catalyst solution was measured by ICP-MS,
whereby the metal palladium concentration was 42 wt ppm.
To 3 cc of this palladium catalyst solution, DBPO
(tris(2,4-di-t-butylphenyl) phosphite) represented by the

15 above formula (2) was added (19 mg, 20 mol equivalent to
the palladium metal), followed by heating at 175°C for 10
hours under atmospheric pressure. The catalyst solution
after the heating was filtered by means of a filter
having a mesh size of 8 um, and the residual dissolved

20 palladium concentration in the filtrate was measured by
ICP-MS. As a result, the residual dissolved palladium

metal concentration after the thermal filtration was 41



metal ), triphenyl phosphine (20 ng, triphenyl phosphine concentration in the
-catal yst solution: 1,000 wt ppm) and 20 g of the

3, 4-di acet oxy-| -butene-containing |liquid 20 obtained fromthe side streamin
Ref erence Exanple 3, were added, and heated and stirred at 80C for one hour
for dissolution to prepare a palladiumcatalyst solution. The dissolved

pal | adi um nmetal concentration in this patladiumcatalyst solution was

db CP-NB, 25 wh by t t al | adi trati 42 w
reasured by LG, S0pHIPhEDYLDgLeLaL Bk LRI BREER! L on Ve
tris(2,4-di-t-butyl I h hi. t ted t 54 b f I
(157502 & g o/ ROEDAD NG5! ShL Rk esRaLed kg b oo or il
by heati t 17 f 1 d t her.i T t al yst
by, heali 10 BLel2RE Rhct chols i, FLRSPRSL € GAs, THS, 6212

rosh s ze ob 8 T (adatieheaidual dhasohuedo B LadiumagneRitetion i

the filtraté wWas rreasur aresul t, e Tresi ssol ved

pal | adi un _fretalsongent LAL! 9 ALLes Lhe sRevmal i LAl o vas, 40w ppm

Fromthe in concentratio ore ati’'ng and the residual

cal cul at od. SRR B 8 e Tesi dual rat o of pal & adi un
. ) pal | adi um net al
was 96% and th% I?:%s@e%i%.ls %%q:g:ii%idt eon of 6i:tﬂleo A% TW4nner as Example
6, except that in Example 6, no DBPO was added to the
palladium catalyst solution. As a result, the residual

10 dissolved palladium metal concentration after the thermal
filtration was 0 wt ppm, and the Pd metal precipitation
ratio was 100%.

EXAMPLE 7
In a nitrogen gas atmosphere, into a glass flask,

15 palladium acetate (2.2 mg), the ligand represented by the
formula (3) (19.5 mg, 2 mol equivalent to the palladium
metal), triphenylphosphine (20 mg, triphenylphosphine
concentration in the catalyst solution: 1,000 wt ppm) and
20 g of the 3,4-diacetoxy-l-butene-containing liquid

20 obtained from the side stream in Reference Example 3,
were added, and heated and stirred at 80°C for one hour
for dissolution to prepare a palladium catalyst solution.
The dissolved palladium metal concentration in this
palladium catalyst solution was measured by ICP-MS,

25 whereby the metal palladium concentration was 42 wt ppm.
To 2 cc of this palladium catalyst solution, DBPO

(tris(2,4-di-t-butylphenyl) phosphite) represented by the



COVPARATI VE EXAMPLE 6 is A test was carried out in the same manner as
-Exanple 7, except that in Exanple 7, no DBPO was added to the pall adium
catal yst solution. As a result, the residual dissolved palladi um netal
concentration after the thermal filtration was O wt ppm and the Pd netal
precipitation 20 ratio was 100% EXAMPLE 8 In a nitrogen gas atnosphere,
into a glass flask, palladiumacetate (541 ng), the |ligand represented by

he Lo gyl Eitysp gt B saelen de ey g

tri phenyl phosphin yl'phosphi®ie = concen 1on
catal yst sol uti gn: Q
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was added equi valent to adi um e ved
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ICP-MS. As a result, the residual dissolved palladium
metal concentration after the thermal filtration was 40
wt ppm. From the initial concentration before the

10 heating and the residual concentration, the dissolved
residual ratio of palladium metal was calculated. As a
result, the dissolved residual ratio of palladium metal
was 96%, and the Pd metal precipitation ratio was 4%.
COMPARATIVE EXAMPLE 6

15 A test was carried out in the same manner as Example
7, except that in Example 7, no DBPO was added to the
palladium catalyst solution. As a result, the residual
dissolved palladium metal concentration after the thermal
filtration was 0 wt ppm, and the Pd metal precipitation

20 ratio was 100%.

EXAMPLE 8

In a nitrogen gas atmosphere, into a glass flask,
palladium acetate (5.1 mg), the ligand represented by the
formula (3) (46.2 mg, 2 mol equivalent to the palladium

25 metal), triphenylphosphine (12.7 mg, triphenylphosphine
concentration in the catalyst solution: 500 wt ppm) and

24 g of the 3,4-diacetoxy-1l-butene-containing liquid



pal | adi um concentration was 58 w ppm This palladium catalyst solution was
sheated at 175C for 10 hours under atnospheric pressure. The catal yst
solution after the heating was filtered by nmeans of a filter having a nesh
1s size of 8 um and the residual dissolved palladium concentration in the
filtrate was neasured by ICP-M5. As a result, the residual dissolved

pal | adi um netal concentration after theSthermal filtration was 56 wt ppm

Fromthe initial. _cancentration before the .heati and the 2Q residual
concentrat i SRE3ER '%di 88 3 rselg%dﬁé:lrerag‘[ 5 Pe%ﬁqcfdi%ﬁ"ﬁg]tea@was
calculated. As a result, the dissolved residual ratio _of palladi umnetal
was 97% anHeth@dgﬁlénelaé’ld E‘re@&eﬁ fRG &t irFED Ahad 3% FPRe OPEs of the

above Exanples .tS% ¥ nd_25 Conparative mgies 5 and 6 are s mmari zed and
shown i n ThbRe 4 BRed el 2o R R AR S 2 MR S BT 7
D ssol ved PR cqneenti Al galia¥ithflcatz1¥2t%c1%03%n 54 WPt a
5 3,4-diacetoxy-1l-butene-containing liquid containing 1 wt%
of DBPO (tris(2,4-di-t-butylphenyl) phosphite)
represented by the above formula (2) was added (20 mol
equivalent to the palladium metal). The dissolved
palladium metal concentration in this palladium catalyst
10 solution was measured by ICP-MS, whereby the metal
palladium concentration was 58 wt ppm. This palladium
catalyst solution was heated at 175°C for 10 hours under
atmospheric pressure. The catalyst solution after the
heating was filtered by means of a filter having a mesh
15 size of 8 um, and the residual dissolved palladium
concentration in the filtrate was measured by ICP-MS. As
a result, the residual dissolved palladium metal
concentration after the thermal filtration was 56 wt ppm.
From the initial concentration before the heating and the
20 residual concentration, the dissolved residual ratio of
palladium metal was calculated. As a result, the
dissolved residual ratio of palladium metal was 97%, and
the Pd metal precipitation ratio was 3%.
The results of the above Examples 6 to 8 and
25 Comparative Examples 5 and 6 are summarized and shown in

Table 2.



(wt 'ppm) Mlar ratio of DBPQ DBPQ DBPQ additive (1 to Pd=20 Pd=20 Pd=20
.Pd netal Additive PPh3: PPh3: PPh3: (wt ppnm) - - 1,000 1,000 500 & wt ppm
wt ppm ppm Tenperature 175 175 175 175 175 (OC) Time (hr) 10 10 10 10 10
Di ssol ved Pd concentration after thermal 41 0 40 O 56 filtration (w ppm
Di ssolved Pd residual ratio 98 0 96 0 97 (g) Pd netal precipitation 2 100 4

100 3 ratio (g) EXAMPLE 9 SUPPRESSI ON OB6NMETAL PRECI PI TATI ON OF PALLADI UM
METAL BY 5 DBPO UNDER REDUCED PRESSURE CONDI TI ON
TABLE 2
Comp. Comp.

Ex. 6 Ex.p5 Ex. 7 Ex.p6 Ex. 8
Dissolved Pd
concentration
in initial 42 42 42 42 58
solution
(wt ppm)
Molar ratio of
additive C)to DBPO/ _ DBPO/ _ DBPO/

Pd=20 Pd=20 Pd=20
Pd metal

. PPh3: PPh3: PPh3:

Additive @ - - 1,000 | 1,000 | 500 wt
(wt ppm) wt ppm | wt ppm ppm
Temperature
(°C) 175 175 175 175 175
Time (hr) 10 10 10 10 10
Dissolved Pd
concentration
after thermal 41 0 40 0 56
filtration
(wt ppm)
Dissolved Pd
residual ratio 98 0 96 0 97
(%)
Pd metal
precipitation 2 100 4 100 3
ratio (%)

10

EXAMPLE 9

SUPPRESSION OF METAL PRECIPITATION OF PALLADIUM METAL BY

DBPO UNDER REDUCED PRESSURE CONDITION

In a nitrogen gas atmosphere,

palladium acetate

formula (1)

metal),

concentration in the catalyst solution:

(200 mg,

triphenylphosphine

(21 mg),

10 wt ppm)

into a glass flask,
the ligand represented by the
2 mol equivalent to the palladium

(49 mg, triphenylphosphine

and

400 cc of the 3,4-diacetoxy-1l-butene-containing liquid




In a nitrogen gas atnosphere, into a glass flask, palladiumacetate (21
.ng), the ligand represented by the forrmula (1) (200 ng, 2 nol equivalent to
the palladium netal), triphenyl phosphine (49 ng, triphenyl phosphine io
concentration in the catalyst solution: 10 w ppn) and 400 cc of the

3, 4-di acet oxy-| -butene-containing liquid 57 obtained fromthe side stream
in Reference Exanple 3, were added, andheated and stirred at 80C for one
hour to pregare a catalyst solution to obhtain a reaction solution having a
netal pal | aBPEABEAcEXPPatPEnSdAesotkeaw ppnRefRaenssc BH@MRdd ¢ on and DBPO
represented by the fornula (2) %1.22 g, 20 nol equivalent to the palladium
nmetal ) wer ewpher 8ddedd prdohgatedt andeFthavedgak 86Ver forapneahesr bei ng
sealed with the cover, the cgntainer was heated under reduced pressure
(from 300 t 5C2BEEPBIR) at 52881 Y65CSOWRE e NEPHPRIEALRY 2t FEASEHOT™ enper at ur e,

t he palladiug1conce tration in t?e riictLon solution was neasured every

pr edet er mi n&88LEEARD: PEPHe2pBERE L oPAL L A1 UM CRESSTERREH OPh Ot Sfhéttat ure
reached 165C, and the change with tine s_observed. The resultﬁ are shown
in 15 Fg. PPM-HetRe TRREDEPT K7t 2O card r BBPOnT GRECREREGHBY b el PC- MB.

Further, the dissol residual ratio_of alladium (% is e ratio to the
iﬁitial COHEQH%P PiX§9 <1.52”g, 20 %ol equgvaaenkuto(éLé pa qadluﬁ

metal) were introduced into a container having a cover,
and after being sealed with the cover, the container was
heated under reduced pressure (from 300 to 280 torr) to
10 165°C. While maintaining the same temperature, the
palladium concentration in the reaction solution was
measured every predetermined time from the point of time
(time=0) when the temperature reached 165°C, and the
change with time was observed. The results are shown in
1s Fig. 1.
Here, the palladium concentration was measured by
IPC-MS. Further, the dissolved residual ratio of
palladium (%) is the ratio to the initial concentration
in the reaction solution.
20 COMPARATIVE EXAMPLE 7
The change with time of the palladium concentration
was observed in the same manner as in Example 9 except
that in Example 7, no DBPO was added, and the results are
shown in Fig. 1.
25
INDUSTRIAL APPLICABILITY

The method of the present invention is a method



in the reaction solution. 20 COVPARATI VE EXAMPLE 7 The change with tine of

.t he pall adi um concentrati on was observed in the sane manner as in Exanple 9
except that in Exanple 7, no DBPO was added, and the results are shown in
Fig. 1. 25 | NDUSTRI AL APPLI CABI LI TY The nethod of the present invention is a
met hod 58 whereby in an industrial reaction such as an isonerization
reaction or hydrogenation reaction carri®8 out by using a transition netal
conplex as a_catalyst, it is possible to suppress a |loss of netal due to s
preci pi t at | yheseby dat anydndugtepalpirgiass ion isychhas @fparatus such as a
distillation colum and to suppress formation of a contam nation by a
cat al yst nmef&PMeHigpE 10pr eass iops camhysredemation neadtsigbsmmtied o
efficiently take out the catalyst nmetal out of the system 10 in the form of
a sol ution REYi RY ¥§éRJaantransdties vedalt koreilex Hse sefdted fitsclidsure of
Japanese Patent Application No. 2007-288508 filed on Novenber 6, 2007

i ncl udi ng i $Sspeeciegt tonsUPPAESS, addafisngd Fedadudv® 9 s i ncorporated

herein by reference in its entiret{. ) o )
5 precipitation of a catalyst in the piping or in the

apparatus such as a distillation column and to suppress
formation of a contamination by a catalyst metal in the
process system, and further, it is possible to
efficiently take out the catalyst metal out of the system
10 in the form of a solution having such a metal dissolved

therein.

The entire disclosure of Japanese Patent Application
No. 2007-288508 filed on November 6, 2007 including
15 specification, claims, drawings and summary is

incorporated herein by reference in its entirety.



59 "CLAIMS 1. A method which conprises contacting a solution containing a
Adransition netal conplex of transition netal selected fromGoups 8 to 10
transition nmetals and having 5 a ligand nade of a trivalent organic
phosphorus conmpound, with an aromatic phosphite different fromsaid

trival ent organi c phosphorus conpound, to suppress precipitation of netal
fromthe transition nmetal conplex in the58olution. 2. The nethod according
to Claim1, wherein the aromatic 10 phosphite is represented by the
following formula (1): P--(-OR3 (1)C%£M§in each of three R which are

i ndependent of aqne nof her, .i s a hydrocarbon group which nay have a
substituent 1 -pr@\/i“@&iﬁé‘ﬁ"lﬁh ICOPRT 156 RIEaGT 912 sl Wrih. 3. The

met hod according to Claim2, wherein at |east one aryl group in the formula
(1) of the SBHFRAIEIshSs RISt IR metdloQqMRisTt oft fHansriirr pastaton. 4.

The net hod as%ﬁtor diegfﬁto Claim3, wherein the 20 substituent at the,
ort ho- posi t iS§+ St TR CTHPS A 1RO rD fiF APt e Bpeha s (39 drayieg

carbon 5t o S.98Fk TR G o COrTARE o CHEATRGY PRARRITENE HOTRRaaiR
with an aromatic phosphite different from said trivalent
organic phosphorus compound, to suppress precipitation of
metal from the transition metal complex in the solution.
2. The method according to Claim 1, wherein the aromatic

10 phosphite is represented by the following formula (I):
P+O"R)a (I)

wherein each of three R which are independent of one
another, is a hydrocarbon group which may have a
substituent, provided that at least one R is an aryl
15 group.
3. The method according to Claim 2, wherein at least one
aryl group in the formula (I) of the aromatic phosphite,
has a substituent at its ortho-position.
4. The method according to Claim 3, wherein the
20 substituent at the ortho-position of at least one aryl
group in the formula (I) of the aromatic phosphite, is a
substituent bonded by a tertiary or quaternary carbon
atom.
5. The method according to Claim 4, wherein the three R
25 in the formula (I) of the aromatic phosphite, are the

same and phenyl groups having, at their ortho-positions,



25 in the formula (1) of the aromatic phosphite, are the sane and phenyl
-groups having, at their ortho-positions, 60 a substituent bonded by a
tertiary or quaternary carbon atom 6. The nmethod according to any one of
Clains 1 to 5  wherein the aromati c phosphite is a nonodentate phosphite.

5 7. The method according to any one of Clains 1 to 6, wherein the trival ent
organi ¢ phosphorus conpound is at | east®Bne member sel ected fromthe group
consi sting of hosphi nes aosphi t es . and .phophaoram dites. 8. The method
according to §H§So%§“83% §B%§%i%?ba7Fer daﬁﬁgPi19%4#§E9%R¥ﬂ%ﬁ££%ﬁganic
phosphor us ggg&pund Is at | east one nmenber selected fromthe group
consisting O pol ydent at e phosphi nes, phosphites and phophoram dites. 9.

e L0 BeeonlnR LA AL O AL Bl 0 Be HORH L 1De dransi o

n
metal sel ectéd oups ., 1"s pall’adi um or

pl atinum 191 elggnn%thgogr%?n%?:ri%in %gnlt(ajtsgjlhalr&% Qne aOfmogl acienrlsta]tet ?R,}g%%ﬁa}w]t:er ein the

sol ution conPalnlng a transiti conpl ex contai ning T'on" net a

sel ect ed 19M Grgupge 0 LB IANY L0NPeLaLs a1¢ya fyd valiente o gani ¢ 20

phosphorus conpdound, 1S a so 'on~-a €r an i sonerizatidn,

2%?;?%22?259@&5%%9%85%§@*5@5ﬁ%%t IO PR N P d HPBU F A d A
least one member selected from the group consisting of
phosphines, phosphites and phophoramidites.

8. The method according to any one of Claims 1 to 7,

10 wherein the trivalent organic phosphorus compound is at
least one member selected from the group consisting of
polydentate phosphines, phosphites and phophoramidites.
9. The method according to any one of Claims 1 to 8,
wherein the transition metal selected from Groups 8 to 10

15 transition metals, is palladium or platinum.

10. The method according to any one of Claims 1 to 9,
wherein the solution containing a transition metal
complex containing transition metal selected from Groups
8 to 10 transition metals and a trivalent organic

20 phosphorus compound, is a solution after either an
igsomerization, hydrogenation, hydroformylation,
dehydrogenation, oligomerization, metathesis, coupling or
allyl-forming reaction, carried out by using such a
transition metal complex as a catalyst.

25 11. The method according to Claim 10, wherein the
solution containing a transition metal complex containing

transition metal selected from Groups 8 to 10 transition



allyl-formng reaction, carried out by using such a transition netal
-conplex as a catalyst. 25 11. The nethod according to Caim 10, wherein the
solution containing a transition nmetal conplex containing transition netal
selected from Goups 8 to 10 transition 61 netals and a trivalent organic
phosphorus compound, is a solution after an isonerization reaction of a raw
material allyl conpound derivative, whichlcontains an allyl conpound
derivative di fﬁrent fromthe_raw materi,al . |5 12. The nmethod according to
Clai m 10 or ™E21Ghardi # theVadePht P&t ANSRICT %S SATRIBI metSiI2 conpl ex
containing transition netal selected from Goups 8 to 10 transition netals
and a tri vaFQﬁlPtEJPBaﬁEEeﬁhaélpﬁﬁPﬂ‘?r&&ﬁﬁ&ﬁ’ﬁ’d,rqaf%&onr &cd F*%ol ution after
an isonerization.reacti.on of an 0 acetoxyal | yl _.conpound. ,13. The net hod
Rccording ¢ BREPE 5 Lo POMROLRE JREoUARITIEy I GIFA141%: DI ut f on

comai 1 10 2y i SRR, SRR A AL, S S gL L om e

5 12. The method according to Claim 10 or 11, wherein the
solution containing a transition metal complex containing
transition metal selected from Groups 8 to 10 transition
metals and a trivalent organic phosphorus compound, is a
reaction solution after an isomerization reaction of an

10 acetoxyallyl compound.
13. The method according to Claim 12, wherein the
acetoxyallyl compound is a solution containing 3,4-
diacetoxy-1l-butene as the main component, obtained from

an oxidation diacetoxy-forming reaction product of

15 butadiene.





