1 DESCRIPTION METHOD FOR ISOMERIZATION OF ALLYL COMPOUND 5 TECHNICAL FIELD
The present invention relates to a method for isomerization of an allyl compound. More specifically, it
relates to an isomerization method which is characterized in that by isomerization, from a 3,4- 10
diacetoxyallyl compound, a 1,4-diacetoxyallyl compound is formed as the corresponding compound.
BACKGROUND ART Allyl compounds are important starting materials in 15 organic synthetic
chemistry and are transformed into desired products by various reactions. Specifically, a diacetoxyallyl
compound has a characteristic structure, wherebyitdsgppeabpg compound which is transformable to
various materials, but also an important intermediate 20 which is capable of producing diols by
hydrolysis. Therefore, methods for producing various diacetoxyallyl compounds have been developed.
For example, there has been a report of a method for producing diacetoxyallyl compound by
diaceoxylation of butadiene ¥ TEMY EC® rhoaNFR 56hd EQRIVF (PAERLDEOMAEHYP). Most of the time,
the diacetoxylation of a conjugated diene for the production of a diacetoxyallyl compound, proceeds in
good

5 TECHNICAL FIELD
The present invention relates to a method for
isomerization of an allyl compound. More specifically,
it relates to an isomerization method which is
characterized in that by isomerization, from a 3,4-
10 diacetoxyallyl compound, a 1,4-diacetoxyallyl compound is

formed as the corresponding compound.

BACKGROUND ART
Allyl compounds are important starting materials in
15 organic synthetic chemistry and are transformed into
desired products by various reactions. Specifically, a
diacetoxyallyl compound has a characteristic structure,
whereby it is not only a compound which is transformable
to various materials, but also an important intermediate
20 which is capable of producing diols by hydrolysis.
Therefore, methods for producing various diacetoxyallyl
compounds have been developed. For example, there has
been a report of a method for producing diacetoxyallyl
compound by diaceoxylation of butadiene by using a
25 rhodium solid catalyst (Patent Document 1). Most of the
time, the diacetoxylation of a conjugated diene for the

production of a diacetoxyallyl compound, proceeds in good



2 yield in the presence of a solid catalyst, but the current situation is that the position of an acetoxyl
group to be introduced cannot be completely controlled. Specifically, in a reaction for producing
1,4-diacetoxy- 5 2-butene which is a raw material for 1,4-butanediol, 3,4- diacetoxy-1-butene which is
not transformable into 1,4- butanediol, is formed as a by-product. Therefore, in the production process
of 1,4-butanediol, the cost of butadiene as a raw materiabhas been pushed up. 10Therefore, a method
has been developed to isomerize such a by-product 3,4-diacetoxyallyl compound to form

1,4-diaceoxyallyl,s@mgoynd sHeh gsdtaliaceixya2-Hyiens RuiseMeszingmror example, an
isomerization reaction of 3,4-diacetoxy-1-butene to 1,4-diacetoxy-2-butene by 15 using a palladium
complex catalystdhawirgna phasplateilgrands istieportedd Pateni Doconmeht 2). Rurdtesxihere has been a
report that a more active isomerization catalyst is obtained by further adding a phosphonium compound
in addition to the PaRa@ufPcofplertcarslysicszd Fanngh pospaelisasd rPaent Deédednt 3).
However, in such methods for isomerization of diacetogg%vl compounds, catalysts become

substantially Qet&%?gtb i ithad regaired By I:Bﬁ8 WTGaE of cAtd §efé§ﬁ’ch catalyst
deteriorationds cgnsidered o heicaysed by g gatglyit deteripraing Gompapgnlconiained in the

diacetoxyallyl compound, and a method has been
diacetoxy-1l-butene which is not transformable into 1,4-
butanediol, is formed as a by-product. Therefore, in the
production process of 1,4-butanediol, the cost of
butadiene as a raw material has been pushed up.

10 Therefore, a method has been developed to isomerize
such a by-product 3,4-diacetoxyallyl compound to form
1,4-diaceoxyallyl compound such as 1,4-diacetoxy-2-butene
by isomerizing. For example, an isomerization reaction
of 3,4-diacetoxy-1l-butene to 1,4-diacetoxy-2-butene by

15 using a palladium complex catalyst having a phosphite
ligand, is reported (Patent Document 2). Further, there
has been a report that a more active isomerization
catalyst is obtained by further adding a phosphonium
compound in addition to the palladium complex catalyst

20 having a phosphite ligand (Patent Document 3). However,
in such methods for isomerization of diacetoxyallyl
compounds, catalysts become substantially deteriorated,
whereby it was required to use a large amount of
catalysts.

25 Such catalyst deterioration is considered to be
caused by a catalyst deteriorating component contained in

the diacetoxyallyl compound, and a method has been



3 reported to remove the catalyst deteriorating component by using a solid base (Patent Document 4).
However, in such a method, the solid base adsorbs several acidic components in addition to the
catalyst deteriorating 5 component, and a large amount of the solid base is required. Therefore, a
method has been desired which is industrially advantageous and is capable of efficiently removing or
making harmless the catalyst deteriorating component. igPatent Document 1: JP-A-11-71327 Patent
Document 2: JP-A-2002-105025 Patent Document 3: JP-A-2004-115506 Patent Document 4:
JP-A-2006-28256436 RUS€ LELSYRRIVE Tk INYEMNEN QBIELToFQBmACLSaMEhERHED BY
THE INVENTION  The object of the present invention is to provide, as a method for isomerization of
an allyl compounidybyussing accatalystl ahasdustRalyeady dvagemstméthod owever, in
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such a method, the solid base adsorbs several acidic
components in addition to the catalyst deteriorating
component, and a large amount of the solid base is
required. Therefore, a method has been desired which is
industrially advantageous and is capable of efficiently
removing or making harmless the catalyst deteriorating
component .

Patent Document 1: JP-A-11-71327

Patent Document 2: JP-A-2002-105025

Patent Document 3: JP-A-2004-115506

Patent Document 4: JP-A-2006-282564

DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION

The object of the present invention is to provide,
as a method for isomerization of an allyl compound by
using a catalyst, an industrially advantageous method for
isomerization of an allyl compound which suppresses
catalyst deterioration and is capable of obtaining an
isomer in good yield by using a small amount of a

catalyst.

MEANS TO ACCOMPLISH THE OBJECT
The present inventors have conducted extensive

studies to achieve the above object, and as a result,



20 isomerization of an allyl compound which suppresses catalyst deterioration and is capable of
obtaining an isomer in good yield by using a small amount of a catalyst. 25 MEANS TO ACCOMPLISH
THE OBJECT The present inventors have conducted extensive studies to achieve the above object,
and as a result, 4 they have found that a component which substantially accelerates the deterioration
of an isomerization catalyst contained in a liquid containigg a diacetoxyallyl compound, can be removed
by a phosphorus 5 compound. Thus, the present invention has been accomplished. That is, the present

invention providesig follpwdng Cure ((8)k t(13 Ardspoedztiommethas e namsing ceptacting a liquid
containing an allyl compound as a raw material,

accelerates the deterioration of an isomerization

catalyst contained in a liquid containing a

diacetoxyallyl compound, can be removed by a phosphorus

5 compound. Thus, the present invention has been
accomplished. That is, the present invention provides
the following (1) to (13).

(1) An isomerization method comprising contacting a
liquid containing an allyl compound as a raw material,

10 with a phosphorus compound, and then, isomerizing the
above allyl compound in the presence of a catalyst.

(2) The isomerization method according to the above (1),
wherein the above phosphorus compound is an organic
phosphorus compound.

15 (3) The isomerization method according to the above (2),
wherein the above organic phosphorus compound is an
organic phosphine.

(4) The isomerization method according to the above (3),
wherein the above organic phosphine has at least two aryl

20 groups.

(5) The isomerization method according to the above (3)
or (4), wherein the above organic phosphine is triphenyl
phosphine.

(6) The isomerization method according to any one of the

25 above (1) to (5), wherein the amount of the phosphorus
compound which is contacted with the above allyl

compound-containing liquid, is in a range of from 0.0001



10 with a phosphorus compound, and then, isomerizing the above allyl compound in the presence of a
catalyst, (2) The isomerizat ion method according to the above (1), wherein the above phosphorus
compound is an organic phosphorus compound. 15 (3) The isomerizat ion method according to the
above (2), wherein the above organic phosphorus compound is an organic phosphine.  (4) The
isomerization method according to the above (3), wherein the above organic phosphine has at least
two aryl 20 groups. (5) The isomerization method according to the above (3) or (4), wherein the above

organic phosphing s {rpheoybphasphing e 4 (BhThelsomerizatiopmeiiag according to any one of the
25 above (1) to (5), wherein the amount of the phosphorus compound which is contacted with the
above allyl compaumd-Thetainagéquidaisinri maghad frae00004gSte ldnyeightooliasddeon the
allyl compound. (7) The isomerization method according to any one of the above (1) to (6), wherein the
above allyl compalfizeorithinitlidifid andhiae phospherushemepambvareconssiad to each other at

temperature of at least 60C. L
containing liquid and the phosphorus compound are

5 contacted to each other at temperature of at least 60°C.
(8) The isomerization method according to any one of the
above (1) to (7), which further includes a step of
obtaining the above allyl compound-containing liquid by
diacetoxylation of a conjugated diene.

10 (9) The isomerization method according to any one of the
above (1) to (8), wherein the above catalyst is a liquid
phase homogeneous palladium catalyst, which contains a
phosphorus ligand having at least one P-O bond.

(10) The isomerization method according to the above (9),

15 wherein the above phosphorus ligand having a P-O bond, is
a bidentate phosphite.

(11) The isomerization method according to the above (9),
wherein the above phosphorus ligand having a P-O bond, is
a bidentate phosphoramidite.

20 (12) The isomerization method according to any one of the
above (1) to (11), wherein the above allyl compound is a
3,4-diacetoxyallyl compound, which forms, by
isomerization, a 1,4-diacetoxyallyl compound as a
compound corresponding to the above allyl compound.

25 (13) A process for producing an allyl compound, which
comprises forming from an allyl compound the

corresponding isomerized allyl compound by using the



(8) ‘The isomerization method according to any one of the above (1) to (7), which further includes a step
of obtaining the above allyl compound-containing liquid by diacetoxylation of a conjugated diene. 10 (9)
The isomerization method according to any one of the above (1) to (8), wherein the above catalyst is a
liquid phase homogeneous palladium catalyst, which contains a phosphorus ligand having at least one
P-0 bond. (10) The isomerization method according toghe above (9), 15 wherein the above
phosphorus ligand having a P-0 bond, is a bidentate phosphite. (11) The isomerization method

according to the abewe: (%) zwheesin tee: abaverBherhDhesilidancihgvisad R had, ixahidentate
phosphoramidite. 20 (12) The isomerization method according to any one of the above (1) to (11),

wherein the abovélallyt coripalind is a 3,4-diacetoxyallyl compound, which forms, by isomerization, a
1,4-diacetoxyallyl compound as a compound corresponding to the above allyl compound. 25 (13) A
process for producing an allyl compound, which comprises forming from an allyl compound the

corresponding |s g %ﬂyﬁ%w\&gng the 6 isomerization method as defined in any one
of the above (1) fo g ? E NTION

According to the present invention, in isomerization
of a diacetoxyallyl compound by using a catalyst, it is
possible to obtain an isomer in good yield by using a

small amount of a catalyst.

10 BEST MODE FOR CARRYING OUT THE INVENTION
Now, the present invention will be described in
further detail. The following description is directed to
typical embodiments of the present invention, and the
present invention is by no means restricted thereto.

15 Further, the allyl compound in the present invention
is a compound having an allyl group and a compound to be
formed by isomerization from the compound having an allyl
group by using a catalyst. It is not particularly
limited and includes all allyl compounds having a leaving

20 group such as an acetoxy group, halogen or a carboxylic
acid at a position of the allyl group in such compounds.
For example, in the present invention, the compound to be
obtained by isomerization of a 3,4-diacetoxyallyl
compound is a 1,4-diacetoxyallyl compound.

25 Further, the isomerization method of the present
invention includes a method wherein a compound formed by

isomerization of the compound having an allyl compound is



5According to the present invention, in isomerization of a diacetoxyallyl compound by using a catalyst,
it is possible to obtain an isomer in good yield by using a small amount of a catalyst. lo BEST MODE
FOR CARRYING OUT THE INVENTION Now, the present invention will be described in further detail.
The following description is directed to typical embodiments of the present invention, and the present
invention is by no means restricted thereto. 15Further, the allyl compound in the present invention is a
compound having an allyl group and a compound to be formed by isomerization from the compound

having an ally’ gropp. ysdsing. 8 Catalysts Itée RpLRAECHIRYY Jgited anthipeluges @l allyl compounds

having a leaving 20 group such as an acetoxy group, halogenor a carboxylic acid at a position of the
allyl group in such conmioainfis 1 Eetwaxaimplebsdihegi eserifinddiopr §seempatiach toi e obtained by

isomerization of a 3,4-diacetoxyallyl compound is a 1,4-diacetoxyallyl compound. 25Further, the
isonmw&aﬂonrnéﬂikioh@eﬁﬁ%géﬁbed-With reference to an example of a case
wherein by isomerization of a 3,4-diacetoxyallyl compound

5 which is an allyl compound, a 1,4-diacetoxyallyl compound
which is the corresponding allyl compound, is formed.

"The method for isomerizing a 3,4-diacetoxyallyl
compound to a 1,4-diacetoxyallyl compound" of the present
invention, is a method for isomerizing a 3,4-

10 diacetoxyallyl compound as a raw material to a 1,4-
diacetoxyallyl compound in the presence of a catalyst,
which comprises contacting a liquid containing a 3,4-
diacetoxyallyl compound as a raw material (hereinafter
referred to as a 3,4-diacetoxyallyl compound-contained

15 liquid), with a phosphorus compound, and then,
isomerizing the 3,4-diacetoxyallyl compound as a raw
material in the presence of a catalyst.

By contacting a phosphorus compound with the 3,4-
diacetoxyallyl compound-contained liquid, it is possible

20 to remove a component which substantially accelerates
deterioration of the isomerization catalyst, by the
phosphorus compound. As compared with a solid base, with
a phosphorus compound, it is easy to change its amount to
be added during the operation of the process, whereby by

25 observing the amount of the 1,4-diacetoxyallyl compound
to be formed by isomerization, it is possible to suppress

the catalyst deterioration with the minimum amount.



invéntion includes a method wherein a compound formed by isomerization of the compound having an
allyl compound is 7 transformed into a compound having an allyl group.  The following embodiments
of the present invention will be described with reference to an example of a case wherein by
isomerization of a 3,4-diacetoxyallyl compound which is an allyl compound, a 1,4-diacetoxyallyl
compound which is the corresponding ally' compound, isformed.  "The method for isomerizing a
3,4-diacetoxyallyl compound to a 1,4-diacetoxyallyl compound" of the present invention, is a method

for isomerizing agd,4+ 1@ diaceioxyrlyl Losmotndsissa rawinatgrialie i de dinceioxysllyl compound
in the presence of a catalyst, which comprises contacting a liquid containing a 3,4- diacetoxyallyl

compound as a rakremateriat thdrethadftmoreferrbd fons a3 dxdiacetoxyadlyh wongzmind-contained 15
liquid), with a phosphorus compound, and then, isomerizing the 3,4-diacetoxyallyl compound as a raw

material in the préREHE PR catdhreBY cbh@chNg aPhdsphBRISIES Rpdtindtwie tHeg 9.

"The method for isomerizing a 3,4-diacetoxyallyl

5 compound to a 1,4-diacetoxyallyl compound by a catalyst™
may, for example, be "a method for obtaining a 1,4-
diacetoxyallyl compound by contacting a 3,4-
diacetoxyallyl compound with a catalyst, for
isomerization to a 1,4-diacetoxyallyl compound", "a

10 method for increasing the concentration of a 1,4-
diacetoxyallyl compound by contacting a mixture of a 3,4-
diacetoxyallyl compound and a 1,4-diacetoxyallyl compound
with a catalyst to isomerize the 3,4-diacetoxyallyl
compound in the mixture to a 1,4-diacetoxyallyl compound"

15 or "a method for increasing the concentration of a 3,4-
diacetoxyallyl compound by contacting a mixture of a
3,4-diacetoxyallyl compound and a 1,4-diacetoxyallyl
compound with a catalyst to isomerize the 1,4-
diacetoxyallyl compound in the mixture to a 3,4-

20 diacetoxyallyl compound."

In the present invention, the 3,4-diacetoxyallyl
compound (including "the mixture of a 3,4-diacetoxyallyl
compound and a 1,4-diacetoxyallyl compound") is not
particularly limited, and it can be produced by e.g.

25 diacetoxylation of a conjugated diene in the presence of
a catalysf.

It is possible to carry out the diacetoxylation of a



diacetoxyallyl compound-contained liquid, it is possible 20 to remove a component which substantially
accelerates deterioration of the isomerization catalyst, by the phosphorus compound. As compared
with a solid base, with a phosphorus compound, it is easy to change its amount to be added during the
operation of the process, whereby by 25 observing the amount of the 1,4-diacetoxyallyl compound to
be formed by isomerization, it is possible to suppress theycatalyst deterioration with the minimum
amount. 8 Further, unlike a solid base, it is not necessary to fill the prescribed amount before starting

the process operafigRwRereqy dieamoughia-he pieedwil Be dessi aHee BgHaad {or isomerizing a
3,4-diacetoxyallyl 5 compound to a 1,4-diacetoxyallyl compound by a catalyst" may, for example, be
"a method for obtaimipgarti4- bacetxyalyd coatdoodd by Tantahtingna3;4-cdimeetoxyedlyhodmpound
with a catalyst, for isomerization to a 1,4-diacetoxyallyl compound”, "a 10 method for increasing the
concentration of BUtANigeGoxPlFTd6mpeLAd BHEOPIHIRY AFtieasited 41 Qidebeoxyallyl

compound and a 1,4-diaceto>81

fall%l compound with a catalyst éo iIsomerize the 3,4-diacetoxyallyl
compound in theRARTTE 16 a4 Yide WT cBﬁ%%uﬁa 5% a nt&n8 1f(‘ﬁ'lipfcreasing the

concentratiop of g s,4- diaceioxyallyl compayRt LY Gonfacling £ mixiyre Qfa,3.4-diageloxyallyl
compound and a 1,4-diacetoxyallyl compound with a catalyst to isomerize the™1,4- diacetoxyallyl
compound in thegnidtuse 46 @ik4etoxy-1-butene. Further, hydrolysates of

such diacetoxyallyl compounds are additionally formed

such as 1-hydroxy-4-acetoxy-2-butene, 3-hydroxy-4-

acetoxy-1l-butene and 4-hydroxy-3-acetoxy-1l-butene.

10 The conjugated diene which can be used in the
present invention may, for example, be butadiene,
isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-cyclohexadiene,
1,3-cyclopentadiene, 1,3-cycloheptadiene, 1,3-
cyclooctadiene, 1,3-pentadiene, 1,3-hexadiene or 2,4-

15 hexadiene. It is preferably butadiene, isoprene, 1,3-
cyclohexadiene or 1,3-cyclopentadiene, particularly
preferably butadiene or isoprene. The reason for such
preference is that a conjugated diene such as butadiene
or isoprene having a small number of carbon atoms shows

20 the highest reactivity.

As a catalyst to be used for the diacetoxylation of
a conjugated diene, it is possible to use any catalyst so
long as it has an ability to transform the conjugated
diene into a diacetoxyallyl compound. It is preferably a

25 solid catalyst containing a transition metal of Group 8
to 10, particularly preferably a palladium solid

catalyst. The palladium solid catalyst is made of



20 diacetoxyallyl compound.”  In the present invention, the 3,4-diacetoxyallyl compound (including

. "the mixture of a 3,4-diacetoxyallyl compound and a 1,4-diacetoxyallyl compound") is not particularly
limited, and it can be produced by e.g. 25 diacetoxylation of a conjugated diene in the presence of a
catalyst. It is possible to carry out the diacetoxylation of a 9 conjugated diene, which produces a
diacetoxyallyl compound, by various methods. In the mogpcommon method, butadiene, acetic acid and
oxygen are reacted in the presence of a palladium type catalyst, to obtain diacetoxyallyl compounds
such as 1,4-diacgi@iay-aditienenand B, 4diacetoxyal-butens Rurfhesnaickelysatesaf such
diacetoxyallyl compounds are additionally formed such as 1-hydroxy-4-acetoxy-2-butene, 3-hydroxy-4-
acetoxy-I-butene pnd Zemyhrdx -S-asttone t hutewshio fise bosjuysted diedentdivh, can be used in the
present invention may, for example, be butadiene, isoprene, 2,3-dimethy1-1,3-butadieng,
1,3-cyclohexadieABFE BB lopkRtadigie™ , 9%y EBRBFtadicte, 1t salt, particularly

preferably tellurium. The reason why a combination of

5 palladium and tellurium is preferred is that the
reactivity of the catalyst is high, and the selectivity
for a diacetoxyallyl compound to be obtained is high.
Therefore, the catalyst is preferably a catalyst
containing palladium and tellurium as active components.

10 The palladium solid catalyst is not particularly limited,
but it is used preferably as supported on a carrier such
as silica, alumina, titania, zirconia, active carbon or
graphite. Silica is particularly preferred since it is
excellent in strength. From the viewpoint of the

15 physical properties, the carrier is preferably porous,
and specifically, it is preferably a porous carrier
having an average pore diameter of from 1 to 100 nm, more
preferably a porous carrier having an average pore
diameter of from 5 to 80 nm. In the case of a catalyst

20 supported on a carrier, the proportion of the catalyst
metal is usually selected from a range of from 0.1 to 20
wt%, preferably from 1 to 10 wt%, based on the entire
catalyst. Further, the proportion of other promoter
metals is selected from a range of from 0.01 to 30 wt%,

25 more preferably from 0.1 to 10 wt%, based on the entire

catalyst. If such values are too small, the cost

competing ability will decrease by the decrease of the



cyclooctadiene, 1,3-pentadiene, 1,3-hexadiene or 2,4- is hexadiene. It is preferably butadiene,

. Isopreng, 1,3- cyclohexadiene or 1,3-cyclopentadiene, particularly preferably butadiene or isoprene.
The reason for such preference is that a conjugated diene such as butadiene or isoprene having a
small number of carbon atoms shows 20 the highest reactivity. As a catalyst to be used for the
diacetoxylation of a conjugated diene, it is possible to usg any catalyst so long as it has an ability to
transform the conjugated diene into a diacetoxyallyl compound. It is preferably a 25 solid catalyst

containing a transiiea 19etal akEiarixy jo AQdparficeady prefetahly apalladiem seligkcatalyst. The
palladium solid catalyst is made of 10 palladium metal or its salt. As a promoter, it is preferred to use
metal such as bismupe satapirb dritiryomi elldiemrerseppar, bhits salbgizatidulardy preferably
tellurium. The reason why a combination of 5 palladium and tellurium is preferred is that the reactivity of
the catalyst is higH@hR8aRE sefectibRy 7 HPdiEs&toRPslyt compound to be obtained is high. Therefore,

the catalyst is preferab,l%a catalyst containi aﬂggtium and tellurium as active companents. The
palladium solid catalys |senc?at£ pqgftelcﬁér?f ﬁr%%gg, Sut s uls%d%rrgtké?é:kﬁ%%g s%%f;gﬁtgg o%uzf‘ carrier

such as silicg, alq&qir@ipta%%@@ﬂn@af%ﬁ%ea@pp orafaphjie. Siliesels Rericuialy preferred since it
is excellent in strength. From the viewpoint of the
an inert gas such as nitrogen, or in the atmosphere of
oxygen. The concentration of oxygen may be in a range of
from 1 to 100 vol%, more preferably from 2 to 50 vol%,
particularly preferably from 3 to 40 vol%. The higher

10 the concentration of oxygen, the higher the reaction
rate, whereby it is possible to efficiently obtain the
product. On the other hand, as the concentration of
oxygen becomes low, there will be less risk of the
process such as explosion or fire.

15 The diacetoxylation may be carried out in either a
vapor phase or a liquid phase. The reaction temperature
is in a range of from 0 to 300°C, preferably from 10 to
250°C, more preferably from 30 to 200°C. The higher the
reaction temperature, the higher the reaction rate,

20 whereby it is possible to efficiently obtain the product.
On the other hand, as the reaction temperature becomes
low, there will be less risk of the process such as
explosion or fire. The reaction pressure is preferably
in a range of from atmospheric pressure to 50 MPa, more

25 preferably from atmospheric pressure to 30 MPa,

particularly preferably from 1 to 20 MPa.

When the diacetoxylation is carried out in a liquid



15 physical properties, the carrier is preferably porous, and specifically, it is preferably a porous carrier
having an average pore diameter of from 1 to 100 nm, more preferably a porous carrier having an
average pore diameter of from 5 to 80 nm. In the case of a catalyst 20 supported on a carrier, the
proportion of the catalyst metal is usually selected from a range of from 0.1 to 20 wt%, preferably from
1 to 10 wt96, based on the entire catalyst. Further, the sl portion of other promoter metals is selected
from a range of from 0.01 to 30 wt%, 25 more preferably from 0.1 to 10 wt%, based on the entire

catalyst. If such 16?1'33% gr%tqboosirpgyrtth@ Sogtcompeting abilitywill decrease hy the decrease of the 11

catalyst activity, and if such values are too large, the competing ability will decrease by the substantial
increase of the casalyst®esh Ahe adoverdiaceiexylation ispreferablysesrried ouhs iraict ion
oxygen-enriched air, air or oxygen diluted with an inert gas such as nitrogen, or in the atmosphere of
oxygen. The corkcantragdevfiedyger! maysbeonesf earafelof frahdrto H00owoi96 padrecrdfealsly from 2
to 50 vol%, particularly preferably from 3 to 40 vol%. The higher io the concentration of oxygen, the

higher the reacti8f r&teSwherstHyiPR Fogitie te EfrentyTotdin tFe BrodtRt Rk 3k 61 r Pénd, as
the concentiation,of grxgerybecomes lawthere il eiless sk of e rogese el 3R pIpipSIon of
fire. 15The 5|ace(foxy ati may%e carrleéj outin &ither a

compound as the product itself. Further, as the solvent,

it is possible to use a hydrocarbon such as hexane,

heptane or octane; an ether such as tetrahydrofuran,

diethyl ether or triglyme; an ester such as butyl

10 butyrate; a ketone such as acetone or methyl isobutyl
ketone; or an alcohol such as 1,4-butanediol.

The weight ratio of the conjugated diene as a raw
material to the catalyst is preferably in a range of from
1 to 100,000,000, more preferably from 10 to 50,000,000,

15 particularly preferably from 100 to 20,000,000. The
smaller the weight ratio, the higher the reaction rate,
whereby the reaction tends to proceed in a short period
of time. Further, the larger the weight ratio, the less
the catalyst cost.

20 Further, in the present invention, "the 3,4-
diacetoxyallyl compound-containing liquid" is not
particularly limited as long as it is a liquid containing
a 3,4-diacetoxyallyl compound or a mixture of 3,4-
diacetoxyallyl compound and a 1,4-diacetoxyallyl

25 compound. For example, "the 3,4-diacetoxyallyl compound-

containing liquid" is preferably (1) the reaction product

stream itself obtained from a step of the diacetoxylation



vapor phase or a liquid phase. The reaction temperature is in a range of from 0 to 300C, preferably
from 10,to 250C, more preferably from 30 to 200C. The higher the reaction temperature, the higher the
reaction rate, 20 whereby it is possible to efficiently obtain the product. On the other hand, as the
reaction temperature becomes low, there will be less risk of the process such as explosion or fire. The
reaction pressure is preferably in a range of from atmosggeric pressure to 50 MPa, more 25 preferably
from atmospheric pressure to 30 MPa, particularly preferably from 1 to 20 MPa. When the

diacetoxylation isgarzied gyt ina liguida12.pbase. @ galvephiobe.used farihe tagtion is not

particularly limited as long as it dissolves the reaction raw material. It is preferably water, a conjugated

diene as the reagtiongastiaterighésalf, sugh asdusagiene I Sceaipexidia acihsudmangeetic acid, or
a diacetoxyallyl compound as the product itself. Further, as the solvent, it is possible to use a
hydrocarbon such bguiekavéthegtanb@r e ananhongth 42 letehgdivivnangdiedmdedter or
triglyme; an ester such as butyl 10 butyrate; a ketone such as acetone or methyl isobutyl ketone; or an
alcohol such as £EButdRGidIeacHHEWEERERED e 2Bnjugtict Gend he GikhRinb®&rial o the
catalyst is prgferab%i:n a ra%gge o{aglgm 1to 1%9#%90@90 mare @ﬂ%fer%téll)(/;rom 0 to 50,000,000, 15

t

particularly prefePa yfr8ﬁ1 0 6580?) . esmalf(ta?l{wg welgsht ratlo,rt]ﬁe %‘ﬂ%]r:the reaction

rate, whereby the,eearcting tejdsiiopronged in a shedheriedofJime: Syhehdhe fRygREheweight
ratio, the less the catalyst cost.

by-products (hereinafter the compounds having lower
boiling points than a diacetoxyallyl compound will be
referred to as low boiling point compounds), (3) one

10 having removed from the reaction product stream, by e.g.
distillation, a part or the entire amount of compounds
having higher boiling points than the 3,4-diacetoxyallyl
compound, formed as by-products (hereinafter the
compounds having higher boiling points than the 3,4-

15 diacetoxyallyl compound will be referred to as high
boiling point compounds), or (4) one having removed from
the reaction product stream, by e.g. distillation, parts
or the entire amounts of low boiling point compounds and
high boiling point compounds formed as by-products.

20 Among them, "the 3,4-diacetoxyallyl compound-containing
liquid" is particularly preferably (1) the reaction
product stream itself obtained by the diacetoxylation of
the conjugated diene by a catalyst. When "the 3,4-
diacetoxyallyl compound-containing liquid" is one derived

25 from the reaction product stream itself obtained by the
diacetoxylation of the conjugated diene by the above

catalyst, the corresponding 1,4-diacetoxyallyl compound



20Further, in the present invention, "the 3,4- diacetoxyallyl compound-containing liquid" is not
particularly limited as long as it is a liquid containing a 3,4-diacetoxyallyl compound or a mixture of 3,4-
diacetoxyallyl compound and a 1,4-diacetoxyallyl 25 compound. For example, "the 3,4-diacetoxyallyl
compound-containing liquid" is preferably (1) the reaction product stream itself obtained from a step of
the diacetoxylation 13 of a conjugated diene by the above catalyst before contacting the
3,4-diacetoxyallyl compound-containing liquid with a phi')gphorus compound, (2) one having removed
from the reaction,product stream, by e.qg. distillation, 8.5 part or th tire. amount of compounds having
lower boiling poin]tg’ tﬁgneg%?é:ce%gxy%%)gl cgolrﬁbl&lﬁir)fd, %}lr#gé 35 'by?per%%ucts hereinafter the compounds

having lower boilipg:paints.than sydiaceimyirllyhcempeynd vibbe fefarad tpas lew:polling peint
compounds), (3) one io having removed from the reaction product stream, by €.g. distillation, a part or

the entire amounhgticarbpeunds bavinpaigher bailingepainigdnar thecddpdianetoxyally l-pomapound,
formed as by-products (hereinafter the compounds having higher boiling points than the 3,4- 15
diacetoxyallyl compéuhy diPby acTe redya bkyHigls pomiaypdirtrdhounds),or (4) one having
removed from the_reaction product stream, by e.g. distillation, parts or the entire amounts of low boiling

point compofinds Aty AGRPBERIGY JoiCEBRBBGNds Fohidtfds by-profictsontain a

hydrolysate of the 1,4-diacetoxyallyl compound such as a
1,4-hydroxyacetoxyallyl compound and/or a 1,4-
dihydroxyallyl compound.
"The 3,4-diacetoxyallyl compound-containing liquid"

10 used in the present invention, may be obtained in such a
manner that a liquid containing a 3,4-diacetoxyallyl
compound, and a 1,4-diacetoxyallyl compound, low boiling
point compounds and high boiling point compounds, is
introduced into a distillation column; the liquid

15 containing high boiling point compounds and the 1,4-
diacetoxyallyl compound is withdrawn from the bottom of
the column; and the 3,4-diacetoxyallyl compound-
containing liquid is obtained from the upper portion of
the column by distillation. At that time, it is possible

20 to withdraw the 3,4-diacetoxyallyl compound-containing
liquid from the top of the column together with low
boiling point compounds. Further, the 3,4-diacetoxyallyl
compound-containing liquid may be withdrawn from a side-
portion, and the low boiling point compounds may be

25 distilled from the top of the column. In such a case,
although the most amount of the high boiling point

compounds is withdrawn from the bottom of the column, a



20 Among them, "the 3,4-diacetoxyallyl compound-containing liquid" is particularly preferably (1) the

. reaction product stream itself obtained by the diacetoxylation of the conjugated diene by a catalyst.
When "the 3,4- diacetoxyallyl compound-containing liquid" is one derived 25 from the reaction product
st’eam itself obtained by the diacetoxylation of the conjugated diene by the above catalyst, the
corresponding 1,4-diacetoxyallyl compound 14 is presgn in the liquid. Further, “the 3,4- diacetoxyallyl
compound-containing liquid" may contain a hydrolysate of the 3,4-diacetoxyallyl compound such as a

3,4-hydroxyacetaxyahyil campaund, andior aﬂéﬁﬁ&yﬁm;gaﬂ%ligp@ e, dt may contain a
hydrolysate of the 1,4-diacetoxyallyl compound such as a 1,4-hydroxyacetoxyallyl compound and/or a
1,4- dihydroxyallw tohthosumd. Fiven3 dheiaceioxydllydheo npdundzcentafiregnliqiie” 3 dsed in the
present invention, may be obtained in such a manner that a liquid containing a 3,4-diacetoxyallyl
compound, and ®94tdiavetbresikhdormiddind s bofting ipvhatcomsdubds rrerMpighdiling point
compounds, is introduced into a_djstillatjon column; the liquid 15 containing high boiling point
compounds and P32 828 oky gt Lompound is withdrawn from the bottom of the column; and the

3,4-diacetoxyallyl compoupgtcontaiginginyicis.obtaiped ffomy the-yrRsrnosfion.gh {ig-cqlupn by
distillation. At that time, it is possible

optionally be set, but from the viewpoint of an energy
cost required for a reboiler of the distillation column,
the pressure at the top of the column is preferably set
to be from 1 to 760 mmHg, in order to decrease the

10 temperature at the bottom of the column. Further, the
pressure at the top of the column is more preferably from
5 to 200 mmHg, particularly preferably from 10 to 100
mmHg. If the pressure at the top of the column is too
low, in order to maintain the pressure, a high cost will

15 be needed, and the distillation column itself will have
to be large, whereby an installation cost for the process
will increase. Further, if the pressure at the top of
the column is too high, the temperature at the bottom of
the distillation column will be high, whereby a steam

20 cost will increase. The temperature at the top of the
column is usually from 0 to 200°C, preferably from 20 to
160°C, more preferably from 40 to 140°C. If the
temperature at the top of the column is too low, a
specific device such as a cooler will be needed, which

25 adds to the cost. Further, if the temperature is too

high, the temperature at the bottom of the column will

also be high, whereby the steam cost will increase. The



20 to withdraw the 3,4-diacetoxyallyl compound-containing liquid from the top of the column together
with low boiling point compounds. Further, the 3,4-diacetoxyallyl compound-containing liquid may be
withdrawn from a side- portion, and the low boiling point compounds may be 25 distilled from the top of
the column. In such a case, although the most amount of the high boiling point compounds is
withdrawn from the bottom of the column, a 15 small amaqunt of the high boiling point compounds is
withdrawn from the top of the column or from the side-pair?ion together with the 3,4-diacetoxyallyl

compound-containing liquid. SEurther, the pressure. of the distillation column may optionally be set, but
from the viewpoir]iﬂtegrq a‘ﬁg{eﬁ(-:‘ar%i%orgfa r%%ﬁe FoFa %et%?ler% the (ﬁgfgil?a]f%%’]ﬁ%lgngr%}h% prgssure at the

top of the column, i preferaply-setde Pe.fram ditg 460 madg.in prderdeglecieass thgie farpperature
at the bottom of the column. Further, the pressure at the top of the column is more preferably from 5 to

200 mmHg, partieelady ptefetablyiéoaridiated mahd. lf the peesseifd akthesfop®f ke ealomn is too
low, in order to maintain the pressure, a high cost will
large, the amount of heat needed tends to increase, thus

5 leading to an increase of the cost. With respect to the
amount of the distillation from the top of the column, it
is desired to distill the total amount of the 3,4-
diacetoxyallyl compound and the low boiling point
compounds from the liquid introduced into the

10 distillation column, which contains the 3,4-
diacetoxyallyl compound, and the 1,4-diacetoxyallyl
compound, the low boiling point compounds and the high
boiling point compounds.

Further, when the 3,4-diacetoxyallyl compound-

15 containing liquid is to be withdrawn from the side-
portion, and the low boiling point compounds are to be
distilled from the top of the column, it is preferred to
withdraw the content of the 3,4-diacetoxyallyl compound
in the feed liquid from the side-portion, and distill the

20 low boiling point compounds in the feed liquid from the
top of the column.

In a case where the liquid containing the high
boiling point compounds and the 1,4-diacetoxyallyl
compound, is withdrawn from the bottom of the

25 distillation column, and the 3,4-diacetoxyallyl compound
containing the low boiling point compounds is distilled

from the top of the column, the balance of the substances



15 be needed, and the distillation column itself will have to be large, whereby an installation cost for the
. process will increase. Further, if the pressure at the top of the column is too high, the temperature at
the bottom of the distillation column will be high, whereby a steam 20 cost will increase. The
temperature at the top of the column is usually from 0 to 200C, preferably from 20 to 160C, more
preferably from 40 to 140C. If the temperature at the top, of the column is too low, a specific device
such as a cooler will be needed, which 25 adds to the cost. Further, if the temperature is too high, the

temperature at thg batiom gf the; qalymnyyil alsa g high. wharehy,the steam.cest il iperease. The

16 ref lux ratio may be from 1 to 100, preferably from 1 to 10. If the reflux ratio is too small, separation
ability tends to bejdsteriviaied, @i thdeefitpatie ix oo lacgeathe paounhothednreedied tends to
increase, thus 5 leading to an increase of the cost. With respect to the amount of the distillation from
the top of the col@memnitis desiked tapdistilthrbtbial Bneourti of the3d,4- digetbxyallylewmpound and the
low boiling point compounds from the liquid introduced into the 10 distillation column, which contains

the 3,4- diacetox§ARFREMPSuNG LtF tHf1 ERGa bRy AifA R dU T o b B iRG b Bt

compounds gnd %OhighAk{oiI'r}ga[eoiptlg:noempgﬂgd%nlféj&tnl'\:erwwhﬁ%thaew\?,4-%%0%[8>1(¥alg/%r%)monround- 15
containing liquid is to be withdrawn from the side-portion, an%]ff & Tow Boﬁ)mg point compounds are to

be distilled from thgdon phihriceldmia s Aefered kq yithdepm thecpreniofdhrsHAmlipcetoxyallyl
compound in the feed liquid from the side-portion, and distill the 20 low boiling point compounds in the
feed liquid from thedopbkthe cohdhhacetoxyallyl compound from the bottom of
the column, is preferably from 50 to 99, more preferably
from 70 to 95. Further, in a case where the liquid
10 containing the high boiling point compounds and the 1,4-
diacetoxyallyl compound, is withdrawn from the bottom of
the distillation column, the low boiling point compounds
are distilled from the top of the column, and the 3,4-
diacetoxyallyl compound-containing liquid is withdrawn
15 from the side-portion, the amount of the distillate from
the top of the column per unit time is from 0.1 to 30,
preferably from 1 to 20, based on the amount by weight of
the feed liquid per unit time being 100. Further, the
amount of the 3,4-diacetoxyallyl compound-containing
20 liquid withdrawn from the side-portion is from 0.9 to 50,
more preferably from 2 to 30. Further, the amount
withdrawn per unit time of the liquid containing the high
boiling point compounds and the 1,4-diacetoxyallyl
compound from the bottom of the column is preferably from
25 20 to 99, more preferably from 50 to 97.

It is possible to supply the above 3,4-

diacetoxyallyl compound-containing liquid which contains



In & case where the liquid containing the high boiling point compounds and the 1,4-diacetoxyallyl

. compound, is withdrawn from the bottom of the 25 distillation column, and the 3,4-diacetoxyallyl
compound containing the low boiling point compounds is distilled from the top of the column, the
balance of the substances 17 in the distillation column is such that the amount of the distillate from the
top of the column per unit time is from 1 to 50, preferably from 5 to 30, based on the amount by weight
of the feed liquid per unit time being 100. At that time, theamount withdrawn per unit time of the liquid

containing the higs]1 boyin
e

s O% o(i)nt corr%mu(glldgtangothe 1 Zrll éacgg)gx f‘llé%i':c mgn?ugg érotng the hottom of
the column, is préterably Trom %blto 9?more prefrélpa%fy rom 0 85 ur]fher, N 4 case where the

liquid 10 containipgdhe bghyRoiling point compaupds apd the L&k diacsioxyaHyLGompaund i

withdrawn from the bottom of the distillation column, the low boiling point compounds are distilled from
the top of the colurwn, Bod the Bl4rtiageioxyalybepopadad-son@ining liguidiswithdrawed&Hrom the
side-portion, the amount of the distillate from the top of the column per unit time is from 0.1 to 30,
preferably from JatocC2Eeasel oh therararitdy Waight oflie fead deddmper upitigime@Being 100.
Further, the amount, of the 3,4-diacetoxyallyl compound-pontairirz?r;g 20 liquid withdrawn from the

side-portion 1s frc?_ﬂ ?0179?(958_9&’6& _BFé?Qr%Wﬁoﬁr?tod%@tﬁl}r ﬁoé‘}n&?ﬁt WitRIrRfn ¢ unit time
o S BB el Lo SUbe AR Al R o e
supply the above]3 4o dRCRIBXYBAEY W ORHDHEMCONEHIINSHIC U Whish ¢aNtaiRE column
including the side-portion.
Further, the pressure of the distillation column may
10 optionally be set, but from the viewpoint of an energy
cost required for a reboiler of the distillation column,
the pressure at the top of the column is preferably from
1 to 760 mmHg in order to decrease the temperature at the
bottom of the column. Further, the pressure at the top
15 of the column is more preferably from 5 to 400 mmHg,
particularly preferably from 10 to 200 mmHg. If the
pressure at the top of the column is too low, in order to
maintain the pressure, a high cost will be needed, and
the distillation column itself will become large, whereby
20 an installation cost for the process will increase.
Further, if the pressure at the top of the column is too
high, the temperature at the bottom of the distillation
column will be high, whereby a steam cost will increase.
The temperature at the top of the column is usually from
25 0 to 200°C, preferably from 20 to 160°C, more preferably
from 40 to 140°C. If the temperature at the top of the

column is too low, a specific device such as a cooler



18 the low boiling point compounds obtained from the top of the column, for an isomerization reaction,
after regnoving the low boiling point compounds by distillation. In such a case, in a separation distillation
column, the low boiling point compounds are distilled from the top of the column, and the
3,4-diacetoxyallyl compound-containing liquid may be withdrawn from the bottom of the column
including the side-portion. Further, the pressure of the disgjllation column may 10 optionally be set, but
from the viewpoint of an energy cost required for a reboiler of the distillation column, the pressure at the

top of the column,isipreforabiy drgoy 1 o 6O inyden fo decreasedhe tgaperajyre g dhe bottom
of the column. Further, the pressure at the top 15 of the column is more preferably from 5 to 400

mmHg, particulantypsterablyrfeon €l Octoc? 001 it Hg hié the- pressuaresat the 10p dhthescodamn is too low,
in order to maintain the pressure, a high cost will be needed, and the distillation column itself will
become large, wikéreBs 2ol inskmaten ebs: fot iHe pochighdirinehaaset Farthermaha pressure at
the top of the column is toqQ high, the temperature at the bottom of the distillation column will be high,

whereby a steanflost il RtFR. The t1Bmperdifat tHe GpTofie E8fuhth SSusually from 25 0 to
200C, preferably frop 20 Jtrgrjfo?rc%’ r%p{%fei%tﬂy from.#Q 19 1#0C¢ i the ferpgeragure gtgthe top of the

column is too low, a specific device such as a cooler- 19
the reflux ratio is too small, separation ability tends

to be deteriorated, and if the reflux ratio is too large,
the amount of heat needed tends to increase and will
become a cause of the cost deterioration.

10 With respect to the amount of the distillation from
the top of the column, it is desired to distill the total
amount of the low boiling point compounds from the liquid
introduced into the distillation column, which contains
the 3,4-diacetoxyallyl compound and the low boiling point

15 compounds. In a case where the 3,4-diacetoxyallyl
compound-containing liguid is withdrawn from the bottom
of the column including the side-portion of the
distillation column, and the low boiling point compounds
are distilled from the top of the column, the balance of

20 the substances in the distillation column is such that
the amount of the distillate from the top of the column
per unit time is from 1 to 50, preferably from 5 to 45,
based on the amount by weight of the feed liquid per unit
time being 100. At that time, the amount withdrawn per

25 unit time of the 3,4-diacetoxyallyl compound-containing
liquid from the bottom of the column including the side-

portion, is preferably from 50 to 99, more preferably



will be needed, which adds to the cost. Further, if the temperature is too high, the steam cost will
increasg, since the temperature will be higher than the temperature at the bottom of the column. A ref
lux ratio is 5 sufficient from 1 to 100, preferably from 1 to 10. If the ref lux ratio is too small, separation
ability tends to be deteriorated, and if the reflux ratio is too large, the amount of heat needed tends to
increase and will become a cause of the cost deterioratigg. 10With respect to the amount of the
distillation from the top of the column, it is desired to distill the total amount of the low boiling point
compounds from ¢hehquaid intsoduced into the distillation column, which contains the 3,4-diacetoxyallyl
compound and the low boiling point 15 compounds. In a case where the 3,4-diacetoxyallyl
compound-containing fithed Breisedrawirfrem thehoite mchiathe cokmiz éitluding teetsitdbeportion of the
distillation column, and the low boiling point compounds are distilled from the top of the column, the
balance of 20 th@sdb‘s‘i’alr?é“e%tiﬁ’fﬁé‘ﬁ@ﬁﬁaﬁéﬁ“&’&l&ﬁfﬁrig%’éﬁ%F?altriﬁe kBt of the distillate from the
top of the columncp%rtu m1lt referably from 5 to 45, based on th amo%rplteby weight

lumn perupit tige i3 frpm, 1 10 30 .
of the feed liquid p%r GAIE time being 1%0?%?%5%%%%? the & Oo%%‘?wmd%’ﬁﬁ’%ﬁf 2B time of the
3,4-diacetoxyally 1. composndesaniiningdiosid fromdbg hatiom af thegalymp ¢ncluding the side-portion,
is preferably from 50 to 99, more preferably 20 from 55 to 95.
diacetoxylation of a conjugated diene by a catalyst, is
designated as "the 3,4-diacetoxyallyl compound-containing
liquid", the reaction product stream may be contacted
with a phosphine before distillation separation; or after

10 the reaction product stream obtained by an acetoxylation
reaction of the conjugated diene, is subjected to
distillation separation, the 3,4-diacetoxyallyl compound-
containing liquid distilled from the top of the column
may be contacted with a phosphine or the 3,4-

15 diacetoxyallyl compound-containing liquid distilled from
the side-portion may be contacted with a phosphine. It
is preferred to have the phosphorus compound contacted
with the liquid distilled from the top of the column or
the liquid withdrawn from the side-portion, since it is

20 possible to exhibit an effect with a small amount of the
liquid to be contacted and a small amount of the
phosphorus compound.

The type of the distillation column may, for
example, be a packed column or a plate column, and it is

25 preferably a fractional column. To separate the 3,4-

diacetoxyallyl compound-containing liquid from the 1,4-

diacetoxyallyl compound-containing liquid, the number of



The present invention is characterized in that the 3,4-diacetoxyallyl compound-containing liquid is
contactgd with a phosphorus compound. However, when the 5 reaction product stream obtained in a
step of diacetoxylation of a conjugated diene by a catalyst, is designated as "the 3,4-diacetoxyallyl
compound-containing liquid”, the reaction product stream may be contacted with a phosphine before
distillation separation; or after 10 the reaction product stream obtained by an acetoxylation reaction of
the conjugated diene, is subjected to distillation separation, the 3,4-diacetoxyallyl

compound-conta{'ﬂl1 L.L%"Eq 9£Sf”:§ -gqgg%F@O@pt%éhﬁsﬁﬁgﬂﬁoﬁo%e %%rltg%gdivgith a phosphine or

the 3,4- is diacetoxyallyl compourid-containing liqui e side-portion may be contacted

with a phosphinep itds piefered 4@ hawe Hie Bheaphasys corpeLpd TaRtaeted-with g liquid distilled
from the top of the column or the liquid withdrawn from the side-portion, since it is 20 possible to exhibit
an effect with a smabmarmourticofihe tidjaidets be Thetadtesitaridla shwatl amauntroflibe phgsphorus
compound.  The type of the distillation column may, for example, be a packed column or a plate

column, and it is RS fefeb@ly a0ratdhaFeoldMnidh Sepafatfed 3 qitaddisxyaligwpoint
Compoun e IO T 8 SRl IR PRNYP I e rumber o 21
distillation column, difficulty of the operation and
safety management. Further, if the number of the plates
is too small, separation will be difficult.

The 3,4-diacetoxyallyl compound to be used for the

10 isomerization reaction of the present invention, is
specifically preferably 3,4-diacetoxy-1-butene, 3,4-
diacetoxy-2-methyl-1-butene, 3,4-diacetoxy-3-methyl-1-
butene, 3,4-diacetoxy-2,3-dimethyl-1-butene, 3,4-
diacetoxy-1l-cyclohexene, 3,4-diacetoxy-l-cyclopentene,

15 3,4-diacetoxy-1-cycloheptene or 3,4-diacetoxy-1-
cyclooctene, more preferably 3,4-diacetoxy-1l-butene, 3,4-
diacetoxy-2-methyl-1-butene, 3,4-diacetoxy-3-methyl-1-
butene, 3,4-diacetoxy-1l-cyclohexene or 3,4-diacetoxy-1-
cyclopentene, particularly preferably 3,4-diacetoxy-1-

20 butene which is transformable into 1,4-diacetoxy-2-butene
as an intermediate of 1,4-butanediol.

Further, the isomerization of the present invention
is applicable to an isomerization reaction of 3-hydroxy-
4-acetoxy-1l-butene, 4-hydroxy-3-acetoxy-1l-butene, etc.,

25 which are hydrolysates of 3,4-diacetoxy-1l-butene.

Further, in the present invention, the 1,4-

diacetoxyallyl compound obtained by isomerization of the



preferably at least 3 plates, particularly preferably from 10 to 50 plates. The distillation column having
. more than 50 plates, is not preferred from the viewpoint of economical efficiency for installation of the
distillation column, difficulty of the operation and safety management. Further, if the number of the
plates is too small, separation will be difficult. The 3,4-diacetoxyallyl compound to be used for the 10
isomerization reaction of the present invention, is specifically preferably 3,4-diacetoxy-1-butene, 3,4-
diacetoxy-2-methyl-l-butene, 3,4-diacetoxy-3-methyl-1bdtene, 3,4-diacetoxy-2,3-dimethyl-1-butene,

3,4- diacetoxy-l-cyclphexeng, 3.4-digcetoxy-1-cyclopentene, 15 3,4-diacetoxy-1-cycloheptene or
3,4-diacetoxy-1cc%l§o§éﬁg,er%g?{g S?Qfg%bfogt%?éllﬁgétoﬁ-l%u eﬁes,ogﬁ-r digl%]ét]f)%/(f/%%geﬁﬂ-l-butene,

3,4-diacetoxy-3-rpgthylid butene a3 4edincalpxy 1 ¢ycloBRyenmar Bérdiacetoxyieyriopeniens,
particularly preferably 3,4-diacetoxy-1- 20 butene which is transformable into 1,4-diacetoxy-2-butene as
an intermediate dafHe4-bytardsiale t okyatbdy the sgpoeiizhtian cithe prasent twention is applicable to
an isomerization reaction of 3-hydroxy4-acetoxy-1-butene, 4-hydroxy-3-acetoxy-I-butene, etc., 25 which
are hydrolysates #84. fibeatoky- Rbgeprabl Fukthtr dhake brogen? mMvehess the 144- diacetoxyallyl

compound obtainde,d t%y isomerization of the % , ,
5 iacetoxy-2-methyl-2-butene, 1,4-diacetoxy-2,3-dimethyl-

2-butene, 1,4-diacetoxy-2-cyclohexene, 1,4-diacetoxy-2-
cyclopentene, 1,4-diacetoxy-2-cycloheptene or 1,4-
diacetoxy-2-cyclooctene, more preferably 1,4-diacetoxy-1-
butene, 1,4-diacetoxy-2-methyl-1-butene, 1,4-diacetoxy-3-

10 methyl-1-butene, 1,4-diacetoxy-1-cyclohexene or 1,4-
diacetoxy-1l-cyclopentene, particularly preferably 1,4-
diacetoxy-1l-butene which is an intermediate of 1,4-
butanediol.

In the present invention, it is possible to use

15 various solvents when the isomerization reaction of the
3,4-diacetoxyallyl compound is carried out. The solvents
are not particularly limited, and specifically, it is
possible to use an organic solvent such as a carboxylic
acid such as formic acid, acetic acid, propionic acid or

20 butanoic acid; an alcohol such as methanol, ethanol,
propanol, butanol, pentanol, hexanol, heptanol or
octanol; an ether such as diethyl ether, tetrahydrofuran,
dioxane or triglyme dimethyl ether; an aromatic
hydrocarbon such as benzene, toluene or xylene; or a

25 hydrocarbon solvent such as hexane, heptane, octane,
nonane, decane, dodecane, cyclohexane, cycloheptane or

cyclooctane. Preferred is a carboxylic acid such as



3,4-diacetoxyallyl compound, is the isomer corresponding to the 3,4-diacetoxyallyl compound before
. iIsomerization. The 1,4-diacetoxyallyl compound as an isomer is specifically preferably
1,4-diacetoxy-2-butene, 1,4- diacetoxy-2-methyl-2-butene, 1,4-diacetoxy-2,3-dimethyl- 2-butene,
1,4-diacetoxy-2-cyclohexene, 1,4-diacetoxy-2- cyclopentene, 1,4-diacetoxy-2-cycloheptene or 1,4-
diacetoxy-2-cyclooctene, more preferably 1,4-diacetoxy-l; butene, 1,4-diacetoxy-2-methyl-1-butene,
1,4-diacetoxy-3- 10 methyl-I-butene, 1,4-diacetoxy-1-cyclohexene or 1,4- diacetoxy-I-cyclopentene,

particularly prefegably, 1.4- géqc&togé[élglitgng(y\i@gh m%]%%r{r&e(ggtfdofc;#blal&tgﬁg@gl. In the present
o ) . 1

invention, it is possible to use 15 various solvents w e isomerization reaction of the

3,4-diacetoxyallydcb@paimnd is£atries our Themohais-are Aet partieulary imidednardspecifically, it
is possible to use an organic solvent such as a carboxylic acid such as formic acid, acetic acid,
propionic acid or 2apneNesic Hel; amtslcotfol sueheximathbon!, @thaml agepary!, guewpl, pentanol,
hexanol, heptanol or octanol; an ether such as diethyl ether, tetrahydrofuran, dioxane or triglyme

dimethyl ether; ahBFohaRE AYdHERArFSEEIh 28 benish& ¥sEeRE B xprRnEhEr £25§RFod#bon
solvent suchas figzpe; hepiane, geiane porang, dgeang, dodscane, eyglahsrage. gycloheptane or
cyclooctane.”Preferred is a car oxﬁlc acu? Such &8
acetoxy group i.e. the concentration of acetic acid which
contributes for improving the isomerization rate, will be
high.

The amount by wt% of the solvent to be added is,

10 preferably from 0 to 10,000 wt%, more preferably from
0.05 to 500 wt%, particularly preferably from 1 to 200
wt%, based on the diacetoxyallyl compound. If the amount
of the solvent to be added, is small, the volume of a
reactor will be small. If the amount to be added is

15 large, the rate of the catalyst deterioration will tend
to be low.

In the present invention, the catalyst to be used
for isomerization of the 3,4-diacetoxyallyl compound, is
not particularly limited as long as it has the ability to

20 isomerize the 3,4-diacetoxyallyl compound to the 1,4-
diacetoxyallyl compound. It is a liquid phase
homogeneous complex catalyst, preferably a homogeneous
complex catalyst of a transition metal of Group 8 to 10,
particularly preferably a liquid phase homogeneous

25 palladium complex catalyst which shows a particularly
high activity to an acetoxy isomerization rate.

The liquid phase homogeneous complex catalyst may be



23 formic acid, acetic acid, propionic acid or butanoic acid, and particularly preferred is acetic acid

. which improves the rate of isomerization of an acetoxy group. The reason why acetic acid is preferred
as the solvent is that in the reaction liquid, the concentration of the acetoxy group i.e. the concentration
of ‘acetic acid which contributes for improving the isomerization rate, will be high. The amount by wt% of
the solvent to be added is, io preferably from 0 to 10,00 Wt%, more preferably from 0.05 to 500 wt%,
particularly preferably from 1 to 200 wt%, based on the diacetoxyallyl compound. If the amount of the

solvent to be added, js.small heyoluma gf,a reactor wilk e, smallH the amguat tahe added is 15

large, the rate of the catalyst deterioration will tend to be low.  In the present invention, the catalyst to
be used for isomegzatiphiefdhe 3,4 Hiacginxyelyh cempatindde tipl padicolalydingtesbasteng as it
has the ability to 20 isomerize the 3,4-diacetoxyallyl compound to the 1,4- diacetoxyallyl compound. It
is a liquid phase homlagenades cembilesmdalelyseprefedile a Fonsogehebes compiéxeastalyst of a
transition metal of Group 8 to 10, particularly preferably a liquid phase homogeneous 25 palladium

complex catalyst3hiOF SROWS aSfdrficuldfly hRFFSARAS 1S ah bcefdkydcrhéRz dtisiaite.

5 compound, a carbon monoxide ligand compound, a phosphine
ligand compound or a phosphite ligand compound.

The liquid phase homogeneous complex catalyst is
preferably palladium metal, palladium acetate, palladium
chloride, dichlorocyclooctadiene palladium,

10 tetrakis(triphenyl phosphine) palladium,
bis(dibenzylidene acetone)palladium, palladium
trifluorocacetate, palladium acetylacetonate, nickel
acetate, dicyclooctadiene nickel, platinum acetate or
dicyclooctadiene platinum, particularly preferably

15 palladium acetate, palladium chloride or palladium
trifluoroacetate, which is a low-cost palladium source.
In the present invention, the structure of the above-
mentioned metal compound is not particularly limited, and
an active complex catalyst may be a monomer, a dimmer

20 and/or a polymer.

Further, in the present invention, as the ligand for
the liquid phase homogeneous complex catalyst, it is
possible to use a phosphorus compound. For example, it
is not particularly limited as long as it is a phosphorus

25 ligand such as a phosphine, a phosphite, a phosphonite, a
phosphinite or a phosphoramidite. Such a ligand may be a

monodentate or a bidentate. The ligand is preferably a



The liquid phase homogeneous complex catalyst may be 24 prepared from various transition metals,

. and it may, specifically, be an acetate, an acetylacetonate compound, a chloride, a bromide, an iodide,
a sulfate, a nitrate, an organic salt, an inorganic salt, an olefin ligand 5 compound, a carbon monoxide
ligand compound, a phosphine ligand compound or a phosphite ligand compound.  The liquid phase
homogeneous complex catalyst is preferably palladium metal, palladium acetate, palladium chloride,
dichlorocyclooctadiene palladium, 10 tetrakis(triphenyl phosphine) palladium, bis(dibenzylidene

acetone)palIadiu%ggggﬁg@striggg{ﬁgﬁﬁ@t%&ﬂlﬁgiug,n peeyiacstpnale Nickel acetle 1y

dicyclooctadiene nickel, platinum acétate or dicyclooctadiene platinum, particularly preferably 15
palladium acetatd, tpailadinphrblopte e pattadiuphisidpamasatale fehicpds-a iewesl palladium
source. In the present invention, the structure of the above-mentioned metal compound is not
particularly limitepraf¢ankative chmpraxteadislyphospivets nionomahasihaeamidite.

The reason is that in the isomerization reaction which

5 goes through a n-allyl intermediate, a ligand having a
low electron density accelerates the improvement of the
reaction rate. Therefore, the phosphorus compound having
a low electron density and a P-O0 bond, is preferred.
Further, although one type of ligand is usually used, in

10 the present invention, it is also possible to combine at
least 2 types of phosphorus ligands. Moreover, as the
case requires, it is possible to combine other ligands
within a range where they do not deteriorate the effect
of the present invention.

15 When the phosphorus compound having a P-0O bond is
used as a ligand in the present invention, the compounds
represented by the following formulae (1) to (5) and
formulae (6-1) to (6-7) may be mentioned. Further, in
the present invention, although one type of ligand is

20 usually used, it is also possible to combine at least 2
types of phosphorus ligands. Moreover, as the case
requires, it is possible to combine other ligands within
a range where they do not deteriorate the effect of the

present invention.



20 and/or a polymer. Further, in the present invention, as the ligand for the liquid phase homogeneous
. complex catalyst, it is possible to use a phosphorus compound. For example, it is not particularly
limited as long as it is a phosphorus 25 ligand such as a phosphine, a phosphite, a phosphonite, a
phHosphinite or a phosphoramidite. Such a ligand may be a monodentate or a bidentate. The ligand is
preferably a 25 phosphorus compound having a P-0 bopgd, and specifically, it is a phosphite or a
phosphoramidite, particularly preferably a bidentate phosphite or a phosphoramidite. The reason is that
in the isomerization r ﬁction which goes through a n-al%yl intermediate, a Iigagwgn J a l@y electron
density accelerates t inﬁBfovement of the ¥8&LtiorPraks! é‘@%rb, the phosphorus oﬁ‘r@u‘l\d having
a low electron densityAang,a,2-0 bond, is preferred. Further, although one type of ligand is usually used,
in 10 the present invention, it is also possiblE® COTRLTREQRTIAMR J)pes of anr phorus ligands.
Moreover, as the casg equiras, ipis possible to combine other ligands within zlr@é)vﬁﬁewtﬁey do not
deteriorate the effect of the present inventiofXQBWLI@HR(m?RZWRg)mmpound having g -0 bond is
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used as a ligand in the present invention, the compounds represented by the following formulae (1) to

. (5) and.formulae (6-1) to (6-7) may be mentioned. Further, in the present invention, although one type
of ligand is 20 usually used, it is also possible to combine at least 2 types of phosphorus ligands.
Moreover, as the case requires, it is possible to combine other ligands within a range where they do not
deteriorate the effect of the present invention. (1) RX @} RY (3) X'-A--X" (4) X"-A-Y" (5) r-A"-Y" 26
(X1) -O-P(0OR1)(0R2)

In the above formulae (1) to (5), X to X''' may be
selected from (X1) to (X5), and Y to Y''' may optionally
be selected from (Y1) to (¥5).

In the above (X1) to (X5), (Y1) to (¥Y5) and the

5 formulae (6-1) to (6-7), each of R, R' and R! to R* is
independently an alkyl group, an alkoxy group, a
cycloalkyl group, an aryloxy group, an alkylaryloxy
group, an amino group or an aryl group, which may further
contain a substituent group. When each of R, R' and R!

10 to R’ is an alkyl group or a substituent group having an
alkyl structure (such as an alkyl group in an
alkylaryloxy group), the number of carbon atoms in the
alkyl group or the alkyl structure is usually from 1 to
20, preferably from 1 to 14. Specifically, a methyl

15 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 or a decyl group. Further, the alkyl group
or the alkyl structure may further contain a substituent

20 group. The substituent group may, for example, be a Ci i
alkoxy group, a Cs.10 aryl group, an amino group, a cyano
group, a C,.19 ester group, a hydroxyl group or a halogen
atom.

Further, when each of R, R' and R' to R** is an aryl

25 group or a substituent group having an aryl structure,
the number of carbon atoms in the aryl group or the aryl

structure is usually from 6 to 20, preferably from 6 to



(X2) -0-P(0R3)(NR4R5) (X3) -0-P(NR6R7)(NRIR9) Rio (X4) _rd' n-P(OR11)(0R12) ¢,R13 GC/
. -N-P(OR14)(NR15R16) (Y1) (Y2) -0-K0'A2 N" R17 R18 (Y3)

28

14. The aryl group or the aryl structure may further
contain a substituent group. The substituent group may,
for example, be a hydrogen atom, a C;.;0 alkyl group, a Ci.
10 alkoxy group, a Ci.zg cycloalkyl group, a Cg.z0 aryl

5 group, a Cs-20 aryloxy group, a Cs.n0 alkylaryl group, a Cs.
20 alkylaryloxy group, a Ce.z0 arylalkyl group, a Ce-zo
arylalkoxyl group, a cyano group, an ester group, a
hydroxy group or a halogen atom.

When each of R, R' and R' to R** is aryl group,

10 specific examples may be a phenyl group, a 2-methylphenyl
group, a 3-methylphenyl 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-

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

20 trifluoromethylphenyl group, a 2-methoxyphenyl group, a
3-methoxyphenyl group, a 4-methoxyphenyl group, a 3,5-
dimethoxyphenyl group, a 4-cyanophenyl group, a 4-
nitrophenyl group, a trifluoromethyl group, a
pentafluoroethyl group, a pentafluorophenyl group, and

25 the following groups (C-1) to (C-8).



N"'R19 R20 (Y4) -N_KA4 R21 (Y5)-N-PC,-,N:A5 -R22 0, 0, (6-1)R230-K ;1Z P-OR24 0 0™
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In the formulae (1) to (5) and (Y1) to (Y5), each of

A to A” and A' to A’ is independently a Ci.,, alkylene
group which may have a substituent group, a Cs.3p arylene
5 group which may have a substituent group or a diarylene

group of Ar’- (Q'),-Ar® which may have a divalent linking
P



0" 20, (6-2)R26R2-N-K,P-NR27R28 0 0 R29 R31 N N (6-3)R330-KNN13-0R34 " R39 R32 R35
. (6-4)R38R37N-Ko00-,T41'1 NN ™

10

15

20

25

30
group in the middle (wherein each of Ar' and Ar? is
independently a C¢.13 arylene group which may have a
substituent group).

In the formulae (6-1) to (6-7), each of T to T’ is
independently a carbon atom, an alkane tetrayl group, a
benzene tetrayl group or a tetravalent group represented
by T®-(Q%),-T° which may have a substituent. Each of T®
and T° is independently a trivalent group selected from a
Ci-10 alkanetriyl group and a Cs.15 benzenetriyl group,
which may have a substituent group. Each of Q' and Q* is
independently -CR>°R*®-, -0-, -S- or -CO-, n is 0 or 1,
and each of R’ and R>® is independently a hydrogen atom,
a Ci.1p alkyl group or a Ce¢.z0 aryl group, which may have a
substituent group.

Further, when each of A to A” and A' to A® is an
alkylene group, the alkylene group may, for example, be a
tetramethylethylene group or a dimethylpropylene group.
Further, when each of A to A”, and A' to A® is an
alkylene group which may have a substituent group, the
substituent group may, for example, be a C;.1, alkoxy
group, a Ce.¢0 aryl group, an amino group, a cyano group,
an amide group or a trifluoromethyl group. Further, when
each of A to A”, and A' to A® is an arylene group which
may have a substituent group, the arylene group may, for
example, be a phenylene group or a naphthylene group.

The substituent group may, for example, be a C;.;, alkoxy

group, a Cs.z0 aryl group, an amino group, a cyano group,



R36 R4i (6-5)0N R420_KP-OR43 N R49 R45 ON (6-6)R47R46N_ N6 _ OP-NR46R49 - R44 R51

31
an amide group or a trifluoromethyl group.

Further, when each of A to A”, and A! to A° is a
diarylene group of Ar'- (Q').-Ar®’ which may have a divalent
linking group in the middle, each of Ar' and Ar? is

5 independently a Cs.13 arylene group which may have a
substituent group, and the number of carbon atoms in the
arylene group is from 6 to 24, further preferably from 6
to 16. Specific examples for the preferred substituent
group may, for example, be a C¢.;p aryl group, an amino

10 group, a cyano group, an amide group or a trifluoromethyl
group.

Further, specific examples for A to A” and A' to A®

maY, for example: be _(CH2)2_I _(CH2)3_I _(CH2)4—I
-(CHz)s-, -(CHz)e-, -CH(CH3)-CH(CH;)-, -CH(CH;)CH,CH(CH;) -,
15 _C(CH3)2‘C(CH3)2—, —C(CH3)2-CH2‘C(CH3)2" and the fOllOWing

groups (A-1) to (A-48).



,O, N, (6-7)R53R52N-P,N.,R.0, P-OR54 27 In the above formulae (1) to (5), X to X" may be

. selected from (X1) to (X5), and Y to Y™ may optionally be selected from (Y1) to (Y5). In the above (X1)
to (X5), (Y1) to (Y5) and the 5 formulae (6-1) to (6-7), each of R, R' and Rl to R54 is independently an
alkyl group, an alkoxy group, a cycloalkyl group, an aryloxy group, an alkylaryloxy group, an amino
group or an aryl group, which may further contain a subgtifuent group. When each of R, R" and R1 10
to R54 is an alkyl group or a substituent group having an alkyl structure (such as an alkyl group in an

alkylaryloxy group), the numbes= atoms in the alkyl alkyl structure is usually from
1 to 20, preferably from 1 to 1@? , @ methyl 15 grQ group, a n-propyl group, an
i-propyl group, a n-butyl group&p i yHgroup, a sec-butyl | group, a pentyl group, a

hexyl group, an octyl group or a decyl group. Further, thg RNKyl structure may further
contain a substituent 20 group. Th@_s‘ybstituent group my Z C1_10 alkoxy group, a

C610 aryl group, an amino group, a cyano group, a C210 ester gtap, a hydroxyl group or a halogen
atom. HC  CHy HiC  CHy

HiC CHy Q CHy CH, CH CHy C
; 3 \;:, l"s \Hs
=Y BT
HiC CHs O O
Hs HC O3

C CH, HeC
(A-3) HiC Ho¢  CHs
HiC  CHy HC Oy (A-4)
HyC CHy
HyCO OCHy
{4 R Y,
H3c CH3 H3C CH3 H;C *
(A"5) H3C CH, HyC CHy
CHs CHy G Oy (A-6)
HyC CHy
HiC” ony HC  CHs
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ch CH;; HyC CHy (A—B)
HyC CHs
HyC CHy HyCOOC E ; COOCH,
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HC CHy
CHy CHy CHy CHy HsC \CHz C’Hz CHy



Further, when each of R, R' and R1 to R54 is an aryl 25 group or a substituent group having an aryl

. Structure, the number of carbon atoms in the aryl group or the aryl structure is usually from 6 to 20,
preferably from 6 to 28 14. The aryl group or the aryl structure may further contain a substituent group.
The substituent group may, for example, be a hydrogen atom, a C1_20 alkyl group, a alkoxy group, a
C3-20 cycloalkyl group, a C620 aryl 5 group, a C6_212 gf,yloxy group, a C6-20 alkylaryl group, a
C620alkylaryloxy group, a C6_20arylalkyl group, a C6-20 arylalkoxyl group, a cyano group, an ester
group, a hydroxy group or a halogen atom. }(Vhen each of R, R'and RI to R54 is aryl group 10 specific

O p v,
group, a 2,3-dichlorophenyl grougp-g)2,4- dichlorophenyl grouga-a42,5-dichlorophenyl group, a 3,4-
dichlorophenyl group, a 3,5- dlchlorophenyl group, a 4-

”

(a-15) (A-16)

SNg
-0

(A-17)




20 trifluoromethylphenyl group, a 2-methoxyphenyl group, a 3-methoxyphenyl group, a

. 4-methoxyphenyl group, a 3,5- dimethoxyphenyl group, a 4-cyanophenyl group, a 4- nitrophenyl group,
a trifluoromethyl group, a pentafluoroethyl group, a pentafluorophenyl group, and 25 the following
groups (C-1) to (C-8). 29 In the formulae (1) to (5) and (Y1) to (Y5), each of Ato A" and Alto A5 is
independently a C1_20 alkylene group which may have g,substituent group, a C6-30 arylene 5 group
which may have a substituent group or a diarylene group of Ari-(Q1)n-Ar2 which may have a divalent
linking H H o

(A-26)

99 90
°
%lq*

(A-36)



30 group in the middle (wherein each of Arl and Ar2 is independently a C6-18 arylene group which may
have a substituent group). In the formulae (6-1) to (6-7), each ofto T7 is 5 independently a carbon
atom, an alkane tetrayl group, a benzene tetrayl group or a tetravalent group represented by
T9-(Q2)-T9 which may have a substituent. Each of T9 and T9 is independently a trivalent group
selected from a C1.10 alkanetriyl group and a C6-15 benzenetriyl group, 10 which may have a
substituent group. Each of Q1 and Q2 is independently -CR55R56-, -0-, -S- or -CO-, nis 0 or 1, and
each of R55 and R56 is mdependently a hydrogen atogecd C1.10 alkyl grouggQr a C6 20 aryl group,

which may have a substitue er, when eac A" arril 10 A5 is an alkylene
group, the alkylene group m r exa u be a tetramet @n or a dimethylpropylene
group. Further, when each of A t0\A", and Al to A5 is an alk groyp™wich may have a substituent

group, the 20 substituent group mgé/ r example be a¥€+A0 alkoxy grouResC6_ 20 aryl group, an
amino group, a cyano group, an a c?e group or a trifluorsimetiyl group’ﬁ:mher when each of Ato A",
and Al to A5 is an arylene group which may have a substituent group, the arylene group may, for 25
example, be a phenylene group or a naphthylene group. The sub@tiiglent group may, for example, be a

C1_10 alkoxy group, a C'@‘-’Q(} aril grg‘ﬁ:ﬂ gqul(p » @,CYaNo group,
HyCH,C00¢
C
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Specific preferred examples for compounds of the



31 an amide group or a trifluoromethyl group.  Further, when each of Ato A", and Alto A5 is a
diarylene group of Arl- (Q1)n-Ar2 which may have a divalent linking group in the middle, each of Arl and
Ar2 is 5 independently a C6_18 arylene group which may have a substituent group, and the number of
carbon atoms in the arylene group is from 6 to 24, further preferably from 6 to 16. Specific examples for
the preferred substituent group may, for example, be a G20 aryl group, an amino io group, a cyano
group, an amide group or a trifluoromethyl group.  Further, specific examples for A to A" and Al to A5
may, for exampleg Seni@HR)2¢11(CHR) 35 1 (G 4 IéCHBYam1(5dH2)6-, TEHEGHBR-GH(CH3)-,
-CH(CH3)CH2CH(CH3)-, 15C CHC CH-C(CH3)2-CH2-C(CH3)2- and the following groups (A-1) to
(A-48). which represent the ligand of the present invention may,

for example, be the following monodentate ligands (L-1)
to (L-16) and multidentate ligands (L-17) to (L-44), and
5 the particularly preferred examples may, for example, be

(L-17) to (L-36).
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36‘formulae (1) to (5) and the formulae (6-1) to (6-7), which represent the ligand of the present
invention may, for example, be the following monodentate ligands (L-1) to (L-16) and multidentate
ligands (L-17) to (L-44), and s the particularly preferred examples may, for example, be (L-17) to (L-36).
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42 Among the specific examples for a phosphite and a phosphoramidite, preferred are L20 to L44,
and particularly preferred are L21 to L30. The reason why 5 they are preferred is that the heat stability
of the ligand is relatively high and disappearance of the ligand by deactivation of a catalyst active
species is relatively low. In the present invention, the amount of the io homogeneous complex catalyst
to be used for isomerization of the diacetoxyallyl compoygd is, as converted into the metal amount in
the 3,4-diacetoxyallyl compound- 43 containing liquid, preferably from 0.001 to 1,000 wtppm,
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more preferably from 0.01 to 100 wtppm, particularly preferably from 0.1 to 10 wtppm, based on the
3,4- diacetoxyallyl compound-containing liquid. As the amount 5 of the catalyst becomes large, the
reaction rate becomes high, whereby it is possible to reduce the size of the reactor, and it is possible to
reduce the equipment cost. Further, as the amount of the catalyst becomes small, it is possible to
reduce the ligand cost. 10Further, with respect to the amgunt of the ligand, the molar ratio of the
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 the transition metal in the complex catalyst. As the amount 15 of
the ligand becomes | ig he amount of the ligand
becomes small, it i gtature during the
isomerization reaction from 80 to articularly

. ' > CA
e tg reguce the catalyst cost. The rea

preferably from 100 to . igher the re e,and a
small reactor will be_suffi it ibfe xdlicg thqpqu,h)ment cogt her hand,
the lower the 25 rea |n s : | sﬁdgterloratlon WH’ergby is SSIb|e to
reduce the catalyst co;tq R4
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Further, it is possible to improve the stability of the catalyst or the reaction rate by combining another
phosphorus compound as a promoter in addition to the above catalyst ligand, in the reactor. The
phosphorus 5 compound to be used here is not particularly limited as long as it is one wherein 3
substituent groups are bonded to the phosphorus atom. For example, it is preferably a triaryl phosphine
such as triphenyl phosphine, tri(2- methylphenyl)phosphjnge, tri(4-methylphenyl)phosphine, 10
tri(2-methoxyphenyl)phosphine or tri(4- methoxyphenyl)phosphine; a diarylalkyl phosphine such as
diphenylmethyl phosphine, diphenylethyl phosphine or diphenylpropyl phosphine; a dialkylaryl
phosphine such as dimethylphenyl pho§ptiide or diethylphenyl phosphine; or a 15 trialkylphosphine
such as trioctyl phosphine or tributyl Tine, more preferably a triaryl phosphine such as triphenyl
ine, B

phosphine, tri(2-methyl 4 enyl)pho pglzf
hosphine@'ﬁ fcularly preferably 20 triphenyl

tri(2-methoxyphenyl)ph Y
phosphine.  With respect amount of apot phorus compound as a promoter other than
such ligands, the molar tatio of the phosphorustatom in/the phosphorus compound is preferably from 1

to 10,000, more preferably from 10 25 to 2,000, particularly preferably from SO to SOO, to the amount

45 the reaction rate will ¢a6re$ ndgigHs Yosarges the cost will increase. Within such a range, it is
acceptable to use another ph@SPNopiSA IOl d alone or to use Ee)(gfal phosphorus compounds as a
mixture. (L-

Among the specific examples for a phosphite and a
phosphoramidite, preferred are L20 to L44, and
particularly preferred are L21 to L30. The reason why

s they are preferred is that the heat stability of the
ligand is relatively high and disappearance of the ligand
by deactivation of a catalyst active species is
relatively low.

In the present invention, the amount of the

10 homogeneous complex catalyst to be used for isomerization
of the diacetoxyallyl compound is, as converted into the

metal amount in the 3,4-diacetoxyallyl compound-



5With respect to the reactor to be used for the isomerization reaction in the present invention, it is
allowed to use one in a form which is used for a common liquid-phase reaction. Preferred is a tube
reactor or a tank reactor, and such a reactor may be used alone or in 10 a multistage. Particularly
preferred is a tank reactor or a multistage tank reactor, and a multistage reactor having a perforated
tray is further preferred. In the present invention, before 'gomerizing the 3,4-diacetoxyallyl compound
to the 1,4-diacetoxyallyl 15 compound by the catalyst, it is required to contact the 3,4-diacetoxyallyl

compound-contajniag Ui i hesrpauis.camaound. A Beplanad aloug, Ariggposphorus

compounds, preferred are the organic phosphorus compounds, and among the organic phosphorus 20
compounds, furthsRsefereeteargranomesie Phasphite, an OrgapernosRharamiditerard an organic
phosphine, particularly preferred is an organic phosphine. As the organic phosphine, it is possible to
use at least a marmoeEatae ly bitheotate or attridaftate: prganidasedosphihbearid preferred is a
monodentate organic phosphine having at least two aryl groups. Such a phosphine is not particularly

limited, and it is FHRARE B BLIIE a FRIREIEIANBENER SpbeficAiyd pidferrdbistdie amount

5 of the catalyst becomes large, the reaction rate becomes
high, whereby it is possible to reduce the size of the
reactor, and it is possible to reduce the equipment cost.
Further, as the amount of the catalyst becomes small, it
is possible to reduce the ligand cost.

10 Further, with respect to the amount of the ligand,
the molar ratio of the 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 the
transition metal in the complex catalyst. As the amount

15 of the ligand becomes large, the reaction rate increases.
On the other hand, as the amount of the ligand becomes
small, it is possible to reduce the catalyst cost.

The reaction temperature during the isomerization
reaction, is preferably from 40 to 200°C, more preferably

20 from 80 to 180°C, particularly preferably from 100 to
160°C. The higher the reaction temperature, the higher
the reaction rate, and a small reactor will be
sufficient, whereby it is possible to reduce the
equipment cost. On the other hand, the lower the

25 reaction temperature, the slower the catalyst
deterioration, whereby it is possible to reduce the

catalyst cost.



alkyl phosphine such as trimethyl phosphine, triethyl phosphine, tripropyl phosphine, tributyl phosphine,
tripentyl phosphine, trinexyl phosphine, triheptyl phosphine, trioctyl phosphine, tricyclopentyl
phosphine, tricyclohexyl phosphine or tricycloheptyl phosphine; or a phenyl phosphine such as
triphenyl phosphine, diphenylmethyl phosphine, diphenylethyl phosphine, diphenylbutyl phosphine,
dimethylphenyl phosphine, 10 diethylphenyl phosphine,gjlbutylphenyl phosphine, tris(tolyl)phosphine or
1,2-bis(diphenylphosphino)ethane, and further preferred’is a phenyl phosphine. Among the phenyl

phosphines, particularly, preterred is triphenyl phosphine, diphenylmet hasphine,.diphenylethyl 15
¥1]Pr%fhér it 1S ({%?Bﬁlgﬁe Tﬁ%e?rgﬁ ?P]re qﬂl% sﬁ%ﬂal ZILSZ% I‘P/

phosphine, diphenylbutyl phospHine or tris osp € most preferre ip%enyl

phosphine. Furthep, althgugh eae type shtherlrhesphorus-eaapeyndisdisualiyissdpHhe present
invention, it is possible to combine at least two types of the phosphorus compounds. 20 Moreover, as

the case requireplidsphssiite tocngsostieh a phasphasus cempinnddid temdinationsiién other
compounds as long as such combination does not deteriorate the effect of the present invention. The
temperature duridpgieecstiihetafthe Bigandiadetolyresnapound withehplabepbpriesphorus
compound before isomerizing it tq the 1,4-diacetoxyallyl compound by the_catalyst, is usually at least

60C, 47 preferatiyBPRRLSEE, PartitaryIrefraly 20 e 1666 UGHTHY oth8HIH, A%
duri h ith the ph@sph j I 200 bl
temperature urlritgﬁé1 @ %osntg%r\g% the p W%S{g é)er: ST Zr%g%g@q s usya é at most 200G, preferably at

most 180C, partic pre y at most igher the temp r%?ﬁlr%?thaerhlg er the effect for

reducing the catalyst deterjoratigtheempogerhby thesphesahprds compoynd gjzllgf@elrag@Qower the

temperature, the lower the energy cost for heating the phosphorus compound. 10Further, the

contacting time isprofemablypfheraghine such as triphenyl phosphine, tri(2-
methylphenyl) phosphine, tri(4-methylphenyl)phosphine,

10 tri(2-methoxyphenyl)phosphine or tri(4-
methoxyphenyl)phosphine; a diarylalkyl phosphine such as
diphenylmethyl phosphine, diphenylethyl phosphine or
diphenylpropyl phosphine; a dialkylaryl phosphine such as
dimethylphenyl phosphine or diethylphenyl phosphine; or a

15 trialkylphosphine such as trioctyl phosphine or tributyl
phosphine, more preferably a triaryl phosphine such as
triphenyl phosphine, tri(2-methylphenyl)phosphine, tri(4-
methylphenyl)phosphine, tri(2-methoxyphenyl)phosphine or
tri (4-methoxyphenyl)phosphine, particularly preferably

20 triphenyl phosphine.

With respect to the amount of another phosphorus
compound as a promoter other than such ligands, the molar
ratio of the phosphorus atom in the phosphorus compound
is preferably from 1 to 10,000, more preferably from 10

25 to 2,000, particularly preferably from 50 to 500, to the
amount of the transition metal in the complex catalyst.

If the amount of the phosphorug compound is too small,



minute to 100 hours, more preferably from 10 minutes to 10 hours, particularly preferably from 30
minutes to 5 hours. As the contacting time becomes long, it is possible to sufficiently remove the
catalyst 15 deterioration component. Further, as the contacting time becomes short, the operation
efficiency of the process becomes high. Further, it is possible to use the phosphorus compound, by
wt%, in a range of from 0.00001 to 10 wt%, 20 more preferably from 0.0001 to 1 wt%, particularly
preferably from 0.001 to 0.1 wt%, based on the 3,4- diacetoxyally compound-containing liquid. As the

amount of the phpgphqrus compEuRdda hpiysedis gLt is pagsikle o objain fhe syfficient removal

effect of the 25 catalyst deterioration component. On the other hand, if the amount of the phosphorus
compound to be uded isoxpakillis pnssibéatoereducktthercostiehthe 48phespiarugcompound.  In
the present invention, the method for contacting the 3,4-diacetoxyallyl compound with the phosphorus
compound beforeizoarrEnkethecs 1 ekacaiofly 1 Bhesmmpoumtstochepiotaiihcetonallpt compound
by the catalyst iSSé)é pggi\(ftglxgéli/ lgnﬂéegp#ooﬂlesveéb%%uoalgzas as a mixture.
5 With respect to the reactor to be used for the
isomerization reaction in the present invention, it is
allowed to use one in a form which is used for a common
liquid-phase reaction. Preferred is a tube reactor or a
tank reactor, and such a reactor may be used alone or in
10 a multistage. Particularly preferred is a tank reactor
or a multistage tank reactor, and a multistage reactor
having a perforated tray is further preferred.
In the present invention, before isomerizing the
3,4-diacetoxyallyl compound to the 1,4-diacetoxyallyl
15 compound by the catalyst, it is required to contact the
3,4-diacetoxyallyl compound-containing liquid with the
phosphorus compound, as mentioned above. Among
phosphorus compounds, preferred are the organic
phosphorus compounds, and among the organic phosphorus
20 compounds, further preferred are an organic phosphite, an
organic phosphoramidite and an organic phosphine,
particularly preferred is an organic phosphine. As the
organic phosphine, it is possible to use at least a
monodentate, a bidentate or a tridentate organic
25 phosphine, and preferred is a monodentate organic

phosphine having at least two aryl groups. Such a

phosphine is not particularly limited, and it is possible



it may, for example, be (1) a method wherein the 3,4- diacetoxyallyl compound and the phosphorus
compound are put into a container, followed by stirring and mixing, io (2) a method wherein a
3,4-diacetoxyallyl compound solution containing the phosphorus compound is separately prepared,
and the 3,4-diacetoxyallyl compound and the 3,4-diacetoxyallyl compound solution containing the
phosphorus compound are put into a container, foIIowecilgy is stirring and mixing, or (3) a method
wherein the 3,4- diacetoxyallyl compound and the 3,4-diaCetoxyallyl compound solution containing the

phosphorus com@ound re, merge de{:r the resp ctive,pipes into ipe as.a stream to contact them
to each other, andom&gg. 50 %r?ﬁer,%ﬁspalfgo 1plogs‘lblt(;1S r%gn%(fﬁig% al}{)hepd%es%a ]trgnégérsatl?l% for the

desired period ofdime, aftghiheyaracontaated o %@G.Lhneﬁtﬁpfrﬁﬁb%ﬁl\fdﬁwpomQEewgyctivity, a
continuous process is preferred. Therefore, the method for contacting is preferably the 25 above (3)

wherein the 3,4-¢heaipiyialy] conmipnrsolydncginestldhacetaxyiaiyt wonlodstsatision containing the
phosphorus compound are merged from the respective lines 49 (pipes) into one line (pipe) as a stream
to contact them t6 BERRWENEr APaipteEne . THelbentrédtimhermver the pheqdtiokus compound with

the 3,4-diacetoxyallyl compound may be either batch or continuous, but from the viewpaint of the
operation efficier ,Ongﬁﬁ‘?uoL}'srdi%%’féﬁorpgﬁgfém%‘ﬁartircﬁFa‘FMCpTrS%‘?Fé‘ﬂY]ThB}ﬁ?ﬁE hGfus

compoun an S SELIISA L alon belie i EOTI ESUBISH R MRS i
by e.g. distillationsfiemythe dnd-iacptexyallyh campevnghesRad pHBgSMme manner as

diphenylmethyl phosphine, diphenylethyl phosphine,
diphenylbutyl phosphine, dimethylphenyl phosphine,

10 diethylphenyl phosphine, dibutylphenyl phosphine,
tris (tolyl)phosphine or 1,2-bis(diphenylphosphino)ethane,
and further preferred is a phenyl phosphine. Among the
phenyl phosphines, particularly preferred is triphenyl
phosphine, diphenylmethyl phosphine, diphenylethyl

15 phosphine, diphenylbutyl phosphine or tris(tolyl)
phosphine, and the most preferred is triphenyl phosphine.
Further, although one type of the phosphorus compound is
usually used, in the present invention, it is possible to
combine at least two types of the phosphorus compounds.

20 Moreover, as the case requires, it is possible to use
such a phosphorus compound in combination with other
compounds as long as such combination does not
deteriorate the effect of the present invention.

The temperature during the contact of the 3,4

25 diacetoxyallyl compound with the above phosphorus

compound before isomerizing it to the 1,4-diacetoxyallyl

compound by the catalyst, is usually at least 60°C,



for the catalyst component. The phosphorus compound separated here, may be recycled, but usually, it
is 15 discharged as a waste liquid out of the process system.  In the present invention, in the
reaction liquid obtained from the isomerization reaction, the unreacted 3,4-diacetoxyallyl compound is
present in addition to the 1,4-diacetoxyallyl compound as the reaction product, and 20 it is possible to
separate the 3,4-diacetoxyallyl compound-containing liquid from the reaction liquid by e.qg. distillation.
The pressure of the distillation column at that time may optionally be set, but to lower the temperature

at the bottom of gecpé Bi@eﬂeﬁ%ﬁ%@‘r’s%b@? tBQIqI {t&%ggly ' Pé%fg{%lﬂx f om1to 760 mmHg.

Further, the pressure at the top of the column is more preferably from’s to 200 mmHg, particularly 50

preferably from 10d9sk001m0%dg. Ifdhe presssird ai-theatem ofthe colupeisdeqi@v dn:0rdgr to maintain
the pressure, a high cost will be needed, and the distillation column itself will have to be large, whereby

5 an installation ¢dst farcthe processbkill dnrepbe shlrthensif dumpessdreiat thewed dfthetcolumn is too
high, the temperature at the bottom of the column will also be high, whereby a steam cost will increase.
The temperature™®fre tfPofthePdstd®hab b¥udily fremto tP 020002 Breferbiay #¥m 20 to 160C,

more preferably from 40 toﬁ 40C. If the tenP??éa re aftﬁgeﬁop rcl)f the %oelumn is too low, a specific
a 0

device such as afcooter Wit bE naeted"éa?’\thlc ds t0 the cost. Eﬁrtﬁer, if‘—tﬁén}f’éenﬁﬁg% dre is too high,

the temperature a{heboleal-ok 1 therelumnayill alsgbe figh. wherely the sieam cost will increase.
0

A reflux ratio may be from 1 to 100,
deterioration component by the phosphorus compound.

Further, the lower the temperature, the lower the energy
cost for heating the phosphorus compound.

10 Further, the contacting time is preferably from 1
minute to 100 hours, more preferably from 10 minutes to
10 hours, particularly preferably from 30 minutes to 5
hours. As the contacting time becomes long, it is
possible to sufficiently remove the catalyst

15 deterioration component. Further, as the contacting time
becomes short, the operation efficiency of the process
becomes high.

Further, it is possible to use the phosphorus

compound, by wt%, in a range of from 0.00001 to 10 wt%,

20 more preferably from 0.0001 to 1 wt%, particularly
preferably from 0.001 to 0.1 wt%, based on the 3,4-
diacetoxyally compound-containing liquid. As the amount
of the phosphorus compound to be used is large, it is
possible to obtain the sufficient removal effect of the

25 catalyst deterioration component. On the other hand, if
the amount of the phosphorus compound to be used is

small, it is possible to reduce the cost of the



preferably from 1 to 10. If the ref lux ratio is too small, separation ability tends to be deteriorated, and if
the reflux ratio is too large, the amount of heat 20 needed tends to increase thus leading to an increase
of the cost. With respect to the amount of the distillation from the top of the column, it is desired to distill
the total amount of the 3,4-diacetoxyallyl compound and the low boiling point compounds from the
liquid introduced 25 into the distillation column, which coptains the 3,4- diacetoxyallyl compound, and
the 1,4-diacetoxyallyl compound, the low boiling point compounds and the high 51 boiling point

compounds. Furtgﬁgjé/#h%}mg ?bélﬁlgg}&ﬁg)_xyallyl compound-containing liquid is to be withdrawn from
the side-portion, and the low boiling point compounds are to be distilled from the top of the 5 column, it

is preferred to withdraw the: Bentgpketiie 3iAeianeioyally heompenod iF die teeddiguidifigm the
side-portion, and distill the low boiling point compounds in the feed liquid from the top of the column. By

introducing the 3thdiagetbxgaydetompeldds1l Ccccontaimid) liguith obteéned by pistifation separation
into an isomerization reactor, it is possible to isomerize the unreacted 3,4-diacetoxyallyl compound to
the 1,4-diacetoxyZRPPEBR{HRRECTRe 33RURE DIy o pburd-2ERTEMNG liddid which is

reCIrCUIatedg)th%ompound to the 1,4-diacetoxyallyl compound by the

catalyst is not particularly limited. However, usually,
it may, for example, be (1) a method wherein the 3,4-
diacetoxyallyl compound and the phosphorus compound are
put into a container, followed by stirring and mixing,

10 (2) a method wherein a 3,4-diacetoxyallyl compound
solution containing the phosphorus compound is separately
prepared, and the 3,4-diacetoxyallyl compound and the
3,4-diacetoxyallyl compound solution containing the
phosphorus compound are put into a container, followed by

15 stirring and mixing, or (3) a method wherein the 3,4-
diacetoxyallyl compound and the 3,4-diacetoxyallyl
compound solution containing the phosphorus compound are
merged from the respective pipes into one pipe as a
stream to contact them to each other, and mixed.

20 Further, it is also possible to mix them at the desired
temperature for the desired period of time after they are
contacted to each other. From the viewpoint of
productivity, a continuous process is preferred.
Therefore, the method for contacting is preferably the

25 above (3) wherein the 3,4-diacetoxyallyl compound and the
3,4-diacetoxyallyl compound solution containing the

phosphorus compound are merged from the respective lines



15 reactor, is preferably kept at the temperature at the time when it was obtained by the distillation
separation or the temperature inside the isomerization reactor. However, irrespective of the
temperature, pressure, etc. of recirculation, it is possible to carry out the 20 isomerization for the
1,4-diacetoxyallyl compound under the isomerization reaction conditions. Further, such isomerization
reaction conditions may be the same conditions as menijgned above. The 1,4-diacetoxyallyl
compound obtained by the 25 isomerization reaction will be left as it is, or after further purification by

e.g. distillation, it yy be dydtogenaied and fansiprmer inlo  L-giaggtoxybuiane, 2 copupund

which may have a’substituent group, in the presence of a transition metal catalyst. The transition meal
catalyst to be usedherednay e hydi@genatye catalyst as a commonly marketed product, but it is
preferably a nickel catalyst or a catalyst containing a noble metal such as palladium or ruthenium. In
the presence of such dlhalrogertaitigicsalyst; land af the tdmepelatsplwarangewbérant40 to 180C, it
is possible to carry out the hydrogenation in such a manner 10 that hydrogen and the

1,4-diacetoxyally¥ tofhpdidchidh ARy alet ¥dntsersaqy A chath&e uRdehe hréufd condition

in a range of5from atmo%%gﬁr%:( (#))/urgs%gtto fléol}ﬁp@hg tbfe1 (ra%%cct)lgrq éergpe{‘%greol;s) etcl;(a)l Qi%hﬂ the catalyst

deterioration will %Foc%%

efficiency, a continuous circulation system is
particularly preferred. The phosphorus compound can be
separated by distillation before the isomerization
reaction and can be recycled, but from the viewpoint of

10 energy efficiency, it is desired to be separated after
the isomerization reaction by e.g. distillation from the
1,4-diacetoxyallyl compound formed in the same manner as
for the catalyst component. The phosphorus compound
separated here, may be recycled, but usually, it is

15 discharged as a waste liquid out of the process system.

In the present invention, in the reaction liquid

obtained from the isomerization reaction, the unreacted
3,4-diacetoxyallyl compound is present in addition to the
1,4-diacetoxyallyl compound as the reaction product, and

20 it is possible to separate the 3,4-diacetoxyallyl
compound-containing liquid from the reaction liquid by
e.g. distillation. The pressure of the distillation
column at that time may optionally be set, but to lower
the temperature at the bottom of the column, the pressure

25 at the top of the column is preferably from 1 to 760
mmHg. Further, the pressure at the top of the column is

more preferably from 5 to 200 mmHg, particularly



15 and if the reaction temperature is too low, the reaction rate will decrease. If the pressure is too low,
the reaction rate will decrease, and if the pressure is too high, an expensive reactor will be required.
The 1,4-diacetoxybutane compound obtained by the 20 hydrogenation reaction will be hydrolyzed by
an acid catalyst or a basic material in the presence of water, and it will be transformed into a diol such
as a 1,4- butanediol. As the catalyst, a solid acid catalysg ('55 preferred, and it is particularly preferred to
use a 25 cation-exchange resin, since the hydrolysis proceeds quickly, and there will be less production

of a byproduct such e%se'g_gé[l@ d@g@nl§p€8ifirfglby, r%ﬁe%]a 513 reéipem%¥ gg XN %lélfoargc @ﬁig type strong

- . T . 5
acidic Catlon-excﬁange resin having a copolymer of styrene and divinyl'benzene, as a parent body. It

may be a gel type 9 adroreus tyrel dg reactionsisiuswally gagiegeoutiundgar arix-tempeargture condition
of from 30 to 110C, preferably from 40 to 90C. If the temperature is too low, the hydrolysis rate will

decrease, wherepyassxpensivelarge reastor will be vequiestididhedeampetsture is too high, a
by-product such as tetrahydrofuran will increase,

distillation column itself will have to be large, whereby

5 an installation cost for the process will increase.
Further, if the pressure at the top of the column is too
high, the temperature at the bottom of the column will
also be high, whereby a steam cost will increase. The
temperature at the top of the column is usually from 0 to

10 200°C, preferably from 20 to 160°C, more preferably from
40 to 140°C. If the temperature at the top of the column
is too low, a specific device such as a cooler will be
needed, which adds to the cost. Further, if the
temperature is too high, the temperature at the bottom of

15 the column will also be high, whereby the steam cost will
increase. A reflux ratio may be from 1 to 100,
preferably from 1 to 10. If the reflux ratio is too
small, separation ability tends to be deteriorated, and
if the reflux ratio is too large, the amount of heat

20 needed tends to increase thus leading to an increase of
the cost. With respect to the amount of the distillation
from the top of the column, it is desired to distill the
total amount of the 3,4-diacetoxyallyl compound and the
low boiling point compounds from the liquid introduced

25 into the distillation column, which contains the 3,4-

diacetoxyallyl compound, and the 1,4-diacetoxyallyl

compound, the low boiling point compounds and the high



10 whereby the yield of the 1,4-butanediol will decrease. The amount of water to be used is usually in a
range of from 2 to 100 mol, preferably from 4 to 50 mol, per one mol of the 1,4-diacetoxybutane. If the
amount of water is too small, the reaction rate will decrease, whereby an 15 expensive large reactor will
be required. Further, if the amount of water is too large, the large amount of energy will be needed
when removing water from the 1,4- butanediol after the hydrolysis, whereby the energy cost will
increase. 20 EXAMPLES  Now, the present invention will be described in further detail with reference

to Examples, buthe pk nﬁgm\{gptiggﬁjQ\L/u@gé'rjeapﬁﬁﬁgg,edmetgeé%fogO\Q/i_ng Examples.

Further, in the following Examples, analyses of 3,4- diacetoxy-l-butene and 1,4-diacetoxy-2-butene
were 54 carried gatdegaxganomatogeivin@ceoisionca with an intemal stapdagkmethod.

Dodecane was used as the internal standard material.
withdrawn from the side-portion, and the low boiling
point compounds are to be distilled from the top of the

5 column, it is preferred to withdraw the content of the
3,4-diacetoxyallyl compound in the feed liquid from the
side-portion, and distill the low boiling point compounds
in the feed liquid from the top of the column.

By introducing the 3,4-diacetoxyallyl compound-

10 containing liquid obtained by distillation separation
into an isomerization reactor, it is possible to
isomerize the unreacted 3,4-diacetoxyallyl compound to
the 1,4-diacetoxyallyl compound. The 3,4-diacetoxyallyl
compound-containing liquid which is recirculated to the

15 reactor, is preferably kept at the temperature at the
time when it was obtained by the distillation separation
or the temperature inside the isomerization reactor.
However, irrespective of the temperature, pressure, etc.
of recirculation, it is possible to carry out the

20 isomerization for the 1,4-diacetoxyallyl compound under
the isomerization reaction conditions. Further, such
isomerization reaction conditions may be the same
conditions as mentioned above.

The 1,4-diacetoxyallyl compound obtained by the

25 isomerization reaction will be left as it is, or after

further purification by e.g. distillation, it will be

hydrogenated and transformed into a 1,4-diacetoxybutane



REFERENCE EXAMPLE 1: Step of Acetoxylation Reaction of s Butadiene  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 gas mixture of
6 vol% oxygen/94 vol% nitrogen were introduced into a reactor and subjected to an 10 acetoxylation
reaction under conditions of 80C and 6 MPa, to obtain a liquid mixture comprising 81 wt% of 1,4-
diacetoxy-2-butene, 9 wt% of 3,4-diacetoxy-1-butene, 2 wt % of 3-hydroxy-4-acetoxy-1-butene and 3
wit% of acetic acid, and additionally, 3 wt% of low boilingsﬁoint 15 compounds and 2 wt* of high boiling
point compounds. REFEREN%%’[?](AMPL 2: Segarsz%}gnntoft?;A-Diaceto%lButen&Containing Liquid

From Il L of the n‘aﬁ‘.“op qixtare obtainedin the ReféteRte %xémlb?él F tHES dia}‘,gtoxy?l-butene- 20

containing liquid wassepagated by Goplindqus distiflatiom Hete Jfog the distilation, anQldershaw

distillation column having 20 plates was used. While maintaining the pressure at the top of the column
to be 20 mmHg, thearefloy ratiotacbe 3, the tepmerakire anthe 2etep ohthe sgitar imge 95C and the

temperature at the bottom of the column to be 151C, the liquid was continuously introduced with a flow
rate of 150 cc/hr @atsblyst as a commonly marketed product, but it is
s preferably a nickel catalyst or a catalyst containing a
noble metal such as palladium or ruthenium. In the
presence of such a hydrogenating catalyst, and at the
temperature in a range of from 40 to 180°C, it is
possible to carry out the hydrogenation in such a manner
10 that hydrogen and the 1,4-diacetoxyallyl compound-
containing liquid are contacted to each other, under a
pressure condition in a range of from atmospheric
pressure to 15 MPa. If the reaction temperature is too
high, the catalyst deterioration will proceed quickly,
15 and if the reaction temperature is too low, the reaction
rate will decrease. If the pressure is too low, the
reaction rate will decrease, and if the pressure is too
high, an expensive reactor will be required.
The 1,4-diacetoxybutane compound obtained by the
20 hydrogenation reaction will be hydrolyzed by an acid
catalyst or a basic material in the presence of water,
and it will be transformed into a diol such as a 1,4-
butanediol. As the catalyst, a solid acid catalyst is
preferred, and it is particularly preferred to use a
25 cation-exchange resin, since the hydrolysis proceeds
quickly, and there will be less production of a by-

product such as tetrahydrofuran. Specifically, such a



the position of 10 plates from the bottom of the column, whereby from the top of the column, 27 cc/hr
was continuously distilled, and from the bottom of the column, 123 cc/hr was continuously withdrawn.
By such continuous distillation, a liquid containing 1,4- diacetoxy-2-butene was obtained as the bottoms
from the bottom of the column, and a 3,4-diacetoxy-1-butenecontaining liquid was obtained as distillate
from the top of the column. The obtained 3,4-diacetoxy-l-qutene- 10 containing liquid was a liquid
mixture comprising 45 wt% of 3,4-diacetoxy-1-butene, li wt% of 3-hydroxy-4-acetoxyl-butene and 22

wi% of acetic acig ¢ agdifiopally, 20419801 80’5‘8986'%@%‘&%@3?QQWQ%JOME }h'Eé?P-the

3,4-diacetoxy-I-butene and 2 wt % of components having ing points than t
3,4-diacetoxy-1-uemaigathessthe conianipf she dpblipaetoxy2-buigperia theid divinyl
3,4-diacetoxy-1-butene-containing liquid was at most 1 wt. = REFERENCE EXAMPLE 3: Purification
and Distillation o018 ghBiacetoxy- pBuearie-CodiaininktLinaiyd beFrorgdll bfthe or a
3,4-diacetoxy-1-butene-containing liquid obtained in Reference_Example 2, most of the low boiling point

compounds werePSStstetMREconthito LESRSHEEBN 18e S Y6rthe FSiEisn SPOIdEERIV 25

distillation column having 40 plates w. sed. While maintajning t ressure at the top of the column
(o be 100 miHg {TEHEEE D U el berhtlb 20 shind Ky ot e ShTERRG e 95C and

the temperature gt thg bpgtoppofothe-colupn iake 1486 the liguid ywascontinuqusly jptroduced with a
flow rate of 100 cc/hr at the position of 20 plates from the bottom of the column, 5 whereby from the top
of the column, 41sediiolgs Contiaiteushyi distifet: pedeomwie besgmaaf tbepensive large
reactor will be required. If the temperature is too
high, a by-product such as tetrahydrofuran will increase,
10 whereby the yield of the 1,4-butanediol will decrease.
The amount of water to be used is usually in a range of
from 2 to 100 mol, preferably from 4 to 50 mol, per one
mol of the 1,4-diacetoxybutane. If the amount of water
is too small, the reaction rate will decrease, whereby an
15 expensive large reactor will be required. Further, if
the amount of waﬁer is too large, the large amount of
energy will be needed when removing water from the 1,4-
butanediol after the hydrolysis, whereby the energy cost
will increase.
20
EXAMPLES
Now, the present invention will be described in
further detail with reference to Examples, but the
present invention is by no means restricted by the
25 following Examples.
Further, in the following Examples, analyses of 3,4-

diacetoxy-1-butene and 1,4-diacetoxy-2-butene were



column, 59 cc/hr was continuously withdrawn. By such continuous distillation, low boiling point
compouinds were obtained as distillate from the top of the column. The io distillate comprises 59 wt% of
acetic acid, 1.6 wt% of 3,4-diacetoxy-1-butene (which corresponds to 1.5 wt% of the amount of the
3,4-diacetoxyallyl compound to be introduced into a distillation column), and additionally, 39.4 wt% of
components having lower boiling points than 15 the 3,4-9i cetoxy-1-butene. Further, from the liquid
withdrawn from the bottom of the column, a 3,4-diacetoxXyl-butene-containing liquid comprising 72 wt%

of the 3,4- diacetgg;ﬂ;?g@nggagn%% %NJ%) %fh -g%%qgé%%%%?sﬂflgggegggggg gdggiggal 6 wt% of

low boiling point 20 compoun wit% of hig compounds, was obtained.

REFERENCE EXAVPLEA: Riepatiien afdeaialyst pddredeithe pipoesapssamasphere, in a glass
Schlenk flask, 10.5 mg of palladium acetate, 96.3 mg of a 25 phosphite ligand represented by the

above L21 and 49r&mgrof Irigtemydphdsplane wisxé added to 41.3 g of the 3,4-
diacetoxy-1-butene-containing liquid obtained in 57 Reference Example 3. Such a liquid mixture was
heated at 80C foREFRRENRE disSMRIeEconmplete teEbRfes extalyst sehutRaaREFEREYCE

EXAMPLE 5: Pre}garati n of Catalyst
5 utadiene

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 gas mixture of 6 vol% oxygen/94 vol% nitrogen
were introduced into a reactor and subjected to an

10 acetoxylation reaction under conditions of 80°C and 6
MPa, to obtain a liquid mixture comprising 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 and 3 wt% of acetic
acid, and additionally, 3 wt% of low boiling point

15 compounds and 2 wt% of high boiling point compounds.
REFERENCE EXAMPLE 2: Separation of 3,4-Diacetoxy-1-
Butene-Containing Liquid

From 11 L of the liquid mixture obtained in the
Reference Example 1, the 3,4-diacetoxy-1l-butene-

20 containing liquid was separated by continuous
distillation. Here, for the distillation, an Oldershaw
distillation column having 20 plates was used. While
maintaining the pressure at the top of the column to be
20 mmHg, the reflux ratio to be 3, the temperature at the

25 top of the column to be 95°C and the temperature at the
bottom of the column to be 151°C, the liquid was

continuously introduced with a flow rate of 150 cc/hr at



5Under the nitrogen gas atmosphere, in a glass Schlenk flask, 5.9 mg of palladium acetate, 56.9 mg of
a ligand represented by the above L29 and 30.3 mg of triphenyl phosphine were added to 13.99 g of
toluene. Such a mixture was heated at 120C for 20 minutes and dissolved io completely to obtain a
catalyst solution. REFERENCE EXAMPLE 6: Preparation of Catalyst  Under the nitrogen gas
atmosphere, in a glass Schlenk flask, 5.5 mg of paIIadqu%acetate, 43.0 mg of a ligand represented by
the above L30 and 25.8 mg of triphenyl 15 phosphine were added to 12.19 of toluene. Such a mixture

was heated at 12%9 far 20.minutes and dissolved completely to obtain a catalyst solution. EXAMPLE 1
Into 1.5 cc of the ,2—0?§)cse3t(t):xlyc3]f-b%%er(11eac r?t%ﬁ]?nsg gﬁ%‘&u#&bt%ﬁlgeécfﬁl tr?(? ag%l\(/ee ﬁ%?e%‘é‘ﬁée Example

3 "Purification angHaistilation o3 4 taceipXys ¢-Bufenecontaining +iquid Hthe purified
3,4-diacetoxy-I-butene comprising 72 wt% of the 3,4-diacetoxy-1-butene and 18 wt% of
3-hydroxy-4-acetoxylibuiens lgnciaddiiiddalty, 6and from the bottom of the
column, 123 cc/hr was continuously withdrawn. By such
5 continuous distillation, a liquid containing 1,4-
diacetoxy-2-butene was obtained as the bottoms from the
bottom of the column, and a 3,4-diacetoxy-1-butene-
containing liquid was obtained as distillate from the top
of the column. The obtained 3,4-diacetoxy-1-butene-
10 containing liquid was a liquid mixture comprising 45 wt%
of 3,4-diacetoxy-1-butene, 11 wt% of 3-hydroxy-4-acetoxy-
1-butene and 22 wt% of acetic acid, and additionally, 20
wt% of components having lower boiling points than the
3,4-diacetoxy-1-butene and 2 wt% of components having
15 higher boiling points than the 3,4-diacetoxy-1l-butene.
Further, the content of the 1,4-diacetoxy-2-butene in the
3,4-diacetoxy-1-butene-containing liquid was at most 1
wt%.
REFERENCE EXAMPLE 3: Purification and Distillation of
20 3,4-Diacetoxy-1-Butene-Containing Liquid
From 1 L of the 3,4-diacetoxy-1-butene-containing
liquid obtained in Reference Example 2, most of the low
boiling point compounds were separated by continuous
distillation. Here, for the distillation, an Oldershaw
25 distillation column having 40 plates was used. While
maintaining the pressure at the top of the column to be

100 mmHg, the reflux ratio to be 1, the temperature at



25 wt% of low boiling point compounds and 4 wt% of high boiling point compounds), 0.166 mg of
triphenyl phosphine (0.0073 wt% based on the 3,4-diacetoxy-1-butene) was 58 added as 18 pi, of an
acetic acid solution having a triphenyl phosphine concentration of 0.86%, followed by stirring at a
temperature of 150C for 3 hours. Then, 1.5 cc of acetic acid was added to the Schlenk S flask and
mixed, and the mixture was heated at 130C in an oil batp, 26 Ill, of the catalyst solution prepared in
Reference Example 4 was added thereto, in the nitrogen atmosphere, followed by heating and stirring

at 1306 for 3 howgdhegengenualon ot aplediyma M eadion 1pLaddyas LOEREY. Ao a resul

of the analysis of the liquid after the isomerization reaction, by gas chromat e weight ratio of

the 1,4-diacetoxy:-Bebiene fthedotal 10é cCisaandniians) tbdhe Sgtaljacakexyllibriene was 45:55. Further,
dodecane was used as the 15 internal standard material. The results are shown in Table 1. EXAMPLE

2 The operatioonaswamied yutintthedaaedmannbr as nlBvampieel cdxcepd that thecamount of
tripheny! the position of 20 plates from the bottom of the column,
5 whereby from the top of the column, 41 cc/hr was
continuously distilled, and from the bottom of the
column, 59 cc/hr was continuously withdrawn. By such
continuous distillation, low boiling point compounds were
obtained as distillate from the top of the column. The
10 distillate comprises 59 wt% of acetic acid, 1.6 wt% of
3,4-diacetoxy-1-butene (which corresponds to 1.5 wt% of
the amount of the 3,4-diacetoxyallyl compound to be
introduced into a distillation column), and additionally,
39.4 wt% of components having lower boiling points than
15 the 3,4-diacetoxy-1l-butene. Further, from the liquid
withdrawn from the bottom of the column, a 3,4-diacetoxy-
l1-butene-containing liquid comprising 72 wt% of the 3,4-
diacetoxy-1l-butene and 18 wt% of 3-hydroxy-4-acetoxy-1-
butene, and additionally, 6 wt% of low boiling point
20 compounds and 4 wt% of high boiling point compounds, was
obtained.
REFERENCE EXAMPLE 4: Preparation of Catalyst
Under the nitrogen gas atmosphere, in a glass Schlenk
flask, 10.5 mg of palladium acetate, 96.3 mg of a
25 phosphite ligand represented by the above L21 and 49.8 mg
of triphenyl phosphine were added to 41.3 g of the 3,4-

diacetoxy-1l-butene-containing liquid obtained in



20 phosphine to be added was changed to 0.332 mg (0.0147 wt% based on the
3,4-diacetoxy-l-butene). As a result of the analysis of the liquid after the isomerization reaction, by gas
chromatography, the weight ratio of the 1,4- diacetoxy-2-butene (the total of cis and trans) to the 25
3,4-diacetoxy-1-butene was 44:56. Further, dodecane was used as the internal standard material. The
results are shown in Table 1. 59 EXAMPLE 3 ~ The operation was carried out in the same manner as
in Example 1, except that the stirring after the addition of triphenyl phosphine was carried out at a

temperature s Ofﬁéggﬂéﬁéé’%&aﬁiﬁé%qn Oéﬂ&aaah/% LPI&“%H%QPQ%HLE iReRELgalen
reaction, by gas chromatography, the weight ratio of the 1,4-diacetoxy-2- butene (the total of cis and
trans) to the 3,4-diatetdayr 1ibuiene wasdi41h6sblrteel, doaedastealgs tusedbsdie 18 internal
standard material. The results are shown in Table 1. EXAMPLE 4  The operation was carried out in
the same mannefa$ad Exampe Btdxsept that after the addition of 0.166 mg

REFERENCE EXAMPLE 5: Preparation of Catalyst
5 Under the nitrogen gas atmosphere, in a glass Schlenk
flask, 5.9 mg of palladium acetate, 56.9 mg of a ligand
represented by the above L29 and 30.3 mg of triphenyl
phosphine were added to 13.99 g of toluene. Such a
mixture was heated at 120°C for 20 minutes and dissolved
10 completely to obtain a catalyst solution.
REFERENCE EXAMPLE 6: Preparation of Catalyst
Under the nitrogen gas atmosphere, in a glass Schlenk
flask, 5.5 mg of palladium acetate, 43.0 mg of a ligand
represented by the above L30 and 25.8 mg of triphenyl
15 phosphine were added to 12.19 of toluene. Such a mixture
was heated at 120°C for 20 minutes and dissolved
completely to obtain a catalyst solution.
EXAMPLE 1
Into 1.5 cc of the 3,4-diacetoxy-1-butene-containing
20 liquid obtained in the above Reference Example 3
"Purification and Distillation of 3,4-Diacetoxy-1l-Butene-
Containing Liquid" (the purified 3,4-diacetoxy-1l-butene
comprising 72 wt% of the 3,4-diacetoxy-1l-butene and 18
wt% of 3-hydroxy-4-acetoxy-1l-butene, and additionally, 6
25 wt% of low boiling point compounds and 4 wt% of high
boiling point compounds), 0.166 mg of triphenyl phosphine

(0.0073 wt% based on the 3,4-diacetoxy-1l-butene) was



is of triphenyl phosphine (0.0073 wt % based on the 3,4- diacetoxy-I-butene), stirring was carried out at
a temperature of 30C for 5 minutes. As a result of the analysis of the liquid after the isomerization
reaction, by gas chromatography, the weight ratio of the 14- 20 diacetoxy-2-butene (the total of cis and
trans) to the 3,4-diacetoxy-1-butene was 40:60. Further, dodecane was used as the internal standard
material. The results are shown in Table 1. EXAMPLE 5 25The operation was carried out in the same
manner as in Example 1, except that triphenyl phosphine was changed to triphenyl phosphite, and the

amount of the trl l?;‘ad%]i 60 pli(gs O\/fa%\g ]gg?rﬁ?eéﬁ)q%?gg Wt J%B%ﬁ%%oﬂ 5@% % ng4

diacetoxy-I-butene). As a result of the analysis of t after the isomerizatioiTreaction, by gas

chromatographyttbemapuraﬁﬁdgﬁmAé-e@ﬁe@w%@l@ﬁea@ (thedatal ofeis odraNs) to the
3,4-diacetoxyl-butene was 36:64. Further, dodecane was used as the internal standard material. The
results are shows tri Fahlegl . EXAMBPEEp@rature of 150°C for 3 hours.
Then, 1.5 cc of acetic acid was added to the Schlenk
5 flask and mixed, and the mixture was heated at 130°C in
an oil bath. 26 uL of the catalyst solution prepared in
Reference Example 4 was added thereto, in the nitrogen
atmosphere, followed by heating and stirring at 130°C for
3 hours (the concentration of palladium in the reaction
10 liquid was 1.0 wtppm). As a result of the analysis of
the liquid after the isomerization reaction, by gas
chromatography, the weight ratio of the 1,4-diacetoxy-2-
butene (the total of cis and trans) to the 3,4-diacetoxy-
1-butene was 45:55. Further, dodecane was used as the
15 internal standard material. The results are shown in
Table 1.
EXAMPLE 2
The operation was carried out in the same manner as
in Example 1, except that the amount of triphenyl
20 phosphine to be added was changed to 0.332 mg (0.0147 wt%
based on the 3,4-diacetoxy-1-butene). As a result of the
analysis of the liquid after the isomerization reaction,
by gas chromatography, the weight ratio of the 1,4-
diacetoxy-2-butene (the total of cis and trans) to the
25 3,4-diacetoxy-1-butene was 44:56. Further, dodecane was
used as the internal standard material. The results are

shown in Table 1.



iolnto 2.94 cc of the 3,4-diacetoxy-1-butene-containing liquid obtained in the above Reference Example
3 "Purification and Distillation of 3,4-Diacetoxy-1-ButeneContaining Liquid" (the purified
3,4-diacetoxy-1-butene comprising 72 wt% of the 3,4-diacetoxy-1-butene and 18 15 wt% of
3-hydroxy-4-acetoxy-I-butene, and additionally, 6 wt % of components having lower boiling points than
the 3,4-diacetoxy-I-butene and 4 wt% of components hag/'ng higher boiling points than the
3,4-diacetoxy-1-butene), 0.15 mg of triphenyl phosphine (0.0050 wt% based on the 20
3,4-diacetoxy-1-%g@ ag added as 8 pL of an acetic acid solution having a triphenyl phosphine
concentration of 0.86%, followed by stirring at a temperature of 150C for 3 hours. Then, 0.06 cc of

acetic acid was addedrigdheRehlank=b flask ard-mixed, sind the nixture yyas heated at 430C in an ol

bath. 18 pL of the catalyst solution prepared in Reference Example 5 was added thereto, in the
nitrogen 61 atmasplExenplleved by-hsating Enaltstivieg at 136G oy 2 hoens (theecentEntratian of
palladium in the reaction liquid was 1.0 wtppm). As a result of the analysis of the liquid after the
isomerization regfiohrBPH8a B cHrbMaRIGHAahY aFe GANaHadlic v ikl a-figEmsEabubatene (the

total of cis and trans).to the 3,4-diacetoxy-
5 o? ESODS for 1Ehogé. As a result of the analysis of the

ligquid after the isomerization reaction, by gas
chromatography, the weight ratio of the 1,4-diacetoxy-2-
butene (the total of cis and trans) to the 3,4-diacetoxy-
l-butene was 44:56. Further, dodecane was used as the

10 internal standard material. The results are shown in
Table 1.

EXAMPLE 4
The operation was carried out in the same manner as
in Example 1, except that after the addition of 0.166 mg

15 of triphenyl phosphine (0.0073 wt% based on the 3,4-
diacetoxy-1-butene), stirring was carried out at a
temperature of 30°C for 5 minutes. As a result of the
analysis of the liquid after the isomerization reaction,
by gas chromatography, the weight ratio of the 1,4-

20 diacetoxy-2-butene (the total of cis and trans) to the
3,4-diacetoxy-1-butene was 40:60. Further, dodecane was
used as the internal standard material. The results are
shown in Table 1.

EXAMPLE 5

25 The operation was carried out in the same manner as

in Example 1, except that triphenyl phosphine was changed

to triphenyl phosphite, and the amount of the triphenyl



1-butene was 49:53. Further, dodecane was used as the internal standard material. The results are
shown in Table 2. 10 EXAMPLE 7 Into 2.94 cc of the 3,4-diacetoxy-1-butene-containing liquid
obtained in the above Reference Example 3 "Purification and Distillation of
3,4-Diacetoxy-1-ButeneContaining Liquid" (the purified 3,4-diacetoxy-1-butene 15 comprising 72 wt%
of the 3,4-diacetoxy-1-butene and 18 wt% of 3-hydroxy-4-acetoxy-1-butene, and additionally, 6 wt% of
components having lower boiling points than the 3,4-dia 8toxy-1—butene and 4 wt % of components

having higher boili ints than the 3,4-diacetoxy-1- ne). 20,0.15 of triphenyl phosphine
(0.0050 wt% basgﬁgo%p?ﬁé%%%?a?ce?dxly- -bﬁ?er?e 'vvogjg}gd étd" ag @sp?_g;?o% gcge icgdc{j solution having

a triphenyl phosphing-eersaptratipn oL Q36%, folloyveddhy, $tirring at RdeapgIatyresolks 4G for 3 hours.

25Then, 0.06 cc of acetic acid was added to the Schlenk flask and mixed, and the mixture was heated
at 130C in an oil bathu i@ @ElLf okthetdadaly stcandutiomprapareckinc 62 Srefeiepcgd=ample 6 was added
thereto, in the nitrogen atmosphere, followed by heating and stirring at 130C for 4 hours (the
concentration of fAlleM@Res HFCReactiBRSiqWrIiwES 11 Rihra)f Asheresuft ol Hie ahaiEisf s the

liquid after the ispmerization reaction, hy gas chromatqgraphy, the weight ratio of the 1,4-diacetoxy-2-
butene (the t%tal%?&i?é%d{t]}:a“%) SR 3 %—diﬁééto%} -b%f@rgéssx/ag%z.i? Furthef SeREa%Y was used

as the internal Stﬁﬂ%g&%tewgg T_@g :rggglts ?ﬁ%%ﬂg\g? iIEﬁodecane was used as the
internal standard material. The results are shown in
Table 1.
EXAMPLE 6
10 Into 2.94 cc of the 3,4-diacetoxy-1-butene-containing
ligquid obtained in the above Reference Example 3
"Purification and Distillation of 3,4-Diacetoxy-1-Butene-
Containing Liquid" (the purified 3,4-diacetoxy-1-butene
comprising 72 wt% of the 3,4-diacetoxy-l-butene and 18
15 wt% of 3-hydroxy-4-acetoxy-1l-butene, and additionally, 6
wt% of components having lower boiling points than the
3,4-diacetoxy-1l-butene and 4 wt% of components having
higher boiling points than the 3,4-diacetoxy-1-butene),
0.15 mg of triphenyl phosphine (0.0050 wt% based on the
20 3,4-diacetoxy-1l-butene) was added as 8 uL of an acetic
acid solution having a triphenyl phosphine concentration
of 0.86%, followed by stirring at a temperature of 150°C
for 3 hours.
Then, 0.06 cc of acetic acid was added to the Schlenk
25 flask and mixed, and the mixture was heated at 130°C in
an oil bath. 18 uL of the catalyst solution prepared in

Reference Example 5 was added thereto, in the nitrogen



10 Table 2. COMPARATIVE EXAMPLE 1 The operation was carried out in the same manner as in
Example 1, except that 7.8 mg of an anion-exchange resin (Diaion, WA20) was added instead of
triphenyl is phosphine (0.50 wt% based on the 3,4-diacetoxy-1-butene, an amine-exchange capacity
corresponding to 0.02 wt% of triphenyl phosphine), followed by stirring at 30C for 1 hour. As a result of
the analysis of the liquid after the reaction, by gas chron%altography, the weight ratio of 20 the
1,4-diacetoxy-2-butene (the total of cis and trans) to the 3,4-diacetoxy-1-butene was 30:70. Further,

dodecane was usgdras fhit-iplernabstapday patarial e reshlis are shawe in fakleche £or
COMPARATIVE EXAMPLE 2 25The operation'was carried out in the same manner as in Example 1,
except that 38.9 mghefiarsaniehexcbaage tasit {Ririak WA20xdaamddad tistead atttipbanyl 63
ligquid was 1.0 wtppm). As a result of the analysis of
the liguid after the isomerization reaction, by gas
5 chromatography, the weight ratio of the 1,4-diacetoxy-2-
butene (the total of cis and trans) to the 3,4-diacetoxy-
l-butene was 49:53. Further, dodecane was used as the
internal standard material. The results are shown in
Table 2.
10 EXAMPLE 7
Into 2.94 cc of the 3,4-diacetoxy-1-butene-containing
liquid obtained in the above Reference Example 3
"Purification and Distillation of 3,4-Diacetoxy-1-Butene-
Containing Liquid" (the purified 3,4-diacetoxy-1-butene
15 comprising 72 wt% of the 3,4-diacetoxy-1l-butene and 18
wt% of 3-hydroxy-4-acetoxy-1l-butene, and additionally, 6
wt% of components having lower boiling points than the
3,4-diacetoxy-1-butene and 4 wt% of components having
higher boiling points than the 3,4-diacetoxy-1-butene),
20 0.15 mg of triphenyl phosphine (0.0050 wt% based on the
3,4-diacetoxy-1-butene) was added as 8 uL of an acetic
acid solution having a triphenyl phosphine concentration
of 0.86%, followed by stirring at a temperature of 150°C
for 3 hours.
25 Then, 0.06 cc of acetic acid was added to the Schlenk

flask and mixed, and the mixture was heated at 130°C in

an oil bath. 18 uL of the catalyst solution prepared in



phosphine (2.5 wt% based on the 3,4-diacetoxy-I-butene, an amine-exchange capacity corresponding
to 0.1 wt% of triphenyl phosphine), followed by stirring at 30C for 1 hour. As a result of the analysis of
the liquid after 5 the reaction, by gas chromatography, the weight ratio of the 1,4-diacetoxy-2-butene
(the total of cis and trans) to the 3,4-diacetoxy-1-butene was 33:67. Further, dodecane was used as the
internal standard material. The results are shown in Table 1. in COMPARATIVE EXAMPLE3  To 3.0
cc of the 3,4-diacetoxy-1-butene-containing liquid obtain®d in the above Reference Example 3

"Purification and Distillation of 3.4-Diacetoxy-1-But taining Liquid"” ( urified
T e o R R T AR e e e T8 Chos

3,4-diacetoxy-l-buténe’is comprisin % e ace?o&y-

3-hydroxy-4-acetgkysbyifnee and sotiianally 6 e 46 eheorapaneits having lgwer bgHigsRaints than
the 3,4-diacetoxy-1-butene and 4 wt % of components having higher boiling points than the
3,4-diacetoxy-1-buteree) 20 (B ce oh aeeftaratid svasoddqedlibdte wehisnkdfiaskswonixed, followed
by heating to 130C in an oil bath. 18 pL of the catalyst solution prepared in Reference Example S was
added thereto, inthewitfogerratndsplierpmollondd by Heeging tareifstiriey anades ier fours (the 25
concentration of palladium in the reaction liquid was 1.0 wtppm). As a result of the analysis of the liquid

after the isomeriZation Teqeidh, 35 RE HEmMAEPEPAY ahd OB RRRfHt 18Ty obthedas
1’4'diacet°"y'2'béﬁff%%%%%%%ﬂ&?is apd t&?é‘f%}t& t'lea%f‘adiéﬁe@ﬁ%"'!?‘,ilﬁ”&"é{%% éé‘i:?&: Further,
dodecane was used as the internal standard material. The results are shown in Table 2.75
COMPARATIVE bud¥iBLEthe total of cis and trans) to the 3,4-diacetoxy-
l-butene was 52:48. PFurther, dodecane was used as the
internal standard material. The results are shown in
10 Table 2.
COMPARATIVE EXAMPLE 1
The operation was carried out in the same manner as
in Example 1, except that 7.8 mg of an anion-exchange
resin (Diaion, WA20) was added instead of triphenyl
15 phosphine (0.50 wt% based on the 3,4-diacetoxy-1-butene,
an amine-exchange capacity corresponding to 0.02 wt% of
triphenyl phosphine), followed by stirring at 30°C for 1
hour. As a result of the analysis of the liquid after
the reaction, by gas chromatography, the weight ratio of
20 the 1,4-diacetoxy-2-butene (the total of cis and trans)
to the 3,4-diacetoxy-1-butene was 30:70. Further,
dodecane was used as the internal standard material. The
results are shown in Table 1.
COMPARATIVE EXAMPLE 2
25 The operation was carried out in the same manner as
in Example 1, except that 38.9 mg of an anion-exchange

regin (Diaion, WA20) was added instead of triphenyl



To 3.0 cc of the 3,4-diacetoxy-I-butene-containing liquid obtained in the above Reference Example 3
"Purification and Distillation of 3,4-Diacetoxy-1-ButeneContaining Liquid" (the purified
3,4-diacetoxy-1-butene io comprising 72 wt% of the 3,4-diacetoxy-1-butene and 18 wt% of
3-hydroxy-4-acetoxy-I-butene, and additionally, 6 wt% of components having lower boiling points than
the 3,4-diacetoxy-1-butene and 4 wt% of components having higher boiling points than the
3,4-diacetoxy-l-butene), is 0.06 cc of acetic acid was adféd in the Schlenk flask and mixed, followed by
heating to 130C in an o%bgteh. 2.?@_ ofttbe catal&st soh%.jgg Bregg(rae.d in Refereg]geé)B%ample 6 was

added thereto, ikt 8Srﬁ)trolgen a mospvl"neFe, aitowed By eating an ls?’lcr:rlentgogyl_ Cor 3 idurs (the 20

concentration of palladiymdn dhe reationdigyidwas 1.QwiRmb Asia fesulf of the gpalysis of the liquid

after the isomerization reaction, by gas chromatography, the weight rafio of the 1,4-diacetoxy-2-butene
(the total of cis ana inehehiplthphhdshaaatioxy-EalitoeahA0:601i 2% bughear, dpoacapnewas used as

the internal standard material. The results are shown in Table 2. 66 67

hour. As a result of the analysis of the liquid after

5 the reaction, by gas chromatography, the weight ratio of
the 1,4-diacetoxy-2-butene (the total of cis and trans)
to the 3,4-diacetoxy-1-butene was 33:67. Further,
dodecane was used as the internal standard material. The
results are shown in Table 1.

10 COMPARATIVE EXAMPLE 3

To 3.0 cc of the 3,4-diacetoxy-1l-butene-containing

liquid obtained in the above Reference Example 3
"Purification and Distillation of 3,4-Diacetoxy-1-Butene-
Containing Liquid" (the purified 3,4-diacetoxy-1-butene

15 comprising 72 wt% of the 3,4-diacetoxy-1l-butene and 18
wt% of 3-hydroxy-4-acetoxy-l-butene, and additionally, 6
wt% of components having lower boiling points than the
3,4-diacetoxy-1-butene and 4 wt% of components having
higher boiling points than the 3,4-diacetoxy-1-butene),

20 0.06 cc of acetic acid was added in the Schlenk flask and
mixed, followed by heating to 130°C in an oil bath. 18 uL
of the catalyst solution prepared in Reference Example 5
was added thereto, in the nitrogen atmosphere, followed
by heating and stirring at 130°C for 3 hours (the

25 concentration of palladium in the reaction liquid was 1.0
wtppm) . As a result of the analysis of the liquid after

the isomerization reaction, by gas chromatography, the
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weight ratio of the 1,4-diacetoxy-2-butene (the total of
cis and trans) to the 3,4-diacetoxy-1-butene was 44:56.
Further, dodecane was used as the internal standard
material. The results are shown in Table 2.
COMPARATIVE EXAMPLE 4

To 3.0 cc of the 3,4-diacetoxy-1-butene-containing
liquid obtained in the above Reference Example 3
"Purification and Distillation of 3,4-Diacetoxy-1-Butene-
Containing Liquid" (the purified 3,4-diacetoxy-1-butene
comprising 72 wt% of the 3,4-diacetoxy-1-butene and 18
wt% of 3-hydroxy-4-acetoxy-1l-butene, and additionally, 6
wt% of components having lower boiling points than the
3,4-diacetoxy-1-butene and 4 wt% of components having
higher boiling points than the 3,4-diacetoxy-1l-butene),
0.06 cc of acetic acid was added in the Schlenk flask and
mixed, followed by heating to 130°C in an oil bath. 18 uL
of the catalyst solution prepared in Reference Example 6
was added thereto, in the nitrogen atmosphere, followed
by heating and stirring at 130°C for 3 hours (the
concentration of palladium in the reaction liquid was 1.0
wtppm) . As a result of the analysis of the liquid after
the isomerization reaction, by gas chromatography, the
weight ratio of the 1,4-diacetoxy-2-butene (the total of
cis and trans) to the 3,4-diacetoxy-1l-butene was 40:60.
Further, dodecane was used as the internal standard

material. The results are shown in Table 2.
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Amount (mg) of additive Amount (wt') of additive based on 3,4-DABE (*1) Contacting temperature (C)
Contaating time Catalyst ligand for isomerizat ion reaction Weight ratio of 1,4- DABE (*2) to 3,4-

, contained in reaction liquid
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after isomerization Weight ratio (after isomerization) of 1,4-DABE to additive 69 From the above
results; it is evident that with respect to the actual added amount of the additive or the exchange
capacity of phosphorus and nitrogen atoms, the results of the isomerization reaction of Examples are 5
improved as compared with Comparative Examples. INDUSTRIAL APPLICABILITY  The present
invention is an isomerization method of an allyl compougg, which makes it possible to obtain an 10
isomer with a high yield by using a small amount of a catalyst, and which is industrially useful.

From the above results, it is evident that with
respect to the actual added amount of the additive or the
exchange capacity of phosphorus and nitrogen atoms, the
results of the isomerization reaction of Examples are

5 improved as compared with Comparative Examples.

INDUSTRIAL APPLICABILITY
The present invention is an isomerization method of
an allyl compound, which makes it possible to obtain an
10 isomer with a high yield by using a small amount of a

catalyst, and which is industrially useful.

The entire disclosure of Japanese Patent Application
No. 2007-132184 filed on May 17, 2007 including
15 specification, claims, drawings and summary is

incorporated herein by reference in its entirety.



The entire disclosure of Japanese Patent Application No. 2007-132184 filed on May 17, 2007 including
15 specification, claims, drawings and summary is incorporated herein by reference in its entirety.
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70
CLAIMS
1. An isomerization method comprising contacting a
liquid containing an allyl compound as a raw material,
with a phosphorus compound, and then, isomerizing the

5 above allyl compound in the presence of a catalyst.

2. The isomerization method according to Claim 1,
wherein the above phosphorus compound is an organic
phosphorus compound.

3. The isomerization method according to Claim 2,

10 wherein the above organic phosphorus compound is an
organic phosophine.

4. The isomerization method according to Claim 3,
wherein the above organic phosphine has at least two aryl
groups.

15 5. The isomerization method according to Claim 3 or 4,
wherein the above organic phosphine is triphenyl
phosphine.

6. The isomerization method according to any one of
Claims 1 to 5, wherein the amount of the phosphorus

20 compound which is contacted with the above allyl
compound-containing liquid, is in a range of from 0.0001
to 10 weight%, based on the allyl compound.

7. The isomerization method according to any one of
Claims 1 to 6, wherein the above allyl compound-

25 containing liquid and the phosphorus compound are

contacted to each other at temperature of at least 60°C.

8. The isomerization method according to any one of



10

15
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Claims 1 to 7, which further includes a step of obtaining
the above allyl compound-containing ligquid by
diacetoxylation of a conjugated diene.
9. The isomerization method according to any one of
Claims 1 to 8, wherein the above catalyst is a liguid
phase homogeneous palladium catalyst, which contains a
phosphoFus ligand having at least one P-0 bond.

|
10. The isomerization method according to Claim 9,
wherein the above phosphorus ligand having a P-O bond, is
a bidentate phosphite.
11. The isomerization method according to Claim 9,
wherein the above phosphorus ligand having a P-0O bond, is
a bidentate phosphoramidite.
12. A process for producing an allyl compound, which
comprises forming from an allyl compound the
corresponding isomerized allyl compound by using the
isomerization method as defined in any one of Claims 1 to

11.





