SPECI FI CATI ON METHOD FOR PRODUCI NG ALDEHYDE USI NG BI SPHOSPHI TE AND GROUP
8-10 METAL COVPOUND, AND SUCH BI SPHOSPHI TE Technical Field [0001]

SPECIFICATION

METHOD FOR PRODUCING ALDERYDE USING BISPHOSPHITE AND GROUP

8-10 METAL COMPOUND, AND SUCH BISPHOSPHITE

Technical Field
[0001]

The present invention relates to a method for producing
an aldehyde comprising reacting a non-conjugated diene having
a carbon-carbon double bond in an end thereof and having from
6 to 20 carbon atoms with carbon monoxide and hydrogen in the
presence of a bisphosphite having a specified structure and
2 group 8 to 10 metal compound and to such a bisphosphite. The
aldehyde obtained by the present invention is useful as a raw
material for medical or pesticidal intermediates or various

chemicals or the like.

Background Art
[0002]

A method for producing an aldehyde by reacting an
olefinic compound with carbon monoxide and hydrogen in the
presence of a group 8 to 10 metal compound or a group 8 to 10
metal compound and a phosphorus compound is called
“*hydroformylation reaction” or “oxo reactlon”, and it is

well-known that this method is industrially extremely valuable



The present invention relates to a nethod for producing an al dehyde

conpri sing reacting anon-conjugated di ene having a carbon-carbon doubl e bond
in an end thereof and having from6 to 20 carbon atons with carbon nonoxi de
and hydrogen in the presence of a bisphosphite having a specified structure
and a group 8 to 10 netal conpound and to such a bi sphosphite. The al dehyde
obt ai ned by the present invention is useful as a raw material for nedical or

pestici dajsi At e st S HodRingUanCheabRgHs. or the [ike. Background Art
[ 0002] A nmet hod for producing an al dehyde by reacting an olefinic

conpound wi th cg{ bgan&PaOXi df %ﬂ@hh@r}ﬂ?ﬁbf&dﬁ%ﬁr&ﬁ%&fcrﬁ ggoup 8 to
10 netal conpound or a group 8 to 10 netal conpound and a phosphorus

CoTPoine A SR L Y AL SRR PATAOT, e cLRpELE e 1 1
a phosphorus compound is industrially used as a catalyst. As
such a phosphorus compound, for example, phosphines such as
tributylphosphinec trioctylphosphine,
tricyclohexylphosphine, triphenylphosphine,
tri(p-tolyl)phosphine, etc. (see, for example, Patent
Document 1); monophosphites such as triphenylphosphite,
tri-n-butylphosphite,
tris(2-t-butyl-4-methylphenyl)phosphite, etc¢. (see, for
example, Non-Patent Documents 1 and 2) ; bisphosphites such as
bis[3,3’,5,5’'-tetra-t-butyl(1,1’-biphenyl)-2,2’-diyl]-1,2-
ethyldiphosphite,
bis(3,3’,5,5'-tetra-t-butyl (1,1’ -biphenyl)-2,2’-diyl] -2,7,
9,9-tetramethyl -9H-xanthin-4,5-diyldiphosphite,
bis[3,3’~di-t-butyl-5,5’-dimethoxy (1,1’ -biphenyl) -2,2’-diy
1]1-2,7,9,9-tetramethyl-9H-xanthin-4,5-diyldiphosphite,
compounds represented by the formulae:

[0003]



as a nethod for produci ng an al dehyde. In general, in such a

hydr of ormyl ation reaction, a rhodi um conpound or a conbination of a rhodi um
conpound and a phosphorus conpound is industrially used as a catal yst. As
such a phosphorus compound, for exanple, phosphines such as

tributyl phosphi ne,, trioctyl phosphi ne,

Me

[0004]
etc. (see, for example, Non-Patent Documents 3 and 4 and Patent
Documents 2 and 3) ; and the like have hitherto been known, and
hydroformylation reactions using such a compound have been
developed.
(0005]

Patent Document 1: JP-A-8-10624

Patent Document 2: JP-A-4-290551

Patent Document 3: JP-A-62-116535

Non-Patent Document 1: The Journal of Organic Chemistry,
1569, Vol. 34, No. 2, pages 327 to 330

Non-Patent Document 2: Journal of the Chemical Society,
Chemical Communications, 1991, pages 1096 to 1097

Non-Patent Document 3: Organometallics, 1996, Vol. 15,
pages 835 to 847

Non-Patent Document 4: Helvetica Chimica Acta, 2001, Vol.

84, pages 3269 to 3280

Disclosure of the Invention



tricycl ohexyl phosphi ne, tri phenyl phosphi ne, tri(p-tolyl)phosphine, etc. (see,
for exanple, Patent Docunent 1); nonophosphites such as triphenyl phosphite,
tri-n-butyl phosphite, tris(2-t-butyl-4-nethyl phenyl)phosphite, etc. (see,

for exanple, Non-Patent Docunents 1 and 2) ; bisphosphites such as
bis[3,3,5 5 -tetra-t-butyl(1, 1i-bi phenyl)-2,2'-diyl]-1, 2- ethyldiphosphite,
his[3,31,5 51-tetra-t-butyl(1, 11-bi phenyl)-2,2"'-diyl]-2,7,

9, 9-t et r aRebh¥dms Hxamn t then -Ihnendiidnd iiishaspSoled

bi s[3,31-di-t-butyl-5,5"-di net hoxy(1, 1" -biphenyl)-2,2"-diy

11-2,7,9, Qedeél amet hyl- 9H- xant hi n- 4, 5-di yl di phosphite, conpounds represented
by the fornul ae:

However, though it is known that the hydroformylation
reaction using a phosphorus compound as described in the
foregoing documents is effective for a hydroformylation
reaction of a compound having a carbon-carbon double bond only
in a molecular end, such as propylene, l-octene, etc., results
obtained in the case where a non-conjugated diene also having
a carbon-carbon double bond in othex portion than the molecular
end is subjected to a hydroformylation reaction are not
described at all. In the hydroformylation reaction, in case
of using a non-conjugated diene, there is caused a problem of
a lowering of selectivity such as occurrence of undesirable
hydroformylation of a carbon-carbon double bond or occurrence
of a side reaction such as isomerization of a carbon-carbon
double bond, etc. Then, the present inventors applied the
foregoing conventional hydroformylation reaction using a
rhodium compound and a phosphorus compound to a non-conjugated
diene such as l-methoxy-2,7-octadiene produced through, for
example, a telomerization reaction of butadiene in the
presence of methanol. As a result, nevertheless the desired
product is an aldehyde in which only a carbon-carbon double
bond in a molecular end is hydroformylated, there were caused

a problem that the hydroformylation reaction to a

carbon-carbon double bond in the molecular interior proceeds



[ 0003] [0004] etc. (see, for exanple, Non-Patent Docunents 3 and 4 and
Pat ent Docunents 2 and 3) ; and the |ike have hitherto been known, and
hydr of ormyl ati on reacti ons using such a conpound have been devel oped.

not a little so that a large quantity of undesirable by-products
are formed; and a problem that the isomerization reaction in
the carbon-carbon double bond in a molecular end and a molecular
interior cannot be suppressed so that a lowering of the yield
of the desired aldehyde is unavoidable.

That is, as to a phosphorus compound to be used in a
hydroformylation reaction of a non-conjugated diene having a
carbon-carbon double bond in an end thereof and having 6 or
more carbon atoms, there is room for a further improvement in
producing a desired compound.

[0007]

Thus, an object of the present invention is to provide
a bisphosphite which in a hydroformylation reaction of a
non-conjugated diene having a carbon-carbon double bond in a
molecular end, and especially having from 6 to 20 carbon atoms,
is able to simultaneously suppress a hydroformylation reaction
to a carbon-carbon double bond in the molecular interior and
an isomerization reaction in the respective carxbon-carbon
double bonds, namely to selectively subject only the
carbon-carbon double bond in a molecular end to a
hydroformylation reaction and to keep heat stability and
resistance to hydrolysis of a catalyst and catalytic activity
high; and a method for producing an aldehyde using such a

bisphosphite and a group 8 to 10 metal compound.



to 005]

Pat ent Docunent

Means for solving the Problems
(0008]

According to the present invention, the foregoing object
can be achieved by providing:
(1) A method for producing an aldehyde comprising reacting a
non-conjugated diene having a carbon-carbon double bond in a
molecular end and having from 6 to 20 carbon atoms with a carbon
monoxide and hydrogen in the presence of a bisphosphite
represented by the general formula (I) [hereinaftexr referred
to as “bisphosphite (I)”]:

{0009]

(D

(o010]

(in the formula, A represents an alkylene group which may have
a substituent, a cycloalkylene group which may have a
substituent, a phenylene group which may have a substituent,
or a naphthylene group which may have a substituent; and R*
represents a hydrogen atom or an alkyl group) and

a group 8 to 10 metal compound;

(2) The method for producing an aldehyde as set forth above



1: JP-A-8-10624 Patent Docunent 2 :

in (1), wherein the non-conjugated diene having a
carbon-carbon bond double in a molecular end and having from
6 to 20 carbon atoms is 1,4-hexadiene, 1-methoxy-2,7-octadiene,
l-ethoxy-2,7-octadiene, 1l-propoxy-2,7-octadiene,
l-isopropoxy-2, 7-octadiene, 2,7-octadien-1-01,
l-acetoxy-2,7-octadiene or 1,6-octadiene; and

(3) Such a bisphosphite (I).

Advantages of the Invention
[0011]

According to the present invention, in a
hydroformylation reaction of a non-conjugated diene having a
carbon-carbon double bond in a molecular end and having from
6 to 20 caxrbon atoms, it is possible to simultaneously suppress
a hydroformylation reaction to a carbon-carbon double bond in
the molecular intexiox and an isomerization reaction in the
respective carbon-carbon double bonds, thereby highly
selectively obtaining a desired aldehyde. Furthermore, since
the bisphosphite (I) of the present invention is extremely high
in resistance to hydrolysis and heat stability, the catalytic
activity can be kept in the hydroformylation reaction over a
long period of time, and industrially stable productivity can
be kept. Then, the bisphosphite (I) is useful as ligands for
not only the hydroformylation reaction but various reactions

using a homogenous noble metal complex catalyst (for example,



JP- A- 4- 290551 Pat ent Docunent 3: JP-A-62-116535

a hydrogenation reaction, a carbon-carbon bond forming

reaction, etc.) or antioxidants of a polymer, etc.

Best Modes for Carrying Out the Invention
[0012]

In the foregoing general formula, examples of the
alkylene group represented by A include, an ethylene group,
a trimethylene group, a tetramethylene group, a pentamethylene
group, groups represented by the following formulae:

[0013]

[0014]

(in the formulae, the wavy line represents a connection site),
etc., Examples of the cycloalkylene group represented by A
include a cyclopropylene group, a 1,2-cyclopentylene group,
a 1,3-cyclopentylene group, 1,2-cyclohexylene group, a
1l,3-cyclohexylene group, & 1,4-cyclohexylene group, etc.
Examples of the phenylene group represented by A include a
1,2-phenylene group, a 1,3-phenylene group, a 1,4-phenylene
group, etc.; and examples of the naphthylene group include a
1,2-naphthylene group, a 1, 8-naphthylene group, etc. All of
them may have a substituent. Examples of such a substituent

include alkyl groups having preferably from 1 to 5 caxbon atomsg,



Non- Pat ent Docunent 1: The Journal of Organic Chem stry, 1969, Vol.
2, pages 327 to 330 Non- Pat ent Docunent 2: Journal of the Chem ca

Soci ety,

Chem cal Conmmuni cations, 1991, pages 1096 to 1097

34, No.

Non- Pat ent Document 3: Organonetal lics, 1996, Vol. 15, pages 835 to 847

such as a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl grdup, an
s-butyl group, a t-butyl group, an n-pentyl group, etc.;
alkoxyl groups having preferably from 1 to 4 carbon atoms, such
as a methoxy group, an ethoxy group, an n-propoxy group, an
isopropoxy group, an n-butoxy group, an iscbutoxy group, an
s-butoxy group, a t-butoxy group, etc.; aryl groups such as
a phenyl group, a naphthyl group, etc.; and the like.
[0015]

Examples of the alkyl group represented by R include
alkyl groups having from 1 to 3 carbon atoms, such as a methyl
group, an ethyl group, an n-propyl group, an isopropyl group,
etcc.

[0016]

Specific examples of the bisphosphite (I) include

bisphosphites represented by the following formula:

(0017]



Non- Pat ent Docunment 4: Helvetica Chimca Acta, 2001, Vol. 84, pages 3269 to
3280 Di sclosure of the Invention Problens that the Invention is to Sol ve



(0006) However, though it is known that the hydrofornylation reaction
usi ng a phosphorus conpound as described in the foregoing docunents is
effective for a hydrofornylation reaction of a conpound having a

car bon-car bon double bond only in a nolecular end, such as propyl ene,
1l-octene, etc., results obtained in the case where a non-conjugated di ene

al so having a carbon-¢carbon double bond in other portion than the nol ecul ar
end is subjected to described at all. In

t he hydr of or myNat.i ' a . naf-xonj ugadt ed di ene,
there is caused ! m gl g ',yvsgﬁﬁggs occurrence of
undesi rabl e hydr 1 &’ 0r occurrence of
a side reaction syc i car bon- ¢cat bon jdqubl e bond, etc.

egoi ng T al
conpound d ayphosphorus conpound
to a non-conjugate such as Xy-2, 7- oct &t en@>produced t hrough,
for exanphggzgltelonerization reaction of butadiene in the presence of
met hanol . a result, nevertheless the desired product is an al dehyde in
which only a cgépgn-carbon doubl e bond in a nolecular end is
hydr of or myl at ed, "There were caused a problemthat the hydrofornylation
reaction %ﬁ g ar bon- carbon doubl e bond in the nolecular interior proceeds
not a litt 8 % that a large quantity of undesirable by-products are formned;
and a problemthat the.isomerization r tign in the.car -car bon doubl e
bond i n a nol ectFarPEAFEPS r?%kéoccﬂlgs%ﬁ’rﬁ g’ﬁs@?’o@gﬁﬁgF ggysﬁgpgggsed o)
that a Iomering of the yield %I t he desired akdghyde i s unavoi dabl e.

present invention 1is hereunder described.

Though the production method of the bisphosphite (I) is
not particularly limited, for example, the following methods
are exemplified.

[0022]

In the case where R' represents a hydrogen atom, by
reacting a bisphenol represented by the formula (A-1)
[(hereinafter referred to as “bisphenol (A-1)"]:

[0023]

OH OH
O U«

[0024)
and a phosphorus trihalide compound represented by the general
formula: PY'; (Y' represents a chlorine atom, a bromine atom

or an iodine atom) in an inert gas atmosphere such as nitrogen,

- 11 -



That is, as to a phosphorus conpound to be used in a hydrofornyl ation
reacti on of a non-conjugated di ene having a carbon-carbon double bond in an
end thereof and having 6 or nore carbon atons, there is roomfor a further

i mprovenent in producing a desired conmpound. [0007) Thus, an obj ect
of the present invention is to provide a bisphosphite which in a

hydr of ormyl ati on reaction of a non-conjugated di ene having a carbon-carbon
doubl e boagigbn, &tml &6 Whe pLasencd dfes pedivahkyartd vprfioha 0l G bas28 car bon
atons, is able to simultaneously suppress a hydrofornylation reaction to a
car bon- caglipstdaed| e fiond d npblaeiBDkectd arprathedd Ora amdnaphbEpREEEZAt i ON
reaction in the respective carbon-carbon doubl e bonds, nanely to selectively

subj ect opbyréEentéd M) tHar BOPMELH | & 1DONHekrBiAa FRLSCHE Sy th0ad
hydr of ormyl ati on reaction and to keep heat stability and resistance to

hydr ol ysi smhopnéspRiyst (@nd «qatal ytic activity high; and a method for
produci ng an al dehyde usi ng such a bi sphosphite and a group A to 10 netal
conpound.[oozs]

[0026]
(this method will be hereinafter referred to “monophosphite
production method (a)”).

On the other hand, in the case where R* represents an
alkyl group, first of all, by reacting a bisphenol represented
by the general formula (A-2) [hereinafter referred to as
“bisphenol (A-2)"]:

[0027]

OH OH

- 12 -



Means for solving the Problens [0008] According to the present

I nvention, the foregoi ng object can be achieved by providing: (1) A nethod
for producing an al dehyde conprising reacting a non-conjugated di ene havi ng
a carbon-carbon double bond in a nol ecular end and having from6 to 20
carbon atons with a carbon nonoxi de and hydrogen in the presence of a

bi sphosphite represented by the general fornula (1) [hereinafter referred to
as "bi sphdopRisie (1) "]

(wherein R! represents an alkyl group)
and a halogenated phosphite represented by the general formula
(B) [hereinafter abbreviated as “halogenated phosphite (B)”]:

[0029]

(B)

[0030]

in an inert gas atmosphere such as nitrogen, argon, etc. in
the presence of a solvent and optionally a basic substance,
it is possible to produce a moncphosphite represented by the
formula (C-2) [hereinafter referred to as “monophosphite
(C-2)"]:

[0031]

(C—-2)

- 13 -~



[ 0009]

[0032]

(wherein R' represents an alkyl group)

(this method will be hereinafter referred to “monophosphite
production metheod (b)“).

[0033]

Subsequently, by [A] reacting the monophosphite (C-1)
or monophosphite (C-2) [hereinafter often named generically
as ‘“monophosphite (C)”] and a halogenated phosphite
represented by the general formula (D) [hereinafter
abbreviated as “halogenated phosphite (D)”]:

[0034]
o
Y>—p_ A (D)
o

(0035]

(in the formula, A is the same as defined above; and Y*
represents a chlorine atom, a bromine atom or an iodine atom)
in an inert gas atmosphere such as nitrogen, argon, etc. in
the presence of a solvent and opticnally a basic substance (this
method will be hereinafter referred to as “bisphosphite
production method (A)”), or [B] reacting the monophosphite (C)
and a phosphorus trihalide compound represented by the general
formula: PY%, (in the formula, Y' represents a chlorine atom,
a2 bromine atom or an iodine atom) in an inert gas atmosphere
such as nitrogen, argon, etc. in the presence of a solvent and

optionally a basic substance to obtain a halogenated phosphite

- 14 -



[0010] (in the formula, A represents an al kyl ene group which may have a
substituent, a cycloal kyl ene group which may have a substituent , a

phenyl ene group which may have a substituent , or a naphthyl ene group which
may have a substituent; and RI represents a hydrogen atom or an al kyl group)
and a group 8 to 10 netal conpound; (2) The nethod for producing an al dehyde

as set forth above
represented by the general formula (E) (hereinafter

abbreviated as “halogenated phosphite (E)”):

(0036])
3
o’PY? (E)
l S
Z R R
TN
[0037]

(this method will be hereinafter referred to as “bisphosphite
production method (B-first half)”), and subsequently reacting
with a diol represented by the general formula (F) (hereinafter
abbreviated as “diol (F)”):

HO-A-OH (F)
(in the formula, A is the same as defined above)
in an inert gas atmosphere such as nitrogen, argon, etc. in
the presence of a solvent and optionally a basic substance (this
method will be hereinafter referred to as “bisphosphite
production method (B-second half)”), it is possible to produce
the bisphosphite (I).
[0038]

First of all, the monophosphite production method (a)

- 15 -



in (1), wherein the non-conjugated di ene having a carbon-carbon bond doubl e
in a nolecular end and having from6 to 20 carbon atons is 1, 4-hexadi ene ,
1- nmet hoxy- 2, 7- oct adi ene, 1-ethoxy-2, 7-oct adi ene, 1- propoxy- 2, 7- oct adi ene,

1-i sopropoxy-2, 7- oct adi ene, 2, 7- oct adi en-1 -0l ,

is described in detail.

The use amount of the phosphorus trihalide compound
represented by the general formula: PY'; (in the formula, Y*
is the same as defined above) is usually in the range of from
0.1 to 1 mole, and preferably in the range of from 0.2 to 0.8
moles per mole of the bisphenol (A-1).

[0039]

Examples of the basic substance which can be used in the
monophosphite production method (a) include amines such as
trimethylamine, triethylamine, tri-n-butylamine,
tri-n-octylamine, diethylisopropylamine,
N,N-dimethylaniline, etc.; nitrogen-containing heterocyclic
compounds such as pyridine, picoline, collidine, lutidine,
quinoline, etc.; and the like. Of these, it is preferable to
use triethylamine or pyridine. The basic substance may be used
singly or in'combination of two or more thereof.

In the case where the basic substance is used, the use
amount of such a basic substance is preferably in the range
of from 0.3 to 3 moles per mole of the bisphenol (A-1).
[0040]

Examples of the solvent which is wused in the
monophosphite production method (a) include saturated
aliphatic hydrocarbons such as pentane, hexane, heptane,
octane, nonane, decane, cyclohexane, etc.; aromatic

hydrocarbons such as benzene, toluene, ethylbenzene,

- 16 -



1- aCet oxy-2, 7-oct adi ene or 1, 6-octadiene; and (3) Such a bi sphosphite (1).
Advant ages of the Invention [0011]

Propylbenzene, o-xylene, m-xylene, p-xylene, o-ethyltoluene,
m-ethyltoluene, p-ethyltoluene, etc.; ethers such as dimethyl
ether, ethylmethyl ether, diethyl ether, dipropyl ether,
butylmethyl ether, t-butylmethyl ether, dibutyl ether,
tetrahydrofuran, 1,4-dioxane, etc.; and the like. Of these,
it is preferable to use toluene or tetrahydrofuran. The
solvent may be ugsed singly or in combination of two or more
thereof.

The use amount of such a solvent is preferably in the
range of from 1 to 20 parts by mass per part by mass of the
bisphenol (a-1).

[0041]

The conditions in the monophosphite production method
(a) such as reaction temperature, reaction pressure, reaction
time, etc. are not particularly limited. However, the
reaction temperature is usually in the range of from -20 to
100°C, and preferably in the range of from 0 to 50°C. Also,
the reaction pressure is usually in the range of from 0.05 to
3 MPa (gauge pressure). In general, the reaction time is
preferably in the range of from 1 to 30 hours.

[0042]

The method for carrying out the monophosphite production
method (a) is not particularly limited. For example, the
method can be carried out by adding dropwise the phosphorus

trihalide compound represented by the general formula: PY'

- 17 -



According to the present invention,in a hydrofornylation reaction of a
non- conj ugat ed di ene havi ng a carbon-carbon double bond in a nol ecul ar end
and having from6 to 20 carbon atons, it is possible to sinultaneously
suppress a hydrofornyl ation reaction to a carbon-carbon double bond in the
mol ecul ar interior and an isonerization reaction in the respective

car bon- car bon doubl e bonds, thereby highly selectively obtaining a desired
al dehyde. (Eor ther fiormulei,ndd tise thesHampias ed¢fined abeve) esenthienventi on
is extremely high in resistance to hydrolysis and heat stability, the

cat al yti cbasphenoy ¢Anlbeuhdgrt atmdédphdryidr gfremsdrat iadn ar presiconbeder a | ong
period of time, and industrially stable productivity can be kept. Then, the
bi sphosphkempératiuse usednifram bhgantisuterctanad hohyst e drydmebar gabkat i on
reaction but various reactions using a honogenous noble netal conplex

catal yst &tmosphespl such ad wditageest,i argbraceéton, im wst lpaeseacdeonfbond
formng reaction, etc.) or antioxidants of a polyner, etc.
a solvent and optionally a basic substance and then reacting
the mixture at a prescribed temperature for a prescribed time.
[0043]

Salts formed as by-products (for example, triethylamine
hydrochloride, pyridine hydrochloride, etc.) are removed from
the reaction mixture after completion of the reaction as
obtained in the foregoing method by means of, for example,
filtration, etc., thereby obtaining a mixed solution
containing a cxude monophosphite (C-1). Such a crude
monophosphite (C-1) may be provided for the bisphosphite
production method (A) or (B) as described later as it is.
Alternatively, it is possible to obtain the monophosphite
(C-1) having a higher purity by distilling of£f the solvent from
the mixed solution and subjecting the obtained residue to
recrystallization or column chromatography. Such a
monophosphite (C-1) may be provided for the bisphosphite
production method (A) or (B) as described later.

[0044]
Next, the monophosphite production method (b) 1is

described in detail.

The use amount of the halogenated phosphite (B) is

- 18 -~



Best Mbdes for Carrying Qut the Invention [0012] In the foregoing
general fornula, exanples of the al kyl ene group represented by A include, an
et hyl ene group, a trinethylene group a tetranethylene group, a
pent anet hyl ene group, groups represented by the follow ng formul ae: [0013]

usually in the range of from 0.8 to 4 moles, and preferably
in the range of from 1 to 2 moles per mole of the bisphenol
(a-2) .
[0045]

As the basic substance which can be used in the
monophosphite production method (b), the same basic substances
as those exemplified in the monophosphite production method
(a) are exemplified. Of these, it is preferable to use
triethylamine or pyridine. The basic_substance may be used
singly or in combination of two or more thereof.

In the case where the basic substance is used, the use
amount of such a basic substance is preferably in the range
of from 0.5 to 5 moles per mole of the bisphenol (A-2).
[0046]

As the solvent to be used in the monophosphite production
method (b), the same solvents as those exemplified in the
monophosphite production method (a) are exemplified. Of these,
it is preferable to use toluene or tetrahydrofuran. The
solvent may be used singly or in combination of two or more
thereof.

The use amount of such a solvent is preferably in the
range of from 1 to 20 parts by mass per part by mass of the
bisphenol (a-2).

(0047]

The conditions in the monophosphite production method

- 19 -



[0014] (in the fornmul ae, the wavy line represents a connection site) , etc.
Exanpl es of the cyc].oal kyl ene group represented by A include a
cycl opropyl ene group, a 1, 2-cycl opentyl ene group, a 1, 3-cycl opentyl ene
group, 1,2-cycl ohexyl ene group, a 1, 3-cycl ohexyl ene group, a
1, 4-cycl ohexyl ene group, etc. Exanples of the phenyl ene group represented by
A include a 1, 2-phenyl ene group, a 1, 3-phenyl ene group, a 1, 4-phenyl ene
group, etc(h) awtheasmelacsioh témpargythiriey| eerctiaupreashude reagtd-ampht hyl ene
group, a 1, 8-naphthylene group, etc. Al of them may have a substituent.
Exanpl es ofimsicheacsulad t nent partlied@aazlirylligriceps hadowever of ehably from 1
to 5 carbon atons,

reaction temperature is usually in the range of from -20 to

100°C, and preferably in the range of from 0 to 80°C. The

reaction pressure is usually in the range of from 0.05 to 3

MPa (gauge pressure). In general, the reaction time is

preferably in the range of from 0.5 to 20 hours.

[0048]

The method for carrying out the monophosphite production

method (b) is not particularly limited. For example, the

method can be carried out by adding dropwise one mole of the

halogenated phosphite (B) to one mole of the bisphenol (A-2)

under atmospheric pressure at a prescribed temperature over

from one minute to 10 hours in an inert gas atmosphere such

as nitrogen, arxgon, etc. in the presence of a solvent and

optionally a basic substance and then reacting the mixture at

a prescribed temperature for a prescribed time.

(0049]

Salts formed as by-products (for example, triethylamine

hydrochloride, pyridine hydrochloride, etc.) are removed from

the reaction mixture after completion of the reaction as

obtained in the foregoing method by means of, for example,

filtration, etc., thereby obtaining a mixed solution

containing a crude moncphosphite (C-2). Ssuch a crude

monophosphite (C-2) may be provided for the bisphosphite
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such as a nethyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, an s-butyl group, a t-butyl
group, an n-pentyl group, etc.; al koxyl groups having preferably from1 to 4
carbon atons, such as a nethoxy group, an ethoxy group, an n-propoxy group,
an i sopropoxy group, an n-butoxy group, an isobutoxy group, an s-butoxy
group, a t-butoxy group, etc.; aryl groups such as a phenyl group, a

napht hyl gigufict 868 megREAt Il'ﬁ) | bke (Bi 0845Kescrived Exateteasolitt hg. al kyl
group represented by Rl include al kyl groups having from1l to 3 car bon

at ons, Sug'ﬂtahatﬂ%fy' 9£ 09@ pBRsShh¥! +8" GRaifn theP MRdphdspHR tedn
|sopropyl group, etc. 16]
(C-2) having a hlgher purity by distilling off the solvent from
the mixed solution and subjecting the cbtained residue to
recrystallization or column chromatography. such a
monophosphite (C-2) may be provided for the bisphosphite
production method (A) or (B) as described later.
[0050]

The halogenated phosphite (B) to be used in the
monophosphite production methed (b) can be produced by, for
example, by reacting one mole of the phosphorus trihalide
compound such as phosphorus trichloride, etc. and one mole of
the bisphenol (A-1) at about -10°C under atmospheric pressure
in an inert gas atmosphere such as nitrogen, axrgon, etc.
optionally in the presence of a basic substance such as
triethylamine, etc. and a solvent such as toluene, etc. (see,
for example, Journal of Chemical Society, 1953, pages 1920 to
1926), and furthermore, the purity can be properly increased
by distillation or recrystallization.

[0051]

Next, the bisphosphite production method (A) is
described in detail.

In the bisphosphite productionmethod (A), the use amount
of the halogenated phosphite (D) is preferably in the range

of from 0.8 to 3 moles, and more preferably in the range of
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Speci fic exanpl es of the bisphosphite (1) include bisphosphites represented
by the follow ng forrmula: [0017]

from 1 to 2 moles per mole of the monophosphite (C).
[0052]

As the basic substance which can be used in the
bisphosphite production method (A), in addition to the basic
substances exemplified in the monophosphite production method
(a) , metal hydrides such as sodium hydride, potassium hydride,
etc.; alkyllithiums such as methyllithium, n-butyllithium,
etc.; and the like are exemplified. Of these, it is preferable
to use triethylamine, pyridine, n-butyllithium or sodium
hydride. The basic substance may be used singly or in
combination of two or more thereof. In the case where the basic
substance is used, the use amount of such a basic substance
is preferably in the range of from 0.8 to 2 moles per mole of
the moncphosphite (C).

[0053)

As the solvent, the same solvents as those exemplified
in the wmonophosphite production method (a) are exemplified.
Of these, it is preferable to use toluene or tetrahydrofuran.
The solvent may be used singly or in combination of two or more
thereof.

The use amount of such a solvent is preferably in the
range of from 1 to 100 parts by mass per part by mass of the
monophosphite (C).

(00541

The conditions in the bisphosphite production method ()
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[ 0018]

9(f tdk :pc O rp \HP L(H)ic7(i<

such as reaction temperature, reaction pressure, reaction time,
etc. are not particularly limited. However, the reaction
temperature is usually in the range of from -100 to 100°C, and
preferably in the range of from -80 to 80°C. The reaction
pressure is usually in the range of from 0.05 to 3 MPa (gauge
pressure). Ingeneral, the reaction time is preferably in the
range of from 0.5 to 30 hours.

[0055]

The method for carrying out the bisphosphite production
method (A) is not particularly limited. For example, the
method can be carried out by adding dropwise the halogenated
phosphite (D) to the monophosphite (C) under atmospheric
pressure at a prescribed temperature over from one minute to
10 hours in an inert gas atmosphere such as nitrogen, argon,
etc. in the presence of a solvent and optionally a basic
substance and then reacting the mixture at a prescribed
temperature for a prescribed time. In particular, in the case
where the foregoing metal hydride or alkyllithium is used as
the basic substance, in general, the method can be carried out
by previously reacting the monophosphite (C) with the metal
hydride or alkyllithium to convert it into a phenoxide, to which
is then added dropwise the halogenated phosphite (D) at a
prescribed temperature over from one minute to 10 hours, and
reacting the mixture at a prescribed temperature for a

prescribed time.
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[0019]  [0020]

[0056]

Salts formed as by-products (for example, triethylamine
hydrochloride, pyridine hydrochloride, etc.) are removed from
the reaction mixture after completion of the reaction as
obtained in the foregoing method by means of, for example,
filtration, etc.; the solvent is then distilled off from the
reaction mixture; and the cbtained residue is subjected to
recrystallization, whereby the bisphosphite (I) having a
higher purity can be cbtained.

[0057]

The halogenated phosphite (D) to be used in the
bisphosphite production method (A) can be produced by, for
example, by reacting a phosphorus trihalide compound such as
phosphorus trichloride, etc. and the diol (F) to be used in
the bisphosphite production method (B) as described later at

" about -10°C under atmospheric pressure in an inert gas
atmosphere such as nitrogen, argon, etc. optiomnally in the
presence of a basic substance such as triethylamine, etc. and
a solvent such as tetrahydrofuran, toluene, etc. (see, for
example, Journal of Chemical Society, 1953, pages 1920 to 1926),
and furthermore, the purity can be properly increased by a usual
separation and purification method of an organic compound such
as distillation, recrystallization, etc.

[0058]

The bisphosphite production method (B-first half) is
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etc. [0021) The production nethod of the bisphosphite (1) of the
present invention is hereunder descri bed.

hereunder described in detail.

The use amount of the phosphorus trihalide compound
represented by the general formula: PY’; (in the formula, Y¥*
is the same as defined above) 1s usually in the range of from
1 to 100 moles, and preferably in the range of from 1 to 10
mole per mole of the monophosphite (C).

[0059]

As the Dbasic substance which can be used in the
bisphosphite production method (B-first half), the same basic
substances as those used in the monophosphite production
method (a) are exemplified. Of these, it is preferable to use
triethylamine or pyridine. The basic substance may be used
singly or in combination of two or more thereof.

In the case where the basic substance is used, its use
amount is preferably in the range of from 1 to 10 moles per
mole of the wonophosphite (C).

[0060]

As the solvent to be used in the bisphosphite production
method (B-first half), the same solvents as those used in the
monophosphite productionmethod (a) are exemplified. Of these,
it is preferable to use toluene or tetrahydrofuran. The
solvent may be used singly or in combination of two or more
thereof.

The use amount of such a solvent is preferably in the

range of from 1 to 100 parts by mass per part by mass of the
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Though the production nethod of the bisphosphite (I) is not particularly
limted, for exanple, the follow ng nethods are exenplified. [0022]
In the case where Rl represents a hydrogen atom by reacting a bi sphenol
represented by the fornula (A-1) [hereinafter referred to as "bi sphenol
(A-1)"]: [0023]

monophosphite (C).

(0061]

The conditions in the bisphosphite production method
(B-first half) such as reaction temperature, reaction pressure,
reaction time, etc. are not particularly limited. However,
the reaction temperature is usually in the range of from 0 to
150°C, and preferably in the range of from 20 to 120°C. Also,
the reaction pressure is usually in the range of from 0.05 to
3 MPa (gauge pressure). In general, the reaction time is
preferably in the range of from 0.5 to 30 hours.

(0062]

The method for carrying out the bisphosphite production
method (B-first half) is not particularly limited. For
example, the method can be carried out by adding dropwise the
phosphorus trihalide compound represented by the general
formula: PY?; (in the formula, Y> is the same as defined above)
to the monophosphite (C) under atmospheric pressure at a
prescribed temperature over from one minute to 10 hours in an
inert gas atmosphere such as nitrogen, argon, etc. in the
presence of a solvent and optionally a basic substance and then
reacting the mixture at a prescribed temperature for a
prescribed time.

[0063]

The residue containing the halogenated phosphite (E) which

is obtained by filtering the reaction mixture containing the
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[ 0024]

halogenated phosphite (E) obtained by the foregoing method and
distilling off the foregoing phosphorus trihalide compound,
solvent, basic substance, etc. under a reduced pressure (at
50°C and 0.01 MPa) may be used for the bisphosphite production
method (B-second half) as described later as it is.
Alternatively, the halogenated phosphite (E) is isolated by
recrystallization from a solvent such as toluene,
tetrahydrofuran, etc. and then used for the bisphosphite
production method (B-second half).

[0064]

Next, the bisphosphite production method (B-second
half) is hereunder described in detail.

The use amount of the diol (F) to be used in the
bisphosphite production method (B-second half) is usually in
the range of from 1 to 10 moles, and preferably in the range
of from 1 to 3 mole per mole of the halogenated phosphite (E).
[0065]

As the basic substance which can be used in the
bisphosphite production method (B-second half), the same basic
substances as those used in the monophosphite production
method (a) are exemplified. Of these, it is preferable to use
triethylamine or pyridine. The basic substance may be used
singly or in combination of two or more thereof.

In the case where the basic substance is used, its use

amount is preferably in the range of from 2 to 10 moles per
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and a phosphorus trihalide conmpound represented by the general fornula: PY13
(Y1 represents a chlorine atom a bromne atomor an iodine atom in an
inert gas atnosphere such as nitrogen, argon, etc. in the presence of a
solvent and optionally a basic substance, it is possible to produce a

nonophosphite represented by the formula (C- 1) [hereinafter
"nmonophosphite (C1) " ] [0025]

referred to as

mole of the halogenated phosphite (E).
[o066]

As the solvent to be used in the bisphosphite production
method (B-second half), the same solvents as those exemplified
in the monophosphite production method (a) are exemplified.
Of these, it is preferable to use toluene or tetrahydrofuran.
The solvent may be used singly or in combination of two or more
thereof.

The use amount of such a solvent is preferably in the
range of from 1 to 100 parts by mass per part by mass of the
halogenated phosphite (E).

[0067]

The conditions in the bisphosphite production method
(B-second half) such as reaction temperature, reaction
pressure, reaction time, etc. are not particularly limited.
However, the reaction temperature is usually in the range of
from -20 to 100°C, and preferably in the range of from 0 to

50°C. Also, the reaction pressure is usually in the range of

from 0.05 to 3 MPa (gauge pressure). In general, the reaction
time is preferably in the range of from 0.5 to 30 hours.
[0068]

The method for carrying out the bisphosphite production
method (B-second half) is not particularly limited. For
example, the method can be carried out by adding dropwise the

diol (F) to the halogenated phosphite (E) obtained in the



[ 0026]

bisphosphite production method (B-fixst half) under
atmospheric pressure at a prescribed temperature over from cne
minute to 10 hours in an inert gas atmosphere such as nitrogen,
argon, etc. in the presence of a solvent and optionally a basic
substance and then reacting the mixture at a prescribed
temperature for a prescribed time.
[0069]

As to the separation and purification of the bisphosphite
(I) from the reaction mixture obtained by the foregoing method,
the bisphosphite (I) having a high purity can be obtained by,
for example, removing salts formed as by-products (for example,
triethylamine hydrochloride, pyridine hydrochloride, etc.) by
means of filtration, etc., distilling off the solvent f£rom the
reaction mixture and then subjecting the obtained crude
product to recrystallization. The recrystallization can be
carried out by, for example, dissolving the crude product in
a solvent such as hexane, toluene, diisopropyl ether,
tetrahydrofuran, ethyl acetate, acetone, acetonitrile, etc.
upon heating at a temperature in the range of from 40°C to a
boiling point of the solvent and cooling to from -20 to 20°C,
followed by allowing to stand.
(c070]

The bisphosphite (I) obtained by the foregoing method
is a novel compound. Such a bisphosphite (I) has such a

characteristic not seen in the conventionally known
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(this nmethod will be hereinafter referred to "nonophosphite production
nmethod (a) ") - On the other hand, in the case where Rl represents
an al kyl group, first of all, by reacting a bisphenol represented by the
general formula (A-2) [hereinafter referred to as "bisphenol (A2 ) "1 :
[ 0027]
bisphosphites that in a hydroformylation reaction of a
non-conjugated diene having a carbon-carbon double bond in a
molecular end, and especially having from 6 to 20 carbon atoms,
it is able to simultaneously suppress a hydroformylation
reaction to a carbon-carbon double bond in the molecular
interior and an isomerization reaction in the respective
carbon-carbon double boﬁds and to keep heat stability and
catalytic activity high, and is very useful.
A method for producing an aldehyde through a reaction
(hydroformylation reaction) of a non-conjugated diene having
a carbon-carbon double bond in a molecular end and having from
6 to 20 carbon atoms with carbon monoxide and hydrogen in the
presence of the bisphosphite (I) and a group 8 to 10 metal
compound (this method will be hereinafter referred to as
“reaction 1”) is hereunder described in detail.
(0071]

Specific examples of the non-conjugated diene having a

carbon-carbon double bond in a molecular end and having from

6 to 20 carbon atoms include 1l,4-hexadiene,
l-methoxy-2,7-octadiene, l-ethoxy-2,7-octadiene,
l-propoxy-2,7-octadiene, l-isopropoxy-2, 7-octadiene,

2,7-octadien-1-0l, l-acetoxy-2,7-octadiene, 1,6-octadiene,
etc.
foo72]

Examples of the group 8 to 10 metal compound include
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[0028] (wherein Rl represents an al kyl group) and a hal ogenated phosphite
represented by the general fornula (B) [hereinafter abbreviated as
"hal ogenat ed phosphite (B) "]: [0029]

rhodium compounds, cobalt compounds, ruthenium compounds,

iron compounds, etc. Examples of the rhodium compound include
Rh(acac) (CO) a1, Rh(acac)a, RhC1 (CO) (PPh;) 2, RhC1 (PPh,) 3,

RhBr (CO) (PPhy)2, Rh.(CO)iz:, Rhe(CO)i1¢, etc. Examples of the
cobalt compound include HCo (CO)3, BCo(CO)4, Coa(CO)s, HCO; (CO) 9,
etc. Examples of the ruthenium compound include Ru(CO), (PPhs)a,
RuCl, (PPhy)i, RuCli(PPhj)i, Ru,(CO)i2, etc. Also, examples of

the iron compound include Fe (CO)s, Fe (CO)(PPh;, Fe (CO) 4 (PPha) 2,

etc. Of these, it is preferable to use a rhodium compound which
is easy to select a relatively mild reaction condition; and
it is especially preferable from the viewpoint of easiness of

availability to use Rh(acac) (CO). or Rh(acac)a.

The use amount of the group 8 to 10 metal compound is
preferably in the range of from 0.0001 to 1,000 moles, and more
preferably in the range of from 0.005 to 10 moles as reduced
into a metal atom per liter of the reaction mixture. When the
use amount of the group 8 to 10 metal compound is less than
0.0001 moles per liter of the reaction mixture, the reaction
rate tends to become extremely slow; and also, even when it
exceeds 1,000 moles, an effect corresponding thereto is not
obtained, but the catalyst costs merely increase.

[0073)

Inthe reaction 1, the bisphosphite (I) may be used singly

or in combination of two or more thereof. The use amount of

such a bisphosphite (I) is preferably in the range of from 2
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[00301 in an inert gas atnosphere such as nitrogen, argon, etc. in the
presence of a solvent and optionally a basic substance, it is possible to
produce a nmonophosphite represented by the formula (C 2) [hereinafter
referred to as "nonophosphite (C2)"]:
to 1,000 moles, and more preferably in the range of from § to
500 moles as reduced into a phosphorus atom per mole of the
metal in the group 8 to 10 metal compound, with a range of from
10 to 200 moles being further preferable from the viewpointsg
of catalytic activity and reaction rate. In the case where
the use amount of the bisphosphite (I) is less than 2 moles
per mole of the metal in the group 8 to 10 metal compound, the
heat stability of the catalyst is impaired; and also, in the
case where it exceeds 1,000 moles, the reaction rate tends to
become extremely small.
[0074]

The reaction 1 is carried out in the presence or absence
of a solvent. Examples of such a solvent include saturated
aliphatic hydrocarbons such as pentane, hexane, heptane,
octane, nonane, decane, cyclohexane, etc.; aromatic
hydrocarbons such as benzene, toluene, ethylbenzene,
propylbenzene, o-xylene, m-xylene, p-xylene, o-ethyltoluene,
m-ethyltoluene, p-ethyltoluene, etc.; alcohols such as
isopropyl alcohol, isobutyl alcohol, isopentyl alcohol,
neopentyl alcohol, etec.; ethers such as dimethyl ether,
ethylmethyl ether, diethyl ether, dipropyl ethexr, butylmethyl
ether, t-butylmethyl ether, dibutyl ether, ethylphenyl ether,
diphenyl ether, tetrahydrofuran, 1,4-dioxane, etc.; ketones
such as acetone, ethyl methyl ketone, methyl propyl ketone,

diethyl ketone, ethyl propyl ketone, dipropyl ketone, ete.:
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[ 0031]

[0032] (wherein RI represents an al kyl group)

and the like. Such a solvent may be used singly or in
combination of two or more thereof. In the case where the
solvent is used, though the use amount of the solvent is not
particularly limited, in general, it is preferably in the range
of from 1 to 90 % by mass relative to the whole of the reactien
mixture.

[0075]

The reaction temperature in the reaction 1 is preferably
in the range of from 40 to 150°C; and from the viewpqint of
suppressing deactivation of the catalyst, it is more
preferably in the range of from 50 to 130°C. Also, the reaction
pressure is preferably in the range of from 0.01 to 10 MPa (gauge
pressure), and more preferably in the range of from 0.5 to §
MPa (gauge pressure).

The reaction time ig usually in the range of from 0.5
to 20 hours; and from the viewpoint of productivity, it is
preferably in the range of from 0.5 to 5 hours.

{0076]

As to the use proportion of a mixed gas of carbon monoxide
and hydrogen to be used in the reaction 1, a ratio of carbon
monoxide to hydrogen is preferably in the range of from 10/1
to 1/10 (by mole), and more preferably in the range of from
2/1 to 1/2 (by mole).

[0077]

For the purpose of suppressing the occurrence of high
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(this nethod will be hereinafter referred to "nonophosphite production
met hod (b)"). [0033] Subsequently, by M reacting the nonophosphite
(G- 1) or nonophosphite (C2) [hereinafter often named generically as
"nmonophosphite (O "] and a hal ogenat ed phosphite represented by the general
formula (0) [hereinafter abbreviated as "hal ogenated phosphite (D)"]: [0034]
boiling of the formed aldehyde due to a side reaction, if
desired, the reaction 1 may be carried out in the presence of
an additive =such as triethylamine, tributylamine,
tri-n-octylamine, N,N,N‘,N‘-tetramethyl-1,2-diaminocethane,
N,N,N’,N’-tetramethyl-1,3-diaminopropane,
N,N,N’ ,N‘’-tetramethyl-1, 4-diaminobutane,
N,N-diethylethanolamine, triethanolamine,
N-methylpiperidine, N-methylpyrrolidine, N-methylmorpholine,
pyridine, picoline, lutidine, collidine, quinoline, etc. 1In
the case where the additive is used, in general, its use amount
is preferably in the range of from 200 to 3,000 moles, and moxe
preferably in the range of from 800 to 2,000 moles per mole
of the metal in the group 8 to 10 metal compound.
[0078]
The reaction 1 can be carried out in a continuous manner
or a batchwise manner by using a stirring type reaction tank,
a circulation type reaction tank, a bubble tower type reaction
tank, etc.
[0079]
The method for carrying out the reaction 1 is not
particularly limited. For example, the method can be carried
out by charging the non-conjugated diene having a
carbon-carbon double bond in a molecular end and having from

6 to 20 carbon atoms in the presence of a mixed gas of carbon

monoxide and hydrogen in a molar ratio of 1/1 and feeding a
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[0035] (in the formula, Ais the sane as defined above; and Y' represents a
chlorine atom a bromne atomor an iodine aton) in an inert gas atnosphere

such as nitrogen, argon, etc. in the presence of a solvent and optionally a

basi ¢ substance (this method will be hereinafter referred to as

"bi sphosphite production nethod (A) " ) , or [n] reacting the nonophosphite

(© and a phosphorus trihalide conmpound represented by the general fornula:

PY33 (in wmigkeBosdlibttion’3£IiHy BSSPhesphihé QT NeLkRd @oud PN Maeghdm or an
iodine atom) in an inert gas atnosphere such as nitrogen, argon, etc. in the

presence @bmpohfHRY tREGAIRiEn®NEhd Yp2 iBAGL Ty HHIS FaPE§oi R QidaAvE
hal ogenat ed phosphite
while stirring and reacting the mixture at a prescribed
temperature and a prescribed pressure for a prescribed time.
{ooB0]

Though the separation and purification method of an
aldehyde from the reaction mixture obtained in the foregoing
method is not particularly limited, it can be carried out by
a method which is used for usual separation and purification
of an oxrganic compound. For example, an aldehyde having a high
purity can be obtained by distilling off the solvent, the basic
substance, etc. from the reaction mixture under a reduced
pressure (at 50°C / 0.01 MPa) and then distilling the residue
under a reduced pressure. Also, prior to such distillation,
the bisphosphite (I) and the group 8 to 10 metal compound may
be separated by subjecting the residue to a method such as
vaporization, extraction, adsorption, ete. The separated
bisphosphite (I) and the group 8 to 10 metal compound can be

again used for the hydroformylation reaction (reaction 1).

Examples
[o081]

The present invention is hereunder described in more
detail with reference to the Examples, but it should be

construed that the present invention ig never limited to these
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. represented by the general formula (E) (hereinafter abbreviated as
. "hal ogenat ed phosphite (B)"): [0036] [0037]

Examples.

[o082]

<Example 1>

[0083]

OH OH

O O phosphorus trichloride
triethylanine @ 0

(c=1)

OH

{0084]

In a three-necked flask equipped with a thermometer and
a dropping funnel and having an inner volume of 1,000 mL, 82.12
g (200 mmoles) of 4,4’,6,6'-tetra-tert-butyl-2,2’-biphenol
and 500 mL of toluene were added, and 59.2 g (390 mmoles) of
triethylamine was further added, followed by substituting the
inside of the systemwithnitrogen. Subsequently, 11.4mL (130
mmoles) of phosphorus trichloride was added dropwise over 30

minutes so as to keep the inner temperature at 20 to 30°C, and

after completion of the dropwise addition, the mixture was
further stirred at room temperature for 12 hours. After
completion of the reaction, triethylamine hydrochloride

formed as a by-product was removed by means of filtration, and
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(this nmethod will be hereinafter referred to as "bi sphosphite production
nmethod (B- first half )" ) , and subsequently reacting with a diol

represented by the general formula (F) (hereinafter abbreviated as "did |

(F)" ) HOA-OH(F) (in the fornmula, Ais the sane as defined above)
I nert gas atnosphere such as nitrogen, argon, etc. in the presence of a

- solvent and optionally a basic substance (this nmethod w |l

be herei nafter

referred t@héstéﬁﬁéﬂ@oéﬁ@iEEiQEHﬁPE&iﬂE‘&E%é“ﬁhé@%figéwﬁkﬁafioﬁ the

possi bl e to produce the bisphosphite

obtained filtrate under a reduced pressure (at 50°C / 0.01 MPa),
thereby obtaining 95.0 g of a crude monophosphite (C-1). This
was purified by recrystallization from a mixed solvent of 300
mL of acetonitrile and 150 mL of tetrahydrofuran, thereby
obtaining 82.80 g of the monophosphite (C-1) (yield on the basis
of phosphorus trichloride: 75 %, purity: 99 %).

[0085]

<Example 2>

[0086]

phosphorus trichloride

O O (riethylamine

(=1 (E—1)

[0087]

In a three-necked flask equipped with a thermometer and
a dropping funnel and having an innex volume of 100 mL, 8.43
g (10 mmoles) of the monophosphite (C-1) and 50 mL of toluene
were added, and 1.52 mg (15 mmoles) of triethylamine was further
added, followed by substituting the inside of the system with
nitrogen. Subsequently, 2.6 mL (30 mmoles) of phosphorus

trichloride was added dropwise over 30 minutes so as to keep
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[0038] is described in detail. The use anount of the phosphorus
trihalide conmpound represented by the general formula: PY13 (in the fornula,
Yl is the sane as defined above) is usually in the range of from0.1 to 1
nol &, and preferably in the range of fromO0.2 to 0.8 noles per nole of the
bi sphenol (A-1).
the inner temperature at 20 to 30°C. After completion of the
dropwise addition, the temperature was raised to 70°C, and the
mixture was further stirred for 12 hours. After returning to
room temperature, triethylamine hydrochloride formed as a
by-product was removed by means of filtration, and the
Phosphorus trichloride, toluene and triethylamine were
distilled off from the obtained filtrate under a reduced
pressure (at 50°C / 0.01 MPa), thereby obtaining 10.5 g of a
crude halogenated phosphite (E-1).

[0088]

triethylamine

(E—-1) - (I=1)
(0089]

Subsequently, in a three-necked flask equipped with a
thermometer and a dropping funnel and having an inner volume
of 300 mL, 10.5 g of the above-obtained crude halogenated
phosphite (E-1), 100 mL of toluene and 3.03 g (30 mmoles) of
triethylami.ne were added, followed by substituting the inside
of the system with nitrogen. Subsequently, a solution of 1.56

g (15 mmoles) of neopentyl glycol dissolved in 10 mL of
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[ 0039] Exanpl es of the basic substance which can be used in the
nonophosphite production nmethod (a) include am nes such as trinethyl am ne,
triethylamne, tri -n-butylamne , tri-n-octylam ne, diethyl i sopropyl
amne , N, Ndinmethylaniline, etc.; nitrogen-containing heterocyclic
conpounds such as pyridine, picoline, collidine, lutidine, quinoline, etc.;

and the |ike. hese, it is pr.ef.erable,to use trjethylam ne or ridine.
The basic E‘Eu‘b’%?%‘?éﬁp We&%gfaﬂgp§°8'f’l?‘ﬁ XsDiHa MG EEF Fﬂoaﬁr'? re

t her eof . In the case where the basic substance is used, the use
amount of keem whediames MeFpaTeswrs preRlr 5Ol 307G t ASteangemBietioMn 0.3 to 3

nol es per nole of_ the bisphenol (A-1). [0040] .
of the dropwise addition, the mixture was furthex stirred at

room temperature for 3 hours; thereafter, triethylamine
hydrochloride formed as a by-product was removed by means of
filtration; and the toluene, tetrahydrofuran and
triethylamine were distilled off from the obtained filtrate
under a reduced pressure (at 50°C/ 0.01 MPa) , thereby obtaining
10.9 g of a crude bisphosphite (I-1). 50 mL of acetonitrile
was added therxeto, and the mixture was stirred at room
temperature for 30 minutes, followed by filtration to obtain
a solid. 80 mL of diisopropyl ether was added thereto, and
the mixture was heated at 70°C. After confirming that the solid
had been entirely dissolved, this solution was cooled to 5°C
over one hour, and a deposited crystal was collected by
filtration. This was dried at room temperature under a reduced
pressure, thereby obtaining 6.73 g of the bisphosphite (I-1)
(yield on the basis of the monophosphite (C-1): 68 %, purity:
98 %). An H-NMR data of the obtained bisphosphite (I-1) is
shown below.
[00s0]

'H-NMR (270 MHz, CDCl;, TMS) 8: 7.40 to 7.06 (m, 8H), 4.14
(dd, 1H, J=3.0, 10.8 Hz), 3.88 (dd, 1H, J=3.0, 10.8 Hz), 3.29
(dt, 1H, J=3.0, 10.8 Hz), 2.90 (dt, 1H, J=3.0, 10.8 Hz), 1.48

(s, 9H), 1.45 (s, 9H), 1.33 (s, S9H), 1.31 (s, SH), 1.29 (s,
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Exanpl es of the solvent which is used in the nonophosphite production nethod

~(a) include saturated aliphatic hydrocarbons such as pentane, hexane,

. heptane, octane, nonane, decane, cycl ohexane, etc.; aromatic hydrocarbons

- such as benzene, toluene, ethyl benzene, propylbenzene, o-xylene, mxylene,

- p-xyl ene, o-ethyltoluene, methyltoluene, p-ethyltoluene, etc.; ethers
suchasdi nethyl ether, ethyl nmethyl ether, diethyl ethe{, di propyl ether,

' butyInethy?Hgth%r?7t§?nu%ﬁbneﬁhf% é@heP?’diBuP}l‘%th@?, t et r ahydr of ur an,

1, 4- di oxan etc.; and the like. O these, it is preferable to use tol uene

or tetrahy§98?h}an. The solvent may be used singly or in conbination of two

or nore thereof. The use anmount of such a solvent is preferably in

t he range sEX&®Rk§ 1330 20 parts by nass per part by mass of the bisphenol
A-1).

( ) The reaction and separation and purification operation

were carried out in the same manner as in Example 2, except
that in Example 2, 1.35 g (15 mmoles) of 1,4-butanediol was
used in place of 1.56 g (15 mmoles) of necpentyl glycol, thereby
obtaining 6.96 g of a bisphosphite (I-2) (yield on the basis
of the monophosphite (C-1): 72 %, purity: 98 %) represented
by the formula (I-2).

[0092]

(1-2}

[0093]

An *H-NMR data of the obtained bisphosphite (I-2) is shown
below.
[0094]

H-NMR (270 MHz, CDCly, TMS) §: 7.39 to 7.04 (m, 8H), 4.27
to 4.15 (m, 1B), 3.77 to 3.65 (m, 1H), 3.62 to 3.48 (m, 1H),
3.30 to 3.18 (m, 1H), 1.48 (s, 9H), 1.45 (s, 9H), 1.33 to 1.28

(m, 58H)
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(00411 The conditions in the nonophosphite production nmethod (a) such
as reaction tenperature, reaction pressure, reaction tine, etc. are not
particularly limted. However, the reaction tenperature is usually in the
range of from-20 to 100C, and preferably in the range of fromO to 50C.
Also the reaction pressure is usually in the range of fromO0.05 to 3 MPa
(gauge pref 5%5? In general, the reaction tine is preferably in the range
of from1 t% hours. [0042] The nethod for carrying out the
nnnophosphltﬁﬁﬁgoductlon method (a) is not particularly limted. For

exanpl e, dt*an be carried out by addi ng dropw se the phosphorus

trihalide conpound represented_by the general fornula! PYla
The reaction and separation and purification operation

were carried out in the same manner as in Example 2, except
that in Example 2, 0.93 g (15 mmoles) of ethylene glycol was
used inplace of 1.56 g (15 mmoles) of neopentyl glycol, thereby
obtaining 6.57 g of a bisphosphite (I-3) (yield on the basis
of the monophosphite (C-1): 70 %, purity: 96 %) represented
by the formula (I-3).

[c09€]

(1-3)

[0097]

An ‘H-NMR data of the obtained bisphosphite (I-3) is shown
below.
[o098]

H-NMR (270 MH2z, CDCl,, TMS) §: 7.41 to 7.05 (m, 8H), 4.18
to 4.14 (m, 1H), 4.11 to 4.02 (m, 1H), 3.91 to 3.85 (m, 1H),
3.77to 3.69 (m, 1H), 1.44 (s, 9H), 1.40 (s, 9H), 1.33 (s, SH),
1.31 (s, 9H), 1.29 (s, 9H), 1.27 (s, SH), 1.20 (s, 9H), 1.05

(s, 9H)

- 41 -



(in the formula, Y1 is the sane as defined above) to the bisphenol (A-1)
under atnospheric pressure at a prescribed tenperature over fromone m nute
to 10 hours in an inert gas atnosphere such as nitrogen, argon, etc. in the
presence of a solvent and optionally a basic substance and then reacting the
m xture at a prescribed tenperature for a prescribed tinme. [0043]
Salts formed as. by-products (for exanple, triethylam ne hydrochl oride,
pyri di ne E;B?%%Jnl oride, etc.) are renoved fromthe reaction m xture after
conpl etion of the reaction as obtained in the foregoing nethod by neans of,
for exanpl 8EX3TPL® 233 0n, etc., thereby obtaining a ni xed sol ution contai ni ng
a crude nonophosphite (C-1). Such a crude nonophosphite (CG1) may be
provi ded for thellbiasphoeptnecked ddaski eauinpedwith) adihqmomesegeandi bed
later as it is. Alternatively, it is possible to obtain the nonophosphite
(C- 1) havi agdzeppigie fupnelt gndyhaving |36 dgnetf veheme @ f dd0 mlonBt 42 ni xed
sol ution and subjecting the obtained residue to recrystallization or colum
chr omat ograpfQ mBediesa of noipd ssploptespBite eyl beohtainatbdnf Bxamhke
bi sphosphite production nmethod (A) or (B) as described |ater. [0044]

1 and 50 mL of tetrahydrofuran wexre added, followed by

substituting the inside of the system with nitrogen. After
cooling the inside of the system to -70°C, 6.3 mL of a hexane
solution of 1.6 moles/L of n-butyllithium (corresponding to
10 mmoles of n-butyllithium) was added dropwise over one hour
S0 as to keep the inner temperature at not higher than -60Q°C.
After completion of the dropwise addition, the mixture was
further sgtirred at -70°C for 30 minutes. To the cbhtained
reaction mixture, 2.09 g (12 mmoles) of 1,2-phenylene
phosphorochloridite was added dropwise over 30 minutes so as
to keep the inner temperature at not higher than -60°C. After
completion of the dropwise addition, the mixture was further
stirred at the same temperature for 2 hours, and thereafter,

the temperature was gradually raised to 0°C. Lithium chloride
formed as a by-product was removed from the reaction mixture
by filtration, and the filtrate was concentrated under a
reduced pressure (at 50°C / 0.01 MPa), thereby obtaining 24.01
g of a residue. This residue was recrystallized from 100 mL
of diisopropyl ether, thereby 8.10 g of a bisphosphite (I-4)

(yield on the basis of the monophosphite (C-1): 82 %, purity:
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Next, the nmonophosphite production nethod (b) is described in detail. The
use anmount of the hal ogenated phosphite (B) is wusually in the range of from
0.8 to 4 noles, and preferably in the range of from1l to 2 noles per nole of
t he bi sphenol (A-2).

98 %) represented by the formula (I-4).

(0100]

e

(I=4)

[(0101]

An *H-NMR data of the obtained bisphosphite (I-4) is shown
below.
[0102]

'H-NMR (270 MHz, CDCl,, TMS) 8: 7.47 to 6.93 (m, 12H),
1.34 (s, 18H), 1.33 (s, 18H), 1.29 (s, 9H), 1.25 (g, 9H), 1.16
(s, 9H), 1.12 (s, 9H)
[0l03]
<Example 6> Hydroformylation reaction using the bisphosphite
(I-1)

A solution of 50 mg (0.051 mmoles) of the bigphosphite
(I-1) obtained in Example 2 and 20.6 mg (0.08 mmoles) of
Rh(acac) (CO), dissolved in 20 wmL of toluene was prepared in
a mixed gas atmosphere of carbon monoxide and hydrogen in a
ratio of 1/1 (by mole), and 1 mL of such a solution was added

to a toluene (4 mL) solution of 76 mg (0.077 mmoles) of the

bisphosphite (I-1) at 25°C, thereby obtaining a mixed solution
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[ 0045] As the basic substance which can be used in the nonophosphite
production nethod (b), the sanme basic substances as those exenplified in the
nonophosphi te production nmethod (a) are exenplified. O these, it is
preferable to use triethylam ne or pyridine. The basic substance may be used
singly or in conbination of two or nore thereof. In the case where

t he basic substance is used, the use anount of such a basic substance is

pr ef er abl Yhé%.ﬁ@%. rﬁéi‘ﬂ:? r‘aft:.t)r&ﬂ‘tﬁe%ﬂ&iﬁrﬁﬁltéﬁ ﬂ@&h@‘i&]ﬁ:éﬂh&ﬂ\% giLswhenol

(A-2). [0046] t he solvent to be used in the nonophosphite
product i on,ge] hogd &t@reﬁﬁ%c@%ﬂﬁeﬁeﬂéatéoaés t‘*&'i:%l%‘%”%ttﬁ\:?gn'ﬂ"i he
nonophosphi t epr oducti onnmet hod (a) are exenplif O these, 1t is

T rahl e 10 ol Yo Skt ol 4408 e S B 170
with a gas inlet and a sampling port and having an inner volume
of 100 mL, 2.5 mL of the catalyst solution A (corresponding
to 0.002 mmoles of Rh(acac) (CO)2; corresponding to 0.04 mmoles
of the bisphosphite; concentration of the rhodium compound in
the reaction system: 0.04 mmoles/L) and 47.5 mL (282 mmoles)
of 1-methoxy-2,7-octadiene in a nitrogen atmosphere; and after
substituting the inside of the autoclave with a mixed gas of
carbon monoxide and hydrogen in a ratio of 1/1 (by mole) at
3 MPa (gauge pressure), the temperature in the autoclave was
raised to 120°C while stirrxing, and the mixture was reacted
for 2 hours. During the reaction, a mixed gas of carbon
monoxide and hydrogen in a ratio of 1/1 (by mole) was
continually fed, thereby keeping the pressure in the reaction
system constant. The obtained reaction mixture was analyzed
by gas chromatography (analysis instrument: GC-173a,
manufactured by Shimadzu Corporation; used column: DB-23 (60
m), manufactured by J&W Scientific; analysis condition:
injection temperature at 250°C and detection temperature at
250°C; temperature rise condition: 100°C (keeping for 3
minutes) — (raising the temperature at 5°C/min) ~» 250°C
(keeping for 5 wminutes). As a result, a conversion of

l-methoxy-2,7-octadiene was 93 %; a selectivity of an aldehyde
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- The use anmount of such a solvent is preferably in the range of from1 to 20
" parts by mass per part by nmass of the bisphenol (A-2). [0047] The conditions
i in the nonophosphite production nethod

in which a carbon-carbon double bond in the molecular end was
hydroformylated was 94 %; a selectivity of a dialdehyde inwhich
a carbon-carbon double in the molecular interior was 3 %; and
a rate of isomerization (proportion in which the isomerization
reaction occurred in the carbon-carbon double bond) of
l-methoxy-2,7-octadiene was 3 %.

[0104]

<Example 7> Hydroformylation reaction using the bisphosphite
(I-2)

The reaction and analysis were carried out in the same
manner as in Example 6, except that in Example €, the
bisphosphite (I-1) was replaced by the bisphosphite (I-2)
obtained in Example 3. As a result, a conversion of
l-methoxy-2,7-octadiene was 94 %; a selectivity of an aldehyde
in which a carbon-carbon double bond in the molecular end was
hydroformylated was 95 %; a selectivity of a dialdehyde in which
a carbon-carbon double in the molecular interior was 3 %; and
a rate of isomerization of l-methoxy-2,7-octadiene was 2 %.
{0105]
<Comparative Example 1>

The reaction and analysis were carried out in the same
manner as in Example 6, except that in Example 6, the
bisphosphite (I-1) was repia.ced by a bisphosphite represented .
by the following formula.

[0106]
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[0107]

As a result, a conversion of 1-methoxy-2,7-octadiene was
91 %; a selectivity of an aldehyde in which a carbon-carbon
double bond in the molecular end was hydroformylated was 82 %;
a selectivity of a dialdehyde in which a carbon-carbon double
in the molecular interior was 1 %; and a rate of isomerization
of 1l-methoxy-2,7-octadiene was 17 %.
[0108]
<Comparative Example 2>

The reaction and analysis were carried out in the same
manner as in Example 6, except that in Example 6, the
bisphosphite (I-1) was replaced by a bisphosphite represented
by the following formula.

[01009]

OMe OMe
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[0110]

As a result, a conversion of 1-methoxy-2, 7-octadiene was
93 %; a selectivity of an aldehyde in which a carbon-carbon
double bond in the molecular end was hydroformylated was 85 %;
a selectivity of a dialdehyde in which a carbon-carbon double
in the molecular interior was 8 %; and a rate of isomerization
of l-methoxy-2,7-octadiene was 7 %.
f0111]

It is noted from the results of Examples 6 and 7 and
Comparative Examples 1 and 2 that when a non-conjugated diene
having a carbon-carbon double bond in a molecular end and having
from 6 to 20 carbon atoms is subjected to a hydrofofmylation
reaction using the bisphosphite (I) of the present invention
(Examples € and 7), both the hydroformylation reaction to a
carbon-carbon double bond in the molecular interior and the
rate of isomerization of the carbon-carxbon double bond are
suppressed in extremely low levels as compared with the case
of using a known bisphosphite (Comparative Examples 1 and 2).
On the other hand, in Comparative Example 1, though the
hydroformylation reaction to the carbon-carbon double bond in
the molecular interior is largely suppressed, the rate of
isomerization of the carbon-carbon double bond is large as 17 %.
Also, in Comparative Example 2, both the hydroformylation
reaction to a carbon-carbon double bond in the molecular

interior and the rate of isomerization of the carbon-carbon
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double bond are high a little.
[0112]
<Test Example>

- In a 200-mL three-necked £lask, 100 mL of toluene having
a water content of 70 ppm, and 100 mg of the bisphosphite (I-1)
was subsequently added, followed by substituting the inside
of the system with nitrogen at room temperature. The obtained
mixed solution was sealed in each of three glass tubes having
an innex diametex of 8 mm under a nitrogen gas stream; and after
dipping in an oil bath heated at 125°C, a rate of retention
was determined every lapse of one hour by high-performance
liquid chromatography (HPLC) according to an absolute
calibration method. Also, the same test was carried out by
using the bisphosphite (I-2), the bisphosphite (I-3) or a
bisphosphite represented by the formula (II) (hereinafter
referred to as ‘“bisphosphite (II)}”) in place of the
bisphosphite (I-1).

{0113}

[0114]
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The results are collectively shown in Table 1.

[0115]
[Table 1]
Table 1
ina b Rate of retention
Laps(n;g M€ | isphasphite | Bisphosphite | Bisphosphile | Bisphosphite
{-1) (I-2) (1-3) D)
0 100 100 100 100
1 86 85 82 70
2 78 78 74 52
3 70 71 67 33
[0116]

It is noted from Table 1 that in comparison with the
bisphosphite (II) which is a known phosphite and in particular,
is structurally analogous to the bisphosphite of the present
invention, the bisphosphite (I) of the present invention is

very excellent in heat stability and resistance to hydrolysis.
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CLAIMS

[{1] A method for producing an aldehyde having an aldehyde
group 1in a mwmolecular end, comprising reacting a non-
conjugated diene having a carbon-carbon double bond in a
molecular end and having from 6 to 20 carbon atoms with a
carbon monoxide and hydrogen in the presence of a

bisphosphite represented by the general formula (I):

(1

wherein A represents an alkylene group which may have a
substituent, a cycloalkylene group which may have a
substituent, or a phenylene group which may have a
substituent; and R? represents a hydrogen atom or an alkyl
group,

and a group 8 to 10 metal compound.

[2] The method for producing an aldehyde having an
aldehyde group in a molecular end according to claim 1,
wherein the non-conjugated diene having a carbon-carbon

double bond in a molecular end and having from 6 to 20

carbon atoms 1is 1,4-hexadiene, l1-methoxy-2, 7-octadiene,
l-ethoxy-2, 7-octadiene, 1-propoxy-2, 7-octadiene,
l1-isopropoxy-2,7-octadiene, 2,7-octadien-1-o01, l-acetoxy-

2,7-octadiene or 1,6-octadiene.



[3] A bisphosphite represented by the general formula (I):

(N

wherein A represents an alkylene group which may have a

substituent, a cycloalkylene group which may have a
substituent, or a phenylene group which may have a
substituent; and R!' represents a hydrogen atom or an

alkyl group.





