
SPECIFICATION METHOD FOR PRODUCING ALDEHYDE 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 anon-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 a 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 reaction", and it is
well-known that this method is industrially extremely valuable 



as a method for producing an aldehyde.        In general, in such a
hydroformylation reaction, a rhodium compound or a combination of a rhodium
compound and a phosphorus compound is industrially used as a catalyst. As
such a phosphorus compound, for example, phosphines such as
tributylphosphine,,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-buty1(1,1i-bipheny1)-2,2'-diy1]-1,2- ethyldiphosphite,
his[3,31,5,51-tetra-t-buty1(1,11-biphenyl)-2,2'-diy1]-2,7,
9,9-tetramethy1-9H-xanthin-4,5-diyldiphosphite1
bis[3,31-di-t-butyl-5,5'-dimethoxy(1,1'-biphenyl)-2,2'-diy
11-2,7,9,9-tetramethy1-9H-xanthin-4,5-diyldiphosphite, compounds represented
by the formulae: 



[0003]  [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. 



to 005]   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, 1969, 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  Problems that the Invention is to Solve 



(0006)        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,
1-octene, etc., results obtained in the case where a non-conjugated diene
also having a carbon-carbon double bond in other 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 1-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
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 carbon-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 A to 10 metal
compound.  



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) [hereinafter referred to
as "bisphosphite (I) "] : 



[0009]    



[0010]  (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 RI 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 



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, 1-ethoxy-2,7-octadiene,1-propoxy-2,7-octadiene,
1-isopropoxy-2,7-octadiene,2,7-octadien-l-ol, 



1-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 carbon atoms, it is possible 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 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,  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 cyc].oalkylene group represented by A include a
cyclopropylene group, a 1,2-cyclopentylene group, a 1,3-cyclopentylene
group, 1,2-cyclohexylene group, a 1,3-cyclohexylene group, a
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 carbon atoms,  



such as a methyl 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.; 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 isobutoxy 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 RI 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, etc. [0016] 



Specific examples of the bisphosphite (I) include bisphosphites represented
by the following formula: [0017]   



[0018]  9(f t4k :pc 0 rp \HP L(H)ic7(i< 



[0019]   [0020] 



etc.  [0021)         The production method of the bisphosphite (I) of the
present invention is 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 R1 represents a hydrogen atom, by reacting a bisphenol
represented by the formula (A-1) [hereinafter referred to as "bisphenol
(A-1)"]: [0023] 



[0024] 



and a phosphorus trihalide compound represented by the general formula: PY13
(Y1 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 optionally a basic substance, it is possible to produce a
monophosphite represented by the formula (C-1) [hereinafter referred to as
"monophosphite (C-1) " ] [0025] 



[0026] 



(this method will be hereinafter referred to "monophosphite production
method (a) ") -         On the other hand, in the case where R1 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 ) "1 :
[0027]  



[0028] (wherein RI represents an alkyl group) and a halogenated phosphite
represented by the general formula (B) [hereinafter abbreviated as
"halogenated phosphite (B) "]: [0029]  



[00301 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 monophosphite represented by the formula (C-2) [hereinafter
referred to as "monophosphite (C-2)"]: 



[0031]  [0032] (wherein RI represents an alkyl group) 



(this method will be hereinafter referred to "monophosphite production
method (b)"). [0033]        Subsequently, by MI 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 (0) [hereinafter abbreviated as "halogenated phosphite (D)"]: [0034]



[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 optionally a
basic substance (this method will be hereinafter referred to as
"bisphosphite production method (A) " ) , or [n] reacting the monophosphite
(C) and a phosphorus trihalide compound represented by the general formula:
PY33 (in the formula, Y3 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 optionally a basic substance to obtain a
halogenated phosphite  



represented by the general formula (E) (hereinafter abbreviated as
"halogenated phosphite (B)"): [0036]  [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 "did l
(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]  is described in detail.        The use amount of the phosphorus
trihalide compound represented by the general formula: PY13 (in the formula,
Yl 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, diethyl i sopropyl
amine , 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 maybe 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 used 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,  propylbenzene, o-xylene, m-xylene,
p-xylene, o-ethyltoluene, m-ethyltoluene, p-ethyltoluene, etc.; ethers
suchasdimethyl 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 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-1). 



(00411        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 100C, and preferably in the range of from 0 to 50C.
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! PYla 



(in the formula, Y1 is the same as defined above) to the bisphenol (A-1)
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. [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 crude 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 off 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) is described in detail. The
use amount of the halogenated phosphite (B) is  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
monophosphiteproductionmethod (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 
















