
EP 0 503 564 B1 Description The present invention relates to a method for
producing an aldehyde, which comprises reacting an olefinic compound with
carbon monoxide and hydrogen. Aldehydes obtainable by the present invention
are 5  compounds useful as starting materials for plasticizers for resins
such as a vinyl chloride resin. The present invention also relates to novel
phosphite compounds. For producing an aldehyde by reacting an olefinic
compound with carbon monoxide and hydrogen, it is known to those skilled in
the art to employ a hydroformylation catalyst having a Group Vil metal such
as rhodium modified by a phosphorus-containing ligand. It is also known
that the catalytic activities are 10  substantially influenced by the type
of the phosphorus-containing compound used as the ligand even under the
same reaction conditions. On the other hand, it is known that the
reactivity of the hydroformylation reaction is substantially affected by
the structure of the olefinic compound as the substrate, and a di- or
more-substituted i.e. poly-substituted olefin such as a branched terminal
olefin, a linear intemal olefin or a branched internal olefin (hereinafter
generally referred as "poly-substituted olefin") is inferior in the 15
reactivity to a linear terminal olefin. As a method for improving the
hydroformylation reaction rate of such a poly-substituted olefin with low
reactivity, Japanese Unexamined Patent Publication No. 123134/1982
discloses a hydroformylation method for a branched olefin such as
2-methyl-1-hexene wherein a rhodium catalyst modified with a phosphite
ligand such as tris(2-t-butylphenyl)phosphite, is employed. Further,
Japanese Unexamined Patent Publication No. 123143/1987 discloses that by
using a cycloal- 20  kylphosphine such as tricyclohexylphosphine, a high
hydroformylation activity can be obtained even for a poly-substituted
olefin such as 2-butene. However, for producing an aldehyde industrially
advantageously from such an olefinic compound with low reactivity, such
conventional methods do not provide a fully satisfactory hydroformylation
reaction rate, and it has been desired to develop a catalyst system having
higher activities. 25     The present inventors have conducted an extensive
research for a method for producing an aldehyde industrially advantageously
by reacting an olefinic compound with carbon monoxide and hydrogen. As a
result, it has been found that a desired aldehyde can be prepared at a high
reaction rate by conducting the hydroformylation reaction in the presence
of an organic phosphite compound having a certain specific structure in
combination with a Group VIII metal compound. The present invention has
been accomplished 30  on the basis of this discovery. Thus, the present
invention provides a method for producing an aldehyde, which comprises
reacting an olefinic compound with carbon monoxide and hydrogen in the
presence of a Group VIII metal compound and an organic phosphite compound
to produce a corresponding aldehyde, wherein an organic phosphite compound
of the formula (I): 35 [err] wherein each of [err] which may be the same or
different, is a 2-naphthyl group which may have a substituent, provided
that at least one of [err]is a substituted 2-naphthyl group of the formula
(II): 40 50 wherein [err]is a [err] organic group, and each of [err] which
may be the same or different, is a hydrogen atom or an organic group, and
[err] is [err] a 2-naphthyl group which may have a substituent, [err] a
phenyl group which may have a substituent, or [err] an alkyl group which
may have a substituent, is used as said organic phosphite compound. 55
The present invention also provides a novel phosphite compound of the
formula (III): [err] 2    



EP 0 503 564 B1 wherein each of [err] is a 2-naphthyl group in which at
least the 3-, 6- and 8-positions are substituted by the same or different
hydrocarbon groups and which may further have substituents, and [err] is an
alkyl group, or a phenyl group which may have a substituent only at the
m-position and/or p-position. Now, the present invention will be described
in detail with reference to the preferred embodiments. 5     With respect
to the olefinic compound used in the method for producing an aldehyde
according to the present invention, there is no particular restriction as
to its structure, so long as it is a compound having at least one olefinic
double bond in its molecule. Namely, the method of the present invention
can be applied to any olefinic compound such as an olefinic compound
substituted only by a saturated hydrocarbon group, an olefinic compound
substituted by a hydrocarbon group including an unsaturated hydrocarbon
group, or 10 an olefinic compound substituted by a functional group
containing a hetero atom. The olefinic compound substituted only by a
saturated hydrocarbon group, includes, for example, a linear terminal
olefinic hydrocarbon such as 1-hexene, 1-octene or 1-decene, a branched
terminal olefinic hydrocarbon such as isobutene or 2-methyl-1-butene, a
linear internal olefinic hydrocarbon such as cis- or trans-2-butene, cis-
or trans-2-hexene, cis- or trans-3-hexene, cis- or trans-2-octene, or cis-
or trans-3- 15 octene, a branched intemal olefinic hydrocarbon such as
2,3-dimethyl-2-butene, 2-methyl-2-butene, or 2- methyl-2-pentene, a
terminal olefinic hydrocarbon-internal olefinic hydrocarbon mixture such as
a mixture of olefin oligomer isomers like dimers to tetramers of lower
olefins such as octene obtainable by dimerization of butenes or nonene
obtainable by trimerization of propylene, and an alicyclic olefinic
hydrocarbon such as cyclopentene, cyclohexene, 1-methylcyclohexene,
cyclooctene or limonene. 20     The olefinic compound substituted by a
hydrocarbon group including an unsaturated hydrocarbon group, includes, for
example, an olefinic compound having an aromatic substituent such as
styrene, a- methylstyrene or allylbenzene, and a diene compound such as
1,5-pentadiene, 1,7-octadiene or norbor- nadiene. The olefinic compound
substituted by a functional group containing a hetero atom, includes, for
25 example, allyl alcohol, 3-methyl-3-buten-1-ol, 1-hydroxy-2,7-octadiene,
acrylonitrile, an acrylate and a methacrylate. Among these, the
hydroformylation catalyst of the present invention is particularly
effective for branched olefins for which no adequate reaction rates have
been obtained by conventional catalysts because of their low reactivity,
such as isobutene, 2-methyl-1-butene, 2-methyl-2-butene,
2,3-dimethyl-2-butene, an octene 30 mixture containing various isomers
obtained by dimerization of butenes, a mixture of olefin oligomer isomers
such as dimers to tetramers of lower olefins, such as nonene obtained by
trimerization of propylene. Among them, it is particularly effective for a
[err] branched internal olefinic compound. Namely, the method of the
present invention is effective even for a substrate, for which no adequate
catalytic activities are obtainable even by using a tricycloalkylphosphine
ligand as disclosed in Japanese 35 Unexamined Patent Publication No.
123143/1987. In the method for producing an aldehyde according to the
present invention, an organic phosphite compound of the formula (I): [err]
40 wherein each of [err] which may be the same or different, is a
2-naphthyl group which may have a substituent, provided that at least one
of RI and R2 is a substituted 2-naphthyl group of the formula (II): (II) 50
[err] wherein [err] is a [err] organic group, and each of [err] which may
be the same or different, is a hydrogen atom or an organic group, and [err]
is [err] a 2-naphthyl group which may have a 55  substituent, [err] a
phenyl group which may have a substituent, or [err] an alkyl group which
may have a substituent, is used as said organic phosphite compound. In the
2,naphthyl group of the formula (II) for [err] is preferably [er]ror  an
aryl group which may have a substituent, wherein each of [err] is a
hydrogen atom, a fluorinated 



3    EP 0 503 564 B1 hydrocarbon group or a hydrocarbon group. When each of
[err] is a hydrocarbon group, it is preferably a [err]hydrocarbon group.
When [err] is an aryl group which may have a substituent, the substituent
may be any optional organic group, so long as it does not impair the
hydroformylation reaction. When [err]is preferably bulky as a whole.
Usually, as [err], a branched alkyl group, 5 preferably a [err] branched
alkyl group, is employed. Specifically, an i-propyl group, a s-butyl group,
a t- butyl group, a s-amyl group, a t-amyl group, a t-hexyl group, a
cyclohexyl group or a 1-methylcyclohexyl group may, for example, be used.
When each of [err] an organic group, it may be any optional organic group
so long as it does not impair the hydroformylation reaction. 10    Such an
organic group, or an organic group as the substituent in the case where
[err] is an aryl group which may have a substituent, may, for example, be a
[err] alkyl group such as a methyl group, an ethyl group, a n-propyl group,
an i-propyl group, a n-butyl group, a s-butyl group, an i-butyl group, a
t-butyl group, a n-amyl group, a t-amyl group, a n-hexyl group, a
cyclopentyl group, a cyclohexyl group, an octyl group, a nonyl group, a
decyl group or an octadecyl group, a C6-30 aryl group such as a phenyl
group, a 15 tolyl group, a xylyl group, a p-biphenyl group or a naphthyl
group, a [err] aralkyl group such as a benzyl group, a functional group
having a hetero atom, such as a halogen, an alkoxy group, a carboalkoxy
group or an alkylamino group, for example, the substituent containing a
halogen atom as a functional group may be a halogen such as fluorine,
chlorine or bromine, or a fluorinated alkyl group such as a trifluoromethyl
group, a pentafluoroethyl group or a heptafluoropropyl group, the
substituent containing an alkoxy group as a 20 functional group, may be a
methoxy group, an ethoxy group, a n-propoxy group or an i-propoxy group,
the substituent containing a carboalkoxy group as a functional group, may
be an acetyl group, a propionyl group, a benzoyl group, a carbomethoxy
group, and the substituent containing an alkylamino group as a functional
group, may be a dimethylamino group or a diethylamino group. Either one of
substituents [err] has a structure of the formula (II), and the other may
have the 25 same structure or a different structure. As a 2-naphthyl group
having a substituent of a different structure, a group of the formula (IV):
30 [err] 35 wherein [err] are as defined in the formula (II), may be
mentioned. The organic group for [err] may, for example, be a [err] alkyl
group such as a methyl group, an ethyl group, a n-propyl group, an i-propyl
group, a n-butyl group, a s-butyl group, an i- 40 butyl group, a t-butyl
group, a n-amyl group, a t-amyl group, a n-hexyl group, a cyclopentyl
group, a cyclohexyl group, an octyl group, a nonyl group, a decyl group or
an octadecyl group, a [err] aryl group such as a phenyl group, a tolyl
group, a xylyl group, a p-biphenyl group or a naphthyl group, a C7-30
aralkyl group such as a benzyl group, or a functional group having a hetero
atom, such as a halogen, an alkoxy group, a carboalkoxy group or an
alkylamino group, for example, the substituent containing a 45 halogen atom
as a functional group may be a halogen such as fluorine, chlorine or
bromine, or a fluorinated alkyl group such as a trifluoromethyl group, a
pentafluoroethyl group or a heptafluoropropyl group, the substituent
containing an alkoxy group as a functional group may be a methoxy group, an
ethoxy group, a n-propoxy group or an i-propoxy group, the substituent
containing a carboalkoxy group as a functional group may be an acetyl
group, a propionyl group, a benzoyl group or a carbomethoxy group, and the
50 substituent containing an alkylamino group as a functional group may be
a dimethylamino group or a diethylamino group. When [err] is a 2-naphthyl
group which may have a substituent, it is preferably a 2-naphthyl group of
the 



formula (II) or (IV). It is particularly preferred to employ the one having
a 2-naphthyl group of the formula. (11). 55     Specific examples include a
phosphite compound of the formula (I) wherein each of [err] is a 2-naphthyl
group of the formula (II), such as
tris(3-isopropyl-2-naphthyl)phosphite,tris(3,6-diisopropyl-2-
naphthyl)phosphite, tris(3-tert-butyl-2-naphthyl)phosphite,
tris(3,6-ditert-butyl-2-naphthyl)phosphite, tris(3-
tert-amyl-2-naphthyl)phosphite,  tris(3,6-ditert-amyl-2-naphthyl)phosphite,
tris[3-(1,1 ,2-trimethylpropyl)-2- 4    EP 0 503 564 B1 naphthyl]phosphite,
tris[3,6-di(1,1,2-trimethylpropyl)-2-butyl]phosphite,
tris(3-phenyl-2-naphthyl)phosphite, tris(3,6-diphenyl-2-naphthyl)phosphite,
tris(3-cyclohexyl-2-naphthyl)phosphite, tris(3,6-dicyclohexyl-2-naph-
thyl)phosphite, tris(3-tert-butyl-6-methoxy-2-naphthyl)phosphite,
tris(3,6-ditert-butyl-7-methoxy-2-naphthyl)- phosphite,
tris(3,6,8-trimethyl-2-naphthyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(3-tert-butyl-2-naphthyl)- 5  phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(3,6-ditert-amyl-2-naphthyl)phosphite,
bis(3,6-ditert-butyl-2-naph- thyl)(3,6-dlemthyl-2-naphthyl)phosphite    or
bis(3,6-ditert-butyl-2-naphthyl)(3,6,8-trimethyl-2-naphthyl)- phosphite; a
phosphite compound of the formula (I) wherein each of [err] is a 2-naphthyl
group of the formula (II) and [err] is a 2-naphthyl group of the formula
(IV), such as bis(3,6-dimethyl-2-naphthyl)(2- naphthyl)phosphite,
bis(3,6-diisopropyl-2-naphthyl)(2-naphthyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(2- 10  naphthyl)phosphite,
bis(3,6-ditert-amyl-2-naphthyl)(2-naphthyl)phosphite,
bis(3,6-diphenyl-2-naphthyl)(2- naphthyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(6-tert-butyl-2-naphthyl)phosphite,
bis(3,6-ditert-butyl-2- naphthyl)(6,7-dimethyl-2-naphthyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(2-naphthyl)phosphite,   bis-
(3,6,8-tritert-butyl-2-naphthyl)(6-tert-butyl-2-naphthyl)phosphite or
bis(3,6,8-trimethyl-2-naphthyl)(2-naphthyl)- phosphite; and a phosphite
compound of the formula (I) wherein [err] is a 2-naphthyl group of the
formula (11) 15 and each of [err] is a naphthyl group of the formula (IV),
such as (3,6-diisopropyl-2-naphthyl)bis(2- naphthyl)phosphite,
(3,6-ditert-butyl-2-naphthyl)bis(2-naphthyl)phosphite,
(3,6-ditert-amyl-2-naphthyl)bis(2- naphthyl)phosphite,
3,6-ditert-butyl-2-naphthyl)(6-tert-butyl-2-naphthyl)(2-naphhyl)phosphite
or (3,6,8-tritert- butyl-2-naphthyl)bis(2-naphthyl)phosphite. Among them, a
phosphite compound of the formula (I) wherein each of [err] is a 2-naphthyl
group of the formula (II), such as tris(3,6-ditert-butyl-2-naphthyl)- 20
phosphite or tris(3,6-ditert-amyl-2-naphthyl)phosphite is preferred. The
substituent in a case where [err] is a phenyl group which may have a
substituent, may be any optional organic group so long as it does not
impair the hydroformylation reaction. For example, it may be a [err]
hydrocarbon group such as an alkyl group, an aryl group or an aralkyl
group, a substituent containing a halogen atom as a functional group, a
substituent containing an oxygen atom as a functional group, such 25 as an
alkoxy group or a carbonyl group, a substituent containing a nitrogen atom
as a functional group, such as an amino group or a nitro group, or a
substituent containing a sulfur as a functional group, such as a sulfonyl
group. The hydrocarbon group may be a [err] alkyl group such as a methyl
group, an ethyl group, a n-propyl group, an i-propyl group, a n-butyl
group, a s-butyl group, an i-butyl group, a t-butyl group, a n-amyl group,
30  a t-amyl group, a n-hexyl group, a cyclopentyl group, a cyclohexyl
group, an octyl group, a nonyl group, a decyl group or an octadecyl group;
a [err] aryl group such as a phenyl group, a tolyl group, a xylyl group, a
p-biphenyl group or a naphthyl group; or a [err] aralkyl group such as a
benzyl group. The substituent containing a halogen atom as a functional
group, may, for example, be a halogen such as fluorine, chlorine or
bromine, or a fluorinated alkyl group such as a trifluoromethyl group, a
pentafluoroethyl group or a 35 heptafluoropropyl group. The substituent
containing an oxygen atom as a functional group, may, for example, be an
alkoxy group such as a methoxy group, an ethoxy group, a n-propoxy group or
an i- propoxy group, or a substituent containing a carbonyl group, such as
an acetyl group, a propionyl group, a benzoyl group, a carbomethoxy group
or a carboethoxy group, or a cyclic substituent containing an oxygen, such
as a furyl group or a pyranyl group. The substituent containing a nitrogen
atom as a functional group, 



40 may, for example, be a substituent containing a nitrogen atom, such as
an amino group, a dimethylamino group, a diethylamino group, an aminoethyl
group, a cyano group, a cyanoethyl group or a nitro group. The substituent
containing a sulfur atom as a functional group, may, for example, be a
substituent containing a sulfonyl group such as a methane sulfonyl group, a
benzene sulfonyl group or a toluene sulfonyl group. The position of the
substituent may be the o-, m- or p-position. The number of such
substituents is not 45 particularly limited and may be from one to five.
Specific examples include a phosphite compound of the formula (I) wherein
each of [err] is a 2- naphthyl group of the formula (II) which has
hydrocarbon groups at the 3-, 6- and 8-positions, and [err] is a phenyl
group which may have a substituent only at the m-position and/or
p-position, such as bis(3,6,8- triisopropyl-2-naphthyl)phenylphosphite,
bis(3,6,8-tri-s-butyl-2-naphthyl)phenylphosphite, bis(3,6,8-tri-s-butyl- so
2-naphthyl)(p-biphenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)phenylphosphite,
bis(3,6,8-tritert-amyl-2- naphthyl)phenylphosphite,
bis(3,6,8-triphenyl-2-naphthyl)phenylphosphite,
bis(3,6,8-tritert-amyl-2-naphthyl)- (p-biphenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p-tolyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)- (m-tolyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(3,4-dimethylphenyl)phosphite,
bis(3,6,8-tritert-butyl-2- naphthyl)(3,4,5-trimethylphenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p-tert-butylphenyl)phosphite, bis- 55
(3,6,8tritert-butyl-2-naphthyl)(m-tert-butylphenyl)phosphitesbis(3,6,8-trit
ert-butyl-2-naphthyl)(p-biphenyl)- phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p-fluorophenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p- trifluoromethylphenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p-acetylphenyl)phosphite,
bis(3,6,8-tritert- butyl-2-naphthyl)(p-benzoylphenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p-methoxyphenyl)phosphite, 5    EP 0
503 564 B1
bis(3,6,8-tritert-butyl-2-naphthyl)(p-carbomethoxyphenyl)phosphite,bis(3,6,
8-tritert-butyl-2-naphthyl)(p- dimethylaminophenyl)phosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)(p-methanesulfonylphenyl)phosphite or
bis- (3,6,8-tritert-butyl-2-naphthyl)(p-toluenesulfonylphenyl)phosphite; a
phosphite compound of the formula (I) wherein each of [err] is a 2-naphthyl
group of the formula (II) and [err] is a phenyl group which may 5 have a
substituent only at the rn-position and/or p-position, such as
bis(3,6-diisopropyl-2-naphthyl)- phenylphosphite,
bis(3,6-ditert-butyl-2-naphthyl)phenylphosphite,
bis(3,6-ditert-amyl-2-naphthyl)- phenylphosphite,
bis(3,6-diphenyl-2-naphthyl)phenylphosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p-tolyl)- phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(m-tolyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p-tert-butyl- phenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(m-tert-butylphenyl)phosphite,
bis(3,6-ditert-butyl-2-naph- 10 thyl)(p-biphenyl)phosphite,
bis(3,6-di-s-butyl-2-naphthyl)phenylphosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p- fluorophenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p-trifluoromethylphenyl)phosphite,
bis(3,6-ditert-butyl- 2-naphthyl)(p-acetylphenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p-benzoylphenyl)phosphite, bis(3,6-
ditert-butyl-2-naphthyl)(p-methoxyphenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p-carbomethoxyphenyl)- phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(p-dimethylaminophenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)- 15
(p-methanesulfonylphenyl)phosphite,bis(3,6-ditert-butyl-2-naphthyl)(p-tolue
nesulfonylphenyl)phosphite, (3,6-
ditert-butyl-2-naphthyl)(3,6,8-tritert-butyl-2-naphthyl)phenylphosphite, or
(3,6-ditert-butyl-2-naphthyl)(3,6,8-
tritert-butyl-2-naphthyl)(p-tolyl)phosphite; a phosphite compound of the
formula (I) wherein each of [err] and R2 is a 2-naphthyl group of the
formula (II) and R[err] is a phenyl group which has a substituent at the o-
position,   such   as   bis(3,6-ditert-butyl-2-naphthyl)(o-tolyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(o- 20 isopropylphenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(o-tert-butylphenyl)phosphite,
bis(3,6-ditert-butyl-2- naphthyl)(2,4-ditert-butylphenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(2-tert-butyl-4-methylphenyl)- phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(2-tert-butyl-4-phenylphenyl)phosphite,
bis(3,6-ditert-butyl-2-naph- thyl)(2-tert-butyl-4-methoxyphenyl)phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(2-tert-butyl-4-acetylphenyl)- phosphite,
bis(3,6-ditert-butyl-2-naphthyl)(2-tert-butyl-4-benzoylphenyl)phosphite,
bis(3,6-ditert-butyl-2-naph- 25
thyl)(2-tert-butyl-4-benzenesulfonylphenyl)phosphite,
bis(3,6-ditert-amyl-2-naphthyl)(o-tolyl)phosphite  or bis-
(3,6-diphenyl-2-naphthyl)(o-tolyl)phosphite; and a phosphite compound of
the formula (I) wherein [err] is a 2- 



naphthyl group of the formula (II), and R2 is a 2-naphthyl group of the
formula (IV), such as (3,6,8-tritert-
butyl-2-naphthyl)(2-naphthyl)phenylphosphite,
(3,6,8-tritert-butyl-2-naphthyl)(2-naphthyl)(p-tolyl)-
phosphite,(3,6,8-tritert-butyl-2-naphthyl)(2-naphthy1)(m-tolyl)phosphite,(3
,6,8-tritert-butyl-2-naphthyl)(2- 30
naphthyl)(o-tolyl)phosphite,(3,6,8-tritert-butyl-2-naphthyl)(2-naphthyl)(p-
tert-butylphenyl)phosphite,         (3,6,8-
tritert-butyl-2-naphthyl)(2-naphthyl)(o-tert-butylphenyl)phosphite,
(3,6,8-tritert-butyl-2-naphthyl)(2-naphthyl)-
(2,4-ditert-butylphenyl)phosphite,
(3,6,8-tritert-butyl-2-naphthyl)(2-naphthyl)(p-biphenyl)phosphite,
(3,6,8- triphenyl-2-naphthyl)(2-naphthyl)phenylphosphite,
(3,6-ditert-butyl-2-naphthyl)(2-naphthyl)phenylphosphite,.
(3,6-ditert-butyl-2-naphthyl)(2-naphthyl)(p-tolyl)phosphite,
(3,6-ditert-butyl-2-naphthyl)(2-naphthyl)(o-tolyl)- 35 phosphite,
(3,6-ditert-butyl-2-naphthyl)(2-naphthyl)(o-tert-butylphenyl)phosphite,
(3,6-ditert-butyl-2-naphthyl)-
(2-naphthyl)(2,4-ditert-butylphenyl)phosphite        or
(3.6-ditert-butyl-2-naphthyl)(2-naphthyl)(p-biphenyl)- phosphite. When
[err] is an alkyl group which may have a substituent, it is preferably a C1
-20 linear, branched or cyclic alkyl group. The linear alkyl group may, for
example, be a methyl group, an ethyl group, a n-propyl 40   group, a
n-butyl group, a n-amyl group, a n-hexyl group, an octyl group, a nonyl
group, a decyl group or an octadecyl group. The branched alkyl group may,
for example, be an i-propyl group, a s-butyl group, an i- butyl group, a
t-butyl group, a t-amyl group or a t-hexyl group. The cyclic alkyl group
may, for example, be a cyclopentyl group, a cyclohexyl group, a
2-methylcyclohexyl group, a 2,2-dimethylcyclohexyl group, a
2,4-dimethylcyclohexyl group or a 2-norbornyl group. Among them, a branched
or cyclic alkyl group such 45 as a t-butyl group, a t-amyl group or a
cyclohexyl group, is preferred. Specific examples include
bis(3,6-ditert-butyl-2-naphthyl)methylphosphite,
bis(3,6,8-tritert-butyl-2-naph- thyl)methylphosphite,
bis(3,6-ditert-butyl-2-naphthyl)ethylphosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)- ethylphosphite,
bis(3,6-ditert-butyl-2-naphthyl)tert-butylphosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)tert-butyl- phosphite,
bis(3,6-ditert-butyl-2-naphthyl)tert-amylphosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)tert-amyl- 50   phosphite,
bis(3,6-diisopropyl-2-naphthyl)cyclohexylphosphite,
bis(3,6-ditert-butyl-2-naphthyl)- cyclohexylphosphite,
bis(3,6-ditert-amyl-2-naphthyl)cyclohexylphosphite,
bis(3,6-diphenyl-2-naphthyl)- cyclohexylphosphite,
bis(3,6,8-tritert-butyl-2-naphthyl)cyclohexylphosphite,
bis(3,6,8-tritert-amyl-2-naphthyl)- cyclohexylphosphite,
bis(3.6,8-tritert-amyl-2-naphthyl)2-methylcyclohexylphosphite,
(3,6-ditert-butyl-2-naph-
thyl)(3,6,8-tritert-butyl-2-naphthyl)cyclohexylphosphite,
(3,6,8-tritert-butyl-2-naphthyl)(2-naphthyl)- 55 cyclohexylphosphite, and
(3,6,8-tritert-amyl-2-naphthyl)(2-naphthyl)cyclohexylphosphite. Especially,
a novel phosphite compound of the formula (I) wherein each of [err] is a
2-naphthyl group having hydrocarbon groups at the 3-, 6- and 8-positions
and [err] is a phenyl group which may have a substituent only at the
m-position and/or p-position, or an alkyl group, i.e. a novel phosphite
compound of .6    EP 0 503 564 B1 the formula (111): [err] 5   wherein
each  of [err] is a 2-naphthyl group which is substituted  by the same or
different hydrocarbon groups at least at the 3-, 6- and 8-positions and
which may have other substituents, and [err] is an alkyl group, or a phenyl
group which may have a substituent only at the rn-position and/or
p-position, is particularly suitable for use as a ligand component together
with the Group VII metal compound for the hydroformylation reaction of an
olefinic compound. The hydrocarbon groups at the 3-, 6- and 8-positions of
io the 2-naphthyl group for [err] are preferably substituents of the
following formula (V): [err] wherein each or [err]is a hydrogen atom or a
hydrocarbon group, preferably a [err] 16 hydrocarbon group. Among them, a
[err] branched alkyl group is most preferred. The 4-, 5- and 7-positions of
each of [err] are preferably substituted by the same substituents as those
represented by [err] in the above formula (11). 



Further, with respect to [err], the preferred alkyl group, or the preferred
phenyl group or substituted phenyl group, is the same as the alkyl group,
or the phenyl group or substituted phenyl group for R3 in the 20 above
formula (1). Specific examples of the novel phosphite compound include
bis(3,6,8-tri-i-propyl-2-naphthyl)(t-butyl)- phosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)cyclohexylphosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)- phenylphosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)-p-cresylphosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)(4- biphenyl)phosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)(4-acetylphenyl)phosphite,
bis(3,6,8-tri-i-propyl-2-naph- 25 thyl)(4-benzoylphenyl)phosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)(4-toluylphenyl)phosphite,
bis(3,6,8-tri-i-pro- pyl-2-naphthyl)(4-methanesulfonylphenyl)phosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)(4-benzenesulfonyl- phenyl)phosphite,
bis(3,6,8-tri-i-propyl-2-naphthyl)(4-toluenesulfonylphenyl)phosphite,
bis(3,6,8-tri-sec-butyl- 2-naphthyl)(t-butyl)phosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)cyclohexylphosphite,
bis(3,6,8-tri-sec-butyl-2- naphthyl)phenylphosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)-p-cresylphosphite,
bis(3,6,8-tri-sec-butyl-2- 30 naphthyl)(4-biphenyl)phosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)(4-acetylphenyl)phosphite,
bis(3,6,8-tri-sec- butyl-2-naphthyl)(4-benzoylphenyl)phosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)(4-toluylphenyl)phosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)(4-methanesulfonylphenyl)phosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)(4- benzenesulfonylphenyl)phosphite,
bis(3,6,8-tri-sec-butyl-2-naphthyl)(4-toluenesulfonylphenyl)phosphite, bis-
(3,6,8-tri-t-butyl-2-naphthyl)(t-butyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)cyclohexylphosphite, bis(3,6,8- 36
tri-t-butyl-2-naphthyl)phenylphosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)-p-cresylphosphite, bis(3,6,8-tri-t-butyl-
2-naphthyl)(4-biphenyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-acetylphenyl)phosphite,
bis(3,6,8-tri-t- butyl-2-naphthyl)(4-benzoylphenyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-toluylphenyl)phosphite, bis-
(3,6,8-tri-t-butyl-2-naphthyl)(4-methanesulfonylphenyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-ben- zenesulfonylphenyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-toluenesulfonylphenyl)phosphite,
bis[3,6,8- 40  tri(sec-n-amyl)-2-naphthyl](t-butyl)phosphite,
bis[3,6,8-tri(sec-n-amyl)-2-naphthyl]cyclohexylphosphite,  bis-
[3,6,8-tri(sec-n-amyl)-2-naphthyl]phenylphosphite,
bis[3,6,8-tri(sec-n-amyl)-2-naphthyl]-p-cresylphosphite,
bis[3,6,8-tri(sec-n-amyl)-2-naphthyl](4-biphenyl)phosphite,
bis[3,6,8-tri(sec-n-amyl)-2-naphthyl](4-acetyl-
phenyl)phosphitebis[3,6,8-tri(sec-n-amyl)-2-naphthyl](4-benzoylphenyl)phosp
hite, bis[3,6,8-tri(sec-amyl)-2- naphthyl](4-toluylphenyl)phosphite,
bis[3,6,8-tri(sec-n-amyl)-2-naphthyl](4-methanesulfonylphenyl)phosphite, 46
bis[3,6,8-tri(sec-n-amyl)-2-naphthyl](4-benzenesulfonylphenyl)phosphite,
bis[3,6,8-tri(sec-n-amyl)-2-naph- thyl](4-toluenesulfonylphenyl)phosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)(t-butyl)phosphite, bis(3,6,8-tri-t-amyl-
2-naphthyl)cyclohexylphosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)phenylphosphite,
bis(3,6,8-tri-t-amyl-2-naph- thyl)-p-cresylphosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)(4-biphenyl)phosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)- (4-acetylphenyl)phosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)(4-benzoylphenyl)phosphite,
bis(3,6,8-tri-t-amyl-2- 60 naphthyl)(4-toluylphenyl)phosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)(4-methanesulfonylphenyl)phosphite, bis-
(3,6,8-tri-t-amyl-2-naphthyl)(4-benzenesulfonylphenyl)phosphite,
bis(3,6,8-tri-t-amyl-2-naphthyl)(4-toluenesul- fonylphenyl)phosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl](t-butyl)phosphite,
bis[3,6,8-tri(1,1,2- trimethylpropyl)-2-naphthyl]cyclohexylphosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl]- phenylphosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl]-p-cresylphosphite,
bis[3,6,8-tri(1,1,2- 55  trimethylpropyl)-2-naphthyl](4-biphenyl)phosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl](4-acetyl-
phenyl)phosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl](4-benzoylphenyl)phosphite,
bis[3,6,8-tri-
(1,1,2-trimethylpropyl)-2-naphthyl](4-toluylphenyl)phosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl](4-
methanesulfonylphenyl)phosphite,
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl](4-benzenesulfonylphenyl)-
7    EP 0 503 564 B1 phosphite, and
bis[3,6,8-tri(1,1,2-trimethylpropyl)-2-naphthyl](4-toluenesulfonylphenyl)ph
osphite. A method for preparing a phosphite compound of the formula (III)
of the present invention will be described. For example, phosphorus
trichloride is reacted with naphthol compounds of the formulas [err] and
[err]OH wherein [err]  are as defined in the formula (III) in a solvent
such as toluene in the 



6  presence of a hydrogen chloride receptor such as an amine, to obtain a
corresponding monochloro intermediate of the formula [err]which is then
reacted with an alcohol compound or a phenol compound of the formula [err]
wherein [err] is as defined in the formula (III) in the presence of a
hydrogen chloride receptor such as an amine, whereby a corresponding
phosphite compound can readily be produced. 10     The novel phosphite
compound of the present invention has a feature that it has bulky
hydrocarbon groups at the 3-, 6- and 8-positions of each of the two
2-naphthyl groups, which is bonded to phosphorus via an oxygen atom, and
another group bonded to phosphorus via an oxygen atom is an alkyl group or
a phenyl group having no substituent at the o-position. Such a specific
structure presents high stability as a ligand and thus is essentially
important for the improvement of the reaction rate thereby brought about.
15     Further, with the organic phosphite ligand of the present invention,
no substantial decrease in the activities is observed by an increase of the
amount, and it is useful within a wide range of concentration, which is
preferred also from the viewpoint of the process management. Accordingly,
the amount of the organic phosphite ligand of the present invention is
suitably determined from the economical aspect. However, it is usually
selected within a range of from 1 to 500 mol times, preferably from 1 to
100 mol 20 times, more preferably from 5 to 50 mol times, relative to the
Group Vil metal which will be described hereinafter. The Group VIII metal
compound to be used in the present invention is a compound of a metal
selected from Group VIII transition metals such as rhodium, cobalt,
platinum, iridium, palladium, ruthenium and a mixture thereof. Preferred
types of the metal are rhodium, cobalt and platinum. Particularly preferred
is 25 rhodium. The form in which the Group VIII metal compound is
incorporated, is not particularly limited. For example, rhodium may be
incorporated in the form of rhodium metal supported on a carrier such as
alumina, silica or active carbon, an inorganic or organic salt of rhodium,
such as rhodium chloride, rhodium nitrate, rhodium acetate, rhodium
formate, sodium rhodium chloride or potassium rhodium chloride, a chelating
compound of rhodium such as rhodium dicarbonyl acetyl acetonate, or a
carbonyl complex 30 compound of rhodium such as tetrarhodium
dodecacarbonyl, hexarhodium hexadecacarbonyl, [err]-dich- lororhodium
tetracarbonyl, [Rh(OAc)(COD)[err] or [err]wherein COD represents
1,5-cyclooc- tadiene. Other Group VIII transition metal compounds include,
for example, a cobalt compound such as dicobalt octacarbonyl or cobalt
stearate, a platinum compound such as platinic acid, sodium hexach-
loroplatinate or potassium platinate, an iridium compound such as iridium
trichloride or iridium carbonyl, a 35 palladium compound such as palladium
acetate or palladium chloride, and a ruthenium compound such as ruthenium
trichloride or tetraamine hydroxychlororuthenium chloride. The amount of
the Group VIII metal compound is not particularly limited, and the lower
and upper limits are usually determined from the viewpoint of the catalytic
activities and the economical feasibility. It is usually selected within a
range of from 0.05 mg to 5 g, preferably from 0.5 mg to 1 g, more
preferably from 1 to 300 mg, per liter of the 40 olefinic compound, as
calculated as the metal atom in the hydroformylation reaction zone. The
Group Vil metal compound forms a carbonyl complex active for the
hydroformylation reaction in the reaction system. For the hydroformylation
reaction, a solvent is not necessarily required. However, if necessary, a
solvent inert to the hydroformylation reaction may be employed. A preferred
solvent may, for example, be a 45 saturated hydrocarbon compound such as
hexane, octane, decane, tetradecane or hexadecane, an aromatic hydrocarbon
compound such as toluene, xylene or dodecylbenzene, a ketone such as
acetone, diethyl ketone or methyl ethyl ketone, an ether such as
tetrahydrofuran or dioxane, or an ester such as ethyl acetate or di-n-octyl
phthalate. In the present invention, the reaction conditions for the
hydroformylation reaction are similar to those 50 commonly employed in the
conventional hydroformylation reaction. Namely, the reaction temperature is
selected within a range of from 20 to 200[err]C, preferably from 50 to
150[err]C. The reaction pressure is selected usually within a range of from
atmospheric pressure to 200 atm, preferably from 5 to 100 atm, more
preferably from 10 to 80 atm. The molar ratio of hydrogen to carbon
monoxide [err]/CO) is selected usually within a range of from 10/1 to 1/10,
preferably from 4/1 to 1/4. 



55     The hydroformylation reaction may be conducted in a continuous
system, a semi-batch system or a batch system in an agitation-type reactor
or a bubble tower type reactor. Further, separation of the formed aldehyde
and the catalyst solution can be conducted by a known method such as
distillation. This distillation method may be conducted in a continuous
system or in a batch system. It may be conducted 8    EP 0 503 564 B1 under
an elevated pressure, atmospheric pressure or reduced pressure. The
temperature is suitably selected within a range of from 20 to 200 [err] C,
preferably from 50 to 170 C, as the case requires. The catalyst solution
separated by distillation may be recycled in its entire amount or a part
thereof to the hydroformylation step in conventional manner for reuse. 5
In the present invention, it is the main object to obtain from a starting
material olefin a corresponding aldehyde. However, in the hydroformylation
step, a corresponding alcohol also forms usually in an amount of a few %.
Now, the method of the present invention will be described in further
detail with reference to Examples. However, it should be understood that
present invention is by no means restricted by such specific 10 Examples.
EXAMPLE 1 Into a stainless steel autoclave of magnetic stirring type having
an internal capacity of 200 [err] 15 of an octene isomer mixture obtained
by dimerization of butene, 10 [err] of m-xylene, 25 mg (0.098 mmol) of
rhodium carbonyl acetyl acetonate and 780 mg (0.98 mmol) of
tris(3,6-di-t-butyl-2-naphthyl)phosphite were charged under a nitrogen
atmosphere. Then, the interior of the autoclave was flushed with nitrogen.
The autoclave was heated to 130 [err] C under stirring. After the
temperature reached 130 [err] C, a 1:1 gas mixture of hydrogen and carbon
monoxide was injected to a level of 50 kg/cm2G from a pressure container
having an 20 internal capacity of 200 [err] via a constant pressure
reactor, and the internal pressure of the autoclave was maintained at a
level of 50 kg/[err]. After the reaction for 5 hours, the autoclave was
cooled and purged to atmospheric pressure, and the content was taken out
under a nitrogen atmosphere. The content was analyzed by gas
chromatography, whereby the conversion of the starting material octene was
found to be 94.4% (yield of [err] aldehyde: 90.1%, yield of [err] alcohol:
3.8%). 25 EXAMPLES 2 and 3 The operation was conducted in the same manner
as in Example 1 except that the rhodium concentration and the P/Rh ratio
were changed. The results are shown in Table 1 together with the results 30
in Example 1. Table 1 Example  P/Rh ratio   Conversion of octene (%) Yield
of [err] aldehyde (%) Yield of [err] alcohol (%) No.   (molar ratio) 1
10               94.4                  90.1                   3.8 2
30               93.2                   90.5                  1.8 40      3
3               92.2                   87.7                  3.5 EXAMPLE 4
45    In Example 1, after the reaction for 5 hours, the autoclave was
cooled and purged to atmospheric pressure, and the content was taken out
under a nitrogen atmosphere. The content was analyzed by gas
chromatography, whereby the conversion of starting material octene was
found to be 92.8%. This content was distilled under reduced pressure to
separate the formed aldehyde. To the distillation residue thereby obtained,
90 [err] of the octene isomer mixture as used in Example 1 and 10 m[err] of
m-xylene were added. The mixture was reacted at 130 [err] C for 5 hours
under a pressure of 50 kg/[err] in the same manner as in the first
reaction. The autoclave was cooled and purged, and then the content was
analyzed by gas 



chromatography, whereby the conversion of starting material octene was
found to be 92.7%. Thus, no deterioration in the activity was found in the
recycled use as compared with the first reaction. EXAMPLE 5 The reaction
was conducted in the same manner as in Example 1 except that 861 mg (0.98
mmol) of tris(3,6-di-t-amyl-2-naphthyl)phosphite was used instead of
tris(3,6-di-t-butyl-2-naphthyl)phosphite. As a 9    EP 0 503 564 B1 result,
the conversion of starting material octene was 92.3% (yield of [err]
aldehyde: 88.7%, yield of [err] alcohol: 3.0%). COMPARATIVE EXAMPLE 1 The
reaction was conducted in the same manner as in Example 1 except that 633
mg (0.98 mmol) of tris(2,4-di-t-butylphenyl)phosphite was used instead of
tris(3,6-di-t-butyl-2-naphthyl)phosphite. As a result, the conversion of
starting material octene was 90.8% (yield of [err] aldehyde: 87.4%, yield
of [err] alcohol: 2.9%). 10 COMPARATIVE EXAMPLE 2 The reaction was
conducted in the same manner as in Example 1 except that 274 mg (0.98 mmol)
of tricyclohexylphosphine was used instead of
tris(3,6-di-t-butyl-2-naphthyl)phosphite. As a result, the conver- 15 sion
of starting material octene was 46.4% (yield of [err]aldehyde: 46.3%, yield
of [err] alcohol: 0%). EXAMPLE 6 Into a stainless steel autoclave of
magnetic stirring type having an internal capacity of 200 ml, 30 ml 20 of
2-methyl-2-butene, 45 ml of m-xylene, 5 ml of n-tetradecane, 10 mg (0.039
mmol) of rhodium dicarbonyl acetyl acetonate, and 310 mg (0.39 mmol) of
tris(3,6-di-t-butyl-2-naphthyl)phosphite were charged under a nitrogen
atmosphere. Then, the interior of the autoclave was flushed with nitrogen.
The autoclave was heated to 130 [err] C under stirring. After the
temperature reached 130 C, a 1:1 gas mixture of hydrogen and carbon
monoxide was injected to a level of 50 kg/[err]G from a pressure container
having an 25 internal capacity of 200 ml via a constant pressure reactor,
and the internal pressure of the autoclave was maintained at a level of 50
kg/[err]. After the reaction for one hour, the autoclave was cooled and
purged to atmospheric pressure, and the content was taken out under a
nitrogen atmosphere. The content was analyzed by gas chromatography,
whereby the conversion of the starting material 2-methyl-2-butene was found
to be 78.1%. 30 COMPARATIVE EXAMPLE 3 The reaction was conducted in the
same manner as in Example 3 except that 252 mg (0.39 mmol) of
tris(2,4-di-t-butylphenyl)phosphite was used instead of
tris(3,6-di-t-butyl-2-naphthyl)phosphite. As a result, 35 the conversion of
starting material 2-methyl-2-butene was 74.2%. EXAMPLE 7 Into a 200 ml
four-necked flask equipped with a stirrer and a reflux condenser, 1.57 g
(0.011 mol) of 40 phosphorus trichloride and 20 ml of toluene were charged
and stirred under a nitrogen atmosphere. A uniform mixture comprising 7.16
g (0.023 mol) of 3,6,8-tri-t-butyl-[err]-naphthol, 2.55 g (0.25 mol) of
triethylamine and 30 ml of toluene, was dropwise added to the above flask
over a period of one hour at room temperature under stirring. After the
dropwise addition, stirring was continued at room temperature for 4 hours.
Then, a uniform mixture comprising 1.15 g (0.011 mol) of cyclohexanol, 1.27
g (0.012 mol) of 45 triethylamine and 20 ml of toluene, was further
dropwise added over a period of 30 minutes at room temperature. Then, the
flask was heated in an oil bath, and the mixture was refluxed for 3 hours
to complete the reaction. Then, solid of triethylamine hydrochloride
produced as a byproduct by the reaction, was removed by filtration. Then,
toluene as the solvent was distilled off under reduced pressure. To the
residue, 



200 ml of acetonitrile was added to let white solid precipitate. The
precipitated solid was collected by 50 filtration, dried and
suspension-washed at room temperature in 200 ml of acetonitrile. Then, it
was collected by filtration, and dried to obtain 8.0 g of
bis(3,6,8-tri-t-butyl-2-naphthyl)cyclohexylphosphite (yield relative to
charged phosphorus trichloride: 93%). EXAMPLES 8 to 11 55 The operation was
conducted in the same manner as in Example 7 except that instead of
cyclohexanol, phenol, p-phenylphenol, 4-hydroxyphenylsulfone, or
4-hydroxybenzophenone, was used, whereby bis(3,6,8-
tri-t-butyl-2-naphthyl)phenylphosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-biphenyl)phosphite, bis(3,6,8-tri-t- 10
EP0503564B1 butyl-2-naphthyl)(4-benzenesulfonylphenyl)phosphite or
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-benzoylphenyl)- phosphite was obtained
in the yield of 95%, 39%, 81% or 92%, respectively (yield relative to
charged phosphorus trichloride). The structures of the above phosphite
compounds were ascertained by a 1H NMR method (JEOL JNM- 5  GX270, a
[err]PNMR method (JEOL JNM -FX100), an elemental analysis and a SIMS mass
analysis (Hitachi M-200A). The analytical values are shown in Tables 2 and
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12 Into a stainless steel autoclave of magnetic stirring type having an
internal capacity of 200 ml, 90 ml 



of an octene mixture obtained by dimerization of butene, 10 ml of m-xylene.
25 mg (0.098 mmol) of 12    EP 0 503 564 B1 rhodium dicarbonylacetyl
acetonate and 806 mg (0.98 mmol) of bis(3,6,8-tritert-butyl-2-naphthyl)(4-
biphenyl)phosphite were charged under a nitrogen atmosphere. Then, the
interior of the autoclave was flushed with nitrogen. The autoclave was
heated to 130[err]C under stirring. After the temperature reached
130[err]C, a 1:1 gas mixture of hydrogen and carbon monoxide was injected
to a pressure of 50 kg/[err]G from 5 a pressure container having an
internal capacity of 200 ml via a constant pressure reactor, and the
internal pressure of the autoclave was maintained at a level of 50
kg/[err]G. After the reaction for 5 hours, the autoclave was cooled and
purged to atmospheric pressure, and the content was taken out under a
nitrogen atmosphere. The content was analyzed by gas chromatography,
whereby the conversion of starting material octene was found to be 91.4%
(yield of aldehyde: 87.3%, yield of alcohol: 4.1%). 10 EXAMPLE 13 The
reaction was conducted in the same manner as in Example 12 except that 730
mg (0.98 mmol) of bis(3,6,8-tritert-butyl-2-naphthyl)phenylphosphite was
used as the organic phosphite compound. As a result, is the conversion of
starting material octene was 90.8% (yield of aldehyde: 87.1 %, yield of
alcohol: 3.9%). EXAMPLE 14 The reaction was conducted in the same manner as
in Example 12 except that 735 mg (0.98 mmol) of 20
bis(3,6,8-tritert-butyl-2-naphthyl)cyclohexylphosphite was used as the
organic phosphite compound. As a result, the conversion of starting
material octene was 84.5% (yield of aldehyde: 82.6%, yield of alcohol:
1.9%). EXAMPLE 15 25 After the reaction for 5 hours in the same manner as
in Example 12, the autoclave was cooled and purged to atmospheric pressure,
and the content was taken out under a nitrogen atmosphere. Then, the
content was distilled under reduced pressure to separate the formed
aldehyde. To the distillation residue thereby obtained, 90 ml of the octane
mixture and 10 ml of m-xylene were added, and the mixture was 30 reacted at
130[err]C for 5 hours under a pressure of 50 kg/[err] in the same manner as
in the first reaction. The autoclave was cooled and purged, and the content
was analyzed by gas chromatography, whereby the conversion of starting
material octane was found to be 91.1% (yield of aldehyde: 85.8%, yield of
alcohol: 5.3%). Thus, no deterioration in the catalytic activities was
observed in the recycled use of the catalyst as compared with the first
reaction. 35 EXAMPLE 16 The reaction was conducted in the same manner as in
Example 12 except that 7.5 mg (0.029 mmol) of rhodium dicarbonyl acetyl
acetonate and 241 mg (0.29 mmol) of bis(3,6,8-tritert-butyl-2-naphthyl)(4-
40 biphenyl)phosphite were used. As a result, the conversion of starting
material octene was 86.1% (yield of aldehyde: 83.4%, yield of alcohol:
2.7%). EXAMPLES 17 to 19 45     The reaction was conducted in the same
manner as in Example 16 except that instead of bis(3,6,8-
tritert-butyl-2-naphthyl)(4-biphenyl)phosphite, 218 mg (0.29 mmol) of
bis(3,6,8-tritert-butyl-2-naphthyl)- phenylphosphite, 250 mg (0.29 mmol) of
bis (3,6,8-tritert-butyl-2-naphthyl)(4-benzoylphenyl)phosphite, or 259 mg
(0.29 mmol) of
bis(3,6,8-tritert-butyl-2-naphthyl)(4-benzenesulfonylphenyl)phosphite, was
used. The results are shown in Table 4 together with the results of Example
16. 50 55 



13    EP 0 503 564 B1 Table 4 5  Example
Conversion   Yield of   Yield of No.        Phosphite compound
of octene    aldehyde   alcohol 10     16                        [err]
86.1            83.4           2.7 17                        84.9
84.9           82.8           2.1 20 18
.85.7           82.7           3.0 25                        [err] 30
19                                       83.2            80.7           2.5
35 EXAMPLE 20 Into a stainless steel autoclave of magnetic stirring type
having an internal capacity of 200 ml, 30 ml 40 of 2-methyl-2-butene, 45 ml
of m-xylene, 5 m[err] of n-tetradecane, 10 mg (0.039 mmol) of rhodium
dicarbonyl acetyl acetonate and 319 mg (0.39 mmol) of
bis(3,6,8-tritert-butyl-2-naphthyl)(4-biphenyl)- phosphite were charged
under a nitrogen atmosphere. Then, the interior of the autoclave was
flushed with nitrogen. The autoclave was heated to 130[err]C under
stirring. After the temperature reached 130[err]C, a 1:1 gas mixture of
hydrogen and carbon monoxide was charged to a pressure of 50 kg/[err]2G
from a pressure 45 container having an internal capacity of 200 ml via a
constant pressure reactor, and the internal pressure of the autoclave was
maintained at a level of 50 kg/cmG. After the reaction for one hour, the
autoclave was cooled and purged to atmospheric pressure, and the content
was taken out under a nitrogen atmosphere. The content was analyzed by gas
chromatography, whereby the conversion of starting material 2-methyl-2-
butene was found to be 78.2%. 50 EXAMPLE 21 The reaction was conducted in
the same manner as in Example 20 except that 291 mg (0.39 mmol) of
bis(3,6,8-tritert-butyl-2-naphthyl)phenylphosphite was used as the organic
phosphite compound. As a result, 55 the conversion of starting material
2-methyl-2-butene was 80.7%. 14    EP  503 564 B1 Claims 1. A method for
producing an aldehyde, which comprises reacting an olefinic compound with
carbon monoxide and hydrogen in the presence of a Group Vil metal compound
and an organic phosphite 5     compound to produce a corresponding
aldehyde, wherein an organic phosphite compound of the formula (I): [err]
10     wherein each of [err] which may be the same or different, is a
2-naphthyl group which may have a substituent, provided that at least one
of [err] is a substituted 2-naphthyl group of the formula ( II ) [err] 20
wherein [err]is a [err] organic group, and each of [err] which may be the
same or different, is a hydrogen atom or an organic group, and [err] a
2-naphthyl group which may have a 



25     substituent, [err] a phenyl group which may have a substituent, or
[err] an alkyl group which may have a substituent, is used as said organic
phosphite compound. 2. The method according to Claim 1, wherein R4 is a
substituent of the formula [err] wherein each of [err] is a hydrogen atom,
a fluorinated hydrocarbon group or a hydrocarbon 30     group, or an aryl
group which may have a substituent. 3. The method according to Claim 1,
wherein each of [err] and [err] is a 2-naphthyl group of the formula (II).
4. The method according to Claim 1, wherein the Group VIII metal compound
is selected from the group 35     consisting of cobalt, rhodium, ruthenium,
palladium, iridium and platinum. 5. The method according to Claim 1,
wherein the olefinic compound is selected from the group consisting of an
olefinic compound substituted only by a saturated hydrocarbon group, an
olefinic compound substituted by a hydrocarbon group including an
unsaturated hydrocarbon group and an olefinic 40     compound substituted
by a functional group containing a hetero atom. 6. The method according to
Claim 1, wherein the organic phosphite compound is used in an amount of
from 1 to 500 mols per mol of the Group VIII metal atom. 45 7. The method
according to Claim 1, wherein the catalyst solution separated by
distillation is recycled to the reaction system. 8.  The method according
to Claim 1 wherein [err] is a 2-naphthyl group which may have a
substituent, and [err] or an aryl group which may have a substituent,
wherein each of [err] and 50     [err] which may be the same or different,
is a hydrogen atom, a fluorinated hydrocarbon group or a hydrocarbon group.
9. A phosphite compound of the formula (III): 55     [ERR] wherein each of
[ERR] and [ERR] is a 2-naphthyl group in which at least the 3-, 6- and
8-positions are substituted by the same or different hydrocarbon groups and
which may further have substituents, and 15 * C   L  M  S   *    EP 0 503
564 B1 RI2 is an alkyl group, or a phenyl group which may have a
substituent only at the m-position and/or p- position. Patentansprfche 1.
Verfahren zur Herstellung eines Aldehyds, umfassend Umsetzen einer
Olefinverbindung mit Kohlen- monoxid und Wasserstoff in Gegenwart einer
Verbindung eines Metalls der Gruppe Vil und einer organischen
Phosphitverbindung zu einem entsprechenden Aldehyd, wobei eine organische
Phosphit- verbindung der Formal (I): 10 P(ORi )(OR2)(OR%)   (I) worin jeder
der Reste RI und R2, der gleich oder verschieden sein kann, eine
2-Naphthylgruppe bedeutet, die einen Substituenten aufweisen kann, mit der
Maegabe, daB mindestens einer der Reste 1t     Ri und R2 eine substituierte
2-Naphthylgruppe der Formel (II) darstellt: R 20 R9   Re 25 worin R4 eine
organische Ci-so-Gruppe bedeutet und jeder der Reste Rs, Rs,, R, RF und Rs,
die gleich oder verschieden sein k6nnen, ein Wasserstoffatom oder eine
organische Gruppe darstellt und R3 (1) eine 2-Naphthylgruppe, die einen
Substituenten aufweisen kann, (2) eine Phenylgruppe, die so     einen
Substituenten aufweisen kann, oder (3) eine Alkylgruppe, die einen
Substituenten aufweisen kann, 



ist, als organische Phosphitverbindung verwendet wird. 2. Verfahren nach
Anspruch 1, wobei R4 einen Substituenten der Formel -CR1aR14R1s darstelit,
worin jeder der Reste Ris, R14 und R1s ein Wasserstoffatom, eine fluorierta
Kohlenwasserstoffgruppe oder 35     eine Kohlenwasserstoffgruppe oder eine
Arylgruppe, die einen Substituenten aufweisen kann, darstelit. 3. Verfahren
nach Anspruch 1, wobei jeder der Reste RI und R2 eine 2-Naphthylgruppe der
Formel (II) bedeutet. 40  4. Verfahren nach Anspruch 1, wobei die
Verbindung eines Metalls der Gruppe Vil ausgewahit ist aus der Gruppe,
bestehend aus Kobalt, Rhodium, Ruthenium, Palladium, Iridium und Platin. 5.
Verfahren nach Anspruch 1, wobei die Olefinverbindung ausgewghlt ist aus
der Gruppe, bestehend aus einer Olefinverbindung, die mit nur eine
geslttigten Kohlenwasserstoffgruppe substituiert ist, einer 45
Olefinverbindung, die mit einer Kohlenwasserstoffgruppe substituiert ist,
einschlieBlich einer ungesattig- ten Kohlenwasserstoffgruppe, und einer
Olefinverbindung, die mit einer funktionellen Gruppe substitu- iert ist,
enthaltend ein Heteroatom. 6. Verfahren nach Anspruch 1, wobei die
organische Phosphitverbindung in einer Menge von 1 bis 500 50     Mol pro
Mol des Metallatoms der Gruppe Vil verwendet wird. 7. Verfahren nach
Anspruch 1, wobei die Katalysatorl6sung, durch Destillation abgetrennt, zu
dem Reaktionssystem zurdckgefdhrt wird. 55  &  Verfahren naqh Anspruch 1,
wobei R3 eine 2-Naphthylgruppe darstellt, die einen Substituenten aufweisen
kann und R4 -C(R13)(Ri4)R15 odor eine Arylgruppe bedeutet, die einen
Substituenten aufweisen kann, worin jeder der Reste R13, RI4 und R1s, die
gleich oder verschieden sein konnen, ein Wasserstoffatom, eine fluorierte
Kohlenwasserstoffgruppe oder eine Kohlenwasserstoffgruppe ist. 16
EP0503564B1 9. Phosphitverbindung der Formol (III): P(OR1 o)(OR 1i)(ORI 2)
(III) 5         worin joder der Rests Rio und R11 eine 2-Naphthylgruppe
darstellt, worin mindestens die 3-, 6- und 8-Stellungen durch die gleichen
odor verschiedene Kohlenwasserstoffgruppen substituiert sind und die
aulerdem Substituenten aufweisen konnen, und R12 eine Alkylgruppe oder eine
Phenylgruppe darstellt, die einen Substituenten nur an der m-Stellung
und/oder p-Stellung aufweist. 1o Revendlcatlons 1. Procdd6 de preparation
d'un aldehyde, qui comprend la reaction d'un compose olefinique avoc de
I'oxyde de carbone et de J'hydrogbne en presence d'un composd de metal du
Groupe Vil et d'un phosphite organique pour pr6parer un alddhyde
correspondant, dans lqueol on utilise, A titre dudit 15     phosphite
organique, un phosphite organique repondant a la formule (I): P(ORi) (OR2)
(ORs)  (I) dans laquelle chacun des symboles RA et R2, qui peuvent Otre
identiques ou difffrents, est un 20     groupe 2-naphtyle qui pout porter
un substituant, sous reserve qu'au moins un des symboles RI et R2 K,
est un groupe 2-naphtyle substitu4 repondant & la formulo (Il): 25
IR     R 26~~~~~~~~~~~~~~ 4              R7 30
R.9  R8 dans laquelle R4 est un groupe organique en Ci a Cao, et chacun des
symboles R5, Rs, R7, As et RA, qui peuvent tre identiques ou diff~rents,
est un atome d'hydrogbne ou un groupe organique, et R3 36     est (1)
groupe 2-naphtyle, qui pout porter un substituant, (2) un groupe phenyle
qui pout porter un sustituant, ou (3) un groupe alkyle qui peut porter un
substituant. - 2. Procedd solon la revendication 1, dans loquel Rs est un
substituant rdpondant a la formule 



-CR13 R 4R1s, dans laquelle chacun des symboles R13, R14 et RI5 est un
atome d'hydrogbne, un 40     groupe hydrocarbone fluore ou un groupe
hydrocarbur6, ou un groupe aryle qui pout porter un substituant. 3. Procdd6
solon la revendication 1, dans lequel chacun des symboles R1 et R2 est un
groupe 2-naphtyle r6pondant & la formule (II). 45 4. Procedd solon la
revendication 1, dans loquel le compos6 de metal du Groupe Vil est choisi
parmi le cobalt, le rhodium, le ruthenium, le palladium, l'iridium ot le
platine. 5. Procede solon la revendication 1, dans lsquel le compose
oldfinique est choisi parmi un composd 50     olefinique substitud
seulement par un groupe hydrocarbone sature, un compose olefinique
substitue par un groupe hydrocarbone compronant un groupe hydrocarbon6
insature et un compose oldfinique substitu6 par un groupe fonctionnel
contenant un heteroatome. 6. Procedd solon la revendication 1, dans lequel
le phosphite organique est utilise dans une quantite de 1 55     a 500
moles par mole d'atome de mdtal du Groupe Vill. 7. Procidd salon la
revendication 1, dens lequel la solution de catalyseur separde par
distillation est recyclee dans le systbme reactionnel. 17                I
I!IiI1j huG IIIJI1 111l11 I !II    EP 0 503 564 B1 8. Procdd4 selon la
revendication 1, dans lequel Rs est un groupe 2-naphtyle qui psut porter un
substituant et R4 est un groupe -C(R, a) (RI 4) R5 ou un groupe aryle qui
pout porter un substituant, chacun des symboles R1a, R14 et R15, qui
peuvent Otre identiques ou diffdrents, dtant un atome d'hydrogbne, un
groupe hydtocarbon4 fluore ou un groupe hydrocarbone. 9. Phosphite
repondant a la formule (111): P(OR10) (OR11) (ORI2)  (111) 10         dans
laquelle chacun des symboles Rio et R1 1 est un groupe 2-naphtyle, dans
loquel au moins les positions 3, 6 ot 8 sont substituees par des groupes
hydrocarbones identiques ou differents et qui peuvent en outre avoir des
substituants, ot R12 est un groupe alkyle ou un groupe ph6nyle qui pout
porter un substituant uniquement en position m et/ou en position p. 15 20
25 30 35 40 45 50 55 18               1111111111111111111111111 *   C   L
M   S   *    


