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HYDROFORMYLATION PROCESS AND BISPHOSPHITE COMPOUND USED

THEREIN

The present invention relates to a hydroformylation
process of an olefinic compound using a modified Group
VIII metal catalyst.

It is well known in the art to produce an aldehyde or
its hydrogenated product, i.e. aicohol, by reacting an
olefinic compound with hydrogen and carbon monoxide in
the presence of a modified Group VIII metal catalyst.

As the catalyst, a soluble complex of a Group VIII
transition metal—-phosphorus ligand is generally used, and
it is well knowé that the ligand used with this metal
component has a substantial influence on the catalytic
reaction. It is also well known that reaction activity,
selectivity or catalyst stability largely varies in
hydroformylation reaction depending on the selection of
the ligand, and it is an important subject in this
technical field to make a research on a ligand effective
for improving these properties.

Various phosphite compounds are known as a group of
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EP- A-O P85 136 discloses a process for the purificati-on of -tertiary

or ganophosphi t es which can be used as |igands for ‘rhodi um conpl ex catal ysed
hydrof of myl ation reactions. It is well known in the art to produce an

al dehy or its hydrogenated product, i.e. ‘alcohol, by reacting an olefinic
conpounid wi th hydrogen and carbon nongxhde in the presence of a nodified
Goup M1l netal catalyst. As the catalyst. a soluble conplex of a G oup

VITl triansition t al hosphoruys i nd is generally used is
phosp oruspcom ounds us 3’90: agllgan ,yan% phosp 1te

compounds such as a polyphosphite having plural
coordinated phosphorus atoms in a molecule have been
heretofore proposed in addition to simple monophosphite
-5 compounds such as a trialkylphosphite and a
triarylphosphite.
For example, Japanese Unexamined Patent Publication
No. 116587/1987 or No. 116535/1987 discloses a phosphite
- compound characterized by the structure wherein at least
710 one phosphorus atom is bonded with adjacent two oxygen
atoms to form a ring, as a phosphite compound containing
at least 2 phosphorus atoms in a molecule.
As mentioned above, various phosphite compounds have
been proposed as a ligand used in hydroformylation
15 reaction, but the stability of the prior phosphite
compound has not been al&ays satisfactory in the reaction
process and the prior phosphite still has a problem when
it is used as an industrial catalyst which is requested
to maintain its catalytic activity for a long term.
20 - Thus, the development of a phosphite ligand excellent in
hydroformylation activity, selectivity of the aimed
product and catalyst stability is strongly demanded.
The present inventors have studied and made a

research for a ligand effective for improving and

:25 maintaining activity and selectivity in hydroformylation
reaction, and as the result of the research, have

discovered that a phosphite compound having the specific
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wel | knpwn that the ligand used with this netal conpenent -has a substanti al
i nfluence on the catalytic reaction.- It is also well -known that reaction
activitly, selectivity or catalyst stability largely varies in

hydr of drmyl ati on reacti on dependi ng on the selection of the ligand, and it
is an ifnportant subject in this technlcgl field to nake a research on a

| i gand leffective for inproving these properties. Various phosphite
conpounds are known as a group of phosphorus conpounds used for a |igand.

and phosphi tséructure is effective for hydroformylation and has an
: excellent catalyst stability. The present invention has
been achieved on the basis of this discovery.

Thus, the present invention provides a

! hydroformylation process for preparing a hydroformylated

5
product by reacting an olefinic compound with hydrogen
and carbon monoxide in the presence of a Group VIII metal
catalyst, characterized in that there is present in the
reaction system a phosphite compound having the formula
10 (1),

Al—t0-p(OR?) (ORZ) ], (I)
wherein R! and R? are respectively an aromatic
hydrocarbon group which may be the same or different and
the aromatic hydrocarbon group has at least a hydrocarbon
15 group on a carbon atom adjacent to a carbon atom bonded

with an oxygen atom as a substituent; A! is an n-valent

organic group having an aliphatic hydrocarbon group, a

cycloaliphatic hydrocarbon group or an aromatic

e avaen sl o

hydrocarbon group bonded with an adjacent oxygen atom,
20 which may respectively have a substituent; n is an
integer of from 2 to 4; and the respective

+0-P(OR?) (OR?) ]

P T oAt B b ok A an b e+ o

group may be the same or different, and also provides a
% bisphosphite compound having the formula (II),
£25 R3-0 0-R3
/
P-0-A2-0-P (II)

Ri-0 O-RS
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such as a pol yphosphi te having plural coordinated phosphorus
a nol ecul e have been heretofore proposed in addition to sinple
hite conpounds such as a trial kyl phosphite and a triaryl phosphite.

Japanese Unexam ned Patent Publication No. 116587/1987 or

No.

phite conpound characterized by the structure

wherein fat | east one phosphorus atomis Bonrded with adjacent two oxy- gen
atons togf forma ring, as a phosphite conmpound containing at |east 2

phosphorys ateHerdin RIPIFCUIRS. and RE are respectively a p-naphthyl

10

group having a hydrocarbon group at least at the 3-
position, which may be the same or different, and A2 is a
divalent group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic
hydrocarbon group bonded with an adjacent oxygen atom,
which may respectively have a substituent.

The present invention is described hereinafter in
more details.

The phosphite compounds used in the hydroformylation
process of the present invention are defined by the above
general formula (I). Among these phosphite compounds, a
bisphosphite compound defined by the above general
formula (II) is nowvel.

In the above formula (I), examples of aromatic
hydrocarbon groups represented by R} and R? include a
phenyl group, a naphthyl group, an anthracenyl group or
the like, and among them, a phenyl group and a f-naphthyl
group are preferable for industrial use.

The aromatic hydrocarbon groups represented by RY and
R? have a hydrocarbon substituént on a carbon atom
adjacent to a carbon atom bonded with an oxygen atom, and
examples of the hydrocarbon substituent (e.g. a
substituent present at the ortho-position of a phenyl
group of R! and R? or a substituent present at the 3-
position of a B-naphthyl group of R} and R?) include an

alkyl group, an aralkyl group, an aryl group, a
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As menti gned above, various phosphite conmpounds have been proposed as a

| i gand uffed in hydrofornylation reaction, but the stability of the prior
phosphi t@ conpound has not been always satisfactory in the reaction process
and the @rior phosphite still has a problemwhen it is used as an

I ndustrifpl catal yst which is requested to maintain its catalytic activity
for a |ggg term Thus, the developnent"op a phosphite |ligand excellent in
hydr of orgyl ati on activity, selectivity of the ainmed product and catal yst
stabilitlg is éygfgungylkgmnupxbr the like, and among them, preferable

examples include an alkyl group having a carbon number of
from 3 to 20, particularly an isopropyl group, a tertiary
putyl group, a tertiary pentyl group or the like.

r! and R? may have other substituents (preferably
frém 1 to 3) in addition to the above substituents, and
examéles of these substituents include a linear or
branched alkyl group such as methyl, ethyl, propyl, butyl
and pentyl, an alkoxy group such as methoxy and ethoxy,
an alkoxycarbonyl group such as methoxycarbonyl and
ethoxycarbonyl, and a phenyl group.

Each group represented by the formula,

+0-P(OR?) (OR?) ]
may be the same or different. That is, particular
examples of the phosphite compounds represented by the
formula (I) include:

(1) n = 2
op (Or1l) (ORrR?!)

Al///
Nor

(ii) n =3
opP (OR!1l) (OR?!)

(OR'?) (OR??)
120

al —op (OR!?) (OR??)

N\

oP (OR*3) (0Or?3)
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Wt inventors have studied and made a research for a |igand

The pr e
for inproving and maintaining activ- ity and selectivity in

effecti

hydr of oflvy! ati on reaction, and as the result of the researBssh Been Replaced
di scov d that a phosphite com pound having the specific il“ H“I'J'l “L
effecti for hydrofornylation and has an excell ent catalys [ e
present@ nventi on has been achieved on the basis of this discovery. Thus,
the preient invention provides a hydrofoenyl ation process for preparing a
hydr of gyl at ed product by react-

(iii) n = 4
OoP (OR) (OR21)

L~ OP (OR12) (OR22)
§0P (OR13) (OR23)
OP (OR'4) (OR24)
wherein Rli, R12, R13 and R4 are as defined in the above
rl, and may be the same or different; and R?!, R?2, R23
and R?* are as defined in the above R2, and may be the
same or different.

Examples of the group Al in the above formula (I)
include @ an n-valent organic group containing an
aliphatic hydrocarbon group which may have a substituent,
@ an n-valent organic group containing a cycloaliphatic
hydrocarbon group which may have a substituent, or @ an
n-valent organic group containing an aromatic hydrocarbon
éroup which may have a substituent.

Preferable examples of these groups include a

divalent group represented by -R- or -R-B-R-, a

trivalent group represented by -R-, and a tetravalent

20

group represented by -R- or -R-B-R—, wherein R represents

from divalent to tetravalent saturated aliphatic

hydrocarbon groups, a saturated cycloaliphatic

hydrocarbon group or an aromgtic hydrocarbon group, each
25 group of which may have a substituent (examples of the

substituent include an alkoxy group, a phenyl group, a

£ naphthyl group, an amino group, an alkylamino group, an




20

25

i;_é?inlc conpound wi th hydrogen and carbon nonoxide in the presence
Foup Vil netal catalyst, ‘charac- terized in-that there is present in
Fact i on system a phosphite conpound having the formula (i), Al [err]

lerein [err] and [err] are respectively an aromati c hydrocarbon group
fray be the sane or different ang the aro- matic hydrocarbon group has |
kst a hydrocarbon group on a carbon atom adj acent to a carbon atom

E with

acyl group, an alkoxycarbonyl group, an acyloxy group or
the like); and B represents a group selected from the
group consisting of -CR’R®-~, -0-, —-S- and —-CO- (each of ;

r7 and R® is a group selected from the group consisting

of é hydrogen atom, an alkyl group, an aryl group, an \ :

arylalkyl group, an alkylaryl group and a cycloalkyl

group) .

i
i
H
b3
RE

Preferable examples of R include:

~CE,CH,~, —-CE,CE,CH,-

~-CH, CH,~ ;
\ / :
/ \ :

a phenylene group, a biphenylene group, a naphthylene
group or the like. :

When the phosphite compound is a bisphosphite

compound as defined by the above general formula (II), A% ﬁ
in the above formula (II) represents a divalent group '
containing an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic
hydrocarbon group bonded with an adjacent oxygen atom.
Preferable examples of the divalent group represented by
A? include —-Ar- and —-Ar-B-Ar- wherein Ar is an arylene
group which may have a substituent, and B is a group
selected from the group consisting of —CRgRlo—, -0-, -S-—;
and -CO- (each of R? and R!? is a group selected from the
group consisting of a hydrogen atom, an alkyl group, an

aryl group, an arylalkyl group, an alkylaryl group and a
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Cycloalky

henylene group, a biphenylene group, a naphthylene group
p

or the like. .
a method for preparing the phosphite compounds of the

formglas (I) and (II) is not specially limited. For
example, the phosphite compound of the formula (I) can be’
easily prepared by (a) reacting phosphorus trichloride
with an aromatic hydrocarbon compound containing a
hydrocarbon group on a carboh atom adjacent to a carbon
atom having a phenolic hydroxyl group in a solvent such
as toluene in the presence of an amine compound to form
an intermediate product of the formula, C1P(OR!)(OR?)
wherein R''and R? are the same as defined in the above
formula (I), and (b) then_reacting the formed
intermediate product with a compound of the formula
Al(OH)_ wherein Al énd n are the same as defined in the
above formula (I), to form a corresponding phosphite
compound.

The bisphosphite compound of the formula (II) can
also be easily prepared, for example, by (a) reacting
phosphorus trichloride with a g-naphthol compound having
a hydrocarbon group at the 3-position in a solvent such
as toluene in the presence of a HCl receptor such as an

amine to form an intermediate product of the formula,

b  C1P(OR3)(OR?) or ClP(ORS)(OR®) wherein R3, R4, RS and RS

are the same as defined in the above general formula

(II), and (b) then reacting the formed intermediate
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S a substituent; [err] is an n-valent organic group having
hydrocarbon group; a cycloaliphatic: hydrocarbon group or an
aydr ocar bon group bonded wth an adj acent- joxygen atom whi ch may
evel y have a substituent; n is gn-integer of from2 to 4; and the
¥'ve [err] group may be the sane or different, and al so prOV|des a

ffhlte conpound hav'B? thgregerabfe exgmples of Ar include a



(1) [err] wherein

'err] are respectlvely a [err]-naphthyl group having a
group at least at the 3-position, which nay be the sane or
and A2 is a divalent group having an aliphatic hydrocarbon

¢ycl oal i phatic -9 -

produCt with a divalent phenol compound of the formula,
AZ(OH), wherein A? is the same as defined in the above

formula (I1), to form a corresponding bisphosphite
compound.

gxamples of the compounds of the formula, Al(0H), or
A2(O0H),, include 2,5—di—t—but¥lhydroqﬁinone, 2,5-di-t-
amylhydroquinone, 2,5-dimethylhydroquinone, 4,6-di-t-
putylresorcinol, bisphenol-A, 4,4'-methylenebis(2-methyl-
g-t-butylphenol), 4,4'-thiobis(2-methyl-6-t-~butylphenol),
4,4'-oxobis(3-methyl-6-isopropylphenol), 4,4'-
butylidenebis(3-methyl-6-t-butylphenol), 2,2'-
biphenyldiol, 3,3',5,5'~tetramethyl-2,2'-biphenyldiol,
3,3',5,5'-tetra-t-butyl-2,2'-biphenyldiol, 3,3'-
dimethoxy-5,5'~-dimethyl~2,2'~biphenyldiol, 3,3'-di-t-
butyl-5,5'~dimethoxy-2,2'-biphenyldiol, 3,3'-di-t-butyl-
5,5'-dimethyl-2,2'~-biphenyldiol, 2,2'-
dihydroxydiphenylmethane, 2,2'-methylenebis(4-methyl-6-t-
butylphenol), 2,2'-methylenebis(4-ethyl-6-t—-butylphenol},

~thiobis(4-methyl-6-t-butylphenol), 2,2'—thiobis(4-t-
butyl-6-methylphenol), 2;2'—thiobis(4,6—di—t—
butylphenol), 1,1'-thiobis(2-naphthol), catechol, 2,3-
dihydroxynaphthalene, 1,8-dihydroxynaphthalene, 1,4-
dihydroxynaphthalene, phloroglucin, 1,1'-methylenebis(2-

naphthol), 1,1'-di-2-naphthol, ethyleneglycol, 1,3-

25 propanediol, 1,2-buthanediol, 1,4-buthanediol,
pentaerythritol, trans-1,2-cyclohexanediol, cis-1l,2-

cyclohexanediol, cis-1,2-cyclohexanedimethanol, cis-1l,2-
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geEOUp or an aromatic hydrocarbon group bended wi th -an adj acent
whi ch may respectively have a substituent. The present
descri bed hereinafter in nore details. . -

- 10 -

cyc1ododecanediol or the like.

Examples of the aromatic hydrocarbon compound having
a hydrocarbon group on a carbon atom adjacent to a carbon
a;om having a phenolic hydroxyl or the F-naphthol
compound having a hydrocarbon group at the 3-position,
jnclude 2-t-butylphenol, 2,4-di—t—bu£ylphenol, 2-
isopropylphenol, 2-t-amylphenol, 2,4-di-t-amylphenol, 2-
s-butylphenol, 6-t-butyl-2,4-xylenol, 3-t-butyl-4-
hydroxyanisole, 3-t-butyl-4-hydroxybiphenyl, 2-t-butyl-p-
cresol, methyl 3-t-butyl-4-hydroxybenzoate, 2-
hydroxybiphenyl, 3-t-butyl-2-naphthol, 3,6-di-t-butyl-2-
naphthol, 3,6,8-~tri-t-butyl-2-naphthol, 3-isopropyl-2-
naphthol, 3,6-diisopropyl-2-naphthol, 3,6,8-triisopropyl-
2-naphthol, 3-t-amyl-2-naphthol, 3,6-di-t-amyl-2-
naphthol, 3,6,8-tri-t-amyl-2-naphthol or the like.

The phosphite compound used in the present invention

has the such structural characteristics that it does not
contain a ring structure formed by adjacent two oxygen
atoms and a phosphorus atom and that the aromatic

20 hydrocarbon group represented by R* and R? in the formula
(I) has a hydrocarbon group on a carbon atom adjacent to
a carbon atom bonded with an oxygen atom. Due to these
structural characteristics, it can be present in the
hydroformylation reaction at a high stability as a

25 phosphite ligand and a complex comprising Group VIII
metal-phosphite ligand, and as this result, it provides a

satisfactory hydroformylation activity and selectivity.

heet Has Been Replaced
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:e conpounds used in the hydrofornylatlon process of the
g @il on are defined by thé above general’ formula (1). Anbng these
pho{ yypounds, a bi sphosphite:compound defined.by the above general

I's novel .

- 11 -
when Al in the formula (I) is an organic group
ataining an aromatic hydrocarbon group or when A? in
the formula (II) is a divalent group containing an
aromatic hydrocarbon group, the aromatic hydrocarbon
group should preferably have a substituent on a carbon
atom adjacent to a carbon atom bonded with an oxygen
atom. The substituent used herein means every
substituent other than a hydrogen atom, examples of which

jnclude -OP(OR')(OR?), -OP(OR3)(OR?) or -OP(OR%)(ORE); -B-

R- or —B-R~ (as in the case that Al is the above

mentioned -R-B-R- or -R-B-R-); or -B-Ar- (as in the case
that A2 is the above mentioned —-Ar-B-Ar-). Also, in the
case of the bisphosphite compounds of the formula (II),
four f—-naphthyl groups should preferably have a bulky
hydrocarbon group at the 3—- and 6-positions.

When the phosphite compound of the present invention
is used in the hydroformylation reaction of an olefinic
compound in the presence of a Group VIII metal catalyst,
the activity or the selectivity of the aimed product in
the hydroformylation reaction can be controlled by
selecting the type of the phosphite compounds. For
example, when the phosphite compound has such a structure
as to form a chelate type metal complex with the Group
25 VIII metal, the hydroformylated product provides a high
n—-form selectivity in the hydroformylation of e¢-olefin.

Examples of an n-valent compound of the formula,
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‘fﬂ by [err] and [err] include a phenyl group, a naphthyl group, an

% - 10

E 15

-§20

'phthyl group are preferable for

Earbon groups represented by [err]
ft uent on a carbon aton1adjacent]ﬁh a carbon atom bonded with an

7'aton1 and exanpl es of the hydrocarbon substituent (e.g.

ﬁfornula (I'), exanples of aromatic hydrdcarbon gr oups
group or the like, and -among them a phenyl group and a

i ndustrial use. The aromatic
and [err] have a hydrocarbon

Al—tOH)

(wherein Al and n are the same as defined in the above

formula (I)) used in the preparation of the phosphite

"compound, suitable for forming this chelate type phenolic

complex, include 2,2'-biphenyldiol, 2,2'-
dihydroxydiphenylmethane, 2,3-dihydroxynaphthalene,
catechol, 1,2-cyclohexanediol, cis-1,2-cyclododecanediol,
ethyleneglycol, 1,3-propanediol, pentaerythritol, 1,1'-
thiobis(2-naphthol), 1,1'-dinaphthol, 2,3-
dihydroxynaphthalene or the like.

When the phosphite compound has such a structure as
to form a non-chelate type metal complex with the Group
VIII metal, it provides a high hydroformylation activity
not only to an a-olefin but also to a branched internal

olefin having. Examples of an n-valent compound of the

formula,
A'—OH)
(wherein A! and n are the same as defined in the above
formula (I)) used in the.preparation of the bisphosphite
compound, suitable for forming the non-chelate type metal
complex, include 2,5-di-t-butylhydroquinone, 4,4'-
methylenebis(2-methyl-6~t-butylphenol), 4,4'—-thiobis(2-
methyl-6-t-butylphenol), 2,5-di-t-amylhydroquinone, 4,4'-
butylidenebis(2-methyl-6-t—-butylphenol) or the like.
Typical examples of the phosphite compounds of the
formula (I) or (II) used in the hydroformylation process

of the present invention are illustrated in the

This Sheet Has Been Repl
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it at the ortho-position of a phenyl group-of [err] and [err] or a
t present at the 3-position of a [err]-naphthyl group of [err]
IS i ncl ude an al kyl group, an aral kyl group,-an aryl group, a .
2l Kyl group or the like, and anmong them preferable exanples include
Byl group having a carbon nunbgrlgf_fron13 to 20, particularly an

fopyl group, a tertiary butyl grolp, a tertiary pentyl group or the

E [err] and [err] may have other substituents (Ereferabl¥ frgm1l to 3)
i t i orgdiaomi@dabovd® $hist icasent $.t dr px@fpFakle for obtaining

2 high stability that when Al or A2 has an aromatic

N

hydrocarbon ring bonded with an adjacent oxygen atom, the
aromatic hydrocarbon ring should preferably have such a
pulky hydrocarbon group as an isopropyl group, a t-butyl
group Or a t-pentyl group, on a carbon atom adjacent to a

carbon atom bonded with an oxygen atom.
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® substituents include a linear or branched al kyl group- such as
& ethyl, propyt, butyl and -pentyl, an al koxy group such as methoxy
Bt hcxy, an al koxycarbonyl group such as nethoxycarbonyl and

kycar bonyl, and a phe- nyl group,ifach group represented by the
Bl a, [err]

(@1 r-0-Or -+ {D)), -
<+@k9%?-°@°}”‘<°'@ A
(@ gl D), o
Me@%—o-}gl’—o—@o"?“{“‘@”e)z “”_

Me
( %p 0@0—P—<0—<§}-Me}2 m(é)
ORI SO T

c1{3

<+/;> Lp. D-—O— <:>—0 P{o Q_}i—) v (1)
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!ifhe same or different. That is, particul ar- exanples of the phosphite
gunds represented by the fornula (I) i nclude: (i) - n= 2 0P (OR11)
) OP (OR13) (OR23) . .

(—:—@»o}:-oi@- Clly —@0:{0—2@% )2- o (8)

Me Me

(@ Hoy o), o

Caliq

(—:—@o};-ﬁi@ 54@};{;{0—@' )2 e (10)

,—@2» }p o.@» Qo P{O—O\)z e (11)

O

<+@0}2P-0i | oi-p{o;"@k ) - 12)
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4'CP (CRll) (CR21) OP (OR14 ) (OR24) wherein [err] and
& as defined in the above R . and maybe the saneordifferent: and
¥, R23 and R24 are as deflned in the above [err] and may be the
-d| fferent

- 16 -

.(—1—@0}29-0 o-9—<o—@+ )2 e (13)

(+@0—>—P-0 0-P .0 ZO>—I— ) o (14)

/@0}:—([1 10— T (16)

< (17)
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"Ies of the group [err] in the above fornula (1) include [err] an

ave a substituent, [err] an n-val ent organic group containing a
ycloallphatlc hydrocar- bon group which nay have a substituent, “Jerr]
fn n-val ent organi c group contalnlng an aromatic hydrocarbon group mhlch
my have a substituent.

(-;-@2—0- P-0 'o-v{o—@ﬁ )2 e (18)

Bt Bt
O cit, —(O)

(-;— O u}zp-o D—P{o—>@+ >2 e (18)
Me Me

(+©O 0};-0 O—P{O—XC_)\H- )2 - (20)
O
8.8

(@0}2})-0 0-p o—@ )2 - (21

(—i-@ﬂ ZP-O@O-.P<D—©.+ )2 .(22)
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B -R-B-R-,
Bsented by

bl e exanpl es of these groups i nclude a dival ent group represented by r
a trivalent group rep- esented by and a tetraval ent group

- 18 ~

- (23)

- (24)

- (29)

< (26)

- (27)
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Apr -R-B-R, wherein R represents fron1d|valent to.tetraval ent saturated
B hat i c hydrocarbon groups, a saturated cycloaliphatic hydrocarbon group
N aromati c hydrocarbon group, (each group of ;which nay have a

1M¥sti t uent (exanples of the substituent include an al koxy group, a phenyl
3uUp, a naphthyl group, an am no gregp, an al kylam no group, an acyl

f@up, an al koxycarbonyl group, an acyloxy group or the like): and B
resents a group selected fromthe group con-

Cua

(—i—@ﬂ Ap-p 0-pLo- - (28)
2

O )ty
(@@0}5 %{o )2 - (29)

.
©O)
(@@o};-o 0-¢ {0 —@-@ )2 . (30)

CHy — Ciy

<+@ Yoo P{” @ )2 - (31

/
2 CHz

0 P{o @ ) - (32)
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group, an aryl al kyl group,
.‘rable exanples of R include: [err]

- &

-0-, -S- and -CO (each of [err].and [err]. .is a group

{ of [err]
group, " an

®ed fromthe group consisting of a hydrogen- atom an aIkyI
a phenyl ene group, a bi phenyl ene
a napht hyl ene group or the Like-

EP—CH ——Cﬂf

(.1-\__2— }P 0 o P{o @—l— ) e (33)

(-'r(‘.\, }p 2”2 Z":zo @ ), G0
fou-orlo O ),),
La-orpD@),), -

(), o

.
(+@'0}2P'\0 6'*’{““@* )2 - (38)
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it he phosphite conpound |Is a bi sphosphite conpound as defined by the
Bve general forrmula (11), [€érr] in the above formula (II'_ represents -a
&/al ent group containing an aliphatic hydrocarbon group, a.cycloaliphatic
¥dr ocar bon group or an aromatic hydrocarbon group bonded with an adjacent
S ygen atom Preferable exanples OE t he dival ent group represented by A2
.l ude -Ar- and -Ar-B-Ar- wherein® is an aryl ene group which may have a
S bstituent, and Bis a group selected fromthe group consisting of [err]
g®-, -S-, and -CO (each of [err] and [err] is a group selected

(o0 ),
0-?{0—@4— )2

OMe OMe
o ch, <O
X

0 Me

' 0
(+@0}2;L }J{o—@ )2 e (40)
Me ‘ Me
fogye]
MeD \ OMe
| <+<@<\0}2f1) :’{0—@# )2 e (41)
(@-o—}zp—é@ o—P’éo-@'T )2 e (42)
{0’_@ ),

-+ (39)

< (43)

_ Mo }
(MeO @-072P 0 0-p
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) the group consisting of a hydrogen atom an al kyl ‘group, an aryl i
Bup, an arylal kyl group, an-alkylaryl group and a cycl oal kyl group).

ef erabl e exanpl es of Ar include a phenylene group, a bi'pher nyl ene group
" a, napht hyl ene group A nethod for preparing the phosphite conpounds of
ke fornulas (1) and (11) is not s ggially limted. For exanple. the
@:0sphite conpound of the formula ? ) can be easily prepared by (a)

s acti ng phosphorus trichloride with an aro- matic hydrocarbon conpound

@nt ai ning a hydrocarhon group on a carbon atom adj acent to a carbon atom

hving a
@4 CHy —
(.{—@o}zp-o | 0-?{0—@» conue)z e (44)

(—:—@o}-zp-o@u-P{o—)@- OMe jz e (45)

- (46)

_L<::?_ CH 0—
| 0\ ?”2 I / e (48)
// .
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g1 oxyl group in a solvent such as toluene in the presence of an
nd to forman internedi ate product of the forrmula.. [err]

_ ] and [err] are the sanme as defined in the above fornmula (1),
gnen reacting the fornmed internediate product with a conmpound of

B a [err], wherein [err] and n-agg-the sane as defined in the above
), to forn1a correspondi ng phosphite conpound. The bi sphosphite

f the formula (11) can also be easily prepared, for exanple, by
ng phospho-

pherg
am re
wher}
and %
t he #
f or niy
conps
(a)
3 ?Me
C
/HN

ci,

CH,
\ | |
Qo xr-b oD ), -

J

?COMe
c
PA RN
Cify CH,

| e ,
{O)—0 )P0 o-p-{o-@—. ),

£ i

. VA N

: CHy Gy

| _ o d _Z:>+ (5]

.;(.+<g§iz—— 0—); P—0 0-p—0~O )2 (51)
OMe
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3 richloride with a [err]-naphthol conmpound hayving a hydrocarbon group
‘ghe 3-position in a solvent such as toluene in the presence of a HCl
rec@ptor such as an amine to form.an internediate prioduct of the fornula.
[erg] or [err] wherein [err] and [err] are the same as defined in the above
gengral formula (I11). and (b) then reagt- ing the formed-internedi ate
progluct with a dival ent .phenol conpound of the forrmula, A2(OH)2 wherein

[er§] is the sane as defined in the above forrmula (I1), to forma
cor espondi ng bi sphosphite conpound.
ON—P-—O O—P-KO o
Sl \
T 2
(53)
0+P-0 0—-P+0 O
O 2 ,
G4 )
\ \ CHs
@ 0 +P-0 S 0-P+-0 O
Ho~ | ) ,
(55)
0+P-0 D—P——[-D
| O
O ) \ z
(56)
CHs - CHs /
0+P-0 ChH. 0-P+0 O
+O @ \
2 2
67)
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Exénples of the compounds of the fornula, [err] or [err] include

2, 5-di-t-butyl hydroqui none, 2,5-di-t-anyl- hydroqui none,

2, 5-di et hyl hydr oqui none, 4, 6-di-t-butylresorcinol, bisphenol -

4, 4" -met hyl enebi s(2-net hyl -6-t-butl- phenol),
4,4'-thiobis(2-néthy|-6-t-buty|phgpgl),

4,4" oxobi s(3-net hyl - 6-i sopropyl phenol ), 4,4'-butylidenebis(3-nethyl-6-

t - butyl phenol ), 2,2-biphenyidiol, 3,3 ,5, 5 -tetramethyl-2,2'-bi phenyl di ol
3,3 ,5 5 -tetra-t-butyl-2,2"-bi phenyldiol, 3,3 -

di met hoxy-5, 5" - di net hyl - 2, 2- bi phenyl di ol ,

3,3 -di-t-butyl-5,5"-di ppt hoxy2+2"' - bi phenyi di ol ,

3,3 -di-t-butyl-5,5"-d -

=

S o)
HO/)—

(‘_58)
@ /
@ 0+P—0 N—» 0@@
Koy ) \
| - -+ (59)
CH.
\+ 2P/0 0_\F |
(60 )
@ ©
©Om®)
5 0 P/O Ol O
+ 2 2
61)
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2,2 - i phenyl di ol , 2.2-di hydroxydi phenyl met hane,
2, 2-

- 26 -

(63)
/ X\ X [ %= \
’ >N
(O)y-0+P-0 -0 P‘{—D"(O>_\
e
(64)
5o} {8
<\+@§§ AR A
| (63)

(%%‘M o1
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b T
, nethylenebls(4 net hyl - 6- t - butyl phenol ), 2,.2- nethylenebls(4

-4-



ahyl - 6-1- butylphenol), 2,2' -t hi obi s(4-net hyl - 6-t-butyl phenol ),

¥ 2' -t hi obi s(4-t-butyl -6-rethyl phenol), 2,2'-%hiobis(4,6-di-I-

put yl phenol ), 1,1'-thiobi's(2-naphthol), catechol, 2,3-dihydroxynaphthal ene,
, 8- di hydr oxynapht hal ene, . 4-di hydroxY- napht hal ene, phl orogl ucin,
,1'-nethylenebis(2-naphtho|), L, 4t ~di - 2- napht hol , ethyl eneglycol, 1

| 3- propanedi ol . 1,2- buthanediol, 1,4-buthanediol, pentaerythritol,
rans-1, 2-cycl ohexanedi ol , cis-1.2-cycl ohexanediol, cis-.1,2-cycl ohexan

edi net hanol , cis-1, 2-cycl ododecanedi ol or the I|ike.

+ . @/%

(67)

(68)
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e
:
%
a
&
¥
3
4
o
4
%

RPN L

el

69 )

¥ e b~
TOTSIIIN (N RT ARL

This Sheet Has Been Replaced




rbon atom adj acent to a car- bon atom having a phenolic hydroxyl or the
21’7t ] - napht hol conpound havi ng a hydrocarbon group at the 3-ocsition. :
icl ude 2-t-butyl phenol, 2,4-di-t-butyl phenol, 2-isopropyl phenol,

t - anyl phenol, 2,4-di-t-anyl phenol, 2-s-butyl pnencl. 6-t-butYl -
“4-xyl enol, 3-t-butyl-4-hydroxyahi28ol e, 3-t-butyl-4-hydroxybi phenyl .
t-butyl -p-cresol, nmethyl 3-t-butyl-4-hydroxyoen- zoate.

hydr oxybi phenyl , 3-t-butyl-2-naphthol, 3,6-di-t-butyl-2-naphthol,
6,8-tri-t-butyl-2-naphthel, 3-isopropyl-2-

) .
gl es of the aromatic hydrocarbon conpound having a hydrocarbon group on‘
i

(70)
CH40 0CHa
O.
cils CHi
/ = \ = 0\\P/d—-><§6\
\4—@9/—7 | \ o)
\ ' voeoe (T1)
/ .
O 0\ P O\P{—O O
aSall .
| (72)
oy (©
O S—\)@
C@' 0\7‘3/0 O\P—{O@/O ‘
O~ |, A
\ (13)
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& 3, 6-diisopropyl -2-naphthol, 3,6,8-triisopropyl-2-naphthol,

¥2- napht hol , 3, 6-di-t-anyl-2-naphthol. 3,6,8-tri-t-anyl-2-napht hol

i ke. The phosphite conmpound used in the present invention has the
uctural characteristics that it does not con- tain a ring structure
y adj acent two oxygen atons and a phosphorus atom and that the

hydr ocarbon group represented BY {err] and [err] in the fornula

a hydrocarbon group on a carbon atom adjacent to a carbon atom

o
napg
3-t 3
or {3

suclg
f or rrig
ar o

(1) 2

Cils

paki i

LA
A KR

el ' H s H 1
Ne) o p s |
® 0o ) \ :

CHs

(15-)

(76)

17)
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.Due to these structural characteristics, it can
| ation reaction at a high stability as a

pl ex conprising Goup VIII netal -phosphite

it provides a satisfactory hydrofornylation

en [err] impghe fornmula (1) is an organic group
~ocar bon group or when A2 in the formula (11) is
an aromati c hydrocarbon group, the aronatic

‘ef erably

(79)

(80)
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Iltuent on a carbon atom adj acent to-a carbon atonlbonded mnth
atom The substituent used herein neans: every” subgti -
rogen atom exanples of which include [err] - [err

Aas in the case that [err] iglthe above nentioned -R

Q-0 .

G \/ \ /
& Ve
Q

©
. ‘ DANATIN
§ el VRO

|

(81)

(2]

(82) |

(83)
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or -B-Ar- (as in the case that A2 i's the above nenti.oned -Ar-B-Ar-). Al so,
In the case of the bisphosphite conpounds of the forrmula (11), four
[err]-napht hyl groups should preferably have a bul ky hydrocarbon group at
the 3- and 6-positions. Wien the phosphite conpound of the present
invention is used in the hydrofornyl ati¥®-reaction of an olefinic com
pound in the presence of a Goup VIII netal catalyst, the activity or the
selectivity of the ained product in the hydrofor- nylation reaction can be

controlled by selecting the e oy e phosphite conpounds. For exanple,
when the phosphite C]
; .

—X 0 o /j?\ \

e\ P ~p @)
@Q,}*U/IP K \—@’ /
| (84)
OSC,
@}}“\“P/O <o Lo O
@' /}z T\ =/ /
(85)
OO OIP P10 Q@ |
(86.)
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cofrpound has such a structure as to forma chelate-type netal .conplex with
the Goup Vil netal, the hydrofornyl ated product provides a.high n-form
sefectivity in the hydrofornylation of a-ol efin. Exanples of an n-val ent
cofrpound of the formula, [err] (wherein [err] and n are the sane as defined
I njthe above formula (1)) used in the 9p?réparation of the phosphite
cohpound,
\Et—CHZ—?Hf/
@ P-0 O- PKO O + (88)
@ oM.
CHy — ?Hz
/ \\- Cly Cl, // \
O > 0+ p-0 0-P 0~ )= - (89)
+O / \ — O+
/2 \ . /?
! .
c——cnz—o P\(‘O—&O, ] w (90)
{ O 4
\ 2
\ s / .
/ \\ { /
\
O )04 p-0 O—P{—O—\O (e1)
+<OQ i \ __@
/2 \ . /1
I/ \ Q / N
\ N4 - (92)
0—}—[’-0 0-pP4-0 O,O
4 \ — ,
KO . . O,
Wi




2,2
di h
cis
pent
2,731
a st
met
but

- bi phenyi diol, 2,2'-dihydroxydi-phenyl net hane, 2,3-
dr oxynapht hal ene, catechol, 1, 2-cycl ohexanedi ol ;

1, 2- cycl ododecanedi ol , et hyl enegl ycol, 1, 3-propanedi ol .
aerythritol, 1,1 -thiobis(2-naphthdai4d; 1,1 -dinaphthol
di hydr oxynapht hal ene or the |Iike. Wen the phosphite conpound has such
e nmetal conplex with the Goup VIII
activ)ty not only to an a-olefin

ructure as to form n-chel ate t
|, it provides a hijgh hydrofornyl at)

/ \
C) 0
T
/z
?CDMe
¢
/ . SN
/ X \ Cily ?HZ /
|O } !
/1
OMe
/
C 7 |
\
\
This Sheet Has Been Replac

i

i

sufF;;Ie for formng this chelate type phenolic conplex, include

- (93

- (99)

- (95)

- (96)

e (97)



e

Exagpl es of an n-valent conpound of the formula, [err] (wherein [err] and n
arefthe sane as defined in the above fornula (1)) used in the preparation
of fhe bi sphosphite com pound, suitable for forming the non-chelate type
nmet 4l conpl ex, include 2,5-di-t-butyl hydroqui none, 4, 4-net hyl

_35_

In the above chemical structural formulas,

%— is a tertiary butyl group;

\T/ is an isopropyl group;

—Ffls a tertiary amyl group;

5 Me is a methyl group; and

Et is an ethyl group.

An olefinic compound used in the preparation of
aldehydes in accordance with the present invention is not
specially limited so long as it has at least one olefinic

10 double bond in the molecule, examples of which include an
olefinic compound substituted with a saturated
hydrocarbon group only, an olefinic compound substituted
with a hydrocarbon group containing an unsaturated
hydrocarbon group, an olefinic compound substituted with

15 a functional group containing a heteroatom, and the like.

Examples of the olefinic compound substituted with a
saturated hydrocarbon group only, include linear terminal
olefinic hydrocarbons such as ethylene, propylene, 1l-
butene, 1,3-butadiene, l-pentene, l-hexene, l-octene, 1-

20 nonene, l-decene, l-dodecene, l-tetradecene, 1-
hexadecene, l-octadecene, l-eicosene and l-dococene;
branched terminal olefinic hydrocarbons such as isobutene
and 2-methyl-l-butene; linear internal olefinic
hydrocarbons such as cis- and trans—-2-butene, cis- and -

25 trans—-2-hexene, cis- and —~trans—-3-hexene, cis- and trans-
2-octene and cis- and trans-—-3-octene; branched internal

olefinic hydrocarbons such as 2,3—dimethyl—2—butene, 2—~
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T —————————— -

-5- efebi s(2-net hyl - 6-t-butyl phenol),.

4,4 -
4,4 "

hi obi s( 2- net hyl - 6-t - but yl phenol ), 2.5-dirt-anyfhydroquinQne,
but yl i denebi s(2-net hyl - 6-t-butyl phenol) or the |ike. '

._36_.

methyl-2-butene and 2-methyl-2-pentene; terminal olefinic
hydrocarbon-internal olefinic hydrocarbon mixtures such
as octenes prepared by dimerization of butenes, olefin
oligomer isomer mixtures of from dimer to tetramer of

5 lower olefins including propylene, n-butene, isobutene or
the like; and cycloaliphatiq clefinic hydrocarbons such
as cyclopentene, cyclohexene, l-methylcyclohexene,
cyclooctene and limonene.

Examples of the olefinic compound substituted with a

10 hydrocarbon group containing an unsaturated hydrocarbon
group include olefinic compounds containing an aromatic
substituent such as styrene, a—methylstyrene and
allylbenzene; and diene compounds such as 1,5-hexadiene,
1l,7-octadiene and norbornadiene.

15 Examples of the olefinic compound substituted with a
functional group containing a hetercatom include vinyl
methyl ether, methyl oleate, allyl alcohol, oleyl
alcohol, 3-methyl-3-butene-l-ol, 3-hydroxy-1l,7-octadiene,
l-hydroxy-2,7-octadiene, l-methoxy-2,7-octadiene, 7-

20 octene-l-al, hexa-l-en—-4-o0l, acrylonitrile, acrylic acid
esters such as methylacrylate, methacrylic acid esters
such as methylmethacrylate, vinyl acetate and l-acetoxy-
2,7-octadiene.

The amount of the phosphite compound of the present

25 invention is not specially limited, but is optionally
selected so that favorable results can be obtained in

respect of catalyst activity and selectivity. Generally,

This Sheet Has Been Replaced

AR




cal exanples of the phosphite conmpounds of the fornula (1) or (11) used
he hydrof ornyl ati on process of the present

following. In this case, it is preferable for. obtaining a high

10

15

20

25

ility that when [err]
an adj acent oxygen atom the aroma? c-hydrocarbon ring should
erably have such a bul ky hydrocarbon group as an i sopropyl

tyl grouph &rp ﬁbéo@ﬁ@EYéoﬁﬁéﬁ%H Of
bonded mnth an ‘oxygen atom

or A2 has an aronmatic hydrocarbon ring bonded

in an amount of from about 0.5 to 500 mols, preferably
from 1 to 100 mols per gram atom of Group VIII metal.

The phosphite compound of the present invention is
preferably used by previously forming a complex with a
Group VIII metal compound. The Group VIII metal complex
can be easily prepared from the phosphite compounds and
the Group VIII compounds such as hydrides, halides,
organic acid salts, inorganic acid salts, oxides,
carbonyl compounds and amine compounds, in accordance
with a known complex-forming method. Also, the complex
may be formed in situ by charging the Group VIII metal
compounds and the phosphite compounds into the
hydroformylation reaction zone.

Examples of the Group VIII metal compounds include
ruthenium compounds such as Ru;(CO)y45, Ru(NO3);3/
RuCl;(PhyP),; and Ru(acac),; palladium compounds such as
PdCl,, Pd(OAc),, Pd(acac),, PACl,(COD) and PACL,(Ph,P),;
osmium compounds such as 0s;(CO),, and OsCly; iridium
compounds such as Ir,(CO),, and IrSO,; platinum compounds
such as K,PtCl,, PtCl,(PhCN), and Na,PtCl,-6H,0; cobalt
compounds such as CoCl,, Co(NO4),, Co(OAc), and Co,(CO),4
and rhodium compounds such as RhCl,;, Rh(NO;);, Rh(OAc)s,
Rh,04, Rh(acac)(CO),, [Rh(OAc)(COD)],, Rh,(CO),,,
Rhg(CO),¢, RhH(CO)(Ph;P);, [Rh(OAc)(CO),], and
[RhCl(COD)]2 (wherein "acac" is an acetylacetonate group;

"Ac" is an acetyl group; "COD" is 1,5-cyclooctadiene; and
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"Ph" is a phenyl group). However, it should be noted
that the Group VIII metal compounds are not necessarily
limited to the above listed compounds.

The amount of a Group VIII metal compound used is not
specially limited, but is optionally selected so that
favorable results can be obtained in respect of catalyst
activity and economy. Generally, it is used at a
concentration of from 0.05 mg to 5 g, preferably from 0.5
mg to 1 g (on the basis of metal atom) per litter of an
olefinic compound in the hydroformylation reaction zone.

In the hydroformylation reaction of the present
invention, the use of a reaction solvent is not
essential, but a solvent inert to the hydroformylation
reaction may be present. Suitable examples of the
solvent include aromatic hydrocarbon coﬁpounds such as
benzene, toluene, xylene and dodecylbenzene; ketones such
as acetone, diethylketone and methylethylketone; ethers
such as tetrahydrofuran and dioxane; and esters such as
ethyl acetate and di~n-octyl phthalate. A mixture of the
solvents may also be used. It is also possible to use an
excess amount of the starting olefinic compound as a
solvent.

The reaction conditions to conduct the
hydroformylation process of the present invention are the
same as those used in the conventional process. For
example, the reaction temperature is from room

temperature to 200°C, preferably from 50 to 150°C, and
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the reaction pressure is from normal pressure to 200
atms, preferably from 5 to 100 atms, more preferably from
5 to 50 atms. The mol.ratio of hydrogen and carbon oxide
(H,/CO) is generally from 10/1 to 1/10, preferably from
1/1 to 6/1.

Examples of the reaction system of the
hydroformylation reaction include a continuous type,
semi~-continuous type or batch type operation using a
stirring type reaction tank or a bubble tower type
reaction tank.

Another feature of the present invention resides in
that since the phosphite compound of the present
invention can be stably present after the
hydroformylation reaction, the catalyst component
containing the phosphite compound and the hydroformylated
product are separated by a known method and a part or the
whole part of fhe catalyst component can be reused by
recycling into the hydroformylation reaction zone.

As mentioned above, according to the present
invention, the hydroformylation reaction activity and the
selectivity of. the aimed product can be highly improved
by getting the phosphite compound together with the Group
VIII metal catalyst present in the hydroformylation
reaction. Furthermore, since the phosphite compound is
favorably stable, the catalyst containing the phosphite
compound recovered by a known method can be reused in the

hydroformylation reaction, thus providing a great
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industrial merit.

Now, the present inQention will be described in
further detail with the reference to Examples. However,
it should be understood that the present invention is by
no means restricted to such specific Examples.

EXAMPLE 1 .

90 m¢ of l-octene, 10 m¢ of toluene (gas
chromatography internal standard), 2.6 mg of Rh(acac)
(CO), and 25 mols of the above mentioned Phosphite
Compound No. 14 per mol of rhodium atom (P/Rh = 50) were
charged in the atmosphere of argon into a stainless steel
made up-and-down-stirring type autoclave having an
internal volume of 200 m¢, and the autoclave was sealed.
The autoclave was purged with nitrogen gas (30 kg/cmz-G)
three times, and the temperature was raised to 120°C
under nitrogen gas (0 kg/cm?-G). Immediately after the
temperature reached 120°C, water gas (H,/CO = 1) was
charged therein under pressure to a level of 50 kg/cm?-G
to initiate reaction and the reaction was continued for 4
hours. The water gas consumed during the reaction was
supplied from a pressurized chamber through a secondary
pressure regulator, and the reaction pressure was
constantly maintained at 50 kg/cm?-G.

After the reaction, the.autoclave was cooled to room
temperature, and the reaction liquor was taken out under
argon atmosphere. A part of the reaction liguor was

subjected to gas chromatography analysis (column: CBP1l
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Capirary 0.25¢ x 50 m manufactured by Shimazu Seisakusho

K.K.) to measure the concentration of the product. The

results are shown in Table 1.

The reaction liguor was further subjected to 3!P-nmr

5 measurement (JEOL JNM-FX100), and as this result, a
signal of a free phosphite compound was observed at
chemical shift value § = 129.9 ppm under H, PO, standard,
but other oxides and decomposed materials of the
phosphite were not detected.
10 COMPARATIVE EXAMPLE 1

The hydroformylation reaction of l-octene was
repeated in the same manner as in Example 1, except that
the phosphite compound (III) having the following
structure was used in place of Phosphite Compound No. 14.

15 The reaction results are shown in Table 1.

ij— \t' CHO U<O' (III)
/ o&f

O

+{(O¥0
\_/
20

EXAMPLES 2 TO 4
The hydroformylation reaction of l-octene was
repeated in the same manner -as in Example 1, except that
25 each of Phosphite Compounds Nos. 33, 37 and 39 was used
in place of phosphite Compound No. 14. The reaction

results are shown in Table 1. According to the 3!P-nmr
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analysis of the reaction liquor, oxides and decomposed
products of the phosphite were not detected.
EXAMPLE 5

The hydroformylation reaction of l—-octene was
repeated in the same manner as in Example 1, except that
Phosphite Compound No. 12 was used in place of Phosphite
Compound No. 14 and 26.0 mg of Rh(acac)(CO), was used at
P/Rh mol ratio of 8, ana that the reaction was continued
for 7 hours. The reaction results are shown in Table 1.
According to the 3'P~nmr analysis of the reaction ligquor
taken out after the reaction, decomposed materials of the
phosphite compound were not detected.
EXAMPLE 6

The hydroformylation reaction of l-octene was
repeated in the same manner as in Example S, except that
Phosphite Compound No. 35 was used in place of Phosphite
Compound No. 12. The reaction results are shown in Table
1. Even after the reaction, the phosphite compound was

stably present.
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EXAMPLE 7

The hydroformylation reaction was conducted for 5
hours in the same manner as in Example 5, except that
Phosphite Compound No. 2 was used at P/Rh mol ratio of 10
in place of Phosphite Compound No. 12 and that an octene
mixture of dimerized butene was used as the olefin
starting material. After the reaction, the octene
conversion was 89.0 molgs and the aldehyde yield was 88.4
molg. According to the 3!P-nmr analysis of the reaction
liquor, decomposed materials of the phosphite compound
were not detected and the phosphite compound was stably

present.

"EXAMPLE 8

55 m¢ of methaxylene, 5 m¢ of toluene, 15.0 mg of
Rh(acac)(CO), and 5 mols of the above mentioned Phosphite
Compound No. 12 per mol of rhodium atom (P/Rh mol ratio
= 10) were charged under argon atmosphere into a
stainless steel made up-and-down-stirring type autoclave
having an internal volume of 200 m¢#, and the autoclave
was sealed. The autocla?e was purged with nitrogen gas
(30 kg/cm3-G) three times. After the pressure of the
nitrogen gas was restored to 0 kg/cm?-G, 16.0 g of
liquefied l-butene was charged under pressure.
Thereafter, the hydroformylation reaction of l-butene was
conducted in the same manner as in Example 1 under the
conditions of E,/CO0 (mol ratio = 1) 50 kg/cm?-G and

temperature 120°C. After the reaction for 6 hours, the
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butene conversion was 90.8 mol% and the aldehyde yield
was 90.0 mols, and the n/i aldehyde production ratio was
20.3. Decomposed by-products of the phosphite compound
were not detected from the reaction liquor.

EXAMPLE 9

The hydroformylation reaction of l-butene was
conducted in the same manner as in Example 8, except that
Phosphite Compound No. 14 was used in place of Phosphite
Compound No. 12 and that the amount of Rh(acac)(CO), was
made 1.5 mg and the P/Rh mol ratio was made 50. After
the reaction for 6 hours, the butene conversion was 98.0
mols and the aldehyde yield was 97.3 mols, and the n/i
aldehyde production ratio was 7.0. The phosphite
compound was stably present even after used in the
reaction.

EXAMPLE 10 (Synthesis of Phosphite Compound)

About 50 m¢ of toluene solution having 15.38 g (0.06
mol) of 3,6-di~t-butyl-2-naphthol and 6.07 g (0.06 mol)
of triethylamine dissolved, was dropwise added at room
temperature for about 0.5 hour under stirring into about
50 m¢ of a PCl; toluene solution having 4.11 g (0.03 mol)
of phosphorus trichloride dissolved. After the dropwise
addition, the resultant mixture was stirred further for
one hour. To the reaction liquor containing the
phosphorochloridite intermediate thus obtained, was
dropwise added about 50 m¢ of a toluene solution having

2.79 g (0.015 mol) of 2,2'-biphenyldiol and 3.04 g (0.03
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mol) of triethylamine dissolved at room temperature for
about 0.5 hour under stirring. After the dropwise
addition, the stirring was further continued, and the
completion of the reaction was recognized by 3!P-nmr
analysis. Thereafter, about 100 m¢ of distilled water
was added to dissolve a by-produced solid triethyl amine
hydrochloride précipitate, and the resultant solution was
settled to separate the organic phase and the aqueous
phase. The aqueous phase was further extracted twice
with 50 m¢ of toluene, and the extracted liquor was mixed
with the organic phase. The resultant mixture was drie@
with anhydrous magnesium sulfate overnight. After
removing the magnesium sulfate by a 0.2 «
milliporefilter, the resultant mixture was concentrated
by vacuum distillation to obtain a residue. Thereafter,
the residue was recrystallized with toluene/acetonitrile
{(1/20 volume ratio) to obtain a white powdery solid
bisphosphite compound (the above mentioned Phosphite
Compound No. 58).

In the same manner as above, the above mentioned
Bisphosphite Compounds Nos. 53, 55, 56, 59, 68 and 69
were respectively prepared by using 3,6-di-t-butyl-2-
naphthol and the corresponding divalent phenol compounds.

The chemical structures.of the bisphosphite compounds
thus obtained were analyzed by phosphorus-31 nuclear
magnetic resonance spectrum method (JEOL JNM-FX100),

elemental analysis method and SIMS mass analysis method
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(M~2000A manufactured by Hitachi Seisakusho K.K.). The

analytical data are shown in Table 2.

N
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EXAMPLE 11

90 m¢ of l-octene, 10 m¢ of toluene (gas
chromatography internal standard), 26.0 mg of Rh(acac)
(CO), and 4 mols of the above mentioned Bisphosphite
Compound No. 58 per mol of rhodium atom (P/Rh = 8
equivalent) were charged in the atmosphere of argon into
a stainless steel made up and down-stirring type
autoclave having an internal volume of 200 m¢, and the
autoclave was sealed. The autoclave was purged with
nitrogen gas (20 kg/cm?-G) three times, and the
temperature was raised to 120°C under nitrogen gas (0
kg/cm?-G). Immediately after the temperaﬁure reached
120°C, water gas (H,/CO = 1) was charged therein under
pressure to a level of 50 kg/cm?-G to initiate reaction
and the reaction was continued for 6 hours. The water
gas consumed during the reaction was supplied from a
pressurized chamber through a secondary pressure
regulator, and the reaction pressure was constantly
maintained at 50 kg/cm?-G. After the reaction, the
reaction liquor was taken out under argon atmosphere, and
a part of the reaction liguor was subjected to gas
chromatography analysis (column: Thermon-3000 Capirary
0.25¢ x 50 m) to measure the concentration of the
product. The octene conversion was 82.9 molg and the
aldehyde yield was 81.7 molg, and the n/i aldehyde
production ratio was 23.3. The reaction liquor was

further subjected to 3'P-nmr analysis, but oxides and
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decomposed materials of the phosphite were not detected.
EXAMPLE 12

The hydroformylation reaction of l-octene was
repeated in the same manner as in Example 11, except that
Bisphosphite Compound No. 68 was used in place of
Bisphosphite Compound No. 58 and 2.60 mg of Rh(acac)(CO),
was used at P/Rh mol ratio of 50. The octene conversion
was 90.0 mol$ and the aldehyde yield was 89.6 mols, and
the n/i aldehyde production ratio was 9.0. Decomposed
material; of the phosphite compound were not detected.
EXAMPLE 13

The hydroformylation reaction of l-octene was
repeated in the same manner as in Example 12, except that
Bisphosphite Compound No. 59 was used in place of
Bisphosphite Compound No. 68. The octene conversion was
90.0 mols and the aldehyde yield was 839.6 mols$, and the
n/i aldehyde production ratio was 13.0. Decomposed
materials of the phosphite compound were not detected.
EXAMPLE 14

The hydroformylation reaction of l-octene was
repeated in the same manner as in Example 12, except that
Bisphosphite Compound No. 69 was used in place of
Bisphosphite Compound No. 68. The octene conversion was
89.0 mols and the aldehyde yield was 88.3 mols, and the
n/i aldehyde production ratio was 15.7.

EXAMPLE 15

S0 m¢ of an octene mixture of dimerized butene, 10 m¢
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of m-xylene (internal standard), 24.6 mg of Rh(acac)({C0),
and 5 mols of the above mentioned Phosphite Compound No.
53 per mol of rhodium atom (P/Rh mol ratio = 10
equivalent) were charged under argon atmosphere into a
stainless steel made up and down-stirring type autoclave
having an internal volume of 200 m¢. Thereafter, the
hydroformylation reaction of the mixed octene was
conducted in the same manner as in Example 11 under the
conditions of H,/CO (mol ratio = 1) 50 kg/cm?-G and
temperature 130°C. After the reaction for 5 hours, the
octene conversion was 91.8 mols and the aldehyde yield

was 90.9 mols. According to the 3'P-nmr analysis of the

reaction liquor, decomposed products of the phosphite
compound were not detected.
15 EXAMPLE 16
The hydroformylation reaction of the mixed octene was
repeated in the same manner as in Example 15, except that
Bisphosphite Compound No. 56 was used in place of
Bisphosphite Compound No. 53. After the reaction for 5
20 hours, the octene conversion was 88.8 mol% and the
aldehyde yield was 87.6 mols. Even after the reaction,
the bisphosphite compound was stably present.

EXAMPLE 17

The hydroformylation reaction of the mixed octene was
25 repeated in the same manner as in Example 15, except that
Bisphosphite Compound No. 55 was used in place of

Bisphosphite Compound No. 53. After the reaction for 5
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hours, the octene conversion was 91.4 mols and the
aldehyde yield was 90.3 mols. Even after the reaction,

the bisphosphite compound was stably present.

EXAMPLE 18

55 m¢ of methaxylene, 5 m¢ of toluene, 15.0 mg of
Rh(acac)(CO)2 and 5 mols of the above mentioned Phosphite
Compound No. 58 per mol of rhodium atom (P/Rh mol ratio
= 10 equivalent) were charged under argon atmosphere into
a stainless steel made up and down-stirring type
autoclave having an internal volume of 200 m¢, and the
autoclave was sealed. The autoclave was purged with
nitrogen gas (20 kg/cm3-G) three times. After the
pressure of the nitrogen gas was restored to 0 kg/cm?-G,
15.9 g of l-butene was charged under pressure.
Thereafter, the hydroformylation reaction of l-butene was
conducted in the same manner as in Example 11 under the
conditions of H,/CO (mol ratio = 1) 50 kg/cm?-G and
temperature 120°C. After the reaction for 7 hours, the
butene conversion was. 89.3 molg and the n/i aldehyde
production ratio was 18.9. According to the 31P-nmr
analysis of the reaction liguor, oxides and decomposed
products of the bisphosphite compound were not detected
from the reaction liquor.

EXAMPLE 19

The hydroformylation reaction of l-butene was
repeated in the same maﬁner as in Example 18, except that
Bisphosphite Compound No. 68 was used in place of
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Bisphosphite Compound No. 58 and 1.5 mg of Rh(aCaC)(CO)z
was used. After the reaction for 6 hours, the butene
conversion was 99.9 mols and the n/i aldehyde production
watio was 6.8. Decomposed by-products of the
bisphosphite compound were not detected from the reaction
liquor.
EXAMPLE 20

The hydroformylation reaction of l-octene was
repeated in the same manner as in Example 12, except that
1,7-octadiene was used in place of l-octene and P/Rh mol
ratio was made 100. After the reaction for 5 hours, the
octadiene conversion.was 99.0 molg and the diformylated
product (decanedial) yield was 80.0 mol%, and the n-form
selectivity among the diformylated product was 80.6 mols.
COMPARATIVE EXAMPLE 2

90 mfé of l-octene, 10 m¢ of toluene (gas
chromatography internal standard), 2.5 mg of Rh(acac)
(CO), and 10 mols of the phosphite compound having the
following structure per mol of rhodium atom were charged
in the atmosphere of nitrogen into a stainless steel made
up and down-stirring type autoclave having an internal
volume of 200 m¢. The autoclave was purged with nitrogen
gas (30 kg/cm?-G) three times, and the temperature was
raised to 120°C under stirring after the internal
pressure was restored to 0 kg/cm?-G. Immediately after
the temperature reached 120°C, water gas (H,/CO = 1) was

charged therein under pressure to a level of 50 kg/cmz-G
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from a pressurized chamber having an internal volume of
200 m¢ through a secondary pressure regulator to initiate
reaction and the reaction was continued for 5 hours. The
internal pressure was constantly maintained at 50
kg/cm?-G during the reaction.

After ‘the reaction, the autoclave was cooled to room
temperature and was purged to normal pressure, and the
reaction liquor was taken out. A minor amount of the
reaction liquor was subjected to gas chromatography
analysis (column: C-BPl Capirary Column 0.25¢ x 50 m
manufactured by Shimazu Seisakusho K.K.) to measure the
concentration of the product. As this result, the octene
conversion was 30.3 moly and the Cq aldehyde yield was

29.6 mols, and the n/i Cy aldehyde production ratio was

2.2,
Me
é;:%% L*2-50/
P /0@
‘ \\
@) e O@
EXAMPLE 21

90 m¢ of l-tetradecene ("Dialene 14" Registered
Trademark of Mitsubishi Kasei Corporation), 10 m¢ of

toluene (gas chromatography internal standard), 2.5 mg of
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pound substituted with a saturated hydrocarbon group only, an olefinic
conpound substituted with a hydrocarbon group containing an unsaturated
hydr ocar bon group, an ol efinic conmpound substituted with a functional group
containing a heteroatom and the |like.. Exanples of the olefinic conpound
substituted with a saturated hydrocarbonfﬁroup only, include |inear
t.erm nal ol efinic hydrocarbons such as yT ene, propyl ene, 1 -butene,
1, 3-butadiene, 1 -pentene, 1 -hexene, 1 -octene, 1 -nonene,

Rh(acac) (CO), and 50 mols of Phosphite Compound No. 68

per mol of rhodium atom were charged in the atmosphere of

nitrogen into a stainless steel made up and down-stirring

type autoclave having an internal volume of 200 mé. The
5 autoclave was purged with nitrogen gas (30 kg/cm?-G)

three times, and the temperature was raised to 120°C

under stirring after the internal pressure was restored

to 0 kg/cm?-G. Immediately after the temperature reached

120°C, water gas (Hz/CO = 1) was charged therein under

10 pressure to a level of 50 kg/cm?-G from a pressurized
chamber having an internal volume of 200 mé¢ through a
secondary pressure regulator to initiate reaction and the

reaction was continued for 5 hours. The internal

pressure was constantly maintained at 50 kg/cm?-G during
15 the reaction.
After the reaction, the autoclave was cooled to room
temperature and was purged to normal pressure, and the
reaction liquor was taken out. A minor amount of the

reaction liquor was subjected to gas chromatography

e

20 analysis (column: Thermon-3000 Capirary Column 0.25¢ x 50
m manufactured by Shimazu Seisakusho K.K.) to measure the
concentration of the product. As this result, the
tetradecene conversion was 89.5 mols and the C;s aldehyde
yield was 89.0 mols%, and the n/i C,; aldehyde production

25 ratio was 9.0.

Thereafter, the reaction liquor was distilled under

reduced pressure to separate the produced aldehyde. To
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1--decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene,

1- ei cosene and 1-dococene; branched term nal ol efinic hydrocarbons such as
i sobutene and 2-nethyl-1 -butene; linear internal olefinic hydrocarbons
such as cis- and trans-2-butene, cis- and - trans-2-hexene, cis--and
-trans- 3-hexene, cis- and trans-2-octene and cis- and trans-3- octene:
branched internal ol efinic hydrocarbons 3uch as 2, 3-di net hyl - 2- but ene,
2-met hyl - 2- but ene and 2-nethyl -2- pentene: termnal olefinic

hydr ocar bon- ittheeroeada iol iafg i ioquoyd radetay roed na Kt ¢if esheudhsasldaténas prepared

{ by dinerization
were added 90 m¢ of the above l-tetradecene and 10 m¢ of
toluene, and the reaction was conducted at 120°C for 5
hours under a pressure of 50 kg/cm?-G in the same manner
5§ as in the first time reaction. As this results, the
tetradecene conversion was 89.5 mol% and the C;g aldehyde
yield was 88.7 mols, and the n/i C;; aldehyde production
ratio was 9.0. Thus, as compared with the first time
reaction, the activity of the catalyst was not
10 deteriorated even after recycled and reused.
EXAMPLE 22
90 m¢ of l-octene, 10 m¢ of toluene (gas
chromatography internal standard), 2.5 mg of Rh(acac)
(CO), and 50 mols of Phosphite Compound No. 14 per mol of

15 rhodium atom were charged in the atmosphere of nitrogen

P

into a stainless steel made up and down-stirring type
autoclave having an internal volume of 200 mé. The
autoclave was purged with nitrogen gas {30 kg/cm?-G)
three times, and the temperature was raised to 120°C
under stirring after the internal pressure was restored
to 0 kg/cm?-G. Immediately after the temperature reached
120°C, water gas (H,/CO = 1) was charged therein under
pressure to a level of 50 kg/cm?-G from a pressurized
chamber having an internal volume of 200 m¢ through a
secondary pressure regulator to initiate reaction and the
reaction was continued for 6 hours. The internal

pressure was constantly maintained at 50 kg/cm?-G during
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Wo‘f but enes,
| ower ol efins including propyl ene,-n-butene, iso- butene or the |like; and

.cycl oaliphatic ol efinic hydrocarbons such as cycl opent ene, cycl ohexene,

olefin oligoner isonmer mxtures of fromdiner to tetraner of

+ 1- met hyl cycl ohexene, cycl ooctene and |inonene. Exanples of the olefinic
icompound substituted with a hydrocarbgnsgrgup cont ai ni ng an unsat ur at ed
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ihydrocarbon group include ol efinic conpounds containing an aronatic
substi t uent ggch as styrene, a-nethylstyrene and allyl ben-

e reaction.

After the reaction, the autoclave was cooled to room
temperature and was purged to normal pressure, and the
reaction liquor was taken out. A minor amount of the
reaction liquor was subjected to gas chromatography
analysis (column: C-BPl Capirary Column 0.25¢ x 50 m
manufactured by Shimazu Seisakusho K.K.) to measure the
concentration of the product. As this result, the octene
conversion was 88.0 mol% and the Cy aldehyde yield was
87.0 mols, and the n/i Cy aldehyde production ratio was
10.8.

Thereafter, the reaction liquor was distilled under
reduced pressure to separate the produced aldehyde. To
the remaining liquor obtained after the distillation,
were added 90 m¢ of the above l-octene and 10 m¢ of
toluene, and the reaction was conducted at 120°C for 6
hours under a pressure of 50 kg/cm?:-G in the same manner
as in the first time reaction. As this results, the
octene conversion was 89.0 mols and the Cgy aldehyde yield
was 88.5 mols, and the n/i Cq aldehyde production ratio
was 10.8. Thus, as compared with the first time
reaction, the activity of the catalyst was not
deteriorated even after recycled and reused.

As mentioned above, according to the present
invention, since the hydroformylation reaction activity
and the selectivity of the aimed product can be highly

improved by getting the phosphite compound present in the
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zene; and di ene conpounds such as 1.5-hexadi ene, 1, 7-octadi ene and

nor bor nadi ene. Exanpl es of the ol efinic conpound substituted wirth a
functional group containing a heteroatominclude vinyl nmethyl ether, methyl
ol eate, allyl alcohol, oleyl alcohol, 3-methyl-3-butene-1-o0l,

3- hydroxy-1, 7-oct adi ene, 1-hydroxy-2, #-68tadi- ene, 1

- et hoxy- 2, 7-oct adi ene, 7-octene-1 -al, hexa-1 -en-4-ol, acrylonitrile,

acrylic aci dh¢at8rsrayiltasn@blriacny atR HEIPEddhyXalodsl eedetSosuch as
net hyl methacrylate, vinyl acetate and 1 -acetoxy-2,7-octadiene.

i can be industrially favorably conducted.
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The amount of the phosphite conpound of the present invention is not

specially limted, but is optionally selected so thatT ayor qlt can
be obtained in respect or catalyst activity and select o t he
phosphite com pound of the present invention is used from
about 0.5 to 500 nols, preferably froml ¢ 100 nols p G oup

VII'l nmetal. The phosphite conpound of the present invention is preferably
used by previqga&yﬁéprning a conplex with a G oup

1. A hydroformylation process for preparing a
hydroformylated product by reacting an olefinic compound
with hydrogen and carbon monoxide in the presence of a
5 Group VIII metal catalyst, in the reaction of which there
is present a phosphite compound having the formula (I),
Al—0-P(OR?) (OR?) ] (1)
wherein R! and R? are respectively an aromatic

hydrocarbon group which may be the same or different and

d‘\j_

10 the aromatic hydrocarbon group has at least a hydrocarbon
group on a carbon atom adjacent to a carbon atom bonded
with an oxygen atom as a substituent; Al is an n-valent
organic group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic

15 hydrocarbon group bonded with an adjacent oxygen atom,
which may respectively have a substituent; n is an

integer of from 2 to 4; and the respective

- +0-P (OR?) (OR?) ]

' group may be the same or different.

20 2. The hydroformylation process according to Claim 1,
wherein R and R? are a phenyl group having a hydrocarbon
group at the ortho-position or a B-naphthyl group having
a hydrocarbon group at the 3-position.

3. The hydroformylation process according to Claim 1,

25 wherein the hydrocarbon group contained, as the
substituent, in R! and R? is at least one substituent

selected from the group consisting of an alkyl group, an

* [ L M S *




VII1 metal conpound. The Goup VIII metal conplex can be ea5|l prepared
fromthe phosphite conpounds and the G oup VIII conpoundsTb
hal i des, organic acid salts, inorganic acid salts, oxides,
conpounds and am ne conpounds, in accordance with a known c
met hod. Al'so, the conplex may be formed.ipggsitu by charging the Goup Vi
nmet al conpounds and t he phosphite conpounds into the hydrofornylation
reaction zone. T hes of the C?ou& VI et co un@&{ifclude rut heni um
conmpounds such ars Fg roup, an aryl group and a cycloalkyl group.
4. The hydroformylation process according to Claim 1,
wherein the phosphite compound is a this phosphite

compound having the formula (II),

5 R3-0 0-R°
. 5 /
P-0-A2-0-pP (II)
/ \
R4-0 0-R6

: wherein R3, R*, RS and R® are respectively a @-naphthyl

‘ group having a hydrocarbon group at least at the 3-

10 position, which may be the same or different, and A? is a
divalent group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic
hydrocarbon group bonded with an adjacent oxygen atom,
which may respectively have a substituent.

15 5. The hydroformylation process according to Claim 1,

wherein the olefinic compound is selected from the group

consisting of an olefinic compound substituted with a

saturated hydrocarbon group only, an olefinic compound

? substituted with a hydroqarbon group containing an

20 unsaturated hydrocarbon group and an olefinic compound
substituted with a functional group containing a
heteroatom.
6. The hydroformylation process according to Claim 1,
wherein the olefinic compound is selected from the group

25 consisting of a linear terminal olefinic hydrocarbon, a
branched terminal olefinic hydrocarbon, a linear internal

olefinic hydrocarbon, a cycloaliphatic olefinic

A



f[ r] and [err] palladi um conpounds such as [err] [err] Pd(acac 2, [err
and [err] osm um conpounds such as [err] and OsC13; irid

as [err] and [err]; platinum conpounds such as [err], [err
[err] cobalt conpounds such as [err] [err] and [err] and r
sugh as [err] [err] [err] [err] [er+]61 terr] [err] [err] and [err]

hydrocarbon, a branched internal olefinic hydrocarbon,

and a mixture thereof.

7. The hydroformylation process according to Claim 1,

wherein a reaction liquor after the reaction is separated
5 into a reaction product and a catalyst liquor by

distillation, and the catalyst liquor separated by

distillation is recycled into the reaction system.

8. A bisphosphite compound having the formula (II),

_ 3 RS
,"’ R O\ /O R

10 P-0~A%-0-P (11)

wherein R?, R*, R’ and R® are respectively a B-naphthyl
group having a hydrocarbon group at least at the 3-
position, which may be the same or different, and AZ is a
15 divalent group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic

hydrocarbon group bonded with an adjacent oxvgen atom,

; which may respectively have a substituent.
9. The bisphosphite compound according to Claim 8,
‘ 20 wherein A? in the formula (I1) is a -Ar— or —-Ar—-B-Ar-
\ group wherein Ar is an arylene group and B is a -CRIR*?,
! -0-, ~S-, or ~CO- group (wherein R? and R1°? are
1 respectively a group selected from the group consisting
of a hydrogen atom, an alkyl group an aryl group, an
25 arylelkyl group, an alkylaryl group and a cycloalkyl
group).

10. The bisphosphite compound according to Claim 9,

AR )R
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(whérein "acac" is an acetyl acetonate group; "Ac" is an acetyl group; "COD'
is 1 .5-cyclooctadiene; and "Ph" is a phenyl group). HowesiestHas BeesRepidced be
noted that the Group VIII netal conpounds are not neces to

t he.above |isted conpounds. The anmount of a G oup VIII used
is not specially limted, but is optionally_selected so that tavora- ble
results can be obtained in respect of cafa 95? activity and econony.

Generally, it is used at a concentration of from
wherein Ar is a phenylene group, a biphenylene grouo or a

naphthylene group.

R D



0.:05 ng to 5 g. preferably from0.5 ng to 1 g (on the basis of netal atom :’
per litter of an olefinic conpound in the hydro- fornylation reaction zone.

I'n~t he hydrofornylation reaction of the present invention, the use of a
reaction solvent is not essential, but a solvent inert to the '

hydr of ormyl ati on reacti on may be present 635w+ t abl e exanpl es of the sol vent

I ncl ude aromati ¢ hydrocar bon conpounds such as benzene, toluene, xylene and
dodecylbenzengss&ghgges such as acetone, diethyl ketone and net h-

L

= A hydroformylation process for preparing a
hydroformylated product by reacting an_olefinic compound
with hydrogen and carbqn monoxide in the presence of a

5 Group VIII metal catalyst, in the reaction of which there
is present a phosphite compound having the formula (I),
A*—0-P(OR?) (OR?) ], (I)

wherein R! and R? are respectively an aromatic

.i\

hydrocarbon group which may be the same or different and
! | 10 the aromatic hydrocarbon group has at least a hydrocarbon
| group on a carbon atom adjacent to a carbon atom bonded
with an oxygen atém as a substituent; A! is an n-valent
organic group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic
15 hydrocarbon group bonded with an adjacent oxygen atom,
which may respectively have a substituent; n is an

integer of from 2 to 4; and the respective

Q +0-P(OR?Y) (OR?) ]

group may be the same or different.

[ —————
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. 2 : . : -
yl et hyl ket one; ethers such as t et rahydr of uran and dloxane and esters such
as. et hyl acetate and -di -n-octyl phthal ate. ‘A m.xture of the solvents may
al so be used. is also possible to use an excess ambunt of the starting
ol efinic conpound as-a-'solvent. The reaction ctonditigns to conduct the
hydrofornylatlon process of .the present invention are the sane as those
used in.the conventional . process. For-exanple, the reactlon tenperature is
fron1roon1tenperature to 200[err]C preferably

| EYDROFORMYLATION'PROCESS.AND BISPHOSPEITE COMPOUND GSZD
THEREIN o o
| The present'inventiod relates to a hydrofornylatioo
'process of an oleflnzc compound u51ng ‘a modified Group
.VIII metal catalyst.. |

It is well known in'the art to produce an aldehyde or
its hydrogenated product, i.e. alcohol by reaccrng an.
olef’nlc comoound with hydrogen and carbon monoxloe in
the presence of a modified Group VIII metal caralys:.

As the catalyst, a soluble complex of a Group VIII
rransition metal-phosphorus ligand is generally used, and
it is well known that the ligand used with this metal
componeot has a substantial influence on the catalytic
reaction. It is'also well_knan that reaction activity,
selectivity or catalyst stability largely varies in
hydroformylation reaCtionIdepending on the selection of
the llgand, and it is an meortant sub]ect in this
technical. field to make a research on a llgand effectlve
for_lmprov1ng these properties.

Various phosphite compounds are known as a group of

. This is the replacement sheet
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from50 to 1 50C, and the reaction pressure i's fromnormal pressure to 200

atms, preferably fromb5 to 100 atms, more preferably’ from5.to 50 atns.

ol ratio of hydrogen and carbon OXIde [err] ‘is generally fronle/l to

1/10,- pr.e_f- _erably fr_or_n 1/1__to 6/ 1. nx___t2 o

phosphorus compounds used for a llgand, and phOSDhlte
uﬁcompounds such as a polyphosphlte havxng plural

”coordlnated phosphorus atoms in a molecule have beﬂn

-heretofore prooosed in addztlon to sxmple-monophosphlte:u

comoounds such as a trlalkylphosohlte and a
trlarylohosphlte.-
| For example,.Japanese.Unéxsmined Paﬁént Publication”
‘No. 116587/1987 or No. 116535/1987 dlscloses a . phosphite
comnound characterlzed by the structure whereln at least
' one phosphorus atom is bonded_w;th adjacent two_oxygen
atoms to formgs'ring, as a phosphite-compound_containing:

at least 2 phosphorus atoms in a molecule.

_ As mentloned above, varzous phosohlte comoounds have -

been prooosed as a llgand used in. hydroformylatlon
reaction, but the-stability of the prior phosphite
compound has not been aluaYS;satisfacuory'iu the reaction
process aod the prior phosphite still has a problem when
itlis-used'as_an industrial catalyst which is rgquested
to maintain its catalYtic-actiQity for a lono term.
Thus, the development of a phosphite ligand excellent in
hydroformylation activity, selectivity 6f.the aimed
product and-cstaljst sEability is strongly demanded.

The present inuentors have studied and madela
research for a ligand effective for improving and
maintaining aotivity and selectivity in hydroformylation

reaction, and as the result of the research, have

discovered that a phosphite compound'having the specific

This is the replacement sheet -
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.-27- Exanples of the reaction systemof :the hydr of ormyl ati‘on reaction
i nclude a ‘continuous type. seni-continuous type or batch type operation:
‘using a stlrrlng type reaction tank or a bubble tover type reactlon tank

.' - 3 -.-
structure is effectlve for hydroformylatlon and has an ;
'T_excellent catalyst stabxllty.' The present invention has..
been achieved on the.basls of this discovery.'dd
| ~ Thus, the’present_invention'proVides-a B
'_hfdroformylation process for preparing'a_hydroformylated
~ product by reacting an olefinic'comooundlwith ﬁydrogent
and carbon monoxlde in the presence of a Group VIII metal
catalyst, characterrzed in that there is present 1n the
reactlon system a phosph;te compound havzng the formula
(1) _' -
Al—f0-P(ORY) (OR?)], o (1)
wherein R! and R? are respectively an aromatic
hydrocarbon group which_may.be the same or different and
. the aromatic[hydrocarbon group has at least a hYdrocarbon
group on a carbon atom adjacent to a carbon atom bonded
with an oxygen atom . as a substituent; Al is an n-valent
organic group having an allohatlc hydrocarbon grouo, adt
cycloaliphatic hydrocarbon-group or an aromatic '
hydrocarbon group Eonded with,an adjacent oxygen atom,
which may respectlvely have a substrtuent n is an |
1nteger of from 2 to 4 and the respectlve | o
to-P(ORY)(0RY)] . SR o -;'.;'Y';;ﬂ-
group may be the same or. dlfferent,.and also. provrdes ad{:r:

blsphosphlte compound havrng the formula (II): f‘

R*~0 O0-RS
~ P-0-A%-0-p T R 2
This Sheet Has Been Replaced .'Th's is the feplaoement shaet ' -
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Anot her feature of. t he present |nvent|on resides in that si-nce the

~phosphite conpound .of - the present
hydr of or nyl at.i on reaction,.

invention can be: stably present after the
the catal yst- conponent cont ai ni.ng :the phosphite

conpound and the hydrofornylated product are separated by a known nmethod -
and a part or-the whole:part of the catalyﬁt.conponent can be reused. by
recycling into the hydrofornylation reaction-zone. "As ment i oned above,

and ‘the selectV

tgroun havxng a hydrocarbon ‘group at least at the 3-

_nosxtzon, whlch may be the same or dlfferent, ana AZ is a.

t divalent group~hav1ngHan allphatlc hydrpcarbon group, a |

R cycloeliphatic-hydrocarbon group or an aromatic

eehydrocarbon group bonded with an adjacent oxygen atom,

_ which may respect;vely have a substituent.

The present 1nVentlon,ls described hereinafter in

- more detazls. N

The phosphzte comnounds used in the hydroformylatlon

| process:of the present invention are defined by ‘the above

‘general formula (I). Among these phesphite compounds, a
bisphosphite compound defined by the above general
formula (II) is novel.

.In-theuabove.fornula (L), eXamples-of aromatic

 hydrocarbon groups represented by R! and R? include a

-phenyl group, a naphthyl group, an anthrecenyl group or

'thetlike, and_among.them, a phenyl gioup and a B¥naphthyl
groﬁp are preferable for industrial use. |
The aromatic hydrocarbon groups represented by R! and
R2 nave'a hydrocarbon snbstituent-on a carbon atom
-adjacentﬂto a carbon atom bonded with an oxygen atom, and
examples of the hydrocarbon substltuent (e. g a
-substztuent present at the ortho—posxtlon of a phenyl
group of R! and R? or a substituent present at the 3-_

position of a g-naphthyl group of R! and R?) include an

This Sheet Has Been Re{i'laced

T

alkyl group, an arelkyl group, an aryl group, a (S
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of the alned product can be hlghly |nproved by gettlng the phosphlte
conpound together with the Goup VIII netal cat- alyst preSent in the-

hydr of or nyl ati on reacti on. Furthernore, since the phosphi te conpound is
favorably stable, the cat-'alyst cont ai ning the phosphite conmpound _
recovered by a known nmethod can be -reused 3 i the hydrofornyl ation reaction.
thus providing a great i ndustrial merit. Now, the present -invention will be

described in fg{,efsalﬂflagkoupt Brt hnereiﬁeeneedt Quﬁh@l‘fw}ﬁ%n, preferable
' examples znclude an alkyl group having a carbon number of
o from 3 to 20, partzcularly an 1soprooyl group,:a tﬂrtlary
butyl group, a tertiary pentyl groun or the lrke.
R1 and R? may have other substituents (preferably
from 1 to 3) ln addltron to the above substltuents, and
'exemples of these substltuents include a llnear or.
: branched alkyl group such as methyl, ethyl, prooyl, butyl
and pentyl, an alkoxy group such as methoxy and ethoxy, ?
fan alkoxycarbohyl group such as methoxycarbonyl-ano_
'ethocharbonyl,.and a phenyl group. | |
Each group represented by the formula,_
| £0-P(0R?) (0rR?)]
may be the same or different. Thah'is} narticular'
_'examples of the phosphite compounds represented by the
formula (I) lnclude.;

(i) n - 2 : .
OoP (OR!) (ORZY)

C

‘OP (OR}2) (OR22)

.Al

(ii)' n =3

/

a*&or (0R!?) (ORZ?)

N\

op (OR!) (OR2!)

op (Or'3) (om?3)

Sheet Has B led This is the replacement sheet
eetaseene

HIIIII\ Ul

Date: 29 JUl1gg5



- EXAMPLE 1 90 m of 1-octene, 10 nl- of toluene (gas. chr omat o raphy |nternal
and 25 nols of-the ‘above neEn

2.6-nmg .of. ‘Rh(acac) [err]

- standard). _
Phosphi te. Conpound No. 14 per.nol- of rhodium atom (P/Rh ﬂmﬁ@mamg&% o
in the atnosphere of -argon into ‘a stainless steel made’ up- Wﬁg-

"type aut ocl'ave having an internal

vol ume of 200 m, and t

sealed. The autocl ave was purged W th n+t60gen gas (2 94 -

kg/[err]

Q) three-

(iii) n = 4 _
. - OP (ORll) (ORzl_)-.:-

(£—0P (0R'?) (ORZ2)
N>N0P (ORY3) (ORZ3)
OP (ORM4) (OR%A)

wherein Rll, Rlz, R*3 and R14 are as deflned 1n the above |

'rY, and may be the same or different; and. R21,'R22,'R23

and Rz4 are as deflned in the above. RZ, and may be the

same or dlfferent.

Examples of the group al in the above formula (r)

1nclude ® an n-valent organlc group contaznlng an-

allphatlc hydrocarbon grouo whzch may have a subst*tuent,
® an n-valent organlc group containing a cycloallnnatlc
hydrocarbon group whlch may have a substltuent, or ® an
n-valent organlc group contalnlng an aromatlc hydrocarbon
group whlch may have a subst;tuent. |
Preferable examples of these groups znclude a

dlvalent group represented by -R- or -R-B~R-, a

trivalent group represented by -R-, and a tetravalent

group represented by -R- or -R-B~R~, wherein R represents

from dxvalent to tetravalent saturated al;phatzc
hydrocarbon groups, a saturated cycloaliphatic
hydrocarbon-group or an aromatic bydrocarbon group;-each
group of which may have a substituent (examples of the
subst;tuent 1nc1ude an alkoxy group, a phenyl group,._

naphthyl group, an amino group, an alkylamino group, an
This s the replacement sheet
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times, and the tenperature was raised to 1 20[err].C under. nltrogen gas . (Offl-

Pa (0 kg/cnferr] . Q). Innedlately after the tem perature reached. =~ = . -

120[err] C, water gas [err] 1) ‘was charged. t herein -under pressure to:a

| evel "of 4.90 - [err] Pa (50 kg/cn[euﬂ7 -G to initiate reaction and the:

reaction was continued for 4 hours. The water gas- consunmed during the. -
chanber throu a_secondar

reaction was supplied f gon1i §ressu |ze$ ¥ f.:-
pressure reguY&tﬁfougﬁd PhaLERAIFROROBY sgﬁﬂgaﬁﬂ?QxﬁF ?§¥n$§p$%| ai ned -
at.4 90 - [err] es5oahg/ﬁntgprLsen€% a group selected from the ° .
| group consmst;ng of -CR7R8 --04, -s- and -CO—-(each of
Rr? and RS lS a group selected from the grouo con51st1ng
of a hydrogen atom, an alkyl group, an aryl group, an
arylalkyl group, an elkylaryl_group and a cycloalkyl .f

Preferable examples of R include:

'~CH,CH,~, =-CH,CH,CH,~

-CH, CH,~
\ / - o
/ \ - [::]:

-CE, CH,~ , .

a pnenylene group, a blphenylene group, a naphthylene
group or the like.

‘When the phosphite comoound is a blsphosphlte
'comoound as defzned by the above general formula (II), Az
in the above formula_(II) represents a divalent group
containing an aiipharic hydrocerbon group,_a .
cycloaliphatic-hydrocarbon group or an eromatic
hydrocarbon group bonded with an adjacent oxygen atom.
Preferable examples of the divalent group represented by
a? include -Ar- and -Ar-B—Ar-.wherein Ar ie an arylene
group which may have a suostituent, and B is a'group
selected from the group_cone;sting of -CR’Rlo-, -0-, -S-,
and -CO- (each of R? and R is a group selected from the
group consisting of a_ﬁydrogen atom, an alkyl-group} an

aryl group, an arylalkyl group, an alkylaryl group and a-

* This is the replacement sheet
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After the reaction, the autoclave was cool ed‘to roon1tenperature and 't he
reaction |iquor was taken .out ‘under argon atnosphere.. A part of the
reaction liquor was -subjected to gas chromatography anal ysis (col um:’ [err]
Capirary- 0.250 x 50 m manufactured by Shi mazu Sei sakusho K. K) - to neasure .
the concentration of the .product The tegukts are shown in Table 1. The
reaction |iquor was. further subjected to [err}] P—nnr neasurenent (JECL

‘JNM_ FX100), :;:lois kt ' Ljo%%ﬁlt Fe¥ell %le examples ‘0f Ar mclude a
'Phenylene group,.e:bzphenylene group,_a naphtnylene group,
r the like. | . '. N '

t A methodlfor preparlng the phosphlte comnounds of the
formulas (I)tand (II) zsnnot specially limited. For
examole, the'phosohite-comoound'of the formula (I) can be"

reaslly prepared by (a) react;ng phosphorus trlchlorlde'
with an aromatlc hydrocarbon compound containing a
.hydrocarbon 'group on a carbon atom adjacent to a carbon
atom having a phenolic hydroxyl group in a solvent such
as toluene in the presence of an amine compound to form

-_an'intermediate'product of the_formula, ClP(ORl)(ORz)
wherein R} and R? are the same as defined in the above
formula (I), and (b) then;reacting the formed
'intermediate prodnct with a compound of the formula
A}(Oﬂjn'wherein at and.n'are the same as defined in the
above_formﬁla (I), to form a corresponding phosphite
compound. ' |

The bisphosphite compound of the-formule'(II) can

also'be_easily prepared, for example, by'(a) reacting

'g

hosphorus trichloride with a g-naphthol compound having
a hydrocarbon group at.the 3-positionein a solvent such
as toluene in the presence of a ECl recentor such as an
amine to form an 1ntermed1ate product of the formula,
l‘-’(OR3)(OR4) or ClP(ORs)(ORS) wherein R3, R‘, RS and RS
are the same as deflned in the above general formula

(II), and (b) then reactxng the formed 1ntermedxate _
This is the replaoemen’t sheet
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of a free phosphite compound was observed-at cherical . -shift value 8 = 129.9
ppm under [err] standard, . but’ ot'her oxi des and. deconposed materials of the-
phosphite were not detected CCNPARATIVE EXAVPLE 1 The hydrofornylatlon '
reaction of ‘1-octene was repeated in the sanme manner -as in Exanple 1, '
except that t he phosphite conpound (Ill)ghaV|ng the follomnng structure was
used in place of Phosphlte Conpound hb 14.. The reaction - o

'P:Oduct with a divalent phenol compound of the formula,Tti
A_z(og)2 whet&ln Az is the same as’ deflned in the above ”3:

' formula (II),. to form a correspondlng blsohosphlte |

ﬁcomPOund‘ _ _ |

Examples of the compounds of the formula, Al(OH)

A2(0H),, include 2, S-dz- -butylhydrquLnone, 2 S-dl-t-
amylhydroquznone, 2 S-dlmethylhydroqulnone, 4 6-di-t-
butylresorcznol, blsphenol-A, 4 4'-methylenebls(Z-metnyl-.
6- -t-butylphenol), 4, 4'-thzobzs(2-methyl—6 t-butylphenol),
4, 4'-oxobzs(3-methyl-S—;sopropylphenol), 4,4'-
butylzdenebls(3-methy1-6-t-butylphenol), 2,2'-
biphenyldiol, 3,3',5, S'-tetramethyl-z 2'-b1phenyldlol,
3,3 ,_5,_5'-tetra-t—butyl-z,z'-blphenyldlol, 3,3'-
imethoxy-s;s'-dimethyl-z,z'¥biphenyldiol,'3,3'-di-t-
butyi-S,S'-dimethoxy-z,z'-biphenylaiol,'3,3'-di-t-butyl-
5,5'~dimethyl-2,2'~biphenyldiol, 2,2~ |
dihydroxydiphenYImethane; 2,2'-meehylenebis(4-methYl—6-t-
butyiphenol), 2,2'—methylenebis(4-ethyl-$—t-butylphenol),
2,2'-thiobis(4-methyl-6-t-butylphenol), 2,2'-thiobis(4-t-
butyl-6-methylphenol), 2 ,2'~thiobis (4,6-di-t-
butylphenol), l;l'-thiobis(Z*naphthol), catechol, 2,3~
dihydroxynaphthalene,'1,B-dihydroxynaphthalene, 1,4-
dihydroxynaphthalene, phlorogluoin, 1,1'-methylenebis(2- :
naphthol),'l;l'-di-z—naphthqi,'ethyleneglycol. 1,3- o
propanediol, l,2-buthanediol, 1,4-buthanediol, |
pentaerythritol,'trane-l,2¥oyolohexanediol, cis~1,2-

cyclohexanediol, cis-l,2-oyclohexanedimethahol, cis-1,2-
“This i the replacement sheet
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results are shown in Table 1. EXANPLES 2 -TO 4 The hydrofornylatlon reactlon.

of 1-octene was repeated in the sane manner- as in Exanple 1, except that
33,37 and 39 was used |mmpm@aehp§“mR_la

each of Phosphite Cbnpounds Nos.
phosphlte ‘Conpound No. : 14. The reaction results are shown
According to the 31P-nnr analysls of thelaeactlon Ilquor HH ",I"

deconposed products of the

cyclododecanedlol or the llke.dfo' _
Examples of the aromatic hydrocarbon compound havzng
:a hydrocarbon group on a carbon atom adjacent to a carbon '
atom having a phenolic hydroxyl or the ﬁ-nanhthol-' e
" compound having a hydrocarbon group at the 3—poslt1on, o
..1nclude Z-t-butylphenol, 2, 4—d1-t-butylnhenol, 2- -
'lsooropylphenol, Z—t-amylphenol, 2, 4—d1—t—amylnhenoi;_2- :
s-butylphenol, 6-t-butyl-2,4-xylenol, 3-t- butyl-d- o
'hydroxyanzsole, 3- t-buty1-4-hydroxyblphenyl, 2-t -butyl—p-"
cresol, methyl 3- t-buty1-4-hydroxybenzoate, 2- o
hydroxybiphenyl, 3-t-butyl-2-naphthol, 3 6-d1-t-butyl—2~'
naphthol, 3,6,8-tri~t-butyl-2-naphthol, 3-isopropyl-2f . |
naphthoi, 3,6-diisopropyl¥2—naphthol, 3;6,8-£riisooropyl-
z-naohthol, 3~ t-amyl-z-naphthol, 3, S-dl-t-amyl 2- |
naphthol 3, 6 8- trl-t—amyl-z—naphthol or the like.
The phosphite compound used in the present invention
has the such structural characteristics that it does not
.contain a ring structure.formed by adjacent two oxygen
atoms and a phosphorus atom and that the aromatic |
hydrocarbon group represented by R? and R? in the formula
(I) has a hydrocarbon group on a carbon aﬁom_adjacent to
‘a carbon atom bonded with an oxygen atom. Due to thosg'
structural characteristics, it can be present'in'the 
hydroformylation reaction at a high Staoility'as a
phosphite ligand and a complex compfising Group VIII
metal-phosphite ligand, and as this result, it probides a
satisfactory’hydroformylation_activity and selectivity.
This Ia the rgplacemertt sheet
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phosphi te were not detected. Date:

i This Sheet Has Been Reﬂla
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when Al in the formula (I) is an organlc groun

-1 -

contazn;ng an’ aromatlc hydrocarbon group or when Az in ;f
the formula (II) is a-dlvalent group conralnzng an o
.aromatlc hydrocarbon group, the aromat*c hydrocarbon
'group should preferably have a substltuent on a carbon:
- atom adjacent to a carbon atom’ bonded with an oxygen
atom. The substltuent used herern means every
substituent other than a hydrogen atom, examples of whzch'

jnclude -op(onl)(onz), -ov(on3)(on4) or —OP(ORS)(ORS),_
'R- or —B-R- (as'in the case that_A1 is the anve

mentioned —R—B-R¥ 6r =R-B-R-); or —~B-Ar— (as in the case
that a2 is the above.mentioned -Ar—-B-Ar-). _Also;'in the
case of the bisphosphite coﬁpounds of the formula (II);
four ﬁ—naphthyl-greups should preferablv‘have”a bulky
-hydrocarbon group at the 3- and 6-positions. |
When the phosphite compound of the Dresent 1nventlon
is used in the hydroformylat;on reactlon of an olefinic
compound ih the presence of a Group VIII metal cetalyst,
the activity or. the selectivity of the aimed.product in
the hydroformylation reaction can be controlled by
selecting the type'of the_phgsphite compounds . For
-example, when the phospbite compound has such a structure
as to form a chelate type metal complex with the Group
VIII metal, the hydreformylated produet provides a high _
n-form selectivity in the hydroformylation of «-olefin.

Examples of an n-valent compound of the formula, _
This is the replacement sheet
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EXAMPLE 5 —— — .28~ The hydrofornylatlonh'=7
reaction: of 1 -octene was repeated I n the sane nanner as in Exanple 1,: o

except that PHyesh fid No. 12 was used in place of Phosphite - =
Conmpound: No. 14 m f Rh(acac)((I»Z was used.at P/Rh. ol ratio ofg i
8, and that the continued for.7 hours. The reaction results- .

are shown in Table 1. Accord- ing to +h@23#P-nnr anal ysis.of 'the reaction

l'i' quor taken out after the reactlon deconposed naterlals of " the phosphlte j

A1-+°5)n o | o _ ] _
.(whgreln Al and n are the same as defined in ‘the above
formula (I)) used 1n the preparatlon of the phosphlte o
comnound, sultable for formlng thls chelate type. phenolzc

“3comnlex, include 2, 2'—bzphenyldlol, 2,2'- '
clhyaroxydlphenylmethane, 2, 3-d1hydroxynanhthalene,
catechol, 1, 2—cyclohexanedlol, c1s—l 2-cyclododecanedlol,:

thyleneglycol, 1 3-propanedzol, pentaerythrztol,-l,l'—

 ‘thiobis(2-paphthol), 1,1'-dinaphthol, 2,3-

' d1hydroxynaphtha1ene or the like.

When the phosphlte_compound has such a structure as
tb'form_a_non-chelate typefmetal Complex with the Grpﬁp
ViII metal,.iﬁ provides a high hydroformyiation'écﬁivity '

- not only to an a—olefih but also.to'a b#anchea internal
-olefiﬁ having. lExemples of_an_n—valentfcompouhd-6f the
formuie,_ | . |

___AJ.__(_OE)'" |

(wherein Al and n are the samelas defined in the above
formula (I)) used in Ehe'preparation'of the'bisphosphite _
cempound, suitable for forming the non-chelate type metal
complex; include 2,5~di-t-butylhydroquinoﬁe,_4,4'-
methylenebis(2-meﬁhyl-6-t-butylphénol), 4,4';thiohis(2-_
methyl—ﬁ-t-butYlphenol), 2,S-di—t-émylhydtoquiﬁone, 4,4‘-
bdtylidenebis(2-methyl-6*t-bgtylphenol) or the like.

' Typical examples of the phdsphite compounds of the :
formula (I) or (II) used in the hydrbforﬁylation'process'

of the present anentlon are illustrated in the
This is the reptaoemem sheet
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conpound wer e not detected "EXAMPLE 6 The hydrofornylatlon reaction of
1-oct.ene was . repeated in the same manner as in Exanple 5. except that Phos-
"phite Cbnpound No. 35 ‘was used in place of Phosphi te Conpound No. 12.° The '
reaction results are.shown in Table.1. Even after t he. reactlon the -

phosphlte conpound was stably present

| _éanawing " In. this ease;- it is pfeferaoié for ‘obta:in_i_n'g .'
a h;gh stabxllty that when Al or a2 ‘has an’ aromatxc |

_ hydrocarbon ring bonded wzth an adjacent oxygen atom, the

"aromatlc hydrocarbon rlng should preferably have such a’

| bulkY hydrocarbon group as an 1sopropyl group, a t—bueyl

”group or a t-pentyl group, onpa ca;bon.atom adjacent eo_a__

carbon atom bonded'withdan.oxygen atom.nf'

-

This Sheet Has Been

Ly T e

pate: 23 JijL 1936



.20-

Q"” 7‘*’ H’Wo v—(o{@) e
B,
m"“"’ H@ﬂ P%o-<_)> T

@-Q()-UA_P U-Q—é = P‘(”‘?_B- ) (o

. 7 B - - |
| | G-—Qg—ﬂ 7— P-O@ 0-9-{015:)_%)2 l_ : (_.5). |
<@O%P-UQU—P{U'@%> (e |

' cu

\O O/P 0—@- Oo p{o—(_}!-) : (7;

This is the replacement sheet

u||\|m|ii|'f|u||i‘ni'||" o



- 30- EXANPLE 7 The hydr of or ny| atlon reactlon was conduct ed for 5 hours |n o

the sanme rranner as I n Exarrple 5, except that. Phos- :

(B 03140 m S o+ oD+ ), - o

e Ne

<Q>P°G @'o,, <’}>

cs"r

<*@>w¥ Qw@@)

: ? i ” Hg. _ .. | o : _ _;
( /:—@-O}ZPJO—/@- Qg p.[o.(_)_\) (11)
| O

(—:-@—u}:-o. O-P{O;@F )z. | ~ Q)
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phite Compound No. 2 was used at P/Rh mol ratio of- 10 |n pI ace . of Phosphlte
Conpound ‘No. 12 -and that an. octene mi xture of dimeri zed" butene was used. as.

the olefin starting nmaterial.. After the reaction, the octene conversi on-was *

89. 0 nol %.and the aldehyde vyi eId was 88.4 mol % Accord| ng:to-the [err]P-nnr
anal ysis of the reaction liquor;. ‘decoriposed_mat eri al's “of the .phosphite .’
conpound wer e not det ect ed and the phosphl{'% corrpound vvas stabl y: present
EXAIVPLE 8 c . _ _ T

N (“'@'” z"'“ U-P{U:\}_C—))'l‘)z '. . an
Qe e Or), eae
(@yuyrs oi-P—(o-@ ), eaw

(Meo—@o % " u-f.{O'ZQ—)—we)z | - an

" This is the replacement sheet .
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55'm of . net haxyl ene, 5 m of toI uene, "15.0 ng of, Rh(acac)(CO)Z and 5 rmls
of. 't He above rrentloned Phosphrte Conpound No.. 12 per nol of rhodi.um atom
(P/IR} nol -ratio = 10) were charged under .argon atnosphere into a stain- -
| ess {st eel nmade up and-down-stirring type autoclave having an internal
vol ue of 200 nt. - and the autoclave was seal éd. The autocl ave was purged-
“with]nitrogen gas (2.94 . 106 Pa (30 kgf af{err] - G) three tines. After
the fgressure of the nitrogen gas was restored to O Pa (O kg/cnferr]- G)-.
16. 01g of I|quef|ed 1 butene was charged under pressure There- . -

- (18)

Cae .

- (20)

&

| (*Q—olp 0

P{-O— )z o .""'.('21)

(+u}zp-g,0_,,{o_©+ _)2. - (22)

This Sheet Has Been Replaced -
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after, the hydroforrryl atlon reactlon of . 1-butene was conduct ed . in the sarre
- manner. as.in Exanple 1 under the condi- tions of [err].(nol.- ratio = 1) 4. 90

[erT] Pa (50 kgfenferr] . G and tenperature 120C. After - t he’ reaction for -

6 hours, the butene conversion was 90.8 nol.% and the al dehyde yield was - -

90.0 rml % and the n/i al dehyde productlon 1IBOatIO was 20:3. Deconposed. ..

by- products of the. phosphlte corrpound wer e not det ect ed fromthe reactlon -
| i quor . EXAMPLE 9 .

@y el ), -
e (24)
. (25)

- (26)

- (2T)

This is the replacement. sheet
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The hydrof ornyl ati on reactlon of 1 -butene was conducted in- the sarre ‘manner
as i-n Exanple 8, except that. Phos- phite Conpound No. ‘14 was used in place -
of  Phosphi te Conpound No. 12 ‘and that- the anmount of [err] was nmade 1.5 ng
and the P/Rh nol ratio was made 50. After the reaction for 6 hours, the. .
but ene conversion was 98.0 nol % and the al dehyde yield was,97.3 ol % and
the n/i al dehyde productlon ratio was 7.0,,The phosphlte corrpound was S
stably present even after used |n the rea% ion. -

D), -

4
H

- (29)

St

| (@'/_\‘0}9 0’ -9{0 m ) .....(30)
@l Teon, -

CH
AN

@t o), o
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EXAVPLE 10 (SynthESlS of Phosphlte Conpound) About 50 n1 of toluene-

“sol ution having 15.38 g (0.06 nol): of 3,6-di-t-butyl-2-naphthol  and 6 o7 g f]f

(0.06 nol) -of tri- et hyl am ne di ssol ved, was dropmnse added at room

t enperature for about 0.5 hour under stirring into about 50 nt of a PCI3
t ol uene ‘sol ution having 4.11 g .(0.03 ol ) of phosphorus trichloride - g
di ssol ved:- After the dropmﬁse addition, the resultant mxture was : stlrred ﬁ
further for one hour. To the reaction ||q68r contalnlng the S -
phosphorochloridite |nterned|ate ' '

'cuz- cuz
 ciy cu2

(ks °’Q°-PH"<_‘>>+> |

| (+<C:;2'°3éf'h 6#?{{0-;§§§>ﬁ;.)2 | - (38)
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t hus obt ai ned, -was dropmnse added about 50 m of a- tquene solutron havrng pf:’

2.79 g (0.015 nol) of 2,2-biphenyldiol .and 3.04 g (0.03 nol) of .
triethyl am ne dissolved at roonttenperature for about ‘0.5 hour ‘under
stirring.- After the dropmnse ‘addition, the stirring was - further: contlnued
and the conpl etion of the reactian was recggnrzed by 31P-nnr. anal ysis.-
Thereafter ~about . 100 ml of distilled watef~was added to dissolve a
by- produced solid triethyl ‘amine hydrochloride pre- C|p|tate and the -
resul tant sol ution was settled to. separate the organlc phase and the

agueous phase The aqueous
. o-v{o-’@ >

NS NN
X - e (4D
oy Hi<O), W
'_He' o o Me
CH, o
MeQ A ~ DMe
0 - 0

w0 e, e

-4
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phase was further extracted tmnce mnth 50 ‘nf - of tquene and the eXtracted
l'i quor was m xed wi-t'h, the organic- phase. The. resul tant m xture was dried -

wi t h anhydr ous ‘magnesi um sul f at e - overni ght .- After renmovi ng the rragnesr um
sulfate by a. 0.2 [err] ntllrporefrlter the resultant mxture was . . .
concentrated by vacuuntdrstrllatron to obtain a-residue. Thereafter, the -

resi due was recrystallized with toluene/l<aggtonitrile (1/20 vol ume rat io) to . .

obtain-a white powdery solrd b|sphosph|te conpound (the above nentroned
Phosphrte Conpound hb 58) . S

.' \q-. —?{u—cuuue)z - '..,_(4.4). |

- (48

- (47)

-'—@—u. CHy \CHZ 0- | . |
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In the sane manner as’ aboVe the above nentloned Blsphosphlte Cbnpounds
‘Nos. 53, 55,56,59, 68 and 69 were respectively prepared by using . . .
3, 6-di -t-butyl -2- naphthol and the correspondlng di val ent -phenol conpounds
The chemical structures of the bisphosphite conpound$ thus obtained were

anal yzed by phosphorus -31 'nucl ear magnetic. resonance spect rum net hod (JECL _fg“

- JNM FX1O0), el enent al ‘anal ysi's met hod and--SkMS .mass anal ysi's- met hod _ '
(M 2000A manufactured by Hltachl Selsaku§§o K K ). The analytical data are
shomn in Table 2. o o L IR

/H\

cn2

el Brtitom, -

Bkt bl e

o | CH, ~ CHyp - .
(+@—09;P4‘1 | tIJ—P—{o—@-!- )2. = (31)
ONe

.(+<92—0%;P—0/ | 0—9—{0—@ )2_ - (5D |
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Table 2 B| sphosphl te 31p- NVR: data 1 = ehjant al ar'lal_-y.Si'-'Z_s"'_f' o L

Sl IVIS nass spect rum '

+ <+« (38)
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conpound No. cheni cal shift- - N ' ' ST
mol ecul ar -i on mass val ue’ (pprr) c H = P S (58) ' +128.0:
Cal cul at ed val ue 1 79.59 7 95 4. 89 R 1268 [I\/H Anal ytlcal vaI ue
79.29° 8.05 4. 75 _ S '

- 25 - o

. (58)

. (59)

- (60)
0 O
+HO =
- (1)
laced - P
ls‘lsiiirﬁiimﬂieﬂ" . This is the replacement sheet

Date: 23 Ju 1996 -



(68) .f 129.2- " Calculated vai ue - 79.66 8.02 4. 83

1281 [IVH “Anal ytlcal vaI ue . 79:20° 8 31 4. 67. (59) S ~ 1272 . o
Cal cul ated value - 78,62 8.12 -5. 20 oo 1191 [MF] Anal ytlcal value - -
~ 78.60° 8.06 5.17 (69) R 128 9 - Gal cuI ated val ue 79 32 -7.96 -

4.99 - . 1242 JN%]-' e

o 'cu,"t,,,' - | .
oak @H © oﬁ

.. (66)

\
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Anal ytical value  79. 11 7 90 5.03 (53) . 128.8 - .Cal cuI ated

value . 79.23 8. 66 4.75 13047 [I\/H ‘Anal ytlcal vaI ue . 79.08
8.75 4.71°(56) o 130 1 . Calculated val ue. _79 36 8 78 4 65
1332 [I\/Hr] Anal ytlcal val u_'e' 78 00 8. 88 4, 69. .

.._-'2'_7 -

.. '('57)'

- (68)

. (59)"
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(55) 128.3. . fjcalculafed val ue 78 41 8. 40 4.30. 2.. 23
1440 [ M+] Analytical value 78.72. 8.59 4,31 2.23. ‘1 ppmto H3PO4

EXAMPLE 11" 90 ml of 1-octene, 10 ni -of tol uene' (gas chromat ography |nternal_'._i.':_-'.'-

: standard) 26.0. ny of Rh(acac) (CO)2 and 4 -

BN (10>

©CHsO,

. (11)

. (12)

« o (13)
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et ..;‘_-p

rml s of the ‘above nentioned Bi sphosphrte Corrpound No.. 58 per rml of- rhodr um
atom (P/Rh = 8 equi val ent) wer e charged iin the atnosphere of argon into a:
stainl ess steel madeé up and down-stirring type autoclave having an |nternal
vol ume of 200 m, and the autoclave was seal ed.” The aut ocl ave was: purged - ¢
‘Wi th nitrogen gas (1.96.: [err] Pa (20 kgecaierr] Q) -three times, and. the
tenperature was raised to- 120[ err] C under- nrtrogen gas (0.Pa (0 kg/crr[err]

G). Imedi- ately after the tenperature reached 120[err]C water gas. .

(HZ/CO = 1) was charged therer n under pressure to a IeveI of

c .. ()

(1)

eet Has Been R lar.ed

rrrrr BT e—

Date: 93 fii( 1996



4.90 . [err] Pa (50 kg/cn{err] G toinitiate reactlon and the reactlon

was continued for 6 hours.. The vvater gas. consumed during the reaction was

supplied froma pressuri zed chanber t-hrough ‘a secondary pressure regul at or,
and the reaction pressure was constantly maint ai ned at 4.90-.-[err] Pa (50
kg/cnferr] . G. After ‘the reaction, the’ reactlon | i quor was taken out - -

under argon atnosphere, and a: part of the ﬁactlon I'i quor was subJ ected to
gas chromat ogr aphy -anal.ysis (col um: Ther

- nmeasure the concentratlon of the pr oduct The octene conversion was. 82.9

This is the replacement sheet
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nol %and the aI dehyde yield was 81,7 nol % and -t he" n/| al dehyde productlon '
rati o was 23.3. The reaction |iquor was further subj ected-to’ [err]P-nnr.
anal ysi's, but oxides and deconposed naterial.s of .the. phosphlte wer e. not
detected.  EXAMPLE 12 The hydrofornylation reacti.on-of 1 :octeéne was
repeated in the same nmanner. as in Exanple 11, except: that  Bi. sphosphite = .
Corpound No. 68 was . used in- pI ace of Bi s'pﬁés‘phlte Corrpound No. 58 and -2 60
rrgof Rh(acac)(CO)Z - ' o _

. (81)

- (83)

“ﬁﬁ‘iim‘iii:ﬁﬂi"m i~ s
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was used: at- P/ Rh nol ratlo of 50. The octene conver5|on was 90 0 nnl@band

t he al dehyde yi-eld was 89.6 nol % and the nA al dehyde productlon ratio mas_ -

9. O Deconposed naterlals of - the phosphlte conpound wer e not detected

_ .'.-_32 R

Ce e (s
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-32- EXAIVPLE 13 The. hydroforrryl ation reaction .of 1- actene was repeated:.in -
the same manner as in Exanple 12, -except  that Blsphosphlte Corrpound No. 59
was- used in place of Bisphosphi. te ‘Conpound No. 68. The oct ane. conversion . .' _
was. 90. 0 nol % and the al dehyde yiel d was 89.6 npl % and t he n/| aI dehyde .
productlon ratlo vas 13 O Decorrposed matexl;;als- I o L

L,

".(88) ?  S

-0 -
s
c{-cnz—o-P-{-o—\Q/A N (e0)
(1)
C(92)
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of the phosphlte conpound mere not detected EXANPLE 14 The - - _ -
' hydrofornylatlon reaction of 1°-octene was repeated in the same nanner as

in Exanple 12, :except that Blsphosphlte Conpound -No. 69 was - used.i n pl ace .

of BISphOSphlte Conmpound No..68." ‘The octane’ conversi on was 89.0 ndl %.and"

t he al dehyde y|eId was 88 3 nnl@b and the n/| aIdehyde productlon ratlo was
15. 7. . o L

."..l.'_cg_;;)-
L (99)
. (95)
?COMe
y . X . \\ : _.(l:nz_ _ ?HZ /{ _ _ _ : '
(@ YN/ N
ol . 1 | W () l . -
AT O /}3 ' ' . \ _ u>_/ T .
S . | ZOMe
!y \\
o @ 0r+pP-0 --.(97)
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EXAMPLE 15 90 nd of an’ octene m-xt ure:of -di nmeri zed butene
m xyl ene’ (i nt er nal standard) 24.6. gy of Rh(acac)(CC»Z and

above nmenti oned Phosphlte Conpound No.: 53. per nmol: rhodi u

ratio = 10 equiv- al ent) . were charged- under argon atnnspher

i

Wlaced .

stai nl ess steel made up and down- stlrrlngﬁtxpe aut.ocl ave ‘havi ng an internal

vol unme of 200 m . Thereafter; the hydrof
octane was- conducted in“the sanme’

nylatlon reactlon of the ntxed

In the. above chemlcal scructural formulas,;;

cis_a-tertrary buty’ group;--”

Y s
L
Me

-an lsoorooyl groun,

..a- " ._‘.

: a tertlary amyl group,

fis~a methyl groun, and

Q]

t is an ethyl group. o

~ An oleflnlc comoound used 'in the prepararlon ‘of

'aldenydes in accordance wvth the presene lnvanelon 1s noE.f'"

'vgsnec1ally llmlted SO long as 1t has at least one olerlnlo'j

'fdoub1e bond rn-the molecule, examples of which 1nclude_an3

” oTef'nlc compound’ substltuted with a saturated ."

hydrocarbon group only, an olefznxc compound substlcuted

'Wlth a hydrocarbon group containing an’ unsarurated '

~hydrocarbon grouo, an olefrnlc comnound SUDSslcutEG wwth

a functlonal group contalnlng a hetercatom, and the like.

Examples of the olefrnrc comoound subsrlruted with a

saturated hydrocarbon grouo onl y, lncruda llnear termlnal

olefinic hydrocarbons such as ethylene, prooylene,;l_

butene, 1l,3-butadiene, -pentene, l-hexene, l-ocrene, 1-

nonene, l-decene, l-dodecene, l-tetradecene,'l-'

hexadecene, l-octadecene, l-eicosene and l-dococene;

branched terminal olefinic hydrocarbons such as isobutene

"and 2-methyl-l-butene; linear internal olefinic

‘hydrocarbons such as cia— and trans-2-butene,

cis- and -

trans~2-hexene, cis~ and -trans-3-hexene, cis-~ and trans-

2-octene and cis- and trans-3-octene; branched internal

olefinic hydrocarbons such as_2,3-dimethyl—2-butene, 2-

'i'his-__i-s the reptaoament sheet
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manner as |n Exanple 11 under the condi tions of". [err (nDI ratlo = 1) 4 90
[err] Pa (50 kg/cn2 * (Eahd tenperature 130[err]C AfThi for
5 hours, the octane conversion.was 91.8 nol% and. the aId .

t'90 9 nnl@b ‘According to the [err] -P-nnr anal ysis of the
deconposed products of the phosphlte comppund were not detected EXANPLE 16

"_methyl 2-bueene and 2—methyl 2-pentene,tterm1na7 ole;;n*c f;_

hydrocarbon—znternal oleflnzc hydrocarbon mLXeures sucn" :

. as octenes orepared by dlmerlzatlon of bueenes, olegln'ﬁf

- oligomer isomer mlxtures of from dlmer to tetramer of o

lower oleflns lncludlng propylene, n-butene, 1sobutene er -

the lxke, and cycloaliphatic olefinic hycrocafbons sucn

.as cvclouentene, cyclohexene,'l-methylcyclohexene,

cycloqctene and llmonene,- |

gxamplestcf,the olefinic coméound_substitutedﬂwithtai .

- hydrocarbon grbup'conﬁaining an'unsatﬁrated hydreca:bon B

groﬁu include dlefinic_comoounds'containing.an aromatic~ﬁ

substituent such as styrene,'a-metnylsty;ane and |

allylbenzene, and dlene compounds such as l 5- hetadlene,t'

'_-,7~octad1ene and’ norbornadlene. - | |

Examples of the oleflnlc coméound substleuted with a
::'-Lunctlonal group contaznrng a heteroatom *nc1ude v1nv1. |
e*hgi ether, methyl oleate, allyl alconol oleyl'

. alcohol, 3—methyl-3-butene-l—ol, 3-nydroxv-l 7-octadiene,
l—hydroxy—Z,?-octadiene; 14me£hoxy-2,7~oceac1ene, 7=
octene-l-al, hexa—i—eﬁ-4fol, acrylonitrile, acrylic acid .
esters such as methyiacfylate, meihacrylic acid esters
‘such as methylmethacrylate, vinyl acétaée_and_l-aceﬁqu-,
'2,7foctadiene. |

‘The amount of theﬂphosphite compeund of_the present
invention is not.speCially limited, but is-optionaily
selected so that'fevorab;e results can be-ebtained in

‘respect of catalyst activity and selectivity. Generally}-

Tms i8 tha veptaoement sheet
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The hydrofornylation reactlon of the nixed octane PRSsHaRRaB&A R mhhe sane_f-fa
manner as in Exanple 15, except t hat Bi sphosphi.te was used = -

in place of  Bisphosphite: Conpound No. 53. After thjmw H “% hours. - = -
‘the-octane conversion was 88.8 nol% and the al dehyd 6 nol % © "

‘Even after the reactlon the blsphosphutﬁ.conpound was stably present
EXANPLE 17

- the nhosnhlte comnound-of the.presene'-nvenglon is. used

"Ln ‘an amount of £rom about 0. 5 to-500 ﬂols, Dreferably
from l to 100 mols Per gram atom of G&cun ;T metal.-*=ei

The nhosnh;te comnound of the presenu_lnventlon ls;F-'

."greferably used by_prevzously'formlnc a. comnlex-wlth-a_

 1 Groﬁn VIII'ﬁetelleémbouh&.. The Group V;II meta1 ccmnlex

- can be easxly prepared frcm the ohosonlte comnounds and

" the Group VIII comnounds such as hyurlaes, hallaes,
organic ac;d salts, 1norgan1c acld salts, oxldes,_
-carbonyl.compounds.and amlne compounds, ;n accordanéel 
with a kndwn_eomplex—foimihg.method, Aleo,'éhetcemplex
may be formed in situ_by'charging-the éreﬁp:VIII metal

"compounds:and the‘phosphite_eompounds.into_the
hyd:oformyletion :eactidn'ébne. o |

'Exemplesfof'the Gfodﬁ VIII metal compoundsfihctudef
ruthenium_coﬁéoﬁnds sdch as Ru3(cd)12,lau(N03)5,_

. ﬁuCla(Ph3§)3 and Ru(acac)3; palladium cemoounds such-as'
PdCl,, Pd(OAc)z, Pd(acac)z, PdClz(COD) and Pquz(Pth)z,
osmium compounds such as 053(C0)12 and OsCl3, Lrldlum |
compounds_such'as Ir,(CO);, and IrSO,; platinum compounds
such as K,PtCl,, PtCLl,(PhCN), and Na,PtCly-6H,0; cobalt
- compounds such'as CoCi2,tCo(N03)2, Co({OAc), and Co0,{(CO)g4;
and rhodium compounds sueh as RhCl;, Rh(NOj);. Rh(OAc)3;
Rh,0;, Rh(acac)(CO),, (Rh(OAc) (COD) 15, RRy(CO) ge -
Rhg(CO) 47 Rhﬂ(éO)(Pn3é)3,_[an(oAc)(-CO)zlz' and
[RhC1(COD) ], (whetein "acac" is an acetylacetonate'grohp:
"Ac" is an acetyl gioup; "cop* is*l,s-cyelooctadiene; and

" This is the replacement sheet
pate: . 23 .11 9%



The hydrofornylatlon reactlon of the ‘m xed octane mas repeated in the sane

manner as in Exanple 15. except t hat Bi sphosphite emﬁdnmbnk C&BS used
in place of Blsphosphlte Conmpound.No: 53. After th hours,

the octene conversi-on was 91.4 mol % and t he aldehy 3 npl@b,
Even after the reactlon the blsphosphltgaconpound mas s a Iy present o

EXANPLE 18

'"vh“'ls a phenyl groun) However, it should be noced
_tnat the Group VIII metal comoounds are. not necessari ly
ufllmlted to the. above llsted comoounds. '
' .The amount-of a Groun VIII metal'compoun&tﬁsedpis:hgt'-ff'
':soeclally llmlted, bue ls oot;onally selected;so:thato |
'he favorable results can be obta;ned in respect of cateifst a
'act1v1ty and economy.. Generally, it is usedret-e- .
concentratlon of from 0. 05 mg to 5 g, pr erabiy from 0.5
mg to 1 g (on ‘the basis of metal atom) per litter of an
olefinic oompoﬁnd:in"the hydroformyietion reacﬁioh.zone-
In the hydrofofmylaﬁion reactioﬁ*of-the preseno
invention, the use of a reaction solvent is not
essentzal, but a solvent inert to the hydroformylatton -
_reactlon may:be present. Sultable;examples_of_ehe .
solvent include eroﬁatic.hydrocarbon.coﬁpounds sdch.es
benzene, toluene, £Y1ene end dbdeéylbenzene; ketones such
as acetone, diethflketone and.methyiethylketonei ethers
such as.tetrahydrofuran and.dioxane;_and esters suoh'as
~ethyl acetate:and di-n-octyl phthalate; A.mi#ture of the
solvents may also‘be.used. It is also possible to use an
excess amount of the starting olefinic compound as a |
solvent. | | |
The reaotion_conditions-to conduct the
hydroformylation process of the_present invention are the
same as those used in the conventional process. _For |
'exeﬁple, the reaction temperature is from room |

temperature to 200°C, preferably from S0 to 150°C, and
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55 m of nethaxylene, 5 m of toluene 15.:0. ng. of Rh(acac)(CI»Z and 5 m)Is_"--'--'=
of the above ment i oned. Phosphlte Cbnpound No.. 58 per- TMSﬁw@kiﬁT ed
(P/Rh ol ratio = 10 equival ent) were charged under argon a eﬂmﬁm‘a L
stainless steel nmade up and-down-stirring:type autoclave. ha
vol ume of 200 m, and the aut ocl ave was - gseal ed. The aut ocl ave was purged
W th nitrogen gas (1.96 .. [err] Pa. (20" ciferr] . Q) three times. After
the pressure of the nltrogen gas was .restored to 0 Pa (0 kg/cnferr] * G, . .
15.9 ¢ of 1lﬁnennaawﬁl@hapgeﬂsundezspfeemunermﬁﬂemmﬁssuretﬁua200_i R
atms,_prefe;ably-from-s to 100. atms,_more oreeerably ffon., in
S-to-SO'atms. The mol. ratlo of hydrogen and’ carbon ox;de'; ff
(HZ/CO) lS generally from 10/1 to 1/10, pref erably from .
-' /1 to 6/1. “ |
nxamples of. the reactlon system of the jfn“"
nhydrorormylaelon reactzon zncluoe a conc-nuons tyoe,'
semi~-continuous. type or batch tyoe ooe*a°1on usxng a
stlrrlng type react;on tank_o: a”bubble cower;type
lreactionytank; E : | |
Anothe:'feature_of'the present inoencion resices in
that since the phosphiﬁe compoun&“of the gresent '
-finvention can.be.stably'present after the |
.h oformy’at*on reacelon, the catalysc comoonent
contalnlng the pnosoh;te comoound and the hydroFornvlated
product are separated by a known method and a oart or the.
- whole pare of the catalyst component can be reused by
 recycl1ng into the hyoroformylat;on reacclon zone.
As nentloned above, accordlng to the oresent |
“invention, the hydroformylatlon reaction activity and the
selectlvxty of . the aimed product can be hi gn1y 1moroved
by gectlng the phosphite comoound together with the Grouo
lVIIL metal catalyst present in the hydro;ormvlatlon .
;eaction- _Furthermore, since'thesphosphite compound is
Eavoraolf stable; the catalyst containing the phosphite
compound recovered by a known method can be-teused in the
hydrofofmylation feaction,-tnus providing a great
This is the repiaosment sﬁeet
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hydr of ornyl ati on reaction of 1-butene-was canducted in rhe—sanE“WHnner‘aS“‘,j .

in Exanpl e .11 under the conditions of H2/CO (mol ratio = o

(50 kg/cnferr] - G and terperature 120C. After t he reactﬁ%hékge? i lagﬁ

the butene conversion was 89.3 nol %-and the n/i al dehyde prl;u H“ ﬂ um

was 18.9. According to the [err]P-nnr -an Iy5|s of the react

oxi des and -deconposed products of the b phosphlte conpound were not

detected fromthe reaction 1iquor. _ : o 5
rndustrlal merlt.__;

| Now, the present lnventlon WIII be descrlbed 1n l
*further detall w1th the reference to ;xamoles.' However,d"
'dlt should be understood that the present lnventlon rs by"
- no means restrlcted to such SpElelC Examoles.- e
| EXAMPLE 1 - | | '
90 me of l-octene, 10 mé¢ of toluene (gas'
'chromatography lnternal standard), 2.6 mg of Rh(acac)
(CO), and 25 mols of the above mentloned °hosoh1te
 Compound No. 14 per mol of rhod;um atom (°/Rh 50) were
charged in the atmosphere of argon into a stalnless-steel-'
made uo-and-down-strrrlng type autoclave hav1ng an
internal volume of 200 mé, and the autoc1av= was sealed
The autoclave was purged with' nitrogen gas (30 kg/cm2 G) '
.'-three trmes, and the. temnerature was ra*sed to . 120°C
- under nitrogen gas (0. kg/cmz-G) Immediately after the
temperature reached 120°C, water gas (E,/CO = 1) was
charged thereln under pressure to a level of S0 kg/cm -G
to initiate reaction and the reaction was continued for 4
hours. The water gas consuned during the reaction'was
:supplied Erom afpressurized.chamber through a secondary
pressure regulator; and the'reaction'oressure was
‘constantly malntarned at s0 kg/cm -G. | |
_After the reactlon, the autoclave was cooled to room
.temperature, and.the reactxon liguor was taken oubt under
argon atmosphere. A part of the reaction liquor was
subjected to gas chromatography analysis (column: CEP1
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EXAMPLE 19 The. hydrofornylatlon reactlon of 1- butene was reme&kedhsBmm
same manner as i n Exanple 18, except that Blsphosphlte Cbnp

used in place of Blsphosphlte Cbnpound No. 58 and 1.5 ny of

was used. Afteér the reaction for. 6. .hours, the but ane converS|on mas 9.9

“nmol % and the n/i aldehyde productlon %o was, 6. 8. Deconposed by- products
of the blsphosphlte conpound were not de ected fronlthe reactlon Ilquor -

Caolrary 0 .25¢ x 50 m manufactured by Sh;mazu Selsakusho
35 K.K.) to measure the concentratlon of the product,_'The_
eresults are shown in Table l.- | | B

The reactlon llauor was further subjected to 31°—nmr :-
_ measurement (JEOL JWM-FX100), and as this cesult, a .
- szgnal of a free phosonlte comnound was ooserved eu
_cnemzcal_sh;ﬁt value § = 129. 9 ppm under 33 O4 suanaerd,
_ but other.oxides and decomposed materzals of the'
ohoephite vere nou'deteoted. | o
_COMPARATIVE EXAMPLE 1
The hydroformylatlon reactlon of l-octene was.
.reoeated in the same manner as in Example l, except that
_the_phosph;te compound'(;;I) hav;ng the Lollowzng;
structure:was used in pleceiof Phosphite Compouu& No. 14.

The reaction results are shown in Table 1.

EXAMPLES 2 TO 4
| The hydroformyletion reacEion of.l-octene was
repeated in the same manner-as_in'Example 1, except that _
each of Phosohite_compounds"Nos. 33, 37 and 39 was used
in place'of phospﬁite Compound No. 14. The reaction

results are shown in Table 1. According to the 3lp_nme

.
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-33- EXAWPLE 20 .

_.-_4:,'_:___
analysxs of the reactlon liquor, Odees and oecomoosed
_ products of the phosphzte were not aetected. |
. EXAMPLE 5 N |
The hydrofofmylahion feaotion_of l-octene'kos'
repeated in"thelsame_manné: as.in Example 1, except:that-"
Phosphité Compouhtho;hiz was used in plaoe“ofhPhosphite'

~ Compound No.'14fand_26.0 mg of Rh(acac)(CO)z was used at
?/Rh mol ratiohof_s, and that the-reaction_was-continued;'

for 7. hours. The réactioh resulﬁs are shown in Tabln'l.-

: Accordzng to the 31P-nmr analysls of the reaction llauor
taken out ahter the reactlon, decomoosea materlals of the '
phosphite compound were not detected.

| EXAMPLE_'s

The hydroformyiation-reactioh of l;octene was.

- repeated in'the_Same'manner:as'infExample.S;_oxcépt that
?hosphite Compound No{'35_was used in'place.of'Phosphite
Compound No. 12. .Theureaohion-results are shown in Table
1. Even after the reactioh, the phosphite compoundﬁwas-'

stably present.
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The hydrofornyl ation reaction of 1 -octene was repeated in the same manner
as. in Exanple 12, except that 1,7- octadiene was used in place of 1 -octene i
and P/ Rh nol ratlo was made 100. -After the reaction for 5 hours, the

oct adi ene conversion was 99.0 nol % and the di f-o3myl at ed product

(decanedi-al’) yield was 80.0 nol % and the n-form sel ectivity armng the

di fornylated product -wes—86—e—n% ARATH-E—AMPLE 2 -
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90 m of 1 -octene, 10 nt of tol uene (gas chronatography |nternal .
standard) 2.5 nmg of Rh(acac) (CI»Z and 10 nols of. the phosphite conpound

havi ng the foll owi ng structure per:‘nol “of -  hodi um at om wer e 164 8h3Eths BEnRBSaced: -
at nos- phere of nitrogen into a stainless steel made up and d

t ype -aut ocl ave having an internal vol une of 200 ni. The aut ocuwm "I
-purged with nitrogen gas:(2.94- 106 Pa (@0 kg/cnferr]. G) th

the tenperature was raised to 120[err]C under stirring after the |nternal
_ pressure mes-&gﬁgapeqrtoo Pa - (0 kg/cn{err] Q. Innedlately after the tenr

The hydroformylatzon reactlon was conductea for 5
hours in the same manner as in Examnle 5, excebt that
- Phqsphlte Compound-No..z_was~used at P/Rh mol tatlo of 10
in oieee'of”Phosnhite:Comnound'No. 12 and that an octene -
| mlxture of dimerized butene was used as the o1e in o
starting materlal.' After.the reaction, tne oqtene

conversion-&as 89.0 mol%'and-the'aldehyde yield:wes 88.4 .
-_mol%; Accord;ng to the 3lp—nmr analy515 of the reac:zon

lzcuor, decomposed materials of the phosnhlte ccmnound

were not detected and the phosphite compound was staoly_

present. B |

'EXAMPLE 8

55 m¢ of.methaxylene, S'me_of'tolueﬁe, 15.0 mé of

Rh(aeec)tCO)z"and 5 mols of the.ebove méntioned'?hcsphite

Compound No. 12 per mol of rhodium atom (B/Rh mol ratio

= 10) were chargeq under argon atmosphere lnto a.

stainless steel made. up-and-down-stlrrlng type autoclave

hav1ng an internal volume of 200 me, and the autoclave

was sealed. The auteelate was purged'with gitrogen'gas

(30 kg/cm3-G).three3times."After the pressure of the

nitrogen gas was'restored.to 0 kg/cmz-G, 15;0 g of

liquefied.l-butene Qes charged under pressure.

Thereafter, the hydroformylatlon reaction of 1- -butene was
L'conducted in the ‘Ssame manner as in Example l under the |
| conditions of H,/CO (mol ratlo = 1) S0 kg/cmz-G and

temperature 120°cC. ;After'the.reaction for 6 hours, the
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perature reached 120[err]C wat er gas- [err] = 1) was char ged therern nder
pressure to-a l'evel -of 4.90 - 106 Pa (50 kg/cnierr]...Q fﬂ'aﬁ et a
: o

havi ng an |nternal vol ume of 200 m through a sec

- regulator to initiate reaction and the reaction was contin
‘The internal pressure was constantly naintained at 4.90 * 106 Pa (50 _
kg/cnierr] . G during the reaction. Aft4&r -t he reaction, the autoclave was
cool ed to room tenperature: and was purged to normal- .pressure, and t he .H};ﬂ;-*

butene. converslon was 90.8 mols and the aldehyoe yleld
;_dwas 90.0 mol%, and the n/1 aldehyde oroouctlon ratﬂo was
- 20. .3. Decomoosed-by*products-or the ohoson*te“compound
; dwefe not detected from the reaction liguor. o
. EXAMPLE 9 |

The hydroformylatlon reactlon of l-bueene was
conducteo in the same manner as in Example 8,_exceot that
°hosnh1te Comnound No. 14 was used in place of Dhosnhrte

.'-Compouno No. 12 and that the amount or Rh(ecac)(CO)z'was -
made 1.5 mg. and the P/Rh mol ratio was made 50. After
the reaction for 6 hours, the butene_conversion_wes 98r0 '
‘mols and the aldehydedyieid was 97.3 mols, and the n/i
aldehyde production ratio was 7.0. The phosphite
.compouud was'stably present'even aftar used in'the
reaotion. | . |

| EXAMPLE 10 (Synthesis of Phosphite Compound)

‘About 50 m¢ of toluene solution having 15.38 g (0.06
mol) of 3,Sfdi-t—butyl-z-naphthol and 6;O7 g (6.06 mol)
of triethylamine'dissolved, uas dropwise added at room'
temperature for about 0.5 hour under stlrrrng into about
50 m¢ of a2 PCl, toluene solutlon havrng 4.11 g (0. 03 mol)
of phospnorus trichloride dissclved. ' After the dropwise

~ addition, the resultant'mixture was stirred further for
-one hour. To the reactlon lzquor containing the |
' phosphorochlorldlte lntermedlate thus obtained, was
dropwise added aoout 50 m¢ of a toluene solution having'
2.79 g (0.015 mol) of 2,2'-bipheuyldioi and 3.04 g (0.03
Tois ia the repiacement sheet
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reaction |IC]UOI’ was.. taken out. A mi nor anount. of. the reaomscsﬂeémﬁumén Biced
subjected to gas chromat ography anal ysis (col - um: G BP1 mﬁm l “mr

0.250 x 50 m manufactured by Shimazu. Sei sakusho KK) to nea
concentration of the: product As this result, the octene c was
30.3 mol % and -t he C9" al dehyde yleld mas4uﬁ-6 nDI@b énd'the n/I CE aldehyde
productlon ratio- was 2.2. M - Me -

mol) of trlethylamzne dlssolved at room temoerature for
about 0 5 hour under strrrlng. After the droowrse |
'addvtlon, the strrrlng was furrher continued, ana tne
comoletlon of the reactlon was recognrzeo by 31°-nmr
analys*s ' Thereafter, about 100 me of dlSulllEQ warer i-'
was added . to dlssolve a by-produced solid trlethyl amine
hydrochloride prec1o1uate, and the resul tant solutron was:S
'_psettleo to. senarate the organlc phase ano the aoueous o
- pnase. The aqueous phase was further exuracted twice
with.so m¢ of toluene, and the extracted quuor was m;xed”
with the organic phase. The.resultant mixture“was_drreo
with'anhydrous magnesium sulfate overnight. After
reﬁoving the magnesium sulfate by a 0;2 H o
millioorefilter, the resuTtaht'mixture was'concentratedt
by vacuum ors»rllatlon to obtain a re51aue There “er.
the resrdue was recrystallrzed with toluene/acetonltrlle
(1/20 volume ratio) to obtarn a white powdery soli
brspnospnlte comnound (the above mentloneo Phosohlte
Compound No. 58).
In the same manner as above, the above mentioned
‘Bisphosphite Compounds Nos. 53, 55, 56, 59, 68 and 69
were resoectlvely prepared by usxng 3,6-di-t~ butyl 2-
._naohthol and the corresponding divalent phenol comoounds.'”
_ The chemrcal structures .of the brsohosohlte comoounds:
thus obtaxned were analyzed by phosphorus- 31 nuclear |
magnet;c resonance spectrum method (JLOL JNM-FX100),

elemental analysis method and SIMS mass analysrs method

Thts is the replaoement shaet



CH2 - EXANPLE 21 90 m of 1 --tetradecene ("D al ene 14" Regm;g,g&ﬁagﬁgea.d

of M tsubishi Kasei Corporation), 10 ml_ of teoluene (gas chr

internal standard), 2.5 ng of Rh(acac) (CO) 2 and 50 nols of

Conmpound No. 68 per nol of ‘r hodi-.um at om wer e charged (e} the

ni-t rogen |nto ‘a stai nI ess steel nade - u-p gpd- dovvn Stll’l’l ng type
(M~2000A manufactured by H.‘LtaChl Sezsakusho K.;{ ) Th'e'

| analyt:.cal data are shown J.n Table 2.
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i nternal pressure was constantly naintained at 4.90 . [err] Pa (5 mmm
kg/cnferr] - G during the reaction. After: the reaction; 't h&hi Y
cooled to roonrtenperature and was purged to-normal pressure
reaction |li-quor ‘was taken out. A ninor.amount of t he reactro

subj ected to gas chr omat ogr aphy - analysrﬁgécol urm: Ther non- 3000 Caprrary

Col unm '0.250 x 50 m manufact ured by Shi u Sei sakusho K. K) to neasure the
con- centration of the product. As this. result, the tetradecene conver si.on

was 89. S_UDIﬁﬁﬁﬂ?ﬁam;ﬁerr] al dehyde yreld was

90 m¢ of l—octene, 10 m¢ of toluene (gas'l.
'-3chromatography Lnternal standard), 26.0 mg of.Rn(acac)
-(C’O)2 and 4 mols of the above mentloned BlSDhOSDnl
Compound No. 58 per mol of rhodlum atom (P/Rh &
equlvalent) were charged in the atmosphere of argon lnto
a sta*nless steel made up and down—stzrrlng type
autoclave havzng an znternal volume of 200 me, and the
autoclave was sealed The autoclave was purged with
-nltrogen gas (20 kg/cmz -G) three tlmes, and the '
temperature was raised to 120°C under nitrogenrgas (0
kg/cm?-G). Immediately after the temperature reached'
120°C, water éas (H,/CO - 1) was charged therein under
pressure to a lavel of 50 kg/cm2-G to_initiate-seactioh | o
and'the reactlon was continued for 6 hours. The'ﬁatef'.
gas eoesumed duringsthe'reactioe was supplied from a
?ressurize& chamber throuéh'a secondary pressure
regulator, and ﬁhe'reaction pressure was constantly
maintalned at 50 kg/cm?-G. After the reaction, the
reaction liqﬁor was taken-out under argon atmosphe:e; and
a part of the reactlon llquor was subjected to gas
cnromatography analysis (column: Thermon-3000 Canlrary
0.25¢ x 50 m) to measure the conceptration of the
~product. The octene conversion was 82.9 mols and the
aldehyde yield.was 81.7 mols, and the n/i aldehyde |
production ratio was 23.3. _The reaction liquor was
further subjected to 3lpP-nmr analysis, but_oxides.and :
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'89.0 nDI@b'and t he n/f [efﬁ] aldehyde productlon ratlo was -9..0, hereaftﬁg tacod -
the reaction liquor was distilled under reduced préessure to s ﬁi&Tﬁ.ﬂmre

produced -al dehyde. To ‘'t he remai ni ng Ilquor obtai ned after the
decomposed méterialS'of:the”phosphiteiyerednot.aetected-”fﬁ

wer e added 90 nml of" the above 1 -tetradecene and 10 M of tolu
o . - 50 -

EXAMPLE 12
The hfdroformylation*reaohion of l-océene-was"
:reneated in the same manner as 1n Examnle 11, except: that
_BlSDhOSDhlte Comnound No._68 was used in oTace of : |
stphosnhlte Comoound No. 58 and 2.60 mg of Rn(acac)(CO)2
was used at P/Rh mol ratlo of 50. The octene conversion
was 90. 0 mols and the aldehyde ylelo was 89 6 molsg, and
-tne n/i aldehyde productzon ratlo was 9.0. Deoomposed
| materla;s of the phosphlte_compound were not detected;
gxampLE 13 |
The hydroformylation reaction of'l-octene was
repeated in the same manner as in Example 12, except that
- Bisphosphite Compound No. 59 was used in plaoe.of'
Bisphoephite Compound No.ZSS. The octene conversion was
'90.0 mols and the aldehyde yield was 89.6 moly, and the
n/i aldehyde production ratio was 13.0. Decomposed
materials oﬁ.the phosphite compound were not detected.
EXAMPLE 14 : | |
The hydroformylation reaction of l-octene was
repeated in the same manner as in Example lZ,_except.that
Bisphosphite Cohpound No. 69 was used in place of |
BlSphOSDhlte Compound No. 68. The octene conversion was
89.0 mols and the aldehyde yleld was 88.3 moly, and the
n/i aldehyde proddctlon ratio was 15.7.
'EXAMPLE 15 | | |

90 m¢ of an octene mixture of dimerized butene, 10 m¢
This is the replacement sheet
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-34- the reaction was conducted at 120[err]C for 5 hours under a pressure o
of 4.90 . [err] Pa (50 kg/cn2 G in the same manner. as-in‘the first time. o
reaction. As this results, the tetradecene .conversi on was. 89.5 nol % and the

C15 al dehyde yield was 88:7 nol % and tEZ n/i-[err] aldehyde production -
ratlo was 9.0.. Thus. as conpared wi-tht Flrst tlne reaction: the act|V|ty
pof m-xylene (internal srandard), 24 6 mg of Rh(acac)(CO)2
.and 5 mols of the above-mentroneo Phosph*te Compound No.
-53 per mol of rhodrum atom (P/Rh mol ratvo 10
.f eculvalent) were charged under argon atmosphere 1nto a
'.Starnless sceel,made;up and.down—srrrrlng type,auuoclave"
“having an'internal'volumeﬁof 200 me. Thereafter, the '
:hhydroformylation reaction of'rhe mixed.octenehwas
conducted'in.the same.manner as in Example;ll under the
 conditions of H,/CO (mol ratio = 1)750'kg/cm2-G and..
temnerature 130°C. After the reaction for 5 hours, the
octene conversion was 91.8 mols and the aloehyde-yleld
was 90.9 mols. -According to the 3!'P-nmr analysis of the
ﬁreaction-liqnor; decomposed prodncte:of'the phosphited
compound:were-not”deteCted.-
" EXAMPLE 16 | |
Thefhydroformjlation reachion'of the mixed ocrene_was
repeated in the same manner as in Example:ls, except that
Bisphosphite Compound-Nor'ss was used in place of_.
Bisphosphite Componnd No.'53r After the reaction.for S
~ hours, the octene conversion was 88.8 mols and the
~aldehyde yield was 87.6 moLg. Even after the reacrlon,
the bisphosphite compound was stably present. |
EXAMPLE 17 ' |
| The hydroformylétion reaction of the mixed'octene was
repeahed'in'the'same manner as in Example lS,-excepE that
.BisphOSphite Compound No. 55 was used in place of |

Bisphosphite Componnd No. 53. After the reaction for 5
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of. the catalyst was not deteriorated even after recycl ed anﬂ,srsﬁééSB&BeenReplaced
EXAVPLE 22 90 m of 1-octene. 10 nm. of tol uene (gas chronato

.standard), 2.5-ng of Rh(acac) (CO 2 :and 50 nols: of ‘Phosphite WHHM nm“
14 per mat. of rhodi um at om were charged in the atnosphere’ of

a stain- less steel: nade up_and down-stirring type autoclave haV|ng an
interna_l voI unme of 200 ‘m . The aut 0C|‘a\1532 was purged -

| hours, the octene.converélon was 91 4 mol% and the
"ﬁ~aldenyde'yleld~was 90 3*mol%. Even after the react’on,'
'tne blsnnosnhlte comnound was stably present._ |
EXAMPLE 18 | | | |
55 me of methaxylene, 5 mé of toluene, 15 0 mg ‘of
 Rh(acac)(CO)2 and 5 mols of the above mentloned Phoscnlte
.cOmpound No. 58-per mol of rhod;um-atpm_(P/Rh mol.;aglo
= iD eqﬁivélént) were charged under argon atmospheie_intd-.
a stainleSé steel made up and down-stirring type |
autoclave having an internal volume of 200 m¢, and ghé
‘autoclave was sealed.. The autoélave was purged with
nitrogen gas (20 kg/cm3-G) three times. After the
pressure of the nitrogen gas was restored to 0 kg/cm2 G,
15.9 g of l buuene was charged under pressure.
Thereafter, the hydroformylatzon'reactlon of l-butene was
conducted in the same manner as in Example 11 under the
.conditions of H,/CO (mol_ratio = 1) S0 kg/cmz-G and
temperéture 120°C. After the reaction fqr-? hours, ghe
butene coﬁée:sion was. 89.3 mdi%_énd the n/i aldehyde
prdduction ratio was 13;9. According.to'the 3lp-nmr
analysis of the reaction liquor, oxides and decomposed
products:of the bisphosphite compouhd were not detected
from the reaction liguor.
EXAMPLE 19 ‘
‘The hydroformjlation_reaction of l-butene was
repeated in'the same manner as in Example ;8, exdept that
Bisphosphite Compound No. 68 was used in place of
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wth nitrogen gas-(2.94. [err] Pa (30 kg/cnferr] .Q) three;tines and the
tenperature was raised to 120[err]C under stlrrlng after theg H&@hﬂmkslmxd
pressure was restored to 0 Pa (0 kg/cnferr] ._CE Inﬂedlately
tenperature reached 120[err]C. water gas [err] = 1) was charg ﬁﬂlﬁl“& NI I|
‘under pressure to a.level of 4.90 [err] Pa (50 kg/ch QG fr
- pressurized chanber -having an |nternm-\5§me of . 200 m: t.hrough a secondary .
pressure regulator to initiate reaction and the reac- tion was conti-nued

for 6 hours u S nstantly maintai ned at 4.90 [err
err E%gq-'ca#url r,\,gg&,{fbyvoa 58 &nd 5’ 5 mg of Rh(acac)(CO)z[. ]_

Pa (50_kg/c

- was used. After the reactloh for 6 hours, the bucene
_converszon was 99.9 mols and the n/i alcehyde oroouctzod :
watio was 6. 8. Decomposed by—oroducts of the |
blSDhOSDhlte compound were not detected from tne_reectionue.3
lzquor. | | | | | N
EXAMPLE 20

~The hydroformylation reaction of'l-octenedwas
tepeated in the same manner as_in'Example 12, except-that
1,7-octadiene was used in place of l-octene aud é/Rh mol
ratio was made 100. After the reaction for 5 hours, the
octadiene'convefsion_was 99.0 mols and the diforﬁyleted

_product'(decanedial) yield was'B0.0 mols, and the n-form
selectiuity'among the diformylated product wes_80.6 molsg.
COMPARA_TIVE EXAMPLE 2 | .

90 m¢ of l-octehe; 10 m¢ of toluene (gas

_chromatography'inte:nal standard), 2.5 mg of Rh(acac)
(CO), and 10 mols of the phosphite compound having the
following structure per mol of rhodium atom were charged

in the atmosphere of nitrogen into a stainless steel made_
up and down-stifring'type autoclave having en iuternel
volume of 200 m¢. The autoclave was purged w1th nltrogen'
gas (30 kg/cm2 G) three tzmes, and the temoerature was
raised to 120?C'unde:'stirring_after the internal
pressure was restored ﬁo 0,kg/cm2-Gc Immediately after
the temperature reached 120°C, wate; gas (H,/CO = 1) was

charged therein under pressure to a level of 50 kg/cm?-G
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the reaction. After the'reacfion the. autoclave was. cooled to room

tenperature and was purged to nor rial pressure, and the reacTh °“i |
taken out. A minor amount of the reactlon I'i quor- was - subject I‘
chromat ogr aphy anal ysi's (col- um: C-BP1 Capirary Col um Q0. 2 )

manuf act ured by Shi mazu Sei sakusho KK) g$ nmeasure the concentratlon of the
product As.this result, the octene conv ‘%lon was 88.0 nol@band the- err] '

'aldehyde yi.el d was 87. 0 mol % and the
~ from a pressurxzed chamber. hav;ng an J.nterna1 volume ‘of ..
200 me through e“secoudary_pressure regulator ;o ;nlt;ate.
| o;eaction'ahd'the reaction was:cohtiuued for_S'houre._-The'
ihternal pfessure was Cooetantly'mainteined at_SOe. |
kg/cmz-G during che reacelon |
After ‘the. reactlon, the autoclave was cooled to room
~ temperature and was purged to normal pressure, and the
‘reaction liquor weS'Eaken out. A minor amount of the
reaction liquor was subjecteo to gas chromatograohy
.analy515 (column C-BPl Caplrary Column Q. 259 X 50 m
-manufactured by Shimazu Sexsakusho K.K.) to measure the
concentration of the product; As this result, the octene.
' _convereion_was 3053'mo1$1and the C; aldehyde yield was
'29.6 mols, and the n/i Cg aldehyde production ratiolwas

'2-2‘

EXAMPLE 21
90 m¢ of l-tetradecene ("Dialene 14" Registered
‘Trademark of Mitsubishi Kasei Corporation), 10 m¢ of

toluene (gas chromatography internal standard), Z.S'mg of
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nfi [err]. aIdehyde productron ratio was 10. 8. Thereafter fhe reaction -
li'quor was distilled under reduced pressure to separate thenggQHQQdBamnﬂimmd

al .dehyde. ‘To the -remaini-ng |iquor obtained after the distil
added 90 ml of the above l-octene and 10 ml of toluene: and
- was conducted at ~120[err] C for 6 hours under a pressure of 4

(50 kg/cnferr] . G in.the same manner a3 mthe first tine reaction.

this results, the.octene conversion was 89.0 nol % and the [err] aIdehyde
- yield was 88. Rh(acac) (CO)2 and 50 mols of Dhosonlte Comnouna No. 53 '

per mol of- rhou*um atom were charged in the atmosonere offa
' :nltrogen into a staznless steel made. up and down-selrrlng,
type autoclave having an lnternal volume of 200 ‘me. The-r
'autoclave was Durged with nitrogen gas (30 kg/cm2 <G)
“_three tlmes, and the temnerature was raised 50 120°C-
under stirring afeer the lnternal pressure was restored
“to 0 kg/cmz-G. Immediately after the temperature reached .
120°C, water gas (H,/CO =.l) was charged therein-under_' -
preesure-to a level of 50 kg/cm?-G from a pressurized
. chamber having an internal volume of'zoo'me through a
. secondary pressure regulator to ihitiate reaction and the
- reaction was cOdtinued for 5 hours. The internal |
pressure was_conStantly.maintaihed at 50 kg/cm?-G during
the reaction. o |
_After_the reaction,'the autoclave was cooled.to room
temperature and was pufged to normal pressure; and the :
.reaction liquor was taken out. A minor amodnt of the
reactiqn liquor was subjectedtto gas chromatography
. analysis (column: Thermon-3000 Capirary Column 0.25¢ x 50;
m ﬁanufactured.by Shimazu Seisakusho K.K.) to measure the
concentration of the product. As this result, the
tetradeceae conversion was 89.5 mols and Ehe 915 aldehyde
. vield wae 89.0 mols, and the n/i C,; aldehyde production
.ratio was 9.0. o
Thereafter, the_reaction:liquor was distilled under

reduced pressure to separate the produced aldehyde. To
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nol % and. the n/i [err] al dehyde productlon ratio was 10. %hmg
conpared wi-th the first tinme reaction, the actrvrty of the
deteriorated even after recycl ed and. reused As menti oned Wrﬁﬁwﬁ
to the present invention, -since the hydrofornylation react

the selec- tivity of the -ained product can be highly inproved by getting

- the phosphite conpound present in the-hyggofornylation reaction, the -
hydrofornylatlon reaction can be |ndustr|ally favorably conduct ed.

" the remalnlng llquor obtained after the dlselllatlon,

- were added 90 m¢ of the above l—tetraceccne and lO-me cfgff
-eoluene, and the reaction was conducted at 120°C for 5
_hours under a pressure of 50 kg/cm2 -G ln tne same manner

as - in the flrst time reactlon. As this results, the -
eetradecene conver51on was 89.5 molg and’ the C,4 aqunyde
yield was 88.7 mol%,_and the n/i Cis aldehyde production -
ratio was 9.0. Thus, as compared w1;h the fzrsr time
reaction, the actrvzty of the-catalyse_was not_
deteriorated even after~recyeled and reused.
EXAMPLE 22

90 m¢ ef l-octene, lO'mz of toluene (gas

chromatography internal standard); 2.5 mg of Rh(acac)
(CO), and 50 mols of'Phosphire-Compound No. 14 per mol of
rhodium:atom*were charged in the atmosphere of nitrogen
into a stainless_sreel made up and down-stirring type
autoclave having an internel volﬁme of 200 me. .The
autoclave was purged with nitrogeh ges (30 kg/cm?-G)
three times, and the temperature was raised to 120°C
under stirring after the internal pressure was restored
ko 0 kg/cmz-G.: Immediately after_rhe temperature reached
120°C, water g;s (Hi/co = 1) was charged therein under
pressure to a level of 50 kg/emz-G from a pressurized
chamber having an internal volume of 200 mé¢ through a
secondery pressure reguiator to initiate reaction and the
reaction was continued for 6 hours. The internal
pressure was conetantly'maintained at S50 kg/cmz-G_during
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Claims 1. A hydrofornylatlon process for preparlng a hydfe%eﬁﬁyFaeeé———~—— f;'
product by reactlng an ol efinic conpound with hydro- genna Qﬁ&ﬁi __-'

monoxi'de in the presence of a - Goup VIIl netal catalyst,
of which there: |s present a phosphlte conpound haV|ng the

[err] )

-ﬁhe'féaeﬁion; | |
'.After.the reactien;”the autoclave was éboledite room -

temperature and_was'puiged'to normal pressure,'aﬁd éné. N
_reéction liquof was taken out. 'A;minor amount}ef_fhe-_
:eactibn liquor wes'subjected-to gas_chromaéograéhy
‘analysis 0601umh: C—BPl:Capirary-chumn;0525¢ X 56 m
manufaetured by Shiﬁazu Seisakusho K.K.) to'measure”the
concentraﬁicn,of the product. As.this result, the ocEene
eonversion'was 88.0 mols and the Cg aldehyde_yield was |

- 87.0 mols, and the n/i cs'aldehyde-prOGUCtion ratio was
10.8. |

| Thereafter, Ehe_reaciienzliquor was distilled under
reduced pressure to éeparate.the.produced aldehyde. To
the remaining liguor obtained after the distillation,
were added 90 m¢# of the above l-octene and 10 m¢ of
toluene, and the reaction was condueted at 120°C for 6
hours under a pressure of 50 kg/cm?-G in the same manner
as in the first time reaction. As this results, the
_octene conversion was 89.0 mols and the C; aldehyde yield

was 88.5 mols, and the n/i Cy aldehyde production ratio |
was.lb.B, Thus, as. compared with the first time

- reaction, the éctivity,of-the catalyst was not
deteriarated even after recycled and reused.

As mentioned above, aecgrding to the present
invention, since the hydroformylation feaction'activity
and the selectivity of the aimed_product can be highly
improved by getting the phosphite compound present in the
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wherein [err] and [err] -are respectively an aromati-c hydrocarbon group -
whi ch nmay be the same or different and the aromatic hydrocarbon group has -
at | east a hydrocarbon group on a carbon atom adj acent to a carbon atom
‘bonded with an oxygen atomas a substituent: [err] iss an n-val ent organic
group having an aliphatic hydrocarbon group, a cycloaliphatic hydrocarbon
group or an aronatic hydrocarbon group~b8fd&d wi th an adj acent oxygen atom

whi ch may respectively have a substituent; n is an integer of from2 to 4; -

and the respehyiveformylation reaction, the hydroformylation reaction -

canibe_industrialiy favorably conducted.
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[err] group may be the sane -or dlfferent 2. The hydrofornyIaLLon_pLQgggg__d___
according to Claim1, wherein [err] and. [err]-are a phenyl grqu haV|ng a
Tlaced

hydr ocar bon group at the ortho- p05|t|on or a [err]-naphth
hydrocarbon group at the 3-position. 3. The hydrof ornyl atlon Hm”"ﬂl

~according to Cla|n11 mhereln the hydrocarbon group contalned
substltuent _ _ . _

'CLAIMS; .
ul, -A_hydroformyietion process for prepafing a
ehydroformylated product by reactihg an-olefinic.comoduhd
with hydrogen and carbon monoxide in the presence of a :
:Group VIII metal catalyst, in the react;on of: whlch tnere
~ 1is present a pnosphlte comnound hav1ng the formula (L), _
AITO‘P(ORI)(ORZ)] ':_ . (ny
wherein Rl,and R? are respectively an aromatic
hydrocarbon group which may be the same or different and
the aromatic hydrocafbon group has at least a hydrocarbon
group oh a carﬁon'atem adjacent to a carbon atom bonded
with eneoxygen eﬁom_as_a substituent; Al is an n-valent
organic group having an aliﬁhatic hydrocarbon greup, a
:cyeloaliphatic hydrocarbon group or an'aromatic-.
hvdrocarboh g:eup bonded with an adjaéent oxygen aﬁom(
which may resnectlvely have a substituent; n is an
integer of from 2'to 4; and the respective |
£0-2(0R') (0R?) ]
group may be the same or different.
2. The hydfoformylation érocess according to Claim 1,
wherein R! and R? are a phenyl group having a hydrocarbon
group at the ortho—position_or]a-ﬂ—naphthyl group having
a bydrocatbon group at the 3-position.
3. The hydrofcrmyletiqn proeess according to.Cleim 1,
wherein the hydrocarbon Qroup contained, as the
substituent, in B! and R? is at least one substituent

selected from the group consisting of an alkyl group, an
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in [err] and'[erf] is at. Ieast one substituent selected fron1the group

consi sting of an al kyl group. an aral kyl group an aryl lagBeen Re
cycl oal kyl group. 4. The hydrofornylation process accordr n m H"ll
wherein the- phosphlte conpound S a thIS ‘phosphite com pou

fornula (1), _ -

_50..

'sralkyl grouD;'an'aryl'group and a'cyclo&’ky1 groun.s

4. The hyuroformylat;on process accordlng to Clalm l,;

'wnereln the phosphlte comnound is a this DhOSDh te

'comoound havzng the formula (II),

R3-0 . - 0-RS
P-0-A%-0-P S . (II)

wherein R, R4, R® and R® are respectively a @-naphthyl

group having a hydrocarbon greupiat least at the 3-

position, which may be the same or different, and a2 is a

ivalent group haVing an aliphatic hydrocarbon group, a

‘cycloaliphatic hydrocarbon group or an aromatic

hYdrocarbon group bonded with'an adjacent oxygen atom,
which may respectively have a substituent. '

5. The hydroformylaelon process accorclng to Claim 1,

 wherein the olefianic compound is selec ed Erom the groub

consisting of an olefinic compound.substituted with a
saturated hydrocarboﬁ group only, an olefinic compound
substituted with'a'hydrocarbonigreup'containing an
unsaturated hydrocarbon group and an olefinic compound
substituted Qith a functional grdup containing a
heteroatom. -

6. The hydroformylation process according to Claim 1,

‘wherein the qlefinic'compound is selected from the group

consisting of a linear terminal olefinic hydrocarbon, a

branched terminal olefinic hydrocérbon, a linear internal

olefinic hydrocarbon, a cycloaliphatic olefinic

* C L " S *
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. -34- the reactron was conduct ed at 120[err]C for 5 hours under a pressure :

of 4.90 . [err] Pa (50 kg/cnferr] . G in the same nenner mm§wlmaih

tine reaction, As this results,; the tetradecene conversron

and the [err] aldehyde yield was v
hvdrocarbon, a branched znteraal olefinic hydrocarbon,
.and a mlxture thereof. | |

7. The hydroformylatlon process accordlng to Claim l,

_ wherein a reactzon llcuor after the reaction is separated:

3 znto a reactlon product and a catalyst llquor by
'czstlllatlon, and the catalyst 11quor separated by o
distillation ls_recycled into the reaction system.

8. A bisphosphite compound-having'the_fcrmula (II),

R3-0 - o-RS
\ 4 R S
P-0-A2-0-p | 1D
/ : '
R4-0 _ 0-R®

wherein R3, RY, Rs and RS are I respectxvely a ﬂ-naphtnyl
'g;oup having a hydrocarbon group at least at the 3-.
poSition, which_may_be the sahe'or different, and A2 is a
- divalent group having an aliphatic hydrocarbon group, a
"CYCloaliphatic hydrocarbon group or an aromatic
hydroca;bon;group_bohded with'an adjacent oxvgen atom,
which may respectively have a substituent. |
9. . The bisphosphite compouhd according to Claim 8,
Wherein A? in the formula (II) is a -Ar- or -Ar-B-Ar-
group wherein Ar is an arylene group and B is a -CR%R!C-,
-O-,V-S , or -co- group (wherein R? and R'® are
respectively a group selected from the group consistinc
of a hydrogen atom, an alkyl group an aryl group, an
arylaikyl.group, an alkylaryl group and a cycloalkyl
group). | |

10. The bisphosphite compound according to Claim 9.,

N
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88.7 nol % and the n/i [err] al dehyde productlon ratlo was 9 0 " Thus,- ‘as
conpared with the first tinme reaction, the activity of. the cat al yst was not
deteriorated even-after.recycled and - reused_ 'EXAMPLE 22 90 nl of 1-octene. .
10 m -of tpluene (gas chromatography internal standard). -2.5 ng of - Rh(acac)
(CO 2 and 50 nots of Phosphite Conpound No. 14 per not. of rhodi um atomwere:
‘charged in the atnnsphere of nitrogen into a.stain- - o ' : '

—62_

wherein Ar is a phenylene group, .a blphenylene ‘group o‘_

nanhtnylene group.

-

i
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| ess steel nade up and down-stirring type autoclave having an internal. _
vol ume of 200 ni. The autocl ave was purged wi'th nitrogen gas (2.94 [err] Pa
(30 kg/cnferr] .Q) three.times, and the tenperature was raised to. o
120[err]C under stirring after the internal pressure was restored to 0 Pa

(0 kg/cnferr].. Q. Imediately a_,f_te.r_th§3terfper'atUre reached 120C, water =~ -
gas (H2/ CO = IHYDROEORMYBATER PRRIESS MmN HRIpHBEANEE Sordufs REE! mkedy 90- 106 *-
Pa (50 kg/cmferr]. G froma pressurizZed T dnber_naviﬂﬁDéﬁﬁgﬁ?{.“é! vol une

of 200 m through a secondary pressure regulator to initiate reaction and
the reac- ' s . o
-  ABSTRACT
A.hydrqformylation processifor'preparing a
hydroformylatéd'product.by reacting an olefinic compound
with hydrcgen and carbon moqéxide in the preSénce of a
Gfdup.VIIi metal éatalfst, iﬁ the reaction of which there
'is present a phosphite compound having the formula (&),
A*—£0-P(OR') (OR?) ], R ¢ 3
wherein R! and R? afe'reépecti#ely-an.aromatic
hydrocarbon group which may be the same dr differenﬁ and
the aromatic hydrocarboﬁ group has at least a hydrocarbdn
group on a éarboh atom adjacent :é a carbon atom bonded
with an oxygen atom as a subsﬁituent; Al is an n-valent
organic grbup having ah aliphatic hydrocarbon group, a
cycloaliphaticﬁhydrocazbon group or an é}omatic
hydrocarbon gﬁoup bodded with an édjacent oxygen aﬁom;
which may respectively have a substituent; n is an
“integer of from 2 to 4; and the respective.
. £0-P(ORY)(0RY)] |

group may be the same or different.
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tion was continued for 6 hours. The internal pressure was constantly

mai ntained at 4.90 - [err] Pa (50 kg/cn2 - G during the reaction. After

the reaction, the autoclave was cool ed to roomtenperature and was purged:

to normal pressure, and the reaction |liquor was taken out. A m nor anount

of the reaction Ilquor was subj ected to gasl-chromat ography anal ysis (col -
(g SN )

uld Wed PRi.3aKUShO

K. Kj toDmaﬂlqr\e the concentration

The present invention relates to a hydroformylation process of an olefinic compound using a modified Group Viil
métal catalyst.

_ EP-A-0 285 136 discloses a process for the purification of tertiary organophosphites which can be used as ligands
for rhodium complex catalysed hydroformylation reactions.

Itis well known in the art to produce an aldehyde or its hydrogenated product, i.e. alcohol, by reacting an olefinic
compound with hydrogen and carbon monoxide in the presence of a modified Group VIil metal catalyst.

As the catalyst, a soluble complex of a Group VIl transition metal-phosphorus ligand is generally used, and it is
well known that the ligand used with this metal component has a substantial influence on the catalytic reaction. Itis also
well known that reaction activity, selectivity or catalyst stability largely varies in hydroformylation reaction depending on
the selection of the ligand, and it is an important subject in this technical field to make a research on a ligand effective
for improving these properties.

Various phosphite compounds are known as a group of phosphorus compounds used for a ligand, and phosphite
compounds such as a polyphosphite having plural coordinated phosphorus atoms in a molecule have been heretofore
proposed in addition to simple monophosphite compounds such as a trialkylphosphite and a triarylphosphite.

For example, Japanese Unexamined Patent Publication No. 116587/1987 or No. 116535/1987 discloses a phos-
phite compound characterized by the structure wherein at least one phosphorus atom is bonded with adjacent two oxy-
gen atoms to form a ring, as a phosphite compound containing at least 2 phosphorus atoms in a molecule.

As mentioned above, various phosphite compounds have been proposed as a ligand used in hydroformylation
reaction, but the stability of the prior phosphite compound has not been always satisfactory in the reaction process and
the prior phosphite still has a problem when it is used as an industrial catalyst which is requested to maintain its catalytic
activity for a long term. Thus, the development of a phosphite ligand excellent in hydroformylation activity, selectivity of
the aimed product and catalyst stability is strongly demanded.

The present inventors have studied and made a research for a ligand effective for improving and maintaining activ-
ity and selectivity in hydroformylation reaction, and as the result of the research, have discovered that a phosphite com-
pound having the specific structure is effective for hydroformylation and has an excellent catalyst stability. The present
invention has been achieved on the basis of this discovery.

Thus, the present invention provides a hydroformylation process for preparing a hydroformylated product by react-
ing an olefinic compound with hydrogen and carbon monoxide in the presence of a Group VIl metal catalyst, charac-
terized in that there is present in the reaction system a phosphite compound having the formula (I),

A'0-P(OR")OR?)], | ()
wherein R and R? are respectively an aromatic hyarocarbon group which may be the same or different and the aro-
matic hydrocarbon group has at least a hydrocarbon group on a carbon atom adjacent to a carbon atom bonded with
an oxygen atom as a substituent; A! is an n-valent organic group having an aliphatic hydrocarbon group, a

cycloaliphatic hydrocarbon group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom, which may
respectively have a substituent; n is an integer of from 2 to 4; and the respective

fO-P(ORY)(OR3)]

group may be the same or different, and also provides a bisphoéphite compound having the formula (1),

R3-0 0-R5
.7 .
P-0-22-0-P (II)
RY-0 O-RS

wherein R®, R, RS and R® are respectively a p-naphthyl group having a hydrocarbon group at least at the 3-position,
which may be the same or different, and A? is a divalent group having an aliphatic hydrocarbon group, a cycloaliphatic
hydrocarbon group or an aromatxc hydracarbon group bonded with an adjacent axygen atom, which may respectively
have a substituent.

The present invention is described hereinafter in more details.
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of the product As this result, the octene conversion was 88.0 nol % and the

[-err]

al dehyde yield was 87.0 nol % and the n/i [err] al dehyde production

ratio was 10.8. Thereafter, the reaction liquor was distilled under reduced
pressure to separate the produced al dehyde. To the renmaining |iquor

obtai ned after the distillation,

10 mM of toluene. and the reaction was condidsted at 120[err]C for 6 hours

under a pr esHisiphosstite danPbunds sl ifi the Rarolomtialicd peEds€dl i presda) inveitioh H8 deHRITBy RELHASR

as

general formula (). Among these phosphlte compounds, a bisphosphite compound defined by the above general for-
muia (1) is novel.

in the above formula (), examples of aromatic hydrocarbon groups represented by R and R? include a phenyl
group, a naphthy! group, an anthraceny! group or the like, and among them, a phenyl group and a B-naphthyl group are
preferable for industrial use.

The aromatic hydrocarbon groups represented by R' and R? have a hydrocarbon substituent on a carbon atom
adjacent to a carbon atom bonded with an oxygen atom, and examples of the hydrocarbon substituent (e.g. a substitu-
ent present at the ortho-pasition of a phenyl group of R' and R2 or a substituent present at the 3-position of a g-naphthyl
group of R! and R?) include an alkyl group, an aralkyl group, an aryl group, a cycloalkyl group or the fike, and among
them, preferable examples include an alkyl group having a carbon number of from 3 to 20, particularly an isopropyl
group, a tertiary butyl group, a tertiary pentyl group or the fike.

R' and R? may have other substituents {preferably from 1 to 3) in addition to the above substituents, and examples
of these substituents include a linear or branched alkyl group such as methyl, ethyl, propyi, butyl and pentyl, an alkaxy
group such as methoxy and ethoxy, an alkoxycarbonyl group such as methoxycarbonyl and ethoxycarbonyl, and a phe-
nyl group.

Each group represented by the formula,

{O-P(ORY)(OR?)]

may be the same or different. That is, particular examples of the phosphite compounds represented by the formula (1)
include:

(i) n=2
(OrR11) (OR21)
Al

e
Nez

(ii) n =3

(OR'2) (OR??)

OP (OR1) (OR2})

al Z—op (OR!?) (OR?2)

I\

OP (OR13) (0OR?3)

{(iii) n = ¢4
oP (OR!!) (OR2?})
/OP (OR}2) (OR22)

iop (0R3) (ORZ3)
OP (OR) (OR24)

wherein R" R'2, R'3 and R4 are as defined in the above R, and may be the same or different; and R21 A2, K23 and
R4 are as defined in the above R2, and may be the same or different. )

Examples of the group A! in the above formula (1) include () an n-valent organic group containing an aliphatic
hydrocarban group which may have a substituent, @ an n-valent organic group containing a cycloaliphatic hydrocar-
bon group which may have a substituent, or @ an n-valent organic group containing an aromatic hydrocarbon group
which may have a substituent.
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in the first time reaction. As this results, the octene conversion was 89.0
‘Aol % and the [err] aldehyde yield was 88.5 nol % and the n/i C9 al dehyde
‘production ratio was 10.8. Thus, as conpared with the first tine reaction,
“the activity of the catalyst was not deteriorated even after recycled and
reused. As nentioned above, according to the prgsent invention, since the

‘hydr of or nyl at i on pieR@Bs ixiibied Githedd drdbpantiidd {Ualer® bréupreptebaniel by -AS or JREEER.AH iGNt group rep-
product can be efongddyy i nproved by getting the phosphite conpound present in
t he hydrof ornyl ati on '

-R— ¢
and a tetravalent group represented by

-R- or -R-B-R-,

l

wherein R represents from divalent to tetravalent saturated aliphatic hydrocarbon groups, a saturated cycloaliphatic
hydrocarbon group or an aromnatic hydracarbon group, each group of which may have a substituent (examples of the
substituent include an alkoxy group, a phenyl group, a naphthyl group, an amine group, an alkylamino group, an acyl
group, an alkoxycarbonyl group, an acyloxy group or the like); and B represents a group selected from the group con-
sisting of -CR7R®-, -O-, -S- and -CO- (each of R7 and R8is a group selected from the group consisting of a hydrogen
atom, an alkyl group, an aryl group, an arylaikyl group, an alkylaryl group and a cycloatkyl group).
Preferable examples of R include:
-CHaCHap-, -CHaCHaCHy-

A X
C
/ \
"CHZ an‘ ’ ’

a phenylene group, a biphenylene group, a naphthylene group or the like. .

When the phosphite compound is a bisphosphite compound as defined by the above general formuta (If), A% in the
above formula (1) represents a divalent group containing an aliphatic hydrocarbon group, a cycloaliphatic hydrocarbon
group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom. Preferable examples of the divalent
group represented by A2 include -Ar- and -Ar-B-Ar- wherein Ar is an arylene group which may have a substituent, and
Bis a group selected from the group consisting of -CR®R10., -O-, -§-, and -CO- (each of R and R? is a group selected
from the group consisting of a hydrogen atom, an alky! group, an ary! group, an arylalkyl group, an alkylaryl group and
a cycloalkyl group). Preferable exampies of Ar include a phenylene group, a biphenylene group or a naphthylene group

A methed for preparing the phosphite compounds of the formulas (I} and (11} is not specially limited. For example,
the phosphite compound of the formula (I) can be easily prepared by (a) reacting phosphorus trichloride with an aro-
matic hydrocarbon compound containing a hydrocarbon group on a carbon atom adjacent to a carbon atom having a
phenoclic hydroxyt group in a solvent such as toluene in the presence of an amine compound to form an intermediate
product of the formula, CIP(OR')(OR?) wherein R and R? are the same as defined in the above formula (I), and (b)
then reacting the formed intermediate product with a compound of the formula A'(OH), wherein A! and n are the same
as defined in the above formula (1), to form a corresponding phosphite compound.

The bisphosphite compound of the formula (iI) can also be easily prepared, for example, by (a) reacting phospho-
rus trichloride with a §-naphthol compound having a hydrocarbon group at the 3-pasition in a solvent such as toluene
in the presence of a HC! receptor such as an amine to form an intermediate product of the formula, CIP(OR3)(OR*) or
CIP(ORS)(OR®) wherein R3, R4, RS and RS are the same as defined in the above general formula (I1), and (b) then react-
ing the farmed intermediate product with a divalent phenol compound of the formula, A%(OH), wherein A2 is the same.
as defined in the above formula (1), to form a corresponding bisphosphite compound.

Examples of the compounds of the formula, A{OH),, or AA(OH),, include 2,5-di-t-butylhydroquinone, 2,5-di-t-amyl~
hydroquinone, 2,5-dimethylhydroquinone, 4,6-di-t-butylresorcinol, bisphencl-A, 4,4'-methylenebis(2-methyl-6-t-butyl-
phenol), 4,4'-thiobis(2-methyl-8-t-butylphenol), 4,4'-oxobis{3-methyl-8-isopropyiphencl), 4,4'-butylidenebis{3-methyt-6-
t-butylphenol), 2,2-biphenyidiol, 3,3',5,5-tetramethyl-2,2"-biphenyldiol, 3.3'.5.5™tetra-t-butyl-2,2'-biphenyldiol, 3,3-
dimethoxy-5,5"-dimathyl-2,2"-biphenyidiol, 3,3'di-t-butyl-5,5-dimethoxy-2,2"-biphenyldiol, 3,3"-di-t-butyl-5,5-dimethy!-
2,2"biphenyldiol, 2,2-dihydroxydiphenylmethane, 2,2-methylenebis(4-methyl-6-t-butylphenol), 2,2*-methylenebis(4-
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reaction, the hydroformylation reaction can be industrially favorably
conducted. Cains. 1. A hydrofornylation process for preparing a
hydr of or myl at ed product by reacting an ol efinic conpound with hydro- gen
and carbon nonoxide in the presence of a Goup Vill netal catalyst, in the
reaction of which there.is . present a phosphiige conpound having the fornul a

(1),

athyl-8-t-butylphenol), 2,2'-thiobis(4-methyl-6-t-butylphenol), 2,2"-thiobis(4-t-butyl-8-methyiphenol), 2,2"-thickis(4.6-di-t-
butylphenal), 1,1"-thiobis(2-naphthal), catechal, 2,3-dihydroxynaphthaiene, 1.8-dihydroxynaphthalene, :.4-dihydroxy-

. naphthalene, phloroglucin, 1,1'-methylenebis(2-naphthol), 1,1'-di-2-naphthol, ethyleneglycol, 1,3-proganediol, 1.2-

buthanediol, 1,4-buthanediol, pentaerythritol, trans-1,2-cyclohexanediol, cis-1,2-cyclohexanediol, cis-1.2-cyclchéxan-
edimethanol, ¢is-1,2-cyclododecanedial or the like.

. Examples of the aromatic hydrocarbon compound having a hydrocarbon group on a carbon atom adjacant to acar-
bon atom having a phenolic hydroxyl or the -naphthot compound having a hydrocarbon group at the 3-ocsition, include
2-t-butylphenol, 2,4-di-t-butylphenol, 2-isopropyiphenal, 2-t-amyiphenol, 2,4-di-t-amylphenol, 2-s-butylphencl, 6-t-butyl-
2,4-xylenol, 3-t-butyl-4-hydroxyanisole, 3-t-butyl-4-hydroxybiphenyl, 2-t-butyl-p-cresol, methyl 3-t-butyl-s-nydroxyoen-
zoate. 2-hydroxybiphenyl, 3-t-butyl-2-naphthal, 3,6-di-t-butyl-2-naphthol, 3,6,8-tri-t-butyl-2-naphthcl, 3-isopropy!-2-
naphthol, 3,6-diisopropyl-2-naphthol, ' 3,6,8-triisopropyl-2-naphthol, 3-t-amyl-2-naphthol, 3,6-di-t-amy!-2-naphthol,
3.6,8-tri-t-amyl-2-naphthol or the like.

The phosphite compound used in the present invention has the such structural characteristics that it dees not con-
tain a ring structure formed by adjacent two oxygen atoms and a phosphorus atom and that the aromatic hydrocarban
group represented by R! and R2 in the formula (1) has a hydrocarbon group on a carbon atom adjacent to a carban atom
bonded with an oxygen atom. Due to these structural characteristics, it can be present in the hydroformylation reaction
at a high stability as a phosphite ligand and a complex comprising Group VHI metal-phosphite ligand, and as this resuit,
it provides a satisfactory hydroformylation activity and selectivity. .

When A' in the formula (1) is an organic group containing an aromatic hydrocarbon group or when A2 in the farmula
(1) is a divalent group containing an aromatic hydrocarbon group, the aromatic hydrocarbon group should preferably
have a substituent on a carbon atom adjacent to a carbon atom bonded with an oxygen atom. The substituent used
herein means every substituent other than a hydrogen atom, examples of which include -OP(OR‘)(ORZ)- -
OP(OR®)(OR* or -OP(ORS)(ORS); -8-R- or

~B~R~-

(asin the case that A' is the above mentioned -R-B-R- or

I
-R-B-R-);

or -B-Ar- (as in the case that A? is the above mentioned -Ar-B-Ar-). Also, in the case of the bisphosphite compounds of
the formula (11}, four B-naphthyl groups should preferably have a bulky hydrocarbon group at the 3- and 6-positions.

When the phosphite compound of the present invention is used in the hydroformylation reaction of an olefinic com-
pound in the presence of a Group VIII metal catalyst, the activity or the selectivity of the aimed product in the hydrofor- .
mylation reaction can be controlled by selecting the type of the phosphite compounds. For example, when the phosphite
compound has such a structure as to form a chelate type metal complex with the Group Vil metal, the hydroformylated
fp:odu;:t provides a high n-form selectivity in the hydroformylation of a-olefin. Examples of an n-valent compound of the

rmula, .

Al {OH),

(wherein A' and n are the same as defined in the above formula (1)) used in the preparation of the phosphite compound,

suitable for forming this chelate type phenolic complex, inciude 2,2-biphenyidiol, 2,2"-dihydroxydiphenyimethane, 2,3-
dihydroxynaphthalene, - catechol, 1,2-cyclohexanediol, cis-1,2-cyclododecanediol, ethyleneglycol, 1,3-propanediol,
pentaerythritol, 1,1"-thiobis(2-naphthol), 1,1'-dinaphthol, 2,3-dihydroxynaphthalene or the like.

When the phosphite compound has such a structure as to form a non-chelate type metal complex with the Group
VIl metal, it provides a high hydroformylation activity not only to an a-olefin but also to a branched internal ofefin having.
Examples of an n-valent compound of the formula,

A'{OH),

(wherein A.‘ and n are the same as defined in the above formula (1)) used in the preparation of the bisphosphite com-
pound, suitable for forming the non-chelate type metal complex, include 2,5-di-t-butylhydroquinone, 4,4'-methyl-
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[err] wherein [err] and [err] are respectively an aronmatic hydrocarbon
group which may be the sane or different and the aronmatic hydrocarbon group
has at | east a hydrocarbon group on a carbon atom adjacent to a carbon atom
bonded with an oxygen atom as a substituent: [err] is an n-valent organic
group having an aliphatic hydrocarbon group, a cycloaliphatic hydrocarbon
group or an aromatic hydrocarbon group bonded-with an adjacent-oxygen atom

Wh Ich enebis(2-methyl-6-t-butyiphenol), 4,4"-thiobis(2-methyl-6-t-butyiphenol), 2,5-di-t-amylhydroquinone, 4,4'-
butylidenebis(2-methyl-6-t-butylphenol) or the like.
Typical examples of the phosphite compounds of the formula (1) or (Il) used in the hydroformylation process of the
present invention are illustrated in the following. In this case, it is preferable for dbtaining a high stability that when A'
or A2 has an aromatic hydrocarbon ring bonded with an adjacent oxygen atom, the aromatic hydrocarbon ring should
preferably have such a bulky hydrocarbon group as an isopropyl group, a t-butyl group or a t-pentyl group, on a carbon
atom adjacent to a carbon atom bonded with an oxygen atom.

(@—o%—zp-o—(@o-r—(o-@ )z = (1)
o),
(@\(}:—oﬁ;p—u‘@-u-r’-@:‘(\:@ )2 - (3)

(l{e.-@()-o -);P—O—Zéz- u—r—(u—?@;e)z - (4')
@e{@?ﬂ 9—29-0-@— o-r—(n;{i@}—u:}z - (5)

( -t@—o a; P;q@o-P{é—@#')z . (§)

ci,

%-@—u-?{o:’@-l{)z . (1)

(o0
- CHq
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‘inai respectively have a substituent; nis an integer of from2 to 4; and

~.the respective [err] group may be the sane or different 2. The

- hydrofornyl ati on process according to Caim1, wherein [err] and [err] are
-“a phenyl group having a hydrocarbon group at the ortho-position or a
[err]-naphthyl group having a hydrocarbon group at the 3-position.

-6-

(4-@—0}:;—@— cH, @::’{O—Z@-k )2~ - (8)

(@o};-c%%@}o-%u—@ )2 e (9)
(—t—@-o}:-t@- s-@sz{o—@ )2 - (10)
(@o}zp:u-:@ueo-lu@u-P{o@)z (11

(+@-u}zp-o‘ p-P{O-@-F )z - (12)
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3. The hydrofornylation process according to daim1, wherein the

hydr ocar bon group contai ned, as the substituent, in [err] and [err] is at

| east one substituent selected fromthe group consisting of an al kyl group.
an aral kyl group, an aryl group and a cycl oal kyl group. 4. The

hydr of ormyl ati on process according to Claim?1, wherein the phosphite
conpound is a this phosphite com pound haviﬁbfthe formula (I11),

Me | Me

O

Me

(@o}:-u O-P<:—Z§>+ )2 - C12)

2

O ), —(O

( @4\”}2"‘0 Q-P{o\-g@ )?

= (15)

(6\)—“’2 (O) -
( @'O}ijo | _t{o—()@ )2 | = (16)

e, —(O

(Lleé‘@O}zP-O | o-r{n—@)—uuf)z - (17)
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wherein [err] [err] and [err] are respectively a [err]-naphthyl group
havi ng a hydrocarbon group at |east at the 3-posi- tion, which may be the
same or different, and A2 is a divalent group having an aliphatic

hydr ocar bon group, a cycloaliphatic hydrocarbon group or an aromatic

hydr ocar bon group bonded with an adjacent oxygen atom which may
respectively have a substituent. 5. The hydrofornylation process according
to laim1, wherein the olefinic compound is ¥ ected fromthe group con-

- X |
(@o}zp-o o-x»{p@-h )2 - ¢23)
ol o
("'@"’}2” °"’{'° ), . e (24)
- S
(RSl ), -
e,
| .(ﬁ@o}:-o 0-p (o -@1- .)2 | | - (26)

(+o}zp-a | o-v{n )2 . = (21
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S|st|ng of an ol efinic conpound substituted with a saturated hydrocarbon
group only, an olefinic conpound substi- tuted with a hydrocarbon group
cont ai ni ng an unsaturated hydrocarbon group and an ol efi nic conpound
substituted with a functional group containing a heteroatom 6. The

hydr of or myl ati on process according to Caim1l, wherein the olefinic
conpound is selected fromthe group con- sisting of a |linear term nal

ol efinic hydrocarbon, a branched term nal ol.gfinic hydrocarbon. a |inear

internal olefinic
- 0

(@@0}% @{o“ © ), -

©
(O}ZP-G a-r{o )2 - (30) -

- (28)

G@ o b @) _

(—x—@-o};-t’r 3 :‘:t{o ')z | (32)
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hydr ocarbon, a cycloaliphatic ol efinic hydrocarbon, a branched i nternal
olefinic hydrocarbon, and a m xture thereof. 7. The hydrofornyl ation
process according to CCaiml. wherein a reaction |iquor after the reaction
Is separated into a reaction product and a catalyst liquor by distillation,
and the catal yst liquor separated by distillation is recycled into the
reaction system 8. A bisphosphite conpound having the forrmula (11),

-11-
Bt cHi, — Cil,
(@}O}gP-O - o-r{o—@-a- )2 ~ - (33)
CHy — CH,
ci, énz

(+<§Z-o}:-!1' ('J-P{u—@ )z - "-°I.<34)

c«E Cllz-_D;P<0—@+ )2 ]4 3 - (35) |
c{ caz-_o-P{n )2]4 o (3;6)
(@ er D), e

(+@-o}:-8ﬁ-r{d—@n—)z - aw
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[err] wherein [err], [err] and [err] are respectively a [err]-naphthyl
group having a hydrocarbon group at |least at the 3-posi- tion, which may be
the sane or different and A2 is a dival ent group having an aliphatic

hydr ocar bon group, a cycl oaliphatic hydrocarbon group or an aromatic

hydr ocar bon group bonded with an adjacent oxygen atom which may
respectively have a substituent

-12-

rrfo-O)+ ),
v {o-O),

Rl

("'@' }" - "‘(“‘@) .' - (40)

ot

e Do),

(@— 0 9; P-ﬂ«@- 0- f—(o—@-l- )z - (42.)

H ©
(ueo—@- )—P 0 o0- P{o-@+ ) (43)

= (39
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9.. The bi sphosphite conpound according to Claim8, wherein A2 in the
formula (11) is a -Ar- or -Ar-B-Ar-group wherein Ar is an aryl ene group and
Bis aferr] -0-, -S, or -CO group (wherein [err] and [err] are
respectively a group selected fromthe group consisting of a hydrogen.
atom an al kyl group an aryl group, an aryl al kyl group, an al kylaryl group
and a cycl oal kyl group). 10. The bi sphosphite conpound according to Claim
9, wherein Ar is a phenyl ene group, a bi phegyé_ene group or a

'.c'uzl-_-
(+@o}zp-p - a-r{o—@- t:mme)2 e (44)

(‘*‘@‘0};'0@0-?{0—@- Qe )z - (45)

@/ \0
+@—o\%’fﬂz.€/o-@- OMe e
OSSR X
PN
+@-o\ -?flz :I;i-l.zp /O—Z@-t- e
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PZ AN

CHy -
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O
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‘é ) e (93)
SN
0 P—(IJ 2 :IJ:H—ZP 0 . (94
(BT B, -
(lme
/ cu/g\cﬂ \[
04 p~0 2 ('1—21' 0 e (95)
(+ } \ )
?Cﬂue
/ o\ cu/ﬁ\cu
Lot L ) -
(+ /},- ' \ /= -

In the above chemical structural formulas,

+ is a tertiary butyl group;
Y is an isopropyl group;
is a tertiary amyl group;
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Me is a methyl group: and -26-
Et is an ethyl group.

An olefinic compound used in the preparation of aidehydes in accordance with the present invention is not specially
jmited so long as it has at least one olefinic double bond in the molecule, examplas of which include an olefinic com-

pound substituted with a saturated hydrocarbon group only, an olefinic compound substituted with a hydracarbon group
containing an unsaturated hydrocarbon group, an olefinic compound substituted with a functional group containing a
heteroatom, and the like. _ '

Examples of the olefinic compound substituted with a saturated hydrocarbon group only, include linear terminal
olefinic hydrocarbons such as ethylene, propylene, 1-butens, 1,3-butadiene, 1-pentene, 1-hexene, 1-octene, 1-nonene,
1-decene, 1-dedecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene and 1-dococene; branched terminal
olefinic hydrocarbons such as isobutene and 2-methyl-1-butene:; linear internal olefinic hydracarbons such as cis- and
trans-2-butene, cis- and - trans-2-hexene, cis- and -trans-3-hexene, cis- and trans-2-octene and cis- and trans-3-
octene: branched internal olefinic hydrocarbons such as 2,3-dimethyl-2-butene, 2-methyl-2-butene and 2-methyl-2-
pentene; terminal olefinic hydrocarbon-internal olefinic hydrocarbon mixtures such as octenes prepared by dimerization
of butenes, olefin oligomer isomer mixtures of from dimer to tetramer of lower olefins including propylene, n-butene, iso-
butene or the like; and cycloaliphatic olefinic hydrocarbons such as cyclopentene, cyclohexene, 1-methylcyclohexene,
cyclooctene and limonene. :

Examples of the clefinic compound substituted with a hydrocarbon group containing an unsaturated hydrocarbon
group include olefinic compounds cantaining an aromatic substituent such as styrene, a~-methylstyrene and allylben-
zene; and diene compounds such as 1,5-hexadiene, 1,7-octadiene and norbornadiene.

Examples of the olefinic compound substituted with a functional group containing a heteroatom include vinyl methyl
ether, methyl oleate, allyl alcohol, oleyl alcohol, 3-methyl-3-butene-1-0l, 3-hydroxy-1,7-octadiene, 1-hydroxy-2,7-octadi-
ene, 1-methoxy-2,7-octadiene, 7-octene-1-al, hexa-1-en-4-ol, acrylonitrile, acrylic acid esters such as methylacrylate,
methacrylic acid esters such as methylmethacrylate, vinyl acetate and 1-acetoxy-2,7-octadiene.

The amount of the phosphite compound of the present invention is not specially limited, but is optionally selected
so that favorable results can be obtained in respect or catalyst activity and selectivity. Generally, the phosphite com-
pound of the present invention is used in an amount of from about 0.5 to 500 mols, preferably from 1 to 100 mols per
gram atom of Group VIil metal.

The phosphite compound of the present invention is preferably used by previously forming a complex with a Group
VI metal compound. The Group VIl metal complex can be easily prepared from the phosphite compounds and the
Group VIl compounds such as hydrides, halides, organic acid salts, inorgani¢ acid salts, oxides, carbonyl compounds
and amine compounds, in accordance with a known complex-forming methad. Also, the complex may be formed in situ
by charging the Group Vil metal compounds and the phosphite compounds into the hydroformylation reaction zone.

. Examples of the Group VIl metal compounds include ruthenium compounds such as Rug(CO)y, Ru(NOs)s,
RuCly(PhaP); and Ru(acac)s; palladium compounds such as PdCla, Pd(OAc),, Pd{acac);, PdCL{COD) and
PdCIa(Ph3P)s; osmium compounds such as Os3(CO)42 and OsCly; iridium compounds such as Irg(CO)4z and IrSQ,;
platinum compounds such as KpPtCly, PiCl(PhCN), and Na,PtClg -6H,0; cobalt compounds such as CoCl,,
Co(NQOg)a. Co(QAc); and Co(CO)g: and rhodium compounds such as RhCl, Rh(NOj3)s, Rh(OAc);, Rhy0,,
Rh(acac)CO)z. [Rh(OACHCOD)],, Rhe(CO)1a. Rhg(CONg, RHH(COXPhaP)s. [Rh(OAC)(CQ)qlz and [RhCI(COD)},
(wherein "acac” is an acetylacetonate group; “Ac" is an acetyl group; "COD" is 1 .S-cyclooctadiene; and "Ph” is a phenyl
group). However, it should be noted that the Group Vil metal compounds are not necessarily limited to the above listed
compounds.

The amount of a Group VIl metal compound used is not specially limited, but is optionally selected so that favora-
ble results can be obtained in respect of catalyst activity and economy. Generally, it is used at a cancentration of from
0.05 mg to 5 g, preferably from 0.5 mg to 1 g (on the basis of metal atom) per litter of an olefinic compound in the hydro-
formylation reaction zone. . i .

In the hydroformylation reaction of the present invention, the use of a reaction solvent is not essential, but a solvent
inert to the hydroformylation reaction may be present. Suitable examples of the solvent include aromatic hydrocarbon
compounds such as benzene, toluene, xylene and dodecylbenzene; ketones such as acetone, diethylketone and meth-
ylethylketone; ethers such as tetrahydrofuran and dioxane; and esters such as ethyl acetate and di-n-octyl phthalate. A
mixture of the solvents may also be used. It is also possible to use an excess amount of the starting olefinic compound
as a solvent. ' '

The reaction conditions to conduct the hydroformylation process of the present invention are the same as those
used in the conventional process. For example, the reaction temperature is from room temperatura to 200°C, preferably
from 50 to 150°C, and the reaction pressure is from normal pressure to 200 atms, preferably from 5 to 100 atms, more
preferably from 5 to 50 atms. The mol ratio of hydrogen and carbon oxide (Ho/CO) is generally from 10/1 to 1/1G, pref-
erably from 1/1 to 6/1, : . . '
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Examples of the reaction system of the hydroformylation reaction include a continuous type, semi-
or batch type operation using a stirring type reaction tank or a bubble tower type reaction tank,

Anather feature of the present invention resides in that sinca the phosphite compound of the present invention can
be stably present after the hydroformylation reaction, the catalyst component containing the phosphite compound and
the hydroformylated product are separated by a known method and a part or the whola part of the catalyst component
¢an be reused by recycling into the hydroformylation reaction zane. .

As mentioned above, according to the present invention, the hydroformylation reaction activity and the selectivity
of the aimed product can be highly improved by getting the phosphite compound together with the Group VIit metal cat-
alyst present in the hydroformylation reaction. Furthermore, since the phasphite compound is favorably stable, the cat-
alyst containing the phosphite compound recovered by a known method can be reused in the hydroformylation reaction,
thus providing a great industrial merit,

Now, the present invention will be described in further detail with the referenca to Examples.

continuous type

EXAMPLE 1

90 m¢ of 1-octene, 10 m¢ of toluene (gas chromatography internal standard), 2.6 mg of Rh(acac) (CO), and 25
mols of the above mentioned Phosphite Compound No. 14 per mol of rhodium atom (P/Rh = 50) were charged inthe
atmosphere of argon into a stainless steel made up-and-dewn-stirring type autoclave having an internal volume of 200
m¢, and the autoclave was sealed. The autoclave was purged with nitrogen gas (2.94 « 10° Pa (30 kg/cm? - G)) three
times, and the temperature was raised to 120°C under nitrogen gas (0 Pa (0 kg/cm? « G)). Immediately after the tem-
perature reached 120°C, water gas (Ho/CO = 1) was charged therein under pressure to a level of 4.90 - 10° Pa (50
kg/em? « G} to initiate reaction and the reaction was continued for 4 hours. The water gas consumed during the reaction
was supplied from a pressurized chamber through a secondary pressure regulator, and the reaction pressure was con-
stantly maintained at 4.90 - 10° Pa (50 kg/cm? - G).

After the reaction, the autoclave was cooled to room temperature. and the reaction liquor was taken out under
argon atmosphere. A part of the reaction liquor was subjected to gas chromatography analysis (column: CBP1 Capirary
0.25@ x 50 m manufactured by Shimazu Seisakusho K.K.) to measure the concentration of the product. The resuits are
shown in Table 1. _ ' ' .

The reaction liquor was further subjected to 3'P-nmr measurement (JEOL JNM-FX100), and as this resuit, a signal
of a free phosphite compound was cbserved at chemical shift value 5 = 129.9 ppm under HyPO, standard, but other
oxides and decomposed materials of the phosphite were not detected.

COMPARATIVE EXAMPLE 1

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 1, except that the
phosphite compound (llf) having the following structure was used in place of Phosphite Compound No. 14. The reaction
results are shown in Table 1.

+/€—.:2<|/\_0\<§>—C32—<‘_O’)/0_2B‘
P-0 0-—-°p
+@—o/.. . \,_o O

X

(III)

EXAMPLES 2 TO 4

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 1, except that each of
Phosphite Compounds Nos. 33, 37 and 39 was used in place of phosphite Compound No. 14. The reaction results are
shown in Table 1. According to the 3'P-nmr analysis of the reaction fiquor, oxides and decomposed products of the
phosphite were not detected.
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EXAMPLE 5

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 1, except that Phos-
phite Compound No. 12 was used in placa of Phosphita Compound No. 14 and 26.0 mg of Rh(acac)(CQ), was used at
P/Rh mol ratio of 8, and that the reaction was continued for 7 hours. The reaction results are shown in Table 1. Accord-
ing to the 3'P-nmr analysis of the reaction liquor taken aut after the reaction, decompased materials of the phosphite

compound werae not detected.

EXAMPLE 6

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 5, except that Phos-
phite Compound No. 35 was used in place of Phosphite Compound No. 12. The reaction results are shown in Table 1.

‘Even after the reaction, the phosphite compound was stably present.
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CgAMPLE 7

The hydraformylation reaction was conducted far S hours in the same manner as in Exampla 5, except that Phos-

nite Compound No. 2 was used at P/Rh mol ratio of 10 in place of Phosphite Compound No. 12 and that an octens

ymixture of dimerized butene was used as the olefin starting material. After the reaction, the octene conversion was 89.0

mol% and the aldehyde yield was 88.4 molst. According to the 3'P-nmr analysis of the reaction tiquor, decomposed
materials of the phosphite compound were not detected and the phosphite compound was stably present.

EXAMPLE 8

55 m¢ of methaxylene, § m£ of toluene, 15.0 mg of Rh(acac)(CO), and S mols of the above mentioned Phosphite
Compound No. 12 per mol of rhodium atom (P/Rh mol ratio = 10) were charged under argon atmosphere into a stain-
less steel made up-and-down-stirring type autoclave having an internal volume of 200 m{, and the autoclave was
sealed. The autoclave was purged with nitrogen gas (2.94 « 10° Pa (30 kg/cm® < G)) three times. After the pressure of
the nitrogen gas was restored to 0 Pa (0 kg/em? - G), 16.0 g of liquefied 1-butene was charged under pressure. There-
after, the hydroformylation reaction of 1-butene was conducted in the same manner as in Example 1 under the condi-
tions of Hy/CO (mol ratio = 1) 4.90 « 105 Pa (50 kg/cm? « G) and temperature 120°C. After the reaction for 8 hours, the
butene conversion was 0.8 moi% and the aldehyde yield was 90.0 moi%, and the n/i aldehyde preduction ratio was
20.3. Decomposed by-products of the phosphite compound were not detected irom the reaction liquor,

EXAMPLE 9

The hydroformylation reaction of 1-butene was conducted in the same manner as in Example 8, except that Phos-
phite Compound No. 14 was used in place of Phosphite Compaund No. 12 and that the amount of Rh(acac)(CO), was
made 1.5 mg and the P/Rh mol ratio was made 50. Atter the reaction for 6 hours, the butene conversion was 98.0 mol%
and the aldehyde yield was 97.3 mol%, and the n/i aldehyde production ratio was 7.0. The phcsphnte compound was
stably present even after used in the reaction.

EXAMPLE 10 (Synthesis of Phosphite Compound)

About 50 m{ of toluene solution having 15.38 g (0.06 mol) of 3,6-di-t-butyi-2-naphthol and 6.07 g (0.06 mol) of tri-
ethylamine dissolved, was dropwise added at room temperature for about 0.5 hour under stirring into about 50 m£ of a
PCl3 toluene solution having 4.11 g (0.03 mol) of phosphorus trichloride dissolved. After the dropwise addition, the
resultant mixture was stirred further for one hour. To the reaction liquor containing the phosphorochioridite intermediate
thus abtained, was dropwise added about 50 m£ of a toluene solution having 2.79 g (0.015 maol) of 2,2™-biphenyldiol and
3.04 g (0.03 mol) of triethylamine dissolved at room temperature for about 0.5 hour under stirring. After the dropwise
addition, the stirring was further continued, and the completion of the reaction was recognized by 3'P-nmr analysis.
Thereafter, about 100 mZ of distilied water was added to dissolve a by-produced sofid triethyl amine hydrochloride pre-
cipitate, and the resultant solution was settled to separate the organic phase and the aqueous phase. The aqueous
phase was further extracted twice with 50 m¢ of toluene, and the extracted liquor was mixed with the organic phase.

- The resultant mixture was dried with anhydrous magnesium sulfate overnight. After removing the magnesium sulfate by
a 0.2 u milfiporefilter, the resultant mixture was concentrated by vacuum distillation to obtain a residue. Thereatter, the
residue was recrystailized with toluene/acetonitrile (1/20 volume ratio) to obtain a white powdery solid blsphosphate
compound (the above mentioned Phosphite Compound No. 58).

In the same manner as above, the above mentioned Bisphosphite Compounds Nos. 53, 55, 56, 59, 68 and 69 were
respectively prepared by using 3,6-di-t-butyl-2-naphthol and the corresponding divalent phenol compounds.

~ The chemical structures of the bisphosphite compounds thus obtained were analyzed by phosphorus-31 nuclear
magnetic resonance spectrum method (JEOL JNM-FX100), elemental analysis method and SIMS mass analysis
methed (M-2000A manufactured by Hitachi Seisakusho K.K)). The analytical data are shown in Table 2.
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Table 2
| Bisphosphite | 3'P-NMR data *1 Elemental analysis - SIMS mass spectrum
compound No. chemical shift T molecular ion mass
1 value {ppm)
C H P s
(58) 128.0 Calculated value | 79.59 { 795 | 489 | - 1268 [M+]
Analytical value 7929 1 8.05 | 475} -
{68} - 120.2 Calculated value | 7966 | 8.02 | 483 | - 1281 {M+]
Analytical value 7920 | 831 | 467 | -
(59) 127.2 Calculated value | 7862 [ 812 | 520 | - | 1191 (M4]
Analytical value 7860 | 8.06 | 517 | -
{69) 128.9 Calculated value | 79.32 | 7.96 | 499 | - 1242 [M+]
Analytical value | 79.11 | 7.90 | 5.03 | - '
(53) 128.8 Calculated value | 7923 | 866 | 4.75 | - 1304 [M+]
Analytical value | 79.08 | 8.75 | 471 | -
(56) 130.1 Calculated value | 79.36 | 8.78 | 465 | - 1332 [M+]
Analytical value 7800 | 8.88 | 469 ] -
(55) 128.3 Calculated value | 78.41 | 8.40 | 4.30 | 2.23 1440 (M+]
| Analytical value | 78.72 | 8.59 | 4.31 | 2.23

*1: ppm to HaPOy

EXAMPLE 11

80 m¢ of 1-octene, 10 m¢ of toluene {gas chromatography internal standard), 26.0 mg of Rh(acac) {(CO)p and 4
mols of the above mentioned Bisphosphite Compound No. 58 per mol of rhodium atom (P/Rh = 8 equivalent) were
charged in the atmosphere of argon into a stainless steel made up and down-stirring type autoclave having an internal
volume of 200 m¢, and the autoclave was sealed. The autoclave was purged with nitrogen gas (1.96 - 10% Pa (20
kg/cm? - G)) three times, and the temperature was raised to 120°C under nitrogen gas (0 Pa (0 kg/cm? - G)). Immedi-
ately after the temperature reached 120°C, water gas (Hy/CO = 1) was charged therein under pressure to a level of
4.90 - 10° Pa (50 ka/cm? - G) to initiate reaction and the reaction was continued for 6 hours. The water gas consumed
during the reaction was supplied from a pressurized chamber through a secondary pressure regulator, and the reaction
pressure was constantly maintained at 4.90 - 10° Pa (50 kg/cm? « G). After the reaction, the reaction liquor was taken
out under argon atmosphere, and a part of the reaction liguor was subjected to gas chromatography analysis (column:
Thermon-3000 Capirary 0.252 x 50 m) to measure the concentration of the product. The octene conversion was 82.9
mol% and the aldehyde yield was 81.7 mol%, and the i aldehyde production ratio was 23.3. The reaction liquor was
further subjected to #p.amr analysis, but oxides and decomposed materials of the phosphite were not detected.

EXAMPLE 12
The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 11, except that
Bisphosphite Compound No. 68 was used in place of Bisphosphite Compound No. 58 and 2.60 mg of Rh{acac){(CO),

was used at P/Rh mol ratio of 50. The octene conversion was 90.0 moi% and the aldehyde yield was 89.6 moi%, and
the n/i aldehyde production ratio was 9.0. Decomposed materials of the phosphite compound were not detected.
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EXAMPLE 13

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 12, except that
Bisphosphite Compound No. 59 was used in placa of Bisphosphite Compound No. 68. The octene conversion was 90.0
moal% and the aldehyde yield was 89.6 mol%. and the n/i aldehyde production ratio was 13.0. Decomposed materials
of the phosphite compound were not detected.

EXAMPLE 14

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 12, axcept that
Bisphosphite Compound No. 69 was used in place of Bisphosphite Compound No. 68. The octene conversion was 89.0
mol% and the aidehyde yield was 88.3 mol%, and the n/i aldehyde production ratio was 15.7.

EXAMPLE 15

90 m# of an-octens mixture of dimerized butene, 10 m£ of m-xylene (internal standard), 24.6 mg of Rh(acac)(CO),
and 5 mols of the above mentioned Phosphite Compound No. 53 per mol of rhedium atom (P/Rh mol ratio = 10 equiv-
alent) were charged under argon atmasphere into a stainless steel made up and down-stirring type autocfave having
an internal volume of 200 mZ. Thereafter, the hydroformylation reaction of the mixed octene was conducted in the same
manner as in Example 11 under the conditions of Hy/CO (mol ratic = 1) 4.90 - 10°% Pa (50 kg/cm? » G)and temperature
130°C. Atter the reaction for S hours, the octene conversion was 91.8 mol% and the aldehyde yield was 0.9 moi%.
According to the 3'P-nmr analysis of the reaction liquor, decomposed products of the phosphite compound were not
detected. -

EXAMPLE 16

The hydroformylation reaction of the mixed octene was repeated in the same manner as in Example 15, except that
Bisphosphite Compound No. 56 was used in place of Bisphosphite Compound No. 53. After the reaction for § hours,
the octene conversion was 88.8 mol% and the aldehyde yield was 87.6 moli%. Even aiter the reaction, the bisphosphite
compound was stably present.

EXAMPLE 17

The hydroformyiation reaction of the mixed octene was repeated in the same manner as in Example 15, except that
Bisphosphite Compound No. 55 was used in place of Bisphosphite Compound No. 53. After the reaction for 5 hours,
the octene conversion was 91.4 mol% and the aldehyde yield was 50.3 moi%. Even after the reaction, the bisphosphite
compound was stably present. '

EXAMPLE 18

‘55 m£ of mathaxylene, S m¢ of toluens, 15.0 mg of Rh{acac){CO), and 5 mols of the above mentioned Phosphite
Compound No. 58 per mol of rhodium atom (P/Rh mol ratic = 10 equivalent) were charged under argon atmosphere
into a stainless steel made up and down-stirring type autoclave having an internal volume of 200 m¢, and the autoclave
was sealed. The autoclave was purged with nitrogen gas (1.96 - 10° Pa (20 kg/cm?® « G)) three times. ‘After the pressure
of the nitrogen gas was restored to 0 Pa (0 kg/om? « G), 15.9 g of 1-butene was charged under pressure. Thereafter, the
hydroformylation reaction of 1-butene was conducted in the same manner as in Example 11 under the conditions of
Ha/CO (mol ratio = 1) 4.90 - 10°% Pa (50 kg/em? - G) and temperature 120°C. After the reaction for 7 hours, the butene
conversion was 89.3 moi% and the n/i aldehyde production ratio was 18.9. According to the 31p.nmr analysis of the
reaction liquor, oxides and decomposed products of the bisphosphite compound were not detected from the reaction
liquor. '

EXAMPLE 19

The hydroformylation reaction of 1-butene was repeated in the same manner as in Example 18, except that
Bisphosphite Compound No. 68 was used in place of Bisphosphite Compound No. 58 and 1.5 mg of Rh{acac)(CQ);
was used. After the reaction for 6 hours, the butene conversion was 99.9 mol% and the n/i aldehyde production watio
was 6.8. Decomposed by-products of the bisphosphite compound were not detected from the reaction liquor.
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EXAMPLE 20

The hydroformylation reaction of 1-octene was repeated in the same manner as in Example 12, except that 1,7-
octadiene was used in place of 1-octene and P/Rh mol ratio was made 100. After the reaction for S hours, the octadiens
conversion was 99.0 mol% and the diformylated product (decanedial) yield was 80.0 mol%, and the n-form selectivity
among the diformylated praduct was 80.6 mai%.

COMPARATIVE EXAMPLE 2

90 m¢ of 1-octene, 10 m¢ of toluene (gas chromatography internal standard), 2.5 mg of Rh{acac) (CO); and 10
mols of the phosphite compaund having the following structure per mol of rhodium atom were charged in the atmos-
phere of nitrogen into a stainless steel made up and down-sfirring type autoclave having an internal volume of 200 me.
The autoclave was purged with nitrogen gas (2.94«10° Pa (30 kg/cm? - G)) three times, and the temperature was
raised to 120°C under stirring after the internal pressure was restored to 0 Pa (0 kg/cm? « G). Immediately after the tem-
perature reached 120°C, water gas (H,/CO = 1) was charged therein under pressure to a level of 4.90 - 10° Pa (50
kg/cm? « G) from a pressurized chamber having an internal volume of 200 m¢ through a secondary pressure regulator
to initiate reaction and the reaction was continued for 5 hours. The internal pressure was constantly maintained at
4.90 - 10°% Pa (50 kg/cm? « G) during the reaction.

After the reaction, the autoclave was ccoled to room temperature and was purged to normal pressure, and the
reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis (col-
umn: C-BP1 Capirary Column 0.25@ x 50 m manufactured by Shimazu Seisakusho K.K.) to measure the concentration
of the product. As this resuit, the octene conversion was 30.3 mol% and the Cq aldehyde yield was 29.6 moi%, and the
nfi Cq aldehyde production ratio was 2.2.

M
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EXAMPLE 21

- 90 m¢ of 1-tetradecene ("Dialene 14" Registered Trademark of Mifsubishi Kasei Corporation), 10 m¢ of toluene
{gas chromatography internal standard), 2.5 mg of Rh(acac) {(CO), and S0 mols of Phosphite Compound No. 68 per
mol of rhodium atom were charged in the atmosphere of nitrogen into a stainless steel made up and down-stirring type
autoclave having an internal volume of 200 m¢. The autaclave was purged with nitrogen gas (2.94 - 10° Pa (30
kg/em? - G)) three hmes. and the temperature was raised to 120°C under stirring after the internal pressure was
restored to 0 Pa (0 kg/cm? « G). Immediately after the temperature reached 120°C, water gas (H2/CO = 1) was charged
therein under pressure to a level of 4.90 + 10° Pa (50 kg/cm? « G) from a pressurized chamber having an internal volume
of 200 m{ through a secondary pressure regulator to initiate reaction and the reaction was continued for 5 hours. The
internal pressure was constantly maintained at 4.90 « 1 0° Pa (50 kg/em? - G) during the reaction.

After the reaction, the autoclave was cooled to room temperature and was purged to normal pressure, and the
reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis {col-
umn: Thermon-3000 Capirary Column 0.25@ x S0 m manufactured by Shimazu Seisakusho K.K.) to measure the con-
centration of the product. As this result, the tetradecena convarsion was 89.5 mol% and the C,5 aldehyde yield was
89.0 moi%. and the nfi C,5 aldehyde production ratio was 9.0.

Thereafter, the reaction liquor was distilled under reduced pressure to separate the produced aldehyde. To the
remaining liquor obtained after the distillation, were added 90 m¢ of the above 1-tetradecene and 10 m¢ of toluene, and
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the reaction was conducted at 120°C for 5 hours under a pressure of 4.90 « 10 Pa (50 kglem? « G) in the same manner
as in the first time reaction. As this resuits, the tetradecena conversion was 89.5 mol% and the Cs aldehyde yield was
88.7 mol%. and the n/i C,5 aldehyde production ratio was 9.0. Thus, as compared with the flrst time reaction, the activity
of tha catalyst was not detenorated even after recycled and reused

EXAMPLE 22

90 m¢ of 1-octens, 10 m¢ of toluene (gas chromatography internal standard), 2.5 mg of Rhiacac) (CO), and 50
mols of Phosphite Compound No. 14 per mol of rhodium atom were charged in the atmasphere of nitrogen into a stain-
less steel made up and down-stirring type autoclave having an interrial volume of 200 mZ. The autoclave was purged
with nitrogen gas (2.94 +10° Pa (30 kg/cm? - G)) three times, and the temperature was raised to 120°C under stirring
after the internal pressure was restored to 0 Pa (0 kg/em? « G). Immediately after the temperature reached 120°C, water
gas (Ha/CO = 1) was charged therein under pressure to a level of 4.90 - 10% Pa (50 kg/cm? + G} from a pressurized
chamber having an internal volume of 200 m¢ through a secondary pressure regulator to initiate reaction and the reac-
tion was continued for 6 hours. The internal pressure was constantly maintained at 4.90 ¢ - 108 Pa (50 kglcm « Q) during
the reaction.

After the reaction, the autoclave was cooled to room temperature and was purged to normal pressure, and the
reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis (col-
umn: C-BP1 Capirary Column 0.25@ x 50 m manufactured by Shimazu Seisakusho K.K.) to measurathe concentration
ot the product. As this result, the octene conversion was 88.0 mol% and the Cg aldehyde yield was 87.0 mol%, and the
nfi Cg aldehyde produgtion ratio was 10.8.

Thereafter, the reaction liquor was distilled under reduced pressure to separate the produced aldehyde. To the '
remaining liquor obtained after the distillation, were added 90 m¢ of the above 1-octene and 10 m of toluene, and the
reaction was conducted at 120°C for 6 hours under a pressure of 4.90 - 10 Pa (50 ka/cm? - G) in the same manner as
in the first ime reaction. As this resuits, the octene conversion was 89.0 moi% and the Cg aldehyde yield was -88.5
mol%, and the n/i Cy aldehyde production ratio was 10.8. Thus, as compared with the first time reaction, the activity of -
the catalyst was not deteriorated even after racycled and reused.

As mentioned above, according to the present invention, since the hydroformylation reaction activity and the sel.ec-
tivity of the aimed product can be highly improved by getting the phosphite compound present in the hydroformylation
reaction, the hydroformylation reaction can be industrially favorably conducted.

Ciaims

1. A hydroformylation process for preparing a hydroformylated product by reacting an olefinic comum V\{iih hydro-
- gen and carbon monoxide in the presence of a Group Vil metal catalyst, in the reaction of which there is present
a phosphite compound having the_ formula (1),

AYfO-P(OR'Y(ORY), ()

wherein R! and R2 are respectively an aromatic hydrocarbon group which may be the same or different and the
aromatic hydrocarbon group has at least a hydrocarbon group on a carbon atom adjacent to a carbon atom bonded
with an oxygen atom as a substituent; A' is an n-valent organic group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom, which
may respectively have a substituent; n is an integer of from 2 to 4; and the respective

fO-P(OR')(OR?)]
group may be the same or different.

2. The hydroformylation process according to Claim 1, wherein R and R? are a phenyl group having a hydrocarbon
group at the ortho-position or a f-naphthyl group having a hydracarbon group at the 3-position.

3. The hydroformylation process according to Claim 1, wherein the hydrocarbon group contained, as the substituent,
in R' and R2is at least one substituent selected from the group consisting of an alkyl group, an aralkyl group, an
aryl group and a cycloalkyl group.

4. The hydroformylation process according ta Claim 1, wherein the phosphite compound is a this phosphite com-
pound having the formula (1),
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the redction was conducted at 120°C for 5 hours under a pressure of 4.90 108 Pa (50 kg/cm? « G) in the same manner
as in the first time reaction. As this resuits, the tetradecane conversion was 89.5 mai% and the C, aldehyde yield was
88.7 mol%, and the nfi C,5 aldehyde production ratio was 9.0. Thus, as compared with the first time reaction, the activity
of the catalyst was not deteriorated even after recycled and reused. :

EXAMPLE 22

90 mZ of 1-octene, 10 m¢ of toluene (gas chromatography internal standard), 2.5 mg of Rh{acac) (CO), and 50

mols of Phasphite Campound No. 14 per mol of thodium atom were charged in the atmosphere of nitrogen into a stain-

1 less steel made up and down-stirring type autoclave having an interrial valume of 200 mé. The autoclave was purged
with ritrogen gas (2.94 - 10° Pa (30 kg/cm? - G)) three times, and the temperature was raised to 120°C under stirring
after the internal pressure was restored to 0 Pa (0 kg/cm? « G). Immediately after the temperature reached 120°C, water
gas (Ha/CO = 1) was charged therein under pressure to a level of 4.90 - 10% Pa (50 kg/cm? - G) from a pressurized
chamber having an interna volume of 200 mZ through a secondary pressure regulator to initiate reaction and the reac-
tion was continued for 6 hours. The internal pressure was canstantly maintained at 4.90 - 10° Pa (50 kg/cm? *G) during
the reaction. . _—

After the reaction, the autoclave was cooled to room temperature and was purged to normal pressure, and the -
reaction liquor was taken out. A minor amount of the reaction liquor was subjected to gas chromatography analysis (col-
umn: C-BP1 Capirary Column 0.25@ x 50 m manufactured by Shimazu Seisakusho K.K.) to measure the concentration
of the product. As this result, the cctene conversion was 88.0 moi% and the Cq aldehyde yield was 87.0 mol%, and the
n/i Cy aldehyde production ratio was 10.8.

Thereatter, the reaction liquor was distilled under reduced pressure to separate the produced aldehyde, To the
remaining fiquor obtained after the distillation, were added 90 m¢ of the above 1-octene and 10 m{ of toluene, and the
reaction was conducted at 120°C for 6 hours under a pressure of 4.90 - 108 Pa (50 kg/cm? « G) in the same manner as
in the first time reaction. As this results, the octene conversion was 89.0 mol% and the Cq aldehyde yieid was 88.5
moi%, and the n/fi Cy aidehyde production ratio was 10.8. Thus, as compared with the first time reaction, the activity of
the catalyst was not deteriorated even after racycled and reused.

As mentioned above, according to the present invention, since the hydroformylation reaction activity and the sele¢-
tivity of the aimed product can be highly improved by getting the phosphite compound present in the hydroformylation
reaction, the hydroformylation reaction can be industrially favorably conducted. ’

Claims .

1. A hydroformylation process for preparing a hydroformylated product by reacting an olefinic corppound wnh hydro-
- gen and carbon monoxide in the presence of a Group Vit metal catalyst, in the reaction of which there is pr esent
a phosphite compound having the formula (1), ' '

A'{O-P(OR'YOR3)], ' ()

whersin R! and R? are respectively an aromatic hydrocarbon group which may be the same or different and the
aromatic hydrocarbon group has at least a hydrocarbon group on a carbon atom adjacent to a carbon atom bonded
with an oxygen atom as a substituent; A' is an n-valent organic group having an aliphatic hydrocarbon graup, &
cycloaliphatic hydrocarbon graup or an aromatic hydracarbon graup banded with an adjacent.oxygen atom, which
may respectively have a substituent; n is an integer of from 2 to 4; and the respective .

. o [O-P(OR")(OR%)]
group may be the same or different.

2. The hydroformylation process according to Claim 1, wherein R! and R2 are a phenyl group having a hydrocarbon
group at the ortho-pasition or a -naphthyl group having a hydracarbon group at the 3-position.

3. The hydroformylation process according to Claim 1, wherein the hydrocarbon group cantained, as the substituent,
in R! and R? is at least one substituent selected from the group consisting of an alkyl group, an aralkyl graup, an
aryl group and a cycloalkyl group.

4. The hydraformylation process accarding to Claim 1, wherein the phosphite compound is a this phosphite com-
pound having the formula (1),

Thig is the 'repla'oément sheet
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R3-0 ~ 0-RS
7 -
P-0~A2-0-p (II)
- RrY%-0 0-RS

wherein R, R%, RS and RS are respectively a p-naphthyl group having a hydrocarbon group at least at the 3-posi-
tion, which may be the same or different, and A% is a divalent group having an aliphatic hydrocarbon group, a
cycloaliphatic hydrocarbon group or an aromatic hydrocarbon group bonded with an adjacent oxygen atom, which
may respectively have a substituent. :

The hydroformylation pracess according to Claim 1, wherein the olefinic compound is selected from the group con-
sisting of an olefinic' compound substituted with a saturated hydrocarbon group only, an ofefinic compound substi-
tuted with a hydrocarbon group containing an unsaturated hydrocarbon group and an olefinic compound
substituted with a functional group containing a heteroatom.

The hydroiormylation process according to Claim 1, wherein the olefinic compound is selected from the group con-
sisting of a linear terminal olefinic hydrocarbon, a branched terminal olefinic hydrocarbon, a linear internal olefinic
hydrocarbon, a cycloaliphatic olefinic hydrocarbon, a branched internal olefinic hydrocarbon, and a mixture thereof.

The hydroformylation process according to Claim 1, wherein a reaction liquor after the reaction is separated into a
reaction product and a catalyst liquor by distillation, and the catalyst liquor separated by distillation is recycled into
the reaction system.

A bisphosphité cémpound having the formula (If),
L, |
P-0-A2-0-P (II)

wherein R%, R4, RS and R® are respectively a B-naphthyl group having a hydrocarbon group at least at the 3-posi-
tion, which may be the same or different, and A? is a divalent group having an afiphatic hydrocarbon group, a
cycloaliphatic hydracarbon groug ar an aromatic hydrocarbon group banded with an adjacent oxygen atom, which
may respectively have a substituent.

The bisphosphite compound according to Claim 8, whergin A2 in the formula (1) is a -Ar- or -Ar-B-Ar-group wheraein
Aris an arylene group and B is a -CR®R'-, -O-, -S-, or -CO- graup (wherein R® and R'® are respectively a group
selected from the group consisting of a hydrogen atom, an alkyf group an aryl group, an arylalkyf group, an alkylaryl
group and a cyclaalkyi group).

10. The bisphosphite compound according to Claim 9, wherem Aris a phenylene group, a biphenylene group or a

naphthylene group.

Thiz is the replaosment sheet
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