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

chemicals or the like.

Background Art
[0002]

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

well-known that this method is industrially extremely valuable
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and it
1 as a
| ati on

is



r hodi um conmpound or a conbi nati on of a rhodi um conpound and a phosphorus
conpound is industrially used as a catalyst. As such a phosphorus conpound,
for exanpl e, phosphines such as tributyl phosphine, trioctyl phosphine,
tricycl ohexyl phosphi ne, triphenyl phosphite, tri(p-tolyl)phosphine, etc.
(see, for exanple, Patent Docunent 1); nonophosphites such as

tri phenyl phosphite, tri-n-butyl phosphite,

tris(2-t- QytanékH&afbﬂjﬂﬁﬁ&&ﬁﬁh@§ghlhgdeﬁ?ge (see, for exanple, Non-Patent

Docunents 1 and 2); bisphosphites such as

bis[ 3,3, 5 5 -t rdeheratyl (4, %uahl RNV D6 Fo rdny 1H B4l drr 1re_?acﬁtcnyl di phosphi te,
bis[3,3,5 5 -tetra-t butyl(l - bi phenyl )-2,2"-diyl]-
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such a phosphorus compound, for example, phosphines such as
tributylphosphinec trioctylphosphine,
tricyclohexylphosphine, triphenylphosphine,

tri(p-tolyl)phosphine, etc. (see, for example, Patent
Document 1); monophosphites such as triphenylphosphite,
tri-n-butylphosphite,
tris(2-t-butyl-4-methylphenyl)phosphite, etc¢. (see, for
example, Non-Patent Documents 1 and 2) ; bisphosphites such as
bis[3,3’,5,5’'-tetra-t-butyl(1,1’-biphenyl)-2,2’-diyl]-1,2-
ethyldiphosphite,
bis(3,3’,5,5'-tetra-t-butyl (1,1’ -biphenyl)-2,2’-diyl] -2,7,
9,9-tetramethyl -9H-xanthin-4,5-diyldiphosphite,
bis[3,3’~di-t-butyl-5,5’-dimethoxy (1,1’ -biphenyl) -2,2’-diy
1]1-2,7,9,9-tetramethyl-9H-xanthin-4,5-diyldiphosphite,
compounds represented by the formulae:

[0003]



AMO Me [ 00041 etc. (see, for exanple, Non-Patent Docunents 3 and 4 and
Patent Docunents 2 and 3) ; and the |ike have hitherto been known, and

hydr of ormyl ati on reacti ons using such a conpound have been devel oped.

[ 00051 Patent Docunent 1: JP-A-8-10624 Patent Docunent 2: JP-A-4-290551

Pat ent Docunent 3: JP-A-62-116535 Non-Patent Docunent 1: The Journal of
Organic Chemstry, 1969, Vol. 34, No. 2, pages 327,j0 330 Non-Patent
Docunent 2: Journal of the Chem cal Society, Cheni/cal Communi cati ons, 1991,
pages 1096 to 1087 p—pPocunent  3: Crganc edal [ics, 1996, Vol. 15,

84, pages 3269 tpFJ i L : wehti of nB that the
| nvention is j ‘ YO % t he
hydr of or nyl at cribed in the

[0004]
etc. (see, for example, Non-Patent Documents 3 and 4 and Patent
Documents 2 and 3) ; and the like have hitherto been known, and
hydroformylation reactions using such a compound have been
developed.
(0005]
Patent Document 1: JP-A-8-10624
Patent Document 2: JP-A-4-290551
Patent Document 3: JP-A-62-116535
Non-Patent Document 1: The Journal of Organic Chemistry,
1569, Vol. 34, No. 2, pages 327 to 330
Non-Patent Document 2: Journal of the Chemical Society,
Chemical Communications, 1991, pages 1096 to 1097
Non-Patent Document 3: Organometallics, 1996, Vol. 15,
pages 835 to 847
Non-Patent Document 4: Helvetica Chimica Acta, 2001, Vol.

84, pages 3269 to 3280
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reaction of a conpound having a carbon-carbon double bond only in a

nol ecul ar end, such as propylene, 1-octene, etc., results obtained in the
case where a non-conjugated diene also having a carbon-carbon doubl e bond
i'n other portion than the nolecular end is subjected to a hydrofornylation
reaction are not described at all. In the hydrofornylation reaction, in
case of using a non-conjugated diene, there is caused a problemof a

| oweri ng Brobkémstihat \tlsadnwentdeoruisetoe Solvandesi rabl e  hydrof ornyl ati on
of a carbon-carbon doubl e bond or occurrence of a side reaction such as

| soneri zafoooepf a carbon-carbon double bond, etc. Then, the present
inventors applied the foregoing conventional hydrofornylation reaction
using a rhodi uteweraweutthcligh dtphesrhew StiEonmMe thydeoformpiaenptgat ed

di ene such as 1-nethoxy-2, 7-octadi ene produced through, for exanple, a

tel oneri Z@éé@@iéﬂaﬁbiﬁﬁ af gHEsPHNS |dbrigdRindd s edescefbdet hanehe As a
result, nevertheless the desired product is an aldehyde in which only a

car bon- cagBpagdonh! @ochRBdtsn £ Mak@eHt afe eFdY Sa hri@bebmihAkedont here were
caused a pro%len1that t he hydrofornylation reaction to a Ccarbon-carbon

doubl e bopgd,Lp; 0 MR Litciind BAGLALE eaps&@ﬁéarsoxflaoas&ﬁawﬂa bheyso that a

| arge quantity of undesirable by-products are forned; a a probren1that

Lo ot . _ ti : { ) b bl i I |
0 and ahst nbPehPEE I, bon dipabylad S MR AR o SepllBs T SO The

end and a nol ecu I nt er'i or cannot
yield obtained in the case where a non-conjugated diene also having

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

carbon-carbon double bond in the molecular interior proceeds



of the desired al dehyde is unavoi dable. That is, as to a phosphorus conpound
to be used in a hydrofornylation reaction of a non-conjugated di ene having
a carbon-carbon double bond in an end thereof and having 6 or nore carbon
atons, there is roomfor a further inprovement in producing a desired
conpound. [0007] Thus, an object of the present invention is to provide a
bi sphosphite which in a hydrofornylation reaction of a non-conjugated diene
havi ng a metr bdri-tedebsm ttatle babamduant atyodl wude siradnid burpredpees al | y
having from®6 to 20 carbon atons, is able to sinultaneously suppress a

hydr of or meatficomedeaatdon prtablam ahbontbea rixmwnedudaltd dmondacnioheimol ecul ar
Interior and an isonerization reaction in the respective carbon-carbon
doubl e botttls capbont gativons dbablebaing Hwkjreliecullay éidandar holecaldwn doubl e
bond in a nolecular end to a hydrofornylation reaction and to keep heat

st abi | i t yimtekidreshahancee ttuppréselerisss tHatachbweydig afithatwleldc activity
hi gh; and a nethod for producing an al dehyde using such a bisphosphite and

a group 6ot cHd defided aTdenpde isSunbbangahné. solving the Problens [0008]
According to the present invention, the foregoing object can be achieved by
provi di ng: That is, as to a phosphorus compound to ke used in a
hydroformylation reaction of a non-conjugated diene having a
carbon-carbon double bond in an end thereof and having 6 or
more carbon atoms, there is room for a further improvement in
producing a desired compound.
[0007]
Thus, an object of the present invention is to provide
a bisphosphite which in a hydroformylation reaction of a
non-conjugated diene having a carbon-carbon double bond in a
molecular end, and especially having from 6 to 20 carbon atoms,
is able to simultaneously suppress a hydroformylation reaction
to a carbon-carbon double bond in the molecular interior and
an isomerization reaction in the respective carxbon-carbon
double bonds, namely to selectively subject only the
carbon-carbon double bond in a molecular end to a
hydroformylation reaction and to keep heat stability and
resistance to hydrolysis of a catalyst and catalytic activity
high; and a method for producing an aldehyde using such a

bisphosphite and a group 8 to 10 metal compound.



(1) A nmethod for producing an al dehyde conprising reacting a non-conjugated
di ene having a carbon-carbon double bond in a nolecular end and having from
6 to 20 carbon atons with a carbon nonoxi de and hydrogen in the presence of
a bi sphosphite represented by the general fornmula (1) [hereinafter referred
to as "bisphosphite (1)"]: [0009] OA ,OO0P ,p (lI) jJR a" [0010] (in the
formula, A represents an al kyl ene group which may have a substituent, a
cycl oal kyMeams (foupEalhvisly e Paxeblemssubstituent, a phenyl ene group which
may have a substituent, or a naphthylene group which may have a
substituef®00®nd R represents a hydrogen atomor an al kyl group) and a
group 8 to 10 netal conpound; (2) The nethod for produci ng an al dehyde as
set forth aboveaccor@inigntd the pledatihihientiDon £ ehp Uliierb iticesisj éetyi ng a
car bon-car bon bond double in a nol ecular and and having from 6 to 20 carbon
atons i s dan 4be haxaidiwie byl proivi@ing?, 7- oct adi ene, 1-ethoxy-2, 7-oct adi ene,
1- propoxy- 2, 7- oct adi ene,

(1) A method for producing an aldehyde comprising reacting a

non-conjugated diene having a carbon-carbon double bond in a
molecular end and having from 6 to 20 carbon atoms with a carbon
monoxide and hydrogen in the presence of a bisphosphite
represented by the general formula (I) [hereinaftexr referred
to as “bisphosphite (I)”]:

{0009]

(D

(o010]

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

a group 8 to 10 metal compound;

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



1-i sopropoxy- 2, 7- oct adi ene, 2, 7-oct adi en-1-ol , 1- acet oxy- 2, 7-oct adi ene or
1, 6-octadi ene; and (3) Such a bisphosphite (1). Advantages of the Invention
[ 0011] According to the present invention, in a hydrofornylation reaction

of a non-conjugated di ene having a

car bon-car bon doubl e bond in a nol ecul ar

end and having from 6 to 20 carbon atons, it is possible to sinmultaneously

suppr ess

a hydrofornylation reaction to a carbon-carbon double bond in

nol ecul ar innt €0 or ameéredn sahe | zsdn-conjegeitedn ididrie hesiwrtiae
car bon-carbon doubl e bonds, thereby highly selectively obtaining a desired

al dehyde. ckubdhecaithen ond doubhe in Sphedipkular(éndaind haviihgseadmi nventi on
Is extrenmely high in resistance to hydrolysis and heat stability,

catal yti ce tact o ¢hatbofadit das kent, 4i-Rebchai Bie! of RietHoxyi-2n 7-eaehioBneyer a

long period of time, and industrially stable productivity can be k
Then, theibéepbepPd] i oddadiendisef ul as | i gapiepoxiy-2natcehdishe,

hydr of ormyl ati on reaction but various reactions

metal compleXogRbhtpls (1 erlmeRles, - 7 @ Nydpogesath@leneachion

car bon-carbon bond formng reaction, etc.) or anti oxi dants of a polyner

etc. Best)MpdgSohPla GRISH 6 Ad dehe, 61%ERhEEne | 0944]

(3) Such a bisphosphite (I).

Advantages of the Invention
[0011]

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

using a homogenous noble metal complex catalyst (for example,

t he

ept .

usi ng a honogenous nobl e

a
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In the foregoing general fornula, exanples of the al kyl ene group
represented by A include, an ethylene group, a trinethylene group, a
tetramet hyl ene group, a pentanethyl ene group, groups represented by the
following formulae: [0013] O \AP \7\j:D [0014] (in the formul ae, the wavy
line represents a connection site) , etc. Exanples of the cycloal kyl ene
group represented by A include a cyclopropyl ene group, a 1, 2-cycl opentyl ene

group, aal l3rdnegeracion eneacrow, h 2eaybbnhexybeme pndupfofming
1, 3-cycl ohexyl ene group, a 1, 4-cycl ohexyl ene group, etc. Exanples of the

phenyl ener@i®tivon cpfRSENtcad it idxdidahtdeot alpdiphenyl&ne. group, a

1, 3-phenyl ene group, a 1, 4-phenylene group, etc.; and exanples of the
napht hyl ene group include a 1, 2-naphthylene group, a 1, 8-naphthyl ene group,
etc. All of them may have a substituent. Exanples of such a substituent

include apkyt GEMPSEROAIATE SRDkKel TRFEALEOnS carbon atons, - 8 such
as a nethyl group, an ethyl "gréup, an n-propyl group, an isopropyl group,

an n-buty o8i2Hp, an i sobutyl group, an s-butyl group, a t-butyl group, an
n-pentyl group, etc.; al koxyl groups having preferably from1l to 4 carbon

atoms, such aspp PRLNGELYPIUY HhSHIOX¥oPhOLR; BRafpRe8PVY GRQUP. 2N
alkylene group represented by A include, an ethylene group,
a trimethylene group, a tetramethylene group, a pentamethylene
group, groups represented by the following formulae:

[0013]

[0014]

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

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



| Sopr opoxy group, an n-butoxy group, an isobutoxy group, an s-butoxy group,
a t-butoxy group, etc.; aryl groups such as a phenyl group, a naphthyl
group, etc.; and the |like. [0015] Exanples of the al kyl group represented by
R include alkyl groups having from1l to 3 carbon atonms, such as a nethyl
group, an ethyl group, an n-propyl group, an isopropyl group, etc. [0016]
Speci fic exanples of the bisphosphite (1) include bisphosphites represented
by the fobklhohiay & aethiyd: gfdE, 7o e€hyd grolip,~af8 neprdpyAdiroup/-arl [0018] v

naJ -q dby ~-$ A [0019] 10 c | P10 ib C "0 08ro0 I I I I I [0020]
isopropyl group, an n-butyl group, an isobutyl group, an
s-butyl group, a t-butyl group, an n-pentyl group, etc.;
alkoxyl groups having preferably from 1 to 4 carbon atoms, such
as a methoxy group, an ethoxy group, an n-propoxy group, an
isopropoxy group, an n-butoxy group, an iscbutoxy group, an
s-butoxy group, a t-butoxy group, etc.; aryl groups such as
a phenyl group, a naphthyl group, etc.; and the like.
[0015]

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

[0016]
Specific examples of the bisphosphite (I) include

bisphosphites represented by the following formula:

(0017]



etc. [0021) The production nethod of the bisphosphite (1) of the present

I nvention is hereunder described. Though the production nmethod of the

bi sphosphite (I) is not particularly limted, for exanple, the follow ng
met hods are exenplified. [0022] In the case where Rl represents a hydrogen
atom by reacting a bisphenol represented by the fornmula (A-1)

[ hereinafter referred to as "bisphenol (A-1)"]: [0023] OH OH (A-1) [0024]
and a phosphorus tgihalide co und represented by the general formula:
PY'3 (Y1l represe a chlorin an iodine atom in
an inert gas etc. in the presence
of a sol vent ' to produce a

nonophosphi te referred to as
"nmonophosphite (

ot ot o0 s o

- 10 -



4 OOM(C1) [0026] (this method will be hereinafter referred to
"nmonophosphite production nethod (a)"). On the other hand, in the case
where Rl represents an al kyl group, first of all, by reacting a bisphenol
represented by the general formula (A-2) (hereinafter referred to as

"bi sphenol (A-2)-1. [00271 OHOH RL R (A 2) 12 [00281 (wherein Rl
represents an al kyl group) and a hal ogenat ed phosphite represented by the
general formula (B) erei nafter evi ated as "hal enated phosphite

(B)"]: (0029]4Y PO N (B 1in apai here such as
ni trogen, argon, n _@pﬁ qhé%;;b nally a basic
substance, it i §QSS|b$E> op diice a. ophos ) ren& ented by the

[0020]
etc.
[0021]

The production method of the bisphosphite (I) of the
present invention is hereunder described.

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

[0022]

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

[0023]

OH
O U«

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

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

- 11 -



formula (G 2) [hereinafter referred to as "nonophosphite (C2)"]: [0031] |
10 OP OMH(CG2) *R I\ RL 13 [0032] (wherein Rl represents an al kyl
group) (this method will be hereinafter referred to "nonophosphite
production nmethod (b)"). [0033] Subsequently, by [A] reacting the
nonophosphite (C-1) or nonophosphite (C2) [hereinafter often naned
generically as "nonophosphite (C)"] and a hal ogenat ed phosphite
represent aggby, tdv .genand presenta of R spheearnaid epbtiahbl eyiabedias
"hal ogenat ed phosphite (D)"] [00341 YZ-PO O A (D) [0035] (in the fornula, A
i's the sagBbasafieé| netkt alievepoaBibYe t6PIESEdice a &£himehbpRogpRitea broni ne
atom or an iodine atom

represented by the formula (C-1) [hereinafter referred to as

“monophosphite (C-1)*]:

{0025]

OH Cc-1)

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

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

[0027]

OH OH

- 12 -



in an inert gas atnosphere such as nitrogen, argon, etc. in the presence of
a solvent and optionally a basic substance (this nethod will be hereinafter
referred to as "bi sphosphite production nmethod (A)"), or [B] reacting the
nonophosphite (C) and a phosphorus trihalide conpound represented by the
general formula: PY33 (in the fornula, Y3 represents a chlorine atom a
brom ne atomor an iodine atom) in an inert gas atnosphere such as

ni trogen, [@0@83, etc. in the presence of a solvent and optionally a basic
substance to obtain a hal ogenated phosphite - 14 represented by the
general fduiekrainFR? (Fepmsswmidean allydvigabag) as "hal ogenat ed phosphite
(E)"): (0036] ,0 ~0 O,PY3 p (L) *R R-'" [0037] (this nmethod will be

her ei naf t ehd £han begdnkeed phdiiphiteshéhtesei Bt gaRe PO FZmiulaSt

hal f)"), and subsequently reacting wth a diol represented by the general
formul a (RB)(nesed it fteir aBBBECYABE Q@ sA%ha Thedndtad phokbhfeOHB)M) :(i n the
formula, Ais the sane as defined above) in an inert gas atnobsphere such as
nitrogen, [@opgaen, etc. in

(B)

[0030]

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

[0031]

(C—-2)

- 13 -~



the presence of a solvent and optionally a basic substance (this nethod
w Il be hereinafter referred to as "bi sphosphite production nethod
(B-second half)"), it is possible to produce the bisphosphite (1). (0038]
First of all, the nonophosphite production nethod (a) - is 1is described in
detail. The use anmount of the phosphorus trihalide conpound represented by
the general formula: PY13 (in the formula, Y is the sane as defined above)
i s usual | yoos2j he range of from 0.1 to 1 nole, and preferably in the range
of fromO0.2 to 0.8 noles per nole of the bisphenol (A-1). [0039] Exanples
of the baswhesebst®neepieisehteaanbalkgkdgreuphe nonophosphite production
nmet hod (a) include am nes such as trinethylamne, triethylam ne,

tri-n-but YtBOE NRethdd iwi-10®ey hawk Nfa febet Fytd S Ay "adhBRhosphite
N, N-di met hyl aniline, etc.; nitrogen--containing heterocyclic conpounds such

as pyridi peodRE€Lbh Ntk | (8li-ne, lutidine, quinoline, etc.; and the |ike.
O these, it is preferable to wuse triethylam ne or pyridine. The basic
substance[ yg)ja used singly or in conbination of two or nore thereof. In

t he case ere the basic substance is used, the use anmount of such a basic

substance is preigtaflend 1y ! B &19€eacting the monophosphite (C-1)
or monophosphite (C-2) [hereinafter often named generically
as ‘“monophosphite (C)”] and a halogenated phosphite
represented by the general formula (D) [hereinafter
abbreviated as “halogenated phosphite (D)”]:

[0034]
o
Y>—p_ A (D)
o

(0035]

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

optionally a basic substance to obtain a halogenated phosphite

- 14 -



of fromO0.3 to 3 noles per nole of the bisphenol (A-1). [0040] Exanples of
the solvent which is used in the nonophosphite production nethod (a)

i nclude saturated aliphatic hydrocarbons such as pentane, hexane, heptane,
oct ane, nonane, decane, cyclohexane, etc.; aromatic hydrocarbons such as
benzene, toluene, ethyl benzene, - 16 propyl benzene, o-xylene, mxyl ene,

p- xyl ene, o-ethyltoluene, methyltoluene, p-ethyltoluene, etc.; ethers such
as di nmet hylepreskatedet byl mnehiey| geiesal difetrmallact HE&), dihezepyplaiserer
butyl net hyl ether, t-butylnmethyl ether, dibutyl ether, tetrahydrofuran,

1, 4- di oxaakbretdatednadst hikalodenatdd tglesmhitiet (E9 “pr:ef erable to use tol uene
or tetrahydrofuran. The solvent may be used singly or in conbination of two
or nore tloesgdf. The use anopunt of such a solvent is preferably in the
range of from1l to 20 parts by nass per part by mass of the bisphenol

(A-1). (0041] The conditions in tQhe nonophosphite production nethod (a)
such as reaction tenperature, reacyon pressure, reaction tine, etc. are
not particularly limted. However_{the reaction tenperature is usually in
the range of from -20 preferably in the range of fromO to
50C. Al so,

3
o’PY 2 (E)

TN

[0037]
(this method will be hereinafter referred to as “bisphosphite
production method (B-first half)”), and subsequently reacting
with a diol represented by the general formula (F) (hereinafter
abbreviated as “diol (F)”):

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

First of all, the monophosphite production method (a)
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the reaction pressure is usually in the range of from0.05 to 3 MPa (gauge
pressure). In general, the reaction tine is preferably in the range of from
1 to 30 hours. [0042] The method for carrying out the nonophosphite
production nethod (a) is not particularly limted. For exanple, the nethod
can be carried out by adding dropw se the phosphorus trihalide conpound
represented by the general fornmula: Pyla - 17 (in the formula, Yl is the
sane as dati Adedczabbed)inodetmil bi sphenol (A-1) under atnospheric pressure at
a prescribed tenperature over fromone mnute to 10 hours in an inert gas
at nosphere suchThe nser agenntapfomtheephosphorie prébvenddeotomposnivent and
optionally a basic substance and then reacting the m xture at a prescri bed
t enper at ureptesentpdesy rilbedienieral fpRfidla: PYS (Larvee fordoykpr aducts (for
exanple, triethylam ne hydrochloride, pyridine hydrochloride, etc.) are
renoved f denthé sanecast d@fimed& tabovenf Lerusealetimonhef rage facrban as
obtained in the foregoing nethod by neans of, for exanple, filtration,

etc., theoehycobt aiolle)Jand preeklHM 1y iiANthE Ot i0FJ fRofr 002 tEnophosphite
(G1). Such a crude nonophosphite (C-1) may be provided for the

bi sphosphimbgesPpedUsbl @NofrBt i hi(fhheol( Ba-ag .described later as it is.
Alternatively, 1t is possible to obtain the nonophosphite
[0039]

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

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

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

hydrocarbons such as benzene, toluene, ethylbenzene,
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(G 1) having a higher purity by distilling off the solvent from the m xed
sol ution and subjecting the obtained residue to recrystallization or colum
chromat ography. Such a nonophosphite (C-1) may be provided for the

bi sphosphite production nethod (A) or (B) as described later. [0044] Next,
t he nonophosphite production nethod (b) is described in detail. The use
anount of the hal ogenat ed phosphite (B) is - 18 wusually in the range of
from 0. 8 propyhbémzenanc-pydeaeamycyliena, hp-xXyhere ofo-etdyltolyerenpl es per
nol e of the bisphenol (A-2). [0045] As the basic substance which can be
used in theethphophoanpd peephylitolilene pettleod ¢ters bacham dbmekbysubst ances
as those exenplified in the nonophosphite production nethod (a) are
exenpl i fi etheff ehdydmethyls ethefrer abileriyd usthex )i éipyopyd netbexpyri di ne.
The basi c substance may be used singly or in conbination of two or nore

thereof . butybeethg: wuliexr .t he-basytmevhgl anstheis, uskidbutiyile asheranount of
such a basic substance is preferably in the range of fromO0.5 to 5 noles

per nol e ektthRy®sphesv) 1(A-dioxah@Q4étc As drdiethel Yiké. t @fbehdsed in the
nonophosphi t e production
it is preferable to use toluene or tetrahydrofuran. The
solvent may be ugsed singly or in combination of two or more
thereof.

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

[0041]

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

[0042]

The method for carrying out the monophosphite production

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

method can be carried out by adding dropwise the phosphorus

trihalide compound represented by the general formula: PY'
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met hod (b), the sane solvents as those exenplified in the nonophosphite
production nethod (a) are exenplified. O these, it is preferable to use
tol uene or tetrahydrofuran. The solvent nay be used singly or in

conbi nation of two or nore thereof. The use anount of such a solvent is
preferably in the range of from1l to 20 parts by nmass per part by mass of
the bisphenol (A-2). (0047] The conditions in the nonophosphite production
net hod 19in( thes fidrmas.aneadt ilen thenpsame 1ae, debired oabeyessteethieeact i on
time, etc. are not particularly Iimted. However, the reaction tenperature
i s usual | pisphehelr {agek) oindenratlfspherik0@Tessmteprefl ar piregcirabelle range of
from0O to 80C. The reaction pressure is usually in the range of from 0. 05
to 3 Mategpagatyressuse)fromogenetimhte tte 1ochotirsnih iare imertpgekerably in
the range of fromU. S to 20 hours. [00483 The nmethod for carrying out the

nmonophosphltiespheddcsucky agretimdgen), axgbat eact itwluhd prasenicedofFor
exanple, the nethod can be carried out by addi ng dropw se one nole of the

hal ogenat adsphesphidrel cBribAalhe dHasiedf subethhephend|tHeh Zpacuidgr
at nospheric pressure at a prescribed tenperature over fromone mnute to 10

hours in &ReimBEturgnsta ppeBhei Be§ Wdhperature for a prescribed time.
[0043]

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

[0044]

Next, the monophosphite production method (b) 1is

described in detail.

The use amount of the halogenated phosphite (B) is
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as nitrogen, argon, etc. in the presence of a solvent and optionally a
basi ¢ substance and then reacting the mxture at a prescribed tenperature
for a prescribed tine. (00491 Salts forned as by-products (for exanple,
triethylam ne hydrochloride, pyridine hydrochloride, etc.) are renoved from
the reaction mxture after conpletion of the reaction as obtained in the
foregoi ng method by neans of, for_ exanple, filtration,_etc., thereby

obt ai ni ng WUALd i8oFhei 5ange Af LH5Ah$ -8 SPudeMadadphRGREeEa@ablY Such a
crude nonophosphite (C-2) may be provided for the bisphosphite - 20
product i orinméthigodangy of IBYmak e modes peremole ¢f the bignhenedtively, it
I's possible to obtain the nonophosphite (C2) having a higher purity by

di stilling2ef) .t he solvent from the mi xed solution and subjecting the
obt ai ned residue to recrystallization or columm chromatography. Such a
nmonophosphioto&5]C- 2) may be provided for the bisphosphite production nethod
(A) or (B) as described later. [0050] The hal ogenated phosphite (B) to be

used in the nopephlsphbheipr aslsstanteewhieh ( ancabe bawgadodimed ey, for
exanpl e, by reacting one nole of the phosphorus trihalide conmpound such as

phosphor usndridphidlsphii e preiductirsh meEhd®|(B) ofthd Semdbashennibstanbesat about
-10C under atnospheric pressure
as those exemplified in the monophosphite production method
(a) are exemplified. Of these, it is preferable to use
triethylamine or pyridine. The basic_substance may be used
singly or in combination of two or more thereof.

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

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

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

[(0047]

The conditions in the monophosphite production method
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in an inert gas atnosphere such as nitrogen, argon, etc. optionally in the
presence of a basic substance such as triethylamne, etc. and a sol vent
such as toluene, etc. (see, for exanple, Journal of chem cal society, 1953,
pages 1920 to 1926), and furthernore, the purity can be properly increased
by distillation or recrystallization. [0051] Next, the bisphosphite
production nethod (A) is described in detail. In the bisphosphite

product i on(metshett {N\reakitd onsempanatureqf redet vl pyesatied, preggghidre (D) is
preferably in the range of from0.6 to 3 noles, and nore preferably in the
range of timd, &rom hre RAotvipartjenlavly dfinilbedronoBhwepérieth€). [0052]
As the basic substance which can be used in the bisphosphite production

met hod ( A)reddtiasiditemperotuirBei baségal Bphisi ahecsanyenptifieml 20 tthe
nonophosphi te production method (a), metal hydrides such as sodium hydride,

pot assi um tyehd, dena %E‘éferﬁbk%' Eht BheMBafigeho@SerBR Y| L&t BOUN  The
n- butylllthlun1 etc. ; and like are exenplified. O these, it is

pref er abl ered@: 165£ Pricls@iue! 281 Heua DMy i1 the RabgbYybEi £Abdino s ediaum
hydri de. The basic substance may be used singly or in conbination of two or

nore ther empa |(§a{1€6 paagsubel ¢ the RASidralsubsiangeateispediméhgsuse amount
of such a basi c substance .

preferably in the range of from 0.5 to 20 hours.

[0048]

The method for carrying out the monophosphite production
method (b) is not particularly limited. For example, the
method can be carried out by adding dropwise one mole of the
halogenated phosphite (B) to one mole of the bisphenol (A-2)
under atmospheric pressure at a prescribed temperature over
from one minute to 10 hours in an inert gas atmosphere such
as nitrogen, arxgon, etc. in the presence of a solvent and
optionally a basic substance and then reacting the mixture at
a prescribed temperature for a prescribed time.

(0049]

Salts formed as by-products (for example, triethylamine
hydrochloride, pyridine hydrochloride, etc.) are removed from
the reaction mixture after completion of the reaction as
obtained in the foregoing method by means of, for example,
filtration, etc., thereby obtaining a mixed solution
containing a crude moncphosphite (C-2). Ssuch a crude

monophosphite (C-2) may be provided for the bisphosphite
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Is preferably in the range of fromO0.8 to 2 noles per nole of the
nonophosphite (C). [0053] As the solvent, the sane solvents as those
exenplified in the nonophosphite production nethod (a) are exenplified. O
these, it is preferable to use toluene or tetrahydrofuran. The solvent nmay
be used singly or in conbination of two or nore thereof. The use anount of
such a solvent is preferably in the range of from1 to 100 parts by mass

per part pyoBB&Eisgh &\Qenoavmﬂphex?phm eaﬁChesEQQﬁéa Theegondi Ltong.in the
bi sphosphite production nethod (A) such as reaction tenperature,

reaction ctipniki I &Rt nPahiel FémdphbshhAtked.
However , ?%gé?gég%Y%%? t%ﬁpé%a?%fglﬁgeugéa%bygﬁﬁ t he ?nge ofbfronl 100 to

é?gscsul??,.d.spéiﬂﬁ‘ﬁ“%y e A BRSO AT o e s ﬁ%ﬁ%’?‘%ﬁ’@?sure) i
general  Lhg (SAEk QULLiBn! Sl 8L8LABLYLN:LECpaOgeaoL LEALOLS o 30

hour s. carryi t he "bI'sphosp € pro uc I on
rethod (A L AEL PR p e Ly | L g Caccpemalgnte TELRY gon b
monophosphite (C-2) may be provided for the bisphosphite
production method (A) or (B) as described later.
[0050]

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

[0051]

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

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

of from 0.8 to 3 moles, and more preferably in the range of

- 21 =



phosphite (D) to the nonophosphite (C) under atnospheric pressure at a
prescribed tenperature over fromone mnute to 10 hours in an inert gas
at nrosphere such as nitrogen, argon, etc. in the presence of a solvent and
optionally a basic substance and then reacting the mxture at a prescribed
tenperature for a prescribed tinme. in particular, in the case where the
foregoing netal hydride or alkyllithiumis used as the basic substance, in

general , themet BgdaCRAG1EE S&F r&@ﬁ%_:@%ﬁn@@@ﬂu&eaes ing the
nonophosphite (C) with the metal hydride or alkyllithiumto convert it into
a phenoxi qggsb9 Which is then added dropw se the hal ogenated phosphite (D)

at a prescribed tenperature over fromone mnute to 10 hours, and reacting

the m xture at Pr.8scr t?mr e f e [ tiqre. 23 [0056]
Salts forned asﬁ%y-tglr%odh%%gc( or%é‘:)%%lrér%l ev,’ﬁ){?r?etc yl :I)Sr;énteagg ydﬂgcﬁ Sri de,

onpl et 1 oftSPRPRERT BT et S BeERRB, ), AT = EsBRnES b B2E8Y Means or.
for exanple filtration,

reaction fi Fﬁﬁﬁ?eﬁrﬁi‘ef’}?&i?ﬂ't%gi; ’ri‘té% Z@(%ﬁq%pﬁ%egegéﬁé%%ég%& od oM the
recrystal | gation, whsely, e, bl SRIgsRh el d. MBYL DG Aun RyBISHPUI 1Y C20
etc.; alkyllithiums such as methyllithium, n-butyllithium,
etc.; and the like are exemplified. Of these, it is preferable
to use triethylamine, pyridine, n-butyllithium or sodium
hydride. The basic substance may be used singly or in
combination of two or more thereof. In the case where the basic
substance is used, the use amount of such a basic substance
is preferably in the range of from 0.8 to 2 moles per mole of
the moncphosphite (C).
[0053)
As the solvent, the same solvents as those exemplified
in the wmonophosphite production method (a) are exemplified.
Of these, it is preferable to use toluene or tetrahydrofuran.
The solvent may be used singly or in combination of two or more
thereof.
The use amount of such a solvent is preferably in the
range of from 1 to 100 parts by mass per part by mass of the
monophosphite (C).

[0054]

The conditions in the bisphosphite production method ()
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The hal og

nmet hod (A) can be produced by, for exanple, by reacting a phosphorus
conmpound such as phosphorus trichloride, etc. and the diol

trihalide
be used i
about -10
ni trogen,
as trieth
(see, for
and furth
and purif
recrystal
hal f) is

phosphor u
the formu
from 1t
nol e of t
used in t

enat ed phosphite (D) to be used in the bisphosphite production

(P) to

n the bisphosphite production nethod (B) as described | ater at
C under atnospheric pressure in an inert gas atnosphere such as
argon, etc. optionally in the presence of a basic substance such

3é'u%@@'ef@icg’SEEioﬂ%lmp%ﬁgh&@Dtrfél:@olgi‘z:%{-é’ééﬂﬁ’,dieﬂﬁ52‘8:1 t%.gl uene, etc.

exanp Journal "o em cal S y, 1953, pages 19

fo 1926),

QRN el e PULLI) SARAG GRS | EAR%360 e Aaal; gpseparat i on

icati on ne
lizatio

(0] an orgdani ¢ conpoun

I ation,

LT el

S trihg&hde,co ound represented by the gener formul.a: PY' '3 (in

pxe f?-r

nol es, referab in the_range of fr

|
¥ thet Snﬁaﬁgedgﬁiﬁé&mabﬁgef°i§°%§uam iTfa9re Pange of

10 nole per

PreSOIBn oS HAl B L AR ik S EraR e oL 16 ek Grtge con bo

he bi sphosphite production nmethod (8-fjirst @%&L%l thet%%ne basi c

pressure). In g'eneragj!l,J the reaction time is pre y 1in
range of from 0.5 to 30 hours.
[0055]

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

prescribed time.
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substances as those used in the nonophosphite production nethod (a) are
exenplified. O these, it is preferable to use triethylamne or pyridine.
The basi c substance may be used singly or in conbination of two or nore
thereof. In the case where the basic substance is used, its use anount is
preferably in the range of from1 to 10 noles per nole of the nonophosphite
(©. [0060] As the solvent to be used in the bisphosphite production nethod
(B-first mgbf_;);i] t he sane solvents as those used in the nonophosphite

o]

production nethod (a) are exenplified. O these, it is preferable to use
tol uene or tetrahyds ¢ovman. ag B p§85¥89§ (@f@faﬁl‘%fg $Akhy2hami He _
conbi nati on of two or nore reof. The use anount of such a soI vent is

fhe -2 “Yﬁ%%%%ﬁ%’é% ??Y(O‘Bd%@%"éﬁ%’%%o‘@%ﬁ?‘f? SRy R T e, e
product  op, goL Qe bF WSl dodoe 8ISt SR8 100 1EIDERRLHIS, “geactior

pressure, ~"reac |0n . are no | wever, the
eact 1 on, BEPRELAAVIS bR PRt dUISARI e SR OAE bR . o
usually | %iﬁ.@raEfg ?eotfc.; %E‘e 'so?vent. is then distilled off from the

reaction mixture; and the cbtained residue is subjected to

recrystallization, whereby the bisphosphite (I) having a

higher purity can be cbtained.

[0057]

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

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

[0058]

The bisphosphite production method (B-first half) is
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3 MPa (gauge pressure). in general, the reactiontime is preferably in the
range of fromO0.5 to 30 hours. [0062] The nethod for carrying out the

bi sphosphite production nethod (B-first half) is not particularly |limted.
For exanple, the nethod can be carried out by addi ng dropw se the
phosphorus trihalide conpound represented by the general fornula: PY33 (in
the formula, Y is the sane as defined above) to the nonophosphite (C

under at mMmyuHaRniderPHeSSHiBedl iR dPFLSLS 1 bed tenperature over fromone mnute
to 10 hours in an inert gas atnosphere such as nitrogen, argon, etc. in the

presence of a sehyeiisedthodbiti VFaldne PHATHHorHOHAMA 130 ddMgfbunigeact i ng
the m xture at a prescribed tenperature for a prescribed tim. [0063] The

residue cQiAldabRdeBy NehURIAPIPO HUEGE) p¥W (in EReOBbANHES, by filtering

the reactiofi mxture containing the - h genophosphite (E) obtai ned by

the for egqingngeLiind Anferdhshlbdnig) 9 ublig1 {07 80U BGEAIOTIRL 1| hal | de

conmpound, = solvent, basiCc substance, etc. Ul a redu pressure (at 50C
and - O3 W0 TRY BVl AR SRS RREEL B O second
S isolat%%ﬂgypegeggxatgklLﬁgi%ggbéﬁéggﬁaégnﬁﬁqt such as tol uene,

[0059]

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

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

[0060]

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

The use amount of such a solvent is preferably in the

range of from 1 to 100 parts by mass per part by mass of the
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tetrahydrofuran, etc. and then used for the bisphosphite production method
(B-second half). [0064] Next, the bisphosphite production nethod (B-second
hal f) is hereunder described in detail. The use amount of the diol (F) to be
used in the bisphosphite production nmethod (B-second half) is usually in
the range of from1l to 10 noles, and preferably in the range of from1l to 3
nol e per nole of the hal ogenophosphite W [0065] As the basic substance

whi ch can nemopse@phitehgc) bi sphosphite production nmethod (B-second half),the
sanme basic substances as those used in the nonophosphite production nethod
(a) are exmuydi)fied. O these, it is preferable to use triethylamne or
pyridine. The basic substance may be used singly or in conbination of two

or nore thereOfThhncbhalﬁﬁéﬁs“@ﬁrEhéhEl@ﬁﬁéQQEﬁ@§tﬁ%ﬁﬁhdﬁidﬁ*ﬁétﬁbﬁﬁ use
anount is preferably in the range of from2 to 10 noles per 27 nole of the

hal ogenopheaiiil wdls) sLEBRGE réécéﬂ?n Eehﬁéi?&tﬁfe be edeed ohibrdifdiesPhosphi te

production nethod (B-second half), the sane solvents as those exenpllfled

in the noRopRQSAA E&F\Qr oget ! o fﬁ@%ﬁkﬁ 2%16* Rk ELhed nodved iese, it s

preferabl e to use uene of uran
the reaction temperature is usually in the range of from 0 to

150°C, and preferably in the range of from 20 to 120°C. Also,
the reaction pressure is usually in the range of from 0.05 to
3 MPa (gauge pressure). In general, the reaction time is
preferably in the range of from 0.5 to 30 hours.

[0062]

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

[0063]
The residue containing the halogenophosphite (E) which

is obtained by filtering the reaction mixture containing the
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The sol vent may be used singly or in conbination of two or nore thereof.
The use anmobunt of such a solvent is preferably in the range of from1l to
100 parts by nass per part by mass of the hal ogenophosphite (E). [0067] The
conditions in the bisphosphite production nmethod (B-second half) such as
reaction tenperature, reaction pressure, reaction tinme, etc. are not
particularly limted. However, the reaction tenperature is usually in the

range of Hil@@eh%%htoggiﬂ@@’ (ﬁs‘doBF.s{L £@bbY e tFSrd fRy HetHRMGd 0 50C.

Al so, the reactioi pressure 1s usually in the range of “fromO0.05 to 3 MPa

(32092 b sEal ing BeERRL ohord i B LRRorhi s L LAl Sl e ranoe
bi sphosphuﬁtogl\}gh%gug)é'tgg@ s&ﬁé@%ﬁcé,&e%eccoqlgl&@b%) 5%%}*%3& ﬁgé&g gy 1inited.

For exanp od”can be cartied pw se the diol (F)

to the hal hi t E t ai in the, .- 28 l, sph ite ducti
ot hod (B9 FARRA D] Wk MRYPR AL EPE T biaPRoRpRA R

{onper ot Ui el 2ARRRS TROVEP 9 10N BacLperd, oo stpothere,
basi ¢ SUBSLANCE A0d1L N S2RE) B hOEn I RS By PICSEEIREEn by
recrystallization from a solvent such as toluene,
tetrahydrofuran, etc. and then used for the bisphosphite
production method (B-second half).
[0064]

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

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

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

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

amount is preferably in the range of from 2 to 10 moles per
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tenperature for a prescribed tine. (0069] As to the separation and
purification of the bisphosphite (lI) fromthe reaction m xture obtai ned by
the foregoing nmethod, the bisphosphite (1) having a high purity can be
obtained by, for exanple, renoving salts forned as by-products (for
exanple, triethylamne hydrochloride, pyridine hydrochloride, etc.) by

means of filtration, etc., distilling off the solvent fromthe reaction
m xture anghidesr sy eshiodenbBResBhat pedrfrude product to
recrystallization. The re%&?s?a???zat?ogEgan be carried out by, for

exanpl e, d‘o%%‘&g"i ng the crude product in a solvent such as hexane, tol uene,
di i sopropyl ether, tetrahydrofuran, ethyl acetate, acetone, acetonitrile,

etc. upon heat }Aggtﬁé as?]:&tv%%eﬁgrblér&s #él &%h%%ei}rl%if%%pfhrl?g} ﬁpo An boi l'i ng

poi nt of the solVen coolTngto owed by al | ow ng

t t and. 70 he bi hit I bt ai b f ing. . hod i
0ves oA R BuiR BN, [ hd e YIS s koL N TR o (S o
in th ) [ 1y Kk n - 29_ bisph hi t hat i dr of | at i
eact on of dhe BAREBRARBATEY BYQHCHEAR M5 ChotaABSnaEar DITREAA RS bond | n a
nol ecul ar end, and especi al | aq\./i ng froma6 to 20 carbon aézgon&rm{.t is able

h
to simult GE?SF?'S’cﬁ)ﬁwseBE‘iggﬁ% B HyPPbiene ox tetrahy

The solvent may be used singly or in combination of two or more
thereof.

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

(0067]

The conditions in the bisphosphite production method
(B-second half) such as reaction temperature, reaction
pressure, reaction time, etc. are not particularly limited.
However, the reaction temperatufe is usually in the range of.
from -20 to 100°C, é.nd preferably in the range of from 0 to
50°C. Also, the reaction pressure is usually in the range of
from 0.05 to 3 MPa (gauge pressure). In general, the reaction
time is preferably in the range of from 0.5 to 30 hours.
[0068]

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

diol (F) to the halogenophosphite (E) obtained in the
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reaction to a carbon-carbon double bond in the nolecular interior and an

| soneri zation reaction in the respective carbon-carbon doubl e bonds and to
keep heat stability and catalytic activity high, and is very useful. A

nmet hod for produci ng an al dehyde t hrough a reaction (hydrofornylation
reaction) of a non-conjugated di ene having a carbon-carbon double bond in a
nol ecul ar end and having from 6 to 20 carbon atons wi th carbon nonoxi de and

hydrogen il@iéﬁ!ﬁ‘osﬁlﬂ[ﬁ&ﬁ“?ﬁr@&uéf@oz@! SREeReAi t qrlk)ira8d 3 Qrf0uUp $ndér 10 netal
conmpound (this nmethod will be hereinafter referred to as "reaction 1") is

her eunder gegpeddbnd d greggefé atl gb}&é@seaféé‘mp@mz%so@értf%m one

non- conj ugat ed "di ene having a carbon-carbon double bond In a nolecular end

O oy B8 ORI SOk B iaph et A g e
L LS00 BT 05 Ah BB o DR SOLSAL ok ASELON R LS o,
e e M RIBE W SO o HRRAICE, LR
(CO 2. PH{AEAA R Ford Eprbll3hed REL(PPNI) 3,
[0069]
As to the separation and purification of the bisphosphite
(I) from the reaction mixture obtained by the foregoing method,
the bisphosphite (I) having a high purity can be obtained by,
for example, removing salts formed as by-products (for example,
triethylamine hydrochloride, pyridine hydrochloride, etc.) by
means of filtration, etc., distilling off the solvent f£rom the
reaction mixture and then subjecting the obtained crude
product to recrystallization. The recrystallization can be
carried out by, for example, dissolving the crude product in
a solvent such as hexane, toluene, diisopropyl ether,
tetrahydrofuran, ethyl acetate, acetone, acetonitrile, etc.
upon heating at a temperature in the range of from 40°C to a
boiling point of the solvent and cooling to from -20 to 20°C,

followed by allowing to stand.
(c070]

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

characteristic not seen in the conventionally known
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RhBr (CO (PPh3) 2, Rh4(CO 12, Rh6(CO) 16, etc. Exanples of the cobalt
conpound i ncl ude HCo(CO 3, HCQ(CO 4, Co2(CO 6, HCo3(CO9, etc. Exanples of
t he rut heni um conmpound i ncl ude Ru(CO) 3(PPh3)2, RuCl2(PPh3)3, RuCl3(PPh3)3,
Ru3(CO) 12, etc. Al so, exanples of the iron conpound include Fe (CO 5, Fe
(CO 4PPh3, Fe (CO 4 (PPh3) 2, etc. O these, it is preferable to use a

r hodi um conmpound which is easy to select arelatively mld reaction

condi ti on; pagshodphitesLspastaliy Ar et ﬁﬁcﬁ-ﬂr{ﬁamibhe YeR¥PDbmt off £asi ness
of availability to use Rh (acac) ( 2 or (acac) 2. The use anount of the

group 8 tondR-FeiAlg¥PA4Rdel Bavih®fL£cakbynl BatBen! @\a8 Ofodnioih0a 0001 to
1, 000 noles, and nore preferably Tn the range of fromO0.005 to 10 nol es as

reduced igépe QT @hadlaiy Q%?g#ﬁy%v&gsif; b1 ficdor: atbied), the use

amount of the group 8 fo 10 conpoun ess than 0.0001 noles per

liter of tgﬁsgga%ilgn ] Xé%ﬁtéﬁ&df?%f%‘%rﬁ%ﬁg?t gggg?tgr@fggfmgxt remely

sl ow, and even en 1t excee ect” correspondi ng

h i y ined, b | |y 0073] |
Lhe Tenct | SRR i fRLER E0 et BErPAhT Rb1EOHORTIE Whd NibERSG A 10T s
two or nore thereof. gh38use ﬁ%ount Q such. a

e

preferabl y”?'f'nth%r r &0 f 1R ri’yzaylf@’f rtegcf,lﬁgi)%'%ﬁége,hi %%#%%?%é%ref erably
imr;l tehgf r?ﬂ ae.'\rlg)én—fcraor 05n té)ou.‘bs.l.oeo bnoorlcfss aansd rt%j%eeedp il’?éa(.)t as'?ar:g)ffﬂ:o; uasnc%It om per
catalytic activity high, and is very useful.
A method for producing an aldehyde through a reaction
(hydroformylation reaction) of a non-conjugated diene having
a carbon-carbon double bond in a molecular end and having from
6 to 20 carbon atoms with carbon monoxide and hydrogen in the
presence of the bisphosphite (I) and a group 8 to 10 metal
compound (this method will be hereinafter referred to as
“reaction 1”) is hereunder described in detail.
(0071]

Specific examples of the non-conjugated diene having a

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

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

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

Examples of the group 8 to 10 metal compound include
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metal in the group 8 to 10 netal conpound, with a range of from 10 to 200
nol es being further preferable fromthe viewpoints of catalytic activity
and reaction rate. In the case where the use anount of the bisphosphite (1)
is less than 2 noles per nole of the netal in the group a to 10 netal
conpound, the heat stability of the catalyst is inpaired; and also, in the
case where it exceeds 1,000 noles, the reaction rate tends to becone

extrenel y Sieddum [ SShdduddee, r@@:@éwncém;bmrlﬁdtwlm EbRpHIRSENCE Or
absence of a solvent. Exanples of such a solvent include saturated

al i phatic {wel eenpBands s Wt ASERSRPPES of N RAcdR BRI AMPourCiAEBuddIONanNe,
decane, cycl ohexane, etc.; aromatic hydrocarbons such as benzene, toluene,

et hyl benzegg(a ég)omg)t%enzem(a@ag%l enepﬁxm (&épp@hﬁzgyl &1 mPyl t ol uene,

m et hyl t ol uene p- et hyl't ol uene, et¢ cohol s such as |sopr opy al cohol ,

ongf%lt h?/*mﬁ%r) ‘Pﬁg }n%%#yﬁwg?‘ll'ner n(g_(bqent yée‘?Lg%c]n propy? et e;S SUCh
o o 40 R T s, Bt bt gty o v
scetone, eyl mﬁbﬁ%ﬂ-‘%ﬁﬁéﬁﬂuﬁr T
may be useﬁluéiﬂ%lﬁgﬂr, RuClJ(PPhg)a, Ru, (CO) 12, etc. Also, examples of

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

etc. Of these, it is preferable to use a rhodium compound which

is easy to select a relatively mild reaction condition; and

it is especially preferable from the viewpoint of easiness of

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

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

[0073)
Inthe reaction 1, the bisphosphite (I) may be used singly

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

such a bisphosphite (I) is preferably in the range of from 2
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conmbi nation of two or nore thereof. In the case where the solvent is used,
t hough the use anmount of the solvent is not particularly limted, in
general, it is preferably in the range of from1 to 90 3 by mass rel ative
to the whole of the reaction mxture. [0075] The reaction tenperature in
the reaction 1 is preferably in the range of from40 to 150C, and fromthe
vi ewpoi nt of suppressing deactivation of the catalyst, it is nore

preferabl yed 1,009 hanss, tind h@%SQrépeﬂa’%&% i 88e FdRgd QACKELBR sRISSsuUre is
preferably in "t he range of from0O .01 to 10 MPa (gauge pressure), and nore

br ef e abl Y4 ridied 3809eBlcLa At % t;gl%%pﬁwﬁ\s( aRdfepREcRaLs Qs cHie reaction

time is usually 1n the range of from hours; and fromthe

vi ewpoi nt d@%ﬁ Agﬁw%% ﬁ&wg 8 ko £o ol eeg&gg?naa;,e &H 2 %@%T Borﬁ[Bnp 5105

hour s. to € use propor 1on 0 gas o n ‘nonoxi de

10060 026 st < SOL e el ] RN [
0 I B G2, L8 Bl Gl

the use amount of the bisphosphite (I) is less than 2 moles

per mole of the metal in the group 8 to 10 metal compound, the

heat stability of the catalyst is impaired; and also, in the

case where it exceeds 1,000 moles, the reaction rate tends to

become extremely small.

[0074]

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

diethyl ketone, ethyl propyl ketone, dipropyl ketone, ete.:
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boiling of the forned al dehyde due to a side reaction, if desired, the
reaction 1 may be carried out in the presence of an additive such as
triethylamne, tributylamne, tri-n-octylan ne,

N, NN ,N -tetranet hyl -1, 2-di am noet hane,

N, NN, N -tetranet hyl -1, 3-di am nopr opane,

N, N N,N -tetranethyl -1, 4-di am nobut ane, N, N-di et hyl et hanol am ne,
triethanol smd nehe NHmelhylpiqiera dsbevehl Mhialy Ihe/ rugeddisiigly or in

N- et hyl nor phol i ne, pyridine, picoline, lutidine, collidine, quinoline,

etc. in thanos WIS the addinidrée thereegd. 1R €Rdetade Whérdisenanount is
preferably in the range of from 200 to 3, 000 noles, and nore preferably in

the range &f14diiMi@00skbg, 2 ROGHRIRS WRR" afiBhfe &f dHee seRbahti Dsid: group 8
to 10 nmetal conpound. [0078] e reaction 1 can be carried out in a

coNt i NUOUSHIBRMIAI1 2,Qly 2 MEL &M A&, DY 1WA WFSradflly Lh Rel iy €action

tank, a circulation“type reaction tank, a bubble tower type reaction tank,

ete. (0079 FianPIP ol Dby ORELY 1 M lvel £5 iftAGHLEE %Jg/ thelPlactid | cul arly

limted. For éexanple, the od can be carried out charging t
non-conjqu% | ene having a carbon-carbon double bond in a nol ecular end
and having Trom 6 to 20 carbon atons in the presence of a m xed gas of

car bon nom%q§Feand hydrogen in a nolar ratio of 1/1 and feeding a

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

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

{0076]

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

[0077]

For the purpose of suppressing the occurrence of high
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- 34 mxed solution of the bisphosphite (1) , the group 8 to 10 netal
conpound and the solvent and optionally the foregoing additive while
stirring and reacting the mxture at a prescribed tenperature and a

prescri bed pressure for a prescribed tinme. (0080] Though the separation and
purification method of an al dehyde fromthe reaction m xture obtained in
the foregoing nethod is not particularly limted, it can be carried out by
a met hod vilwithing ofserhd of oxmathl a kigtayrdst idue atwl puside cedaatriomf Bh organic
conpound. For exanple, an al dehyde having a high purity can be obtai ned by
distilling@edirddie thel vreattidha hay be catidiedineatr ot chef poastheerefict i on

m xture under a reduced pressure (at SOC/ 0.01 MPa) and then distilling

the residugn udditdvecdugadhpr essur aridciglapine;, tovsilblityishingd ation,
t he bi sphosphite (1) and the group 8 to 10 netal conpound may be separated

by subj ectd¥ig-f-desndee t Qi,@!,@t,lmd-t%ltﬁamé&h?&amwLdﬂ&&%e@féﬂ@,ﬂ i on,
adsorption, etc. The separated bisphosphite (I) and the group a to 10 netal

conpound G/ B¢ , 1O AAMRERRAL 1t Realydl RbRFSYARL | on reaction (reaction 1).
Exanpl es [ 00811 The present invention is hereunder described in nore detail

with refengngayt Qi hedey Ithg,g_i_%ggédggms_ggy‘hgagpgl construed that the present

invention is never limte
N,N-diethylethanolamine, triethanolamine,

N-methylpiperidine, N-methylpyrrolidine, N-methylmorpholine,
pyridine, picoline, lutidine, collidine, quinoline, etc. 1In
the case where the additive is used, in general, its use amount
is preferably in the range of from 200 to 3,000 moles, and moxe
preferably in the range of from 800 to 2,000 moles per mole
of the metal in the group 8 to 10 metal compound.

[0078]

The reaction 1 can be carried out in a continuous manner
or a batchwise manner by using a stirring type reaction tank,
a circulation type reaction tank, a bubble tower type reaction
tank, etc.

[0079]

The method for carrying out the reaction 1 is not
particularly limited. For example, the method can be carried
out by charging the non-conjugated diene having a
carbon-carbon double bond in a molecular end and having from
6 to 20 carbon atoms in the presence of a mixed gas of carbon

monoxide and hydrogen in a molar ratio of 1/1 and feeding a
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- 35 Exanmples. [0082] <Exanple 1> [0083] o PA OH OH O CH phorus
ph:::0r (Gt ) [0084] in a three-necked flask equi pped with a thernoneter
and a dropping funnel and having an inner volune of 1, 000 nmL, 82.12 ¢
(200 nmoles) of 4,4 ,6,6'-tetra-tert-butyl-2,2"-biphenol and 500 nL of
tol uene were added, and 59.2 g (390 mmol es) of triethylam ne was further
added, followed by substituting the inside of the systemwth nitrogen.

SubsequeninixedldoYutilor 480 hdTBRESEDsHhi BOAINNOERS girbuphd @6l e meag1added
dropwi se over 30 mnutes so as to keep the inner tenperature at 20 to 30C,

and af t ecompebhatdrtRE dd18/eHtopnE 2R cadRhllPrthd P8raGSing admsivhurt her
stirred at roomtenperature for 12 hours. After conpletion of the reaction,

triethyl agnieenyiachiny idea $EAERINGS tBeDniiRdiéClapmag HRERedRY Means of

filtration, and - 36 "the toluene and triethylamne were distilled off from
the temperature and a prescribed pressure for a prescribed time.
{ooBo]

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

again used for the hydroformylation reaction (reaction 1).

Examples
[o081]

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

construed that the present invention ig never limited to these
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. obtained filtrate under a reducedpressure (at 50C/ 0. 01 MPa) , thereby
- obtaining 95.0 g of a crude nonophosphite (C-1). This was purified by
i recrystallization froma m xed solvent of 300 nL of acetonitrile and 150 ni

. of tetrahydrofuran, thereby obtaining 82.80 g of the nonophosphite (C 1)

. (yield on the basis of phosphorus trichloride: 75 % purity: 99 % . [0085]
<Exanple 2> [0086] ~I I O 'OPI _p PCO2 0 o_ phosphorus trichloride I 1
“triethyl anEramplesg) (E--U [0087) In a three-necked flask equi pped with a
~thernmoneter and a dropping funnel and having an inner volunme of 100 ni,

© 8.49 g (1Qooms®»] es) of the nonophosphite (C-1) and 50 nL of toluene were
added, and 1.52 ng (15 mmol es) of triethylam ne was further added, foll owed
by substitutkagpléelsnside of the systemwith nitrogen. Subsequently, 2.6
m. (30 mmol es) of phosphorus trichloride was added dropw se over 30 m nutes
so as to keepgar 37

OH OH

O O phosphorus trichloride
triethylanine @ 0

(c=1)

OH

{0084]

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

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

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

formed as a by-product was removed by means of filtration, and
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~the inner tenperature at 20 to 30C. After conpletion of the dropw se
addition, the tenperature was raised to 70C, and the mxture was further
stirred for 12 hours. After returning to roomtenperature, triethylam ne
hydrochl ori de formed as a by-product was renoved by neans of filtration,
and the phosphorus trichloride, toluene and triethylam ne were distilled
- off fromthe obtained filtrate under a reduced pressure (at 50C/ 0.01

MPa) . th 0 - 1
[08238] ~|er?lega%ﬁé%no&ﬁ%zt?lgtg'muﬂ W&@%w@{?ﬁﬁ‘?hﬁ"ﬁ?ﬂﬁﬁ%‘“? A )El) (

| D) [0088]. Subeeqyently .l a, hpseapseked Leank Fbe@bl“‘“%%o nt,

t her nonet Fopprnig funne ng an |ﬁner vo

L0 o0 HE- P Thahacs 5 e DO AGRY LA BURSENL (R 0F 1 dg0 L of
ol uti on of S R 'ﬂiﬁﬁynff%ﬁ!é‘%mﬁﬁ%?a%% S B8FEy, GRS 4 2,

3B

mL of acetonitrile and 150 mL of tetrahydrofuran, thereby
obtaining 82.80 g of the monophosphite (C-1) (yield on the basis
of phosphorus trichloride: 75 %, purity: 99 %).

[0085]

<Example 2>

[0086]

phosphorus trichloride

O O (riethylamine

(=1 (E—1)

[0087]

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

trichloride was added dropwise over 30 minutes so as to keep
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tetrahydrof uran was added dropwi se over 30 mnutes so as to Kkeep the inner
tenperature at 20 to 30C. After conpletion of the dropw se addition, the

m xture was further stirred at roomtenperature for 3 hours; thereafter,
triethylam ne hydrochloride fornmed as a by-product was renoved by neans of
filtration; and the toluene, tetrahydrofuran and triethylamne were
distilled off fromthe obtained filtrate wunder a reduced pressure (at 50C /

0.01 MPa) éﬁ%@}yte‘hggkgtt 2029 eogioo@ Cr Aflee DI SRPASRNIEoE leHe - 50 Nl

of acetonltrlle was a ereto, the m xture was stirred at room

t enper at ur&% s%gaﬁaguasad dérgé 'cgmggtrgmé aiarsa#@geaw%% Jand S04 id. 80 ni

of diisopro er was a e mxture was heated at 70C.

pfter confpiiiit m@tfﬁ%éﬁldﬂrr’%ﬁdfgf‘gﬁ fBhEL ! ks ey dnihfi & sol uli on

was cool e over one hour eposited crysta was cofll ected by
f'Itrat'o M%é];%{ Q%{Q%mfe[ q%%lﬂ.& ressure,
tlherebyI ob aﬁ:ﬁa fa%]f"u% I'sphosp ﬁ%&%&%@%&ﬁ%‘l e on £ %as?s of
th h
obt ai ned BrEgHE: %%i piofedlifhy band, of s0srat i ?%%% “oocis,
TVMS) 8: 7.40 tq 7.06 (m. 14 H, 0 8 (dd, 1H,
J= 3)0 LGB Q“°%“°29(‘r(l&f‘lﬂ°f‘ﬁdea 3t%£“ﬁ’besa|%] %595611‘%’913“‘{% .o,( 10. 8
Hz), 1.48 d:gsstn.lgl@d olff45f£‘om %H)e o%talnga fJ.H)t’rate ung:l%ar gamfe&uced(s’
pressure (at 50°C / 0.01 MPa), thereby obtaining 10.5 g of a

crude halogenated phosphite (E-1).

[0088]

(E—-1) - (I=1)
(0089]

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

g (15 mmoles) of neopentyl glycol dissolved in 10 mL of
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- 39 9H),

1.27 (s, 9H), 1.22 (s, 9H), 1.01 (s, 6H) [0091] <Exanple 3> The
in the

reaction and separation and purification operation were carried out

same nmanner as in Exanple 2,

of 1,4-butanediol was used in place of 1.56 g (15 mmol es) of neopentyl

gl ycol, thereby

basis of

[ t he nophosphite (C rit repr esent ed
for mul a (1‘3‘2‘5-“5?)6%5&@0 qwaéﬁ adéf 251r°1{’6 ]°‘¢£r‘+y 553507 2P &S

obt ai nedbi sphosphite (1-2) is shown below [0094] 'H NWR (270 M4z, CDC13,

obtaining 6.96 g of a bisphosphite (1 2) (yield on the
by t

except that in Exanple 2, 1.35 g (15 nmol es)

t he

TVB) 8: 7.K2eR the gianen temperagzuze ato28. %9 AATCAHPELET7QOWBIEEEEN (m 1H),

3.62 to 3.48

3.30 to 3.18 (m 1H), 1.48 H, 1.45 (s,

1.33 to 1.98 gﬁﬁﬂrggﬂysgoad§{mggﬂ tigkghﬁpgrg>was éurther stirred at

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

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

(s, 9H), 1.45 (s, 9H), 1.33 (s, S9H), 1.31 (s, SH), 1.29 (s,
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- of the obt

The reaction and separation and purification operation were carried out in
~the sanme manner as in Exanple 2, except that in Exanple 2, 0.93 g (15
. mol es) of ethylene glycol was wused in place of 1.56 g (15 mmuol es) of
- neopentyl glycol, thereby obtaining 6.57 g of a bisphosphite (1-3) (yield
- on the basis of the nDnophosphite (G1) : 70 % purity: 96 % represented
by the forrrui]a gl 3) %6] OP1I0O OQPO i I -3% 0097] An 1H NMR data

SHhedbi 2phbsphifle (1-29) (s SHdwni-BeI &6 FBO98] 1H NVR (270 Mz,
CDC13, TNB% 8; 7.41 to 7.05 (m 8H , 4.18 to 4.14 (m 1H), 4.11 to 4.02
(m 1H), 3{8951}L 3.85 (m 1H), 3.77 to 3.69 (m 1H), 1.44 (s, 9H), 1.40 (s,
9H), 1 33 (s ﬂL 1.31 (s, 9H), 1.29 (s, 9H), 1.27 (s, 9H), 1.20 (s, 9H
1.05 Efampiq 3% 0099] <Exanple 5> In a three-necked flask equi pped
with a thernnneter and

The reaction and separation and purification operation

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

[0092]

(1-2}

[0093]

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

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

(m, 58H)
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a droppi ng funnel and having an inner volume of 100 M., 8.49 g (10 mmol es)
of the nonophosphite (C-1) obtained in Exanple 1 and 50 nL of
tetrahydrofuran were added, followed by substituting the inside of the
systemwi th nitrogen. After cooling the inside of the systemto -70C, 6.3
m. of a hexane solution of 1.6 noles/L of n-butyllithium (corresponding to
10 nmol es ff%%%Putyllithiun) was added dropw se over one hour so as to keep
the inner t® rature at not higher than -60C. After conpletion of the
dropwi se addition, the m xture was further stirred at -70C for 30 m nutes.
To the obtSF¥FRIPLG &xtion nmixture, 2.09 g (12 mmol es) of 1, 2-phenyl ene
phosphorochl oridite was added dropw se over 30 m nutes so as to keep the

i nner t enper at ureafeAGEiIAP ARG sepaFatéon. and Rurifieasion e iR dropwi se
addition, the mxture was further stirred at the sanme tenperature for 2
hours, andwe¥fereami®d oufhant ERpepane manner Gadfabrpmpipsed €¥FERE Lithi um
chloride formed as a by-product was renoved fromthe reaction m xture by
filtrationthamhdn Bxamplerai 0 vl cdASemmedesl afh@dhyd enecgived]l frasssure (at
50C / 0.01 MPa) , thereby obtaining 24.01 g of a residue. This residue was
recryst al aged Lnmace00L il S60f (ABirmraspydt acbpentyhalotopls. tilexeky a

bi sphosphite (1-4) (yield on the basis of the nonophosphite (Ci): 82 $,
purity: -od2airtithd/6 .58pgestrd édsphospliter (0t R) ((yidld of0the)basis

of the monophosphite (C-1): 70 %, purity: 96 %) represented
by the formula (I-3).

[c09€]

(1-3)

[0097]

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

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

(s, 9H)
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O-Pb a"o
i s shown
1214), 1.

(1-4) [0101] An "H NWR data of the obtained bisphosphite
bel ow. [01021 'H NMR (270 MHz, CDCl3, TMs) 8; 7.47 to 6.93
34 (s, 1814), 1.33 (S, 18H), 1.29 (s, 914), 1.25 (s, 914),

(s, 9H), 1.12 (s, 914) [0103] <Exanple 6> Hydrofornylation reaction
t he bi sphosphite (I1-1) A solution of 50 ng (0.051 mvol es) of the

bi sphosphi
Rh(acac) (

at nosphere of carbon nonoxi de and hydrogen in a

iﬁ?%gt-l) obtained in Exanple 2 and 20.6 ng (0.08 nmol es)

(1-4)
(m

1.16
usi ng

of

i ssolved in 20 nL of toluene was prepared in a mxed gas

1 mL of sutEX@MRY® 31 on was added to a toluene (4 nL) solution of 7
(0.077 mmol es) of the bisphosphite &Bél) at 25C, thereby obtaining
S

sol uti on

atom of 1/20 (hereinafter referred to as "catal
el ect r omagaedrepming fungely pndar vingen dgaegped

- 43 T Bhree meeckeqd flaskoeqiiered pditing tharmonetiexr ph

sanpling port and having an inner volune of 100 nL, 2.5 nL of the c
sol ution Ag(tur mgedesdi af the monophosphite (C-1) obtained in Example

1 and 50 mL of tetrahydrofuran wexre added, followed by
substituting the inside of the system with nitrogen. After
cooling the inside of the system to -70°C, 6.3 mL of a hexane
solution of 1.6 moles/L of n-butyllithium (corresponding to
10 mmoles of n-butyllithium) was added dropwise over one hour
S0 as to keep the inner temperature at not higher than -60Q°C.
After completion of the dropwise addition, the mixture was
further sgtirred at -70°C for 30 minutes. To the cbhtained
reaction mixture, 2.09 g (12 mmoles) of 1,2-phenylene
phosphorochloridite was added dropwise over 30 minutes so as
to keep the inner temperature at not higher than -60°C. After
completion of the dropwise addition, the mixture was further
stirred at the same temperature for 2 hours, and thereafter,
the temperature was gradually raised to 0°C. Lithium chloride
formed as a by-product was removed from the reaction mixture
by filtration, and the filtrate was concentrated under a
reduced pressure (at 50°C / 0.01 MPa), thereby obtaining 24.01
g of a residue. This residue was recrystallized from 100 mL
of diisopropyl ether, thereby 8.10 g of a bisphosphite (I-4)

(yield on the basis of the monophosphite (C-1): 82 %, purity:

~ 42 -

ratio of 1/1 (by nole), and

6 ngy
a m xed
phor us

xst solution A"). In an
ume tdf d0Pamli nBet9and a

at al yst



to 0.002 mvles of Rh (acac) (CO 2; corresponding to 0.04 mmles of the

bi sphosphite; concentration of the rhodium conpound in the reaction system
0.04 nmmol es/L) and 47.5 nL (282 mmol es) of 1-methoxy-2,7-octadiene in a

ni trogen atnosphere; and after substituting the inside of the autoclave
with a m xed gas of carbon nonoxi de and hydrogen in a ratio of 1/1 (by

nol e) at & ature in the autoclave was
rai sed to igg/gﬁmﬁgfyﬁg%ﬁ;\%} andtf?ﬁ-énhﬁh Xt Eréywas reacted for 2 hours.

Duri ng the[hgﬁéilon a m xed gas of carbon nonoxide and hydrogen in a ratio
of 1/1 (by continually fed, thereby keeping the pressure in the

reaction systemconstant. The obtai ned
gas chromat ography (anal ysi s instrunent:
Cor poration; used colum: DB-23 T]
anal ysis condition: injectio

reaction m xture was anal yzed by
GC-17A, nmanufactured by Shi madzu
manuf act ured by J&W Sci entifi c;

, re at=R50C and detection tenperature
at 250C; tenperature rise condi? ping for 3 mnutes) ->
(raising the tenperature at 50 nj 250Q,~b eeping for 5 mnutes). As a
result, a conversion of 1-nethox -2 diene was 93 % a selectivity of
an aldehyde - 44 in which a carsnn-carbo goubl e bond in the nol ecul ar end
was hydrofornylated was 94 2k; a :@
car bon-carbon double in the nol ecul a |nt-'|or was 3 % and a rate of
i somerization (proportion in which tf

[(0101]

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

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

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

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

bisphosphite (I-1) at 25°C, thereby obtaining a mixed solution
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reaction occurred in the carbon-carbon doubl e bond) of

1- met hoxy-2, 7-octadi ene was 3 a. (0104] <Exanple 7> Hydrofornyl ation
reaction using the bisphosphite (1-2) The reaction and anal ysis were
carried out in the sane nanner as in Exanple 6, except that in Exanple 6,
the bisphosphite (2-1) was replaced by the bisphosphite (1-2) obtained in
Exanple 3. As a result, a conversion of 1-nethoxy-2, 7 -octadiene was 94 %

a sel ecti vhiviRf afofhHeRYd8 of RneNHKis Ak 8EBANE BB PholHYRiboRgmi N t he

nol ecul ar end was hydrofornylated was 95 % a selectivity of a dial dehyde

i n whi ch éfCf‘li’@”a{é’:reti%f@%%bhéféﬁréaeté“ﬁ&‘“&a%raliﬁttefsb%t‘.ﬂ’éﬁ m 4 and a

rate of isonerization of 1-methoxy-2,7-octadiene was 2 % (0105]

SComear ot e SXRLS UeTbrlagu 0 1GANg Youa ARSI LGB LT L

(B10k) = PRI Bs DR8P Y o RSB o AR G e 07 2
of 100 mL, 2.5 mL of the catalyst solution A (corresponding
to 0.002 mmoles of Rh(acac) (CO)2; corresponding to 0.04 mmoles
of the bisphosphite; concentration of the rhodium compound in
the reaction system: 0.04 mmoles/L) and 47.5 mL (282 mmoles)
of 1-methoxy-2,7-octadiene in a nitrogen atmosphere; and after
substituting the inside of the autoclave with a mixed gas of
carbon monoxide and hydrogen in a ratio of 1/1 (by mole) at
3 MPa (gauge pressure), the temperature in the autoclave was
raised to 120°C while stirrxing, and the mixture was reacted
for 2 hours. During the reaction, a mixed gas of carbon
monoxide and hydrogen in a ratio of 1/1 (by mole) was
continually fed, thereby keeping the pressure in the reaction
system constant. The obtained reaction mixture was analyzed
by gas chromatography (analysis instrument: GC-173a,
manufactured by Shimadzu Corporation; used column: DB-23 (60
m), manufactured by J&W Scientific; analysis condition:
injection temperature at 250°C and detection temperature at
250°C; temperature rise condition: 100°C (keeping for 3
minutes) — (raising the temperature at 5°C/min) ~» 250°C

(keeping for 5 wminutes). As a result, a conversion of

l-methoxy-2,7-octadiene was 93 %; a selectivity of an aldehyde
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- As a result, a conversion of 1-methoxy-2,7-octadiene was 91 % a

" selectivity of an al dehyde in which a carbon-carbon double bond in the
 nol ecul ar end was hydrofornmylated was 82 % a selectivity of a dial dehyde
~in which a carbon-carbon double in the nolecular interior was 1 % and a
rate of isonerization of 1-methoxy-2,7-octadiene was 17 'e. [0108]

<Conpar ative Exanple 2> The reaction and analysis were carried out in the

- same  manneh @BiéR F¥aFBbR-BarBis ubldbohl X AHR Rofechigr dicsRBasphite
(I-1) was replaced by a bi sphosph |te represented by the follow ng fornula.

- [0109] Qvepy, Hﬁgfbrﬁzfa%ﬁl/as 4498 éel&%t?@f atbialdthie AFwRiERSUIL, @
conversion Of 1-methoxy-2 oct adi ene was % a sel ect|V|ty of an

a1 dehyce | MRS RRPRERIEN, O BLecotG: R ELACH Y, g v
car bon- car Qoxthxgeo&b.llesomerlzatlon (proportion in which the isomerization
reaction occurred in the carbon-carbon double bond) of
l-methoxy-2,7-octadiene was 3 %.
[0104]
<Example 7> Hydroformylation reaction using the bisphosphite
(I-2)

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

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

[0106]
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in the nolecular interior was 8 1; and a rate of isonerization of

1- met hoxy-2, 7-octadiene was 7 % [0111] It is noted fromthe results of
Exanples 6 and 7 and Conparative Exanples 1 and 2 that when a
non- conj ugat ed di ene having a carbon-carbon double bond in a nol ecul ar end
and having from6 to 20 carbon atons is subjected to a hydrofornylation
reaction using the bisphosphite (1) of the present invention (Exanples 6
and 7), both the hydrofornyl atigm{eaction \& carbon-carbon doubl e bond
in the nolecular interior and t rate of meri zation of the

car bon-car bon doubl e bond are, pr essed da’n remely low |l evels as
conpared with the case of ug nown HLE hite (Conparative Exanpl es
1 and 2). On the other hand, ﬁbara?iv gnpl e 1, though the

hydr of ormyl ati on reacti on to thesgarQon-garwon double bond in the nol ecul ar
interior is largely suppressed, thd raik i sonerization of the

car bon-carbon doubl e bond is | arge & 5. Also, in Conparative Exanple 2,
both the hydrofornylation reactiongio ascarbon-carbon double bond in the
nmol ecular interior and the rate of isonerization of the carbon-carbon - 47
doubl e bongopg® high a little. [0112] <Test Exanple> In a 200- M

t hree- necked flask, 100 nmlL of tol uene having

As a result, a conversion of 1-methoxy-2,7-octadiene was

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

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

[01009]
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a water content of 70 ppm and 100 ng of the bisphosphite (1-1) was

' subsequent|y added, followed by substituting the inside of the systemwth
. nitrogen at roomtenperature. The obtained m xed solution was sealed in
each of three glass tubes having an inner dianeter of 8 nmmunder a nitrogen
gas stream and after dipping in an oil bath heated at 125C, a rate of
retention was determ ned every | apse of one hour by high-performnce
~liquid chrd®at®draphy (HPLC) according to an absolute calibration nethod.
"Also, the sane test was carried out by wusing the bisphosphite (1-2), the
 bi sphosphite (1-2&p areaulbj sphosydrd on efnesathakybp , thectadiwha walsl )
(hereinafter referred to as "bi sphosphite (IT)") in place of the

bi sphosphi tsg &l;- ) sel@dd3¥iPof Mh aldeRyde/ inGuRichja darBomr=aybonoMe (|
1) [0114] - 48 The results are collectively shown in Table 1. [0115]
double bond in the molecular end was hydroformylated was 85 %;

a selectivity of a dialdehyde in which a carbon-carbon double

in the molecular interior was 8 %; and a rate of isomerization

of l-methoxy-2,7-octadiene was 7 %.

fo111]

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

On the other hand, in Comparative Example 1, though the
hydroformylation reaction to the carbon-carbon double bond in
the molecular interior is largely suppressed, the rate of
isomerization of the carbon-carbon double bond is large as 17 %.
Also, in Comparative Example 2, both the hydroformylation

reaction to a carbon-carbon double bond in the molecular

interior and the rate of isomerization of the carbon-carbon
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(Tabl e 1] Table 1 Lapsing tine Rate of retention (hr) Bisphosphite

Bi sphosphi te Bi sphosphite Bi sphosphite 1-1 (1-2) 1-3 Il 0 100 100 100 100
18 858270 2 78 78 74 52 3 70 71 67 33 [0116] It is noted from T Table 1
that in conparison with the bisphosphite (I1) which is a known phosphite

and in particular, is structurally analogous to the bisphosphite of the
present invention, the bisphosphite (T) of the present invention is very
excel | ent idod®t bongbielret pighdar d§tslance to hydrolysis. - 49 CLAIMS [1]

A met hod for produci ng an al dehyde conprising reacting a non-conjugated
di ene havi ni@ld2dar bon- car bon double bond in a nolecular end and having from
6 to 20 carbon atons with a carbon nonoxi de and hydrogen in the presence of
a bi sphosphiTtexst Eaqampdent ed by the general forrmula (I): o-A -PP-O O
- In a 200-mL three-necked £lask, 100 mL of toluene having
a water content of 70 ppm, and 100 mg of the bisphosphite (I-1)
was subsequently added, followed by substituting the inside
of the system with nitrogen at room temperature. The obtained
mixed solution was sealed in each of three glass tubes having
an innexr diametex of 8 mm under a nitrogen gas stxeam; and after
dipping in an oil bath heated at 125°C, a rate of retention
was determined every lapse of one hour by high-performance
liquid chromatography (HPLC) according to an absolute
calibration method. Also, the same test was carried out by
using the bisphosphite (I-2), the bisphosphite (I-3) or a
bisphosphite represented by the formula (II) (hereinafter
referred to as ‘“bisphosphite (II)}”) in place of the
bisphosphite (I-1).

{0113}

[0114]
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(1) JRW *R wherein A represents an al kyl ene group which may have a
substituent, a cycloal kyl ene group which may have a substituent, a

phenyl ene group which may have a substituent, or a naphthyl ene group which
may have a substituent; and RL represents a hydrogen atom or an al kyl

group, and a group 8 to 10 nmetal conpound. [2] The method for producing an

- al dehyde according to claim 1, wherein the non-conjugated di ene having a
carbon-carbon bGhd degblesi are ool beetiarelondehenvah sy Tadpleer dm 6 to 20 car bon
ratoms is 1, 4-hexadi ene, 1-nethoxy-2,7-octadiene, 1-ethoxy-2,7-octadiene,

1- pr opoxy- 202183t adi ene, 1-i sopropoxy-2, 7-oct adi ene, 2, 7-oct adi en-1-ol,
1-acet oxy-2, 7-octadi ene or 1,6-octadiene. - 50 C3] A bisphosphite

represent edTapliehalgeneral formula (1): o_l P-O 1[) wherein A represents
an al kyl ene group which may have a substituent, a cycl oal kyl ene group which
may have a substituent, a phenyl enaa@yleup whi ch may have a substituent, or

a napht hyl ene gropp—which nay hay I resents a
hydrogen’ atom or Pmpenglie [aroup. . Rateolrelenton _____ .

(hn) “Bisphosphite | Bisphosphite | Bisphosphite | Bisphosphite

(-1} {I-2) (1-3) (1)

0 100 100 100 100

1 86 85 82 70

2 78 78 74 52

3 70 71 67 3

[0116]

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

very excellent in heat stability and resistance to hydrolysis.
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51

CLAIMS
(1] A method for producing an aldehyde comprising reacting
a non-conjugated diene having a carben-carbon double bond in
a molecular end and having from 6 to 20 carbon atoms with a
carbon monoxide and hydrogen in the presence of a bisphosphite

represented by the general formula (I):

(1)

®

pe

R

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

and a group 8 to 10 metal compound.

[2] The method for producing an aldehyde accoxding to claim
1, wherein the non-conjugated diene having a carbon-carbon

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

atoms is 1,4-hexadiene, l1-methoxy-2,7-octadiene,
l-ethoxy-2,7-octadiene, l-propoxy-2,7-octadiene,
1-isopropoxy-2,7-octadiene, 2,7-octadien-1-01l,

l-acetoxy-2,7-octadiene or 1,6-octadiene.
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[3] A bisphosphite represented by the general formula (I):

(1)

wherein A represents an alkylene group which may have a
substituent, a cyclcalkylene group which may have a
substituent, a phenylene group which may have a substituent,
or a naphthylene group which may have a substituent; and R'

represents a hydrogen atom or an alkyl group.
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