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The present invention relates to a method for producing an unsaturated

al cohol . More particularly, the present invention relates to a-nethod for
produci ng an unsaturated al cohol which. |§%a hydr at ed ollgoner of a 10 .
conj ugat ed al kadi ene, whi ch conpri ses redtting a conjugated al kadi ene and
water in the presence of carbon dioxide by neans of a pall adi um conpoun
and -a phosphorus conpound having at |east onéduriRef entMGHREHHRITAS

single bond, as catalyst. Further, the present invention 15 relates to a
novel . pal I .adi um conpl ex, a phosEESEELQ.cﬁHEnLEE?JEEQEa met.hod for producing
a saturated al cohol r ri for
preparation of vari oE@%ﬂj’arﬁog‘ @%@ﬂﬁ@ @M I&%Qn?tna%%&h conpri ses
hydrogenating the unsaturat e%A&GﬁM%FW%@iMe met hod of t he

present invention.
5 FIELD OF THE INVENTION

The present 1nventlon relates to a method fot_'.
producing an unsatu:ated aloohol. More particularly, the
present_inventionlrelates:to a-method for producing an
unsaturated alcohol_Nhich is a hydrated oligomer of_a'

10 conjngated alkadiene; whioh comprises reacting a
conjugated alkadlene and water in the presence of carbon
._6108166 by means of a palladlum compound and a phosphorus
compound having at least one trivalent phosphorus-oxygen
single;bond, as catal&st.‘ Further, the present'invention
| 15 relates toha novel palladium complex, a phosphonite
| compound, and a method for producing a saturated alcohol
useful, for example; as a starting material for
preparation of various organic compounds for special
uses, which comprlses hydrogenatlng the unsaturated
20 alcohol obtained by the method of the present invention.

DISCUSSION OF E BACKGROUND

Unsaturated alcohols, partlcularly octadlenols
inecluding octa-2, 7-dien-1-ol, are compounds important for
chemical lndustry as_lntermedlates useful for producing

25 n-octanol or 1ts esters. - | |
As a method for producing such unsaturated alcohols,

a method is known which comprlses reactlng conJugated



DI SCUSSI ON OF BACKGROUND Unsat urated al cohols, particularly octadienols
i ncludi ng octa-2,7-dien-1-0l, are conpounds inportant for chem cal industry-
as internedi ates useful for producing 25 n-octanol or its esters. As a '
met hod far- produci ng such unsaturated al cohols, a nethod is known which
conpri ses reacting conjugated - -2- al kadienes and water in the presence
of carbon di oxi de- by neans of a pall adiurd conpound and a phosphi ne. conmpound
as catalyst, to produce al kadienols as hydrated diners, for exanple, from
Chem cal Commatkadienes and wa%él) iandhe pregeneecofxearbed Bibgide by
Publ i cati on No. 10565/1975. In such a case, as a phosphi ne conpound used
as a |ligand ofneahe pdl hagaldiadiual yompoandr aadyh phosphine icompound as be
advant ageous. However, in this case, further inprovenents are desired in
the yield of shktadystoel scapgoduce alkadienols as hydrated dimers, for

‘example, from Chemical Communications 330 (1971) and

5 Jabanese Examined Patént.Puincatioﬁ No.110565/1975. In
such a case, as a_phésphine cbmpbund used as a ligand of
the palladium catalyst, a triarYi phosphine is known to
be advantagedus. However, in this case, further
improvéments are desired in the yield of alkadienols and

10 in the selectivity for the desired octa-2,7-dien-1;ol.

SUMMARY OF THE INVENTION
In a ¢omp1ex catalyst reactioh, the metal component
used as a éataiYst plays an important role. At the same
time, selection of the type of the ligand used in
15 dombination therewith gives a substantial influenée over
the'activity and the selectivity of the catalyst
reaction. The present inventors have conducted extensive.
studies to provide an industrially advantageous method
for pfoducing unsaturated alcdhols,_whereby a desired
20 unsaturated alecohol can be'bbtained'in good yield under
high selecﬁivity in the readtion oﬁ_a'cpnjugated
alkadiene and watef'bj means of a palladium compound and
a phosphorus compound, as catalyst. o
It is an'object of the present invention to pfovide a
25 method for producing an unsaturated alcohol having a
structure formed by oligomerization of a conjugated

diene, which comprises reacting a conjugated alkadiene



10 in the selectivity for the desired octa-2,7-di en-1-0l. SUMVARY OF THE

| NVENTION 1 n a conpl ex catal yst. reaction, the netal conponent used as a
catal yst "plays an inportant role. At the sanme tine, selection of the type
of. the ligand used in 15 conbination therewith gives a substantial

infl uence over the activity and the selectivity of the catalyst reaction.
The present inventors have conducted exferdsive studies to provi de an

i ndustrially advantageous nethod for produci ng unsaturated al cohol s,
‘whereby a desiard ®8teunbytmeansdofil aohovetanabalpst asystienn good yleld
under high selectivity in the reaction of a conjugated al kadi ene and wat er
by nmeans of ‘a pal|aueUpresnpsunavan&oaSphagphsuapregmpghndfouadcahatyby It
is an object of the present invention to_provide_a 25 nethod for producing
an unsat ur at edt @Rebhbeg ﬂa??ﬁ@“ﬂ?S?@ué%ﬁ?@lFBFn%ﬂdeaB?Fgbﬂe?h?a?¥%ﬁﬁ%ﬁea

conj ugat ed df eng. g GO L2 B, S8SH e % CQRLUBLEBhEBILELS of o

5 combination of a palladlum compound and a phosphorus
~ compound hav1ng at 1east one tr1va1ent phosphorus-oxygen
single bond (i.e., single bond between a trivalent
phoSphcrus atom and an 0xygen.atom), instead of a
ICOnbinationeof a palladium compound and a phosphine
io" compound, which has been known to be usefui as a
catalyst, the catalyst component can be effectlvely and
efficiently utlllzed even at a low palladium .
concentratlon, and an unsaturated alcohol having a chain
structure (i.e., skeleton) formed by oligomerization of
15 the conjugatedldiene; specifically octa-2;7-dien-léol'in
| the caSe where 1,3-butadiene is'used'as the conjugated
alkadiene, can be obtained highly selectively in good
yield. Further, they have found that when a reaction is
carried out by uSing.such starting ﬁatetials, it is
20'. possible to synthesize novel 6-v1ny1-2 8,13~
tetradecatr1en-1-ol Whlch is useful as a synthetlc
starting material for an organic chemical reaction.
Thus, the present'inventicn provides a method for
'producing an unsaturated alcohol having a chain structute_
25 formed by oligomerization of a conjugated alkadiene,
which comprises reacting a conjugated alkadiene and water

in the presence of carbon dinxide by means of a palladium



-3- and water by means of a novel catalyst system The present inventors
have surprisingly found that by reacting a conjugated al kadi ene and wat er
in the presence of carbon dioxide by means of a catalyst consisting of a 5
conbi nation of a pall adi um conpound and a phosphorus conpound havi ng at

| east one trival ent phosphorus-oxygen single bond (i.e., single bond
between a trival ent phosphorus aton1and-§n4oXygen aton), instead of a

conbi nati on of a palladi um conpound and a phosphine 10 conpeund, . which has
been known to beompetnd aandaacpheksphorusheompbahdshavimpoatenieast dre
effectively and efficiently utilized even at a l.ow pall adi um concentrati on;
and-an unsat ur ateiivaleohophbaphogua-okpgenssinglerkoyd, cas ckbakysny forned
by oligonerization of 15 the conjugated diene, specifically

octa-2, 7-di en- 1- ol ‘Thet present dnvention- plsadpeaeides Gzwinglrhed 13-

conj ugat ed al kadi ene_, can be obtaj ned highl 'selectingly i.n good vyi el d.
Further, they heotradesatrhan—hreh asrda ?Y%% ¢Qmpound. :

5 . Further, the presént inventiqn_provides novel
phdsphonité compounds of'the formulas (7) and (8):

- O~——A32
]
: (CHz2)xz
 A3—P 'Qn

(CHyys
O——A3

(7)
10 wherein A3! is an.aryllgroup or an alkyl group, which may
be substituted, ptovided that the aikyl_groups has no
' branch at the g-position, each of A32 and A% ig an
éryleng group having an alkyl substituent and A32 and a33
: are not the same, each of x? and y2 which are independent
15 of each other, is an integer of 0 or 1, Q2 is a bivalent
linking group of the formuia -CR41R42-, 50-; ~S-, sbz-,
-NR#3-, -giR44R45- or -cO-, each of R%! and R%? which are
| independent of each other, is hydrogen, a C;_;, alkyl
- group, a phehyl group, a tolyl group or an anisyl group,
20 and each of R%3, R% and R%5 which are independent of one
another, is hydrogen or a methyl group, and n is an
integer of from 0 to 1;

O-—.-A35 :
_ [ (éHz)xa
AM—p an

)
(CHa2)y3

~—— A 36

25 (8)

wherein 234 is an alkyl group or an aralkyl group, which



carried out by using such startihg materials, it is 20 possible to
synt hesi ze novel 6-vinyl-2,8, 13- tetradecatrien-1-ol which is useful as a .
synthetic starting material for an organic chenical reaction. Thus, the
present invention provides a nethod for producing an unsat ur at ed al cohol
having a chain structure 25 formed by oligonerization of ‘a conjugated
al kadi ene, which conprises reacting a conjigated al kadi ene and water in the
presence of carbon di oxide by means of a palladium -4- conpound and a-
phosphor us  conprignc anh ait |tias 3-gpos ittriions| esichplofs Aidr asd oA}y erhbemgl e
bond, as catalyst. The present invention also provides 6-vinyl-2,8,13-
tetradecatri endrelirgiependerdl abrepmmof Hther, iyamarylene greent
i nvention provides novel phosphonite conpounds of .the fognulas (7) and- (8):
[err] which may be substituted, each of x3 and y? which are .
independent of each other, is an integer of 0 or 1, Q2 is
5 a bivalent linking group of the formula -CR4®R*’-, -0-,
-§-, -80,-, -NR48-, -SiR*9R50- or -CO-, each of R%® and RY"
which are independent of each other, is hydrogen,'a'cl_lz'
alkyl group, a phenyl group, a~tolyl group or an anisyl
group, each of R*%, R?® and R30 which are independent of
10 o©one another, is'hydrogen or a metth group, and n is an
integer of 0 or 1.
Still further, thé present invention provides a
method for-producingfa saturated alcohol, which comprises
reacting a cdnjugated alkadiene and water in the presence
15 of carbon dioxide by means 6f a palladium compound and a
phosphorus compound having at least one trivalent
_phosphorus-oxygen single bond, as catalyst, to obtain an
unsaturated alcohol having a structure formed by
oligomerization of'the conjugated alkadiene, and then
20 hydrogenating this unsaturated alcohol to obtain the
_corresponding saturated alcohol.

 BRIEF DESCRIPTION OF THE DRAWINGS

In the acCompényihg dfawings:

Figure 1 shqﬁs a 1H?NMR.spectrum'of the hiéh boiling
26 'point compound obtained in Example 1. |

Figure 2 shows a 13c-NMR specfrum of the high boiling

- point compound obtained in Example 1.



10 wherein A31 is an aryl group or an alkyl group, which may be
substituted, provided that the alkyl groups has no branch at the
[err]-position, each of [err] and [err] is an arylene group having an al kyl -
substituent and [err] "and [err] are not the same, each of [err] and [err]
whi ch are independent 15 of each ot her, s an integer of O or 1, @ is a -
bi val ent Iinking group of the formula TePr [err], each of [err] and [err]'
whi ch are i ndependent of each other, is hydrogen a [err] al kyl group, -
phenyl group, a tBiguregrduphaws an G@SSy&pgptnum e thel higih hdiling ] mhrch
are independent of one another, is hydrogen or a nethyl group, and n is an

i nt eger of frnﬂﬁﬂﬁtqpmpoqnﬂrqbtﬁined in Example 1. ' _ (8)
wherein A34 is an al kyl group or an_aral kyl group ch
Figufe 4 shows a DEPT spéctrum of the hlgh bolllng

p01nt-compound ebtained'in Example 1.

5_ Figure 5 shows the entire-iNADEQUATE'spectrum at jee
60.0 Hz of the high boxllng point compound obtalned 1n
Example 1. | o

Figure 6 shows an'enlarged-view of from 56 to'80 ppm
of therSpectruﬁ shown in Figure 5. '
10 Figure 7 shows an eniarged view of from 140 to 180
ppm of the spectrum shown in Flgure 5. |
Figure 8 shows the entlre INADEQUATE spectrum at jcc.
80.0 Hz of the hlgh boiling point compound obta;ned in
Example l; | - '. |
15 ..Figﬁre 9 shows ah_enlarged view of from 140 to 180
ppm 5: the spectrum shown.in Figure 8;

DESCRIPTION'OF THE PREFERRED EMBODIMENTS

Now, the present invention will be described in
detail with reference to the preferred embodlments.

20 The conjugated alkadlene to be reacted with water to
proﬁuce an unsaturated alcohol by the method of the
present invention may, for example,'be 1;3-butadiene, 2-
eEhy1-1,3fbutadiene, 2,3~-dimethyl-1,3~-butadiene,

 isoprene, 1,3-pentadiene, chlorqprene or l,3foctadiene.

25 In the case of 1,3-butadiene, the raw material which is

| usuaily available, is purified 1,3-butadiene or so~called

BBP, i.e. a mixture of C4 fraction from the decomposition



e

-5- has a branch at the [err]-position, each of A35 and A36 which are
I'ndependent of. each of other, is an arylene group which nmay be substituted,
each of [err] and [err] which are independent of each other, is an integer
of 0 or 1, {err] is 5 a bivalent linking group of the formula [err], -0-,
-S-, [err], [err], [err] or -CO, each of [err] and [err] which are °

i ndependent -of each other, is hydrogen,‘a7[Err} al kyl group, a phenyl
group, a tolyl group or an anisyl group, each of R48, R49 and R50 which are
i ndependent ofpddducineofamdplethai s hydrogen or a nethyl group, and n is an
integer of 0 or 1. Still further, the present invention provides a nethod
for produci ng a sdfheatBBPaisohsed aki the coawrmaesr izhctaking maiglyat ed

al kadi ene and water in the presence 15 of carbon dioxi de by neans of a

pal | adi um conﬂﬂlﬁ@%@'%ﬁﬁﬂﬁ&@%%cﬂ%&ﬂf@hmmgt dree trival ent
phosphorusaox¥%fn'siqgle bond,_  as, catal yst, to obtain an

visable to preliminarily separate and remove acetylenes
5 and'allenes'éohtained in the raﬁ material BBP. The |
‘method for reducing'QCetYIénes and allenes is not
particularly iimited; and various known methods may
suitabiy be employed. 1In a case where optadienols or
hexadecétetraenols_are to be produced by even number
10 oligomerization and hydration (such as dimerization and
hydration or tetramerization and hydration) of 1,3;
butadiene, the total concentration of acetylenés and
allenes in the 1,3-butadiene raw material after removai
or redﬁctién of acetyiehes and allenés in BBP, is desifed
15 to be és iow as possible, usually at a 1evel_of_not more
than 1.0 wts, relative to 1;3-butédiene;' |
On the other hand, as the water, as the other raw
material, pure water not to be influential over the even
number oligomerization and hydration reaction is suitably
'20 employed. The amouht of the water is.not particularly
limited, and it is usualiy'selected_within a.range of
from 0.5 to ld mols, preferably'from.l'to 5 mols, per mol
of the conjugated alkégiene,
In the present invention, a palladium compbuﬁd is
| 25 used és'a main cataiyst. The form and the valency of the
palladium compound to be used is not particulérly' |

limited, and a zerovalent or bi%alent compound may be



~unsat urated al.cohol having a structure forned by oligonerization of the
- conj ugated al kadi ene, and then 20 hydrogenating this unsaturated al cohol
to obtain the- correspondlng saturated al cohol. BRI EF DESCRI PTI ON OF THE
" DRAWNGS In the acconpanying drawi ngs: Figure 1 shows a [err] spectrum of

the high boiling 25 point conpound obtained in Exanple 1. Figure 2 shows a

[err] spectrum of the high boiling pdiﬁt8c6npound obt ai ned- i n Exanple 1.

- 6- Figure 3 shows a COSY spectrum of “the -high boiling point conpound

obt ai ned. i n Baedie 5pe¢nguc3121yshmh/smayDEﬁtrrspnampbm obet acbhvghenbi | i ng
poi nt conpound obtained in Exanple 1. 5 ' Figure 5 shows the entire
| NADEQUATE spealladium rempewnd. .9+ ahpahiadiv®i sahy pbian toepsamic

obtained in
- acid such as palladium nitrate; a palladium salt of an

organic gcid, such as palladium acetate; or a bivalent
'5. palladium complex such as bis(actylacetone)palladium or
bis(tributylphosphine)pallédium acetate, or a_zefovalent
palladium éompléx_such as | |
.tetrakis(triphenylphosphine)paliadium,
'tfis(dibénzylideneacetqne)dipalladium, 6r (1,5-
10 cyclooctadiene)(maleic anhydride)pallédium‘ However,
most'preferred is a pailadium complex_having, as the sole
'ligand, a trivalent phosphorus compound having at leéét
one phosphorus-oxygén single bond, which is used as a co-
- catalyst. If a palladium cbmppund having a ligand other
'15 than a phosphorus compéund; is used} useless'by-products
| will.be formed by the reactioh of the ligand with thé
starting material alkadiene, and the starting material
alkadiene will be consumed uéelessly. Wheréas, when the
paliadium‘complex having, as the éole ligand,_a trivalent
20 phosphorus compound having at least one phosphorus-oxygen
single bond, is used, such an undesirable phenoménon will
not occur, and the starting material alkadiene can be
‘consumed effectively and efficiently. Specific exampleé
of such a palladium complex include a
25 Dbis(phosphinite)palladium complex; a
'tris(phosphinite)pailadium complex, a

tetrakis(phosphinite)palladium complex, a



‘Exanple 1. Figure 6 shows an enl arged-vi ew of from56 to 80 ppm of the
spectrum shown in Figure 5. 10 Figure 7 shows an enl arged vi ew of
from 140 to 180 ppm of the spectrumshown in Figure 5 Figure 8 shows the
enti-re | NADEQUATE spectrum at jcc 80.0 Hz of the high boiling point :
conmpound obtained in Exanple 1. 15 WrT‘figu're 9 shows -an enl arged vi ew of
from 140 to 180 ppm of the spectrum showri’n Figure 8. DESCRI PTION OF THE
'PREFERRED EMBODI MENTS Now, the present invention will be described in - '
detail with rdfis(@hosphonite ypadladiam adnpdiedontas. 20 The conj ugat ed
al kadiene to be reacted with water to produce an unsaturated al cohol by the
met hod of t he tFisd@hosphrnitelPaidadig: compdf*e, ®e 1, 3- but adi ene, 2-
et hyl -1, 3- but adi ene,, 2,3-dinethy+-1,%;b t.adi ene, i soprene, 1, 3-pentadi ene,
chl oroprene ortekTakjet (Riesprhonise )nalladidg COPLLX3. But adi ene; the raw
naterlal Wh'C%f;iﬁﬁ%&%ﬂf@é?ﬁ%ﬂfﬁﬁf%m'é%d% giﬁl%ﬂ 1,3-butad|§ne,qr so-callgd
5 tris(phosphite)palladium complek, and a
tetrakis(phosphite)palladium complex.
The amount of subh a palladium compound may be varied
within a wide range. However, ~it is usually seiected
within a range of from 0.000002 to 1 g atom, preferably
10 from 0.00002 to 0.1 g atom, as palladium per mol of the .
conjugated alkadiene. |
It is a feature of the present invention to use a
phosphorus compound haVing.at,least'dne trivalent
_ phosphérus-oxygen single .bond as a cocatalyst.
15 Phosphorus compdunds having at least one trivalent
'phosphorus—oxygen single bond may be classified into
three types depending upon the number of trivalent
phospho:us-oxygeh bdnds i.e. a phosphinite (a phosphorus
compound having a structure in which one oxygen atom and
20 two carbon atoms are'bonded'to a phosphorus atom by
single bonds, respectively), a phosphonite (a phosphorus
compound having a structure wherein two oxygen atoms and
one carbon atom are bonded to a phosphorus atom by single
bonds respectively) and phosphite (a phdsphorus compound
.25 having a structure wherein three oxygen atoms are bonded

to é'phosphorus atom by single bonds respectively).

As the phosphonite compound useful as a cocatalyst, a



BBP, i.e. a mxture of [err] fraction fromthe deconposition. -7- product
of naphtha. When BBP is used as the raw material taking mainly the

econom cal advantage into consideration, it is advisable to prelimnarily .
separate and renove acetylenes 5 and allenes contained in'the raw nmaterial
BBP. The met hod for reducing acetylenes_ﬁf€ allenes is not particularly
lLimted, and various known nethods may s ably be enpl oyed. In a case
where octadi enols or hexadecatetraenols are to be produced by even nunber
10 ol i goneri zRhpsphand tey epaprund( ofickhesfolkeving: formuta KldralRdm or
tetrameri zation_and hydration) of /1, 3-_butadiene, ,the_total concentration
of acetyl enes ARd 9FI éAdsMmAY gRecificpliyqpenmepkionaferial after renoval

or reduction of acetylenes and allenes in BBP, is desired 15 to be as_low_"'

as possible wusually at ®+ew of not nore’

_(éﬂz)l | /O —AS.
- . a-P  @u A-P
5 CHyy  Np—as
(1) L (2)
Al0—q ' 0——.-,}8 - - _ |
((ll‘_er):n \ _ / © (CHg):z A¥—0 /O—Aw
Ile P—A7-P 'il."k . P—A12—p
10 (CH2)y1 o \) (CHg)e | / _ Al
' An-.—o/ _ ——)s : | A—0 \0— ;
3 (4

Iin fhe formulas (1) to (4), each of Al and A% which
.are independent of eech other; is an aryl.group or an
15 alkyl group, which may be substituted, each of A%, aS,
al3, al4, al5 and Al® yhich are independent of one
another, is an aryl group which'may be substituted, each
of A2, a3, a8, A%, al0 and A!l! which are independent of
one another, is an arylene group thch may be |
20 substituted, each of A7 and al2 which are independent of
one anotner, is a bivalent hydrocarbon group which may be
substituted, each of x, x!, y, vy}, z and 1 which are
'-independeng.of one another is an integer of 0 or 1, each
of Q, Q' and T which are independent of one.another, is a
25 1bivalent linking group of the formula -CRIR2-, -0-, -S-,
-80,-, -NR’-, -SiRRS- or -CO-, each of R* and R? which

are independent of each other, is'hydrogen,_a Ci-12 alkyll



~than 1.0 wt% relative to 1, 3-butadiene. On the other hand, as the water,
as the other raw material, pure water not to be influential over the even
nunber ol i gonerization and-hydration reaction is suitably 20 enpl oyed. The
anount of the watéer is not particularly limted, and it is usually sel ected
within a range of from0.5 to 10 nols, preferably from1l to 5 nols, per nol
of the conjugated al kadiene. In the pré@éﬂt'Tnvention, a pal | adi um conpound
i's 25 used as a main catalyst. The formand the valency of the palladium -

‘conpound t o begxoup, i3 phenyphrgroup ard ytodlyl terbupnst aan eAvsy Engrip,
bi val ent conpound may bge -8- used. Specifically, it may, for exanple,
be a bival ent §a¢h ﬁglﬁa:c(ﬁ?p@mdﬁsewgica pzel addepesdentobfapnienor gani c
acid such as palladiumpitrate; a palladiumsalt of an-organic acid, such
as pal | adi um RRAHAE  oFs hyizegemior a methyl group, and n is an
integer of 0 or 1. | -
5 In_the formulas (1) to-(4), each of A! and A% méy be
& Cg_3p alkyl group, for example, an alkyl group such as
a methyl group, an ethyi group, a propyl group, a butYl
group or an octyl group, or an-aryl-substituted aikyl
group such as é benzyl group. Such én alkyl group may be
.10 substituted by e.g. a Cl_éo élkbxy.group such as a
methoxy group, an ethoxy group, a-héxyloxy gféup or a
. decyloxy group, a C,_3o9 dialkylamino group éuch as a
dimethYlamino group or a dioctyiémino group, or a group
| of the"formu1a -S0;Na, ~COONa or -COOCH;. The aryl group
15 for Al, A%, a5, aS, al0, all, al3, ale, Al5 ang al6 pay be
a Cg 39 afyl’group such as a phenyl group, a naphthyl
group, a tolyl group, a xylyl group or an alkyl-
'_substitutéd naphthyl group. Such an aryl group.may be
substituted by e.q. a-cl_zo_alkoxy group such as a
20 methoxy_group, an ethoxy group, a hexyloxy grdup of_a
’decyldxy group, a C,_j, dialkylaminb group such as a
dimethylaﬁino group or a dioctylamino grbup, or a group
of the formula -SO;Na, -COONa or -COOCH,. The arylene
group for A%, A3, A%, A%, A0 and All! may be a Ce-30
25 .arylene group such as a phenylene grgup, an alkyl-
substituted phenylene group} an aryl-substituted

phenylene group, a naphthylené group, an alkyl-



5 pal I adi um conpl ex such as bi s(actyl acet one) pal | adi um or

bi s(tributyl phosphi ne)pal | adi um acetate, or a zeroval ent palladlun1conplex
such as tetrakis(triphenyl phosphi ne)pal -1 adi um

tri s(di benzyli deneacet one)di pal | adium or (1,5- 10 cycl ooct adi ene) (mal ei ¢
“anhydri de) pal | adium  However, nost pref red I s a palladi um conpl ex '
.having, as the sole ligand, a trivalent osphorus conmpound havi ng at | east -
one phosphorus-oxygen S|ngle bond, which is used as a co- catalyst. .If a
pal | adi um comsahstitated) f@ph@aﬂcﬁm lgxours on K ax yhesyisdridm teshpound, is |
used, usel ess by-products will be formed by the reaction of the ligand with
the starting mARRthylensfriRe, &urh a0 argrene) IFAUR MAY Headi ene wil |

be consuned uselessly eas, mhen t he pal l'adi um co Iex ‘havi ng, as the

sol e ligand, £4BS§ “e‘r?tgﬂgﬂ’ c&ﬁfbﬁh ¢h 3%A¢t one -

Pot beour: andihet B b°”d @?ﬁh‘:a%?r;’mz}c‘iaﬂn%”emﬂe%dﬁéx&i%'gfm%ﬁe&?gﬂﬁ.”Véﬁ .

~and effici gnt I%cﬁ%g@ fdr%u%xarg) s Ofdfé'ﬁ&fatf?fﬂo a&'ﬁcﬂfﬁ Cé)dmjl eg<s |A"|cl ude a -
dlmethylamlno group or a dloctylamlno group, or a group
of tbe formula ~S0;Na, —-COONa or —COOCH3._ The bivalent
hydrocarbon group for a7 and A* may be a Ce-30 arylene
group such as a phenylene group, ah'alkyl-substituted

10 phenylene group, an aryl-substituted phenYlene group, a

| naphthylene group, an alkyl-substituted naphthylene group
or an aryl—substituted uaphthylené group,.a C¢-30 |
alkylene group such aé a methylene group, an ethyléné
group;'a butylene group,.a hexamethylene group, or -an

15 aryl-substituted butylene group, or a group wherein the
above aikylene group and the arylene group are bonded in
‘series. Such a bivalent hydrocarbon'group may be
substituted by e.g. a C,;_,, alkoxy group such as a
methoxy group, an ethoxy group, a hoxyloxy group or a

20 decyloxy group} a Cz_3o"dia1kylamino group such as.
dimethylamino group or a dioctylaminoogroup; or.a group
of the formula -SO;Na, -COONa or -COOCH;. The Cj.;,
alkyl group for Ri and R2 may, for example, be a methyl
group, an ethyl group, a butyl group, a hexyl group, an

- 25 octyl group or a decyl group.

Specific examples of such a phosphouite compound

include the following compoundé:



25 bi s(phosphinite)pall adi um conpl ex, a tris(phosphinite)palladi um

conpl ex, a tetraki s(phosphinite)palladiumconplex, a -9- :

bi s(phosphoni te) pal | adi um conpl ex, a tris(phosphonite)palladiumconmplex, a
t et raki s(phosphonite) pal 1 adi um conpl ex, a bi s(phosphite)pall adi um conpl ex,
a5 tris(phosphite)palladiumconplex, and a tetrakis(phosphite)palladi um
conpl'ex. The anount of such a pal | adi unT dénpound nay be varied within a

w de range. However,-it is usually selected within a range of from 0.000002
to 1 g atom preferably 10- from 0.00002 to 0.1 g atom as pal |l adi um per

nol of the conjugated al kadi ene. is a feature of the present invention
to use a phosphorus conpoungghavifg

WA
| @-P\O




phosphor us- oxygen single bond as a cocatal yst. 15 Phosphor us
conpounds having at |east one trival ent phosphorus-oxygen single bond may
be classified into three types dependi ng upon the nunber of trival ent
phosphor us- oxygen bonds i.e. a phosphinite (a phosphorus conpound having a
- structure in which one oxygen atomand 20 two carbon atons are bonded to a
" phosphorus atom by single bonds, respectd vely), a phosphonite (a phosphorus
conmpound having a structure wher ei n t wo oxygen atonms and one carbon atom

are bonded to a phosphorus atom'by single bonds respectively) and phosphlté -

(a phosphorus conmpound 25 having a structure wherein threeyoxygen atons are
bonded to a phosphorus aton1by Singl e bonds. respectlvg t

phosphoni t e conpound usef ‘@a at al yst, /I hon?te
conpound of the f@ for mulfa (1), (2) (@.r (4) rray speci fically be
ment i oned: P g \\\

©)




{err] 5 (1) (2) 10 (3). ' (4) In the
formulas (1) to (4), each of [err] and A4 whi ch are i ndependent of each.
other, ‘is an aryl group or an 15 al kyl group, which may be substituted,
each of [err] [err] which are independent of one another, is an aryl group'
whi ch may be substituted, each of [err] and Al which are independent of
one another, is an arylene group whi ch na} be 20 substituted, each of A7
and Al2 which are. i ndependent of one another, is a bival ent hydrocarbon
group which may be substdg,ut ed, each of [err].andfl jch are i ndependent
of one another is an intege of 0 or 1, each of Q [err .nd T which are

i ndependent of one angQt hg 25 bivalent |inkin

: SH
[err] [err] each of rr\~affd [err] which ar ndeepnd
hydrogen, a [éii»*gh yl - : {ij>k_?

f each other, is




group, a phenyl group, a tolyl group or an anisyl group, each of R3, R4 and
R5 which are independent of one another, -is hydrogen or a nethyl group, and
nis an integer of 0 or 1. 5 In the formulas (1) to (4), each of

[err] and A4 may be a [err] alkyl group, for exanple, an alkyl group such
as a nethyl group, -an ethyl group, a proEX group, a butyl group or. an
octyl group, or an aryl-substituted al KyF°group such as a benzyl group.-
Such an al kyl group nay be 10 substituted-by e.g. a [err] alkoxy group
such as a nethoxy group, an ethoxy group, a hexyloxy group or a decyl oxy
group, a [err] dralkylanlno gro )._such as a drnethylanlno g up or a

~dioctyl anm no group or h.. CHior mul a [err] up 15.
for [err] may be a ryI grs.o such as a ---n group, B hyl .
group, a tolyl gro Q{\Iyl gl or an aIk

@ W _ 5,,3




~substituted naphthyl group. Such an aryl group may be substituted by e.g.
a [err] al koxy group such as a 20 net hoxy group, an ethoxy group, a '
hexyl oxy group or a decyloxy group, a [err] dialkylamno group such as a

di met hyl am no.group or  a dioctylam no group, or a group of the fornula
[err]. The arylene groUp'for [err] and All may be a [err] 25 arylene group
such as a phenyl ene group, an al kyl - -suibstituted phenyl ene group, an

aryl -substituted phenyl ene group, a naphthylene group, an al kyl - 12

- substituted naphthyl ene group or an aryl -substituted naphthyl ene group.

Such an aryl ene group may be gulstituted by e.g. a [err] al koxy group such = -

- as a-nethoxy group, an ethoxy gr-
group, a [err] dial kyl am
di octyl am no group,_or/;(@

decyl oxy

p, .a hexyloxy group or aX
_ _ o a

—~O)
: <:>
Hac@—P<OCH3




of the fornmula [err]. The bival ent hydrocarbon group for [err] may be a
[err] arylene group such as a phenyl ene group, an al kyl -substituted 10
phenyl ene group, an aryl-substituted phenyl*ene group, -a naphthyl ene group,
an al kyl - substituted naphthyl ene group or an aryl-substituted naphthyl ene
group,.a [err] al kylene group such as a- nethylene group, an ethyl ene group,
a butyl ene group, a hexanet hyl ene group, -at8 an 15 aryl -substituted butyl ene
group, or a group wherein the above al kyl ene group and the aryl ene group
are bonded in series. Such a bival ent  hydrocarbon group nay be substituted
by e.g. a [err] alkoxy group sucX as a nethoxy group, an e hoxy group, a
hexyl oxy group or {:p a [err] dralky am rﬁgp such as -
di met hyl am no gr oup—¢ no roup, gr rmul a '
[err]. The [err] al\&y) oup for{ Rl and R2 na exanpl- “be a net hyl
group, an ethyl group, autyl a hexyl - ou group or
a decyl group. Specific ex - dllsh a phosphon




include the fO||OWI ng corrpounds . : 13 - [err] [err] -14- [err]
15 - [err] '

-19-'- '

| :}H_m—@ ‘_‘ g
f"i: ::—«@w:
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-16 - [err] - 17 - [err]  -_18- [err] - 19 - [err] . .

- 20 - |







24 [err] -
represents a t-

25 - [err]
but yl

aryl
al koxy group,
Is preferably [err],
of “each ot her

group, and [err]
t he phosphonite conpound of the above fornmula (1),
group which nmay be 5
a dial'kylam no group or a group of the fornula [err],
wherein each of [efr42and [err] which are |ndependent

group_.

- 26 -

substituted by an. al kyl

is a hydrogen atomor a [err] alkyl

In the above structural
represents-an i-propyl

formul as, "+

group. In.
Al is preferably a [err]
group, an aryl group, an

“and Q

The arylene group

for

[err]

CHg
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10 [err] and [err] is preferably a 1,2-arylene group which may be
substituted, particularly preferably a 1, 2-phenyl ene group which nmay have a
substituent such as a [err] alkyl group or a [err] al koxy group at.the '
6-position and a substituent such as 'a [err] alkyl group at one or nore 15
positions anong the 3-, 4-'and-5-position§
the 1, 2-phenyl el ne group-is bonded to the %X?gen atom whi ch .is bonded to
t he phosphorus atom t he ot her -hand, in the phosphonite conpounds of the
above-nenti oned for (2)yand (4), each of [err] 2 Al5 and Al6 is
preferably a pheny}l—group ha{i a ferr] allg : posi tion,
whi ch may havé;@ @ @béloi‘rgé}n?‘sc’bg t he be@gp%jﬁg. fﬁﬂgg preferably’
a [err] aryl group i ch may/be subs?ituted by an al kyl group, an aryl
group, an al koxy group, a dilskyl amino 25 group or a group of the formula
-SBNa. As the phosphinite conpound used as a cocatal yst, a phosphinite

- conmpound of ‘the followi ng fornula (5) may be : _

@—p{f’—@r@g: . -@P{OCHs)z

SOgNa - iy

provi ded that the 1-position of.-ﬁ



- 27 - mentioned as a specific exanple: [err] (5) wherein each of [err]
whi ch are independent of one another, is an aryl group which may be
substituted. Specific exanpl es of such a conmpound i nclude the foll ow ng
conpounds: - _ - - 28 - [err] [err]  -29 - [err]




- 30 - [err] CH3 - 31 - In the above structural formulas, + represents
a t- butyl group, and [err] represents an i-propyl group. In the -
phosphi nite conpound of the above fornula (5), each of [err] and [err] is
preferably a [err] aryl group which 5 may be substituted by an al kyl
group, an aryl group, an al koxy group, a ggalkylanino group or a group of
the formula [err] is preferably an aryl éné”group whi ch may be substituted,
particularly a phenyl group or a naphthyl group, which may have at | east -
- one substituent 10 such as a [err] alkyl group or a [err] alkoxy group at

| fdroo-tp)



o-position, or a substituent such as a [err] alkyl group, a [err] group or
a group of the formula -SGBNa at the:m position and/or at the p-position.
As the phosphite conpound to be used as a cocatal yst, 15 a phosphite
compound. of the following formula (6) may be nentioned as a specific:
example. A2[err] P-[err] - (6) Alerr] 20 wherein each of
[err]- which are independent of one anorh@ﬁ “is an aryl group-which may be
substituted. Specific exanples of such a conpound include the follow ng

- conpounds: - 32n {iss rdbove structural formulas, + represents a t-

- butyl grdup, and ;»__-rep;esents“an i-pfopyl group.
In the phosphonite compound of the above formula (1),
Al is preferably a C4_35 aryl group which may be

5. substituted by an alkyl group, an aryl group, an alkoxy
group, a dialkylamino g}oup or a”group of the fbrmula_-
~80;Na, and Q is prefeﬁably -CRIRZ, uherein each of Rl

~and R2 which are_independent of each other is a hydrogen
atom or_afcl;s alkyl group. 'The arylené_group for Az,'A3,
10 A0 and All is preferably a 1,2-ary1ené group which may
be Substituted;-partiéularly prgferably a 1l,2-phenylene
group whiéh may have a substituenﬁ such as a C;_z alkyl
_group or a C1-2u alkoxy group at the 6-position and a.
substi%uent suuh as a C;_,9 alkyl grbup at one or more
'15 positions among the 3-, 4- and 5-positions, pruvided that
the l-position of the 1,2-phenylelne group is bonded to
the oxygen atom which is bonded to the phosphorué atom..
| On the other hand, in the phosphonite compounds of
the above-mentioned formuias (2) and (4), each of A%, A?,
20 al5 and alf is preferably a phenyl group having a C;_,

“ alkyl group at the 0-p051t10n, whlch may have other
substltuents on the benzene ring. A‘ is preferably a
Cg-30 2ryl group which may be substituted by an alkyl
group, an aryl group, an'alkoxy group, a dialkylamiuo

25 - groué or a group of the formula -SO;Na. |
As the phcsphinite-compound used as a cocatalyst, é

phosphinite compound of the following formula (5) may be

5



33 [err] - 33 - - 34 - In the above structural fornulas, +
represents a t- butyl group, and [err] --represents an i-propyl group. In
t he phosphite conpound of the above fornula (6), each of A26, A27 and A28
whi ch are +independent of one 5 another, is preferably an arylene group .
"whi ch may be substituted, particularly a,PhenyI group or a naphthyl group
havi ng- at | east one substituent such as %.[érr] al kyl group or a [err]
-~ al koxy group at the opposition, or a substituent such as a [err] alkyl
-group, a [errheatkonedids 3rsppcibfia gxamplet the forrmula [err] at the

- mposi tion and/or the p-position. Anbng phosphorus conpounds having at

| east one trival ent phosgfhor us- oxygen single bond, those having '

_ _ N _

. P—Q—AZ% (5)
.Aﬁ/ _ _
5 wherein each of A23, a2! and A25 which are independent of
one another, is an arjl'grbup which may be substituted.
Specific examples of such a compound include the

‘following compounds: .



bot h a phosphor-us- oxygen single bond and a phosphorus- 15 carbon single
bond, such as a phosphonite conpound and a phosphinite conpound, are
preferred. Anong phosphorus cOnpounds having at | east one trivalent
phosphor us- oxygen single bond, it is a phosphonite conpound which presents
the optinumbasicity 20 of the | i gand, and when a phosphonite conpound is
enpl oyed, it is possible to obtain the hi&hest reaction rate and the

hi ghest selectivity for the .desired conpound. The amount of the phosphorus
conpound having at |east 25 one trival ent phosphorus-oxygen single bond is
usual Iy sel ected th|n a ragﬁe of fromO0.1 to 250 nols, preferably from2 -

to 150 nols, nore 00 nol s al cul ated as
: Cﬁéllamlﬂn (z:) Pf-O—iESB
2 - :

phosphorus atom ian1at
@7)?_ | _ .. ( -
P—o0
D e

R

oD o
(@P_ é@ - « /LP‘."

CZHS | ' | CHs




In the present invention, the reaction of the conjugated al kadi ene and
~water is carried out in the 5 presence. of the palladi um conpound, the
phosphorus conpound having at |east one trivalent phosphorus-oxygen single
-bond and carbon di oxi de. The carbon dioxide to be used in the present
invention may be supplied in any formso long as it is present as carbon
“dioxide in the 10 reacti on system For'eﬁénple it may be in the form of
nol ecul ar carbon- di oxi de, carbonic acid, a carbonate, a hydrogen carbonate
or carbon di oxi de, or adduct of carbonic acid mnth an am ne. The upper
limt of the ampunj of “Cérbon,di oxi de is determ ned CH3om t 15 econom cal
~reason, and even iff i S use an excess a there ; be no
particular advers @d’t—ﬂb reaction. 1 éw:1 usual | y
at least 1 nmol, pheferaply at /Teast 10 nDIs p roary pal | adi um
t he present |nvent|on a basi@g3sconpound nmay be 20 present in the reactlon
solution for the purpose of stabilizing the palladium conpound or the
phosphorus conmpound in the reaction solutlon or for . the purpose of

P CES:

Colt 5
iy
e g
L . CHy
CH3 | . CH3 '
nsc@P— @c&s | (”P n—{c}rcz{3
. CHS oo CHs
CHy CH

HaC

pP— 0cn3 (‘7"_ CH
| ' CHs |
§-b- (oop-pm

CH+ .
/2 3 C"s



increasing the solubility of carbon dioxide to inprove the reactivity or
selectivity .for the desired unsaturated 25 al cohol. conpound. As such a
- basi c conpound, an am ne conpound, a pyridine derivative or an am-de may,

for exanple, be nmentioned. Anong them an am ne conpound is - 36 -
particularly preferred. Such an am ne cogpound is not particularly
limted. However, a tertiary amne conpoufid s nost preferred, since a

primry or secondary anm ne conpound may .sonetines gives a by- product by a
side 5 reaction with butadiene. Specific exanpl.es of such an.am ne
conpound i ncl ude trlalkyﬂﬂmlnes uch as trimet ylanlne try ethylanlner

tripropyl am ne, rlbut Al ri octylam ne 8 uch as
1- N, N-di met hyl a {:}

-0l di net hy ﬁol
het eroaromati ¢’ nlnes st'Ch as py ine and 2,6- di thylpyrldlne o
alkoxyalkylanlne :

such a ZNN-dlmﬁghyI

@>}P-°J’Co}u<2§" oo
S .

_'803Na 2 : CH3

@—P——O SO3Na
2 |




2- met hoxyet hyl am ne and N,N—dinethyl-35ethoxypropylanine cyclic am nes
such as N-nethyl pyrrolidine, N-.nethylpiperidine, N nethylnorpholine and
N, N - 15 di net hyl pi perazi he, and al kyl enedi am nes such as
N, N, N -tetranet hyl -1, 3-but anedi amine and N,N,N , N -
t et ranet hyl hexamet hyl enedi am ne. Anopng these an1nes trlethylan1ne i s
particularly preferred taking into consi ation various aspects such as .
the reaction 20 results, the boiling point, the solubility, the price,
etc. The anount ofIsubheambomenetnwmpmumh fsrmuﬁamnaﬂﬁyrepkesba&suau&kly
within a range of fromO0.01 to 20 parts. by weight, preferably from0.1 to 5
parts by wei glRutyplergrmimarandy >wet geprsgsants amamanwyﬂmmnpiuct t he
above-nenti oned reactlon of the, conjugated al kadi ene and water, it is:
preferred to use an t egghosphlnlte compound of the above formula (5),
each of A?3 and A2 is preferably a Ce-30 aryl group which
5. may be substltuted by an alkyl group, an aryl group, an
alkoxy group, a diélkylamino group or a group of the
.formula'-SO3Na. A% jg preférably an arylene'group which
may be substituted, particularly a phenyl group or a
naphthyl group, which may have at least one substltuent
10 _such as a Ci-20 alkyl group or a C1 20 alkoxy group at the
o-position, or a_substltuent such as a C,-2p alkyl group,
a Cy_,p alkoxy group or a group of the formula -SO;Na at
the m-position and/or at the p-position.
'As’ the phoSphite compound to be uséd as a cocatalyst,
15 a phosphite compound of the following formula (6) may'bé
| mentioned as a specific exaﬁple.
A®—0
- P—0O—A (6)
g o
20 wherein each of'Azs, a27 and A28 yhich are 1ndependent of
one another, is an aryl group which may be substltuted.

Specific examples of such a compound include the

following compounds:



solvent to carry out t he reacfion snoot hly. Usef ul
t et rahydr of ur an,

such as diethyl ether, dioxane,

sol vents include ethers
et hyl ene glycol  dinethyl

et her and tetraethylene gl ycol dinethyl ether, ketones such as 5 acetone,
met hyl ethyl ketone, diethyl ketone, methyl -i-sopropyl ketone and ethyl
n-butyl ketone, nitriles such as acetonitrile, propionitrile and

benzonitril e,
et hyl benzene, al kanes such as pent ane,
-as hexene and octene, sul foxides. such

as sul forane, nitro conpound uch as
‘pyridine derivatives sup%:
acet am de, propi onam de,

and NN-di et hyl acet ami de,
i-sopr opanol , n-butanol,
aci ds such as formc acid,
Such sol vents nay be u

aae
in

p+-Q
: 3

HaC

03@)3
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.CzHS_ |

CHg
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aromati ¢ hydrocarbons such ¥s~ benzene,

alcohols such as net hanol ,
i sobut anol , t-

i q acid, propionic acid an butyric acid. 20 |
% in conbi nation a&p{o CHa)' -
, - | 3

t ol uene, xylene and -
hexane and heptane 10 al kenes such
as di met'hyl sul f oxi de, sulfones such

ni tr obenzene and n|t onet hane,
and a- pi col i nep ch as -
rnanide, NN- 15 acetanide

ethanol n pr opanol ,

but anol and nfalkanoI, and carboxylic

o
=
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L
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a solvent m xture.

Anong them when a | ower al cohol

by- product such as an al koxyal kadi ene w ||

carboxylic acid is used,

‘acyl al kadi ene wi ||

is us
‘be acconpani ed,

a due c

ed, formation of a
and when a Iomer

formati on of a by-product such 25 as an °
be acconpanled and t herefore,

are is required,

as such formation of by-products nmakes the reaction system conplicated.

- 38 -

The amount of the sol vent

is not $articularly linmted and is

optionally selected usually within a range of from0.1 to 50 parts by

wei ght,

range of from 50

preferably from1 to 10 parts by weight,
conjugated 5 al kadi ene.
conj ugat ed al kadi eneand wat e
tenperature to [err].

The reaction tenmperature for the r
may be selected withina ra
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10 to [err],preferably from75 to [err] The reaction pressure is selected
within a range of from at nospheric pressure to 200 [err].. In such a case,
in addition to carbon dioxide, a gas inert to the reaction, such as :
nitrogen, heliumor argon may be 15 present. In the present invention, the
conj ugat ed al kadi ene and water are reactig under the above descri bed
reaction conditions to form an unsaturat al cohol having a structure:
formed by oligonerization of the conjugated 20 . al kadi ene. The net hod of
the present invenfnotheaabbvecatriictiusal Bormaias,ofta nepiedenten & echni que -
such as a continuous system a senmicontinuous systemor a batch system
The reaction pubylicgreuput 0@ Obt-oi NeHregenhssanehcPropYogtavBs t he

catal yst, the unsaturated al cohol 25 as the_nmin product, by-products such -
as unsat urated’ hyEPo&BPbBHQSPBH§StGPEP@B“@tﬁgrEheoPBQHPcfQEWBBQyKﬁé'aC|ds

and esters as.wgl aﬁZé, n%h%?aaghygﬁeggeegndependent of one

5 dancther, is preferably an arylene group which may be '
substituted, particularly a phenYl gfoup or a naphthyl _'
groupihaving at least one substituent such as_a Ci-20 |
alkyl group or a C,_,5 alkoxy group at the o-position, or
a substituenu such as a c1-20 alkyl group, a Cl_zb alkoxy

©10 group or a group of the formula ~SOj;Na at the m-position
and/or the p—p051tlon. |
’ Among phosphorus compounds hav1ng at least one

trivalent phosphorus—-oxygen s1ngle bond, those having
both a phosphorus-oxygen singie bond and a phosphorus-

15 carbon single bond, such as a phosphonite compound and a
phosphinite compound, are preferred.
| Among phosphorus compounds having at least one
trivalent phosphorus-oxYQen single bond, it is a
phosphouite compound which presents the optimum basicity

20 of thelligand,-and when a phosphonite compound is
'emploYed, it is possible to obtain the highest reaction
rate and the highest selectivity for the desired
compound. | . |

The amount of the phosphorus compound having at least
25 one trlvalent phosphorus-oxygen 51ng1e bond is usually
| selected within a range of from 0.1 to 250 mols,

preferably from 2 to 150 mols, more preferably from 2 to



- 39 - conjugated al kadi ene and water. Wen the starting materi al

conj ugat ed al kadi ene is 1,3-butadi ene, the unsaturated al cohol having a
structure obtained by even nunber oligonerization of 1,3-butadi ene may be
octa-2,7- 5 dien-1-ol, octa-1,7-dien-3-0l1, or 6-vinyl-2,8,13-
tetradecatrlen | -ol, and by- products may,, for exanpl e, be,octatrlenes,
hexadecat et r aenés, dloctadlenyl et hers, 3Pgan|c carboxylic acids and
esters. According to the nmethod of the present invention, the 10 catal yst
conponent fundtGmols f elzdlaidated a3 phesplwdusliatono mesu gt aam @ tom
phosphorus conpound having at |east one trival ent phosphorus-oxygen single
bond, as cat alofstpaldadiam. i n the reaction of 1,3-butadiene and water
conventlonal unsat urated al cohol s, such as oct a- 15 2,1 dlen 1 ol and -

“oct a- 1, 7- di en- 3- ol Ik D PIRIR hRYIREIRRY EhE Feaght %to he . _
can’be ot ai nEOTHIGR LR AARATT AR AR RN LA q;f?:{pe R hod of
' 5 presence of the palladlum compound, the phosphorus
compound hav1ng at least one trivalent phosphorus—oxygen
single bond and carbon dioxide. The carbon dioxide to be
used in the present invention may'be supplied in any form
so long as it is present as carbon dioxide in the
10 reaction system, For example, it'may be in the form of
| molecular-carbon'dioxide,'carbonic‘acid, a carbonate, a
hydrogen carbonate or carbon dioxide, or an adduct of
carbonic acid with an amine, The.upper limit of the
amount of catbon dioxide is determined from the
15 economical reason, and even.if'it.is used in an excess
amount,.thete will be no particular adverse effect.to'the
reaction. Carbon dioxide is used usually at least 1 mol,
preferably at least 10 mols, per gram atom of palladium.
| In the present inQention, a basic compound may be
20 present in.the reaction solution for the purpose of
'stabilizing the palladium compound or the_phosphorus
compound in the reaction Solution, or for the purPOSe of
1ncrea51ng the solubility of carbon dioxide to 1mprove
the reactzvxty or select1v1ty for the desired unsaturated
© .25 alcohol compound. 'As such a basxc_compound, an amine
compound, a'pyridine derivative or an amide may, for

example, be_mentioned. Among them, an amine compound is



t he present

vinyl -2, 8-13-tetradecatri en- 1-ol
Further, the unsaturated al cohol

I nvention, it is possible to obtain novel 6- 20

correspondi ng unsaturated al cohol by hydrogenation. In the nethod for
-produci ng an unsaturated al cohol of 25 the present invention, the reaction
conditions may be suitably sel ected wi Th#® The above- nentloned condi tions

dependi ng upon the desired type of an unsaturated - 40 - al cohol.

However, to opazticodaxl® préfemredol

IS partlcularly preferred to conduct the reaction in the presence of a

basi ¢ conpounparcncuﬂeréwhénmhasd- t Jowsvern 8- ¢enyiarysaminescompound

Suchoad pméhé evmpoghdsébenbitvity,

as a hydrated tetraner of 1,3-butadiene.
t her eby obtai ned can be converted to the

it

tetradecatrien-1-o0l in good yield, it is particul arly preferred,to conduct
‘the reaction if ﬂﬁéta9§6ﬁ6€r§#'aSB§§PcacBﬁﬁBGﬁU or secondary amine

10

15

20

25

compound may sometimes glves a by-product by a 51de

.reactlon with butadlene. Specific examples of such an

amine compouﬁd include trialkylamines such as
trimethylamine; triethyiamiﬁe,-tripropylamine;
tributylamine and trioctylamine, amino alcohols such as
-l—N,N-dimethylaﬁino-z-prbpanol and l-N,N—dimethylamiho-3-
butanbl, hetercaromatic amiﬁeS'such as pyridine and 2,6~

dimethylpyfidiné, aikoxyalkylaminés such as N,N-dimethyl-

. 2-methoxyethylamine and N,N-dimethyl-3-ethoxypropy1amine,

cyclic amines such as N-methyipYrrolidine, N-
methYlﬁiperidiné,.N-methylmorpholine and N,N'-
dimethylpiperazine,'énd alkylenediamines such as
N,N,N',N'-tetramethyl-1,3-butanediamine and N,N,N' N'-
tetiamethylhexamethylénediamine. Among these amines,
triethylamine is particularly preferred taking into
consideration various aspects such as thé reaction
results, the boiling point, thg'solubility, the price,
etc. | | |

The amount of such an amine compouhd is optionally
selected usually within a range of from 0.01 to 20 parts'
by weight, preferably from 0.1 to 5 parts by welght, per
part by welght of the alkadiene.

To conduct the above-mentioned reaction of the

conjugated alkadiene and water, it is preferred to use a



After the reaction, unsaturated al cohols nmay be separated by a suitable
method such as a distillation 10 nethod as. disclosed in e.g. Japanese
Unexam ned Pat ent. Publication No. 144306/ 1979 or an extraction nethod as

di scl osed i n Japanese Unexam ned Patent Publication No. 134427/1982. _
Further, to separate 6-vinyl-2,8, 13- [ﬁ%gﬁQgcatrien-l-ol of -the present
invention froma 15 hydration even nunier oligonerization reaction product
of 1,3-butadiene, if a solvent having both hydrophilic and |ipophilic

nat ures, suchs@lbvertrtpyervryrant thetveacbion smeathlvsr re¥isetuli s used as
the solvent for_the above reactjon, the reaction product solution may be
distilled 20 sehverts oipetade rethers $uchias|diethyl iakthen @iRXaR@d then

wat-er - sol ubl e conpound servi-n S | dto | | adium . such as sodi um
di pheny! phospHE PERRYGEREERAN & e Phvlene “ghyeol Aipetbuhethe” rddded

aqueous phasctaRPTETheth fvol STREEALE Seief " ithed a4 1yl

s distillied yodesnd edhicesl PrEERY Kk foRb! A ik dds desisnd, RiQET
iéopropyl ketone and ethyi n-butyl ketone, nitriles such.
as acetonitrile, propionitrile ahd benzonitrile, aromatic
hydrocarbons such as benzene,:tbluene, xylene and

,_ethylbenzene, alkanes such'as pentane, hexane and heptane.
.10 alkengs such és hexene and_octene, sulfoxides such as
dimethylsulfoxidé, sulfones such as sulforane, nitro
compounds such as'nitrobenzene and nitromethane, pyfidine
.derivatiVes Such as pYridine and a-picoline, amides such
as acetamide, p:opidnamide, N,N-dimethylformamide, N,N-
15 dimethylacetamide and N,N-diethylaeetamidé, alcohbls such
| as methanol, ethanol, n4propahol, isopropanol} n-Butanol,
: isobutanol, t-butanol and n-alkanol, and carboxylic acids
such as formic acid, acetic acid, propionic acid and
butyric acid. | | | _

20 Sugh solvehts_may be used alohe or in éombinatioh as
a solvenf mixture. BAmong them, when a lower alcohol is
used, formation of a by-product such as an.
alkoxyalkadiene Qill be.accqmpanied, and when a lower
carboxylic acid is used, formation of a'by—pfoauct such

25 as an acylalkadiene will be accompanied, and therefore, a

| due care is ;équired, as such formatibn of by-products

makes the reaction system complicated.

™



- 41 - 6-Vinyl-2,8, 13-tetradecatrien-1-ol thus obtained, is useful as a
starting material for various chem cal industries, for exanple as a
starting material for perfunes, cosnetics, plasticizers, adhesives,
surfactants 5 and internedi ates for nedicines. For. exanple, a higher .
al cohol obtai ned by hydrogenating 6-vinyl-2,8,13- tetradecatrien-I-ol may
be further esterified to be useful as a'pp sfiicizer or an adhesive, or may
be converted to a sulfuric acid ester which is expected to 10 be useful as
a surfactant. In tPherament iof atlie molyendspleomate parfpoddr I Yimitadve
fornulas (7) and (8) are novel phosphonite conpounds. - Wth a conmpound of
the formula (7pnghdscioptiipnadilgpiseisictes asuad 1y evifhins gnrangec AE from |
hi gher 15 ‘reaction rate is obtainable as cquared with the one wherein the
bi sphenol i etli-ds t4r &0 Parks ikyaweight hpreferably from 1 to 10 parts

' by weight, per part by weight of the conjugated

5 alkadiene. '

The reaction temperature for the reaction of the
conjugated alkadiene and water may be selected within a
range of from room témpérature~to 180°C. However, it is

'_usual to select a temﬁerature within a range of from 50
10 to 130°C, preferably from 75 to 110°C..

The reaction pressure is selected within a range of
from atmospheric pressure'to 200 kg/cmz. In such a case,
in addition to carbon dioxide, a gas inert to the
reaction, such as nitrogen, helium or argon may be

15 present. | _
| In the p:esént invention, the conjugatéd alkadiene
- and water are reacted under the above described reaction
conditions to form an unsaturated alcohol having a
structure formed by oligomerization of the conjugated
20 alkadiene. The method of the present invention can be
carried out by means of a well known technique such as a
continuous system, a semicontinuous system or a batch
'system. The reaction product solution obtained by this
reaction contains the catalyst, the unsaturated alcohol
_'25 as the main product, by-products such as unsaturated

~ hydrocarbons, unséturated éthers, organic carboxylic

acids and esters, as well as the.solvent, an unféadted



with a phosphonite conpound of the fornmula (8), wherein the [err]-position
is substituted by a branched -al kyl group, a higher reaction rate and a
higher selectivity for the 20 desired conpound can be obt ai ned’ as conpared
with a phosphonite wherein the [err]-position’is substituted by a
non- branched -al kyl group. The phosphonite _conpounds can be produced by the
foll owi ng net hods. 25 The asynnetr|§§I ~bi sphenol. noi eties of the:
phosphonite of the formula (7) can be prepared by by adding to a phenol
wherei n at | eazondugateibslikadieme and witer undhest itthe etarringgui val ent
anount of an al dehyde conpound by means of a base catal yst such as sodi um
hydroxide to pmagerdad mﬁmmMgatndnq}hadnqneﬂlsulﬂ3ﬁbutan§nan(hheand t hen
reacting another nol ecule of ‘a phenol 5 wherein at | east one o0 position is
unsubst it ut ed, qmsqﬂm;ated alcohol having a structure obtained by even -
number oligomerlzatlon of 1, 3—butadlene may be octa-2,7-

5 dien-l1l-0l1, octa-l 7-dlen-3—ol, or 6-vinyl-2,8, 13-
tetradecatrien—l-ol, and by-products may, for example, be |
octatrlenes, hexadecatetraenes, dloctadlenyl ethers, '
organic carboxyllc acids and esters. |

Accordlng to the method of the present invention, the
.10 catalyst component functions effectively by using a
palladium compound and a phosphorus compeund_having at
least one trivalent phosphorus-oxygen single bond, as
catalyst, whereby in the reaction of-1,3-butadiene and
water, ‘conventional unsaturated alcohols such as octa-
15 2,7-dien-1-ol and octa-l,7-dien-3-ol can be obtained in
good yield, and Yet-octe-2,7-dien—1éol which-is'usefulfas
a starting material for l-octanol, can be obtained at .
high seiectivity. ‘Further, according to the method of
the present invention, it is possible to obtain novel 6-
20 6inyl—2,8-13-tettadecatrien41-ol as a hydrated tetramer
of 1,3-butadiene. Further, the unsaturated alcohol
thereby obtained can be converted to the corresponding
' unsaturated alcohol by hydrogenation. |
In the method for pfoducing an unsaturated alcohol of
25 the present invention, ‘the reaction cond1tlons may be

sultably selected within the above—mentloned conditions

depending upon the desired type-of an unsaturated



same manner.. The synthetic routes for phosphonites of the fornmulas (7) and

(8) are common. However, there are two synthetic routes. Nanely, the P-C

bond may firstly be forned and 10 then the P-O bond may be forned.

O herwi se, the order for the formati on of the P-C bond and the P-O bond nay

be reversed. The P-C bond may. be formed bX preparing a Gignard reagent
using an aryl brom de or an aIkyI br omi de?8s~a starting material and then
reacting the 15 Gignard conmpound wi th phosphorus trichloride or

bi sphenoxyphosphabodhl oHowevethe tB- Obaind veyabe,7edied-Lyoledat good

bi sphenol wi th phosphorus trichloride or with an aryl phosphine dichloride
or an aIkyIphogpﬁlﬁeaalbhgbrseé39ylwb&us at asbgart1cu&aumydpsefbraeda 20
-tertiary am ne conpound. Further, in the present invention, a
b.s(phosphon.tE?pspnéapﬁn#ESnﬁpé%téenp#nsthg RrpREnpROAEL® baspound of the
above fornul a a novel -pal | adi um conplex.. It exhibits

a high 25 cat §?§}Ppen§cusm §h§| HEBeFt héBﬁtaFHSOHBaéRt pavinyind 8,13-

5 _tetradecatrien-l-ol in good yield, it is particularly
preferred to conduct the reaction in the absence.of a
basic compound. _ | o

After the reaction, unsaturated alcohols may be
separated by a sultable method such as a dlstlllatlon
10_ method as dlsclosed in e.g. Japanese Unexamlned Patent
Publication No. 144306/1979 or an extraction method as |
disclosed in_Japanese:Unexamined'Patent Publication No.
134427/1982. Further; to separate 6-vinyl-2,8,13-
tetradécatrien-l-ol of the present invention from a
15 hydration even number oligomerization reaction product of
1,3-butadiene, if a solvent having both hydrophilic and
lipophilic natures, such as tetrahydrofuran, acetone or
dlmethylformamlde, is used as the solvent for the above
reaction, the reaction product solutlon may be dlstllled
20 under reduced pressure to distill off the solvent, and
'then water-soluble compound serving as a ligand to
palladium, such as'sodium diphenylphosphinobenzeneem-.
sulfonate, water and hexane may be‘added.thereto,
followed by st1rr1ng, to separate the catalyst palladlum
25  in an aqueous phase and the product in a hexane phase,
and then the hexane layer is dlstllled under reduced

' pressure to obtain the desired product.



conpound ot her than a phosphonite as a ligand. Further, depending upon the
‘type-of the reaction, there will be a = - 43 - nerit that nho introduction
period will appear at the initial stage of the reaction. Further, if a

pal | adi um conpound having. a conpound other than a phosphorus conpound as a
ligand is used in the reaction of the 5 present application, a useless
.by-product will be formed by the reactioflof~ the starting materia

al kadi ene with the ligand, and the starting material al kadiene will be

consuned usel essl y6-¥eyPas, 8 py3+bet tiadecd t 61 dh-s]-RODSENGS| sipd HPhéddi Lgn
conpl ex, such a disadvantage 10 can be avoided. Such a conplex is fornmed .
during the prorsesfuX as pa osket tigng hrea toeat il Iy sforf ovamioupahrenriadalon of t he
conj ugat ed al kadi ene in the present invention. However, a compn nethod.
for its pr eparmdltﬁtmet’n béoni eaxanplke as a starting material for
perfumes, cosmetics, plast1c1zers, adhesives, surfactants
5 and_intermediatee for medicines. For example,'a higher
alcohol obtained by hydrogenating 6-vinyl-2,8,13-
tetradecatrien-l-ol may'be further.esterified to be
usefﬁl as a plasticizer or an &dhesive, or may be
converted to a sulfuric acid ester which is expected to
10 be useful as a surfactant.
In the present lnventlon, phosphonlte compounds of
the above formulas (7) and (8) are novel phosphonite
compounds. With a'compound_of the formula (7) wherein.
the bisphenol moieties are noh-symmetrical, a higher
15' reaction rate is obtainable as compared with the ohe'f
wherein the bisphenol moieties are symmetrical. Further;
with a phosphonite.comPOund of the fdrﬁuia (8), wherein
the p-position is substituted by a brahched alkyl group,
a higher reaction rate and a higher selectivity for the
20 desired compound_can.be obtained as compared with a
phosphonite wherein the ﬁ-poeition is subStituted by a
non-branched alkyl group.
The phOSphonite eompounds can be'produced by the
following methods. |
25 The asymmetrical bisphenol moieties of the
phosphonite of the formula (7) can be prepared by by

adding to a phenol wherein at least one o-position is



15 follows. Using at |east two equival ent of a phosphonite per equival ent
of a pall adi um conmpound such as pall adi um acetate, telomerization of a
‘conj ugat ed .al kadi ene with an active hydrogen conpound, such as butadi ene
with 20 nethanol, is conducted. After conpletion of the reaction, the

" precipitated crude palladi um conplex is @l lected by filtration and '

- recrystallized froma-.sol vent such as hexane to obtain the desired

- bi s(phosphoni te)pal | adi um conplex.  Further, it is 25 possible to prepare
it by anot her YRAURREItRERI crAm eguANalant ARIMY ff a7 aldehede ed with a

‘reduci ng agent such as hydrazine jn the presence of a_phosphopite |igand
"24 - Tn T he CORROURGRY. TRARE Qfh\ AR A2 SRR %'{ﬁ*{)a%p%ﬂcfﬂgna |

zeroval ent. PAQ PIOSHIDS, S YR Sve 'Pnd I WSS adRIGHAL B e b8

position and then reacting another molecule of a phenol
5 .whérein at least one o-position is unsuBstituted; in the
.same manner. | | |
| The synthetic.foutes.fbr phosphonités.of the formulas
(7) and.(8)-a:e common, However, there are tﬁd'synthetic
routes. Namely, the P-C bond ﬁay-firstly be formed, and
10  then the'P-O-bond_may be formed. Otherwise, the order
for tﬁe formatioﬁ of the P-C bond and the P-O bond may be
reversed; The P-C bohd may be formed by preparing a
Grignard reagent using an aryl bromide or an alkyl
bromide as a starting material and then reacting the
15 Grignard compound with phosphorus trichloride or
bisphenoxyphosphine chloride. The P-0 bond may_be fo;med
'by reacting bisphenol-with phosphorus.trichloride or with
an arylphosphine dichloride of an alkylphosphine
dichloride by means of a basic compound.such.as a
20 tertiary amine compound. |
Further, in the present in#ention, a
bis(phpsphonite)palladium complex comprising a
.phosphonite compound of the above formula (1) or (2) and
Pd-is.a novéi palladium cdmplex. It exhibits a'high
'25; catalytic activity since it cbnﬁains no extfa-ligand
compound other than a phosphonite as a ligand. Further,

depending upon the type of the reaction, there wiil be a



further detail with reference to Exanples. However, it 5 should be
understood that the present invention is by no neans restricted by such
speci fic Exanples. EXAMPLE 1 Into a stainless steel autoclave having an
i nternal capacity of 200 ne, 0,093 nmol palladlunlacetate 0.38 10 mol of
phenyl (2, 2' - met hyl enebi s(6-t - butyl - 4- nethyl phenoxy))phosphlne 70 me of
acetone, 10 m of water and 2.0 nm of o-% ne as an internal standard
substance for a gas chromat ography anal ysis, were charged under a nitrogen
gas at nosphere. mEnithEhat26021gtobdﬁc81oﬁ5pebmbédwéme appe8rgabf thear bon
di oxi de were introduced thereto. The reaction mxture was heated to bring
the internal teipdtidalretage[efrtheveragtpeniodFutthery hfitaspatdladéumrring
at a.rotational speed of 800 rpm The reaction was continued at [err] for 3
hours, wher eupofompeund hagiag encgapeunénOﬁBsrahbayzedpmsg'a@rus
chromat ography. As a result,_as a_.yield based on the c
1, 3- but adi ene, QmPQHBQ 25730&593P§n1§ BﬁeghéPthﬁfFE?CFé?gr?SdtPS as

iens 3- gL herelnaf

1HOD) 3'7%%?f preseng applic use essrg§9££8gucg will be formed
by the reaction of the startlng material alkadiene with
thelligand, andhthe_Stafting material alkadiene will be
consumed.uselessly. Whereas, by the use of a
bis(phosphonite)palledium complex, such a disadVantage
10 can be avoided.. | '
| Such a complex is fermed durihg the.process for
producing the catalyst fof oligomerization of the
conjugated alkadlene in the present invention. However,
. a common method for 1ts preparation w111 ‘be described as
15 follows. | -
| Using_et least two equivalent of a phesphonite per
equivalent-of-a palladium compound such as palladium'
acetate, telomerization of a conjﬁgated alkadiene with an
active hydrogen.compound, such as butadiene with
20 methanol, is conducted. After completion of the
reaction,;the pgecipiteted crude palladium complex is
collected by filtration and fecrYstallized from a solvent
'sﬁeh as he#ane to obtein the desired
bis(phosphonite)palladium complex. Further, it is
25 poesible to prepare it by enoﬁher method in which a
bivalent compound of Pd is reacted with a reducing'agent

such as hydrazine in the presence'of'a phoSphonite ligand



as 3HOD) and 13.0% of a high boiling point conpound (a 25 non-identified
compound having a hi gher boiling point than 1HOD and 3HOD) were obtai ned. .
Such a high boiling point conpound was separated by the foll ow ng . nmethod

and - 45 - identified. The above reaction solution was distilled under
reduced pressure at [err] to distill off acetone. Then, 1 g of sodium
di phenyl phosphi nobenzene- m sul fonate, 20 of n-hexane and 20 m of mater

wer e added thereto, 5 and the m xture was stirred, followed by phase
separ ati on. Thénobhei saniehmaanerphssa weavensibhbddmettied fedupeeppréagur e,

whereby 10.73 g in total of 1HOD and 3HOD were obtai ned under the . '
conditions of abegrogakery RAOf pbospbine romplexnd 2.7 g of a later .
distilled 10 conponent was obtai ned under the conditions of about 2 nmHg at
from[err] to [errNowrh&heapsesendt inveationpyiddt bRadeggaiRedudnyii ed by

distillation under_ red ced,Rressure- : _ .
_ with reference to Examples. However, it

further detai
5 shodld be understood that the present inﬁention is by no :
means restricted by such specific Examples. |
_EXAMPLE 1
Into a staihleés steel autoclave having an internal
capacity_of 200 ﬁe, 0.093 mmol palladium acetaﬁe,'0.38
10 mmol of phenyl(z,z"-met_hylenebis(6-t-buty1—4-‘methy.1¥'
phenoxy) )phosphine, 70 m¢ of acetone, 10 me of water and
2.0 m¢ of o-xylene as an internal standard subStance_fdr'
" a gas chromatography analysis, were_chargéd under a
nit;ogén gés'étmosphere. Further, 20.2 g of 1,3~
15 butadiene and 8 g of carbon dioxide were introduced
| thereto.-lThe'réaction mixture was heated to bring the
internal temperature to 90°C over a péniod of 20 minutes
with stirxing'at a rotational speed of 800 rpm. The
reaction was continued at 90°C for 3 hours, whereupon the
20 reaction solution was analyzed by gas chromatography. As
a result, as a yield based on the charged 1,3fbutadiene,
51.7% of 2,7f0catdién-i-ol.(hereinafter referred.to as
1HOD), 3.7% of_1,7-octdien—3fol (hereinafter referred to
‘as 3HOD) and 13.0% of a high boiling point compound (a
25 non?identified compound having_a higher boiling point
than 1HOD and 3HOD) were obtained. Such a high boiling

point compound was séparatéd by the folloWihg method and



to obtain-0.93 g of an initial fraction under the conditions of about 2
mig at from 110 to [err] and 1.29 15'g of a later fraction. The purity of
the later distilled conmponent was 85% as neasured by gas chromatography.
Then, the NMR analysis of this later distilled conponent (solvent: [err])
was carrled out by neans of UNITY 300, manufactured by Varian. Figure 1
" shows the [err] 20" spectrum (300 MHz), ﬁ%re 2 shows the [err] spectrum
(75.429 MHz), Figure 3 shows COSY (Cbrrelatlon spectroscopy) -spectrum
(299.949 Miz), hden€ifjied.4 Thevabove DERFt{BhssolutbohewasEdbsbitreat by

pol arization transfer) spectrum (75.43 MHz). 25 - Further, Figures 5 to
9 show | NADEQUATEI€F nteddced ecphesaune abuaI&ﬁCQODGUStElEEQﬁﬁnauat&hansfer
Experinment) spectra (75.929 MHz), wherein Figure 5 is the entire - 46-

spectrum at j ccTiseno Hzg ¢fg%¢@16m|élghe@mlgh@%ghyngbpnzene-m-sulfonate,

. 20 me of n~hexane and 20 m¢ of water were added thereto,
5 and the mixture was stlrred, ‘followed by phase
separation. - The obtained hexane phase was dlstllled
under reduced pressure, whereby'10.73_g in total of 1HOD
~and 3HOD were obtained under the conditions of about 2
mmHg at from 50 to 60°C and 2.7 g of a laﬁer'distilled
10 component was obtained under the conditions of about 2
mmHg at from 115 to 145°C. The later distilled component
.'was again purified by distillation under reduced pressure
to obtain 0.93 g of an initial fraction under the )
conditions of about 2 mmHg at from 110 to 120°C and 1.29
15 'g of a'laﬁer fraétion.' The pﬁrity of the latef distilled
| -compohent was 85% as measured by gas chrpmatogfaphy.'
Then, the NMR analysis of this later distilled-cqmponent
(solvents: cbce3) was carried out by means of UNITY 300,
manufactured by Varian. Figure 1 shows the 1ﬁ—NMR
20 spectrum (300 MHz), Figure 2 shows the 13C-NMR spectrum
(75.429 MHz), Figure 3 shows COSY (Corrélatioﬁ'
spéctroscopy) spectrum (299.949 MHz), and Figure 4 shows
the DEPT tDistortionless Enhancemenﬁ By poiarizaﬁion
transfer) spectrum (75.43 MHz). ' _
25 Further, Figures 5 to 9.show INADEQUATE (Ingredible
Natural Abundance Doﬁble E Quantum Transfer Experiment)

spectré (75.929 MHz), wherein Figure 5 is the entire



from56 to 80 ppmin Figure 5 Figure 7 is an enlarged view from 140 to 180
ppmin Figure 5 Figure 8 is the entire spectrumat jcc 80.0 Hz, and Figure
"9 is an 5 enlarged view from 140-to 180 ppmin Figure 8. As a result of '
anal yses of these spectra, the above high boiling point. conpound was '
confirmed to be 6-vinyl- 2,8F13-tetradega%%ign-l-ol (hereinafter referred
to as - 1HHDT) which is a tetraner hydrate 1, 3- but adi ene. 10 . EXAVPLE 2
Into a stainless steel autoclave having an internal capacity of 200 ne,
0.061 mvl of ppecidiummaicdicst 60.0. Bz ,mPdiguse Shdgyan enlarged view

(2, 2" - net hyl enebi s(6-t-butyl -4-net hyl - phenox%})phos hi,ne, 47 e of
acetone, 6.7 [&rPm 86 k&t &0 PP 19 Figure G JQFF@ns'&§ R eriergsd

standard substance for the gas c¢hromatography analysis, were charged under
a nitrogen gasVieWo&geay 440 Ittﬁ’rﬁﬁ@r ,PPI'BS'@ igure 3 k&ggﬁieeﬁelén&ﬂg-g of

car bon, 410 de epeicel BHeauged ANSEl G, B caRE gl y Selgh hoated to
with St‘rr‘§9 %%1%:&%%9%&%%@%r%ﬂ?ﬁiookoﬁg%ofB%h IQeFigure 8. As a
fesult'of'analysés of £hese sbectra, the above high
boiling point compound was confirmed to be-6—viny1f
2,8,13-t§tradecatfien—i-ol (hezeinafter referrgd to as
'1HHDT) whichlis a tetramer hydrate of 1,3jbutadiene.
10 -EXAMPLE 2
Into a stainless steel autoclave.having an internal
capacity of 200 m¢, 0.061 mmol of palladium acetate, 0.20
hﬁol 6f phenyl (2,2'-methylenebis(6-t-buty1-4-methy1—
pheno#y))phosphine,'47 mé 6f acetone, 6.7 ﬁe of water and
15 1.5 m¢ of-b-xylene as an iﬁte:nal standard substance for
the gas chroﬁatography énalysis, were charged under a
"nitrogen gas atﬁosphefe. Furﬁher, 13;9 g of 1,3~
‘butadiene and 8 g'of carbon dioxide were introduced
thereto. The reaction mixture was heated to bring the
20 internal femperature to 90°C over a period'of 20 minutes
'with stirring at a rotational speed of 800 rpm. The
feaction was conﬁinued at 90°C for 4 hou;s, whereupon the
reaction solution was analyzed by gas chromatography.
The resulté are shown in Table 1. |
25 EXAMPLE 3 | |
The reaction was carried ouf in the same manner as in

Example 2, except that the amount of the phosphonite was



reaction was continued at [err] for 4 hours, whereupon the reaction

sol ution was anal yzed by gas chronatography The results are shown. in Table
1. 25 EXAMPLE 3 The reaction was carried out in the sane nmanner as in
Exanpl e 2, .except that the amobunt of the phosphonite was - 47 - changed
to 2.0 nnDI, and the reaction tine was .changed to 3 . hours. The results are
shown in Table 1. EXAVPLE 2 The reactiofi fids—carried out in the sane manner
as inb5 Exanple 2, except that the anopunt of palladium acetate was changed

to 0.5 mmol , tlmhamgwdnttoofz Ohemailos pindnithe wea ctiiangedmeo wasO chaigedand t he
~‘reaction tlne was changed to 30 mnutes. The results are shown in Table 1.
EXAMPLE 5 10 3 hoﬁfhe r@@annasmhts aaersh@wmuunlmabﬁe dane manner as in
EXAMPLE 2 .
The reaction was carried out in the same manner as in |
5 Example 2, except that the amount of palladlum acetate
| was changed to 0.5 mmol, the amount of the phosphonite
was changed to 2.0 mmol, and ;he reaction time was |
changed to 30.minutés. The results.are shown in Table 1.
EXAMPLE 5
10 . The reaction was cafried'oué in the'saﬁe manner as in
Example 2, eXcépt thaf the amount of the phosphonite was
changed to 0.26 mmol, 47 me of dimethy;formamide was used
instead of acetone as the solvent, and the reaction time
was changed to 2'hqurs.' The results are shown in Table
15 1. |
EXAMPLE 6
. The reaction was carried out in the same manner as in
Example 2, except that the.phosphonite was changéd to
0.25 mmol of phenyl (2,2'-methylenebis(6-t-butyl-4-ethyl-
20 phenoxy))phosphine, 11 me of t:iethylaminé was used in
addition tolaCetbne'as the solVent for reaétion, andlthe
reaction time was changéd to 2 hours. The reéults-are
shown in Table 1. |
EXAMPLE 7 _
25 The reaction ﬁas cérried out.ih the same manner as in
Example 2, wherein the'phoSphonite was changed to 0.25

mmol of phenyl (2,2'-methylenebis(6—t-butyl-4-t—buty1-



Exanpl e 2, except that the amount of the phosphonite was changed to 0. 26
mol , 47 [err] of dlnethylfornan1de was used instead of acetone as the
solvent -and the reaction tine was changed to 2 hours. The results are
shown in Table 15 1. EXAWMPLE 6 The reaction was carried out in the sanme
manner as in Exanple 2, except that the p ssphonlte was. changed to O. 25
mmol of phenyl (2,2'- nethylenebls(6 t - bt Z-ethyl - 20 '
phenoxy) ) phosphi ne, 11 ne of triethylam ne was used in addition to acetone
- as the sol vent ghemmaecyphosphdme t lend ddcmidmof it ety lamimge ¥aso useaur s.
The resul'ts are shown in Table 1. EXAMPLE 7 25 The reaction was_
carried out inithadditdomrheracetane parkiie splvant dar tqﬁéqﬁi@bh(ﬁﬂq e was -
changed to 0.25 mol . of phenyl (2, 2" -nethyl enebis(6-t- but -4-t-buty
the reaction time was changed to 3 hours. he results
.are shown in Table 1. |
5 EXAMPLE 8 |
- The reaction was carried out in the same mahner as in
Example 2, except that the phosphonite was ehanged to 2.7
mmol'of phenyl di(2,6-diisopropyl—phen9xy)phosphine. The
results are shown in Table 1.
10 EXAMPLE 9
The'reaction was carried out in the same manner as in
- Example 2, except that the phosphonite was changed to 2.0
mmol of phenyl di(2,4-dimethyl-6-t-butyl-
phenoxy)phosphine. The results are shown in Table 1.
15 EXAMPLE 10
o The reaction was carried out in the same manner as in
Example 2, except that the phosphonite was changed'to 1.6
mmol of o-tolyl di(2,4-dimethyl-6- t—butyl-
phenoxy)phosphlne. The results are shown 1n Table 1.
20 COMPARATIVE EXAMPLE 1 _
While_Examples 1 to 12 represent the results of using -
phosphonites, this Comparative Example shows the reeults
-of usihg'a phosphine instead of a phosphonite.
The reaction was carried out in the same manner as in
25 Example 2 except that instead of the phosphonite, 2.0

mmol of triphenylphosphihe was used; . The results are

shown in Tablehle



- 48 - phenoxy))phosphine, and 11 [err] of triethylam ne was used.in
addition to acetone as the solvent for reaction, and the.reaction tinme was
changed to 3 hours. The results are shown in Table 1. 5 EXAMPLE 8 The
reaction was carried out in the sane manner as in Exanple 2, except that
t he phosphonite was changed to 2.7 mol of phenyl .
di (2, 6-di i sopropyl - phenoxy) phosphi ne.. The4Pesults are shown in Table 1. 10
EXAMPLE 9 The reaction was carried out in the sane manner as in Exaane 2,
~except that theoMPARATIVE EXAMPLESA2ZJ@Rd @ 2. 0 ol of phenyl
di (2, 4-di methyl - 6-t-butyl - phenoxy)phosphine. The results are shown in
Table 1. 15 EXAVPIHRel G elHot iomotaso caras edaouted o thel 1saimec manme rmasndm as
“in Exanpl e 2, except that -the phosphonite was changed to 1.6 mmol of -
o-tolyl di (2, 4Comperayiive- Expmple- lphexeeptphbashithe. renctiopultimeawasshown
in Table 1. .
: changed to 30 minutes (Comparatlve Example 2) or one hour.

5 (Comparative Example 3). 'The‘resﬁlts are shown in Table

l.



20 COWPARATI VE EXAMPLE 1 While Exanples 1 to 12 represent the results of
usi ng phosphonites, -this. Conparative Exanple shows the results of using a

phosphi ne instead of a phosphonite. The reacti on was carried out in the
same manner as in 25 Exanple 2 except that 'instead of the phosphonite,
of triphenyl phosphi ne was used. The results are shown in Table 1.

- mmol

2.0

49 - COVPARATI VE EXAMPLES 2 and 3 The red8tion was carried out in the same

~manner as in Conparative Exanple 1, except that the reaction tinme was
changed to 30 mi nutes (Conparative Exa
‘Exanple 3). The results are shown in

1-HOD .

1~HHDT

HOD yield . _
(%ffa?d selectivity | yield (%)

(8) *2 *3

Example 2 |  66.7  93.6 13.6
Example 3 44.7 93.0 11.3
Example 4 - 42.9 93.2 7.8
Example 5 ' 52.1 " 92.5 7.8
|Example 6 64.2 - 92,9 0.2
Example 7 - 79.6 1 92.1 0.1
Example 8 35,1 92.2 2.4
Example 9 | ~ 62.0 89.3 6.8
|Example 10 32,1 92.8 2.5

Comparative

Example 1 27.5 73.9 0.0

Comparative ' '
Example 2 3.6 39.9 0.0
Comparative 7.4 50.9 0.0

| Example 3

*1s Tbtal yield (%) of 1HOD and 3HOD based on
1,3-butadiene charged. -

*2: Amount (%) of LHOD to the t

1HOD and 3HOD. _ _
*3: Yield (%) of 1HHDT based on 1l,3-butadiene

charged.

otal amount of

e 2) or one hour 5 Co aratiVe
Tape 1 5 (Comarative.
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- 50 - Table
*3 Exanple 2
93.0 _
5 52.
92.9 - _
35.
- 89.3
Conpar ati ve
- 3.6 -
50.9
10
15
20
25

1 1-HOD | -HHDT HOD yield selectivity vyield(% (% *2
- 44

66. 7 93.6 ~ 13.6 Exanple 3 :

11.3 Exanple 4 42.9 93.2 7.8 Exanple
1 92.5 . ' 7.8 Exanple 6 64. 2 : :
0.2 Example 7 - . 79.6 92.1 0.1 Exampl e
1 . 92.2 - 274%xanmple 9 - 62.0 -

6.8 Exanple 10 32,1 . - 92.8 2.5
EXAMPLE 511 73.9 0.0 Exanpl.e 1 Conparative
39.9 0.0 Exanple 2 Conparative . 7.4

0. 0 Th@nfracBion was carried out in the same manner as in

Example 2, except that the amount of palladium acetate

‘was changed to 0.128 mmol, the phosphonite was changed to

2.0 mmol of phenyl di(2,4-dimethyl-6-t-
butylphenoxy)phoSphine,_l m¢ of triethyiaminé was used in
addition to acetone as the solvent for'réaction, and the
reaction time was éhanged to théurs; The results are
shown in Table 2. B
EXAMPLE 12

" The reaction was carried out ih the same manner as in
Eiamplé 2, exéept that the amount of palladium acetate
was changed to 0.134 mmol, the phosphonite was changed to
2.0 mmol 6f m;tolyl(2,2'—methylenebis(Gft-butyl-4-methyl- E
phenoxy))phosﬁhine,”the-reaétioh time was chénged to 3
hours,.and'the reaction temperaturé was changed to 75°C.
The results are shown in Table 2. | |
EXAMPLE 13

' The reaction was éarfied out in the same manner as iﬁ

Example 2, except that the amount of_palladium acetate

was changed to 0.124 mmol, the phosphonite was changed to

. 2.0 mmol of mFtblyl(Z,z'-methylenebis(6~t-butyl~4-methyl-

?hendxy))phosphine, 3 mé€ of triethylamine was used in
addition to acetone as the solvent for reacﬁion,.the
réaction time wés chénged.to_3 hours, and the reaction
temperature was changed to 75°C. The results are shown

'in Table 2.



*1: Total yield (% of 1HOD and 3HOD based on 1, 3-butadi ene charged. *2:
Amount (9% of 1HOD to the total ampunt of 1HOD and 3HOD. *3: Yield (% of
1HHDT based on 1, 3- but adi ene char ged. --51- EXAMPLE 11 The reaction was
carried out in the sane manner as in Exanple 2, except- that the anount of
pal | adium acetate was changed to 0.128_ny?I& t he ‘phosphonite was changed to -
5 2.0 mml of phenyl di(2,4-dinethyl-6-t="butyl phenoxy)phosphine, 1 ne of
triethylam ne was used in addition to acetone as the solvent for reaction,
and the react E§AMPLBelfas changed to 2 hours. The results are shown in

- Table 2. 10 EXAMPLE 12 . : . . - .
: - The reaction was carried out in the same manner as in

Example 2, except that-the amount of palladium acetate

was changed to 0.129 mmol, the phqsphonité was changed to
5 2.0 mﬁol of p;tqul(z,z'—methjlenebis(6-t~buty1—4-methylf

phenoxy))phosphine, thelreacﬁioﬁ time ﬁas'changed to 3

hours, and the reaction température_was changed to 75°C.

‘The results are shown in Table -2.

EXAMPLE 15 _

10 The reaction:was carried out in the same mahner as in
E#ample 2, except that the amount of palladium acetaté
was changed to 0.129 mmol, the phosphonite was changed to
2.0 mmol of p—toly1(2,2'-méthylénebis(6-&-bu£yl-4-methy1—-
phenoxy) )phosphine, 3 me 6f-triethylamine was used in

15. addition to acetone as the sprent for reaction, the

. reaction time was changed to 3 hours, and the réaction.
temperature was éhangéd'to 75°C.  The results are shown
in Table 2. |
EXAMPLE 16

.20 - Into a stainléss steel autoclave having aﬁ internal
capacity of 30 mé¢, 0.192 mmol df paliadium acetaté, 3.1
mmol 6f phenyl di(2;4—diméthyl-6—(l,l,2-trimethyl—
propyl)phenoxy)éhosphine, 70 mé of acetone and 10 m¢ of

- water were charged under é nitrogen.gas.atmospheré.

25 Further, 20.3 g éf 1,3-butadiene and 8 g of carbon
dioxide were introduced_thereto, The reaction'mixture

was heated to bring the internal temperature to 75°C over



The reaction was carried out in the same manner as in Exanple 2, except
that the anmount of palladiumacetate was changed to 0.134 mmol, the

~ phosphonite was changed to 2.0 nmol of . '
mtolyl (2,2 -methyl enebi-s(6-t-butyl-4-methyl- 15 phenoxy))phosphine, the.
reaction tine was changed to 3 hours, and the reaction tenperature was
changed to [err]. The results are showi it Table 2. EXAMPLE- 13 The reactiaon
was- carried out in.the sanme nanner as in 20 Exanple 2, except that the
amount of pal | adperiodedfit 20 vasnutesgeiith os0itPingnat, athet@hbemabnlte was
~changed to 2.0 mol of mtolyl (2,2 -nmethyl enebis(6-t-butyl-4-nethyl - :
phenoxy) ) phospspeed Gf[QOO]rpm t r The hyeéaot benvwwas ucent inueddati 9°€ ofor
acetone as the solvent for reaction, the 25 reaction tine was changed to 3
“hours, and the4r@@%¥$onwh%ﬁp@Pgmut@emasaéhhﬂgeﬂol@t{@mr?asT?ﬁalﬁ%%dtéYare

shown in Table 2.
- gas chromatography. The results are shown in Table 2.

5 EXAMPLE 17
The reaction was:carried out in the_same'manner aslin
'Exampie-ls, except that 1.35 mé of triethylamine was used
~in éddition to acetone as the Solvent for reaction. The
résults are shown in Table 2. |
10 EXAMPLE 18 |
The reactioh wés'carried ouf in the saﬁe manner as in
Example 16, except that the phospﬁonite was chénged to
1.9 mmol of phenyl(2,2'—methylenebis(s-(l,l,z-
'irimethylprqpyl)-4—methy1phenéxy))phosphine, and 0.67_me
15 of triethylaminelwas used in-éddition-to aéetpne as the
| solvent for réacfion.' The results ére shown in Table 2.
EXAMPLE 19 |
~ The réaction was carried out in the same manner as in
Example 16, except that the phosphonzte was changed to |
20 fl 54 mmol of phenyl(2, 2'—methylenebls(6- ~butyl-4-t-
'octyl-phenoxy))phosphlne as ldentlf;ed in the following

formula. The_results are shown in Table 2.

.. o o {P
s O



- 52 - EXAMPLE 14 The reaction was carried out in the sane manner as in
Exanpl e 2, except that the anmount of -palladi um acetate was changed to 0.129
“mmol , the phosphonite was changed to 5 2.0 mmol of : ' '
. p-tolyl (2,2 -nethyl enebi s(6-t-butyl -4-nethyl --phenoxy) ) phosphi ne, the
reaction tinme was changed to 3 hours, and the reaction tenperature was -

- changed to [err]. The results are shown P4 Tabl e-2. EXAMPLE 15 10 The -

reaction was carried out in the same nmanner as in Exanple 2, except that
t he anount of EHAMP&EI @0 acet ate was changed to 0.129 nmol, the phosphonite
-was changed to 2.0 mol of p-tolyl (2,2 -methylenebis(6-t-butyl-4-nethyl-
phenoxy) ) phosphi n&hes rieactiiosl was carylisd cutnda dbed samel haaagirt asn ino
acetone as the solvent for reaction, the reaction_ tine was changed to 3
hours, and t hEXRBRAE & rt E¥FEPAt GhatnibecphngPhondtpeWap ¢hangedukes are

shown in Table 2. EXAMPLE 16 '
?.55 mmol o phenyl(2,2'—methylenebis(6—t-buty1-4-t-

5 '6cty1—phenoxy))phosphine,'and‘0.67 mé of Eriéthylaminé
was used in addition to acetone as the solvent for
reaction. The results are shown in Table 2.

EXAMPLE 21 3 , - -
'The reacfion was carried out in the same manner as in

10 | Example 16} except that:the phosphonite was changed to

| 1.54 mmol of phenyl(z,z'-methylenebis(6-t-buty1-4—
méthoxyphenoxy))phOSpﬁine as identified in the following

formula. The resulté are shown in Table 2.

15 l/0

'EXAMPLE 22

The reaction was carried out in the same manner as in
20 Example 16,'excépt that the phosphonite was changed to
1;54 mmol of phenyl(2,2'-methylenebis(6-t-~butyl-4-
methbxyphenoxy))phosphine, 1.35 m# of triethylamine was
_used in addition to acetone as the solvent for reaction,
and'the reaction time was changéd to 3 hours. The
25 -resﬁlts are showﬂ in Table 2. |
 EXAMPLE 23

The reaction was carried out in the same manner as in



.20 Into a-stainless steel autoclave having an internal capacity of 30
[err], 0.192 mml. of palladiumacetate, 3.1 nmol of phenyl -

di (2, 4-di net hyl - 6- (1,1,2-trinmethyl - propyl)phenoxy)phosphine 70 [err] of
acetone and 10 ne of water were charged under a nitrogen gas atnosphere. 25.
Further, 20.3 g of 1,3-butadiene and 8 gsof car bon di-oxi de were introduced
thereto. The reactlon m xture was heat’e Q(Tkwing the internal tenperature
to [err] over - B3 - a period of 20 mnutes with stirring at a -
rotational spEeampie8D6,rexcepihthatatbheophosphenite mas chafged]tdor 4
hours, whereupon the reaction solution was anal yzed by gas chromat ography.
The results ale5éh®mn1|qunheeykf252Eyamhzk;denqhbstéa@r¢bntmas carried out
in the same manner as in Exanple 16, except that 1.35 %frr
trlethylan1neb%bxlngéﬂo¥h)bBG??PBhn?oa%c €1§Ee@hbns l*Qﬁlﬁ%actlon

The
formula. The results are_shown in Table 2.

5
 EXAMPLE 24
10 _ The reactlon was carried out 1n the same manner as in

Example 16, except that the phosphonlte was changed to
1.54 mmol of phenyl(z 2'-ethy11denebls(4 6~di-t-
butylphenoxy))phosphlne as 1dent1f1ed by the follow1ng
_formula, and 1.35 m¢ of triethylamine was used in

15 addition to acetone as the solvent for reaction. The

results are shown in Table 2.

. | {f
:_\
20

'EXAMPLE 25
The reaction was-cafried_qut in the same manner as in
Examplells, except that the bhoSphonite was changed to
1.54 mmol of phehYl(z,z'-methylenebis(Bfmethy1-4,6-di—t-
25 butylphenoxy))phosphine)-ahd'1.35 mé of triethylamine was
used in addition to acetone as the solvent for reaction.

The results are shown in Table 2.



results are shown in Table 2. 10 EXAMPLE 18 The reacti on was carrled out
in the sane manner as in Exanple 16, except that the phosphonlte was
changed to 1.9 mml of phenyl (2, 2" -nmethyl enebis(6-(1,1

trimet hyl propyl) - 4- nethylphenoxy))phosphlne and 0.67 [err] 15  of
triethylamne was used in addition to acgﬁgne as the solvent for reaction.
The results are shown in Table 2. EXAMPL 9 The reaction was carried out
in the sane manner as.in Exanple 16, except that the phosphonite was
changed to 20 EXAMPLETR$ of phenyl (2, 2' - met hyl enebi s(6-t-butyl -4-t-
octyl - phenoxy) ) phosphi ne as_identified |n the following fornula. The
results are shown TIFFTW%t@nZBaS ‘carsied qud\ki ethe) same manner as in

- Example 16, except that the phosphonite was changed to
1.54 mmol of phenyl(2, 2'-methylenebls(6-

5 isoprppylphenoxy))phosphine, 2.65 me of'triethylamine was
used in'addition to acetone as the sblvent fbr reaction,
and the reactlon time was changed to 5 hours. The
results are shown in Table 2. - |
EXAMPLE 27 |

10 ' The reaction was carried Qut in the saﬁe.mannar as in
Example 16, except that'the'phosphonite was changed_ta
' 1.55 mmol of phenYl(z,z'—methylénebiS(G—.
phenylphenoxy))phosphine, 2.65 m¢ of triethylamine was
used in addition'to-acetone as the solvent for reaction,
15 and the reactlon t1me was changed to 3 hours. The
results are shown in- Table 2.
EXAMPLE 28-1 |
The reaction was carried out in the same manner as in
Example 16, except that the phosphonite was changed to
25 0.78 mmol of 4,4'-bis((2,2'-methylenebis (4-methyl-6-t—
butylphenoxY))phbsﬁhino)biphehyl as ideﬁtified'by the
fbllowing'formula, 1.35 mé¢ of triethylamine waa used in
addition to acetone as the solvent for reaction; and the
reaction time was changed to 5 hours. The results.are

25 - shown in Table 2.



The reaction was carried out in the same manner as in Exanple 16, except:
that the phosphonite was changed to 1.55 nmmol of

phenyl (2, 2' - met hyl enebi s(6-t-butyl-4-t- 5 octyl - phenoxy) ) phosphi ne, and

- 0.67 [err] of triethylanm ne was used in addition to acetone as the sol vent
for reaction. The results are shown in Table 2. EXAMPLE 21 The reaction was
carried out. in the sanme manner as in 10_5Exanple 16, except that the
phosphonite was changed to 1.54 mol of ' ' '
phenyl (2, 2' - nethylen-- (6-t-butyl-4- nethox :
identified in the q!!wt g formula. The rg TR _are shown in Table 2. 15
EXAMPLE 22 The react S, CY \\ - ' ane manner as in 20
Exanpl e 16, except tha T ' as shanged to 1.54 muol of
phenyl(2,2’-nethy|-q§ED hoxgPhenoxy) ) phosphi ne, 1.35 ne of
triethyl am ne was used gs the solvent for reaction,
~and the reaction tine The :

onen6Xy))phosphine as

as changed to 3 hours.
5 EXAMPLE 28-2 o

The reaction was carried out in the.same manner aslin
Exampie.ls, excépt that the phosphonité_was changed to
0.78 mmol of 4,4'-bis(bis(2,4-dimethyl-6—t— |
butylphenoxy)phosphino)bisphenYI as identified by the
.10 .folloﬁiné formula, and the reaction temperature was

changed to 90°C. The results are shown in Table 2.
é)?-ﬁ(!l}—ﬂ(ll}——?—go—ii :}—)
/2 2

The reaction was carried ocut in the same manner as in

15
EXAMPLE 29

~ Example 16, except that the phosphonite'waslchanged to
1.56 mmol of pheny1(5,3',s'-trimethyl-s-t-
20 butyldiphenylmethane—-2,2'~-dioxy)phosphine as represented
by the following formula, and 2.65 m¢ of triethylamine
was used in addition to acetone as the solvent for

reaction. The results are shown in Table 2.

- 25




25 results are shown in Table 2. EXAMPLE 23 The reaction was carried out
in the sane manner as in - 55 - Exanple 16, except that the phosphonite
was changed to 1.54 nmol -of phenyl (2, 2'-ethylidenebis(4,6-di-t- '

butyl phenoxy)) phosphine as identified in the followi ng formula. The
results are shown in. Table 2. 5 EXAMPLE 24 10 - The reaction was
carried out in the same manner as in Exa8ple 16, except that the

phosphoni te was changed to 1.54 nmol of phenyl (2, 2' - et hyl i denebi s(4, 6- dl-t-_

but.yl phenoxy)BX¥AMBL®i30® as identified by the following fornula, and 1.35
[err] of triethyl am ne was used in 15 addition to acetone as the sol vent
for reaction. THehe e!seattm@n svammrzrxedfamlie in the same manner as in

| Example 2, except that the amount of palladium acetate
was changed to 0.123 mmol, the phosphonite was changed to

5 1.0 mmol of phehy1(5,3',5‘-trimethy1-3-t-
butyldiphenylmethane-z,zf-dioxy)phosphine as represented
by'the.following formula, and 1.8 m¢ of triethylamine was
used.in addition to aeetpne_aS'the solvent for reaction,

and the reaction time was changed to 2 hours.. The

10 :esuits are shown in Table 2.

15 EXAMPLE 30
 The reaction was carrled out in the same manner as in
. Example 2, except that the amount of palladium acetate
.was changed to 0 128 mmol, and the amount of the
phosphonlte was changed to 2.00 mmol, 3 m¢ of |
20 trlethylamlne was used in addition to acetone as the
solvent for reaction, the reaction temperature was
changed to 60°C, and the reaction time was changed to 5

hours. The results are shown in Table 2.



[err] 20 EXAMPLE 25 The reaction was carried out in the same nmanner. as in
Exanpl e 16, except that the phosphonite was changed to 1.54 mmol of
phenyl (2, 2' nethylenebls(s et hyl -4, 6-di-t- 25 butyl phenoxy) ) phosphi ne,
and 1.35 [&Fr] of triethylani ne was used in addition to acetone as the

sol vent for reaction. The results are shown in Table 2. - 56 - EXAMPLE
26 The reaction was carried out in the sae nanner as in Exanpl e 16, except
t hat ‘'t he phosphonite was changed to 1.54 nmol of _ -
phenyl (2, 2' nethylenebls(G 5 |sopropg@gﬁenoxy))phosphlne 2. 65 me of
triethylamne was used in addition to @ as the solvent for reaction,
and the reaction tine was changed to 5 hours. The o

1-HOD - 1-HHDT

Examples HO(I; )Yi*¢11§ selectivi_:ty yield (%)
(8) *2 *3
11 . 69.3 - 8l.2 0.9
12 43.3 . 62.6 | 12.5
13 83.7 .- 85.5 0.4
14 49.9 69.8 | 10.2
15 57.7 . - 84.5 0.3
16 | s58.8 71.0 8.0
17 71.9  8l.4 1.0
18 © 73.7 - 81.3 3.1
19 65.7 743 7.6
20 ° 75.5 . 85.9 0.8
21 52,9 68.3 8.0
22 77.4 87.0 1.0
23 . 66.7 77.0 6.2
24 | 73,9 ]|]. s81.3 0.8
25 42.6 63.9 0.1
26  55.6 73.7 0.5
27 28.7 | s58.9 2.6
- 28-1 8l.0 | 83.7 1.2
28-2  60.0 89.2 6.9
29 73.8 | 80.0 2.2
30 | 76.1 | 80.8 1.4
31  69.7 92.0 0.2

*1:  Total yield (%) of 1HOD and 3HOD based on
1,3-butadiene charged.

*2: Amount (%) of 1HOD to the total amount of

~ 1HOD and 3HOD.

*3: Yield (%) of 1HHDT based on 1,3- butadiene
charged. _



results are shown in Table 2. - EXAWPLE 27 10 The reaction was
carried out in the same manner as in Exanple. 16, except that the .
phosphoni te was changed to 1.55. nmol of phenyl (2, 2' nethylenebls(G-

phenyl phenoxy)) phosphi ne, 2.65 nme of triethylam ne was used in addition to
acetone as the solvent for reaction, .15 and the reaction ti mte was changed
to 3 hours. " The results are shown||1'ﬁﬂﬁ%'2 EXAMPLE 28-1 The reaction
was carried out in the sane manner as-i-n Exanple 16 except that the
phosphoni t e wesxampuBes2to 20 0.78 nmol of

4,4' -bis((2,2" -nethyl enebi s(4-nethyl-6-t- butylphenoxy))phosphlno)blphenyl
as identified by tfhbefokactioy Wasnpauried3subeinf thei same| manpervas iBed
in addition to acetone as the solvent for reaction, and the reaction time
was changed toEﬁammL¢316TheX¢eBbltbahrthEPh@ﬁBhﬂn¥h91%5$ecQanged to

3.07 mmol of phenyl(z 2'-methylenebis(4-methyl- -6-di-t-

5 butylphenoxy))phosphlne, and 5 mé¢ of N,N-
dlmethylplperazlne was used in addltlon to acetone as the
solvent fo:.reactlon. The results are shown in Table 3.
'EXAMPLE 33 : _ -

- The reaction was carried out in the same manner as in

_10' Example 16, except that the phosphonite was changed to 2 
3.08 mmol of phenyl(2,2'-methylenebis(4-methyl-6-di-t-

_ butylphenoxy) )phosphine, snd 5.8 m¢ of 2,6—lutidine was
used in addition to acetone as the solvent for reaction.
The results are shown in Table 3.

15 EXAMPLE 34
The reaction nas earried out in the same manner as in

Example 16, except that the phosphonlte was changed to _
3.07 mmol of phenyl(z 2'—methylenebls(4-methyl-6-d1-t—
butylphenoxy) )phosphine, and 8.3 mé¢ of N—methylmorphollne

20 was used in addiﬁion to acetone as the solvent for
resdtion. The results are shown in Table 3.

EXAMPLE 35 | | |
The reactlonhwas carrled out in the same manner as in
Example 16, except that the phosphonite was changed to

25 3.08 mmol of phenyl(z 2'—methy1enebls(4-methy1 6- dl—t-

‘butylphenoxy) )phosphine, 10.3 me of N-ethylpyperidine was

used in addition to acetone as the solvent for reaction,



- 57 - 5 EXAWPLE 28-2 The reaction was carried out in the sane manner as
in Exanpl e 16, except that the phosphonite was changed to 0.78 mmol of
4,4'-bis(bis(2,4-dinethyl-6-t-'butylphenoxy)phosphlno)blsphenyl as )
identified by the 10 following fornula, and the reaction tenperature was
‘changed to [err]. The results are shown in Table 2. [err] 15 EXAMPLE 29 The
reaction was carried out in the sane naﬁn@* as in Exanple 16, except that
the phosphonite was changed to 1.56 nmmol of phenyl (5,3',5 -trinethyl-3-t-
20 butyldiphe&ydnﬁhaaneaetibndtémp)passphangedstoeprheansed bpet he
following formula, ‘and 2.65 [err] of triethylamne was used in addition to
acetone as thergguléﬁtaterhQHOtRBnTabIae3sesuIts are shown in Table 2. 25

Lerrl EXAMPLE 36
The reaction wae carried out in the same mahner as in
5 Example 16, except.that the phosphonite was changed to
3.07 mmol of phenyl(z 2'—methylenebls(4—methyl 6 -di-t-
butylphenoxy))phosphlne, 0.8 me¢ of N,N-
tet:amethylhexanediamine was used in.addition to acetone
as the solvent for reaction, and the-:eaction time wae
10 changed to 2 hours. The results are shown in Tabie 3.
EXAMPLE 37 |
The reaction was carr1ed out in the same manner as in
Example 2, except that the amount of palladlum acetate
- was changed to_0.139 mmol, the phosphonlte was changed to.
15 2.0 mﬁol-of'pheny1(2,2!bmethylenebis(4,6-di-t4
| butylphenoxy))phosphine} 3 me¢ of pyridine was used in
addition to acetone as the Solvent for reaction, and the
reaction_temperatufe was changed to 75°C. The results
- are shown in Table 3. | |
20 EXAMPLE 38 |
The reaction wae cartied out in the same manner as in
Example 2, exoept that the amount of palladium acetate
wae changed to'0.123 mmol, the phosphonite was ohanged to
n-butyl(2,2F-methylene-4—methylf6-t-'
| 25 buty;phenyl)phosphine; 3 m¢ of triethylamine was used in
| addition to acetone as the solvent for reaction, and the

reaction time was changed to 0.5 hour. The results are



- 58 - EXAMPLE 30 The reaction was carried out in the same manner as in
‘Exanpl-e 2, except that the anpunt of palladlun1acetate was changed to 0.123
mol , the phosphonite was changed to 1.0 mmol of

phenyl(5 3,5 -trinethyl-3-t- butyl di phenyl net hane-2, 2' - dloxy)phosphlne as
represented by the follow-ng fornula, and 8 [err] of triethyl am ne was
used in addition to acetone as the sol vénf reaction, and the reaction -
time was changed to 2 hours. The 10 results are_shomm in Table 2. 0 15 .
EXAMPLE 30 The shenot iion Tetsledd«ied out in the same nmanner as in Exanple 2
except that the anount of pall-adiumacetate was changed to 0.128 mol, and
the amount of B¥AMMNGE RN te was changed to 2.00 mmol, 3 [err] of

The reactlon was carried out ln the same ‘manner as in
.Example 16, except that the phosphonlte was changed to
5 3.08 mmol of phenyl(2,2'-methylenebis(4-methyl-6-di-t-
butylphenoxy) )phosphine, 0.03 m¢ of N-methylimidazole &as
used in addition to acetone as the solvent for reaction.
. The resulté are shown in Table -3, | |
EXAMPLE 40 |
10 "~ The :eacéion.was_carried out in the same_manner as in
Example 16, except that the phosphonite was changed to
3.08 mmol of phenylkz,2'—methylenebis(4-methY1—6-di—t—
butylphenoxy))phospﬁine, 0.2 mmol of l;lo—phenanthroline '
wes used in addition to acetone as the:solveht for
15 reaction, and the reaction was conducted for 6 hours;f
.-The.results are shown in Table 3.
EXAMPLE 41
The reaction was carried out inethe.same manner as in
Example 16, except £hat the phosphonite was changed to
20 3.08 mmol of phenyl(z;z'—methylenebis(4-ﬁethyl-6-di-t-
butylphenoXy))phoSphine. and 0.19 mmol of 2,2'-bipyridine
- was used in'addition to acetone as the.solvent for

‘reaction. The results are shown in Table 3.



20 triethylamne was used in addition . to acetone as the solvent for
‘reaction, the reaction tenperature was changed to [err] and the reaction

time. was changed to 5 hours. The results are shown in_TabIe_2. - 59 -
Tabl e 2 1- HOD - 1-HHDT Exanpl es HOD yiel d _ selectivity yield
(% (B *1 (9 *2 *3 11 .. 69.3 - - 81.2 0.9 °
12 43.3 62. 6 : 1%8¥F 13 83.7 85.5
0.4 14 . 49.9 - 69. 8 : 10.2 15 57.7
. 84.5 . 0.316 . 58.8 . 71.0 8.0 17 _
71.9 81. 4 1.0 18 Tableg337 : 81.3 3.1
| i 1-HOD 1-HHDT
. | HOD 1d :
Examples (.%)yl*el selectivity yield (%) -
- o | (%) *2 *3 '
32 | e3.6 84.4 0.5
33 ' 65.0 - 82.2 4.0
34  72.8 84,5 0.7
35 76.3 . |Not measured 0.3
36 52.0 71.4 0.1
37 72.6 | 76.8 1.1 -
38 9.6 88.3 0.1
39 59.0 | - s1.9 3.1
40 28.6 82.9 1.1
41 ~ 51.4 . 74.1 5.5

*1: Total yield (%) of 1HOD and 3HOD based on
1,3-butadiene charged.

*2: Amount (%) of 1HOD to the total amount of
1HOD and 3HOD. : _

*3: VYield (%) of 1HHDT based on 1,3-butadiene

: charged.



19 65.7 74.3 7.6 20  75.5 85. 9

0.8 21 52.9 -~ . 68.3 8.0 22 - T77.4
g7.0 1023 . 66.7 77.0 6.2 24
73.9 81. 3 0.825  42.6 ~63.9 0.1
26 ~ 55.6 73,7 _§52r 0 287 589
2.6 28-1 81.0 - 83.7 1.2 28-2 ~60.0

89.2 6.9 29 . 73.8 - 80.0 2.2 30 :
76. 1 BYAMPLE 42 1.4 31 . 69.7 92. 0 0.2

*1: Total yield (99 of 1HOD and 3HOD based on 1, 3-but adi ene charged *2:
Amount (% of 1 is Exampdeashawsukhasf byren additiep ofzan sming tqa of

1HHDT based on 1, 3- but adi ene charged.
the reaction system, the phosphonlte compound can be

stably_malntalned without decomposition even when the
5 reaction product was recycled.

Into a stainless“steel autoclave'having'an'internal
capacity of 2oo:me, 0;127 mmol_of'balladium acetate, 2.03
mmol of.phenyl(2,2'4methyienebis(4,6-di-t- |
butylphenoxy))phesphine, 47 m¢ of acetone, 6.7 mé¢ of

10 water, 7 mé of triethylamine and 3 m¢ of trioctylamine
were charged under a nitrogen gas atmosphere;_ Further,
13.5 g of 1,3fbutadiehe and 8 g of carbon dioxide were

: introduced thereto. dThe reection mixture was heated to

brlng the internal temperature to 75°C over a period of
15 20 mlnutes with stlrrlng at a rotatlonal speed of 800

rpm. The reaction was continued at 75°C fo: 2 hours,'
whereupon the‘reaction solution wes analyzed by gas
chromatdgraéhy, whereby 64.3% ofllHOD, 3.9% of 3HOD and
0.3%.of LHHDT were obtained as.the yield ﬁer 1,3~

" 20 butadiene charged. This reaction solution was distilled‘
under reduced pressure at 25°C to distill off acetone,

: triethylamihe and weter, and then.distilled under a
reduced_pressure of about 2 mmHg at a bath temperature of
90°C to distill off HbD to obtain 3.93 g of the

25 distillation residue. The distillation residue was
analyzed by 31P-NMR,'whe-reby signals of e phosphenite_and
‘phosphonite oxide were detected at 164.3 ppm and 12.5 |



- 60 EXAMPLE 32 The reaction was carried out in the same manner as in
Exanpl e 16,
phenyl (2, 2' - net hyl enebi s(4-nméthyl -6-di-t- 5 but yl phenoxy) ) phosphi ne,

[err]

sol vent for
- The reaction was carried out inthe Saf® Fanner as in 10 Exanpl é 16, .
except that the phosphonite was changed to 3.08 mmol of phenyl (2,2 '
- met hyl enebi s (epmyettedpedtdively btadeshemphospicst @sidnd Int® [threr] of

2,6-lutidine was used in-addition to acetone as .the solvent for reacti

. out

except that the phosphonite was changed to 3.07 muol of

in the sane manner as in

10

.15

20 .

- whereby signals of a phosphonite and-a phosphonite oxide

25

residue, 47 mé of acetone, 6.7 me of water and 7 mé of

- triethylamine were charged.' Further, 13.5 g of 1, 3-

butadiene and 8 g of carbon dioxide were 1ntroduced, ‘and
the mixture was reacted in the same manner as the first

time, whereupon the reaction solutidn of the second time

-was analyzed'by gas chromatography, whereby 74.6% of

1HOD, 4.3% of 3HOD and 0.4% of lHHDT were obtained, as
the yield per l,3-butadiene eharged. .The reaction
soiution of'the-second time.was analyzed by 31P—ﬁMR
whereby signals of a phosphonlte and a phosphonlte oxide
were detected at 164 1 ppm and 12.4 ppm, respectlvely,

based on phosphorlc acid. This reaction solutlon was

and 5

of N, N- dinethyl pi perazine was used in addition to acetone as the
reaction. The results are shown in Table 3. EXAMPLE 33.

on.

The results acdoyoavtiaclrus e the mtmmc@m Gmél'rléa@hschﬂ\ﬂ@é:m ri ed

subjeéted to distillation under reduced pressure at 25°C

to distill off acetone, triéthYlamine and water ahd_then

distilled under a reduced pressure of about 2 mmHg at a

bath temperature of 90°C to distill off HOD and to obtain

4.09 g of a distillation residue. The distillation

residue of the secOnd.time was analyzed by 31P-NMR,

- were detected at 164.3 ppm and 12.5 ppm, respectively,

based on phosphorlc acid. 1Into the above autoclave, the
entire amount of this dlstillation residue of second
time, 47 me of acetone, 6 7 m¢ of water and 7 me of
trlethylamlne were charged. Further, 13.5 g of 1,3~

butadiene and 8 g of carbon dioxide were introduced



Exanpl e 16, except that t he phosphonite was changed to 3.07 mmol of

phenyl (2, 2' - met-hyl enebi s(4- net hyl -6-di -t- butyl phenoxy)) phosphi ne, and 8.3
me of N-nethyl norpholine 20 was used in addition to acetone as the sol vent
for reacti-on. The results are shown in Table 3. EXAMPLE 35 The reaction was -
carried out in the same manner ‘as in Exapple 16, except that the
phosphonite was changed to 25 3.08 mol °Bf "

phenyl (2, 2' - met hyl enebi s( 4- nmet hyl - 6- di-t- butylphenoxy))phosphlne 10. 3
[err] of N etkhepgberi dThe midxtusedvas zeactedninothecsame menngs a8l vent

for reaction, - - 61 - and the reaction tine was changed to_2 hours. . The:
results are shBushenfizsteand sRAOPAEtiBESNe P@&cf?éﬁtQQQ seiutéanogf in
e " Ehe Ent Ta s WBaah1y 28Ry 33" chISnBEOSRARRY,® "=

changed to _
N whereby 62.7% of 1HOD, 3.8% of 3HOD and 0.2% of 1HHDT

5 were obtained,és the yield per l,3-butadiéne charged.
‘The reaction solution of the third time ﬁas analyéed by
31P-NMR, whéreby'signals of a phosphonite and a
phosphonlte oxide were detected at 164.1 ppm and 12.4
ppm, respectlvely, ‘based on phosphorlc acid. Thus, no .

10 decomposition of the phosphonlte.was'qbserved by the
:epetitibn of the reaction for three times.
" EXAMPLE 43 | |
. Into a stainless steel autoclave having an internal
. capacity of 200 m¢, O. 065 mmol of palladlum acetate, 0.51
15 mmol of phenyl(z 2'-methylenebls(4—methy1-6-t-
butylphenoxy) )phosphine, 47 m¢ of acetone and 6.7 mmollof
~ water were charged under a nitrbgén gas'atmoséhere.
Further, 13.5 g of 1,3-butadiene and 8 g of carbon
dioxide were introduced thereto. The reaction mixture
20 vas heated to bring the internal temperature to 90°C over
a period of 20 minutes with stirring at a rotational
speed of 800 rpm. The reaction was continued at 90°C for
-3 hours. Then, the reaction solution was analyzed by gas
chromatography,:whereby 47.5% of 1HOD, 3.6% of 3HOD and
25 8.9% of 1HHDT'wére obtained as'the_yieid per 1,3~
'butadiene charged. This reaction solution'waé'subjected

-to distillation under reduced pfessure_at 25°C to distill



+3.07 mmol of phenyl (2,2 -nethyl enebi s(4-nmethyl -6-di-t- -
butyl phenoxy)) phosphine, 0.8 [err] of N N tetranethyl hexanedi am ne was
used in . addition to acetone as the sol vent for reaction, and the reaction
"time was 10 changed to 2 hours. The results are shown in Table 3. EXAMPLE
37 The reaction was carried out in the sgne manner as in Exanple 2, except
that the anpunt of palladium acetate was Zhanged to. 0 139 mol , the
phosphonite was changed to 15 2.0 mmol of
phenyl (2, 2" - nefﬁybee@bme(apﬂ-watex lamdy lthlean diptijiedpunder a Fsﬂﬂpaﬂ
pyridine was used in addition to acetone as the solvent for reaction, and
the reaction DEeseuaeuos whouthingedia atf & bpth tepesature ofec13086n in
Table 3. 20 EXAMPLE 38 The reaction was carried out .in_the sanme manner as

~in Exanple 2, tex@dptidfaPtEnEORand EHDT péPﬁa&PUﬁP&ééPaPe4ﬁa9 Ofafged to
0.123 mmol , t phani t h
nobatyl (2, 2 - Heﬁﬁ;}ﬁia&c’gné@“ﬁ? ug-r 4580 Le, abogs, APERGLAREC the fer] of

trlethylan1neew% %ou%t of this dlstlllatlon res1due, 47 mé of
~ acetone and 6. 7 mé of water were charged. Further, 13.6
gof1l, 3-butad1ene and 8 g of carbon dioxide were
1ntroduced thereto, and the mizture was reacted in the
same manner as in the flrst time. The reactlon solutlon
10,' of the second time was_analyzed by gas chromatography,
whereby 39.0% of 1HOD, 2.6% Oof 3HOD and 6.4% of LHEDT
were obtained'ae the yield per 1,3-butadiene chafged.
This reaction solﬁtion wes subjected to distillation
under teduced pressure at 25°C to:distill off aceﬁone and
15 water and then distilled uhder-a reduced pressure of |
about 2 mmHg at a bath temperature of 130°C to distill
"of £ HOD and HHDT and to obtain 6.09 g of a distillation.
residue. To the above autoclave, the entire amount of
this_distillafion residue of the second time, 47 m¢ of
20 acetone ahd.6;7 m¢ of water were charged. Further, 13.8
g of l;beutadiene and 8 g.of carbon dioxide ﬁere
ihtroduced'thereto, and the mixture was reacted in the
‘same manner eslin the first and second times. The |
reaction solution of the third time was aﬁalyzed by gas
25 chrematography, whereby 28.4% of 1HOD, 1;8%:of 3HOD and
3.8% of 1HHDT were obtained as the yield per 1,3-

butadiene charged. The reaction solution of the third



addition to acetone as the solvent for reaction, and the reaction tinme was
changed to 0.5 hour. " The results are - - 62 - shown in Table 3. EXAMPLE
39 The reaction was carried out in the same manner as in Exanple 16, except
that the phosphonite was changed to 5 3. 08 mmol of : :
phenyl (2, 2' - met hyl enebi s( 4- net hyl - 6-di_- t, butylphenoxy))phosphine .0.03 |
[err] of N-methylim dazol e was used in §Eh|t|on to acetone as the sol vent
for reaction. The results are sho in Tabl e-3. EXAMPLE 40 10 The:
reaction was tidte i%as Analyzed oy aHP-WiRrewheseby Bxsignalief axcept t hat

t he phosphonite was changed to 3. 08 mmpl of '
phenyl (2,2' - BROFRhOTREIE (QKHAR rand@oﬁlanalblﬁwbrﬂmgmqmlmdwtz nol

of ‘1, 10- phenant hr.ol i s used in addition acet one as the solvent for
P é he p ogwhonlte were detecte t(i iqppm and 44.7 o

ppm, respectlvely,'based on phosphoric acid, and no
5 original phosphonite was detected.
EXAMPLE 44

Preparation of a;palladlum(phosg onlte), complex

Into a stainless steel mlcsoautoclave having an
internél_cépacity of 70 me, 1.01 mmol of palla&ium
.10 acétate,'S.OIImmol of phenyi(2,2'-methylenebis(4-methy1-
6-t-butylphenoxy) )phosphine, 10 m¢ of methanql'and.z mé
of tritylaﬁine-weie.chaiged unde:'a hitrogen_gas
atmosphére; Further, 3.3 g of 1,3-butadiene vas
_ introdﬁced.thereto. The reaction mixture was reacted in
15 an electrlc furnace at 80°C for 1. 5 hours w1th stirring
by a magnetic stirrer. The reaction solution was taken
out, and the gray pfecipiﬁate formed was collected by
filtration. To the obtained gray precipitate, 15 m¢ of
deaerated hexane was added under a nitrogen stream, and
20 .the mixture was stirred. An insoluble component was
filtered off to obtain a yellow hexane solution, which
was concentrated to about 1/3,'whergby yellbw crystals
precipitated, The crystals were collected by filtratiqn
and dried to obtain a desired pal_ladium(phosphonite)2 .
'25._ complex. As a result of the elemental analysis, the
atomic ratio of phosphorus/palladium was 1.99, and 3lp-

NMR and 1'H-NMR were measured, respectively, in acetone d6



15 reaction,
shown in Table 3. EXAMPLE 41 The reaction was-carried out in the sane

manner as in Exanple 16, _
of phenyl (2, 2'-net hyl enebi s(4- et hyl -
of 2, 2"-

3. 08 nmol

and the reaction was conducted for

“but yl phenoxy) ) phosphi ne. and 0.19 mol

addition to acetone as the solvent .for
Tabl e 3 1-HOD

Tabl e 3.

selectivity

84.4
72.8

63 -

ré%%tlon

1- HHDT Exanpl es
.spbmm; pHhwiiegebn datq %9s *shown in Table 3} 3gere obtam@d;, 6
5 33 65

6 hours. The results are

except that the phosphonite was changed to 20
6-di-t-
bi pyri di ne was used in

The results are shown in
HOD yiel d

82.2 4.0 34
de5the obtalneQ)yellow crystals were conflrmed to be

bis(2,10- dlmethyl 4,8-b1s(1 l-dlmethylethyl)-G-phenyl-

| lZH—dlbenzo[d,g][l 3, 2]dloxaphosphoc1n)palladlum.

> Table 4
Yellow complex Origihal phoephonite
P 1160.7 ppm T 164.2 ppm
H 1. Oolppm (36H e) l. 22 ppm (18H s)
2. 40 ppm (128 5) | .2. 29 ppm (6H s)
3. 39 ppm (2H d J=12.9 Hz) [3. 51 ppm (18 d J=12.6 Hz)
4. 17 ppm (2H d J=12.8 Hz) |4. 46 ppm (1E dd J=12.6, 3.3 Hz)
7;-04 ppm- (4H s) 7;.08 ppm (2H)
7. 21 ppm (4H s) 7. 32 ppm (2H)
7. 56 ppm (6H m) 7. 64 ppm (3H)
7. 83 ppm (4H m) 8. 03 ppm (2H)
EXAMPLE 45-1
'20 The reaction was carried out in the same manner as ip
Example 2, except that 1. 1 mmol of the palladium complex
prepared in Example 44 was used instead of palladlum
acetate, 3 me_of triethylamine was used in addltlon to
acetone as the solvent for reactien, and the reaction
25 temperature was changed to 75°C. As a result;'the yield

of HOD was 81.5%, the select1v1ty for 1HOD was 83. 4%, and

the yield of 1HHDT was 0. 5%. '



35 76. 3 Not measured 0.3 36 ~52.0 71.
0.1 37 72.6 76. 8 1.1 38 9.6

88.3 0.1 39 - 59.0 81.9 3.1 40

28.6 82.9 | 1.1 41 ~ 51.4 74.1 -
5.5 *1: Total yield (% of 1HOD and 3HOD Based on 1, 3-but adi ene char ged.

of 1HOD and 3HOD. *3: Yield
EXAMPLE 42 Thi's

*2:  Amount (% of 1HOD to the total anmdud

(%9 of 1HHDT based on 1, 3-but adi ene charged - 64 -

4

Exanpl e shows EH%MH@E&Aﬁ%&khtlon of an anmine to the reactlon systen1 t he

phosphonlte conpound can be
The experlment of Example 40 uSLng the complex was

‘carried out by changlng the reactlon tlme to 30 m1nutes_
or one hour. (3 mé¢ of trlethylamlne was used in addltlon
5-' to acetone ae the solvent for reaction, the reactlon

' temperatu:e was changed to 75°C, the reactlon_tlme_was 30

minutes or one hour, and a small amount of the reaction

. solution was withdrawn from the reactor and analyzed.)

10 - ~ —
- HOD yield | 1"HOD 1-HHDT
(8) *1 selectivity | yield (%)
' (%) *2 *3
30 Minutes 27.5 76.3 0.4
1 Hour 52.5 78.9 0.4

*1: Total yield (%) of 1HOD and 3HOD based on
15 1,3-butadiene charged.
*2: Amount (%) of 1HOD to the total amount of
1HOD and 3HOD.
*3: Yield (%) of 1HHDT based on 1, 3-butad1ene
charged. ,

EXAMPLE 45-3 |
20 | .In Example 2, the amount of palladium acetate was
changed to 0.132 mmol, the'amount of the phosphonitefwas
changed to 1.99 mmol,'3 mé of triethylamine was used in
addition to aoetone'as the solvent for reaction, the
.reaction temperature was chanoed to 75°C, the reaction
25 time was changed to 30 minutes or one hour,'and a small
~ amount of the reaction solution was withdrawn from the

reactor and analyzed.



. stably maintai ned without deconposition even when the 5 reaction product
was recycled. Into a stainless steel autoclave having an |nternal capacity
of 200 [err], 0.127 muol of palladlun1acetate 2.03 mmol of . :
~ phenyl (2, 2' - nethylenebls( 4,6-di -t- butyl phenoxy)) phosphi ne, 47 me of
~acetone, 6.7 ne of 10 mater 7 me of triethylamne -and 3 nme of
trioctylam ne were charged under a n|trozgn gas atnosphere. Further, 13.8 g
of 1,3-butadi ene and .8 g of carbon di oxi de were introducéd thereto. The
reaction m xture was heated to bring.the internal tenperature to [err]'over
a period of 15 2p mnutes Wfh stirring gt a io Qﬁlona SH$P“ of 8qo rpm
The reaction was ontlnued at| [BoD] yLeld? fhour eactli on
sol uti on was anal Jz&¥2BPLlEss phrqqgtQg[apkyse%ﬂﬁFéB§t34-SEGB;dlﬂtb 3. 9% of
3HOD and' 0. 3% of LHHDT vere optained as tHe yild) *%r 1] 3- 203 but adi ene
charged.- This refitIToON sorutjon was arscirtea _ander 1 e at

“lerr] to distill ppP MEBEBRS | tri dtbnd anife and 8 er, bnd t%eh distilled
under a rﬁyuced P £SRYLE of al outé%rgﬁb gt atygrgtenprratuae of o

*1: Total yleld (%) of 1HOD and 3HOD based on
1,3-butadiene charged. :

*2: BAmount (%) of 1HOD to the total amount of
1HOD and 3HOD. -

*3: Yield (%) of lHHDT based on 1,3-butadiene
charged.

mpe—

10 EXAMPLE 46
In Example 16, a phosphite was used_instead of the
phosphonite. | | |
The reaction was carried ouﬁ in the same ﬁanner as in
Example 16; except that the amount of palladium acetate
15 waslchanged_to 0.098 mmol, 1.51.mmol of tris(2,5-di-t~
butylnaphthyl)phosphite was used as the phosphite, 1.35
mé df triethylamine was used in addition to acetone as
the solvent for reaction, the reaction temperature was
changed to 90°C, and the r§action time was changed to 30
20 minutes. The results are shown in Table 5.
EXAMPLE 47 - |
In Example 16, a phosphite was used 1nstead of - the
phosphonite. _ _ |
‘The reaction was carried out in the same manner as in .
25 Example 16, except that the amount of palladium acetate
was changed_to 0.098 mmol, 0.38 mmol of t;is(z;s-di~t-

butylnaphthyl)phosphite was used as the phosphite, 1.35



- [err] to distill off HOD to obtain 3.93 g.of the 25 distillation residue.
‘The distillation residue was analyzed by [err] whereby signals of a

phosphoni te and phosphonite oxide were detected at 164.3 ppmand 12.5

65 - ppm respectively, based on phosphoric acid. Into the above

autocl ave, the entire anount of this distillation residue, 47 [err] of

~acetone, 6.7 [err] of water and 7 [err] [ TIriethylam ne were charged.

Further, 13.5 g of 1,3- butadiene and 8 g of carbon dioxide were _

I ntroduced, amd bﬁetnlethyéammserwastadedn1nhadéahmonaboeacetoneeaé|rst

tinme, mhereupon the reaction solution of the second tine was anal yzed by

gas chronatogthphgqlvﬁeteﬁ9r7nea@&0bnlFtn? ne3etbbén3tOmpenatordowas 1HHDT

were obtained, as 10 the yield per 1,3-butadiene charged. The reaction

sol ution of tﬁbagﬁeénbotPﬁécma§n§n§h§zé§aﬁylPérF}memﬂé$eﬁ9a§9§ﬂatg eneg

hos honlte and a phosphonite oxid
P .p our.p B resufts are shown in Table 5.

5 - EXAMPLE 48
In Example 2, a'phosphinite was used.inStead of.the
phosphonlte. | _
The reactlon was carrled out in the same manner as in
Example 2, except that the amount of palladlum acetate

10 was changed to 0.062 mmol, 2.02 mmol of diphenyl(2,6-di-
tfbutylphenyl)phOSPhine Was used as the phoséhinite; the
reacﬁion temperature was changgd to §0°C, and the
reaction time was'éhanged to one hour. The results are
shown in Table 5. |

15 EXAMPLE 49

| The feaction was.carried'out in the same manner as in
Example 2, except that the amount of palladium acetate
was chanéed'to 0.127 mmol, the phosphonite ﬁas changed to
2.01 mmol of benzyl(2,2'-methylenebis(4-methyl-6-t-

20 butylphénoxy))phosphine, 3 m¢ of triethylamine was used
in-additioh to acetone as the solvent for'xeaétion,_and
the ieaction-was carried out for 6 hours. The results

_'are.shown in Tablé_s. | |
EXAMPLE 50

25 The - reactlon was carrled out in the same manner as in

Example 2, except that the amount of palladlum acetate

~ was changed to 0;127_mmol, the phosphonite was changed to



‘were detected at 164.1 ppm and 12.4 ppm respectively, based on phosphoric
acid. Thi's reaction solution was 15 subjected to distillation under

reduced pressure at [err] to distill off acetone, triethylanine and water
and then distilled under a reduced pressure of about 2 mmHg at a bath
tenperature of [err] to distill off HDemgtOOMau14oggofa

distillation residue. The distillation 2073r8sidué of the second tine was -
anal yzed by [err] whereby signals of a phosphonite and a phosphonite oxide
“were detected 2i006dmdlppih aycldBexyppethydd@eet rmekhylbaebils¢A-peobpheric
acid. Into.the above autoclave, the entire amount of this distillation
resi due of secénb- bBtYﬂPhBHOXY)d?hoﬁpaéBEonénd637mﬁeoﬁftMAEGhY&ﬂmlne[err]
of ‘triethyl am ne were charged. :Further, 13.5 g of 1,3-_ butadiene and 8 g
of - carbon’ di oxW8& Weere nntaééaééen to-aGStﬂthéPeFBe soheentx£QFe was

reacted in the sane manner
reactlon. The results are shown in Table 5.

-
Table_s
Example.s HO(D % )Yi: lld selicg(i)gi ty yile]fiHD(T% )
| | " (s) 2 %3
46 6.8 67.2 0.04
- 10 47| 135 71.3 0.85
48 18.2 |  42.9 © 0.00
49 76.7 92,2 | e
' 50 ~ 71.6 93.2 | o.1

*1: Total yield (%) of 1HOD and 3HOD based on
" 1,3-butadiene charged.
%23 Amount {%) of 1HOD to the total amount of
_ - 1HOD and 3HOD.
*3: Yield (%) of 1HHDT based on l 3-butad1ene
charged.



in the first and second.tines. The reaction solution of the third tinme was
anal yzed by gas chromat ogr aphy, whereby 62. 7% of 1HOD, 3.8% of 3HOD and
0.2% of - 1HHDT 5 -were obtained as the yield per 1, 3-butadiene charged. The
reaction solution of the third tine was anal yzed by [err] whereby signals
of a phosphonite and a phosphonlte oxi de mi e detected at 164.1 ppm and
12. 4 ppm respectively, based on phosphorl 443i d. ‘Thus, no 10 -
deconposi tion of the phosphonite was observed by the repetition of t he
reaction for thEXAMPLEeS]1 EXAMPLE 43 Into a stainless steel autoclave
haV|ng an-internal capacity of 200 [err], 0.065 mmol of palladium acetate,
0.51 15 mmol of ph8ig reactiomet érhﬁjldg-@itl#éﬂt}mqf the reaction

but yl phenoxy) ) phosphi ne, 47 me of acetone _and 6.7 mol of water were .-
char ged under asﬁﬂPFéQénW§5§ CLOLE o ko ther same Bagnef as3iBut adi ene

and 8 of carbgn di e were in d the eto. The_reac n mxture 20
was hegted to bEFAY ﬁe irnEEFRRE %bﬁg % uFSa § Y@Frfno9éﬁeé géVFoHIBFSZO

mnutes with St'Eﬁhggaagt%15i%%E'%%%L1 autoclave having an 1nterna1

,capacity of 1 ¢, to obtain 103 g of 1HOD, and the
obtained 1HOD was subjected to a hydrogenation reaotione
Into a microautoélave of a-shaking type having'an _
internal capacity of 100 m¢, 3.9 g'of a catalyst having
10 13.7% of niokel'and 1.9% of chromium supported on
diatomaceous earth, and 26.0 g'of iHOD were charged, and
. the hydrogenatibn_reaotion'was carried out under a
-hyd;ogen pressure of 40 kg/cm?® at a reaotion tempe:atufe
of 120°C for 2 hours. The reaction solution was analyzed
15. by gas chromatography,.wherebf'it was fonnd that the
hydrogenation reaotion procee&ed substantially |
quantitatively, the yield of n-octanol was at. least 99%,-
and trace amounts of 2-octen-1-ol and n-0cty1a1dehyde
were detected. _ .
20 EXAMPLE 52 Hydrogenation of HOD
In Example 51, the hydrogenation reaction was carried
out under a hydfogen pfessure of 20 kg/cm?® for from 3.5
" hours. The reaction solutlon was analyzed by gas
chromatography, whereby the yield of n-octanol was 66. 7%,
25  the yield of 2—octen—l—ol was 26.4%, and the y1e1d of n-
' octylaldehyde was 5.0%. |



speed of 800 rpm The reaction was continued at [err] for 3 hours. Then,
the reaction solution was anal yzed by gas chromatography, whereby 47. 5@6of'
1HOD, 3.6% of 3HOD and 25 8.9% of 1HHDT were obtained as the yield per:

1, 3- butadiene charged. This reaction solution was subjected to
dlstlllatlon under reduced pressure at [err] to distill =~ - 67 - off
acetone and water and then distilled undef3a~reduced pressure .of about 2
mHg at a bath tenperature of [err] to distill off HOD and HHDT and to
obtain. 5.49 g WEFERENGE |IEXAMBLE rlesi due. Into the above autoclave, the 5
entire amount of this distillation residue, 47 [err] of acetone and 6.7 ne
of water were Grmmthtidiurdfer,2'3methyifenetisfd-nethwl =6t g of carbon
di oxi de were introduced thereto and the mixture was reacted in the sane
manner as in t e b)) B jordde ti on 10 of the second time

was “anal yzed b as chronato ra
g v 9 Into a twéLnéLQEd flask having an 1nternal capaCLty

5 of 1'e( 14.76 g9 (107.5 mmol) of phosphorus trlchlorlde
and 1oo'me of toluene were_charged.under a nitrogen
atmosphere and stirred by a magnetic stirrer. Then; a.
solution having 36.6 g (107.5 mmol) of 2,2'- |
methylenebis(4-methyl-6-t-bdtylephenOI) and 25 m¢ of

10 trlethylamlne dissolved in 180 m¢ of toluene, was
dropw1se added thereto over a perlod of 15 minutes under
a nitrogen atmosphere. After completlon of the addition,
the reaction mixture was heated to 60°C ehd stirred for
one.hoﬁr at that temperature} The reaction mixture was
15 cooled to room'temperatﬁre, and precipitated inorganio
salts.were filtered off. From the obtained filtrate, the
solvent was distilled off, and the residue was dried |
under reduced pressure to obtain 43.07 g (106.3 mmol) of
a white powder.' By NMR, this powder was confirmed to be
20 the desired product.
31pNMR (CDcea, triphenyl.phosphate: -18 ppm base)
0154.6 ppm )

IENMR (CDCZy, (CH,),Si base)
25 &/ppm |

1.39(s, 18H, -C(CH,);)

2.30(s, 6H, —CH;)



wher eby 39 0% of 1HOD, 2.6% of 3HOD and 6.4% of 1HHDT were obtained as the
yi el d per 1,3-butadiene charged. This reaction solution was subjected to

distillation under reduced pressure at [err] ‘to distill off acetone and 15
wat er and then distilled under. a reduced pressure of about 2 mrHg at a bath
tenperature .of [err] to distill -off HOD and HHDT and to obtain 6.09 g of a

distillation residue. To the above aut ocl 46e” the entire amount of this

di stillation residue of the second tine, 47 [err] of 20 acetone and 6.7
[err] of water 3wgmqd;ha=ged 0HZGulthe ArCH3AR8)g of 1, 3-butadi ene and 8 g of
carbon dioxide were introduced thereto, and the m xture was reacted in the
same ‘manner -as 3.9%(dy Ui=l. 0Bzd JEoddQH M. The reaction solution of the
third tinme was anal yzed by gas 25 chromatography, whereby- 28. 4% of 1HOD,
1. 8% of 3HOD aifd 03.(%% @H,1BFH)ere obtained as the yield per 1,3-

butadlene char ed The reaction solution of the th|rd
9(s, ZH, -0OArH)

5 :EXAMPLE 53

Préparation of a branched élkvl phosphonite of the
formula (8) | _ |
Preparation of benzyl(2,2'-methylenebig(4-methyl-6-t-

ggtylphehoxyjiggosghine

10 Into a two-necked flask having an internal capacity
of 200 m¢, 0.385 g (15.8 mmol) of flaky magnesiﬁm and 20
mé of THF weré Chérgeé'under a'nitrogen atmosphere and
stirred by a maénetic stirrer. Then, a solution having
'2.68 g (15.7 mmol) of a-bromotoluene dissolved in 20 m¢

15 of THF, was dropwise added thereto over a period'of 30
minutes under a nitrogén atmosphere. After completion of
the.additibn, the reaction mixture was stirred under a
heating and réfluxing coﬁdition for one hour to obtain a
Grignard reagenf. This solution was cooled, and a

20 solution having 6.33 g (15.6 mmol) of (2,2'~-
methylenebis(4—methyl—6-t-butylphenoxy))phosphinochloride
prepared in Reference Example 1 dissolved in 30 m¢é of
THF, was dropwise added thereto over a period of 20
minutes with cooling in an ice bath. After completion of

25 the addition; ﬁhe_réaction mixture was stirred under a
heating and refluxing conditioh for one hour. Then, the

THF solvent was distilled off uhder atmospheric pressure.



- 68 - time was anal yzed by [err] whereby a signal of a phosphonite oxide
‘and a signal of a deconposition product of the phosphonite were detected at .
12. 4 ppm and 44.7 ppm respectively, based on phosphoric acid, and no 5 .
ori gi nal phosphonite was detected. EXAMPLE 44 Preparation of "a [err]
conmplex Into a stainless steel mcroautocl ave having an internal capacity
of 70 me, 1.01 nmmol of palladium 10 acet&fe; 5.01 mol of : :
phenyl (2, 2' -met hyl enebi s(4- met hyl - 6-t - but ylI"phenoxy) ) phosphi ne, 10 me of
met hanol and 2Thertésbfuer wagl diispeivedeinhiogesisuofetodushiey ognd gas
at nrosphere. Further, 3.3 g of 1,3-butadiene was introduced thereto. The
reaction m xtuipsedsbieathedganitéSsadhsewecer rembuedaby filfeatiohor 1.5
hours with stirring bi a magnetic stirrer.  The reaction solution was taken
out, and the gFh¥sptetueneaselubiandwaassubjeeteddtoydistitbation uyndehe
-obt ai ned gray precipitate,- 15 nme of deaerated hexane was_added under a
nitrogen streaffdafed pressure to distill off toluene and to obtain a
| 5 crude phosphonite. The product was'recrystallized from
acetonittile to obtain 3.77 g of a white powder. By NMR,
this powdef was confirmed to be.the desired product.
31pNMR (CDC¢,, triphenyl phosphate: -18 ppm base)
© 8182.4 ppm | |
10 _
IANMR (CDCe5, (CH;),Si base)
é/ppm '
1.24(s, 18H, -C(CH;);)
2.25(s, 6H, -CH3)
15 3.26(dd, J=12.6, 4.2Hz, 1H, ArCH,Ar)
3.57(m, 2H, ArCH,P) |
4.22(d4, J=12.6Hz, 1H, ArCH,Ar)
20 7.2-7.4(m, 5H, -ArH)

EXAMPLE 54

Preparation of a branched alkyl phosphonite of the
formula (8) -

‘Preparation of cyclohexylmethyl(2,2'-methylenebis(4-~

25' methyl-G—t-bgtylphenoxj))phosphine
|  Into a two-necked flask having an internal capacity

" of 200 m¢, 0.488 g (20.1 mmol) of flaky magnesium and 25



20 the mixture was stirred. An insol uble conponent was filtered off to
" obtain a yell ow hexane sol ution, which was concentrated to about 1/3,
wher eby ‘yel |l ow crystal s preC|p|tated The crystals were col |l ected by
filtration and dried to obtain a desired. palladi unphosphonite)2 25
conplex. As a result of the el enental analy5|s the atomc ratio of
phosphorus/pal | adi um was 1. 99, and [erT] 78\VR and [err] were neasured,
respectively, in acetone dé6 - 69 - solvent, whereby data as shown-in
Tabl e. 4 wer e nbt aEnTHF aadetbhaobbdlnadeyehlnﬂtcoyeha&tmmsphecen&ndned to
be bi s(2, 10-di net hyl -4, 8-bi-s(1, 1-di et hyl et hyl ) - 6- phenyl -
12H di benzol dsbifrted, bydaomagnetphostmrparkadThan,5aTabletﬂoNEhawmnqonplex
Ori gi nal phosghon|te 160.7 ppm - 164. 2 ppm
56 g (20.1 mmol) of cyclohexylmethyl bromide dlssolved
in 25 meé of THF, was dropwise added thereto over a per;od
5 of 30 minutes under a nitrogen atmosphere. After
completion of the addition, the reaction mixtﬁre was
 stirred under a heating and refluxing condition for ohe 
hour to obtain a Grignard reagent. This solution was
cooled, and a solution having 8;09.g (20.0 mmol) of
- 10 ' (2,2'-methylenebis(4-methy1—6—t-
butYlphenoxj))phdsphinqchloride prepared in Reference
Example 1 dissoived_in 30 m¢ of THF, was dropwise added
thereto over a period of 20 minutes with cooling in an
ice bath. After completion of the addition, the reaction
- 15 mixture was stirred under a heating and refluxing
condition for one hour. Then, the THE'solvent was
distilled off under atmospheric pressure, and the residue
was dissolved in 120 mZ of toluéne.p Insoluble inorganic
salts were removed by filtration. This toluene solution
20 was subjécted'to distillation under reduced pressure to
distill off toluene and to obtain a crude'phosphonite.
The product was recrystallized from acetonitriie to
obtain 4. 97 g of a white powdef. By NMR, the poWder was
- confirmed to be the deSLred product.
25 31pNMR (coces, tr1phenyl phosphate: -18 ppm base)

5192.9 ppm



H1. 00 ppm (36H s) 1. 22 ppm (18H s) 2. 40 ppm (12H s)

2. 29 ppm (6H s) 3. .39 ppm (2H d J=12.9 Hz) 3. 51:-ppm (1H d J=12.6 Hz) 4.
17 ppm(2H d J=12.8 Hz) 4. 46 ppm (1H dd J=12.6, 3.3 Hz) 7. 04 ppm (4H s)
7. 08 ppm (2H) 7. 21 ppm (4H s) 7. 32 ppm (2H) 7. 56 ppm (6H m)
7. 64 .ppm (3H 7. 83 ppm (4H m ' 8. 03 ppm (2H) EXAMPLE 45-1 20
The reaction was carried out in the sang Eﬁnner as in Exanple 2, except
that 1.1 mmol of the pal | adi um conpl-ex prepared in Exanpl e 44 was used

i nst ead of palﬂqmuunuammu%te(cﬁ D@Sr]baﬁe)rlethylanlne was used in addition
to acetone as the solvent for reaction, and the reaction 25  tenperature
was changed t o d/gpn As a result, the yield of HOD was 81.5% the
selectivity for 1HOD was 83.4% and t he yield of 1HHDT was 0.5%

1.0-2.3(138, —CE,CqHy,)
1.33(s, 18H, -C(CHj);)
5 2.23(s, 6H, ~CH,)
3.27(d, J=12.6Hz, 1H, ArCH,Ar)
4.28(d, J=12.6Hz, 1H, ArCH,Ar)
6.93(s, 2H, -OArH) I
7.07(s, 2H, -OArH) '
_10' REFERENCE EXAMPLE 2
Prep;;atlon of (2-hvdroxy—3 t-butyl 5-methyl ghenxl)-(z-

hydroxy-4- t-butxlphengl)methane ' _
In a 300 m¢ eggpiant type flask equipped with a

oDimroth Condenser, 33.6 g (0.22 mol) of 3-t-butylphenol
15 was suspended in 30 m¢ of water. To this suspension,ian'
aqueous:solutidn havino 12.6 g (0.32 mol) of sodium
hydroxlde dlssolved in 30 mé of water, was added, and 35
mZ of a 37% formaldehyde aqueous solution (0.47 mol of
formaldehyde) was further added. The mixture was stirred
20 by a magnetic stirrer. This mixture was heated to 80°C |
and stirred at that temperature for 8 hours. The
reaction mixture was cooled to room temperature and
ac1d1f1ed by concentrated hydrochlorlc acid, and then
extracted with ethyl acetate. The obtained ethyl acetate
25. solutlon was washed with water and dried over anhydrous
magneSLum sulfate. The anhydrous magnesium sulfate was

removed, and from the solution thereby obtained, ethyl



- 70 - EXAMPLE 45-2 The experinment of Exanple 40 using the conplex was
carried out by changing the reaction tinme to 30 m nutes or one hour. (3 nme’
of triethylam ne was used in addition. 5 to acetone as the solvent for
reaction, the reaction tenperature was changed to [err] the reaction tine
was 30 m nutes or one hour, and a small ampunt of the reactlon sol ution was
wi t hdrawn fromthe reactor and analyzed.J -

1- HOD 1- HHDT HOD *1 selectivity yield (%9 (99 *1 (@6*2
*3 30 Mnutes acetdfeSwas distilYéd3off. The Pediduelothereby obtabded
78.9 0.4 *1: Total yield (% of 1HOD and 3HOD based on 15

1, 3- but adi ene cwWasgsuspefdedAandnwashdowithiOb-hexahe totabtaimul.sdfglHOD
and 3HOD. T3 0019 Sol, yiethy 52356y o Intermediate 25 00
’

(hydroxymethyl) 5- t-butylphenol as a whlte powder. By

5 1HNMR_, this powder was confirmed to be the desired
product. | _ | |
1ENMR (CDCe3, (CHy),Si base)
5/ppm | .
1.29(s, 98, -C(CHy);) |

10 2.33(br.s, 1H, -CH,0H)

 4.82(s, 2H, -CH,OH) |
6.88(dd, J=7.8, 1.8Hz, 1H, ArH p-position to OH)
6.93(d, J=1.5Hz, 1H, ArH m-position to OH) '
- 6. 96(4d, J-7 8Hz, 1H, ArE 0-9051t10n to OH)
15 7. 23(br.s, 1H, ArOH) '
In a 300 ne eggplant type flask equlpped w1th a

Dimroth condenser, 10.3 g (0.057 mol) of 1ntermed1ate 2-
(hydroxymethyl)~5-t-butylphenol and 10.2 g (0.062 mol) of
2-t-butyl-4-methylphenol were suspended in 60 m¢ of

20 water. To this suspension, an agqueous solution'having
10.2 g (0.26 mol) of sodium hydroxide dissolved in 50 m¢
of water, was added, and the mixtureiwas stirred by a
magnetic stirrer. Thie mixture was heated to a
temperature ef from loblto 110°C and stirred'aé thaﬁ

25 temﬁerature for 17.5 hours. .The reaction mixture was
cooled_to room tempefature,_acidified by concentraﬁed

hydrochloric aeid'end then extracted with ethyl acetate.



EXAMPLE 45-3 20 I n Exanple 2, the amount of palladium acetate was
changed to 0.132 mmol, the anount of the phosphonite was changed to .1.99
mol, 3 [err] of triethylam ne.was used in addition to acetone as the
sol vent for-'reaction, the reaction tenperature was changed to [err] the
reaction 25 time was changed to 30 minutes or one hour, and a snall anount
-of the reaction solution was w t hdrawn 1 &h the reactor and anal yzed. '

71 - 1-HOD 1- HHDT Exanpl es FKEBeIect|V|ty cyield (%9 *1 (%W *2
*3 30 Mnutes The citained ethyl Hcétate solutibrl was washeld Hoith water
42.5 78.5 - 0.2 *1: Total yield (9@ of 1HCOD and -3HOD based

on 1, 3-but adi er&rld:rtzitq;edirled over anhydrous magnesium sulfate. From
the solution having the anhydrous magnesium sulfaté
removed, ethyl acetate was distilled off, and the

5 obtained residué_wés roughly ‘separated by.Silica gel

column éhfomatography. To the obtained brown highly
viscous oil, n-hexane was added and left to étand still
to obtain 6.7 g (0.021 ﬁ&l, yield: 36.0%) of (2-hydroxy-
.3-t-butyl-5-methylphenyl)i(2-hydr0xy44-t-

16 butylphenyl)methane as a white solid. By 1lHNMR, this
SOlld was conflrmed to ‘be the desired product.
1HNMR_(CDce3, (CH3)(Si base)
d/ppm

1.25(s; 9H, -C(CHj),)

15 1.39(s, 9H, -C(CH3)3)

2.24(5,'33, ~CH,)
3.86(s, 2H, ArCH,Ar)
5.65(8; 1H, -OH) |
6.42(s, 1H, -OH)

20 6.77(d, 'J=1.snz; 1H, ArH)
6.92(dd, J=8.1, 1.8Hz, 1H, ArH)
6.95(d, J=2.4Hz, 2H, ArH) |
7.20(d, J=8.1Hz, 1H, ArH)
EXAMPLE 55 |

- 25 Pregaratlon of 5-methyl 3,5'-d1-t-butzldlphenylmethane—
2, 2'-d10xy)ph0§ph1ne

In a 200 m¢ four—necked'flésk equipped with a Dimroth



*2:  Amount (% of 1HOD to the total. ampunt of 1HOD and 3HOD. *3: Yield
(%9 of 1HHDT based on 1, 3-butadiene charged. 10 EXAVPLE 46 | n Exanple 16,
a phosphite was used instead of the phosphonite. The reaction was carried
out in the same nmanner as in Exanple 16, except that the anmount of

pal | adi um acetate 15 was changed to 0.098 mol, 1.51 mmol of . S
trls(2 5-di -t-- butyl napht hyl ) phosphite Va va82used as the phosphite, 1.35
[err] of triethylam ne was used in addition to acetone as the solvent for
“reaction, the goadeneert amdeaasOr monwds oppinge dunaneflor 3. 08ng (Hs 4r ameii)on
time was changed to 30 20 nminutes. -The results are shown i'n Table 5.

EXAMPLE 47 |I'n Bfanp-aydioxy—-Bihrtsbuityd -femethyd pheoydad (3hyRsopiiodphoni t e.
The reaction was carried out in the same nanner as in 25 Exanple 16, :
except. t hat thbu&wd@henaﬂ)mskhé@ﬁuﬁbééém&@e1n Reference Example and

- 3.1 m¢ of triethylamine were dissolved in 30 m¢ of
5 toluene under a nitrogen atmosphere. To this solution, a
solution having 1.2? mé¢ (9.4 mmol) of _ |
dichlorophenylphosphine diSSOlved in 20_me of toluene,
was.added from the dropping fumel over a period of 25
minutes at room temperature with stirring by a magnetic
10 -stirrer. After completion of the addition, the reaction
mixture was heated to 60°C and stirred at that |
_temperature for one hour. The reaction ﬁixture was
cooled to room temperature, and precxpitated 1norganic'
salts were filtered off. From the obtained filtrate, the
15 solvent nas distilled off. The obtained residue was
| separated by silica gel column chromatography, and the
solvent was distilled off to obtain 1.97 g (4.6 mmol,
yield: 48.8%) of a white powder. From 31pNMR and HNMR,
this powder was confirmed to be the desired product.
20 3!PNMR (CDC¢;, triphenyl phosphate: -18 ppm base)
0164.5 ppm I |

- LHNMR (CDC£3, (CH3),Si base)
o/ppm

25 1.25(s, 9H, -C(CH,);3)
1.27(s, 9H, -C(CHj)3)
2.29(s, 3H, -CH;)



was changed to 0.098 nmmmol, 0. 38 mmol of tris(2,5-di-t-

but yl napht hyl ) phosphite was used as the phosphite, 1.35 72 - [err] of
triethyl amne was used in addition to acetone as the sol vent for reaction,
the reaction tenperature was changed to [err] and the reaction tinme was
changed to one hour. The results are shown in Table 5- 5 EXAMPLE 48 In
Exanple 2, a phosphlnlte was used instead8¥ -t he phosphonite. The reaction
was carried out in the same manner as i.n Exanple 2, except that the anount

of . pal | adi um acgat,ﬁggi,l(h__y@@@pnm,d AfcE A¥92 mol , 2.02 nmol  of
-di phenyl (2, 6-di ut yl phenyl ) phosphi ne ﬁas used as the phosphinite, the

reaction tenpermsu@ua\@sjm,ecblmi,erlﬂ, zm_cbn,p&)r eaction time was changed
to one hour. The results are shown in Table 5. _
7.06-7.14(s, 3H, —-OArH)
'§ 7.5-7.6(m, 3H, PArH m,o-position)
'8'0—8'12(m, 2H, PArH O-pOSltlon)
REFERENCE EXAMPLE 3

Pregaratlon of (2-hydroxy-3-t-Butyl-5-methylphenyl)-(2-

'hydroxy-3,S—dimethy;pheny;)methane

'_1b In a 300 me eggplant-typé'flask.equipped_with a
| Dimroth condensef, 25.0 g (0.20 mbi) of 2,4-
dimethy;phénoleas suspended in 50 m¢ of water. To this
SuspenSion, an équeous éolution having_lo;o g (0.25 mol)
of sodium hydroxide'dissqlved-in 50 m¢ of water, was
15 | added, and 46 m¢ of 37% formaldehyde'(0i61 mol of
formaldehyde)_was further added. The mixture was.stirred
by a magnétic stirrer. This mi#ture was heated to 70°C
and stirred at that'temperature'for 2 hours. The
'féaction mixture was cooled to room teﬁperature, then
zb- écidified bYEconcent:éted hydrochloric acﬁd_and extracted
with ethyl .acetate. ,The-Obtaihed.ethyl acetate solution
Was washed with water and then dried over anhydrous
magne51um sulfate. From the solution having the
~anhydrous magnesium sulfate removed, ethyl acetate was
25 distilled off. The obtained residue was separated from
 silica gel dolﬁmn chromatography, and the solQent was

distilled off, followed by suspension washing with n-



15 EXAMPLE 49 The reaction was carried out in the same manner as in
Exanpl e 2, except that the anopunt of palladium acetate was changed to 0. 127
mmol , the phosphonite was changed to 2.01 mmol of -~ o
benzyl (2, 2" -met hyl enebi s(4-net hyl -6-t- 20 - butyl phenoxy)) phosphine, 3 [err]
of_tr!ethylan1ne was. used in addition to acetone as the solvent for
reaction, and the reaction was carried 6U§4f6r 6 hours. The results are
~shown in Table. 5. EXAWMPLE 50 25 The reaction was carried out in the
sane manner as Hekdnengy cobkaaxcHpis tdaf0 118 moipuntiedfdpdd Bk Jurnfacet at e
was changed to 0.127 mmol, the phosphonite was changed to - 73 - 2.00
mmol of cycl oheintemiddi B~ fhtdgdxymatihyl)T@i4ndimethylphenol as a
6-t - but yl phenoxy) ) phosphine, and 3 [err] of triethylam ne was used in -
addi ti on to acetlike powder eolBﬁen]tHWr_ the powder was confirmed to be
"~ the desired product. | :
5 lHNMR (CDC¢;, (CH,),Si base)
3/ppm |
2.20(s, 3H, -CH3)
2.21(s, 3H, -CHj) -
2.50(br.s, 1H, -CH,OH)
6.64(s, 1H, ArH)
6.88(s, 1H, ArH)
7.17(s, 1H, ArOH) |
In'a 300 m¢ eggplant-type flask equipped with a
15 Dimroth condenser, 10.4 g (0.068 mol) of intermediate 6-
(hydroxymethyl)-2,4-dimethylphenol and 11.6 g (0.071 mol)
of 2-t-butyl-4-methylphenol were suspended in 50 m¢ of
water., To this suspension, an aquéous solution having
10.3 g (0.26 mol) of sodium hydroxide dissolved in 50 m¢
20 of water, was added, and the mixture was stirred by a
'magnétic stirrer. This mixture was heated_to,100°c'and-
stirred at that temperature for 12 hours. The reaction
‘mixture was cooled to room temperature, then acidified by
concentrated hydréchloric acid and extracted with
25 toluene. The obtained toluene solution was washed with

water and then dried over anhydrous magnesium suifate.

From the solution having the anhydrous magnesium sulfate



reaction. The results are shown in Table 5. 5 Table 5 1-HCOD 1- HHDT

Exanpl es HOD yield selectivity yield (%9 (%9 *1 (9% *2 . *3
46 6.8 67.2 . - -0.04 10 47. ©13.5
71.3 0.85 48 _ 18.2 42.9 0. 00 49

76.7 92.2 ' 0.1 50 . 71.6 93.2 0.1

*1: Total yield (% of 1HOD and. 3HOD bas&® on 1, 3-but adi ene charged. *2:
Amount (% of 1HOD to the total anmount of 1HOD and 3HOD. *3: .Yield (% of
1HHDT based on deroved adteheermdargeddistilled off, and the obtained
| ‘residue was_separated by siliéa gel chromatdgraphy to
obtain 10.6 g (0.d36 mol, yield: 51.9%) of (2-hydroxy-3-
t-butyl-5-methylphenyl)-(2-hydroxy-3,5- - |
5 dimethylphenyi)ﬁethane as a brown‘highly'viscous liquid.
By lHNMR, the liquid was confirmed to be the desired
product. ' |
1HNMR (CDC¢;, (CH3),Si base) .~ -
8/ppm L
10 1.39(s, 9H, -C(CHy)s)
'2.20(s, 3H, ~CH;)
2.22(s, 3H, -CH;)
2.25(s, 3H, -CHy)
3.85(S; 2H, ArCH,Ar)
15 5.36(s, 1H, ~OH)
6.34(5, 1H, -OH)
6.80(s, lH, ArH)
6.95(s, 3H, ArH)
EXAMPLE 56

20 Preparation of 5,3'5'-trimethy143-t-bu;yldiphen?lmethane-

2,2'-dioxy)phosphine

In a 200 m¢ four-necked flask equipped with a Dimroth
condenser and a 50 m¢ dropping funnel, 10.4 g (35.0 mmol)
of (2~hydroxy-3—t-butyl—sémethylphenyl)4(2-hydroxy-2,4-"

25 dimethylphenyl)methane obtained in Reference Exampie 3
and 11.5 m¢ of triethylamine were dissolved in 40 me of

toluene under a nitrogen atmosphere. To this solution, a



- 74 - EXAMPLE 51 The reaction and the distillation of the reaction ,
solution were carried out in the same manner as in Exanple 1, except that -
the scale was enlarged five times 5 wusing a stainless steel autoclave
having an internal capacity of 1 [err], to obtain 103 g of 1HOD, and the
obt ai ned 1HOD was subjected to a hydrog§2ﬁ§tpn_reaction. Into-a - -
m croaut ocl ave of a-shaking type having internal capacity of 100 [err],
3.9 g of a catalyst having 10 :13.7% of nickel and 1.9%of chrom um .
supported on dsetekberobavingth,7anmé 2639. ¢ RO H®Ewere charged, and the
hydrogenati on reacti on was carried, out under ‘a_hydrogen pressure of 40
kg/ cnB at a recdt€hiprorheryiphesphine digsobyed ip #d mbRf raliere,
sol ution was anal yz 5 by, gas_chropat ogr aphy, whereby i} s_found that
t he hydrogehaiV%%_?ég%%iBﬁ Eg%céﬁﬁgﬁl%%bg?%ﬁ?id?Y?rq%é%ﬁ?% i%130 the
i .N- . 0, : ) - -1-
e o o Gk B A f bR temata Bk W REE AP, Uy % GRhGRedig! oY
' -5" stirrer. After completion of the addition,.the reaction
mixture waé heated.to_60°c and stirred at that |
temperature for one hour. The reaction mixture was .
‘cooled to room temperature, precipitated_inorganid salts
were filtered off. From the obtained filtrate, the
10 'solvépt was distilled off. The obtained residue was
separated by silica gel column chromatography, and the
solvent was distilled off to obtain 10.3 g (25.5 mmol,
yield: 73.0%) of a white powder. From 3!PNMR and HNMR,
this péwder.was confirmed to be the desired product.
15 3PNMR (CDC¢y, triphenyllphosphatez -18 ppm base)

0163.1 ppm

IENMR (CDCe¢,, (CH,),Si base)
o/ppm |
20 1.28(3, 9H, -C(CH;3)3)
2.17(s, 34, -CH3)
2.27(s, 3H, -CH,)
2.29(s, 3H, -CH,)
3.39(4, J=12.6Hz,'lH, ArCHzA;)
25 4.50(dd, J=12.6, 3.6Hz, 1H, ArCHzAf)
6.8$(s, 1H, -OArH) | |
7.00(d, J=2,1Hz, 1H, -OArH)



20 EXAWMPLE 52 Hydrogenation of HOD I n Exanple 51, the hydrogenation
‘reaction was carried out under a hydrogen pressure of 20 kg/cnB for from
3.5 hours.” The reaction solution was anal yzed by gas chromat ography;

whereby the yield of n-octanol was 66.7% 25 the yield of 2-octen-1-ol was.
26.4% and the yield of n- octylal dehyde was 5. 0% - 75 - REFERENCE
EXAMPLE 1 Preparation of (2,2 -methyl enebi8&]4=nethyl-6-t-

but yl phenoxy) ) phosphi nochl oride Into a two-necked flask having an |nternal
capacity 5 of 1.pg(d],J24.3829 {407-OapHypl) of phosphorus trichloride and
100 ne of toluene were charged under a nitrogen atnosphere and stirred by a .
magnetic stirrev.1Thép, Jals8Hn}i bH, haOArg)36.6 g (107.5 nnol) of 2,2'-
nethylenebls(4 met hyl - 6--t - but yl - phenol ) and 25 [err] of

_ 7.50-7.62(m, 3H, PArHE m, p—pos1tlon)

7.97-8.12(m, 2H, PArH o-position)

5 EXAMPLE 57

Reaction of

._,/

10 The reaction was carried out in the same manner as in
| Example 16, except that the amount of palladium acetate
was changed to 0.192 mmol, the phosphonite was changed tb
1.54 mmol of s-methyl-s;s'—di-t-butyidiphenylmethane-'
2,2'-dioxy)phpsphine, 2.65 m¢ of triethylamine-was used
15 in addition to acetone as the solvent for reactiqﬁ, and
The results

the reaction time was changed to 30 minutes.

are shown in Table 6.

Table 6
C . 1-HOD 1-HHEDT
HOD 1d
_ Examples (%fi3 ' select1v1ty yield (%)
20 ' (%) *2 %3
57 10.3 63.9 0.1

25

*1: Total yield (%) of 1HOD and 3HOD based on
1,3-butadiene charged.

*2: Amount (3) of 1HOD to the total amount of
1HOD and 3HOD. :

*3: Yield (%) of 1HHDT based on 1, 3-butad1ene
charged.




10 tfiethylanine di ssolved in 180 [err] of toluene, was dropw se added.:
t hereto over Tais bxﬂ@ngmR& acad nut es under a nitrogen atnosph ? |
F@ﬁg& T4HAS BEEN
Lo RERTACED J

conpl eti on of the reaction m xture was heated
stirred for tenperature. The reaction m xtu

cooled to roon1tenperature and precipitated inorganic salts were filtered
off. Fromthe obtained filtrate, the solve88 was distilled off, and the
resi due was dried under reduced pressure to obtain 43.07 g (106.3 mmol) of
a white powder. By NVR, this powdemwnsas oo ofrinmved tig:be 20 the desired
product. [err]triphenyl. phosphate: ~-18 ppm base) 8154.6 ppm[err] 25 [err]
1.39(s, 18H, [efr]) A2mdkthod @Edr producing an unsaturated alcohol having

a chain structure formed by oligqme;izatioh of a
ICOnjugated alkadiéne, which comprises reacting é
5 conjugated alkadiene and water in the presence of carbdn..
' dioxide by means of a palladium compound. and a pﬁosphorus-
compound héving at least one trivalent phdsphorus-oxygeh
_éinglé bond, as catalyst. -
2. Thg.method.according to Claim 1, wherein the
- 10 - phosphorus cqmpound having at least one trivalent
| phosphorus-dxygen Single bond is selected from the group
conSist%ng of phosphonites, phosphinites and phosphites.
3. The method accordihg to Claim 1, wherein the |
,phosphérus éompound is'thejoﬁe having a'trivaleht
15 phosphorus atom haVing a phosphorus*o#Ygen single bond
- and é phosphorus~-carbon single bond. . |
- 4, The method according to Claim 3, wherein the
phosphorus compound is a phosphonite compound.
5. Thé method éccording to Claim 3, wherein the
zd phosphorus COméound is a phosphinite compdund,
6. The ﬁethod_according to Claim 1, wherein a.
phosphonite compouné of the formula (1)}.(2),_(3) or (4)
is used as the phosphéfus compound having at least one

trivalent phosphorus-oxygen single bond:

I

| R LD R



76 3.71(d, J=12. err]) 3.99(d, J=12.0Hz, 1H, [err]

-QArH) 7. 090hisS H“ EXAMPLE 53 Preparation of a br
phosphonite (8) Preparation of
benzyl (2, 2" - met hyl - 6-t- butyl phenoxy) ) phosph

Into a two-necked flask having an internal capacity of 200 nme, 0.385 g
(15.8 mml) of flaky magnesi um-and 20 TeBdf~ THE wer e charged under a
nitrogen atnosphere and stirred by a nmagnetic stirrer. Then, a solution
having 2.68 g (15.7 mml ) of ,a-bronotol uene dissolved in 20 me 15 of THF,
was dropwise added thergto oyer a period of 30 .m nutes under a nitrogen

at nosphere. After conp?etldﬁHQF the addi t%n*’t he reaction m xture was
stirred under a .heatA'ng§ and QefIUX|ng_@©qdition for one hour to obtain a
Grignard reagent. Th|s oluqéggymas coole‘db anq a

5 (1) @2
Al\—q B O——AS _
(éHz)Jn \ ) / ((IJHz)z _A—oO0 O—A™
i | AN /
| 'm "P—AT-P g '}‘k : P—Al2—p
CH |
' (Anﬁo/ ' ' \) (in)t ' A‘“——O/ \O—A“
10 - - '
(3) : - (4)

wherein each of Al and A% which are independent of each
other, is an aryl grbup or aﬁ alkyl group, which may be
substituted, each of A%, a%, Al3, al4, alS gpg plé which

15 are independent of one another, is an aryl group which
may Be'substituted, each of A?, A3, A8, a9, al0 and All
which are independent of one another, is an arylene group
which may be substituted, eaéh of A! and Al2? which are
independent of each other, is a bivalent hydrocarbon

20 group which may Be substituted, each of x, x%, vy, v, z.

| and 1 which aie independent of one another, is an integer
of 0 or 1, each of Q, 0! and T which are indepehdent of
one another is a bivalent linking group of the formula
~cRIR?-, -d—, -§-, -80,-, -NR3-, -SiR%R>- or -cO-, each of

25 R1 and R? which are independent of each other, 1s

| ‘hydrogen, a C,_;, alkyl group, a phenyl group, a tolyl

group or an anisyl group, each of R3, R and R® which are

* c L ] s *



©20 solution having 6.33 g (15.6 mml) of (2,2'- e
met hyl enebi s( 4- ] cep Rerlacgth enoxy) ) phosphi hochl oride pr pgﬁg%ﬁﬁﬁﬁTHASBEEN
Ref er ence Exanpl H uﬂ n 30 ne of THF, was dropwise FABEAEED
over a period of i h cooling in an ice bath. After conpletion ——
of 25 the addition, the reaction m xture was stirred under a heating and
refluxing condition for one hour. Then,” tHe THF sol vent was distilled off

under at nospheric pressure. - 77 - The residue was dissolved in 100 ne

of toluene, aniindepehdéht oficogenanotheéts ierkydeogerdobyafméthylion. This

t ol uene sol ution was subjected to distillation under reduced pressure to

distill off togneup,aandteachtafnna B andukiewbhohpaoe i@depqmgelpt odfict was
recrystal lized fromacetonitrile to obtain 3.77 g of a white powder.: By

NMR, this powdenewasotbetirksdanointeger @€sPr@8d broduct. [err] ([err]

tri phenyl phosghate: -18 gpn1base)_, L . s
S - 7. The method according to Claim 1, wherein a

5 phosphinite cbmpound of the formula (5) is used as the
phosphorus compound having at 1east one trivaleﬁt
phosphorus—oxygen singlé bond:

. o

Y—o—anm - (5)

10 A% | |

wherein each of A23, Az‘.and A?5 yhich are independent of

.one another, is.an'aryl group which may be substituted. |

8. The method accordiﬂg to Claim 1, Whefein a phosphite

compouﬁd of the formula (6).is.uéed as the phosphorus |

.15 compound_having-at least one trivalent phbsphorus-q#ygén

single'bond; ' |
AB—0
| p—o—an (6)
an—o” |
20 wherein each of A26, A27 and A?® which are indepéndént of
one ahother, is an aryl group whidh may be substituted.
9. The ﬁethod according to Claimll, wherein the reaction
is carried out in the presence of a basic compound.
10. 6-Vinyl-2,8,13-tetradecatrien-1-ol.

25 1ll. A bis(phosphonite)pélladium complek comprising a

phosphonité compéﬁnd of -the formula (1) or (2) as defined

in Cléim 6 and pailadium.

BT -



ot o

[err] ppm 10 [err]m{err] [errﬁL1.24(s, 18H, [err]) 2.25(s, 6

3.26(dd, J=12. cThispheettias Been Replagefl] ) 3. 57(m  2H, [err]) 4.22(d ‘ﬂ%gzﬁﬁﬁtHﬂggEEN
[err]) 6.94(s, 2 II
EXAMPLE 54 Prepa nched al kyl phosphoni‘te of the—Forrra=8)

]
(s, 2H -OArH) 20 7.2-7.4(m BH -MAEhracep
Preparation of cycl ohexyl nethyl (2,2'-methyl enebis(4- 25
nethyl-6-t-buty|phenoxy))phOsphineIlncfe? Wo- necked fl ask having an .
i nternal capacity of 200 me, 0.488 g (20.1 mmol) of flaky magnesi um and 25
: 12, A method for producing an unsaturated alcchol having
a chain structure formed by oligomerization of a |
conjugated alkadiene, which comprises feacting a
conjugated alkadiene and water in_the presence of carbon
5 dioxide by meané of a bis(phosphonite)pallédium complex -
'as defined in Claim 11. ”
13. A phosphonite compound of the formula (7):

fO—Asz
. ((EHZ)Xz
. AN—p & _
. | (CHlyz (7
| | 0——A® -
whe:éin.é31 is an aryl group or an alkyl group, which may
be substituted, provided that the alkyl groups has no
branch at the S-position, each of A32 and A33 is an
15 aryléne group.having anjalkYI substituent and A32 and a33
“are not the same, each of x2 and y2 which are independent
of each other, is an integer of 0 or 1, Q? is a bivalent
linking group of the formula —CR‘lR‘z-, -Oé; -S-, S0,-,
~NR43-, -SiRMR45- or -CO-, each of R4! and R*2 which are
20 independent of each other, is hydrogen, a C;_;, alkyl
groﬁp, a_phenyl group, a tolyl group or an éhisyl group,
and each of R%3, R* and R*5 which are independent of one
-another, is hydrogen or a methyl group, and n ié an:
integer of from 0 to 1.

25 ~1l4. A phosphonite compound of the formula (8):

I

L R \ll\j I



- 78 - me of THF. were charged under a nitrogen atnosphere and stirred by a

- magnetic stirrer. Then, a solution having 3.56 g (20.1 nmolj

thereto over a period 5 of 30 m nutes under a nitrogen atno

cycl ohexyl net hyl brom de dissolved in 25 [err] of THF, was rgﬁ\rﬁ% ;&g&ﬁBEEN

~conpl etion of the addition, the reaction gixture was stirred—under—a
~heating and refl-uxing condition for one A ur to obtain a Gignard reagent.
This solution was cool ed, and a sol ution having 8.09 g (20.0 t Replaced
(2, 2' - met hyl enebi s(4- met hyl - 6-¢-—btsy| phenoxy) ) phosphi nochl or i & Yﬂ 'il

. 1n Reference Exanple 1 dissol yed k@H%Q [err] of THF, was drop :

"thereto over. a period Qfszgﬂﬁgnute %m%h'cooling in an ice bath. After :
conpl etion of the addition, "fhe ré% ion 15 mxture was stirred under a
heating and refluxi ng conditiyn f¢¢Hzdyee hour. Then, tHS8)THE sol vent was
distilled off- under -atnospheri &%sure, and the resi due :

5 wherein A% is an alkyl group or an aralkyl group, which
has a branch at the ﬂ-pésitién, each of A35% and A3% which
are independentnof each other, is an arylene group which.
may be substituted, each of x3 and y3 which are
'indépendent of each other, is an integer of 0 or 1, Q2 is

10 a bivalent linking group of the formula -CR4SR47-, fo-;
-§-, -80,~, -NR48-, -SiR19R50- or -CO-, each of R4 and R4
- which are independent of each other, is hydrogen, a C;_;,
alkyl'grouﬁ,'a.phenyl group, a tolyl group or an ahisyll.
gtoub,"each of R4, R%9 angd RSO which are independent of
15 one anbther/ is'hydrogen or a methyl group, and n is an
| integef of 0 or 1, | |
15. A method for producing a saturatéd élcohol, which
cqmprises reacting a conjugated alkadiene aﬁd water in
the presence of carbon dioxide by means pf a pallaaium
20 COmpbund and a phosphorus compdund having at least one
trivalent phosphb:us—oxygén single bond, as catalyst, to
obtain an unsaturated alcohol having a-chain.structure
"formed by oligomefization of the conjugated alkadiene,
and_theh hydrogenating this unsafurated alcohol to ébtain

25 the corresponding saturated alcohol.

* 4 L M 13 *



was di ssolved in 120 ne of toluene. Insoluble inorganic salt e :
by filtration. This toluene solution 20 was subjected to di ﬂTﬂQ%M}%ﬁHASBEEN
under reduced pressure to distill off toluene and to abtain a _crud8EPLACED
phosphonite. The product was recrystallized fromacetonitrile to obtain

4:97 g of _a white powder. By NWVR, the pomg r was confirnmed to be the:

desired product 25 [err] ([err] tripheny? phosphate: -18 ppm base) 8192.9

- ppm - 79 - [err] ([err] (CH3)4Si ‘base) [err] 1.0-2.3(13H, [err]) 1. 33(s,
18H [err]) 5 2.23(s, -CHEiJBEBQIQQEJEEE*BEEQQQ§E¥Err]) . 28(d, .

- J=12.6Hz, 1H, [err])
A method for producing an unsaturated alcohol hav1ng

a chain structure formed by ollgomerlzatlon of a.
conjugated aikadiene; which comprises reacting a

5 conjugated élkadiene and water in the presence_bf carbon
dioxide by ﬁeans of a palladium cémpound and a phosphofus.
‘compound haviug at léasﬁ one trivalent phosphorus-oxygén :

single bond, as catalyst. -

eet Has Been Replaced
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6.93(s, 2H, -OArH) - 7.07(s, 2H, -OArH) 10 REFERENGEIAMY E-EN
2 Preparation of (2-hydroxy-3-t-butyl-5-nethyl phenyl)-(2- REPLAGED
hydr oxy-4-t-butyl phenyl ) methane In a 300 [err] eggplant type=H= et
with a Dinroth condenser, 33.6 g (0.22 nol) of 3-t-butyl phenol 15 was
suspended in- 30 .me of water. ‘To this suspension, an aqueous sol ution
having 12.6 g (0.32 nol) of sodium hydroxide dissolved in 30 [err] of

wat er, was added, and 35 me of a 37% formal dehyde aqueous solution (0.47
nol of f or mal dehyde) was further added. The mixture was stirred 20 by a
magnetic stirrer. This mxture was heated to 800C and stirred at that
tenperature for 8 hours. The reaction m xture was cooled to room '
tenperature and acidified by concentrated hydrochloric acid, and en
extracted with ethyl acetate. The obtai ned ethﬁéiacetate 25 solugon was

S

washed with water and dried over anhydrous nag i um sul fate. Theganhydrous

nagne3|un1sulfate was reaned and fromthe so i on thereby ofthined,
ethyl - _ ' . . _ - O
- . L _
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suspended and washed with n-hexane to obtain 20.9 g (0.12 nolf|, THISBIEET HAS BEEN

.80 - acetate was distilled off. The residue thereby obtai Tr? WS
51. 7% of intermediate 2- (hydroxynethyl)-5-t-butyl phenol asija whi BEPLACED |

powder. By 5 [err], this powder was confirmed to. be the desired product:
[err] [err] [err] 10 2.33(br.s, 1H, [err]) 4.82(s, 2H, [err]) 6.88(dd,

J=7.8, 1.8Hz, 1H, ArH p- posit'ion to OH) 6.93(d, J=1.5Hz, 1H, ArH mposition -
to OH) 6.96(d, J=7.8Hz, 1H, ArH o-position to OH 15723(br s, 1H- ArOH)

I

n a 300 [err] eggplant typeflask equped with a £
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Di ntoth condenser, 10.3 g (O. 057 nol ) of ‘internedi ate 2-' r :
(hydroxynet hyl )-5-t - butylphenol and 10.2 g (0.062 nol) of ué”“SSHEETHASBEEN .
ter. RERAGERs |1

2-t-butyl -4- met hyl phenol were suspended in 60 [err] of 20
suspensi on, an aqueous solution having 10.2 g (0.26 nol) of 'sodium

‘hydr oxi de dissolved in 50 [err] of water, was added, and. the m xture was
stirred by a magnetic stirrer. TmSIHXUMevmsheMedto a tenperature of
from100 to [err] and stirred at-that 25 tenperature for 17.5 hours. The
reaction m xture was cooled to roomtenperature, acidified by concentrated
~hydrochloric acid and then extracted with ethyl acetate. - 81 - The
obt ai ned et hyl acetate solution was washed with water and then dried over
anhydrous nagnesi um sul fate. Fromthe sol ution having the anhydrous
magnesi um sul fate renoved, ethyl acetate was distilled off, and the 5

obt ai ned resi due was roughly se o
. . . L v
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col utm chr omat ogr aphy. To the obtained brown highly viscousail, n-hexane
was added and left to.stand still to obtain 6.7 g (0.021 nDI 48! '
of (2-hydroxy- 3-t-butyl-5-methyl phenyl)-(2- hydr oxy- 4-t - §S%§E#ﬁA§gEtN
but yl phenyl ) met hane as a white solid. By 1HNMR this SO|Id S—£:60 LAGEP
to be the.desired product. [err] [err] [err] 1.25(s, [err]) 15 1.39(s,.
9H, [err]) .2.24(s, 3H, -CH3) 3.86(s, 2H, [err]) 5. 65(s -OH) 6.42(s, -
, - -OH) 20 6.77(d, J=1.8Hz, 1H, ArH 6.92(dd, J=8.1, 1. 8Ft 1H, ArH)
6.95(d, J=2.4Hz, 2H, ArH) 7.20(d J=8.1Hz, 1H, ArH) EXAMPLE 55 25
Preparation of 5-nethy|-3,5'-di-t-butyldiphenvlnethane-
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2, 2" -di oxy) phosphine In a 200 [err] four-necked fl-ask equi pp
Dinroth - 82 - condenser and a 50 ne dropping funnel, 3.0
of (2-hydroxy-3-t-butyl-5-methyl phenyl)-(2-hydroxy-4-t- buty
obtained in Reference Exanple 2 and 3.1 [err] of triethylam

h o
-}

JH(OsHUzEMRAS BEEIj

phenyResresbape

dissolved in 30 [err] of 5 toluene under a nitrogen atnosphere. To this
solution, a solution having 1.27 me (9.4 mol) of dichl or ophenyl phosphi ne
dissofved in 20 me of toluene, was added fromthe dropping funnel over a
period of 25 mnutes at roon1tenperature with stirring by a magnetic 10
stirrer. After conpletion of the addition, the reaction m xture was heated -
to [err] and stirred at that tenperaggre for_one hour. The reaction

m xture was cooled to roomFe'r@s.dﬁu
' . Fromthe obtaine

were filtered off
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15 sol vent was distilled off. The obtained residue was se .
silica gel columm chromatography, and the sol vent was dlstlllgﬁﬁiﬁﬁmbuﬁSBEEN
obtain 1.97 g (4.6 mvl, yield: 48.8% of a white powder. F 31 PRRIAGEQ

1HNVR, this powder was conflrned to be the desired product. 20 [err] (ferrj
tri phenyl phosphate: -18 ppm base) 8164.5 ppm[err] [err] 25 1.25(s, 9H;
[err]) 1.27(s, 9H, [err]) 2.29(s, 3H, [err]) © - 83 - 3.45(d, J=12.9Hz,
1H, ArCH Ar) 4.50(dd, J=12.6, 3.3Hz, 1H, [err]) 7.01(s, 2H -QArH)
7.06-7.14(s, 3H, -OArH) - :

FIGURE 6
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5 7.5-7.6(m 3H, PArH nD-position)'8;0-8.12(n1 2H, PArH o-position)
REFERENCE EXAMPLE 3 Preparation of. (2-hydroxy-3-t-butyl-5-net yhgggpﬁl?
hydr oxv- 3, 5- di ret hyl phenyl ) methane 10 - - 1n a 300 ne eggpl gnt - t ypesA

L-nu..

§ BEEN

equi pped with a Dinroth condenser, 25.0 g (0.20 nol) of 2,4- By
was suspended in 50 nme of  water. To thi's suspension, an aqueous sol ution
having 10.0.g (0.25 nol) of sodi um hydroxi de di ssolved in 50 ne of water,
was 15 added, and 46 [err] of 37% formal dehyde (0.61 nol of fornaldehyde)
was further added The m xture was stirred by a nagnetic stirrer. This

m xturé was heated to 700C and stirred at that tenperature for 2 hours. The
reaction m xture.was cooled to roomtenperature, then 20 acidified by
concentrated hydrochloric Gifjggiggract_ with ethyl acetate. The
obt ai ned et-hyl acetate soIE?' shed hth water and then dried over
-anhydrous magnesi um sul fate. Fromthe solution having the anhydrous
magnesi um sul fate renoved, ethyl acetate was

109
i6 15 1413214 -
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25 distilled off.
col um chronatography
suspensi on washing with n-

- 84 -

The . obt ained resi due was separated from si
and the solvent was distilled off,

foll
hexane to obtain 20.5 g (|

e N R —

DVIERS BMEET HAS BEEN

D. 13 RHEPLACED.

yield: 65.9% of internmediate 6-(hydroxynethyl)-2, 4-di met hyl phefior—as=%

white powder. By [err], the powder was confirned to be the desired product.

5 [err] [err] 2.20(s, 3H, [err]) [err] 2.50(br.s, 1R J[err]) 10 4.74(s, .

2H, [err]) 6.64(s, 1H ArH) 6.88(s, 1H ArH 7.17(s, 1H,, ArOH) P

FIGURE 8
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In a 300 [err] eggplant-type flask equipped with a 15 Dinroth [FGrRURBSEET HAS BEE
10.4 g (0.068 nmol) of internediate 6- (hydroxynethyl)-2,4-di netlhyl ph@spLaCcED
and 11.6 g (0.071 nol) of 2-t-butyl-4-nethyl phenol were suspendedFA=E——===—=
[err] of water. To this suspension, an aqueous solution having 10.3 g (0. 26
mol ) of sodium hydroxi de dissolved in 50 me 20 of water, was added, and
the m xture was.stirred by a nagnetic stirrer. This nlxture was heated to
[err] and stirred at that tenperature for 12 hours. The reaction m xture

was cooled to roomtenperature, then acidified by concentrated hydrochloric
acid and extracted with 25 toluene. The obtained tol uene solution was

washed wi th water and thewqtgitiﬁzig anhygg ous magnesi um sul fate. Fromthe -
soluti on havi ng the anhydrio um s ate - 85 - renoved, toluene

was distilled off, and the obtained residue was separated by silica gel

chr omat ogr aphy to : ' '
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REPLACEMENT SHEET

obtain«10.6 g (0.036 nol, yield: 51.9% of (2-hydroxy-3-
t-butyl’- 5- ket hyl phenyl ) - (2- hydroxy-3,5- 5 dinet hyl phenyl ) netjhane a 8,199
brown highly viscous liquid. By [err] the liquid was confir dDa’i'ei-bl-$fFeE Bt
desired product. 1HNWR ([err]) [err] 10 1.39(s, 9H, [err]) 2-26ts, 3H,
[err]) 2.22(s, 3H, [err]) 2.25(s, 3H, [err]) 3.85(S, 2H, [err]) 15 5. 36(s,
1H, -OH) 6.34(s, 1H, -OH) 6.80(s, IH ArH) 6.95(s, 3H, ArH EXAMPLE 56 20
Preparation of 5,3 5" 5-trinethyl-3-t-butyl di phenyl net hane-
2, 2" -di oxy) phosphine In.a 200 [err] four-necked flask equi pped with a
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condenser and a 50 [err] dropping funnel, 10.4 g (35.0. nmol BEF'LIE\C':!'«J!I:"."ﬂ'‘-35'“55"—_1
(2; hydroxy- 3-t - butyl - 5- net hyl phenyl ) - (2- hydr oxy- 2, 4- 25 EB \995

di rret hyl phenyl ) met hane obtai ned in Reference Exanple 3 and 1 Dstg: efr5]
triethylamne were dissolved in 40 ne of toluene under a nit

at nosphere. JTb this solution, a - 86 - solution having 4.75 nme (35.0
mol ) of di chl brophenyl phosphi ne di ssol ved4dn 40 ne of toluene, was added
by the droppHngy funnel over a period of 30 mnutes at roomtenperature with

stirring by pgnetic 5 stirrer. After conpletion of the addition, the
reaction mxgufe was heated to [err] and.stirred at that tenperature for
one hour. <¥h ‘—~~——~; PP \m&s—e-ee-l-ed to roomtenperature, precipitated
| nor gani-c Zaljt g= ~pf t he obtained filtrate, the 10
sol vent wa | B &re&due was separated by silica
gel colum ciir E=5=R i _
1B =N
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sol vent was distill ed off to obtain 10.3 g (25.5 mmol, yfeIdE REPLAVEMENTOSHEET

this powder was confirngd to

From 31PNWR and [err],

white powder.

desired product. 15 [err] ([err] triphenyl phosphate: -18 ppiniase).

ppm 1HNVR [err] [err] 20 1.28(s, 9H, [err]) 2.17(s, 3H, [err .
[err]) 3.39(d, J=12.6Hz, 1H, [err]) 25 4.50(d

[err]) 2.29(s, 3H,
3.6Hz, 1H, [err]) 6.85(s, 1H -OArH 7.00(d3 J=2.1Hz, -1H, -OArH)

7.08(d, J=1.5Hz, 1H, - QArH)
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7.11¢(d, J=1.8Hz, 1H, -OArH) 7.50-7.62(m 3H, PArH m p-posit}) BEPLACEMENT SHEET

7.97-8.12(m 2H, PArH o-position) 5 EXAMPLE 57 Reaction of 1 T'lf:f& B
reaction was carried out in the same manner as in Exanple 16 Damxlrﬁ... 4396.....

t he amount of pall adium acetate was, changed to 0.192 nmol, iician =
was changed to 1.54 mml of 5-methyl-3,5 -di-t-butyl di phenyl net hane-

2, 2' -di oxy) phosphi ne, 2.65 ne of trietdhylamne was used 15 in addition to
acetone as the solvent for reaction, and the reaction time was changed to

30 m nutes. _Lra_suj_t_s__a.L_e_shnijﬁ Table 6. Table 6 1-HOD | - HHDT
Exanpl es - OD4\i el d selpctivity yield (% {20 - (%
*1 *2 X = *3 B7 10. 3 63.9 : 0.1 *1:
Total yield E_:ch‘—?tiw andL?LHCD baseb on 1, 3- byt adi ene chapged.
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*2: AnDunt (9@ of 1HOD to the total amount of 1HOD and 3F REPLACESIENT(SAEET
of 1HHDT based on 1, 3-but adi ene 25 - char ged.

[err] 88 WHAT IS CLAIMED | S: 1. A et hod for producing mmgﬁ§éhﬁ ,,,,,,,,,,,,,,,,,,,,
al cohol having a chain structure fornmed by oligonerization ' ‘
al kadi ene, which conprises reacting a conjugated al kadi ene and water in the
presence of carbon dioxide by neans of a palladi um conpound and a '
phosphorus compound having at |east one trival ent phosphorus-oxygen single
bond, as. catal yst, wherein a phosphonite conpound of the fornmula (1), (2),
(3) or (4) or a phosphinite of the for%ula (5) is used as the phosphorus
conpound having at |east one-trival ent phosphorus-oxygen single bond: (1)

(2) FIGURE S5
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[err] (3) (4) [ er r-] 89 wherei n [ e[| rREPIACEMENT/SHEET
group ‘or an al kyl group, which may be substituted, [err] is @gn aryl %*(FEBM |
whi-ch may be substituted, each of [err] which are independen m&eonL ....................... .

another, is an aryl group which may be substituted, each of [erF—amt—A
whi ch are i ndependent of one another, is an arylene group which may be
substituted, each of [err] which are independent of each other, is a

bi val ent hydrocarbon group which may be substituted, each of [err] which
are i ndependent of one another, is an-#iteger of 0 or 1, each of [err] and
T which are indepen f anot is a bivalent |inking group of the
formula [err] -SiR4igFt;tJFQE§, eacigof [err] which are independent of each
other, is hydrogen, a [err] al kyl group, a phenyl group, a tolyl group or
an ani syl group, each of R3, R4 and R5 which are independent of one

anot her, is hydrogen or a nethyl group, and each of n, mand k which are

i ndependent of one another, is

7 6 5493 21
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an integer of 0 or 1, A" [err] : lﬂéﬁ&A@HﬂEsiﬁHEET
each of [err] which are independent of one another, is an aryl grOﬁgtEghpﬁ% :
may be substituted. 2. The method according to Caim 1, phereibvt.haR M.
reaction is carried out in the presence of a basic conmpound=3=

6-Vinyl-2, 8, 13-tetradecatrien-1-ol. [err] - [err] 90 4. A et hod for

produci ng an unsaturated al cohol having a chain structure forned by

ol i goneri zation of a conjugated al kadi ene, which conprises reacting a

conj ugat ed al kadi ene and water in the presence.of carbon di oxi de by neans
of a bis (phosphonite) palladi um conpl'ex conprising a phosphonite conpound
of the formula (1) or (2) as defined in Cdaiml and palladium 5. The

met hod according to d ai P-"IGURIEr cormr' si ng hydrogenating the

10,9
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resul ting unsat urated al cohol to obtain the corresponding shtRERUAGEMENT SHEET
al cohol . 6. The nmethod according to aim1l1, wherein thg phosp
¢onpound is a phosphonite conpound of fornmula (1). 7. Thdatet.

according to Claim1l, wherein the phosphorus conpound is a
conpound of forrmula (2). 8. The nethod according to aim1, wherein

t he phosphorus conpound is a phosphonite conpound of fornula (3). 9.

The net hod according to daiml, mherigp t he phosphorus conpound is a
phosphoni te conpound of fornula (4). : The net hod according to Caim
1, wherein the phosphorus conmpound is a phosphinite conmpound of the formula

(5). [err] [err] f:'gi%!g%ﬁ; EE [err] - 91 - 12. A nethod
for producing an unsaturat’e | havinhg a chain structure formed by
ol i goneri zation of a conjugated al kadi ene, which conprises reacting a

13,, 10° | 43
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means Of a bi s(phosphonite)palladiumconplex - as defined in
A phosphonite compound of the forrmula (7): 10 [err] wherein
aryl group or an al kyl group, which nay be substituted, provi
al kyl groups has no branch at the [err]-position, each of [err] and [err]

is an 15 arylene group having an al kyl substituent and A32 and A33 are not

t he sane, each of x2 and y2 which are i ndependent of each other, is an
integer of O or 1, Q2 is a bivalent |imking group of the .fornula [err] each
of [err] and [err] which are 20 independent of each other, is hydrogen, a

[err] al kyl group, a ph a tol group or an ani syl group, and
each of [err] which arefpxciggﬁgzgt of e anot her, is hydrogen or a nethyl
group, and n is an integer of fromO to 1. 25 14 A phosphoni t e conpound of
the fornmula (8):

conj ugat ed al kadi ene and water in the presence of carbon 5 diQéb EE SHEET |

16 15 1413 1211 | 109
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[err], - 92 - [err] (8) 5 wherein A34-Ts an-atkyt=gioup or
gredp, which has a branch at the [err] ‘posi ti-on, each of A
are independent of each other, is aniarylene group whi ch
substituted, each [err] which are |ndependent ‘of ~each. ot he
of 0 or 1, [err] is 10 a bivalent Ilnkingbgroup of the fornula [err] each

of R46 and R4Kmﬁﬁh§?p§“9 HQQB%Aﬂhm&%BQuE&&if’ I's hydrogen, a [err]
al kyl group, @ ptrenyr group, é¢j F’ HétungEEEiﬁé’ group, eaChtﬁfI
dﬁéi GRE—AHE fogen or a nethy

[err] which are independent

roup, and nis a r .of 0_or A t Or. oducing_a.
gatu?ated alcoholﬂ E@%ﬁ for produ an ufga Qura ea 2128H81 gav1ng

a chain structure formed by oligomerization of a

-
éﬁgﬂaﬁ‘%%“é*m SHEE

conjugated alkadiene, which comprises reacting a

5 conjugated alkadiene and water in the presence of carbon
dioxide by means of a palladium compound and a phosphorus
compound having at least one trivalent phosphorus-oxygen

single bond, as catalyst.

'No Figure Suggested’ -
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corrprl ses reacting-a cohjugated al kadi ene and water in the PEBSAGEMENT SHEET
car.bon di oxi de by nmeans of a palladium 20 conpound and a ph horus.

conpound havi ng at' | east one trival ent phosphorus-oxygen sin |F€E#lﬁ&‘%mﬁﬁ’SHEET
catal yst, to obtain an unsaturated al cohol having a chain st ucture Eﬁ
by oligonerization of the conjugated al kadi ene, and then hyd mg_t _______________ B%

unsaturated al cohol to obtain 25 the coggespondi ng saturat

WHAT IS CLAIMED IS :

1. A method for producing an unsaturated alcohol having a chain structure
formed by oligomerization of a conjugated alkadiene, which comprises reacting
a conjugated alkadiene and water in the presence of carbon dioxide by means of
a palladium compound and a phosphorus compound having at least one trivalent
phosphorus-oxygen single bond, as catalyst, wherein a phosphonite compound of
the formula (1), (2), (3) or (4) or a phosphinite of the formula (5) is used as the
phosphorus compound having at least one trivalent phosphorus-oxygen single

.bond :

0'—%2
/  CEax Yl
A—P gn A4—P
(Aftz)y No—as
(1) (2)
AL—g 0+As
(éﬂz)iu \ / (CH2)2- A15——0\ O—an
P—AT-P . P ‘—A‘Z‘P/
o/ N T
(3) - (4)
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Date SOSEPW

89

wherein A! is an aryl group or an alkyl group, which may be substituted, A* is
an aryl group which may be substituted, each of A5, AS, A®, A¥, A and AS
which are independent of one another, is an aryl group which may be substituted,
each of A?, A3, A%, A® A and AM which are independent of one another, is an
arylene group which may be substituted, each of A’ and A which are
independent of each other, is a bivalent hydrocarbon group which may be
substituted, each of x, x!, y, ¥!, z and 1 which are independent of one another,
is an integer of O or 1, each of Q, Q! and T which are independent of one
another is a bivalent linking group of the formula -C'R?%, -O-, -S-, -SO,-, -NR>-,
-SiR*R3- or -CO-, each of R! and R? which are independent of each other, is
hydrogen, a C, ,, alkyl group, a phenyl group, a tolyl group or an anisyl group,
each of R?, R* and R’ which are independent of one another, is hydrogen or a
methyl group, and each of n, m and k which are independent of one another, is - |

an integer of Q or 1,

AII

N

A ®
A -
wherein each of A%, A% and A% which are independent of one another, is an
aryl group which may be substituted.

2. The method according to Claim 1, wherein the reaction is carried out in

the presence of a basic compound.

3. 6-Vinyl-2, 8, 13-tetradecatrien-1-01.

* c L M § %



REPLACEMENT SHEET

REPLASEMENT SHEET

Date 3USEPM

90

4, A method for producing an unsaturated alcohol having a chain structure
formed by oligomerization of a conjugated alkadiene, which comprises reacting
a conjugated alkadiene and water in the presence of carbon dioxide by means of
a bis (phosphonite) palladiﬁm complex comprising a phosphonite compound of
the formula (1) or (2) as defined in Claim 1 and palladium.

5. The method according to Claim 1, further comprising hydrogenating the
resulting unsaturated alcohol to obtain the corresponding saturated alcohol.

6. The method according to Claim 1, wherein the phosphorus compound

is a phosphonite compound of formula (1).

7. The .method according to Claim 1, wherein the phosphorus compound

is a phosphonite compound of formula (2).

8. The mei:hod according to Claim 1, wherein the phosphorus compound

is a phosphonite compound of formula (3).

9.  The method according to Claim 1, wherein the phosphorus compound

is a phosphonite compound of formula (4).

10. The method according to Claim 1, wherein the phosphorus compound

is a phosphinite compound of the formula (5).

N
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METHOD Rﬁ!PHIMCHW;ANIDBAﬂHﬁ&ﬁ)AUJIEm
ABSTRACT OF THE DISCLOSURE

A method for producing an unsaturated alcohol having
a chain structure formed by oligomerization of a
conjugated alkadiene, which comprises reacting a
conjugated alkadiene and water in the presence of carbon
dioxide by means of a palladium compound and a phosphorus.
compound having at least one trivalent phosphorus-oxygen

single bond, as catalyst.

*No Figure Suggested‘
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