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Our Ref.: MC-507 (D-95036)

TITLE OF THE INVENTION

METHOD FOR PRODUCING AN UNSATURATED ALCOHOL

BACKGROUND OF THE INVENTION

' FIELD OF THE INVENTION

Thehpfesent invention relates to a method fot_
producing an unsaturated alcohol. More partioularly; the
present invention relates'to a-method for producing an
unsaturated alcohol which is a hydrated ollgomer of a
conjugated alkadlene, which comprzses reactzng a

conjugated alkadxene and water in the presence of carbon

'_dlox1de by means of a pallad1um ‘compound and a phosphorus

compound having at least one trivalent phosphorus-oxygen
single'hond, as catalyst._ Further,'the pfesent invention
relates toIa 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 comprises:hydrogenating the unsaturated
alcohol obtained by the method of the present invention.

DISCUSSION OF BA BACKGROUND

Unsaturated alcohols, partlcularly octadlenols

‘including octa-2,7-d1en-l—ol, are.compounds lmportant for

chemical industry as intermediates useful for producing
n-octanol or its esters. |

As a method for producing such unsaturated alcohols,

 a method is known which comprises reacting conjugated
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aikadienes.and water in the ptesence of carbon dioxide by
means of a palladium compound and a phosphine compound as

catalyst, to'producedalkadienols as hydrated dimers, for

‘example, from Chemical Communications 330 (1971) and

Japanese Examined Patent Publication No.:10565/1975. In

such a case, as a phosphine compound used as a ligand of

. the palladium catalyst, a triaryi phosphine is known to

be advantageous. However, in this case, further
improvements are desired in the yield of alkadienols and

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

' SUMMARY OF THE INVENTION |

In_a complex catalyst reaction, the metal component'
used as'a.cataiyst plays an inportant role; At the same
time, selection of the type of the ligand used in
combination therewith gives a substantial influence over
the activity and the selectivity_of the catalyst |
reaction. The present inventors.have'conducted extensive
studies to provide an industrially advantageous method
for producing'unsaturated alcohols, whereby a desired
unsaturated alcohol can be obtained in good yield under

high select1v1ty in the reaction of a conJugated

_alkadlene and water by means of a palladlum compound and

a phosphorus compound, as catalyst.

It is an object of the present invention to provide a
method for producing an unsaturated alcohol having a
structure'formed by oligomerization of a conjugated

diene, which comprises reacting a'conjugated alkadiene



-3 -
- 'and water by~méans of a ndVel_cataiyst system.

The preseﬁt inthtoxs havé surprisingly found that by
reécting a cbnjugated alkadiene‘and water in the presence
of carbon diogide by means of a éétalyst consisting of‘a'
combination.of a pailadium'qompound and a phosphorus
compound having at least one trivalent phosphorus-oxygeh
single bond (i.é., single bond betweén a trivaleht
phosphorus atom and an oxygen atom), instead of a
combination of a palladium compound and a phoéphine
'compound,_which has been known to be useful as a
Catalyst;'the cétalyst component dan be effectively and
efficiently utiliéed-eVen at a low palladium:
| concentraéioﬁ, and an unsaturated alcohol having a chain
structure (i.e., skeleton) formed bf oligomerization of
the conjugated diene, specifically octa-2)7-dien-1¥ol'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 é reaction is
carried out by using such starting materials, it is
.  possible to synthesize novel 6—viny1—2,8,13-
tetradecatrien-1-ol which is.usefui as a synthetic
starting materiallfor an organic chemical reaction.

Thus, tHe present invention provideé a method for
producing an unsaturated alcohol having a chain structure
formed by oligomerization of a conjugatéd alkadiene,
which comprises reacting a'conjugated alkadiene and water

in the presence of carbon dinxide by means of a palladium
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compound and a phOSphofus compound haVing at ieast one
trivalent phosphorus—-oxygen single bdhd, as cétalystQ

‘The present 1nventlon also prov1des 6-v1ny1 -2,8,13-
tetradecatrien-1-ol as a novel compound._
- Further, the present 1nvent19n_p:ov1des'novel
phdsphonité-compounds of the formulas (7) and (8):

—AS32
0
(CH2)xg

ASl— 2
A’l—pP n (7)

‘wherein A% is an aryl group or an alkyl group, which may

be substituted, pfdvided that the alkyl groups has no

" branch at the g-position, each of A32 and A33 is an

arylenglgioup having an alkyl substituent and A32 and A33

are not the same, each of x? and y? which are independent

of each other, is an integer of 0 or 1, Q? is a bivalent

linking group of the formula -CR*R*2-, -0-, -s-, 50,~,

~NR43-, -SiR44R%5- or -CO-, each of R4! and R*2 which are
indepéndenﬁ of each-dthér} is.hydrogen; a Cy_;, alkyl

grOup, a phenyl group, a ;olyl group or an anisyl group,
and each of R%3, R% and R% which are independent of one

another, is hydrogen or a methyl group, and n is an

- integer of from 0 to 1;

~A35
| /- (CHyxs

 A¥—p . Q’n
(CHz)ya

o

(8)

wherein A34 is an alkyl group or an aralkyl group, which
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~has a branch at the g-position, each of A35% and A36¢ which

are independent of eaCh of other, is an afylehe group
which mé& be substituted, each of x* and y3 which are

independent of eaCh'other, is an integer of 0 or 1, Q% is
a bivalent linkiné grdup of thelfqrmula ~CR46R47-, -0-,

-s-, -S0,-, -NR48-, -giR49R50- or -CO-, each of R%6 and R47

._which are independent'of each other, is hydrogen, alcl_12

alkyl group, a phenyl group, a-tolyl group or an anisyl
group, each of R%%, R4? and RS0 which are independent of

one another, is hydrogen or a metth group) and n is an

integér.of 0 or 1.

Still further, the presént invention proéides a
method for ptoducingfa saturated alcohol, which cOmprises
reacting a conjﬁgated alkadiene and water in the presence
of carbon dioxide by means bf a,palladium.compound'and é
phbéphorus compound haQing at 1east oneltriQalent
phosphorus-oxygen single bond, as catalyst, to obtain an
unéaturated alcohol having a structure formed by N
oligqmérization of the conjugated alkadiene, and then
hydrogenating ﬁhis ﬁnsaturated alcohol Eo obtain the
cofresponding_saturafed alcohol.-

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompényihg dfawings:

Figure 1 shows a lH-NMR spectrum of the high boiling

‘point compound obtained in Example 1.

Figure 2 shows a 13C-NMR spectrum of the high boiling

point compoﬁnd obtained in Example 1.
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Flgure 3 shows a COSY spectrum of the high b0111ng
point compound obtalned in Example 1.

Flgure 4 shows a DEPT spectrum of the hlgh b0111ng
point compound obtained in Example 1.

Figure 5 shows the entire INADEQUATE spectrum atcjcc'
60.0 Hz of the high boiling point compound obtained in
Examplc 1. | - o |

Figure 6 shows an enlarged-view of from 56 to 80 ppm
of the spectruﬁ shown in Figure S. . _' | |

Figure 7 shows an enlarged view of from 140 to 180
ppm of the épeccrumfshown_iu Figure 5. _

Figure 8 shows the entire iNADEQﬁATE spectrum at jecc
80.0 Hz of the high'boiling point compound obtained in
Example 1. o |

Figure 9 shows an enlarged view of'from 140 to 180
ppm of the spectrum shown in Figure 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the present invention will be described in
de£a11 with reference.to the preferred embodiments.

The conjugated alkadiene to be reacted with water to
produce an unsaturated alcohol by the method of the
present invention may, for example, be 1;3-butadiene, 2-

ethyl-1,3-butadiene, 2,3-dimethyl-l,3-butadiene,

- isoprene, 1,3-pentadiene, chloroprene or 1,3-octadiéne.

In the case of 1,3-butadiene, the raw material which is
usually available, is purified 1,3-bu£cdiene or so-called

BBP, i.e. a mixture of C, fraction from the decomposition
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| Whén'BBP is used as the.raw'materiai taking mainiy
the economical advéntage'into consideration, it is
advisable to preliminarily séparate and femove acetylenes

and allenes contained in the raw material BBP. The

‘method for reducing acetylenes and allenes is not

particularly limited, and varidus known methods may

suitably be employed. In a case where octadienols or

- hexadecatetraenols are to be produced by even number

oligomerization and hydration (such as dimerization and
hydration or tetramerization and hydration) of 1,3;
butadiene, ﬁhe total concentration of acetylenes and
allenes in the 1,3-butadiene raw material_after removai

or reduction of acetylenes and allenes in BBP, is desired

to be as low as possible, usually at a level of not more

than 1.0 wtsg, rélative,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

number oligomerization and hydration reaction is suitably

employed. The amount of the watef is not particularly

limited, and it is usualiy selected within anrénge of

ffom 0.5 to 10 mols, preferably ftom 1l to 5 mols, per mol

of the conjugated alkégiene, | |
In the present invention, a palladium compound is

used as a main catalyst. The form and the valency of the

palladium compound to be used is not particularly .

limited, and a zerovalent or bivalent compound may be
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used. Specifically, it may, for example, be a bivalent

-pailadium_compound,_e.g. a palladium salt of an inorganic

acid such as palladium nitrate; a palladium salt of an

organic acid, such'as palladium acetate; or a bivalent
palladium complex such as bis(actylacetone)palladium or
bis(tributylphosphine)pailadium acetate, or'a.zefovalent
palladium compléx such as | | |

tetrakis(triphenylphosphine)palladium,

'tris(dibénzylideneacetqne)dipalladium, or (1,5-

cyclooctadiene)(maleié anhydride)pallédium.' However,
most'prefer:ed is a pailadium complex,having, as the sole
ligand, a triVaLent phosphorus compound having at leaét
ohe-phosphorus-oxygén single bond, which.is used as a co-
catalyst. If.a palladium compdund having a ligand other
ihén a phosphorus compound, is used} uséless'by-produdts
will be formed by. the reaction of the 1igand with the
starting méte:ial alkadiene, and the starting material
alkadiene will be consumed uselessly. Wheréas, when the
palladium complex having, aé the sole ligand, a trivalent.
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 examples

of such a palladium complex include a
bis({phosphinite)palladium complex, a
tris(phosphinite)palladium complex, a

tetrakis(phosphinite)palladium complex, a
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bis(phoéphoniﬁe)palladium compléx, a
tris(pﬁosphonite)palladium cdmple*, a
tetrakis(phoSphohité)palladium.domplex, a
bis(phosphite)palladium complex, a |
t:is(phosphite)pallédium complex, and a
tetrakis(phosphité)palladium complex. |

The amount_of suéh a palladium compound may be varied

within a wide range. .However, -it is usually selected

within a range of from 0.000002 to 1 g atom, preferably
from 0.00002 to 0.1 g afom, as palladium per hol of the
conjugated élkadiene. |

It'is a féature of the présént invention to use a

phosphorus compound having at_least'one trivalent

~ phosphdrus-oxygen single .bond as a cocatalyst.

~ Phosphorus compéunds having at least one trivalent
phosphorus-oxygen single bond may be classified into
three types depending upon the number of trivalent

phosphorus—oxygeh bdnds i.e. a phoéphinite_(a phosphorus

compound having a structure in which one oxygen atom and

two carbon atoms are bonded to a  phosphorus atpm by

sihgle bonds, reépectivély), a phosphonite (a phosphorus
compound having a structure wherein two oxygen atoms and
one carbon atom ére_bonded to a phosphorus atom by single

bonds respectiveLy) and phosphite (a phosphorus compound

'having a structure wherein three oxygen atoms are bonded

to a phosphorus étom by single_bonds respectively).

As the phosphonite compound useful as a cocatalyst, a
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phosphonlte compound of the follow1ng formula (1), (2),

(3) or (4) may specxflcally be mentioned:

0""""A2 - :
. | —t—
/ (CHz)x | /0 AS
A—P Qo AP

(CHaly No—as

—A S

(1) L (2)

Al0——q I o-——-A3 . -

(éHz)xl \ | / (CHz)z A“"_O\ /O'-—A“
P—A7-P _ P—A—p -

(sz).‘llo / \) (CH2)€ Al6 ___0/ _ \O—A“

_(3)"' - - (4)
In the formulas {1) to (4), each of Al and A% which

are independent of each other, is an aryl group or an

alkyl group, which may be substituted, each of A5, aS,
Al3, al4, AlS and Al6 which are independent of one

another, is an aryl group which may be substituted, each

of A?, a3, A%, A%, Al0 and All which are independent of

one another, is an arylene group which may be

substituted, each of A7 and A2 which are independent of

- one another, is a bivalent hydrocarbbn'group which may'be

‘substituted, each of x, x!, y, y*, z and 1 which are

independent of one another is an integer of 0 or 1, each
of Q, Q* and T which are independent of one another, is a

bivalent linking group of the formula -CR!R2-, -0-, -S-,

-50,~, -NR3-, -8iR%R%- or -CO-, each of R! and R? which

- are independent of each other, is hYdrogen,,a Cy.12 alkyl
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group, a phenyl gﬁoup,_a tolyl'grbup or an anisyl group,

"each of R3, R? and R® which are independent of one

another, is hydrogen or a methyl group, and n is an

integer of 0 or 1.

In the formulas (1) to (4), each of Al and A% may be
a C5_30 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 alkyl

: group such as a benzyl group. Such an alkyi group'méy be

substituted by e.g. a Ci-20 alkoxy.group such as a

‘methoxy group, an ethoxy group, a héxyloxy group or a

;_decyloxy group, a C,_34 dlalkylamlno group such as a

dlmethylamlno group or a dloctylamlno group, or a group

‘of the formula -80;Na, -COONa or fCOOCH3. The aryl group

for Al, A%, a5, a8, Al0, all, Al3, Al4  al5 and al6 may be

a Cg 39 ary1 g;oup sqch as a phenyl group, a naphthyl

group, a tolyl group, a xylyl group or an alkyl-

substituted naphthyl group. Such an aryl group may be
substituted by e.g. a C,_,, alkoxy group such as a

methoxy group, an ethoxy group, a hexyloxy group or a

_’decyldxy group, a C,_5, dialkylamino group such as a

dimethylamino group or a_dicctylamino'grbup, or a group
of the formula -SO,Na, —-COONa or -COOCH,. The arylene
group for a2, a3, a%, A% a0 and A!! may be a Cg_5

arylene group such as a phehylene group, an alkyl-

substituted phenylene group, an aryl—substituted

phenylene group, a naphthylene group, an alkyl-
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substituted naphthylene group or an aryl-substituted
naphthylene group. Such an arylene group may be
substituted by e.g. a Cl_zo'alkoxy'group such es a

methoxy group, an ethoxy group, a hexyloxy group or a

.decyioxy group,'a Cé-so dialkylemino group such as a

dimethylamino group or a dioctylamino group, or a group
of the formula -SO;Na, -COONa or ~COOCH;. The bivalent

hydrocarbon group for A? and A may be a Cg_,, arylene

- group such as a phenylene group, an alkyl-substituted

phenylene group, an aryl-substituted phenYlene group, a
naphthylene group, an alkyl-substituted naphthylene group
or an aryl-substituted naphtnYIene'group,.a C5930
alkylene group such as a methylene group, an ethylene
group{’a butylene,group,.a hexamethylene group, or an
aryl-substituted butyiene group) or a group wherein the
above aikylene group and the arylene group.are bonded in
series. Suoh a bivalent hydrocarbon group may be |
substituted by e.g,da C;-20 alkox& group such as a
methoxy group,.an ethoxy group, a hexyloxy group or a
decyloxy group, a-C2_3oldia1kylamino group such as.
dimethylamino group or a dioctylamino:group, or a group
of the formula -SO,Na, -COONa or -COOCHér The Ci;iz
alkyl group for R! and R? may, for-example, be a methyl
group, an ethyl group, a butyl group, a hexyl group, an
octyl group or a decyl group.

Specific examples of such a phosphonrte compound

include the following compounds.
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In the above structural formulas, + represents a t-

- butyl g:dup; and > fepresents an i-propyl group.

In the phosphonite compound of the above formula (1),
Al is préferably a Cg_39 aryl group which may be
substituted by'an élkyl group, an aryl group, an alkoxy
group, a dialkylamino gtoup or a gtoup of the fotmula.-
-S0;Na, and Q is prefefably -CRIR?, whereih each of Rl

and Rz which are independent of each other is a hydrogen

atom or a C,_g alkyl group. ‘The arylene group for a2, a3,

Al% and Al! is preferably a 1,2-arylene group which may

be substituted, partiéularly preferably a_l,2-phenyiene
group whiéh may have a substituent such as a Cy.29 2lkyl
group_br a C;_,¢ alkoxy group at the 6*positidn,and a
substituent such as a C;_,g alkyl group at one or more
positions among the 34, 4- and 5-positions, prdvided that
the l-position of the 1,2—phény1e1ne group is bonded to
the oxygen atom which is bonded to the phosphorus atom.
On the other hand, in the phosphonite compounds of
the above-mentioned formtias'(Z) and (4), each of A5, aS,

Al5 and Al is preferably a phenyl group having a C,_,4

_alkyl.group at the o-position, which may have other

subétituehts on the benzéne_ring. At is preferably a
Cg_30 aryl grbﬁp which may be substituted by an alkyl
group, an aryl group, an alkoxy group, a diélkylamiﬁo
§roﬁp or a grbup of the formula -SO,Na.

As the phdsphinite-compound used as a cocatalyst, a

phosphinite compound of the following formula (5) may be
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mentioned as a specific example:
AB :
\ .
. P—0—aA% (5)
'Aﬁ/_
wherein each of A23, A24 and a25 which are independent of
one another, is an aryl grbup which may be substituted.
Specific examples of such a compound'include the

following compounds: -
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In the above structural.formulas,.ﬁ‘ represents a t-
butyl g;dup, and :>-—.repfesents an i-propyl group.

In the phosphinite compound of the abdvé formu1é (5);
each of A23 and A2% is preferably alc&qo-éryl group which
may_be substituted by an alkyl group, an aryl group, an
alkoxy group, a dialkylamino group or a group of the
formula -SO;Na. A% jig bieferably an arylene grou§ which
may be substituted, particularly a phenyl group or a

naphthyl group, which may have at least one substituént

‘such as a Cy. 2°'alky1 Qroup or a'C1 20 alkoxy grouplat'the'

o-position, or a substltuent such as a Ci-20 alkyl group,
aC_y. alkoxy group or a group of the formula -SO;Na at
the m-position and/or at the p-position.

As the phoéphite_compound to be used as'a'cocatalyst,
a phbsphite compound of the following formula (é) may be
mentioned as a specific exaﬁple.

| A%—0Q |
.~ P—0—aA2 (.6)
AM—(Q

wherein each of A25, A?7 and A?8 yhich are independent of
one another, is an aryl group which may be éubstituted.

Specifié examples of such a compound include the

following compounds:
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In the above structural formulas, —+ represents a t-

: butyl group)'and ;>__.repfesents an i%propyl group{_

~ In the phosphite compound of the above formula (6),

each of A26, a?7 and 23 which are independent of one

another, is preferébly an_arylene group which may be .
substituted;_particularly a phenyl group or a naphthyl
group having at least ane subsﬁituent Such as a C;_y |
alkyl group or a C,_,, alkoxy group at ihe o-posiﬁiqn; or
a substituent such as’a'ci_20 alkyligroup, a C;.2¢ alkoxy
group or a group of the formula -SO;Na at the m-position
and/or the p-position. | | |

" Among phosphorus;compounds having aﬁlleast Qne
trivalent phosphorﬁs-éxygen single bond, thoée having
both a"phcsphqruSQOXYgen single bond and a phosphorus-
carbon sihgle bond, such as a phosphonite éompound’and a
phosphinite compound, ére'preferred.
| Among phosphorus compounds having at least one
trivalent phosphorus-ongen single bond, it is a
phosphonite compound which presents the optimum basicity

of the ligand, 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'df the phosphorﬁs compound having at least
one trivalent phbsphorus-oxygen single bond is usdally
selected within a range of from 0.1 to 250 mols,

preferably from 2 to 150 mols, more preferably from 2 to
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100 mols, (calcuiated as phosphorus'atom) per gram atom
of palladium.

'In the present invention,'the reactién of the

donjugated alkadiene and water is ca:ried out in the

'presgnce of the palladium compqund) the phosphorus
~ compound having at léast 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

reaction system. For example, it may be in the form of

molecular carbon dioxide, carbonic'acid, a carbonate, a
hydrogen carboﬁéte or carbon dioxide, or an adduct of
carbonic acid with an amine. The upper limit of the
amount of carbon dioxide is determined from the
economical reaSOn,'and évén if it is used iﬁ an excess
amount, .there will be ﬁo pafticular adverse effect to the

reaction.  Carbon dioxide is used usually at least 1 mol,

'preférably at least 10 mols, per gram atom of palladium.

In the present invention, a basic compound may be

present in the reaction solution for the purpose of

 stabilizing the palladium compound or the phosphorus

compound in the reaction solution, or fo# the purposé of
incréasihg the solubility of ca;bon dioxide to impro&e
the reactiﬁity or selectivity for the desired unsaturated
alcohol compound. ‘As such a basic compound, an amiﬁe
compound, a'pyridiﬁe derivative or an amide may,-for

example, be mentioned. Among them, an amine compound is
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particularly breferred.' Such an amine compound is not

particularly limited. However, a tertiary amine compound

- is most preferred, since a primary or secondary amine

compound may sometimes gives a by-product.by a side

reaction with butadiene. Specific examples of such an

amine compound include trialkylamines such as

trimethylamine, triethyiamine,.tripropylamine,

- tributylamine and trioctylamine, amino alcohols such as

1-N,N-dimethylamino-2-propanol and 1-N,N—dimethylamiho-3-
butanol, heteroaromatic amines such as pyridine and 2,6~

dimethylpyfidiné, alkoxyalkylaminés such as N,N-dimethyl-

~ 2-methoxyethylamine and N,N—dimethYl-3-ethoxypropy1amine;

cYclic amines such as N-methyipYrrolidine, N-

‘methylpiperidine, N-methylmorphollne and N,N'-

d1methy1p1peraz1ne,'and alkylenedlamlnes such as
N,N,N',N'-tetramethyl—l,3—butanediamine and'N,N,N',N'-
tetfamethjlhexamethylenediamine. Among these_amines,
triethylamine is particularly preferred taking into

consideration various aspects such as the reaction

results, the boiling point, the solubility, the price,

The amount of such an amine compound 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
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solvent to carry out the reaction sﬁdothly. Useful

 solvents include ethers such as diethyl ether, dioxane,

tetrahydrofuran, ethylene glycol dimethYl ether and
tetraethylene glycol dimethyl ether, ketonés such as.

acetone, methyl ethyl ketone, diethyl ketone,'methyl'

- isopropyl ketone and ethyl n-butyl ketone, nitriles such

as acetonitrile, propionitrile and benzonitrile, aromatic

hydrocarbons such as benzene, toluene, xylene and

~ethylbenzene, alkanes such as pentane, hexane and heptane

alkenes such as hexene and_octené, sulfoxides such as

dimethylsulfoxide, sulfones such as sulforane, nitro

compounds such as nitrobenzene and nitromethane, pyridine

derivatives such as pyridine and'a-picélihe, amides such

as acetamide, propionamide, N,N—dimethyiformamide, N,N-

dimethylacetamide and N,N#diethylacetamide, alcohols such
as methanol, ethanol, n4propanol,.isopropaﬂol, n-Sutanol,
isobuﬁanol, t-butanol and n-alkanol, and carboxylic acids
such as formic acid, acetic acid, propionic acid and
butyric acid.

Such solvents_may be used alohe or in combination as
a solVenﬁ mixture. 'Among 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 byéprodﬁct such
as an acylalkadiene will be accompanied, and therefdie, a
due care is':eqﬁired, as such formation of by-ptoducts

makes the reaction system complicated.
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The amount of the solvent is not particularly limited
and is'0ptionally selected usually within a range of from
0.1 to 50 parts by weight, preferably froﬁ 1 to 10 parts
by weight, per part by weight of the conjugated |

" alkadiene.

_ The'reaction temperature for the reaction of the
conjugatéd alkaéiene and water may be selected'within_a
range of from foom temperature ~to 180°C. .However, it is
usual to select a_teﬁperature within a range of from 50
to 130°C, preferably from 75 to 110°C.

The reactiqn preésu;e'is éelected within a range of
from atmospheric pressure to 200 kg/cm2. In such a case,
in addition to carbon dio#ide, a gaé inert to the
reaction, such as nitrogen, helium or argon may be
present. | |

In the pfesent inventién; the conjugated alkadiene
and water are reacted under tﬁe_above described reaction

conditions to form an unsaturated alcohol having a

 structure formed by oligomerization of the conjugated

alkadiene. The method of the present invention can be
carried out by means of é'well known techniqué such as a

continuous system, a semicontinuous system or a batch

"system. The reaction product solution obtained by this

reaction contains the éatalyst, the unsaturated alcohol
as the main product, by-products such as unsaturated
hydrocarbons, unsaturated ethers, organic carboxylic

acids and esters, as well as the.solvent, an unféadted
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conjugatéd élkadiehe énd water. When the starting
matérial cOnjugétedIalkadiene is 1,3-butadiene, the
unsaturated alcohol having a structure obtainéd by eveh
number oligomerization of 1,3-butadiene may be_odta-2,7—
dien-1-ol, Octa-1,7edien-3-oi, or s-vinylez,s,lsé
tetradecatrien—l—ol, ah& by-produéts may, for example, bé_
octatrlenes, hexadecatetraenes, dioctadienyl ethers, .
organic carboxyllc acids and egters. ”

According to the.method of the present invention, the
éatalyst component functions effectively by using a

palladium compound and a phosphorus compound having at

‘least one trivalent phOsphorus-bxygen single bond, as

catalyst,_whereby in the reaction of-1,3fbutadiene and
water, conventional unsaturated alcohols such.as octa-
2,7-dien;l-ol and octa-1,7-dien-3-ol can be obtained in
good yield, and &etfocté-Z,?-dien-léollwhich is useful as
a starting material for l-octanol, can be obtained at .
high seiectivity. Furﬁher; according to the method of
the present invention, it is possible to obtain novel 6-
vinyl—z,8-13-tetradecatrien—l¥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 producing an unsaturated alcohol of
the present invention, the reaction conditions may be
suitably selected within the aboVe-mentioned conditions

depending upon the desired type of an unsaturatéd
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-‘alcohol. However, to obtain_octaF277-dien-l-ol in good

yield at high-seleCtivity, it 'is particularly preferred
to conduct the reaction in the presence of a basic

compound. Oon the'other hand, to obtain 6-vinyl-2,8,13-

_ tetradecatrien-1-ol in good yield, it is particularly

preferred to conduct the reaction in the absence.of a
basic compound.

:After the reaction, unsaturated.alcohols may be
separated by a suitable method such as a dietillatien
method.as-disclosed in e.qg. Japahese Unexamined Patent
Publication No. 144366/;979'or an extraction method as
disclosed in_JapaneseTUnexamined-Patent Publication No.

134427/1982. Further, to separate 6-vinyl-2,8,13-

_ tetradécatrien-l-el.of the present invention from a

hydration even number oligomerization reactidn product of

-1,3~butadiene, if a solvent having both hydfophilic and

lipophilic natures, such as tetrahydrofuran, acetone or
dimethylformamide, is used as the solvent for the above
reaction, the reaction product eolution may be distilled
under reduced pressure.to_distillIOEf the solﬁent, and |
then water-soluﬁlé_cdmpound serving as a ligand to
palladium, such es'sodium diphenylphesphinobenzene—m-

sulfonate, water and hexane may be added thereto,

folioWed_by.stirring, to separate the catalyst palladium

in ah aqueous phase and the product in a hexane phase,
and then the hexane layer is distilled under reduced

p:essure to obtain the desired product.
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6-Vinyl-2,8,13-tetradecatrien-1-ol thus obtained, is
useful as a starting'material for various chemical

industries, for example as a starting material for

perfumes, cosmetics, plasticizers, adhesives, surfactants

ahd intermediates for medicines. For exampie,'a higher
alcohol obtained by hydrogenating 6-viny1-2,8,13-_
tetradécatrien-l—ol méy-be further.esterifiéd to be
useful as a plasticizef or an gdhesive, or may be
convérted to a sulfuric acid ester which is expected to
be useful as a surfactant.

In the presént invention, phosphonite compounds of

the'abqve formulas (7) and'(8) are novel_phosphonite

compounds. With a compound of the formula (7) wherein

the_biéphenpllmoieties are non-symmetrical, a higher
reaction rate is obtainable as compéred with-the one
wherein the bisphenol moieties are symmetrical. Further,
with a'phosphonité cbmpound of the formuia (8), wherein
the p-position is substituted by a branched alkyl group,
a higher reaétion rate and a higher selectivity for the
desired compound_can.be obtained as compared with a
phosphohite wherein the p-position is substituted by a
non-branched alkyl group. |

The phosphonite éompounds can be produced by the
following methods. | -

The asymmetrical bisphenol moieties of the
phosphonite of the formula (7) can be ptepa;ed by by

adding to a phenol wherein at least one o-position is
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 unsubstituted, an equivalent émount of an aldehyde .

compound by means of a base catalyst such as sodium

hydroxide to prépare:a-phénol_having methyldl'at the o-

position and then reacting another molecule of a phenol

wherein at least one oéposition is unsdbstituted, in the

same manner. | o
| The syntheticlibutes.for phosphonites of the formulas

(7) and (8) are comﬁon. However, there are two-synthetic

routes. Namely, the P~C bond hay firstly be formed, and

 then the P-O bond may be formed. Otherwise, the order

for the formation of the P-C bond and the P-O bond may be
reversed; The P-C bond may be formed by preparing é
Grignard reagent using an aryl bromide or an alkyl
bromide as a starting materialland then reacting the
Grignard compound with phosphorus trichloride or |
bisphenoxyphosphine'chloride.' The P-O bond may be fo;med
by reacting bisphenol with phosphorus trichloride or with
an arylphosphine.dichloride:or an alkylphosphine
dichloride by means ofla basic compound such as a
tertiary amine compound;

Further, in the present invention, a

| bis(phosphonite)palladium complex comprising a

phosphonite cqmpound of the above formula (1) or (2) and
Pd is a novel palladium cdmplex. It exhibits a high
Catalytic activity since it cbntains no extrajligand
compound other than a phosphonitéias a ligand. Further,

depending upon the type of the reaction, there will be a
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merit that no int;bdudtion period will appear at the
initial stage of the reaction. Further, if a palladium-
compound having a'Compouhd'other'than'a.phcsphorus
compound as a ligahd_is used-in the reaction of the
present application, a'useleés by-product will be formed
by fhe reaction of thé'starting material alkadiene with
thelligand, and the statting material alkadiene will be
conSumed'uselessly. Whereas, by thg use of a
bis(phbsbhbnite)palladium complex, such a disadVantage |
can be avoided. | o
Such'a compléx is foﬁmed during.the process for
producing the catalyst for oligomerization of the

conjugated alka&iene in the present invention. However,

 a common method for its preparation will be described as

follows.

Using_at least two eQuivaleﬁt of a phbsphonite per
equivalent of a palladium compound such as palladium
acetate, telomerization of a conjugated alkédiene with an
active hydrogen compound, such as butadiene with

methanol, is conducted. After completion of the

reaction, the precipitated crude palladium complex is

collected by filtration and fecrystallizgd from a solvent

'sﬁch as hexane to obtain the desired

bis(phosphonite)palladium complex. Further, it is
possible to prepare it.by another method in which a
bivalent compound of P4 is reacted with a reducing agent

such as hydrazine in the presence'of-a phosphonite ligand
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in the same manner as a conventional method for preparing
a zerovalent Pdo phosphlne complex.

: Now, the present 1nvent10n will be descrlbed in

further detail w1th reference to Examples. However, it

'should be understood that the present invention'is_by no

means resﬁricted by such specifie Examples.
EXAMPLE 1 | |

Into a stalnless steel autoclave hav1ng an lnternal
capacity of 200 m¢, 0.093 mmol palladlum acetate, 0.38
mmol of phenyl(z,z'—methylenebls(6—t-butyl-4-methyl--
phenoxy) )phosphine, 70 ﬁe-ef acetone, 10 me of water and
2.0.mé of o-xylene as an internal standard substance fer'
a gas chromatography analysis, were_charged under a .

nitrogen gas afmosphere. Further, 20.2 g of 1,3-

_butadiene and 8 g of carbon dioxide were intreduced

thereto. The reaction mixtﬁre was 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, whereupon the
feactien'solution was analyzed by gas chromatography. As
a result, as a yield based on the charged 1,3-butadiene,
51.7% of 2,7focatdien-l-oll(hereinafter referred to as
1HOD), 3.7% of_1,7—oc£dien?3—ol (hereinafter referred to
as 3HOD) and 13.0% of a high boiling point compound (a

non-identified compound having a higher boiling point

‘than 1HOD and 3HOD) were obtained. ‘Such a high boiling

point compound was separated by the following method and
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identified. The above reaction solution was distilled

under reduced pressure at 25°C to distill off acetone.

Then,'l g of. sodium diphenylphosphinobenzene-m-sulfonate,

20 m¢ of n~hexane. and 20 mé¢ of water were added thereto,

and the mixture was stlrred, ‘followed by phase-

separatlon.-.The obtained hexane phase was dlstllled

underrreduced pressure, whereby 10.73 g in total of iHOD

'and 3HOD were obtained under the. conditions of about 2

mmEg at from 50 to 60°C and 2.7 g of a later distilled
component was obtained under the conditions of about 2
mmHg at from 115 to 145°C. The later distilled component
was again p@rified by distillation uﬁder 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

'g of a later fraction.‘ The purity of the later distilled

-component was 85% as measured by gas chromatography. -

Then, the NMR analysis of this later dlstllled component
(solvent: CDC¢;) was carrled out by means of UNITY 300,
manufactured by Varian. Figure 1 shows the 15-NMR
spectrum (300 MHz), Figure 2 shows the 13C—NMR.spectrum”
(75.429 MHz),.Figure 3 shows COSY (Correlatiohh
spectroscopy) spectrum (299.949 MHz), and Figure 4 shows
the DEPT (Dlstortlonless Enhancement by polarlzatlon
transfer) spectrum (75,43 MHZ). '

| Further, Figures 5 to 9 show INADEQUATE (Incredible

-Naturel_Abundance Double E Quantum Transfer Experiment)

spectre (75.929 MHz), wherein Figure 5 is the entire
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spectrum at jcc 60.0 Hz, Figure 6 is an enlarged view
from 56 to 80 ppm in Figure 5, Figure 7 is an enlarged

view frdm 140 to 180 ppm in Figure 5, Figure 8 is the

' entire spectrum at jec 80;0 Hz, and Figure 9 is an

| enlarged view from 140 to 180-ppm'in Figure 8. As a.

result of analyses of these spectra, the above high
boiling point ¢ompound was confirmed to be 6-vinyl-
2,8,13-tetradecatrien-1-ol (hereinafter referred to as

1HHDT) which is a tetramer hydrate of l,3fbutadiene.

-.EXAMPLE 2

 Into a stainless steel autoclaéé having an internall
capacity of 200 m¢, 0.061 mmol of palladium acetate, 0.20
ﬁmol bf phenyl (2,2'-mefhylenebis(6-t-buty1—4—methy1—
phenoxy) )phosphine, 47 m¢ of acetone, 6.7 me of water and
1.5 m¢ of o-xylene as an internal stahdard substance for
the gas chroﬁatography ahalysisi were charged under a
nitrogen gas atmosphere. 'Furﬁher,.13;9 g of 1,3-
butadiene and 8 g of carbon dioxide were introduced
thereto. Thé reaction mixture was heated to bring the
intefnalltemperatute 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 4 hours, whereupon the

reaction_solution was'analyzed by gas chromatography.
The results are shown in Table 1.
EXAMPLE 3
The reaction was carfied ou£ in the same manner as in

Example 2, except that the amount of the phosphonite was
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changed to 2.0 mmol, ahd the reaction time was changed to
3 hours. The results are shown in Table 1.
EXAMPLE 2 |

The reaction was carried out in the same manner as in

- Example 2, except that the amount of palladium acetate

was changed to_0.5 mmol, the amount of the phosphonite
was changed to 2.0 mmol, and the reaction time was
changed to 30.minutés, The resulfs,are shown in Table 1.
EXAMPLE 5 o

Tﬁe reaction wés carriediout in the séme manner as in

Example 2, except that the amount of the phosphonite was

changed to 0.26 mmol, 47 mé'pf dimethylformamide was used

instead of acetohe as the solvent, and the reaction time

was changed to 2 hours. The results are shown in Table

1.

EXAMPLE 6

. The reaction was carried out_in the same manner as in
Example 2, except that the phosphonite was changed to
0.25 mmol of phenyl (2,2'-methylenebis(6-t-butyl-4-ethyl-
phenoxy) )phosphine, 11 m¢ 6f triethylamine was used in

addition to acetone as the solvent for reaction, and the .

reaction time was changéd to 2 hours. The results are

shown in Table 1.
EXAMPLE 7

The reaction was carried out in the same manner as in

' Example 2, wherein the phosphonite was changed to 0.25

mmol of phenyl (2,2'—methylenebis(6-t-butyl—4ft-butyl-
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phenoxy))phoéphine, and 11 m¢ of triethylamine was used
in addition to acetone és the solvent for reaction, and

the'réaction time was changed to 3 hours. The results

.are shown in Table 1.

EXAMPLE 8
The reaction was carried out in the same manner as. in

Example 2, excépt that the phosphonite was changed to 2.7

" mmol of phenyl di(2,6-diisopropyl-phenoxy)phosphine. The

:eSults are shown in Table 1.
EXAMPLE 9

The reaction was carried out in the same manner as in

. Example 2, except that the'phosphonité was changéd to 2.0

mmol of phenyl di(2,4-dimethyl-6-t-butyl-
phenoxY)phosphine. Thé results ére shown in Table 1.
EXAMPLE 10 . | |

The reaction was carried out in the same manne:'as in
Example 2, except thatlthe phosphonite was changed'to 1.6
mmol of o-tolyl di(2,4-dimethyl-6-t-butyl- |
phendxy)phosphine, The results are shown in fable 1.
COMPARATIVE EXAMPLE.l

.While Examples i to 12 represent the results of using.

phosphonites, this Compafative Example shows the results

‘of using a phosphine instead of a phosphonite.

The reaction was carried out in the same manner as in
Example 2 except that instead of the phosphonite, 2.0
mmol of triphenylphosphine was used. The results are

shown in Table'l;
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COMPARATIVE EXAMPLES 2 and 3
The_reacﬁion was carried out in the samé manner as in
'Comparative Example_l, except that the readtion time was
changed to 30 minutes (Comparative Example 2) or one hour
(Comparative Example 3). The resﬁlts are shown in Table

1.
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Table 1

. 1-HOD. 1-HHDT
Ho(ll )Yl*elld selectivity | yield (%)
‘ _ (%) *2 . %3

|Exampile 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 " T92.5 7.8

|Example 6 64.2 ' 92.9 | 0.2
Example 7 79.6 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 1 ' '

|Exampie 1 27.5 73.9. 1 0.0
Comparative 3.6 _ 39.9 _ 0.0
Example 2
Comparative :

| .4 0. 0.

_ Example 3 7 50.9 0

*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 lﬂHDT based on'1, 3-butad1ene
charged
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EXAMPLE 11
The reactlon 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-dimethy146-t-
butylphenoxy)phosphine, 1 m¢ of triethyiamine was used in
addition to acetone as tne solvent for reaction, and tne'
reaction time was éhanged to 2-hours. The results are
shown in Table 2, | | | |
EXAMPLE 12

The reaction was carried out in the same manner as in
Example 2, except that the amount of palladlum acetate -
was changed.to'0.134 mmol, the,phosphonite'was changed to

2.0 nmdl of m-tolyl(2,2'-methylenebis(6-t-butyl-4-methyl-

_phenoxy))phosphine,”the~reaétibn time was changed to 3

hours, and the reaction temperature was changed to 75°C.
The results are shown in Table 2.
EXAMPLE 13 _

The reaction was carried out in the same manner as in
Example 2, except that the amount of palladlum acetate

was changed to 0. 124 mmol, the phosphonite was changed to

2.0 mmol of m-tolyl(2,2'—methyleneb;s(6-t—butyl—4-methyl-

phendxy))phdsphine, 3 m¢ of triethylamine was used in

addition to acetone as the solvent for reaction, the

reaction time was changed to 3 hours, and the reaction
temperature was changed to 75°C. The results are shown

in Table 2.
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EXAMPLE 14 _ _

The reaction was carried out in the same manner as in
Example 2, except that the amount of palladlum acetate
was changed to 0. 129 mmol, the phosphonite was changed to_
2.0 mmol of p-tolyl(z 2'-methy1enebls(6 t-buty1-4-methy1—

phenoxy))phosphlne, the reaction time was changed to 3 .

"hours, and the reactlon temperature was changed to 75°C.

‘The results are shown in Table -2,

EXAMPLE 15

The reactlon was carrled out in the same manner as 1n

'Example 2, except that the amount of pallad;um acetate

- was changed-to'0;129 mmol, the phosphonite was changed to’

2.0 mmol of p-tolyl(z,2'-methylenebis(64t-buty144—methyl—

 phenoxy))phosphine, 3 m¢ of triethylamine was used in

addition to acetone as the solvent for reaction, the
reaction time was changed to 3 hours, and'the_reaction
temperature was changed to 75°C. The results are shown
in Table 2. |
EXAMPLE 16

Into a stainless steel autoclave having an internal
capacity of 30 m¢, 0.192 mmol of palladium acetate, 3}1
mmol of phenyl di(2,4-dimethyl-6-(1,1,2-trimethyl-

propyl)phenoxy)phosphine, 70 mé of acetone and 10 me¢ of

water were charged under a nitrogen gas atmosphere.

'Further, 20.3 g of 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
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a period of éo minutes With stirring'at a rotational
speed of 800 rpm. The reaction was continued’at 75°C for
4 hours(_whereupon the reaction solution was analysed by
gas chromatography, The”resuits are shown in Table 2.
EXAMPLE 17 | o
| The reaction was carried out in ﬁhe'same manner as in

Example-ls, except that 1'35 mé¢ of triethylamine was used

' 1n addltlon to acetone as the 8olvent for reaction. The

results are shown in Table 2.

 EXAMPLE 18

The reaction was carried out in the same manner as in

‘Example 16, except that the phosphonite was changed to

1.9 mmol of phenyl(2,2'-methylenebis(6-(1,1,2~
t:imethylpropyl)-4-methylphenoxy))phosphihe,_and 0.67 m¢
of triethylamine.was used in addition to acetone as the
solvent for reaotion. The results are shown in Table 2.
EXAMPLE 19 |

The reaction was carfied out in the same manner as in

Example 16, except that the phosphonlte was changed to

fl 54 mmol of phenyl(z 2'-methylenebls(s-t-butyl 4-t-
'octyl-phenoxy))phosphlne as 1dent1f1ed in the follow1ng

formula. The results are shown in Table 2.

- .' 0__<::>
o{
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EXAMPLE 20
| The'reaction was carried out in the same manner as in
Example 16) except that the phosphonite was changed to -
1.55 mmol of pheny1(2,2'—methylenebis(Gft—butyi-4-té

'octyl-phenoxy))phosphiné, and 0.67 m¢ of triethylamine

was used in addition to acetone as the solvent for
reaction. The results are shoWn in Table 2.
EXAMPLE 21 | ' -

.The reacfion was carried out inlthe same manner as'in
Example 16, except that the.phosphonite was changed toi
1.54 mmol of phenyl(2,2'-methylenebis(6-t-butyl-4-
methoxyphenoxy) ) phosphine as-identified in the following

formula. The results are shown in Table 2.

'EXAMPLE 22

The reaction was carried out in the same manner as in
Example 16,'except that the'phosphonite was changed to
1.54 mmol of-phenyl(z,z'-methylenebis(6-t-butyl-4—

methdxyphenoxy))phosphine, 1.35 m¢ of triethylamine was

used in addition to acetone as the solVent for reaction,

and the reaction time was changed to 3 hours. The

results are shown in Table 2.

. EXAMPLE 23

The reaction was carried out in the same manner as in
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Examplé 16, except thét the phosphonite was changed to
1.54 mmol of phenyl(2,2'-ethylidenebis(4,6-di-t-
butylphenoxY))phosphine as identified in the following'

formula. The results are shown in Table 2.
: C::{P <::>

EXAMPLE 24

The reaction was carried out in the same manner as in

Example 16, excépt-that'the phosphonite was changed_td

1.54 mmol of phenyl(2,2'-ethylidenebis(4,6-di—t-.

butylphenbxy))phosphihe asuidentified by the following

 formula, and 1.35 m¢ of triethylamine was used in

addition to acetone és_the solvent for reaction. The

results are sho&n'in Table 2.

EXAMPLE 25

The reaction_was_carriéd out in the éamé manner as in
Example'ls, except that the bhosphonite was changed.to
1.54 mmol of phenyl(z,z'—methylenebis(3-methy1-4,6—di—t-
butylphenoxy) )phosphine, -and 1.35.mé of triethylamine was
uSedlin addition to acetone as'the solvent for reaction.

The results are shown in Table 2.
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EXAMPLE 26

| The reaction waS'carried.out in the samé manner as in
Examﬁle 16, exéept that the phosphonite was changed to
1;54 mmol of'phenyl(2,2'-méthy1enebié(6-
isopropylphenoxy))phbsphiné, 2.65 m¢ of triethylamine was
used in addition to aéetone as the solvent for reaction,
and the feéction time was changéd to 5.hours; The
resﬁlts.érgfshoﬁn in Table 2. - |
EXAMPLE 27

The reaction was carried out in the same manner as in

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

phenylphenoxy) )phosphine, 2.65 m¢ of triethylamine was

used in addition £o acetone as the solvent for reaction,

and the reaction time was changed to 3 hours. The

results are éhown 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
0.78 mmol of 4,4'~bis((2,2'-methylenebis(4-methyl-6~t~
butylphenoxY))phoséhino)bipheﬁyl as ideﬁtified'by the
following'formula, 1.35 mé¢ of triethylamine Qaé used in_
addition to acetone as the solvent for reaction; and the
reaction time.waslchanged to 5 hours. The results are

shown in Table 2{
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EXAMPLE 28é§ |

The reaction was carried out in the same manner as.in
Exampie 16, except that the phosphonite was changed to
0.78 mmol of 4, 4'-b1s(b15(2 4-@imethyl-6-t-
butylphenoxy)phosphlno)blsphenyl as identified by the

followlng formula, and the reaction temperature was

changed to 90°C. The :esults are shown in Table 2.

< H40-0-4p)

The reaction was carrled out in the same manner as in

'Example 16, except that the phosphonlte was changed to

1.56 mmol of phenyl(5,3',5'?trimethy1-3-t-
butyldiphenylmethane-2,2'~-dioxy)phosphine as represented
by the following formula, and 2.65 m# of triethylamihe

was used in addition to acetone as the solvent for

" reaction. The results are shown in Table 2.

(o
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~ EXAMPLE 30

'The reaction was:carried cut.in the same manner as in
Example 2; except that the amOunt of palladium acetate
was changed to 0.123 mmol, the phosphonlte was changed to
1. 0 mmol of phenyl(s 3',5'-tr1methy1 3-t-
butyld1phenylmethane—2 2'-d10xy)phosph1ne as represented
by the follow1ng formula, and 1.8 mé of triethylamine was_
usedlin addition to acetone as “the solvent for reaction,
and the reaction time was changed to 2 hours. The |

:esuits are shown in Table 2.

EXAMPLE 30
The reactlon was carrled out 1n 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

trlethylamlne was used in addltlcn to acetone as the

'solvent for reaction, the reaction temperature was

changed'to 60°C, and'the.reacticn time was changed to 5

hours. The results are shown in Table 2.
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Table 2
Examples' HO(D% )Yi*elld selic—:lggei ty | yile.i?])(T%)

' : (%) *2 *3

11 69.3 o TS
12 43.3 62.6 12.5
13 83.7 -~ 85.5 0.4
14 49.9 69.8 T0.2
15 57.7 * 84.5 0.3
16 58.8 71.0 8.0
17 71.9 81.4 1.0

18 - 73.7 81.3 3.1
=2 85.7 74.3 7.6

20 75.5 85.9 we
21 52.9 68.3 8.0
22 77.4 87.0 1.0
23 66.7 77.0 6.2
24 73.9 . 8l.3 0.8
25 42.6 63.9 0.1
26 55.6 73.7 0.5
27 _28.7 58.9 2.6
28-1 81.0 83.7 1.2
_28-2 60.0 89.2 6.9
23  73.8 180.0 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
1l,3~butadiene charged.

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

charged.

%23 Amount (%) of 1HOD to the total amount of _
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EXAMPLE 32
The reaction was carried out in the same manner as in

Example 16, except that the phosphcnite was_changed to

" 3,07 mmol of phenyl(z 2'-methyleneb1s(4~methyl 6- dl-t-

butylphenoxy))phosphlne, and 5 m¢ of N,N-

dlmethylplperazlne was used in addltlon to acetone as the

solvent for reaction. The results are shown in Table 3.

EXAMPLE 33 _ -

The reaction was carried out in the same manner as in
Example 16, except that the phosphonite was changed to
3.08 mmol of phenyl(z,z'-methYlenebis(4+methyl-6-di-t-

~ butylphenoxy))phosphine, and 5,8 mé of 2,6-1utidine was

used in addition to acetone as the solvent for reaction.
The results afe shown in Table 3.
EXAMPLE 34
The reaction Qasjcarried'out in the same manner as in

Example 16, exCept.that the phosphonite was changed to
3.07 mmol of pheny1(2,2'-methylenebis(4-methy1-6-dift-
butylphenoxy) )phosphine, and 8.3 mé of N-methylmorpholine
was used in addition to acetone as the solvent for
reaction. The results are shown in Table 3.
EXAMPLE 35

- The reactlon-was carrled out in the same manner as in
Example 16, except that the phosphonite was changed to
3.08 mmol of phenyl(z 2'—methylenebls(4-methy1-6-d1~t—

.butylphenoxy))phosphlne, '10.3 m¢ of N-ethylpyperldlne was

used in addition to acetone as the solvent for reaction,
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‘and the ;eaction'time was changed to 2 hours. The

results are-shown in Table 3.
EXAMPLE 36 |

The reaction was carried out in the same ménner'as_in
Ekample 16, éxcept.that the phosphonite_was changed to”
3.07 mmol of phenyl(2,2'-methylenebis(4-methyl-6-di-t-
butylphenoxy))phoséhine, O.S_me.of N,N- |
tet:améthylhexanediamine was used in addition to acetone
as the solvént for reaction, and thé-:eéction time was
changed to 2 hours. The results are shown in Table 3.
EXAMPLE 37 |

The reaction waé'éar:ied out:in the same-manner as in
Example 2, except that the amodnt of palladium acetate
was'chénged to 0.139 mmol, the phosphonite was changed to
2.0 mmol of phenyl(z,z'—methylenebis(4,5-di-t;
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.

 EXAMPLE 38

The reaction was carried out 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

n-butYl(2,2P—methylene—4—methy1-6-t—'
butylphenyl)phosphine, 3 m¢ of t;iethylamine was used in
addition to acetone as the solvent for reaction, and the

reaction time was changed to 0.5 hour. The results are
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shown in Tablé 3.
EXAMPLE 39 |

The reactlon was carried out in the same manner as in
Example 16, except that the phosphonite was changed to
3.08 mmol of phenyl(z 2'-methylenebls(4-methy1—6—d1-t-
butylphenoxy))phosphlne, 0. 03 mé of N-methyllmldazole was

used in addltlon to acetone as the ‘solvent for reaction.

' The results are shown in Table ~3.

EXAMPLE 40

The reaction was carried out in the same manner aé in
Examplé 16, except that the phosphonite was changed to
3.08 mmol of phenyl(2,2'-methylenebis(4-methyl-6-di-t-
butylphenoxY))phosphihe, 0.2 mmol of 1,10-phenanthroline
was used in addition to acetone as the solvent for

reaction, and the reaction was conducted for 6 hours.’

The results are shown in Table 3.

EXAMPLE 41

The reaction was carried odt in the samé manner as in
Example 16, except that the phosphonite was changed to
3.08 mmol of phenyl(z,z'—methylenebis(4-ﬁethyl-6-di-t-
butylphenqu))phoSphine. and 0.19 mmdl of 2,2'-bipyridine

was used in addition to acetone as the solvent for

‘reaction. The results are shown in Table 3.



.- 63

Table 3 '
Examples HO(D% )Y i*elld selicfg\l:i ty yi’le ll-fiHD(q; )
| (%) *2 *3
32 63.6 . 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 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-butadiene charged.

1HOD and 3HOD.

charged.

Amount (%) of 1HOD to the total amount of
Yield (%) of 1HHDT based on 1,3-butadiene
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EXAMPLE 42

This Example shows that by an addition of an amine to

the reaction system, the phdsphonité éompound can be

stably_maintained'without decomposition even when the
reaction product was recycled.

Into a stainless“stegl autoclave having an internal
capacity of.200 me, 0.127 mmol of'pélladium acetate, 2.63
mmol of phenYl(2,2';methyiénebis(4,6-di-t-. - |
butylphenoxy))phésphine, 47 m¢ of acetone, 6.7 mé¢ of

‘water, 7 m¢ of triethylamine and 3 m¢ of trioctylamine

were charged under a nitrogen 'gas atmosphere. Further,
13.8 g of l,3-butadiehe and 8 g of carbon dioxide were
introduéed theréto._:The reaction mixture was heated to

bring the internal température to 75°C over a period of

20 minutes with stirring at a rotational speed of 800

rpm. The reaction was continued at 75°C for 2 hours,

whereupon the reaction solution wés analyzed by gas
chromatdgraéhy, whereby 64.3% of 1HOD, 3.9% of 3HOD and
0.3%.of 1HHDT were.obtained as the yield per 1,3-
butadiene charged. This reaction solution was distilled‘
under'reducgd pressure at 25°C to distill off acetbne;
triethylamine and water, and then distilled under a
reduced pressure of about 2 mmHg ét a bath temperature of
90°C to distill off HOD to obtain 3.93 g of the
diStillation residue. The distillation reSidﬁe_waé'

analyzed by 31p-NMR, whereby signals of a phosphonite and

.phosphonite oxide wete detected at 164.3 ppm and 12.5
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ppm, respectiﬁely,.baséd'oh phoséhdric-acid;_ Into the
above autoclave, the entire amount of this diStillatioﬁ :
residue, 47 me-of'acetone, 6.7 mé of water and 7 m¢ of
t:iethylamine were chargéd. .Fufther, 13.5 g of 1,3- |
butadiene and 8 g 6f carbon dibxidé were intrdduced)'and

the mixture was reacted in the same manner as the first

time, whereupon the reaction solution of the second time
‘was analyzed'by gas chromatography, whereby 74.6% of
- 1HOD, 4.3% of 3HDD and 0.4% of 1HHDT were qbtained,-as

the yield per l,3-butadiehe charged. The reaction
solution of the second time was analyzed by 31P-NMR,
whereby signals of é phbsphpnite and a phosphonite oxide

were detected at 164.1 ppm and 12.4 pPpm, respéctiVely,

based on phosphoric'acid; This reaction solution was

Subjeéted to distillation'unde; reduced pressure at 25°C
ﬁo distill off acetone, triéthYlamine and water and then
distiiled under a reduced pressure of about 2 mmHEg at a

bath temperature of 90°C to distill off HOD énd to obtain
4.09 g of a distillation residue. The distillation

residue of the sécbnd.time was analyzed by 3!P-NMR,

. whereby signals of a phosphonite and'a phosphohite_oxide

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

based onlphosphoric acid. Into the above autoclave, the
entire amount of this distillation residue of second
time, 47 me of acgtone,.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 introduced
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thereto. The mixture was reacted in the same manner as

:in the first and.second=times. The_reactionlsolution of

the third time was_analyzed by gas chromatography,

whereby 62.7% of 1HOD, 3.8% of 3HOD and 0.2% of 1HHDT

~ were obtained as the yield per 1,3-butadiéne charged.

The reaction solution of the third time was analyzed by
?1P-NMR, wherebyISignals of a phosphonite and a
phosphonite oxide were detected at 164.1 ppm.énd 12.4
ppm, :espécti@ely,'based on phosphoric acid. Thus, no
decqmposition_of the phosphonite was observed by the
repetition of the reaction for three times.
EXAMPLE 43

.Into;a stainless steel autoclave having an internal
capacity of 200 me, 0.065 mmol of palladium acetate, 0.51
mmol of'phenyl(z,z'fmethylenebis(4-methyl-6-t-
butylphenoxy) )phosphine, 47 m¢ of acetone and 6.7 mmol of

water were charged under a nitrbgén gas atmosphere.

‘Further, 13.5 g of 1,3-butadiene and 8 g of carbon

dioxide were introduced thereto. The reaction mixture

was heated to bring the internal temperatﬁre 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

8.9% of IHHDT'were_obtained as the yield per 1,3-

butadiene charged. This reaction solution waé subjected

‘to distillation under reduced pressure at 25°C to distill
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off acetone and water and theﬁ distilled under a reduced
pressure of about zlmmHg at a bath témpefature of 130°C
to distill off HOD and HHDT and to obtain 5.49 g of a
distillation residue. _Into the above aufoclave, the
entire amount“of.this distillatidn residue, 47 m¢ of
acetone and 657 m¢ of water were charged. Further, 13.6
g of 1,34butadiéne.and'8 g of carbdn dioxide were
inﬁroduced thefeto, and the mixture was reacted in the

same manner as in the first time. The reaction solution

| of'the second time was analyzed by gas chromatography,

whereby 39.0% of 1HOD, 2.6% of 3HOD and 6.4% of 1HHDT
were obtained as the yield per 1,3—butadiene charged.
This reaction soiution was subjected to distillation
under feduced preésure_at 25°C to distill 6ff acetone and
water and then diStiiled'under a reduced pressuré of
about 2 mmHg at a bath temperature of 130°C to distill
of £ HOD énd HEDT and to obtain 6.09 g of a distillation
reSidue; To the above autoclaﬁe, the entire amount of.
this distillation residue of the second time, 47 me of
acetone and 6.7 m¢ of.water were charged. Further, 13.8
g of 1,3ébutadiene and 8 g.of carbon dioxide ﬁere |

introduced thereto, and the mixture was reacted in the

‘'same manner as in the first and second times. The

reaction solution of the third time was analyzed by gas

chromatography, 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
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time was analyzed by 3!P-NMR, whereby a signal of a -

phosphonite oxide and a signai of a'decomposition product

of the phosphonite were detected.at 12.4 ppm and 44.7
ppm; respectively, based on phosphoric acid, and no
original phosphonite was detected.

EXAMPLE 44

.Preparation of a palladium(ghosphonite)2 ccmplex

Into a stainless steel micsoautoclave having an
internal_capacity of 70 me¢, 1.01 mmol of palladium
acetate, 5.01 mmol of phenyi(z,z'-methylenebis(4-methyl-
6-t-buty1phenoxy))phoéphine, 10 m¢ of methanol'and.z mé
of tritylamlne were charged under a nitrogen gas

atmosphere. Further, 3.3 g of 1 3—butad1ene was
introdaced thereto. The reaction mixture was reacted_in
an electric furnace at 80°C.for 1.5 hours nith stirring'
by a magnetic stirrer. The reaction solution was taken
out, and the gray precipitate formed was collected by
filtration.' To the obtained gray precipitate, 15 m¢ of

_deaerated hexane was added under a nitrogen stream, and

the mixture was stirred. An 1nsolub1e component was

filtered off to obtain a yellow hexane solution, which

was concentrated to about 1/3, whereby yellow crystals
precipitated. The crystals were collected by filtration
and dried to obtain a desired palladium(phosphonite)z -
complex. As a result of the elemental analysis, the
atémic ratio of phosphorns/palladium was 1.§9, and 3lp-

NMR and lH-NMR were measured, respectively, in acetone dé6
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.solvent, whereby data as shown in_Tablé 4 were obtained,
and the obtained yelléw crystals'were confirmed to be
bis(2,10-dimethyl-4,8-bis(1,1-dimethylethyl)-6-phenyl- |
lZH—dibenzo[d,g][1,3,2]dioxaphoSphqéin)palladium.

Table 4
Yellow complex' ' Ofiginal phoéphonite

Pl160.7 ppm | : )  164.2 ppm
E11. 00 ppm (36H s) 1. 22 ppm (18H s)

2. 40 ppm (12E s) "~ |2. 29 ppm (6E s)

3. 39 ppm (2H d J=12.9 Hz) |3. 51 ppm (1H @ 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 s8) 7. 32 ppm (2H)

7. 56 ppm (6H m) ' 7. 64 ppm (3H)

7. 83 ppm (4H m) ~|8. 03 ppm (2EH)

EXAMPLE 45-1

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

Examplé 2, except'that 1.1 mmol of the palladium complex

' prepared in Example 44 wés used.instéad of palladium o

acetate, 3 meiof triethylamine was used'in addition'to_'

acetone as the solvent for reactidn; and-the'reactiOn

25 temperature waslchanged to 75°C. As a result, the yield

of HOD wés 81.5%, the selectivity for 1HOD was 83.4%,,and
the yield of 1HHDT was 0;5%;_ |




10

15

20

25

- ’70_
EXAMPLE 45-2
| The:éxpériment'of Exémplel40.using Ehe.complex.waé
'garfied out by changing the reaction time to 30 minutes.
or one hour. (3 m¢ of triethylaﬁine was used_in addition
to acetone aé tﬁe_éoiventlfor?reaction; Ehe.reaction
témpéraﬁu:e was'chaﬁged to 75°C, the ?eactién time was 30

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

. solution was withdrawn from the reactor and anélyzed.)_

HOD yield 1-HOD 1-HEDT
(8) *1 selectivity | yield (%)
. g (%) *2 *3
30 Minutes 27.5 76.3 0.4
1 Hour 52.5 78.9 0.4

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

*2:  Amount (%) of 1HOD to the total amount of
180D and 3HOD. N

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

EXAMPLE 45-3

In Example 2, the amount of palladium acetate was

changed to 0.132 mmol, the émount of the phosphonite'was

changed to 1.99 mmol, 3 m¢ of triethylamine was used in
addition_to_acétone as the solvent for reaction, the
reaction temperature was changed to 75°C, the réaction

time was changed to 30 minutes.or'one hour, and a small

 amount of the reaction solution was withdrawn from the

reactor and analyzed.
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SN ~ 1-HOD 1-HEDT
- HOD . 1d -
Examples '(% )Y_l*el- selectivity | yield (%)
(%) *2 *3
30 Minutes |  16.7 76.5 0.1
1 Hour 42.5 78.5 0.2

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

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

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

EXAMPLE 46

In Example 16, a phoSphite was used instead of the
phosphonite. | |

The reaction was carried out in the same manner as in
Example 16; except that the amount of palladium acetate
was changed to 0.098 mmol, 1. 51 mmol of trls(z 5-di-t-
butylnaphthyl)phosphlte was used as the phosphlte, 1.35
me¢ of triethylamine was used in addition to acetone as

the solvent for reaction, the reaction temperature was

changed to 90°C, and the reaction'time was changed to 30

minutes. The results are shown in_Table 5.
EXAMPLE 47

In Example 16, a phosphlte was used instead of - the

phosphonlte.

The reaction was carried out in the same manner as in
Example 16, except that the amount of palladium acetate
was changed to 0.098 mmol, 0.38 mmol of tris(2,5-di- t-

butylnaphthyl)phosphlte was used as the phosphlte, 1. 35
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mé of triethylamine was used in addition to acetone as

the solvent for réaéticn, the reaction temperature was

changed'tb 90°C, and the'feaction timé was changed to one
hbur; _The_reéults are shown.in Table 5. | |
EXAMPLE 48

Ih Examplelz; a phosphinite was used instead of the
phosphonite._ | .

The reacﬁibn.was.carried out in the same manner as in'
Examplé 2, except that the amount of palladium acetate

was changed to 0.062 mmol, 2.02 mmol of diphenyl(2,6-di-

_t-butylphenyl)phbsphine was used as the phosphinite, the

reaction_temperature was changed to 90°C, and the
reaction time was éhanged to one hour. The results afe-
shohn'in Table 5. |
EXAMPLE 49

The reaction was carried'out in the.same manner as in
Example 2, except that the amount of pallédium acetate
was changed to 0.127 mmol, the phosphonite was changed to

2.01 mmol of benzyl(2,2'-methylenebis(4-methyl-6-t-

- butylphenoxy) )phosphine, 3 m¢ of triethylamine was used

" in addition to acetone as the solvent for reaction, and

the reaction was carried out for 6 hours. The resulfé

“are shown in_Table_S.

'EXAMPLE 50

Thefreaction was carried out in the same manner as in
Example 2, except that the amount'of_palladium acetate

was chénged to 0.127 mmol, the phoéphonite_wés'changed'to
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2.00'mmol.o£ cyclohelemethyl(Z{Z'-methylenebis(4-methy1—
6-t-butylphenoxy) )phosphine, and 3 m¢ of triethylamine

was used in-addition to acetone as the Solvent for

. reaction. The results are shown in Table 5.

- 10

Table 5

Exaniples HO(I; )y i*e lld seliczggity yilelI;H D('I;)
| | " (%) *2 %3
46 6.8 67.2 0.04

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 yleld (%) of 1HOD and 3HOD based on

: 1,3~butadiene charged.

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

*3: Yield (%) of 1HHDT based on 1, 3—butad1ene
charged. ,
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 EXAMPLE 51

The reaction and the distiilation of the reaction

solution were carried out in the same manner as in

_ Example 1, except'that the scale was enlarged five times

using a stainless steel autoclave having an internal
capacity of 1 ¢, to obtain 103 g of 1HOD, and the
obtained 1HOD was'subjected Eo a hydrogenation reaction.

Into'a microautoolave of a-Shaking type having'an |
interhal capacity of 100 m¢, 3.9 g of a catalyst having
13.7% of nickel and 1.9% of.chromium supported on

diatomaceous earth, and 26.0 g of 1HOD were charged, and

- the hydrogenation_reaotion'Was carried out under a

hydrogen pressure'of'40 kg/cm3 at a reaotion temperatufe
of 120°C for 2 hours. The reaction solution Waseanalyzed
by gas ohromatography,.whereby'it was found Ehat the
hydfogenationlreaotion'proceeded substantially'

quantitatively, the yield of n-octanol was at. least 99%,

_and'traCe amounts of - 2-octen~1~ol and n-octylaldehyde

were detected.

. EXAMPLE 52 Hydrogenation of HOD

In Example 51, the hydrogenation reaction was carried

out under a'hYdrogen-pressure of 20 kg/cm3'for from 3.5

' hours. The reaction solution was analyzed by gas

chromatography, whereby the yield of n-octanol was 66. 7%,
the yield of 2-o¢ten-1—ol was 26.4%, and the yield of n-

- octylaldehyde was 5.0%.
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REFERENCE EXAMPLE 1 .

Preparation of (2,2'-methylénebig(4-methy;-6-t-

bufylphenoxy))phbsphinochioride

Into a two-necked flask having an internal capacity
of 1 ¢, 14.76 g (107;5 mmol) of phosphdrUS-trichloridé
and loolme 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—methy1-6-t—bdtyl—phenol)'and 25 m¢ of
triethylamine diséOlved in 180 m¢ of toluene, was
dropwise added'theretb o§er'a period of 15 minutes undet_.
a nitrogen atmoéphere. After completion of the addition,
the reaction mixture was heated to 60°C.and stirred for
one hoiir at that temperature. The reaction mixture was
cooled to room temperature, and precipitated iﬁorganic
salts.wefe_filﬁered off. From the obtained filtrate, the
solvent was distilled off, and the residué was dried
under reduced preésure to obtaih 43.07 g (106.3 mmol) of
a white powdér. By NMR, this powder waé confirmed to be
the desired product.

31pNMR (CDce3, triphenyl phosphate: -18 ppm base)

3154.6 ppm ' |

lHNMR (CDC¢;, (CH3),Si base)

8/ppm

1.39(s, 18H, -C(CHj3),)

2.30(s; 6H, -CH,)
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3.71(d, J=12.0Hz, 1H, ArCHAr)
3.99(d, J=12.0Hz, 1H, ArCHAr)
7.03(s, 2H, —-OArH)
7.09(s, 2H, -OArH)

EXAMPLE 53

Preparation of a branched alkyl phosphonite of the

formula (8)

Preparatlon of benzvl(z 2'—methvlenebls(4-methvl-6 £t~

butylphenoxy))phosphlne

Into a two-necked flask having an internal capac1ty

of 200 me, 0.385 g (15. 8 mmol) of flaky magnesium and 20

mé of THF were charged under a nltrogen atmosphere and
stirred by a magnetic stirrer. Then, a solutlon having
2.68 gf(15.7_mmol)'pf a-bromotoluene dissolved in 20 m¢
of THF, was dropwise added thereto over a period of 30

minutes under a nitrogen atmosphere. After completion of

- the addition, the reaction mixture was stirred under a

heating and refluxihg condition for one hour to obtain a
Grignard reagenrr This solution was cooled, and a |
solution having 6.33 g (15.6 mmol) of (2,2'-
methylenebis(4—methyl¥6—t—butylphenoxy))phosphinochloride

prepared in Reference ﬁxample 1 dissolved 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 mixture was stirred under a
heating and refluxing conditioh'for one hour. Then, the

THF solvent was distilled off uhder atmospheric pressure.
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The residue was dissoiVed in 100 m# of toluene, and

inséluble inorganic salts were removed by filtration.

This foluene;solution was subjected.to'distillation under

_reduéedipreséure to distill off toluene and to obtain a

crude phosphonite. The prodﬁct was'recrystallized from

acetonltrlle to obta1n 3.77 g of a whlte powder. By NMR,

this powder was conflrmed to be the desired product.

31pNMR (CDC¢4, triphenyl phosphate: -18 ppm base)

4182.4 ppm

IgNMR (CDCe5, (CH;),Si base)

3/ppm o

1.24(s, 18H, -C(CHy);)

2.25(s, 6H, -CH;)

3.26(dd, J=12.6, 4.2Hz, 1H, ArCH,Ar)
3.57(m, 2H, ArCH,P)

4.22(d, J=12.6Hz, 1H, ArCHAr)

. 6.94(s, 2H, —OArH)

7.08(s, 2H, -OArH)
7.2-7.4(m, 5H, —-ArH)
EXAMPLE 54 |

Pregaratlon of _a branched alkyl phosghonlte of the

formula (8) .

Preparation of cvclohexylmethyl(ziz'-methyleneblsié—

methyl 6— t-butylphenoxy))phosphlne,

Into a two-necked flask having an internal capacity

- of 200 m¢, 0.488 g (20.1 mmol) of flaky magnesium and 25
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mé¢ of THF were charged under a nitrogen atmosphere and

stirred by a magnetic stirrer. .Then, a solution having

3.56 g (20.1 mmol) of cyclohexylmethyl bromide dissolved

'in 25 m¢ of THF, was dropwise added thereto over a period

of 30 minutes under a nitrogen atmosphere. After

completion of the addition, the :eaction mixture was

 stirred under a heating and refluxing condition for ohe.

hour to obtain a Gfignard reagent. This solutidn was

cooled, and a' solution having 8.09 g (20.0 mmol) of

' (2,2'-methylenebis(4-methyl-6-t-

butylphenoxy))phosphichhloride prepared in Reference -
Example 1 dissolved in 36 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

mixture was stirred under a heating and refluxing
condition for one hour. Then, the THF solvent was
distilled off under atmospheric éreséure, and the residue
was dissolved in 120 m¢ of toluéne.- Insoluble inorganic
Sélts,were rémbvéd by filtration. This toluene solution
was subjected to distillation'under reduced pressure to
diétill off toluene and to obtain a crude phosphonite.

The'product was recrystallized from acetonitrile to

. obtain 4.97 g of a White-powder. By NMR, the powdei was

confirmed to be the desired product.
3IpNMR (CDC¢,, triphenyl phosphate: -18 ppm base)
8192.9 ppm - | | '
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lHNMR (CDC¢;, (CH;),Si base)

o/ppm

1.0-2.3(13H, —CH,CgH,,)

1.33(s, 18H, -C(CHj)j)

2.23(s, 6H, -CH,)

3.27(d, J=12.6Hz, 1H, ArCH,Ar)
4.28(d, J=12.6Hz, 1H, ArcnzAr)'

6.93(s, 2H, -OArH) —

7.07(s, 2H, -OArH)

REFERENCE EXAMPLE 2
Preparatlon of Lﬁ-hydroxy-B t-butyl 5-methzlghenzl)-(2-

hydroxy—4 t-butylg;enyllmethane :

In a 300 m¢ eggplant type flask equlpped with a

Dimroth condenser, 33.6 g (0.22 mol) of 3-t-butylphenol

was suspended in 30 m¢ of water. To this suspensibn,'an'
aqueous.solution-having 12.6 g (0.32 mol) of sodium
hydrexide dissolved in 30 m¢ of water, was added, and 35
mé€ of a 37% formaldehyde aqueous solution (0.47 mol of
formaldehyde) was further added. The mixture was stirred
by a magnetie stirrer. This mixture was heated to 80°C |
and stirred at that temperature for 8 hours. The |
reaction mixture was cooled to foom temperature and

acidified by concentrated hydrochloric acid, and then

‘extracted with ethyl acetate. The obtained ethyl acetate

solution was washed with water and dried over anhydrous

magnesium sulfate. The anhydrous magnesium sulfate was

removed, and from the solution thereby obtained, ethyl



10

15

20

25

- 80 -
acetate was distilled off. The residue thereby obtained

was suspended and washed with n—hexane to obta1n 20.9 g

_(0 12 mol, yleld. 51.7%) of 1ntermed1ate 2-

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

1gNMR, this powder was confirmed to be the_des;red

product.

lENMR (CDCe3, (CH,),Si base)

8/ppm - -

1.29(s, 9H, —C(CHj)j) |

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

4.82(s, 2H, -CH,0H)

6.88(dd, J=7.8, 1.8Hz, 1H, ArE p-position to OH).
6.93(d, J=1.5Hz, 1H, ArH m-position to OH)

' 6.96(d, J—7 8Hz, 1H, ArH o-position to OH)

7. 23(br s, 1H, ArOH) .

In a 300 me'eggplant-type flask equipped uith a
Dimroth condenser, 10.3 g (0.057 mol) of intermediate 2-
(hydroxymethyl)-5-t-butylphenol and 10.2 g (0.062 mol).of
2- t-butyl 4—methy1phenol were suspended in 60 m¢Z of
water. To this suspension, an aqueous solution’ hav1ng
10.2 g (0.26 mol) of sodium hydroxide dissolved in 50 me¢
of water, was added, and the mlxture was stirred by a
magnetic stlrrer. This mixture was heated to a
temperature of from lOOIto 110°C and stirred at that
temperature'for 17.5 hours. The reactiou mixture was
cooled to room temperature, acidified by concentrated

hydrochlorlc ac1d and then extracted with ethyl acetate.
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The obtalned ethyl acetate solutlon was washed with water

and then drled over anhydrous magnesium sulfate. _From

the solutlon having the anhydrous magne31um sulfate

removed, ethyl acetate was distilled off, and the
obtalned residue was roughly ‘separated by silica gel
column ohromatography. To the obtained brown highly
viscous oil, n-hexane was added and:left to stand still

to obtain 6.7 g (0.021 mol, yield: 36.0%) ofd(z—hydroxy-

3-t-butyl-5-methylphenyl)-(2-hydroxy-4-t-

butylphenyl)methane as a white solid. By 1HNMR, this
solid was conflrmed to be the desired product.

FHNMR_(CDce3, (CH3),Si base)

&/ppm
'1.25(s, 9H, -C(CHz)j)

1.39(s, 9H, -C(CH;);)

2.24(s, 3H, -CH;)

3.86(s, 2H, ArCH,Ar)

5.65(s, 1H, ~OH)

6.42(s, 1H, -OH)

6.77(d, J=1.8Hz, 1H, ArH)

6. 92(dd, J=8.1, 1.8Hz, 1lH, ArH)
6.95(d, J=2. 4Hz,l2H, ‘ArH)
7.20(d4, J=8.1Hz, 1H, ArH)
EXAMPLE 55 |

Pregarat1on of 5-methyl 3,5'-dl-t-butzldlghenzlmethane-

2,2 -dloxy)phosphlne

In a 200 m¢ four-necked flask equipped with a Dimroth
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condenser and a 50 m¢ dropping funhel, 3.05 g (9.4 mmol)
of (2-hydroxy-3-t-butyl-5-methylphenyl)-(2-hydroxy-4-t-

butylphenyl)méthane obtained_in'Reference Example 2 and

3.1 m¢ of triethylamine were dissolved in 30 m¢ of

- toluene undef a nitrogen atmosphere. To this solution, a

solution having 1.27 me (9.4 mmol) of

_dichlofophenjlphosphine dissolved in 20 m¢ of toluené,

was added from the dropping fummel over a period of 25

minutes at room temperature with stirriﬁg by a magnetic

stirrer. After completion of the addition, the reaction

mixture was heated to 60°C and stirred at that
temperéture for one hour. The reaction mixture was
cooled to room temperature, and precipitated inorganic'

salts were filtered off. From the obtained filtrate, the

'solvent was 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 3!PNMR and lHNMR,

this powder was confirmed to be the desired product.

3lpNMR (CDC¢;, triphenyl phosphate: -18 ppm base)

0164.5 ppm

‘lHNMR (CDC¢3, (CH3),Si base)

é/ppm
1.25(s, 9H, -C(CH4);)
1.27(s, 9H, -C(CHj)3)

'2.29(s, 3H, -CH,)
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3.45(d, J=12.98z, 1H, ArbH:Ar)
4.50(ad, J=12.6, 3.3Hz, 1H, ArCH,Ar)
7.01(s, 2H, —-OArH) |
7.06~7.14(s, 3H, -OArH)

7.5-7.6(m, 3H,'PArH m,o-ﬁqsition)

8.0-8.12(m, 2H, PArH o-position)

' REFERENCE EXAMPLE 3

Preparation og,(grhydrqu—B-t—buéyl-§:methy;pheny1)—(2-

hydroxy-3,5-dimethylphenyl)methane

In a 300 m¢ eggplant-type'flask.equippedlwith a
Dimroth condensef, 25.0 g (0.20 moi) of 2,4~
dimethy%phénollwas suspended in 50 mé 6f'water. To this
Suspehsion, an aqueous solution having 10.0 g (0525.m01)
of sodium hydroxide dissolved in 50 m¢ of-Water; was
added, and 46 m¢ of 37% formaldehyde'(oﬂsl mol df
formaldehyde)'was_further added. The mixture was stirred
by a magnetic stirrer. This mixture was heated to 70°C

and stirred at that temperature for 2 hours. The

' 'Feaction mixture was cooled to room temperature, then

écidified by concentrated hydrochloric acid and extracted
with ethyl .acetate. .The obtained ethyl acetate solution
was washed with water and then dried over anhydrous

magneSium sulfate. From the solution having the

~anhydrous magnesium sulfate removed, ethyl acetate was

- distilled off. The obtained residue was separated from

siiica gel column chromatography, and the solvent was

distilied off, followed by suspension washing with n-
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hexane to obtain 20.5 g (0.13 mol, yield: 65.9%) of

'intefmediate 6—(hydroxymethy1)f2,4-dimethylphenol as a

 white powder. By lHNMR, the powder was confirmed to be

the desired produdt.

lENMR (CDCey, (CH;),Si base) -

J/ppm

©2.20(s, 3H, -CHj)

2.21(s, 3H, -CH,) | .
2.50(br.s, 1H, -CH,OH)

4.74(s, 2H, -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
Dimroth condenser,'10.4 g (0.068 mol) of intermediate 6-
(hydroxymethyl)-2,4-dimethylphenol and 11.6 g (0.071 mol)
ofu2-t-butyl—4—ﬁethylphenol were suspended in 50 m¢ of
water. To this suspension, an_aqueous solution having
10.3 g (0.26 molj of sodium hydroXide dissolved in 50 m¢
of water, was added, and the mixture was stirred by a |
magnetic stirrer. This mixture was heéted to_100°c'and-

stirred at that temperature for 12 hours. The reaction

‘mixture was_codléd to room temperature, then acidified by

¢0ncentrated hydréchloric acid and extracted with
toluene. The obtained toluene solution was washed with
water and then dried over anhydrous magnesium-suifate.

From the solution having the anhydrous magnesium sulfate
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removed, toluene wéé distilled off, and the obtained

‘residue was_separated by silica gel chromatography to

obtain 10.6 g (0.036 mol, yield: 51.9%) of (2-hydtoxy-3-_

_t-butyl-5-methylphenyl)-(2-hydroxy-3,5-

dimethylphenyljmethane as a brown'highly'viscbus liquid.
By lHNMR, the liquid was confirmed to be the desired
product. . '

1HNMR-(che3,'(cn3)4Si base) = -

&/ppm

1.39(s, 9H, -C(CH;);)
2.20(s, 3H, -CHQ)"

2.22(s, 3H, -CH;)
2.25(s, 3H, -CH;)
3.85(S; 2H, ArCH,Ar)
5.36(s, 1H, —OH)

6-80(5, lH' ArH)
6.95(s, 3H, ArH)
EXAMPLE 56

Preparation of 5,3' '-trimethyl43—t-bgty1dipheny1methane—
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-hydr0xy-3-t-butyl-5-methy1phenyl)-(2-hydroxy-2,4- |

- dimethylphenyl)methane obtained in Reference Example 3

and 11.5 m¢ of triethylamine were dissolved in 40 m¢ of

toluene under a niﬁrogen atmosphere. To this solution, a
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solution having 4.75 m¢ (35.0 mmol) of

dichlor¢phenYIphosphine dissolved in 40,me of toluene,

- was added by the dropping funnel over a period-of 30

minutes at room temperature with stirring by a magnétic

stirrer. ‘After completion of the additibn,_the reaction

mixture was heated to 60°C and stirred at that

temperature for one hour. The reaction mixture was

‘cooled to room temperature, precipitated inorganic salts

were filtered off. From the obtained filtrate, the

solvépt was distilled off. The obtained residue was

separated by silica gel column chrdmatogfaphy; and the
solvent was distilled off to obtain_10.3 g (25;5 mmol,
yield: 73.0%) of a white powder. From 31PNMR and 1HNMR,
this ééwder.was confirmed td be the desired product.
SlpNMR (CDC¢;, triphenyl phosphate: -18 ppm base)

8163.1 ppm o |

'HNMR (CDCe,, (CHj),Si base)
9/ppm

1.28(s, 9H, -C(CH;);)
2.17(5, 3H, -CH,)

2.27(s, 3H, -CHj)

2.29(s, 3H, -CH;)

3.39(d, J=12.6Hz, 18, ArCH,Ar)
4.50(dd, J=12.6, 3.6Hz, 1H, ArCH,Ar)
6.85(s, 1H, -OArH) | |
7.00(d, J=2.1Hz, 1H, -OArH)
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7.08(d, J=1.5Hz, 1H, -OArH)

7.11(d, J=1.8Hz, 1H, -OArH).
7;50-7.62(m, 3H, PArH m, p-posifion)
7.97-8.12(m,-2H, éArH o-position)
EXAMPLE 57 R

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 to
1.54'mmol_of 5—methy1-3}5'-di-t-butyldiphenylmethane-
2,2‘-dioxy)ph¢sphiné, 2.65 mZ of triethylamine was used
in addition to acetone as the solvent for reaction, and
the reactidn.time was changed'tb 30 minutes.

The results

are shown in Table 6.

Table 6
1-HOD 1-HHDT
- HOD yield
Examples 0( %)yl*el . selectivity | yield (%)
' (%) *2 *3
57 ©10.3 63.9 0.1

~ *%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.
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WHAT IS CLAIMED IS:

_l.l"A method for producing an unsaturated alcohol having

a chain structure formed by oligqmerization of a

conjugated alkadiéne) which comprises reacting a

5  conjugated alkadiene and water in the presence of carbon

dioxide by means of a paliadihm compoﬁnd.and a phosphofus

compound having at least one trivalent'phosphorus-oxygeh

. single bond, as catalyst. -

2. Thé method according'to Claim 1,

wherein the

- 10 phosphorus compound having at least one trivalent'.'

phosphorus-oxygen single bond is selected from the group

éonsisting of phosphonites, phosphinites and phosphites.

3. The method accordihg to Claim 1,

wherein the

.phosphorus compound is the one having a.trivalent

15 phosphorus atom having a phosphorus-oxygen single bond

- and a phosphorus-carbon single bond.

- 4, The method according to Claim 3,
phosphorus compound is a phosphonite

‘5, The method éccording to Claim 3,

20 phosphbrus compound is a phosphinite

6. The method according to Claim 1,

wherein the
compound.
wherein the
comp¢und.

wherein a

phosphonite compound of the formula (1)).(2),_(3) or (4)

is used as the phosphorus compound having at least one

trivalent phosphbrus—oxygen single bond:

- —

N N R



10

15

20

25

1 —( 9
(3) DU

wherein each of Al and A? which are independent of each

other, is an aryl_grbup or an alkyl group, which may be

substituted, each of a5, a%, A!3, al4, al5 and Al6 which

are independent of one another, is an aryl_groﬁp which

‘may be substituted, each of A2, a3, a8, a9, A1° and All

which are 1ndependent of one another, is an arylene group

which may be substituted, each of A’ and A12 which are
independent of each other, is a bivalent hydrocarbon

group which may be substituted, each of x, x!, y,_yl, z

and 1 which are independent of one another, is an integer

of 0 or 1, each of 0, Q! and T which are independent of
one another is a bivalent ;inking group of the formula
-'caln?'-,' -0~, -8-, -S0,~, -NR*-, -SiR*R%- or -CO-, each of
R! and R? which are independent of each other, is

hydrogen, a C;_;, alkyl group, a phenyl group, é tolyl

' group or an anisyl group, each of R3, R* and RS which are

) O B
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_group, and each of n, m and k which are 1ndependent of
one another, is an 1nteger of 0 or 1.

7. The method accord;ng to Claim 1, wherein a

phosphinite compound'of the formula (5) is'used as the
phosphorus componnd_having at least one trivalent
phosphorus-oxygen singlé bond: |

o |
' \P—O-—;A"‘ ' ()
N7 _
vwherein each of A23, A?% and A?% which are independent of
one another, is.an'aryl group which may be substituted.
8. The method aocording to Claim 1, wherein a_phosphite'
compound of the formula (6)'is_nsed as the phosphorus
compound_h;ving.at least one trivalent phosphorus-oxygen
single'bondé

A%—0

| P—0—an | (6)
an—o” | |

wherein each of A28, 27 ang Aia'which are independent of
one another, is an aryl group which may be substituted.
9. The nethod according to Claim 1, wherein the reaction
ié oarried out in the presencé of a basio compound.
10.'G-Vinyl-z,8,13—tetradecatrien-l-ol. |

11. A bis(phosphonite)palladium complex comprising a

.phosphonlte compound of -the - formula (1) or (2) as defined

in Clalm 6 and palladlum.

TN O DGO
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12. A method for producing an unsaturated alcohol having

- 91 -

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(phbéphonite)palladium cdmplex«

as defined in Claim 11.
13. A phosphonite compound of the formula (7):

—As2 | "
(CH&kz
AM—P Qn

CHayz (7

wherein A3l is an aryl group or an alkyl group, which may

be substituted, provided that the a;kyl groups has no

branch at the S-position, each of A32 and A33 is an

arylene group having an alkyl substituent and A32 and a33

‘are not the same, each of x2 and y? which are independent

of each other, is an integer of 0 or 1, Q? is a Bivalenﬁ
linking group of the formula -CR4IR%2-, —0—; -s-, S0,~,
-NR43-~, -giR44R45- of -CO-,.each_of R“.and'R_42 which are
independent of each other, is hydrogen, a C;_;, alkyl
group, a phenyl group, a toljl group or an anisyl gfoup;

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.

14. A phosphonite compound of the formula (8):

- ——

I ) A '
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o—= |
/  (CHuxs o

. A%—p Qn _ _ o
(CHpys (8)

———A 36

wherein A3% is an alkyl group or an aralkyl group, which

" has a branch at the p-position, each of A35 and A3 which

are independenticf each-other, is an arylene group which
may be substituted, each of x? and y? which are
indépendent of each other, is.an integer of 0 or l, Q? is
a bivalent linking group of the formula -CRY6R47-, -0-,
-S-, ésoéé, ~-NR48-, -SiR4IR30- or -CO-, each of R*® and R’
which are independent of each.other, is hydrdgen; a Cy ;2
alkyl"group,'a.phenyl group, a tolyl group or an ahisyl
éroub,"each of R48, RrR%9 and RS0 which are independent of
ohe'another( is hydrogen or a methyl group, and n is an
integer of 0 or 1.

15. A method for producing a saturated élcohol, which
comprises reacting a conjugated alkadiene aﬁd water in
the presence of carbon dioxide by mé&ns of a'palladiuﬁ
compound and a phosphorus cdmpound having at least one
trivalent phosphorus-oxygén single bond, as catalyst, to

obtain an unsaturated alcohol having a chain structure

formed by oligomerization of the conjugated alkadiene,

and then hydrogenating this unsaturated alcohol to obtain

the corresponding saturated alcohol.
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