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METHOD FOR PRODUCI NG OCTADI ENOLS The present invention relates to an ¥ .,
| nproved net hod for producing octadienols which ane,gﬂhydgate of di mmers of

1, 3- but adi ene, whi ch conprises reacting 1, 3-butadiiene”5 wi'th water in the ¥

presence of a pall adi um conmpound, a phosphi ne conmpound and carbon di oxi de.
Anong oct adi enol s, octa-2,7-dien-1-o0l is a conmpound of particular

I nportance fromthe viewpoint of chem cal industry, as an internediate for
the production of n- 10 octanol and its esters. A nmethod for producing

" octadienols as a hydrate of dimers by reacting 1,3-butadiene with water in

the presence of a palladi um conpound, a phosphi ne conpound and car bong .
di oxi de, is disclosed, for exanple, in 15 Chem cal Conmuni cati-ens, 33®*
(1971) and Japanese Exam ned Patent Publication No. 10565/1975. In such a
case, triphenyl phosphine is known to be advantageous as the phosphi ne

conpound to be used as a ligand for the palladi um catal yst.

However, the

yi el d of octadienols 20 and the selectivity for desired octa-2, 7-di en-1-ol

have - 2 - not been adequate. Further, it is known that

phosphine is used in excess by about 6 nol tines relative to palladium the

yi el d of octadienols

-1 -

METHOD FOR PRODUCING OCTADIENOLS

if triphenyl

The present invention relates to an improved method

for pfoducing octadienols which are a hydrate of dimmers

of 1,3-butadiene, which comprises reacting 1,3-butadiene

5 with water in the presence of a palladium compound, a

phosphine compound and éarbon dioxide.

Among octadienols, octaf2,7-dien-lFol_is a compound

of particular importance from:the viewpoint of chemical

industry, as an intermediate for the production of n-

10 octanol and its esters.

o reng)

A method for producing octadienols as a hydrate of

dimmers by reacting 1,3-butadiene with water in the

presence of a palladium compound, a phosphine compound

and carbon dioxide, is disclosed, for example, in

15 Chemical Communications, 330 (1971) and Japanese Examined

Patent Publication No. 10565/1975. In such a case,

triphenyl phosphine is known to be advantageous as the

phosphine compound to be used as a ligand for the

palladium catalyst. However, the yield of.octadienols

20 and the selectivity for desired octa-2,7-dien-l1-ol have

-



tends t0 be | ow (the above- nenti oned Chenical 5 conmuni cations), and there
has Qpen a problemthat operational conditions are restricted. Further, in
a case wherein the reaction for producing octadienols by this nethod is
conducted in a liquid phase system butadi ene and water are simultaneously
contacted 10 to the above catal yst conpopent, and an operation of
separating octadienols fromthe catal yst®by such a neans as distillation is
conducted continuously or in a batch system And at |east a catalyst

sol uti on .conat nbegnt adegualtedi uFuctierund tarid throwhdspt nkfi s recycled to
the 15 rggction system The present applicants have previously proposed a

net hod f ok reeiphenylapbesphise iis ased ki rexcegsHhhialrwhiéimel poi nt
by-products which are likely to inpair the reaction, which conprises
preci pi t ati ngiBeparedatine2goc pagileditmmtdie |wekd LHoaetadienelseacti on
solution with the above catal¥§t conponent and suppl yihg such a conpl ex
agai n to t het®R@gt FeanPeydo¥m(the abpyemmantdonad GhemiGal enol s (Japanese
Unexanm ned Patent Publi,cation . 174736/ 1991). 25 I n the conpl ex
cat al yst 5r eaCPPBRNLICRELIRBED égﬁp(‘} € %4‘?"( [fe REQRASR ERAt s an

| mport ant ro&géra.ioﬁg %%n i &g%b %Q%Jgégggﬁc:%%{\m |1 give an inportant

Further, in a case wherein the reaction for producing
octadienols by this method is conducted in a liquid phase
system, butadiene and water are simultaneously contacted

10 to the above catalyst component, and an operationIOf
separating octadienols from the catalyst by such a means
as distillation is conduéted continuously or in a batch
system. And at least a catalyst solution containing the
palladium compound and the phoSphine is recycled to the

15 reaction system.

The present applicants-have previously proposed a
method for recycling a catalyst in a form free from'Efgh
boiling point by-products which are likely to impair the

A reaétion, which comprises precipitating a palladium
20 complex from at least a part of the reaction solution

with the above catalyst component and supplying such a

complex again to the reaction system, for the production

of alkadienols (Japanese Unexamined Patent Publicétion

No. 174736/1991).

25 In the complex catalyst reaction, the metal component
used in the catalyst plays an important role.l At the

same time, the ligand used will give an important



- 3 - influence over the activity and selectivity for the catal yst

reaction. The present inventors have conducted extensive studies with arg
aimto provide an industrially advantageous net hod for producing

oct adi enol s, whereby 5 the desired 2, 7-octadi ene-1-0l can be obtained in
good yield and high selectivity by usjng a phosphine |ligand nost suitable
for the dimarization hydration reaction to react 1, 3-butadiene with water
in the presence of a palladi um conpound,, a phosphlne conpound and carbon 10
di oxi de. 1?$4¥ﬁ%°%a?3?§sFhPe§€F98&t§bP@ﬁ(ﬁ? eskishsy £Quhances such as
pal | adi um and. a Ehos hine are g@ntalned and if these catal yst conpgnents
are not USRERLYSECFRAEL}ON:heTBEOREGSERt [owenkqys havs rendicied

Ther ef t to.take out only th 1 |yst. 15 t
a stabl o $5bepnlvarEERaagn udehnet, oty B hr oV skl it ¢

Aavant éée%€€?§9%é§§§§tﬁﬁh§°sr Babc Brofog s g&aﬁﬁ‘?ﬁiof%u'r‘fd“ H'aa't Y rethoc
Publ | 8ot 1 BAC NA951 24858, 7585 £ ApFEnRRR é?%*ﬁ%%pﬁe"’ %%dlp'f RF8  ated and

recycl ed a b |l aon the type
of the pﬁng @ﬁ%ﬁgshgﬁﬂ Egﬁbﬁglggﬁgsh??hggﬁ%%ne | f irl%ls possi bl e
to handl eméé'Ehs@f’taBlEaEbi‘d'tH@ @9malrsait ok arearo% r@é&éyo:?et&and' ed,
the method wll be nore advantageous as an industri al

react 1,3~butadiene w1th water in the presence of a
palladium compound, a phosphine compound and carbon -
10 dioxide. 1In the catalyst reaction solution, extensive
substances such as palladium and a phosphine are
contained, and if these catalyst componeﬁts are not used
effectively, the economical loss will be substantial, -
Therefore, it is important to take out only the catalyst
15 components in a stable formlby an economical means
without impairing the catalytic activity and to recycle
it for the reaction in order to industrially =
advantageously conduct the production of octadienols.
Further in the method disclosed in the above- -’
20 mentioned Japanese Unexamined Patent Publication No. |
174736/1991, tﬁe pailadium_complex to be precipitated and
recycled may have.a problem in the stability in air
depending upon the type of the phosphine as one of the
catalyst components, and if it is possible to handle such
25 & palladium complex in a form more readily be handled,
the method will be more advantageous as an industrial

process.



process} - 4 - The present invention provides a nethod for producing
octadi enol s, which conprises reacting 1,3-butadiene with water in the
presence of a palladi um conmpound, a phosphi ne conmpound and carbon di oxi de,
wherein a compound 5 of the formula (I1): [err] 10-

(1) 15 _ 4[grr] wherein each of [err] and
[err] which nay be the sanme or different, is a hydrocarbon group, and each
of [err] [err] and [err] which may be the same or 20 different, is.

hydr ogen .or a sulf€ REERenprowenkiomprovideasa nathofl £henprodacing

el ectronggonative substituent, is used as the ghosphine-conpgund. Furt her,
the presewmt PRFRLEIRLSoWNCh Lampiises sHeaethng nk)y 3phrtadienecwithex

whi ch conprises 25 . pall adium and a. phosphinhe of the above_formula (1).
Narrel y, the HP%?énF% Fhen RFESENER rﬁnF%A*@é@“Wd%ﬂBP?HB@'oétadienols can
be obtained bgo%%BQEg(gé%péﬂﬂé and carbon dioxide, wherein a compound

5 of the formula (I):

10 | (1)
P
15
wherein each of R}, R® and R? which may be the same ~or®
different, is a hydrocarbon group, and each of R?, R3,
o RY, RS, R7, R®, R0, R!! and R!? which may be the same or

20 different, is hydrogen or a substituent, provided that at
least one of them is an electron donative substituent, is
used as the phosphine compound.

Further, the present invéntion provides a novel
bis(phosphine) palladium complex which comprises

25 palladium and a phosphine of the above formula (I).

Namely, the present inventors have surprisingly found

that octadienols can be obtained in good yield, 2,7-



oct adi ene-1 -0l can be obtained highly selectively and a wi de range of
operational conditions can be sel ected, when a phosphi ne conpound havi ng

t he above nentioned specific structure is present as the phosphine Iigand
in 5 the reaction for producing octadi enols from 1, 3-but adi ene and wat er
in the presence of a palladi um conmpound, a phosphi ne conpound and car bon

di oxi de. Further, it has been found that when a catalyst containing a novel

Fﬁéf’?iﬁ%c‘ﬁaé %""'h's olo5ap B 'exeﬁ‘éf“gﬁa ,b'e 'lper%a”h sty faeﬁgnyai‘)

caral yor Wide s %néd b8 EbrPRs PN, SRrdtedd bv“ Ctéaﬁ} hZ”ct;%;a?yst
1

Car ol et Whéd 29 ééééﬁkﬁnvennﬁg%ﬁaixa#ﬁ%saccon%%ﬁ e oS ot

h d d |

iese, O SHONELE S pPbtcelpe BECTRLANR N iR, @ﬂésﬁﬁu@e&% 4 geta

avai | §b' LR w@c@y&adrse %ﬁﬁgagg bt 1re%(1fs‘3<tfe4rﬁf1vsairﬁ{t$a&éﬁ§ net hod

of th& present I nvention pro octadienols, is purified 1,3 butadiene
or so-caligd @Bfet- gn EhEeEEESEhéQt o#nal mgstmraelfurnpra IipOHRECEPOS1 ti on

product of napht ha. BP is 25 wused as the starting nateri al mai nly

from the gresonisal cempsudar ahdoearbon ‘@idkiidesbl frur&ri@:el FLR AR
separate and renove acetyl enes and all enes contained in the

been found that when a catalyst containing a novel

bis(phosphine) palladium complex which is stable in air

10 and easy to handle and has a high level of heat
stability, is precipitated from at least a part of the
reaction solution obtained by the reaction, and the
catalyst is supplied again_to'the above reaction system,
only the catalyst component can be iecycled without

15 1loosing the effectiveness aé'the catalyst. The present
invention has been accomplished on the basis of these
discoveries. : _ . | r—p

Now, the present invention will be described in

(@

detail with reference to the preferred embodiments.

20 . Usually readily available as the butadiene material
to be reacted with water by the method of the present
invention to produce octadienols, is purified 1,3-
butadiene or so-called BBP i.e. a C, fraction mixture
from the decompoéition product of naphtha. When BBP is

25 used as the starting material mainly from the economical
consideration, it is advisable to preliminarily separate

and remove acetylenes and allenes contained in the



- 6 - sfarting material BBP. There is no particular restriction as to the
nethod for reducing acetylenes and al |l enes, and vari ous known nethods may
SU|tany be used. After the renmoval or reduction of acetyl enes and al | enes,
5 the total concentration of acetylenes and allenes in the 1, 3-butadiene
starting material to be subjected to the dimarization hydratlon reaction to
produce oct adi enols, should be as Iom/a36p035|ble and it is usually
preferably at a level of not hi gher than 1.0% by weight 10 relative to

1, 3- but adi enstavating amattdwial BBP st afheng ket Boi parkagudairt ably be wat er
havi ng h?uff|0|ent purity not to adversely affect the dimarization
hydrati orfr exesitedctilan eas stocthparmethodr forsreduciog asetylemesamnt of
water to be 15 used. However, the anount is usually selected within a range -
of from 0.5 gdlemespl andrearions knewm methodspay, spitapdy de used.

1, 3- but adi ene._ The form and the atom c val ency of the pal | adi um conpound to
be used as tﬁ@tﬁﬁ|¥Q§ﬂ¥§®@ﬂaln°¥h@e%¥%§éﬁﬂ Qg ?ﬁ@ﬁﬂ@?ﬂﬁs and gddenes,
necessarily restrictive. In addltjon to the novel blsé phosphi ne), pal:l adi um

conpl ex Vher & qﬂ?ﬁﬁuﬁﬂﬂﬁ?ﬁa*ﬁ&#%Ps??u%?%F% Bregnhdn oF%ﬁP§e€I}n1ﬁﬂ§
may, for exaqp%ebd% dmgké)sta§E£EJQ$§ erlgfngdbgnéﬁ ch%ea to the

dimarization hydration reaction to produce octadienols,

should be as low as possible, and it is usually

preferably at a level of not higher than 1.0% by weight
.10 relative to 1,3-butadiene.

Water as the other sta?ting material may suitably be
water having a sufficient purity not to adversely affect
the dimarization hydration reaction. There is no
particular restriction as to the amount of water to be

15 used. However, the amount'is usually selected within a
range of from 0.5 to 10 mols, preferably from 1 to 5
mols, per mol of 1,3-butadiene. ' —

The form and the atomic valency of the palladium

o compound to be used as the main catalyst in the present

20 invention, are not necessarily restrictive. 1In addition
to the novel bis(phosphine) palladium complex wherein the
phosphine has a structure of the formula (I), there may,
for example, be employed a 0O-valence palladium complex
such.as palladium tetrakis(triphenylphosphine),

25 dipalladium tris(dibenzylidenacetone) or palladium (1,54
cyclooctadiene) (maleic anhydride), an organic salt of

palladium such as palladium nitrate, an organic salt of



such as pal |l adium tetrakis(triphenyl phosphine), 25 dipall adi um
tris(di benzylidenacetone) or palladium (1,5- cyclooctadiene) (naleic
anhydride), an organic salt of palladium.ssuch as palladiumnitrate, an
organic salt of - 7 - palladiumsuch as palladium acetate and a

pal | adi um.chel ate conpound such as pal | adi um bi s(acetyl acetone) as well as
a bival ent palladi um conpl ex such as pal | adi um bi s(tri-n-butyl phosphi ne)
acetate. 5 The amount of such a pal |l adi um conpound to be used, varies
wi thi n a paldtadiugesusbnase paliliadiamh anetateaand |3 palbadbamwi t hin a range
of fromO0.00001 to 1 g atommpreferably from0.0001 to 0.1 g aton1§5

pal | adi unfpetaks| cempoundh susd afe Pald-adium bifl 3ppkplreeteraboadd=t o be

Formul a (V5LLTAS ReBABBLEmtoBRILE IR GOSN TR |2 RA 481 SBhi ch oy be
| overal gL BEELENR WA DOSRIE RG] FAERARRT o oms, parti cul ar Ly prof or abl y
Subst P uent wiPR STERRReE BT A HE Bt Sometod "8 B URRAG Them
whi ch nayvggiégewithin a wide range. However, the amount is '
usually selected within a range of - from 0.00001 to 1 g
atom, preferably from 0.0001 to 0.1 g atom as palladiuﬁ'
per mol of 1,3-butadiene. oo = | : —
10 The phosphine compound to be used in the method of
the present invention, is a cqmpound of the above formula
{I). |
In the above formula (I), each of R!, R and R® which:
may be the same or different, is a hydrocarbon group, |
15 usually preferably a lower élkyl group having fzbm i to 4
carbon atoms, particularly preferably a methyl group. |
At least one of R?, R3, R?, RS, R7, R8, R0, Rlleamg
R!2, is an electron donative substituent with a Hammett ¢
value being negative, and each of them which may be the _ -’
20 same or different, is hydrogen or a substituent,
preferably an electron donative substituent.
The electron donative substituent may usually be an
alkyl group, an alkylamino group, an amino group, an
alkoxy group or a hydroxyl group, and such a group may
25 have an electron attracting'substituent such as a halogen
atom, a cyano group, a carbonyl group or a sulfonate |

group attached thereto, so long as it is electron



20 same or different, is hydrogen or a substituent, preferably an el ectron
donative substituent. The el ectron donative substltuent may usually be an
al kyl group, an al kyl am no group,_ag am no group, an al koxy group or a
hydroxyl group, and such a group nmay 25 have an electron attracting
substltuemﬁdnaﬁlva;asrnﬂw@eheaimmong themoagr algylagreupooyl ajkoxy or

sulfonate roup atfa d%gg é L§to, so long as it is electron donative as
a whol e. dP R e ? rgroup or al koxy group-are preferred.

Preferany, tfu?n&fet&bky1 ghau@aad alkpyggeuppokaalkesm grovp2®asar bon
at ons. &ﬁypi fbasphi ne conpound i ncl ude
tris(2, igdlnefﬁ f en p %g%ﬂlﬁe %Fls(z 3-5 dlnethylphenyl)phosphlne
tris(2,5- dimet h?IFﬁ HFn@f1ﬁthHhQ$Ehlﬂ¢|ﬂ@mﬁ9paﬁehybﬁpHGSphlne
tris(2,3,4- trlnethylphegﬁ aphosphlne tris(2,3,4

¥;

t et r amet hyl PPPPS@QPRQﬁRHLQEI:ﬁ?lS@@h§fphenyl)phosph|ne

tris(2-nethyl - oct hen phosphi ne, tris(2-nmethyl-4-(2-sodium
sul fona? e) *ﬂﬁﬁﬂ%%@ﬁ?gﬁ&é%ﬁpﬁe 1??vs@f%ﬁﬁ?nﬁf4 (2- lithium

i et ny| pheiNS TR A5 DA BOREDABERh G (B 4:5-
trimethylphehyl)phosphlne,_trls(2,3,4f |
trimethylphenyl)phosphine, tris(2,3,4,$-—._ |
tetrameﬁhylphenYl)phosphiné,.tris(z-methylr4-

10 ethyiphenyl)phosphine, tris(2—methyl-4-
octylphenyl)phbsphine, tris(z?methyl-4—(2—sodium
sulfonate)ethylphenyl) phosénihe , tris(2-methyl-4-(2-
lithium sﬁlfohate)ethjlﬁﬁényl)phosphine, bis(2,4~ ..
di@ethylphényl)(2—methy1phenyl)phosphine,.(2,4-

15 dimethylphenyl)bis(Z-methylbﬁenjl)phosphine, bis(2,4- -
diﬁéthylphenyl)(2—ethylphenyl)phosphine, tris(zépethylf4—
methoxyphenyl)phosphlne, trls(z—methyl 4- o
ethoxyphenyl)phosphlne, trls(z—methyl -4~ '
octoxyphenyl)phosphlne, tr15(2—methyl—4—(2—

20 ethoxy)ethoxyphenyl)phosphlne, tr15(2-methy1 4-(2-sodium
sulfonate)ethoxyphenyl)phosphlne, trls(z—methyl -4-(2~
lithium sulfonate)ethoxyphenyl)phosphlne, b;s(2-methy1—4—
methoxyphenyl)(2-methylphenyl)§hosphine, (2-methyl-4-.
methoxyphenyl)bls(Z—methylphenyl)phosphlne, tris(2-

25 methyl 4-d1methylam1nophenyl)phosphlne, trls(z—methyl-4-
decoxyphenyl)phosphlne, t;ls(z—methyl —4-(l-methyl-
heptoxy)pheﬁyl)pbéséhine and ﬁrisngmethyle4-(te:_



15 di met hyl phenyl ) bi s(2- met hyl phenyl ) phosphi ne, bis(2, 4- di net hyl phenyl)
(2- et hyl phenyl ) phosphi ne, tris(2-nmethyl-4- nmethoxyphenyl) phosphi ne, .
tris(2-methyl-4- ethoyxyphenyl)phosphine, tris (2-2-nethyl-

oct oxyphenyl ) phosphine, tris(2-methyl-4-( 2- 20

et hoxy) et hoxyphenyl ) phosphine, - tris(2-nethyl -4-(2-sodium -

sul f onat e) et hoxyphenyl ) phosphi ne, trléki'nethyl 4 (2- lithium

sul f onat e) et hoxyphenyl ) phosphi ne, bi s(2-net hyl -
nethoxypmﬁﬂﬂxkxPhﬁnY@)pheayh}phospHoweve¢2 mhehFMOsphlne compound

met hoxyphenyl ) bi s(2-nmet h henyl ) phosphine, tris(2- 25 , (W

met hyl - 4- diSmdt |%ﬁﬁhmée5|mh§§ghl ﬁpecaﬁns(gxmiﬁSA- #
decoxyphenyl)phosphlne tris{2-methyl-4-(1-nmethyl-: hept oxy) phenyl ) phosphi ne
and tris 2-netth® apn?unt of_the. PBGﬁ?h}ﬁﬁe@ﬂWM@pmawélsua—b\&wer t he
phosphi ne ¢ qund is npt restricted to such specifi'c exanpl es. The anount
of the ph(ieﬁ'[%) % IpERIR @ sWikEaFRpgeePEcfE@MOrfi $02 1i0iaalshge of from

20 IS, B "%faab?rx CEEOR) § ok 5 "Mafae mave BESFRAgbiar Srow ok ional

be sel ected. Car oxlLde to_be used | t he nethod of the

ngg;;'ton?d’gﬁ‘{]?]&f s .t t%gigél}lﬂng EEUFV Iaswi' e 3R8genOin the
form of C%%%?Lé%éﬁ%f‘ éﬁh{€&o£§aééﬁoﬂe selected,

Carbon dlox1de to be used in the method of the
present invention may be of any type so 1ong as it is
10 present in the form of carbon d10x1de 1n the reactlon :
system. For example, it may be molecular carbon dioxide,
carbonie acrd, a carbonate, a b1carbonate or an adduct of
‘carbon dioxide or carbonlc a01d w1th amlne. The upper -
limit of the amount of carbon dlox1de is determlned from
15 the econom1ca1 v1ewp01nt, and an exce551ve use does not
impair ‘the reaction. ‘Carbon dlox1de is used usually in
an amount of at least 1 mol, preferably at least 10771,
per g atom- of palladium. - .
To conduct the method of the present invention, it is L
20 preferred to'employ a'solvent in order'to smoothly carry
out the:reaction.. Useful solvents include,'for example,
éthers such as diethyllether, dibkane,'tetrahydrofuran,
ethylene glycol dimethyl ether and tetraethylenelglycol
dimethyl ether, ketones such as acetone, methyl ethyl
25 ketone, dlethyl ketone, methyl 1sopropyl ketone and ethyl
n-butyl ketone, nltrlles such as acetonltrlle,

propionenitrile and benzonltrlle, aromatlc hydrocarbons



systen1‘ For exanple, it may be nol ecul ar carbon di oxide, carbonic acid, a
carbagnate, a bicarbonate or an adduct of carbon dioxide or carbonic acid
with'amne. The upper limt of the anobunt of carbon dioxide is determ ned
from 15 the econom cal viewpoint, and an excessive use does not inpair the
reaction. Carbon dioxide is used usuallﬁ in an anount of at least 1 nol,
preferably at |east 10 nol, per at o &P pal | adium To conduct the nethod
of the present invention, it is 20 preferred to enploy a solvent in order
to snoothly sunhyasubenheneeatbaneneusawmenﬂﬂanﬂnethythemmenépr exanpl e,
ethers sych as diethyl ether, dioxane, tetrahydrofuran, ethylene glycol

di et hyl ‘et eltkameis t eucaeaaypen&aglwcmezmneetaqd heptane kea bkesesusuchs
acetone, nmethyl ethyl 25 ketone, diethyl ketone, nethyl isopropyl ketone
and et hyl n-asithexereoand fActenees suldipxdsles aush 1as | e, propionenitrile

and benzonitrjle, aromatic_hydrocarbons - 10 - such as benzene,. tol uene,
xyl ene and éilfmm&%éfoamﬁne§l§l§@h %‘%ﬂ%éu%%e“hhwlh%%%ﬂé

al kenes such as hexene and octene, Sul foxides such as di neth yl f oxi de,.
nitro cobpoAR& RlEFomethanponLRYFdAd NS Hﬂqqkﬂﬁﬁ 1 &%y ﬂ? ine

derivatives sugch as di ne and a-picolin and am d such as acet am de,
ang a—plgg{ine, 8 amlﬁes such as ace aﬁ?ﬁe,

prbpionamide, N,N-dimethyformamide, N,N-dimethylacetamide
and N,N-diethylacetamide. As other solvents, alcohols
such as methanol, ethanol, n-propanol, isopropanol, n-

10 butanol, isobténol, t-butanol and n-octanol, and
carboxylic acids such as formic acid, acetic acid,
propionic acid and butylic acid, may be mentioned. Among
them, when lower alcohols are used, formation of by-
products such as alkoxy octadienes will be accompanied,

15 and when lower carboxylic aéids are used, formation of
by-products such as acyloxyoctadienes will be
accompanied, whereby a due care will be required, strme
the reaction system will otherwise be complicated.

o - The amount of the solvent is not necessarily limited.

20 However, it is usually optionally selected within a range
of from 0.1 to 50 parts by weight, preferably from 1 to
10 parts by weight, per part by weight of 1,3-butadiene.

The reaction temperature for the reaction of 1,3-
butadiene with water according to the present invention,

25 can be selected within a wide range of from room
temperaturé to 180°C. However, it is common to select

the temperature within a range of from 50 to 130°C.



propi onam de, N, N-di net hyformam de, N, N-di net hyl acet am de and

N, N- di et hyl acet am de. As ot her sol vents, al cohols such as nethanol, <

et hanol , n-propanol, isopropanol, n- 10 butanol, isobtanol, t-butanol and
n- oct anol, and carboxylic acids such as formc acid, acetic acid, propionic
acid and butylic acid, nmay be nentioppd. Ampng them when |ower alcohols
are used, formation of by- products Such as al koxy octadienes will be
acconpanled 15 and when | ower carboxylic acids are used, formation of

by- pr odudioyes(gsty aFSlh’éyno&ywad#@ﬁﬁgrﬂntPFebﬁaaS@omfarﬁl’ed-eam‘er eby a due
care will_ be required, since the reaction systemw || otherw se be _{

conpl i cat9&f 'Tﬁg’%%ﬁi‘ ble byePrgfyere tenFotondOFFsdm 18 |inited. 20

Ho | Ly l,ect ed wi t hi f f 0.1 to 50
parts by & a»asbqan 2t f%mﬁvb?%‘am S IBEREFEEo RoHeC e TR by
wei ght of t adi ene. reacti.on t eratuyre for t re cfion of 1,3-
but Sdi end SHRSFAETES mgmﬁﬂg B RoopEABERRolRy d iasted #€1d "D

relecked i 'lh % 4R OHB. PhabFOSY) PRTK SEPIRRAY 4 GEBHOH??EE”’ !

by o oA fgrﬂbagvaﬁﬁp%awaema@nga 8 The FAUsegt™ undesirable

invention, a phosphine compound having the specific
structure is used, whereby it is possible to prepare

octadienols in good yield at a sufficiently high rate

10 even within such a lower temperature range. The reaction
pressure is selected within a range of from normali:
pressure to 200 kg/cm2. In such a case, in addition to
carbon dioxide, a gas inert to the reaction such as
nitrogen, herium 6r argon may be present.
15 - In the present inventioh, 1,3-butadiene and water are
reacted under the above described reaction conditions
using the above described materials for reaction, to~form
octadienols. The reaction solution obtained by this
reaction contains the catalyét, 2,7-octadien-1-0l as the -;;

20 main producf and by-products such as 1,7-octadien-3-ol,
octatrienes, dioétadienyl ethers, organic carboxylic
acids and esters as well as the solvent and unreacted
1,3-butadiene and water. The amounts of the by-products
depend on the reaction conditions, and they are usually-

25 within a few mols, respectively, based on 1,3-butadiene.

The method of the present invention may contain an

additional step of precipitating a catalyst component



subst ant'i al anount, and it is preferred to select a | ower tenperature range
to ohtain octadienols in good yield. 5 In such a case, the reaction rate
is likely to be problematic. However, in the nethod of the present
i nvention, a phosphi ne conpound having the specific structure is used,
whereby it is possible to prepare octadjgnals in good yield at a
sufficiently high rate 10 even within such a |lower tenperature range. The
reaction pressure, is selected_ within ar ng& of from normal pressure to 200
kg/ cn2. ILn SRIFIRIRG 2 GOHRLEE SAMPESes: Rén BRldaddm Anfhdheert to the
reactiongsuch as nitrogen, heriumor. argon .be present.. 15 In the
present inv ‘?W”&?e-ﬁﬁ?‘&d%ﬁerﬁﬂﬂt&& e?omlroé’a&b&fﬁﬂﬂﬂe:bx H&bove
described reaction conditions.using the abqve scrihe terials for
feact | on. 1 GHaYksAaGtehoraa Thed, iBelsd v, HhE Sr ath s, drikPnen s
reaction co | t v Lz di en:l - ql .as 0. mai n_product
and by-prod&%&?ﬂiJ%Eﬁaigl?%¥§§§3§i%ngggr, %EFa%Hl nééhﬁﬁﬁﬁ?téhfgﬁvgp
et hers, orgah | ' Y and
unr eacte 1@%&# adi n%ﬁgﬁds %?égieﬁ{hgaglﬁg%ﬁ‘? ?°\§§Mtsﬁ?st§§ﬁ§’r%§‘uac‘f@} nélepend on
the reactiongondid i oNSspRife! §8YtAECaYSVR! Ibram1alM (i) hak HEIYHT! %
respectively, asé% on ﬁ?@-ﬁﬁta i ene. The method of(gpe prese I nvention
may contai n ¢Heasd tdonel 15t fPand PEeehBlt @0 RAnd1eqt Anticumpnent
advantageously be recycled without any substantial
deterioration of the catalytic activity by recycling. To
10 form such a compiéx; it is preferred to treat the
reaction solution so that the phosphine in the reaction
solution is at least two mols, preferably at least three
mols per g atom of palladium, in a free state to be
capable of being coordinated to palladium. Specifically,
15 the reaction solution or a part of the reaction solution
containing the catalyst component, is contacted with a
basic substance or with a reducing agent such as hydrogen
to conduct an operation to make the phosphine a free
state to be capable of being coordinated. It is of
20 course effective to additionally supply a phosphine to
the reaction solution. As the basic substance to be used
for contacting it with the reaction solution or with a
part of the reaction solution containing the catalyst
component, a hydroxide of an alkali metal, an alkaline
25 earth metal or an ammonium ion, an oxide, an alkoxide, a

carboxylic acid salt, a carbonate or a bicarbonate, may

be used.  Specifically, lithium hydroxide, sodium



- 12 - containing a conpl ex conposed of palladiumand the phosphine, from
t he reaction solution obtained by the above reaction and then supplyingthe
catal yst conmponent again to the reaction system For this purpose, a.-novel
5 bi s(phosphi ne) pall adi um conpl ex conposed of palladi um and the phosphi ne
of the above formula (1) has high theygml stability and is easy to handl e,
and it can advantageously be recycled w thout any substantial deterioration

or of or r cAFEFPRIAE Mo taR v ker ot ans CBEeRas LR PR AR ARG he
" at om of SRAREAGBARLH, S H9te Spawn, 6 BRELER Ao pEaRim,BERE ak8er ai ndl od 0
Ceacti on ESPRERLSAFH S ot RS Rt BPndEh 0k CRe8S PR 0T ot ca wi th o
operat | onPioaceeRiatl hdy 10 BLAGLGREA IC" OF Y Chpanl o of boing

coor dignat ed. - yhd Hells bulPLiage elieablu1y0iA0the 202 Yeoupp! Y 2

phosphine to the reaction solution. si ¢ substance to be used for

cont act i ngolhy tWoln didsdBAsd | O §0é516@ﬁt0éu&htQsawBEéE,QBuEthrﬁ%??i0”
sol ution containing the catal yst conponent, a hydroxide of an al kali netal,
an al kal i pe dBedednt 'x BY¥Ia Of o, aMTRELENLEOR BAreXbdearan al koxide, a
restriction as to the concentration of the basic
. substance when it is used in the form of a sol&éion, but .
10 it is usually adﬁantageous to use a solution of from 0.05 ~
to 5 mols/¢. The amount of the basic substance is not
necessarily restrictive, but it is preferably at least
equimolar to the phosphine.
. The temperature for the contact treatment of the
15 reaction solution with the Basic substance .or with the .
reducing agent such as hydrogen, is preferably from 0 to
150°C, more'preferably'from 20 to 100°C. In order~te
precipitate the catalyst more efficiently, it is
advisable to cool the-solution after the contact.. f\)
20 treatment.
The catalyst precipitated from the reaction solution
or from the part of the reaction solution containing the
catalyst component, can be readily separated and
recovered by a conventional technique such as filtration
25 or decantation. A part or whole of the recovered

catalyst may be supplied again to the reaction for -

producing octadienols by reacting 1,3-butadiene with-



carboxylic acid salt, a carbonate or a bicarbonate, may be used.
Specifically, lithium hydroxide, sodium - 13 - hydroxide, potassium

hydr oxi de, nagnesi um oxi de, cal ci um oxi de, barium oxi de, sodi um et hoxi de,
sodi um acetate, sodi um carbonate, cal cium carbonate or sodi um bi carbonat e,
may be nentioned. 5 The basic substgnce is usually in the formof a
solution dissolved in a solvent such as water, but it may be used in a
solid form There is no particular restriction as to the concentration of
the basic sub@E8Reeafnéhe ©ase FeMMinPIhe formof a solution, but 10 it
i's usual hy advanéﬁ eous to use a solution of, fromO0.05 to 5 mols/[err]. The

amount of the ba $0: 9§Phﬁﬁe}2ﬁ%%%_ivmy09@g%?¥cwh95?iaut Bt is
Cont act 11 caPRRRBRSPS e PSErEsentHp SO i bRy SHEILS, b buLRRRree or
i e, eOUELRg 8RR U IS P 20 O 0 fooler )
L nent! Y gL AR SRR B, B0 A ok e A 20
tetrakis(triphenylphosphine) or palladium :
tris(triphenylphosphine). Namely, it can be obtained by
reducing a palladium bivalent complex such as palladium
chloride with a reducing agent such as hydrazine hydrate
10 in the presence of a predetermined phosphine ligand, as
disclosed in D.R. Coulson, Inorg. Synth.,'13, 121(1972).
‘The method of the present invention can be carried
out in a well known manner such as a continuous system, a
semicontinuous system or a batch system. The octadienols
15 as the main product can be fecovered by various means
such as distillation, from the reaction solution or from
a filtrate having the catalyst removed by the above=—
mentioned operation. A part or whole of the catalyst and
N the remaining reaction mixture, may be recycled to the
20 reaction system, by themselves or after separating the
catalyst by the above mentioned operation.

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

25 means restricted to such specific Examples. -
EXAMPLE 1

Into a stainless steel autoclave having an internal



or fromthe part of the reaction solution containing the catalyst
conponent, can be readily separated and recovered by a conventi onal .
techni que such as filtration 25 or decantation. A part or whole of the
recovered catal yst may be supplied again to the reaction for producing

oct adi enol s by reacting 1,3-butadi§n§ Wit h - 14 - water, as the case
requi res. The novel (phosphine)palla ?uhlconplex wherei n the phosphine is
represented by the above fornmula (1), can be prepared also by the sanme

met hod asapgeidye offor3 0 knéwn0 53 6 pampddiofmpa Waddnim FHesstateve Todpl ex. such
as paIIadiun1tetraKis(triphgnylﬁhosghine) or pall|adium 5&
tris(tri pRedyofhddps ) 4-dipethylphenyd) phosphidieredbya rafluci ng a¥

pal | adi um bi val ent conpl ex such as pal |l adiumchloride with a reducing agent
such as PFeteAenand b a?ed10f Vatemevigres Shagasd anferiaa arirrgephosphi ne

ligand, as disclosed in D.R, Coul son, .Inorg. Synth., 13, 121(1972). The

net hod oﬁaﬁhéﬁmQ§§§ﬁr?nv%ﬂ@igi Eaﬁ%b&' EY ighe iapd Wel9 ¥hown nmanner
such as a continuous, syste sem conti nuaus st or_a batch system The
oct adf en&AE ’f:hé rrﬁ?gkpgﬁﬁg rcd'ﬁ“ﬁé’%@%er ggl%yr?/%?ﬂﬂ& nmeans such

as distill.ation | uti,on. o, froma fi e having the

cata|yst“P&ﬁﬁVE%‘%#9?%%Q§S§S§ﬁghint%% Lnternal-temperat&%éegecame

80°C over a period of 20 minutes, while stirring the

mixture at a speed of 800 rpm. The reaction was

continued at 80°C for further ﬁwo-hours.' Then, the o
10 reaction product was analyzed by gas chromatography. The

results are shown in Table 1.

EXAMPLES 2 TO S5 AND COMPARATIVE EXAMPLES 1 AND '2_

The operation was conducted in the same manner as in

Example 1 except that the-phosphine compound as

15 identified in Table 1 was used insﬁéad of tris(2;44

dimethylphenyl)phosphine. The results are shown in Table



mentioned operation. A part or whole of the catal yst and the remaining
reaction mxture, nmay be recycled-to the 20 reaction system by thensel ves
or after separating the catalyst by the above nentioned operation. Now, the
present invention will be described g1 further detail with reference to
Exanpl es. However, it should be understood that the present invention is by

no 25 noanc rocter ot o oL AR

FeaRS—eSstetet—to—steh—spectftcTExanptesEXAMPEE ]I nto a

stai nf ess Bt eel] autoclave having an internal cdpacity of J00 ne, - 0. 36

nol pin p# | adijum acetate, 1.44 mol of tris(2,4-ﬁinethylpheﬁyl)phosphine,

61 g pFiadbtFne rand 65 g of wat €7 were®harged ugdey a witrdgen gas ~

at nosph anddl g ef 1,3mbutadiene agi 11 g of {54carbeh dijoxi de wer &

furtherw ft rodd®d. TRE realtion i xturé was heat éd®unti P thd inter nal

t enpegrature—begtare—terri—over—ea—pertrotof—28—mtrutres—white—gqt i rri ng tf’%

mxture_at a speed of 800 rpm The reaction was cqntinued at |[ etL] for;g
b
=]

further«two hours. Then, thg 10 rgaction,product JWag analyzed by® gas

chro tgbraphy. Fhe results are shown in:Table 1. [EXAMPLES 2{TO 5 AMB
COVPARAY VE EXANPLES T'AND 2 The “bperation was cofdicted T n tlhe bame®nahner
as inf Exanpl e } except that the phosphine compoundq as

iene (%
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(%)
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2.0
2.1
1'5
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N
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=z

95
95
95
93
95
84
95
11 the products from

1-HOD*?
SHOD
(%)

SHOD*1
(%
84,
82.4
9.
g84.1
77.
47.6
76.6
ienols in a

,7-triene to the charged butad

Table 1

tadienyl ether to the charged butad

ty of octad

ivi

Phosphine compound
dimethylphenyl)phosphine
dimethylphenyl)phosphine
Tris(2-methyl-4-
methoxyphenyl)phosphine
trimethylphenyl)phosphine
Tris(2-methyl)-4-
decoxyphenyl )phosphine
methylphenyl)phosphine
Proportion of octa-2,7-diene-l1l-ol (1-HOD) in the octadieno

Tris(2,4-
Tris(2,5-
Tris(2,4,5~-
Tris(2-

. Yield of the formed octadienols to the charged butadiene (%)
vield of the formed octa-1,

Example
No.
Example 1
Example 2
Example 3
Example 4
Example 5
Comparative Triphénylphosphine
Example 1
Example 2

Comparative

*2) 1-HOD/ZHOD:
*4) DODE: Yield of the formed dioc
*5) SHOD Selectivity : Select

*1) ZHOD
*3) NOT:




15 identified in Table 1 was used instead of tris(2,4- -
di net hyl phenyl ) phosphine. The results are shown in Table 1. - 16 - «

[err] [err] [err] [err] [err] [err] [err] O [err] [err] [err] [err] [err]
[err] [err] [err] [err] [err] [err]

- 17 -
EXAMPLE 6
P

{4
4

The operation was conducted under the same conditionsH 
as in Example 1 except that 0.5 mmol of palladium
acetate, 2 mmol of tris(2,4-dimethylphenyl)phosphine, 50
5 g of acetone, ls'g of water, 27 g 6f 1,3-butadiene and 15 .
g of carbon dioxide were used, and thé reaction was
conductéd for 4 hours. The results are shown in Table 2.
EXAMPLE 7
The operation was conducted in the same manner as in
10 Exémple_4 except that the reaction temperature was
chénged to 90°C. The results are shown in Table 2.
EXAMPLE.B
The operation was conducted in.the same manner as in
Example 3 except that the amount of tris(2,4- -
15 dimethylphenyl)phosphine waé changed to 8 mmol, and the
reaction time was changed to 3 bours;- The results are

shown in Table 2. : s



o

- 17 - EXAMPLE 6 The opgrati.on was conducted under the sanme conditions as
in Exanple 1 except that 0.5 mmol of palladium acetate, 2 mmol of
tris(2,4-dinmethyl phenyl)phosphine, 50 5 g of acetone, 18 g of water, 27 g
of 1, 3-butadi ene and 15 g of carbon dioxide were used, and the reaction was

conducted. for 4 hours. The results are shown in Table 2. EXAMPLE 7 The
operation was conducted jp the same nanner as in 10 Exanple 4 except that

the reaction tenperaturg<as. changed fo ferr]. {The results are shown in
Table 2. -EXAMPLE 8 The cﬁhﬁation was ongluctied [in t he same nmanner as in
Exanpl e 8 except that tHe @nmount ofgtf M 221-9#5. di met hyl phenyl-) phosphi ne
was changed to 8 mmol, gdndat he reactijom {ivmg mgs changed to 3 hours. The
results are shown in Taljl e 2. -.189 - Jernq] [ferr]glerr]
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- 19 - EXAMPLE 9 The operation was conducted in the sane manner as in-
Exanpl e 1 except that tris(2,3,4,5- tetranethyl phenyl)phosphi ne was used
i nstead of tris(2,4- 5 dinethyl phenyl)phosphine, and the reaction was
conducted for 4 hours. J[err] HOD was 88.5% |-HOD/[err] HOD was 93% NOT
was 1.6% and DODE was 2. 9% EXAMRLE91G- Preparation of

bis(tris(2,4-di methyl phenyl ) phosphine)- 10 palladiumconplex Into a

stainle E%ffﬁ igiduction stirring aut ocl ave having an internal capacity of
300 [er??x niol™ of pall adium acetate, 17.5 muol of tris(2,4-

i ?‘?LSZLpSSQ*é%DB@%%%W%% EEELcgh 5 PRROL AR el R geincer o
The reaQEkgﬂaféxiu%§%%§}rgﬁgéﬁtﬁgggi ghg tpternal tenperature became [err]

over a perl 2 tiTfihg it at a speed of 800 rpm and
(e e e 4 CERARERSIHUMD) g ond sk LRBLehe ghodeds (116 Coo! 79
ngagﬂ eaéﬁayﬁﬁ%téggggﬂﬂgﬁu}%@ﬁ@ﬂ awtlagtﬁe PBa8t 18Rl %eolco%eﬁcftléré ner wi th
for 4 hours. ZHOD was 88.5%, —HQD/ZHOD was 93%, NOT was |
1.6%, and DODE was 2.9%. o
EXAMPLE 10 .
Preparation 6f bis(tris(2,4-dimethylphenyliphosphine)- =
10 palladium complex; |
Into a stainless steel induction sﬁirfing autoclave
having an internal.capécity of 300 mé, 5 mmol of
palladium acétaté, 17.5 mmol of tris(2,4-
dimethylphenyl)phosphinE'andiso meé of me%ﬁénol were
15 charged under a pitr@gen gas atmosphere, éﬁd 25 m¢ of
l,3—butadienélwas_further intrbduced; fhe reaction
mixture was heated until the internal temperature b&&®he.
80°C over a period of 20 minutes, while stirrﬁng it at a
speed of 800 rpm, and the reaction was.conﬁinued at 80°C o
20 for further l.5_hqdrs.: After cooling the mixture to room
temperature, a formed yellow palladium_complex was
separated by filtration and washed with 40 m¢ of methanol
and further with 40 m¢ of n-hexane, and 2.82 g of the
obtained crystals were dried under reduced pressure at

25 room temperature.



obtained crystals were dried under reduced pressure at 25 room t enper at ure.
- 20 - Results of the elenmental analysis Pd 13.3% C 72.82% H 7.03%
(calcul ated val ues) (13.3) (72.13) (6.81) Fromthe results of the
el enental anal ysis, the obtained pall adi um conplex was confirnmed to be a 5
bi s(tris(2,4-di met hyl phenyl ) phosphi ne)2patl adi um conpl ex. The thernal
stability and the stability in air were exam ned by DSC (Differenti al
Scanni ng Cal or iggely FeDTA( Ther nogravi metry Differential Thermal

Anal ysi s), resp ct|VEﬁ e results etter_ than the known 10 simlar
conpl ex (bis(tH 'ﬁ%} h§PRhERYF) phggﬂi%n%%pal |CaC?2JT§£% as Bhov#3¥n Tabl e
3. COW. TIVE r on of

bi s(tris(2-met hyI phen %ggﬁogg FEE? pall ad'|3t}m corr(tgllzexl 1)5 The abov%

i dentified conpem asePrepaied be the BRI a RPLY éhéxafigée 10 except
that tris(2- nethyl phenyl)phosphine was used I nstead o fris

obtained palladium complex was confirmed to be a
5 _
bis(tris(2,4~dimethylphenyl)phosphine) palladium complex.

The thermal stability and the stability in air were
examined by DSC (Differential Scanning Calorimetry) and
TG-DTA{Thermogravimetry Differential Thermal Analysis),
- respectively.' The results Were better than the known
> 10 similar complex (bis(tris(2-
methylphenyl)phosphlne)palladlum), as shown in Table 3.
COMPARAT IVE EXAMPLE 3
Preparation-of a bis(tris(2—methylphenyl)phosphine)—
palladiﬁm complex
13 The above identified compiex was preﬁared in.the same
manner as in Exaﬁple 10 except that tris(2-
- romcr)

methylphenyl)phosphine was used instead of tris(2,4-

dimethylbhenyl)phosphine. The results of DSC and TG-DTA

At are shown in Tablei3.
20
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The reactlon solution was distilled under reduced pressures at room
tenperature to distill” off the acetone 10 *~ solvent. Then, 1.5 mmol of
tris(2,4- dinmethyl phenyl)phosphine was added, and 100 [err] of a 1
nmol /[ err] sodi um hydroxi de aqueous sol ution was added thereto. The m xture
was reacted at[err] for 1 hour and then cooled with ice. The aqueous phase
was separated, 15 and the organi c phase containing a precipitated yell ow
conpl ex was washed tw ce w t'h 50 me~off4ndt er, and then the solid content
was separated by filtration. Using the obtained solid content which
contalmi|£xAMRLEMﬁb|s(tr|s (2, 4-di et hyl phenyl ) phosphine), and 55g of
acetone’” 10g of water, 20.2g of 1, 3-butadi ene and 11g of carbon 20

di oxi de, the r@a’lﬁimmoaasfcmkaéédamoblﬁ(ﬁrhsuz$4i-n t he sane manner as the
first tinme. The analytical results of the respective reaction products are
shown in W@Wlmbhgmmﬂhli&), [Br3 |misl of nﬁrls(Z 480. 3 94. 4
3.5 1.3 2nd tine 95.9 3. 2.2 23

EXAVPLE 1zim%¢wlmhenyﬂ)mmsad1m,ac‘bsageof1a5emb afnd 10 g of
5 water were charged, and 20.7 g of 1,3-butadiene and 11 g
of carbon dioxide were further added, and the mixtu#e was
reacted for 1.5 hours in the same manner as in Example 1.
The reaction solution was distilled under reduced
\ pressures at room temperature to distill off the acetone
10 solvent. Ahen, 1.5 mmol of trls(Z 4-
dimethylphenyl)phosphine was added, and 100 m¢ of a 1
mol/¢ sodium hydroxide agueous solution was added
thereto. The mixture was_rgacted at 60°é for 1 hour gnd
then cooled with ice. ThE'aéueous phase was separated,
15 and the organic phase COntaining.a prgcipitated yellow
complex was washéd twice with 50 m¢ of water, and them®

the solid content was separated by-filtratiqn. Using the
obtained soliq-content- which contains palladium bis(tris
st {2,4-dimethylphenyl) phosphine), and 55g of acetone, 10g
of water, 20.Zg'of‘1,3—butadiene and 11g of carbon
20 dioxide, the reaction was conducted for 1.5 hours in _
the same manner as the firstg'time. The analytical results

of the respective reaction products are shown in Table 4.

Table 4
SEOD 1-BEOD NOT DODE
25 2HOD
(%) (%) (%) (%)
lst time 80.3 94.4 3.5 1.3
2nd time 84.7 95.9 3.1 2.2




tris(2-nmethyl-4-nmethoxyphenyl) phosphine, 55g of acetgne and | 0g of water
were charged, and 20.2g of 1,3-butadiene 5 and 11g of carbon di oxi de were
further added, and the m xture was reacted for 5 hours in the sane manner
as in Exanple 1. The reaction sol utdpn was distilled under reduced
pressures at roomtenperature to distill off the acetone solvent. Then,
0.75 mmol of tris(2-nethyl-4- 10 net hoxyphenyl) phosphi ne was added and 100
[err] ofgxaMprRl 10 sodiun1hydroxide aqueous sol ution was added thereto. The

m xture r ted h dt cOoQ ed with ice. The

aqueous phagéng %‘iﬁe&#l ‘gxﬁ g%%ﬁ%ﬁ?t ghgs nP§| ning a :f

ﬂ]em E)lht%utnsl(&ehébvvyd.erapimthmpkmneh) t phoepbi.ne,t h55§ [ceff r cetonet e(rj and
en the S a Y ng_ ine

solid coﬂ? }gah?@iq@%% ajﬁéif Fﬁgggﬁ%lm %trl °£B?hglgggﬁ§? f&phenyl)

phosphi med add B5¢Lof carbeonedioxidef vmteerfuzbhgg oaddee, tandadrtme and

11g of cgilegydi %sdereaéeedreeet ' hd@ss 20n eaadlg‘é:féioxg e Ngurgy n the

same nanner as the Tirst fime The analyiical Tesults he- respect i ve
react i onE¥#BBR&Lt stare %rﬁﬂ"f—&b’lﬂe solyfprR 338 distillea under [err]

ZHOD [ erfbabebdt ipessurdd. 8t room Y6emperatudebto distil)l 38ff thend tine

68.0 ace%one sol%é%t. Thén? 0.75 mmol of tr15(2-methy1-4-

10 methoxyphenyl) phosphlne was added and 100 m¢ of a 1 mol/e
sodium hydroxide aqueous solutlon was added thereto. The
mixture was reacted at 60°C for 1 hour and then cooled with ,
ice. The aqueous phase was separated, and the organic phase o
containing a precipitated yellow complex was washed twice

15 with 50 m¢ of water, and then the solid content was

- separated by filtration. Using the obtained solid content
which contains palladium bis(tris(2-methyl-4-methoxyphenyl)
phosphine) and 55g of acetone, 10g of water, 20.1g of 1,3-
butadiene and 11g of carbon dioxide, the reaction was

20 conducted for 5 hours in the'same manner as the first time.

The analYtiéal'results of the'respective reaction products
are shown in Table 5.

Table 5 | : =

25 sHoD | 1-HoD NOT- DODE O
' THOD | - -
(%) _ (%) (%) (%)
1st time 70.9  95.3 1.6 1.2
30 2nd time | 68.0 - 95.0 1.6 1.5




- 24 3'According to the nmethod of the present invention, it is possible to
prodybe octadi enols in good yield and 2,7- octadiene-1-ol highly
selectively by reacting 1,3- butadiene with water in the presence of a

pal I adi um 5 conpound, a phosphi ne conpoypd_having the specific structure
and carbon di oxi de. Thus, the present invention provides an industrially
advant ageous net hod for produci ng octadi enols. Further, the novel

bi s( phosphi ne) pal | adi um conpl ex of the present invention 10 is excellent in
the heat stabil iAGFAALRASYO BhameERodarE khenPpesenti daveatiosm tite
reactiogsol.ution in _the above_ nethod f&iegreparing oct adi enol s _and

suppl i ed ag&ﬁnﬂﬂ§%¥§§qeﬁRﬂPEﬁp%ﬁ%FQEFa Ad8r §BegoR8 ¥dBdHaangai2,7-
det e 01201 g Qe A G L L 0 copy Ao advaniagequoly be
compr1 26 | SAaAR ok SO HAERE Hh Dok b ek S R BRI E S P T
the forqylacgkkbund, a phosphine compound having the specific
structure and carbon dioxide. Thus, the present
invention provides an industrially advantageous method
for producing octadiénolsf Further, the novel
bis(phosphine)palladium cbﬁplex of the present invention
10 is excellent in the heat stability and easy to handle,
 and when precipitated from the reaction solution in the
abo?e method for preparing oétadienols and'supplied_again
- to the reaction system; it undergoes no subgtantiél
deterioration of the catalytic'activity and can

15 advantageously be recycled.



~[err] [err] 10 [err] 15 wherein each of- [err] and.[err] which may be the
sane on different, is a hydrocarbon group, and_gQQD,QL,PeF%T’TéTTT and -
[err] which may be the same or 20 different, is hydroge bstltuent
provi ded that at |east one of themis_gn electro mwﬂ “‘g m uent, is
used as the phosphi ne conmpound. 2. ~TA2 Fet hod ag aim 1,
wherein water is used in an amount of fromO0.5 to "0 ‘nols per nol of 1, 3-

25 butadiene. 3. The nethod according to Caiml, mhereln t he pal | adi um
conmpound iGAENSE i n an anount of from 0. 00001 - * C M

S *to 1 atom nol of but adi ene thod accor di i'to
Claimi, Where?ﬂmﬁﬁgﬂdof°FePFPéuRBnSn&cﬁQEﬁﬁqﬂ} (3ﬁ9 tﬁ?@Rﬁﬁ?%ﬁ "
different, is a lo oup havin fron11 Q 4 carbon at

The met hoo‘%‘&%’r’b‘i’\g ?a{’#ﬁﬁi% ng}/‘ t@ﬁcl’rno#i’felprr]ese[rﬁer]o % [err] is
a met hyl aiT%dium compound, a phosphine compound and carbon

5 dioxide, wherein a compound of the formula (I):

10 (1)
P
15
wherein each of R!, R® and R® which may be the same~oP
different, is a hydrocarbon group, and each of R?, R3, |
R4, RS, R7, R®, R0, R!! and R!2? wyhich may be the same or o’

20 different, is hydrogen or a substituent, provided that at
least one of them is an electron donative substituent, is
used as the phosphine compound.

2. The method according to Claim 1, wherein water is.
used in an amount of from 0.5 to 10 mols per mol of 1,3~

25 butadiene.

. 3. The method according to Claim 1, wherein the

palladium compound is used in an amount of from 0.00001



6. Th%wnethod according to Caim1, wherein at |east one of [err] and

[err] is an electron donative substituent, and the rest_being-hydrogen—
atons. 10 7. The nethod according tQ Gegiin 1, wherein the e r -
donative substituent is an al kyl group, an -al kyl am no ﬂuml ﬂu iuun
group, an al koxy group or a hydroxyl group. 8. The net

Claiml, wherein t %I% _ tdV Ltuent. is an al kyl group or
an al koxy gr&g’pa‘ é] en?%%ﬁ(%gc%gp%%gﬁ?gg@é}ﬂ +1, wherein the phosphine
conmpound i s ysed q éﬁ@g- | + 500 1  0MeOfnl

pal | adi W 20° 13!{%%& me or%cgégééﬁg]ngotlgi%éi ?n' rlrgh\%g-rgéi%at elgrfg:ﬁ:t'i on is

conducted ings saaVRSt wnibn Hay B B ahR Ghaifedai) s aheealr the

solvent is at |east one nenber “sel ected fromthe group consisting o

ethers, ketogakylNigrdup haviiyetiem Y KOCLr 89PBon 2Rtomskanes, al kenes,
sul foxi des, nitfo conmpounds, pyridine, pyridine derivatives, am des,

et B sy me eegralag e s I vigkein eon B¢ 112
R5 and R? is a methyl group. '
6. The method according to Claim 1, wherein at least one
of R?, R3, RY, RS, R7, R%, R0, R!! and R!? is an electron
donative substituent; and the rest being hydrogen atoms.
7. The method according to Claim 1, wherein the eléctron
‘donative subsfituent is an alkyl group, an alkylamino
group, an amino group, an alkoxy group or a hydroxyl
group. -
8. The method according to Claim 1, wherein the electron
15' donative substituent is an alkyl group or an alkoxy
group.
9. The method acéording to Claim 1, wherein the
phosphine compound is used in an amount of from O.Eﬁzo
100 mols per g atom of palladium. |
b 20 10. The methbd_according to Claim 1, wherein the reaction
~ is conducted in a solvent.
11. The method according to Claim 10, wherein the solvent
is at least one member selected from the group consiSting
of ethers, ketones, nitriles, aromatic hydrocarbons, |
25 alkanes, alkenes, sulfoxides, nitro compounds, pyridine,

pyridine derivatives, amides, alcohols and carboxylic

acids.



Is used in an anobunt of fromO.1 to 50+parts by wei ght, per part by mei@ht
of 1, 3-butadiene. 13. The nethod accordi ng to Cat-m-i—wheretr—the reacty on

5 is conducted at a tenperature of fromroomte ’ to ] ]. 14. The
met hod according to Claim1, wherein the reacti on.ij ﬂm“‘:ﬁ]&ﬁi{tder a
" pressure of from atnospheric pressuTez?p‘ZOO kg/ O 19, e met hod

according to Claiml, wherein the reaction is conducted in a |liquid phase.
16. The method according to daim1, which contains an additional step of
preci pi t alRag Thecaedihost agequhidta @k imni0a ¢RRERER EBRpESLYEHt —,

pal I adium and a 15 phosphine fromthe reaction solutio obtaiﬂ d byef he
reacti on &5 osgdmin and amgutyiafy frm c‘bt]al-%tsgoﬂiaBF%nSYaﬁﬁFﬂ go t he
reaction system 17. The method accqrding, to Cl aim 16, wherein the conpl ex
conposed BRIpRRIL&dbYmWEHERE MHodom T ?%é%ﬁ?ﬁs(phosphine) 20 pal | adi um

TP O b dhad R AT, COEERLACH S whAFeTRrYe Ea RIS, o ®
whi ch be th different . i | ' f 1t
4 car ton 480 OPAE Ve Htri TR LEER Ol nhoeB P aP e BEBRABE N tBhch of
[err], R5 %ﬁqgﬁg Is a nmethyl group. 20. The nethod according to C aim 16,
wher ei n att 80 et C I -

14. The methodlaccording to Claim 1, wherein the reaction
is conducted under a pressure of from atmospheric
pressure to 200.k§/cm?. | |

i0 15. The.method éccording to Claim 1, wherein the reaction
is conducted in a liqﬁid phase.
16. The method according to Claim 1, which contains an
additional step of precipitating_a.catalyst component
containing a compléx qomposgd of palladium and a

15 phosphine from the reaction solution obtained by the
reaction of Claim 1 and supplying the catalyst component
again to the rgaction system. =
17. The method according to Claim.lﬁ, wherein the complegm
composed of palladium and a phosphine is a bis(phosphine) A

20 palladium_comﬁlex comprising pailadium and a phosphine of
the above-mentioned formula (I). N
18. The method according to Claim 16, wherein each of RL,
R5 and R® which may be the same or different, is a lower
alkyl group having from 1 to 4 carbon atoms.

25 19. The mefﬁod according to Claim 16, wherein each of Ri,
RS and R? is a methyl group.

20. The method according to Claim 16, wherein at least



- 28“ﬁfbne of [err] and [err] is an etectfon donative substituent, and the
r estyrbei ng hydrogen atons. 21. The net hod according to O aim16—wherein

the 5 el ectron donative substituent is an alkyl group, an alk ' roup,
an am no group, an al koxy group or a hédr oxyl group. \mmm“mﬁ\“m“?
according to O aim 16, wherein the ereéBron donative ! an

al kyl group or an 10 al koxy group. 23. A bis(phosphintg) balladiunlconplex
conposed of palladiym and a, phosphine of the forpula (1) as defined in

d ai m 1.. 24on&hef pBf} aB? unRtor®t exRac &, diR1g,t B1E amd 52 iwexei n 15 each
of [errlfand [err] which may be the sane or different is a | ower alkyl
group havi néleebren denatiyepbsubstdiments. arde Yhe Inediturbeimyl ex accordi ng
to Claim23, wherein each of [err] and [err] is a nethyl group. 26. The -
pal | adi um cRYidregencasedsng to O aim 23, wherein 20 at |east one of [err]
and [err] is_an_electron donative substituent, and the rest being hydrogen

atons. 27. %he Bae| BEEHEC: 48R0FAiAG HAUITHR I 1§ mivhereimnhein the
eIecFrog dogfééggoguggagggggtsh%s%gﬁﬂég%li%r%%th%}l group, an
alkylamino group, an amino group, an alkoxy group or a
hydroxyl group.
22. The method according to Claim 16, wherein the
electron donative substituent is an alkyl group or an -
10 alkoxy group.
23. A bis(phosphine) palladium complex composed of
palladium and a phosphine of the formula (I) as defined
in Claim 1.
24, The palladium complex according to Claim 23, wherein
15 each of RY, R% and R? which may be the same or different
is a lower alkyl group having from 1 to 4 carbon atoms.
25. The palladium complex according to Claim 23, wh&Fein
each of R}, R® and R? is a methyl group.
s 26. The palladium complex according to Claim 23, wherein
20 at least one of R2?, R3, R4, RS, R7, R®, RO, R} and R12 is
an electron donative substituent, and the rest being
hydrogen atoms.
27. The palladium complex according to Claim 23, wherein
the electron donative substituent is an alkyl group, an
25 alkylamino group, an amino group, an alkoxy group or a
hydroxyl group.

28. The palladium complex according to Claim 23, wherein



25 al kyl am no group, an am no group, &n aIkqg%—ggggg;QL_a—hydfoxyl gﬁbgp.
28. The pal | adi um conpl ex according to C ai m23, wherein S

- 29 - &
acn a:_koxy groﬁp_ * the electron don—atzigve— subst\m\“!“ml“ mms‘i“‘!i\l grou.p or

the electron donative substituent is an alkyl group or an—

alkoxy group.

Rasian



