T 93 POLYKETONE POLYMERS This invention relates to new pol yketone
. poI__-mers and to a process for the preparation of these new pol yket one
- ‘pelyyrmers. The class of polyners of carbon nonoxide and ol efin(s) has been
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for a nunber of years. For-instange, US patent 5 No. 5, 049,650 ~
relfates to the preparation of polyesters  or polyanhy- drides by reacting a
nory conj ugated di ene such as 1, 5-hexadi ene or 1,7-octadiene wtlh ¢agon

nmonoxi de and a di ol (hydroqui none) or a dicarboxylic acid (adi pl—c—orcr d in
t hg substantial absence of water and in the presence of a catalytic system

obtji nabl e by conbi ning 10 (a) pryRetrdddpoiiMeRy conpound, such as
paITadi um acetate; (b) a nonodentate optionally m xed with a bidentate; and

a protonic acid having a pKa of less than 2. US patent No. 4,940,777
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pKg | ess than 4 and a Pig%nt%&%r earsOer i&‘o en. ld% from Eur opean
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corfbi ning a palladi um cobal't or nic onpound, an anion of an acid with
a fKka of | esd ¥rogradiens a\}FHe?frPf’n.n@nﬁéH%evdaﬁ Bielt dhaeERmpena)ciod Mor
carfboxyl'i ¢ acdidarboiglac hicdantatigit 438y & thdauBebaitilalf stk of water
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o monoxide and a 1,2-alkadiene bylreacting the monomers under
15 polymerization conditions in the presence of a catalyst composition
formed from a palladium compound, the anion of a non-hydrohalogenic
acid having a pKa less than 4 and a bidentate ligand of nitrogen.
Further, from European Patent application No. 121,965 a process is
known for the preparation of polyketones by polymerizing a mixture
20 of CO and an alkenically unsaturated hydrbcarbon in the presence of
a catalyst obtainable by combining a palladium, cobalt or nickel
compound, an anion of an acid with a pKa of less than 2, provided
it is neither a hydrohalogenic. acid nor carboxylic acid' and a
" bidentate ligand of the general formula R1R2M R:-—MR3R4 in which M

represents phosphorus, arsenic or antimony, R represents a divalent

25.
organic bridging group having at least two carbon atoms in the
- bridge, none of these carbon atoms carrying substituents that may
cause steric hindrance and in which Rl, R2, R3 and Ra are identical
or different hydrocarbon groups. '
30 The polymers disclosed in US patent 4,940,777 and European

patent application No. 121,965, now commonly known as polyketones




..or polyketone polyners, are relatively high nolecular weight materials
I ng established utility as thernoplastics in the production of shaped
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and a process of producing such polymers.

More specifically, the invention provides polyketone polymers
15 comprising a repeating structure of the genmeral formula (I),
i

—CD,,—CHD—X—CHD—CD,—C— (1)
wherein each D, independently, represents a hydrogen atom or an
alkyl group of up to 4 carbon atoms and X represents a divalent
bridging group of the general formula (II1I), or of the general
formula (IV),

0 <|J'
JI O—B— | | (111)

0 RS R6 0
I 1 1l

—N—B—N—C— (Iv)

20 wherein R5 and R§ independently are hydrogen or an alkyl group of
up to 4 carbon atoms and B represents an inert divalent bridging
group. X represents preferably a bridging group of the general
formula (III). Suitably, B represents an alkylene gfoup containing
2-10 carbon atoms, in particular 2-6 carbon atoms. B is preferably

25 a n-alkylene group. Most preferably,'B is a 1,4-butylene group.




Alternatively, X is an optionally substituted aromatic di- val ent

dging group, suitably, but not restricted to, para- phenyl ene. The

dgecul ar wei ght of the pol yketone polyner of this 5 i nvention may vary

fween wde limts, dependent on the app}ication envisaged. Suitably it
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urrence of propaga |q oreacti epends on the conposition of
of the general formula R"R"M—R—MR R , in which M represents

phosphorus, arsenic or antimony, phosphorus being preferred, in
vwhich R represents a divalent organic bridging group having at
least two carbon atoms in the bridge, none of these carbon atoms

20 carrying substituents that may cause steric hindrance and in which

Rl, R2, R3 and Ré'are identical or different hydrocarbyl groups; a
weakly or non-coordinating anion; and optionally a quinone.
In view of numerous possible side-reactions, it is quite
surprising that the polymers in accordance with the present
25 invention, and of substantial molecular weight too, can be prepared
at all. For instance, instead of the polymerization/propagation
reaction, the reaction could proceed (and terminate) via
hydrogenation, hydroformylation (substitution by carbon monoxide
and hydrogen), and/or hydrogenolysis (chain scission by hydrogen
30 substitution), which reactions would lead to low molecular weight
material.
It will be appreciated that the extent of occurrence of the
- above propagation reaction depends on the composition of the
monomer feed, the composition of the catalyst, as well as the

35 reaction conditions (temperature, pressure and reaction time). A




Brer feed, the conposition of the catalyst, as well as the 35

stion conditions (tenperature, pressure and reaction tine). A -4 -
BB | ed person will be able to establish by routine experinentation the.
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US jpat ent No. arbmdtfe dd1s NPVt tdlafids0sed by reference, which patent

erns.a process for the preparation of oxq-al kanedi oi.¢ acids or diesters
thereof It is It is appreciated that the use of ester or amide products of

alkylacrylic acids are included, insofar as the alkyl, optionally
substituted, does not sterically or electronically hinder the
‘polymerization of the monomer. The e.g., esters of ethacrylic acid
or methacrylic acid are suitable, whereas it is expected that the
20 esters of tert-butylacrylic acid or trifluoromethacrylic acid will
rather provide a low yield of polyketone polymer. Hence, the groups
D are preferably hydrogen atoms or unsubstituted n-alkyl groups, in
particular methyl or ethyl groups,
Suitable catalyst compositions have already been subject of
25 many patent applications, and it is preferred to employ a catalyst
composition such as disclosed in US patent No. 4,849,542, herewith

enclosed by reference, which patent concerns a process for the
preparation of oxo-alkanedioic acids or diesters thereof. It is
appreciated, however, that this document does neither describe nor

30 teach the usefulness of the catalyst system for the present poly-
merisation process. '

Preferred catalyst compositions comprise palladium and/or a
palladium compound as a source of the group VIII metal; a compound
containing a weakly or non-coordinating anion such as an anion of

35 an acid having a pKa of less than 3.5 (measured at 18 °C in'aqueous
solution), provided it is not a hydrohalogenic acid; and a
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preferably from 10 6 to 1072.

The source of a diphosphine is conveniently the diphosphine
itself, or an acid addition salt of the diphosﬁhine. It may also be
20 a complex of the diphosphine with palladium.
In the general formula of a preferred diphosphine,
RIRZP——R PRBRA each of Rl; Rz, R3 and R4 independently represents
an optionally substituted aliphatic group, suitably having from 1

to 20 carbon atoms, preferably from 1 to 10 carbon atoms, or one or

- 25 both pairs of Rl and R2, and R3 and R4 independently represent an
optionally substituted divalent aliphatic group, and R is as
defined hereinbefore. Preferred alkyl groups have 1-4 carbon atoms,
such as ethyl, n-propyl, i-butyl and n-butyl. Examples of suitable

: alkylene groups include hexamethylene and cyclooctylene.
30

When the alkyl group is said to be optionally substituted, it
may be substituted by one or more substituents which do not annihi-

late the catalytic activity of the system. Suitable substituents

ot o ..
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include halogen atoms, alkoxy groups, haloalkyl groups, haloalkoxy
groups, acyl groups, acyloxy groups, amino groups, hydroxyl groups,
35 nitrile groups, acylamino groups, and aryl groups.



RS-t i onal |y substituted aliphatic group, suitably having from1 to 20
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ms. For exanple, when 10 t he bridging roup i s a propyl ene or
pentyl ene group, the bridge contains 3 nms. Mbst preferably the
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methylene or a tetramethylene group.

Ekémples of diphosphines which may be used in the polymerisa-
tion according to the invention are:

15 1,2-bis(di-n-butylphosphino)ethane,
1,3-bis(dimethylphosphino)propane,
1,3-bis(diethxlphosphino)propane,
1,3-bis(di-i-propylphosphino)propane, and
1,4-bis(di-i-propylphosphino)butane. _

20 The ratio of the number of moles of the diphosphine per gram
atom of palladium is préferably in tﬁe range of from 0.50 to 10,
more preferably from 0.9 to 5, especially from 1 to 3.

The source of an anion, used in the process of the invention -
-is preferably a protonic acid. However, it may also be a salt of
25 palladium or a salt of another metal, for .example of vanadium,
chromium, nickel, copper or silver.
Typical weakly or non-coordinating anions, by which is meant
that little or no covalent interaction occurs between palladium and
the anion, include anions derived from acids having a pKa below

30 3.5, preferably below 2, such as sulphuric acid; benzenesulphonic
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and tetrachloro-p-benzoquinone, and naphthoquinones, such as
1,2-naphthoquinone and 1,4-naphthoquinone.

The ratio of moles of quinone promoter to gram atom of
palladium is not critical. Preferably it is in the range of from 1

20 to 1000, more preferably in the range of from 5 to 100.

The catalyst system according to the invention is preferably
constituted in a liquid phase. The liquid phase may conveniently be
formed by one or more of the reactants with which the catalyst
system is to be used. Alternatively, it may be formed by a solvent.

25 Said solvent may, for example, comprise dimethylsulphoxide,
sulfolane, hexane, toluene, chloroform, 1,2-dichloroethane,‘ethyl
acetate, acetone or 2,5,8-trioxanonane (also referred to as
diglyme). The latter is a preferred solvent. |

The process of this invention is conveniently carried out at a

30 temperature in the range of from 20 °C to 200 °C, in particular
50 °C to 150 °C, and a total pressure in the range of from 2 to
100 bar, in particular 20 to 60 bar. Suitably, a molar ratio of
carbon monoxide to hydrogen in the range of 0.5:1 to 3:1. It is

: observed that a surplus of hydrogen may promote hydrogenation to

e 35 the detriment of polymerization. Accordingly, preferably a molar



M r ati 0 of nol es of quinone pronoter to gram atom of palladiumis not
ical. Preferably it is in the range of from1 20 to 1000, nore
erably in the range of from5 to 100. The catal yst system according-to
invention is preferably constituted gn a |iquid phase. The |iquid phase
conveniently be fornmed by one or nore of the reactants with which the

ent. 25 ahgd sQl y r mpl.g...C rj ' y oxi de,
“ ol ane, h‘é?(%dgel,rg? (ﬁ%ﬁéﬁg ¢ ?%%“%?0‘#’%%,@%% :Igr %‘gt ng}ﬁg?éagt %{%ﬂ gget ate,
gt one or 2nbidgeni dlanorkhecgdsovs reskcoantdnay bes intrgdyeed inTere | atter is
freferred sodpicot adhe BRAGEStheObolyle 1 ERNIDR tonARRNENiFERdan CarT i ed

at a 30 tenperature in the range o rom20 [err]C to_ 200 [err]C, in
i cul®r 50 [ eSpieably, 15mola¥ Hagio afdthe iedefizy o5 stheeformulacY (%nge of

frgm 2 to 10Qafh mérbxRaé i thelradRe (¢ EPod @l 1: Siot 2hl s used)Dimr ratio of
carjbon nonoxi de to_ hydrogen in thgn%gjgge of 0.5:1to 3:1. It is observed
t a surpl B%r‘i}f:u?‘l?%rfﬁg’é ey W dmdt%e hydrogenation to 35 t he detrinment

norjoxi de to hydrogep.in the ran of 1-1to 2:1 is used. The gaseous
ctants maflg %cgf‘?’tﬂ“é’as °§nc%ﬁéfl?°°‘gs§§’such as nitrogen. Al so, the
eousl® eact ant Fhavgolyketorier poljmed predunts saghe dsobateddfxhm the t he

polynmeri zat | ?Qaédlfoﬂt 3 }%%‘Lrﬁugn 2t MVe manner, for SKidpiR! ¥y mRaHDIF ratio

of Jthe diolefin of to carbon nonoxide in the range of from
1 to 2: 1Precipisation, PlltrpeiAmar eX¥3sFtesetcto 1.5: 1. The process of the

ilgyent i on r?K be 1f.arkfd'1€1dw9&§ lehﬁ;ﬂ'é- fﬁﬁ&efSﬂrﬂusE%He! ﬁ!qlél)lﬁdvgmsls.ro'nc0115F1 izguousl y.
e_pol yket one_po roducts ymy be isglated fromthe
redction ni xPRF &9 ea‘iﬂ"%ﬂ%"a}égﬁ‘?‘gﬁﬁ& ,tg? oir“"é%ﬁ%ﬂreﬁb'ynﬂ% °g}ket°ne

pr dci pi 1at i opolynielrt { ftchapacterized biyomelating poiatf dl-devéupdedXTIGpNMR f urt her
I Hjustrate t ?Ssidlygrﬁééﬁgr &ﬁZSbsspectrometer), and number-average molecular '
weight (NMR determined, based on relative end-group abundance).
Example 1

A polyketone polymer was produced from 1,4-butanediol

20 diacrylate, CO and H2 by charging under N, to a magnetically

stirred 300 ml autoclave 40 ml of diglyme? 10 gr 1,4-butanediol
diacrylate (50 mmol), and a catalyst formed from 0.25 mmol of
Pd(OAc)z, 0.6 mmol 1,3-bis(diethylphosphino)propane, 1.0 mmol of
Ni(CF3SO3)2 and 5 mmol of 1,4-naphthoquinone.

After the autoclave was sealed, the N

25 o Was removed by evacua-
tion. Then the autoclave was charged with CO until a partial
pressure thereof.of 30 bar was. reached. Next, the autoclave was
charged with HZ until a partial pressure thereof of 20 bar was

" reached, after which the autoclave was heated at 90 °C for 10

30 hours. The polymerization was terminated by cooling to room temper-
ature and releasing the pressure. The polymer product was recovered
by precipitation, washed with methanol and dried in vacuo at room
temperature. |

The yield of recovered polyketone polymer was 7.0 gr. It had a

35 number-average molecular weight of about 2500, and a melting range




T 0 be construed as linmting the invention. The novel polyketone 15

pol
dr

@ner is characterized by nelting point, Hdecoupled [err]C NWR (using a
er WMR50 spectroneter), and nunber-average nol ecul ar wei ght (NWR
er mi ned, based on relative end-group @bundance). Exanple 1 A pol yketone
mer was produced from 1, 4; putanedi ol 20 diacrylate, CO and Herr] by
L gi Ng undef 79 esrdo 0. artmab MR adpey t Biink rsheachQQsaicamutsnynam a0 m of
yne, 10 4- b nedi,ol cryl ate o f ormed
in 0. 25 rmgésja C)’['elrartf‘ve 3ngxn51tc ‘grfeﬁ?mld)&hét %%p |no%'|3r'opane
ol of Mz.azpamrqcsqaérespﬁ:eﬂlcp &3 95ppurgRCOSf 36, &nmh%%q@?ﬂomem 25

br the au S4S t rg Y TidHaC n

t he aut gﬂﬂave vvav% (]:'hﬁ‘ll Qgc) (Qﬁ 'Eio% g £§{£{P_X fj&r essurg@?nhtetrgof of
bar Vs remam MNeis, dq#\@eéuﬁmél%!v@hmlma? d’@dkb\?‘t%thféﬂlfsuntll a

ial presggf SE9h eirb%Q RHox 1&S ah8o@edni &f beigiMaicehy tihe aut ocl ave
heat ed at err C.for 3 hours. The poly at | o
i nat ed by %z ‘t°& ?kﬁﬁw}%‘ﬁpé’r‘d WFE?@%HH“P’eIiéaéﬁ‘ésﬁfﬁ: #ﬁ%sure The.
ymer pr oduyteﬂasmgq,euef ed by precipitation, washed w th nethanol and
ed in vacuo at roomtenperature. The yield of recover ed pol yket one
ymer was 7.0 gr.. It had a 35 nunber - aver age nol ecul ar wei ght of about

250D, and a nelting range -9- of 75 to 80 [err]C. The [err]C NWR
spegtrum showed resonance signals at 206.8 ppm (CO, relative intensity
coryesponding to 1 carbon atom); 172.5 ppm (CO of ester, 2C); 63.9 ppm

ba
in
alt

36.8 ppm (2C); 27.7 ppm (2C); and 25.1 ppm (2C) (chem cal shifts

bone the units originating in carbon nonoxi de and the units originating

, 4-but anedi ol di acrylate and hydrogen occur in a substantially
ernati ng order.

reICEtive to TM5). Fromthe 5 spectrumit is deduced that in the polyner




) T 1793 CL Al MS 1. Pol yket one pol yners .conprising a repeating t_\
B ure of the general forrmula (1), [err] wherein each D, independently,
sents a hydrogen atom or an al kyl group of up-to 4 carbon atons and X
sents a dival ent bridging group qf §he general fornmula (111), or of
eneral formula (1V), [err] (I11) erein Rlerr] and Rerr]

endent|y are hydrogen or an al kyl group of up to 4 carbonrai;@ss and B
sents an inert divalent bridging 10 group. 2. Pol ykeTone pol yners
ding to claim1, wherein the bridging group X is represented by the

al formula (111) wherein B repre3eats msn-al kyl ene group having 2-10
n atons. 3. Pol yket one pol yners according to claim2, wherein Bis-a
1, 4-but yl ene group. 4. A process for preparing pol yketone pol yners
i si ng pal ynPolykdtgne gdigieromprisinagt rgpearjep stiruhtwrecobrther e

fins of the geperal farmula (V), CDOerr]-CD--X--CD-CD[ err]

0 wh ?réelrr?q E l"‘f) ﬁg\?e the nmeaning as defined in claim1l, which
erization is carried out in the presehce of a catal yst based upon .a

) VII1 metal; a bidentate |igand of .tHé general formula

] R err] M R- MR] erT R, eTGHP—XTrCHPTt®,Méepr esent s phosphor us{Tharseni ¢ or

P

wherein each D, independently, represents # hydrogen atom or an

5 alkyl group of up to & carbon atoms and X represents a divalent
bridging group of the general formula (III), or of the general
formula (IV),

I I

—_ l——o—n—o—c— (I11)
o ° =r%o
bl

C—N—B—N—C— (IV)

wherein RS and R6 indepéndently are hydrogen or an alkyl group of
up to 4 carbon atoms and B represents an inert divalent bridging
10 group.
2, Polyketone polymers according to claim 1, wherein the bridging
group X is represented by the general formula (III) wherein B
represents a n-alkylene group having 2-10 carbon atoms.
3. Polykétone pblymers according to claim 2, wherein B is-a
15 1,4-butylene group. '
4, A process for preparing polyketone polymers comprising
polymerizing carbon monoxide and hydrogen with one or more
diclefins of the general formula (V),
, CD,=CD—X—CD=CD,, v
20 wherein X and D have the meaning as defined in claim 1, which
polymerization is carried out in the presence of a catalyst based
upon a group VIII metal; a bidentate ligand of the general formula

R1R2Mr—Rr—HR3RA, in which M represents phosphorus, arsenic or

* 4 L L] S *




antinmony, R represents a divalent organic bridging group having at
two carbon atons in the bridge, none of these carbon atons carrying
tuents that nmay cause steric hindrance and R err], Rerr], 3 4
and R[err] are identical or di.fggrent hydrocarbyl groups; and a 5
or non-coordinating anion. 5. A process as clained in claim4,

N t heag@wehy SR Qeﬁm' sehts apaHrﬁciinumgg&nmeu@am ¥téup hevixig a6. A
Es as clainmed in claim4 o

erei n the nop-caoor n anion is
on of 1eAstat¥yy q?éb?’hg“&“?ﬂéé‘ B‘é‘? g%‘%“a noge © of ghese T bggegéa g cl ai med
: Ogﬁ Qizix%;:l r?zlgétﬁcue\t\daermam M}ecbuﬁherstatﬂ: hng@mhcesar@f R?héi gener al
a Rlers &] P- err i rou
i ni ng g-f)a 43%18# (?’[g’e %gr{i reﬁ ?'gij %['b?]" agl%[l%g?]aagn% R grr] are
g$ oupvedidyi or nbn4c®a:rdboﬂtiatgomon8 A process as clained in any one
pi M6 450 4, m%rg L5 (HEided in ‘TCI Eﬁltysklhgi-’éxtnhgﬁe CaeRIysres a qui hone.
oroces?” as “cPaimed ih any one of clai'ms 4-7, which is carried out at a
b at ur ecpmpuises rpaldadism as gfhesBrewp YELHF meE#Y-C and at a pressure in the

of frem 2Q Leoflshad ARtnedIehedTaifngg NS MK IIe the chdiydoagrn ar e

ht at a nolar ratio in the range of
J nating anion is an anion of gn acidzhaving a pKaQDe%.o "3 IgFZ/ T1793FF

p 10 7. A process as claimed in any one of claims 4-6, wherein the

bidentate ligand is of the general formula R]'RZP R- PR3R in which R

is a br:.dg:.ng group containing 3-5 atoms in the bridge and Rl R2 R3

and R are alkyl groups having 1 4 carbon atoms.

8. A process as claimed in any one of claims 4 to 7, wherein the
15 catalyst further comprises a quinone.
9. A process as claiméd in any one of claims 4-7, which is

carried out at a temperature in the range of from 50 to 150 °C and
at a pressure in the range of from 20 to 60 bar and wherein carbon
monoxide and hydrogen are present at a molar ratio in the range of
£ 20 1:1 to 2:1.
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