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547 A2. PE 52940 .2 A di van f ese processes is that palladium
deposits as’ cgﬁ gﬁ‘élrll %&saréﬁog@e%tfbgh the catalytically active system

In addition, the netallic palladiumis technically difficult to recover
fromthe2@eacks ¢nofi Xture. 5 It is known from WD 98/ 42717 that in the
carbonyl ation of olefins in the presence of catal yst systens conprising
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important starting compounds for the preparation of industrially
important polymers, in particular polyamides.

Processes for preparing alkenecarboxylic acid derivatives by
40 carbonylation of conjugated dienes in the presence of a
hydroxyl-containing compound in the liquid phase in the presence
of a system which is suitable as carbonylation catalyst and
comprises a palladium compound and a multidentate organic
phosphorus ligand are known, for example from EP 273 489 Al or EP
45 495 547 A2.
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Pref erence FEERfiFEAL Yo ?&p]a’t:’ndm%e‘f lﬁ’ W?ﬂ The phosphor us atomto which
they are linked together formng a 40 2-phosphatricyclo[3.3.1.1{3, 7}] decyl
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enbodi ment, r]mpound and such a disphosphine, and a process for the
carbonylation of a conjugated diene in the presence of such a
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40 According to the present invention, Rl is a divalent radical which
together with the phosphorus atom to which it is linked forms a
2-phosphatricyclo[3.3.1.1{3,7}])decyl group or a derivative
thereof in which one or more of the carbon atoms are replaced by
heteroatoms. To aid understanding of the present invention,

45 mention may be made of the fact that tricyclo[3.3.1.1{3,7}]decane
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[

"di phosp sed bo artlcular di_phosphi nd _f or 1 xture
of di phosphﬁn go e gt g?r?%r Ptrhgo We%e%vﬁﬂﬁvgnf?%ncagla%ab’én%s as 2
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40 2-phosphatricyclo[3.3.1.1{3,7}]decyl group, with the embodiments
described above for Rl!. In a particularly preferred embodiment, R2
and R3 together form a group identical to R!.

According to the present invention, n is 4 or 5.
45
In a preferred embodiment, n is 4.



25 onto an me &agda doubl e bond. Such reactions can be schematically
represented by R-CH-CH R + CO + HY - > R-CHZ CH(-R ) (-COY) 30 where Y is H,

™H OR', \RR"R", and R R, R" , R" ', R" " are each an organic

radi cal . 35 The system of the pr esent 4nvent| on can accordingly be used,
for exanple, in hydrofor él on reactlons, dr ocar boxyl ati on reacti ons,
hydroesterlrfr} @ROEBRT Wﬁtda?llo% rreacti ons. The system of t he

present invention has been found to 40 be particularly advantageous in
hydr ocar boxgdraticohar aqiriefesrad diiphdspbines i fiec dtipbospleings gadected

Advant ageougrdingak Ugadasl coaBRotts o e conj ugat ed dienes, i.e. organic
conpoundss CONk, §"D<91Hl%h%"s Helil £, 545 E@tﬁxﬁ@@h BypFfo~ PF 52940 6 where

RX, Ry are Vglse uI ar noncycl i C conpounds
such as 1, Bq%%?a n’g& '3 E C@] ut é a]glﬁe@e

1, 3- hexadi e]rTe4 zP5- 511 (‘.ﬁ°§ﬁg ft‘ftﬁﬁgﬁg?% FFerably

1, 3- but adi eﬁffeloxlaﬁr!-%éclj?{s?'at-"uﬂa%{eﬂr7ddﬁ‘ﬁ§ﬁi‘1 utafieaf er abl y conj ugat ed di enes,
one or nor el Hydr, 8gedi GR-eisphy- b@x%ﬁl—&eédabl;rmlherom’dml)-é §.120 hal ogen
atons, 010 Hrilbxatoicyd XUYTS.3€101{ hydjaerll gbotfss, pyapergslpups, nethoxy or

et hoxy gr oupsy-pa B DQ; (U YB3 pRHCT, RS Gb' ¥t hyhedy1Qe0h, goet hyl am no groups,

car boxyl gL0up uIarIy preferred enbodi nent,
such conj uggﬁli%% g%eﬁi f{:[a:;n bg 2&3’]73 nggﬁﬁ%é% ‘to give al kenecarboxylic
acids, for exanple pentenoic acids such as cis-2-pentenoic acid,

trans. 2- perfusitdies peteicwliazly. pesfanteidc dhRhesphingss age rsimhosphanasi d, and
4- pent end$ csedeicttefir 6o, thebgtradp esmnsiz®ihg ahot her particularly pref erred

enbodi nment 1,smtphpeoaj_mqﬂﬁépﬂiaen@,m,antberb)fyaﬂqﬂs.tseei,i«')ed to give
al kenecar b%ldxgt§§&§é§o 7.1, 18X 29} 19 JeeRL §PpQh GRSt ers such as
ci s-2-pent enal G $$t§{éexiftlu%% 'g @e eltm 1 C e§t7e trgkégnﬁiesntgqul c esters,

25 trans-3-pent é '1[1)} ste 376at adi ene. I n
such car boryi ¥ ebhit ¥ - £ {Pt e]rdeEéf B?fe "©/such as coreactants or

li qui d d?® ubri®,@Andbe2rhespber ket Bd - tahreh%rlcfd#%emﬁ"ehﬂs)e& dslBounterion
to the pal |adiaxatcacyolv (Bse&d Li. h{3 ik} Idesglppepedriead puafematpqunds. Exanpl es
i ncl ude ani pyEs-p)pir COi pF-HHIZPHEOD] TRI7e thasem&ihyAR 630), dohavi ng a pKa
measured i ngahak rakydBS; 0. I1e§§3t—}1}a]rae@ lff’@‘ii%ébl y less than 4. Such

ani ons do not coordi nate or coordinate only weakly to palladium i.e. so
that 35 there is no intferaction or only a weak i nteractjon between the

ani on ant®tThe PIEPATRHINTt £&BPoRe e2RTieFs PRE cUMtRMAPRET S 18T &Ri bhe
general |y ddmpslesy degooibesciinyivpy?8/Q27ldhl Eonrdxamplenébride ani ons derived
from Bronst pd- Pa@rd&(sh-giho@@haslpmﬁs,rmmetramttq;lms Suléuric acid,
preferably {fmaeaagpgyd,pg: 3a4i, d$3 -}‘n}alld&gm%eldarc@r&oxyl ic acids or sulfonic
ac![ dIS such ?fs?, ryatphaagwl Y fadg! g A t(eltggﬁggwlh%ngsygf onic acid or
ol uen Onl aCl r n n ani S e
Ear boxyl ?@ % od{a rac CI%FJG% Le EI{ %ogolzde% Xgpro acf‘e 4 RBS %A q‘r%né?g]enzm c
acid and 2, h'%' t';P| Bt P TIASPORC L adi By, 7 -tetramethyl-6, '1 -
trloxatrlcyc 0[3 3.1.1{3, 7}]decyl)butane can be obtained by
reacting 2,4-pentanedione with 1,4-diphosphinobutane or
1,5-P,P’'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-

35 trioxatricyclo{3.3.1.1{3,7}]decyl)pentane can be obtained by
reacting 2,4-pentanedione with 1,5-diphosphinopentane.
Unsymmetrical diphosphines can be prepared, for example, by
reaction of a 1,4-diphosphinobutane or 1,5-diphosphinopentane
having one primary phosphino group and one tertiary phosphino

40 group. Alternatively, they can be prepared by reaction of a
secondary 2-phosphatricyclo[3.3.1.1{3,7}]decane with another
secondary monophosphine or by other known methods. Substituted
diphosphines can be prepared, for example, by using substituted
2,4-pentanediones, e.g. perfluoro-2,4-pentanedione or

45 1,1,1,5,5,5~-hexafluoro-2,4-pentanedione, in the reaction with
1,4-diphosphinobutane or 1,5-diphosphinopentane.



PF 52940 7 gt §294¢ kewi se possible to use conpl ex anions, for exanple

ani ons obtained fromthe conbination of a Lewis acid, e.g. BF3, B(C6F5)3,

- A1C13, SnF2, Sn(CF3S03)2, SnCl 2 or GeCl 2, with a protic acid, preferably a
protic acid having a pKa of less than 5, e g. a 5 sulfonic aC|d such as
CF3S03H, CH3SO3H, or drohalic acid’™s HF, HC1, .or the conbi at| on
of a Lowi s BRCPAGKY HEouFh BOREISC AETRBELS orthe EHe EmE MR F oL St S
Sndl 3-, [ Srf@ gatPewm03tded PRBRLYSID cPRBré8®Honyl ati ons can advant ageously be
carried out at from30 to 200C, preferably from50 to 180C. The pressure
can vary Wi pad 14l den range palhgd ine sompoudnmdvant ageously be in a range
from1l tos200 bar, in particular in the range from5 to 90 bar. Particul ar
pr ef erence ! ien.t S I Bige2 1N t he carbonyl ati on

t aki ng pl aceﬁl)% The I?%%lag;&%aéégc&geb dlﬁog%é d’e%can advant ageously be
used in a nolar excess over "HY". 20 The conpound "HY" can advantageously
be used i n Tengpaponent d 1) ¢ar hfararhiedlarospobaspineg ofnthe: gresent: 10,
pr ef er abl y invenmt5od ¢ al mMixture peff tsuchl dipiosphided.t 0o 1: 2. The anount of
catal ystigs not critical per se and can vary within 25 a wide range. In

general , arttari‘fé‘,uﬁ!hl«%ﬁjé‘%oééﬂﬂfe f{oO'E‘séo 2;(:5&11:@1%1:”91 phd¥| flﬁ[eanfytﬁer om 10-7
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the nol ar @fokhe BFesRiY daventien padesbennvitdh asethar mbinhosphine @ 4 i gand
t o pal | ath umxtonrehef range okthem dighdsphifefias been found to be particularly
advant ageous. 35 In the case of particularly active systens, use of

di phosphi nerandppabl A4 bR EAl SIUGAn AT Sidns BRS SLdtnf ol le-r L1 O
of ligand to pa.| agot‘&r;é 2 VQPEP& Quslyobakthe A0 ra€c?re oM &rd fj
preferablylfsromf Ut ok YOgen 1’s preg itk AT gh q rge}‘1 ambunt can
be advant agd®esPhbnese ampunt of ani on source can advant ageously be in the
range fr&¥n 0.5 to 200 nol, preferably from1l to 80 nol, per nol of

pal | adi um ThePlsy528d (B tlhle bhesgitodeseneiof I‘tﬁarplbeS&lédiam/emtrbOﬂylsﬁmnti ng

mat eri al ansiaﬂ%rl duchs QfeécliﬁbéérbeW'e@:TalnB!ﬂereﬂptEﬁPOQ7§a@8§icﬂl agpl msusdn
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30 where

Y is H, OH, OR’’, NR’’'R'’'’’, and

R, R', R'', R'"'’, R’"''’ are each an organic radical.
35

The system of the present invention can accordingly be used, for
example, in hydroformylation reactions, hydrocarboxylation
reactions, hydroesterification reactions, hydroamidation
reactions. The system of the present invention has been found to

40 be particularly advantageous in hydrocarboxylation reactions and
hydroesterification reactions.

Advantageous unsaturated compounds are conjugated dienes, i.e.
organic compounds comprising the structure

45
>C=C(R¥)-C(RY)=C<
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Suitable anions include anions derived from Brdnstedt acids such

40 as phosphoric acid or sulfuric acid, preferably from carboxylic
acids, halogenated carboxylic acids or sulfonic acids such as
methanesulfonic acid, trifluoromethanesulfonic acid or
p-toluenesulfonic acid. Preference is given to anions derived
from carboxylic acids, e.g. 2,6-dichlorobenzoic acid,

45 2,6-dimethoxybenzoic acid and 2,4, 6-trimethylbenzoic acid.
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Carbon monoxide can advantageously be used in a molar excess over
IIHY" B

20 The compound “HY” can advantageously be used in a molar ratio to
the unsaturated compound of from 10:1 to 1:10, preferably from
5:1 to 1:5, in particular from 2:1 to 1l:2.

The amount of catalyst is not critical per se and can vary within
25 a wide range. In general, an amount in the range from 10-8 to

10-1 mol, preferably from 10-7 to 10-2 mol, of palladium per mol of

unsaturated compound has been found to be advantageous.

In the preparation of the system of the present invention, the
30 molar amount of component (II) can generally be somewhat higher
than the molar amount of palladium or palladium cation.

A molar ratio of ligand to palladium in the range from 0.5 to 10
has been found to be particularly advantageous.

35
In the case of particularly active systems, use of diphosphine
and palladium in equimolar amounts is possible.

The molar ratio of ligand to palladium is advantageously in the
40 range from 1 to 3, preferably from 1 to 2.

If oxygen is present, a slightly larger amount can be
advantageous.

45 The amount of anion source can advantageously be in the range
from 0.5 to 200 mol, preferably from 1 to 80 mol, per mol of
palladium.
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polymers, in particular polyamide 6 and polyamide 66.

35 Another group of preferred coreactants encompasses alkylphenols,
in which one or more of the alkyl groups linked to the phenol
part preferably contain(s) up to 30 carbon atoms, preferably from
6 to 22 carbon atoms. The carbonylation described leads in this
case to alkylphenyl esters which can be employed as synthetic

40 lubricants, for example in industrial applications or in the
automobile sector.

The invention is illustrated by the nonlimiting examples below.

45
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! 1,4-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-

trioxatricyclo[3.3.1.1{3,7}]decyl)butane. The reaction solution
30 was clear yellow without a palladium precipitate.

The conversion of butadiene was 81%, and the selectivity to
methyl pentenoate was 22.8%.

35 Comparative Example B

Example 1 was repeated using 1 mmol of
1l,4-bis(diphenylphosphino)butane in place of 1 mmol of
1,4-pP,P'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-

40 trioxatricyclo[3.3.1.1{3,7}]decyl)butane. After the reaction, the
reaction mixture contained a black palladium precipitate. The
conversion of butadiene was 97%, and the selectivity to methyl
pentenoate was 68.8%.

45 Comparative Example C
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20 The conversion of butadiene was 73%, and the selectivity to
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derivative thereof in which one or more of the carbon atoms
are replaced by heteroatoms,

15
R2, R3 are each, independently of one another, a monovalent
radical having from 1 to 20 atoms or together form a divalent
radical having from 2 to 20 atoms,

20 n is 4 or 5,

or a mixture of such diphosphines.

2. A diphosphine as claimed in claim 1, wherein Rl is
25 substituted in one or more of the positions 1, 3, 5 and 7 by
a monovalent radical R4 having from 1 to 20 atoms.

; 3. A diphosphine as claimed in claim 2, wherein R4 is a radical
selected from the group consisting of methyl,
30 trifluoromethyl, ethoxy, phenyl and 4-dodecylphenyl.

4. A diphosphine as claimed in any of claims 1 to 3, wherein R!
is substituted in each of the positions 1, 3, 5, and 7 by
: preferably identical radicals R%.
35
5. A diphosphine as claimed in any of claims 1 to 4, wherein R}
contains oxygen or sulfur in the skeleton, preferably in the
positions 6, 9 and 10.

40 6. A diphosphine as claimed in any of claims 1 to 5, wherein Rl
is a 2-phospha-1,3,5,7-tetramethyl-6,9,10-trioxoadamantyl
group.

7. A diphosphine as claimed in any of claims 1 to 6, wherein R?
45 and R3 together form a group R! as set forth in any of claims
1 to 6, preferably a group identical to R!.
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consisting of
1,4-P,P'-di(2-phospha—1,3,5,7-tetramethyl-6,9,10-trioxatri-

10 cyclo[3.3.1.1{3,7}]decyl)butane,
1,4-P,P’-diperfluoro(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]ldecyl)butane,
1,4-P,P’'-di(2-phospha-1,3,5,7-tetra(trifluoromethyl)-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]decyl)butane,
15 preferably

1,4-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-trioxatri-
cyclo[3.3.1.1{3,7}]decyl)butane.

11. A diphosphine as claimed in claim 1 selected from the group

20 consisting of
1,5-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]decyl)pentane,
1,5-P,P’~-diperfluoro(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]1decyl)pentane,

25 1,5-P,P’-di(2-phospha-1,3,5,7-tetra(trifluoromethyl)-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]decyl)pentane,
preferably 1,5-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]decyl)pentane.

30 12. A system which is suitable as carbonylation catalyst and
comprises

(I) palladium or a palladium compound and
(II) a diphosphine as claimed in any of claims 1 to 1l.

35

13. A process for preparing an alkenecarboxylic acid or a

derivative thereof by carbonylation of a conjugated diene in
the presence of a hydroxyl-containing compound in the liquid
phase, wherein the carbonylation is carried out in the

40 presence of a system which is suitable as carbonylation
catalyst and comprises

(I) palladium or a palladium compound and
(II) a diphosphine as claimed in any of claims 1 to 11.
45
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