2°2 MAR 2006 1 5 Di phosphine The present invention relates to a di phosphine
of the fornula R1>P-(CH2)n-PR2R3 where 10 Rl is a divalent radical MhMad 008
together with the phosphorus atom to which it is |inked forns an
unsubstituted or substituted 2-phosgpatricyclo[3.3.1.1{3,7}]decy| group or
a derivative thereof in which one or nore of the carbon atons are repl aced
by heteroatons, 15 R2, R3 are each, independently of one another, a

nonoval enPiphesbicale having from1 to 20 atons or together forma dival ent
radi cal having from2 to 20 atons, 20 nis 4 or 5, and m xtures of such

di phosphi . i,n j r : t J ] uitable as
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and such a di phosphine, and also to a process for the carbonylation of a
conj ugat eB!3R€f&2) -BRRf@%presence of such a system 30 Al kenecarboxylic
acids and their derivatives are inportant internediates in organic
synt hesi s,nipr exanple the synthesis of active conpounds and pol yners.

Thus, for exanple, pentenoic acid or its derivatives, e.g. esters, can be
converted by further functionalization into adipic acid derivatives or
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of a hydr ¢x -coﬁtalnlng conmpound 1 n the Tiquid phase in the presence of a
systenlmhpﬁﬁe¥%ﬁ§ﬂmsvable as carbonyl ation catalyst and conprises a

pal | adil@m conpound and a nultidentate organic phosphorus ligand are known,
for exanpRke, fR2oar&Pe28, 48Gependently oS oh8SabdZheX?, 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,
and mixtures of such diphosphines.

The invention further relates to a system which is suitable as

25 carbonylation catalyst and comprises palladium or a palladium
compound and such a diphosphine, and also to a process for the
carbonylation of a conjugated diene in the presence of such a
system.

30 Alkenecarboxylic acids and their derivatives are important
intermediates in organic synthesis, for example the synthesis of
active compounds and polymers. Thus, for example, pentenoic acid
or its derivatives, e.g. esters, can be converted by further
functionalization into adipic acid derivatives or 6-aminocaproic

35 acid derivatives. Adipic acid and 6-aminocaproic acid are
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 48% Al or EP
45 495 547 A2.



2°2 MAR 2006 2 A disadvantage of these processes is that palladi umdeposits
as netal and is thus renoved fromthe catalytically active system 72 HAR 2008
addition, the netallic palladiumis technically difficult to recover from
the reaction mxture. 5 It is known fyom WD 98/42717 that in the

carbonyl ation of olefins in the pre?ence of catal yst systens conprising
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drastically worse than in the abovementioned EP 273 489 Al.
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It is an object of the present invention to provide a system

25 which is suitable as carbonylation catalyst and comprises a
palladium compound and a multidentate organic phosphorus ligand
and makes it possible to carry out the carbonylation of a
conjugated diene in the presence of a hydroxyl-containing
compound in the liquid phase in good yields, with high

30 selectivities, with reduced deposition of palladium and in a
technically simple and economical manner.

We have found that this object is achieved by the diphosphine
defined at the outset, a system which is suitable as

35 carbonylation catalyst and comprises palladium or a palladium
compound and such a disphosphine, and a process for the
carbonylation of a conjugated diene in the presence of such a
system.

40 According to the present invention, R! 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
heterocatoms. To aid understanding of the present invention,

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



40 According to the present invention, RL is a divalent radical which
together with the phosphorus atomto which it is linked forns a

2- phosphatricycl o[ 3. 3. 1. 1{3, 7}] decyl group or a derivative thereof Z%M&H@ﬁ]
one or nore of the carbon atons are replaced by heteroatons. To aid

under st andi n %Iof t he present invention, 45 nmention may be rrgg of the fact
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group, pr&mmmtalczcm[o%pﬂwdtﬁl{éy?:}lf[@yg Yrops; 7}]decy| group substituted
in one or nore of the positions 1, 3, 5 and 7 by a nonoval ent radical R4.
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such as ng}é%mbqtyhyaen{\ldylo@éhﬂ_cg@s|R4propyI n-butyl, i-butyl, s-butyl,— .
t-butyl, cyclohexyl, aryl such as phenyl, o,o-di(t- butoxy)phenyl

heteroaryl such as E rlcgg ,, unsubsti t ut ed or substituted ‘SI oh dri)carbyl
such as ~FRith& RFPIPFR o RarkBRY FudKTEs CREPPRAFO™EL fiBRy? é
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preferably in the positions 6, 9 and 10.

In a preferred embodiment, R! together with the phosphorus atom to
which it is linked is a
25 2-phospha-1,3,5,7-tetramethyl-6,9,10-trioxodamantyl group.

According to the present invention, each of the groups R? and R?
can be, independently of one another, a monovalent radical having
from 1 to 20 atoms, e.g. alkyl such as methyl, ethyl, n-propyl,

30 i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, cyclohexyl, aryl
such as phenyl, o,o-di(t-butoxy)phenyl, heteroaryl such as
pyridyl, unsubstituted or substituted heterchydrocarbyl such as
trimethylsilyl or alkoxy such as methoxy, ethoxy, n-propoxy,
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy.

35
R2 and R3? may also together form a divalent radical having from 2
to 20 atoms, e.g. 1,5-pentylene, 1,6-hexylene, 1,3-cyclooctylene,
1,4-cyclooctylene. Preference is given to R? and R3 together with
the phosphorus atom to which they are linked together forming a

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 RIl.

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



R2 and R3 may al so together forma divalent radical having from2 to 20
atons, e.g. 1,5-pentylene, 1,6-hexylene, 1,3-cyclooctylene, 7 2 MAR 2006
1, 4-cycl ooctylene. Preference is given to R2 and R3 together with the
phosphorus atomto which they are Ilrlked together formng a 40

2- phosphatricycl o[ 3. 3. 1. 1{3, 7}] decyl "group, with the enbodi ments descri bed
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out in a hhH rgwcaﬁcﬂa d’&é‘c?laf‘ﬁed in WD 98/ 42717, for
exanpl @0f &F 5-B, B Fip2 -phesnhshds Bhi, 1- B F ol traf L apremsiihyd ) g6 1 8. 10-
trioxatrieybdedt3iaytla{3, ¥}1.dgcyl) etiéayie) pentane, preferably

1, 3-P, P - di § 2o BhQ3Rha-dndsphal1t, 8t banetdvdanet8y106, 9, 10-

trioxatricyclo[3.3.1.1{3,7}]decyl)pentane.

25 The preparation can be carried out in a manner similar to the
process described in WO 98/42717, for example for
1,2-pP,P’'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]decyl)ethane or
1,3-pP,P’'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-

30 trioxatricyclo{3.3.1.1{3,7}]decyl)propane. Thus, for example,
1,4-P,P’-di{2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[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.



30 trioxatricyclo[3.3.1.1{3,7}] decyl ) propane. Thus, for exanple,
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trioxatricyclo[3.3.1. 1{3, 7}] decyl ) butane can be obtai ned by reacting
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catalyst as described, for example, in EP 273 489 Al, EP 495 547
A2 or WO 98/42717, particularly in the various reactions in which
25 onto an olefinic double bond. Such reactions can be schematically
represented by

-

di phosphi nes. For the purposes of the present invention, the term
carbonyla%lo
The system of the present invention can be used as carbonylation
carbon monoxide is added onto an unsaturated compound, preferably

R-CH=CH-R’ + CO + HY -> R-CH2-CH(-R’) (-COY)

30 where
Y is H, 0OH, OR**, NR"*'R'*'’, and
B R, R', R'’, R**4, 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<




A2 or WO 98/42717, particularly in the various reactions in which carbon
nonoxi de is added onto an unsaturated conpound, preferably 25 onto gm MAR 1006
ol efinic doubl e bond. Such reactions can be schematically represented by
RCHCHR + CO+ HY -> RCH2-CH(-R )(-COY) 30 where Yis H OH OR', NR' '
RR", and R R, R, R', R''' are each an organic radical. 35 The system
of the present invention can accordingly be used, for exanple, in
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hydroesterification reactions, hydroam dation reactions. The system of the
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RX, RY areg, 2aaltagigpaoval ent radical, in particular noncyclic conpounds such
as 1, 3-butadiene, 5 2-nethyl-1, 3-butadiene, 1, 3-pentadiene, 1, 3-hexadiene,
2, 4- hexadj ene, 2, 3-di net hyl -1, 3- byt adi ene, ef er abl R diene. In the
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exanpl e p@FEoi ¢ aci ds such as cis-2-pentenoic acid, trans-2-pentenoic
acid, @&bs-3-pentenoic acid, trans-3-pentenoic 20 acid, and 4-pentenoic acid

from 1, 3- butadieR@cularly preferred embodiment, such conjugated dienes
can be hydrocarboxylated to give alkenecarboxylic acids, for — -
example pentenoic acids such as cis-2-pentenoic acid,
trans-2-pentencic acid, cis-3-pentenoic acid, trans-3-pentenoic
20 acid, and 4-pentencic acid from 1,3-butadiene.

In another particularly preferred embodiment, such conjugated
dienes can be hydroesterified to give alkenecarboxylic esters,
for example pentencic esters such as cis-2-pentenoic esters,

25 trans-2-pentenoic esters, cis-3-pentenoic esters,
trans-3-pentenoic esters and 4-pentenoic esters from
1,3-butadiene.

In such carbonylation reactions, further components such as

30 coreactants or liquid diluents can be used. Likewise, anicons can
be used as counterion to the palladium cation used in the case of
palladium compounds. Examples include anions which are the
conjugate base of an acid having a pKa measured in water at 18°C
of less than 6, preferably less than 4. Such anions do not

35 coordinate or coordinate only weakly to palladium, i.e. so that
there is no interaction or only a weak interaction between the
anion and the palladium cation. Catalysts containing such an
anion generally display a good activity.

40 Suitable anions include anions derived from Brénstedt acids such
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

45 from carboxylic acids, e.g. 2,6-dichlorobenzoic acid,
2,6-dimethoxybenzoic acid and 2,4,6-trimethylbenzoic acid.
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esters such as cis-2-pentenoic esters, 25 trans-2-pentenoic esters,
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conmpounds, H_Efarrghgs [ C‘('d,@g@o%@',ogﬁggéo%hGéf:?zthﬁﬁ:hcgnbi-'&@ice ata%e of an acid

havi ng a | n_wate | ess than

SN s

4. Such a Yndt PERF J(‘f:oc?i‘:d‘idn eI %cg’é(radl %s%ntl% akty to pal | adi um

i .e. soSthuifonigepeifssyef iaft EFag@ifon CHpShH ?raambhq’(rql?ﬁlé‘:aé?%ns%} ween the
ani on andas hﬂ?,pailcuadonntmataomtom@ai@m ysft 2 centai aciny wirbhaanaleshian

general | ypighledy o2 9008 Affdivixt ¥nidls St apl €, GHHCQ?S i ielcudecsbons deri ved
from Bronst aC| ds such as phosphoric aci d or sulfuric acid, preferably

from car b® x “acids, hal ogenated carboxylic acids or sul fonic acids such
as et hanesul foni C aci d, trifluoronethanesul fonic acid or

p-t ol ue#dethe faarbongtationy afeer edvantaggpusdy be earwied deti ebdfamn 30o0m

car boxyl i €0 agiodg, rélfer?atﬁ:ydlfebinoﬂ')@hﬁﬂzl@loecaCTkﬁb présude neiheeatyenzoi c acid

and 2, 4, 6; i{ﬂﬂ?tah% Bg@&{ga%@ gzezswc%qoﬁdzam%ggéo%shyksw 5¢ possible to

use COﬁp|6X ani ons, ni ons talned_fromthée_co atlgn of a

Lewi s aci tPP% roBF3 ' IR RAF 18RS T8t REFSAIF2 EE S GeCl2,
with a prbﬂc P@é‘télCﬂ@F eﬁr@%meyca B$ cﬂ’i‘f?r‘aépdah&WWrﬁ ﬁk&chr?%Qstst han 5,
e.g. albs swlftenicaraohdlsticin askCh8Wtde GH3S@BHLbquid Ippdsehal i ¢ aci d such
as HF, HO, or the combination of a Lews acid with an al cohol. Exanples of

such conp %aé}{“m%ﬂ%xg&& A adv§f1€&§ soud L ?ngezggg‘g‘cﬁl %q.a?':gxcegé) ovcl? T

car bonyl ati ons can advant ageous e carried out at from30 to

pr ef er abl y['“from 50 to 180C. The pressure can vary wthin a w de range The

pressure can advantageously be in a range from1l to 200 bar, in particular

i n the20anige dampoubdt oHP0 carmadvRatégealsdly peefise@nioe a goghvenattim &opressure

whi ch resghd Synsaturated compound of from 10:1 to 1:10, preferably from
5:1 to 1:5, in particular from 2:1 to 1:2.

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-! 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 ratic 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.



15 in the carbonyl ation taking place in the |liquid phase. Carbon nong hﬁﬁz
can advant ageously be used in a nolar excess over "HY". 20 The con&oﬁ 1008
"HY" can advantageously be used in a nolar ratio to the unsaturated
compound of from10:1 to 1:10, preferably from 5:1 to 1:5, in particular
from2:1 to 1:2. The anmount of catalyst is not critical per se and can vary
within 25 a wide range. In general, an anmount in the range from 10-8 to
10-1 nol , 1prigfeeipabbysé ramtie preesetd- 2nveitionf peditaidigumaperiablansf

u][ls?th ur at ﬁfl;&fzﬁépgt%ﬂ@h@aéam?wawag %@acttgﬁadsggt@tg@%s 1i40i8hei eepar at i on

o] e system e _present “invention e, . 30. ar__ano onen
(11) can Yeridid Py BE® sonbwiat ﬁ?gﬂefurt[r}%nltlﬁ'él%gc%lglrueglr?nﬂ%% lg% apg'lrg{)adi um or
pal | adi Bnte e s¥sPanset afithat 16 BRY| PRyAdyapsapeysdiumsenat her vfifge from 0.5

to 10 hakidsieh dfiduadt tsudie gsart hgdterdnboady fot sepenpsle 35 Bhkange sgigbe of
parti ;:ul ak4 Ya %%E}éﬁﬁ@ﬁ Qﬁﬁ)lraﬁéﬁeéf amafﬁeq_sabi ag emd:l palhagsum i n equi nol ar
anounts i I hle e r o of .liga ;
advant age%b?g'lc%sl%rﬁof{ %relogﬁgﬁééyg%})hl %%Wg, Qgrrlée]?'e%h%g% ?”ﬁ:lﬁeg{ 02, If
oxygen | sPRietént 2 BILTIRFhSUFT 4P gBY 2&%5’&: eEABATRAFAf TYMERRATORS The
anount 10fswaii grs solnerecan advantageously be in the range from0.5 to 200
nol, preferably from1l to 80 nol, per nol of palladium 2 2 MAR 2006 8 In
o bony | g B ST B e o he. use.
of a fﬁrt 19 §ui"d© |?%qj§%l%n§§%§8raﬁde%5%\ogwgg %%Jpogﬁzieg%ﬁfh. I't may be
advant ageous to use a further [liquid diluent such as a hydrocarbon, for
exanpl &5 aPrefeeaed sucheopisildchrcamnpherdorangnpeanehard idregen . ofat@T et her such
as 2,5, 8alddmaxanenanead dicgloagTepholls ptivd eahhple, digdrampll , eétieanadr, ani sol e,
Surt LFS%%%@?S“%@@’I? PO i g s
uita rbonyl atiqn inclu C u V. a
nucl eophi 7 u%&?ﬁérpgk%a%coﬁlggisl guﬁg FodenYatom gfyc?qrrpq'a_smg%é&%l'
1,3-propanediol, 1,4-butanediol, glycerol, thiols, primary and
20 secondary amines, polyamines, amides and polyamides, for example
diethylamine, N,N-dimethylethylenediamine, aromatic alcohols,
carboxylic acids such as acetic acid, pivalic acid and propionic
acid, in particular molcular hydrogen, monoalcohols having from 1
to 6 carbon atoms, dialcohols having from 2 to 6 carbon atoms,
25 particularly preferably monocalcohols having from 1 to 6 carbon
atoms, e.g. methanol, ethanol, i-propancl, n-propanol,

l-n-butanol, s-butanol, t-butanol, i-butanol.

The use of such monoalcohols makes it possible to prepare

30 valuable intermediates such as methyl cis-2-pentenoate, methyl
trans-2-pentencate, methyl cis-3-pentencate, methyl
trans-3-pentenoate, methyl 4-pentenocate. These intermediates can
be used, for example, as mentioned above in the preparation of
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

40 case to alkylphenyl esters which can be employed as synthetic
lubricants, for example in industrial applications or in the
automobile sector.

The invention is illustrated by the nonlimiting examples below.
45



15 Preferred nucl eophilic conmpounds are nol cul ar hydrogen, water, alcohols
such as nonoal cohol s, for exanple, nethanol, ethanol, |-propanol %2PMRI%E
n- propanol , 1-n-butanol, s-butanol, t-butanol, i-butanol, polyal cohol § such
as ethylene glycol, 1, 2- propanedlol 1, 3- propanedlol 1,4 but anedi ol ,
glycerol, thiols, primary and 20 se@bndary am nes, polyanines, am des and
ponanideSmeﬂhﬁexanple di et hyl am ne, N, N-d|nethylethylenedianine, aromatic
al cohol s, carboxylic aci ds such as acetic acid, pivalic acid and propionic
acid, inp %ylar nmol cul ar hydrogen, nonoal cohols having from1l to 6

car bon atons al cohol s having from2 to 6 carbon atons, 25 particularly

pr ef er abl nnnoalcohols havi ng fron11 to 6 carbon _atans,

et hanol 5 xobr%péhéﬂPhﬁnb¥dﬁgﬁﬁl 201mh. %%ﬂ%ﬁ@?“oé AR dHolPt Pugﬁ?
i -butanol 0. 5hﬂmﬂs@fobasumhhmnmaakabholbImmﬂesflt possible to prepare 30
val uabl e i nies pdigal @Spheisthaas , @eshtheﬁm&tﬂgmten@ma met hyl

trans-2- pepicgﬁ%gt%gc M £lis3 ”gg EPORhRanlELAY 30 LWERASHP- pent enoat e,
£c5

nethanol

nmet hyl 4 eno s can used exanple as

nentloned aﬁcﬁ@?ﬁﬁTeFﬁe B?IE ﬁgrgnd?¥lﬁxﬂﬁFr88Far pol yani de 6
and po I19aatmteSE8@r635nAn 02 'hQarmlg eaGECHEVY r@f@eﬁevlé%r%dﬁ%?ﬁéce%b?ﬁ%ss es
al kyl phenohs, autidt lakkecha®nEl a¥edjopeeofut imedawkyh 40 crgas dfi ckedot o t he phenol

part prefgarably eC%'ﬁHaBQ£§éd% 18038, Cﬁf@}ntﬁignﬁemﬁé’ﬂtﬁﬁ:@bhadfﬁéﬁﬂ 6 to 22
car bon at ons.

ation. d i bed | ead ase to
al kyl phen§f2 %ﬂﬁ §%ﬁhP5ﬁ¥%%ﬁ$l¥§seig§£ £2P5ta z %?te%lc:éﬁ Gbr gnts f or
exanpl e |hnF¥Rﬁkﬁﬁ%°&I°§pEN¥¥ﬁﬁﬁ Gﬁ§ Gl W?FQﬁﬁge aff beobihee 4Lt

i nvent i1&nbéen | ddaisdr anddvénytace thenreaftiany sexahppe svaset@lensdgup- Thisr 2006
9 Exanpl eﬁaEX@rﬁle%rlyﬁli&? $p 10t idnpheaydutetahenl 120iuh mfeciptibave! ,TH20 m of

but adi ene é%] nafsQﬁéééﬁqu? ESeiﬁﬁ‘%arkoUHDbrSEucts was measured - -
ranethy -6, 9,

1,4-P, P
trloxatr|g¥ é&ﬂ?? Yflf{g 7? decyl)ﬁu?ane and 30 nmol of

2,4,6-trinmethyl benzoic acid were placed under a nitrogen
20 The conversion of butadiene was 82%, and the selectivity to

methyl pentenoate was 80.5%.
Comparative Example A

25 Example 1 was repeated using 1 mmol of
1,3-p,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3,7}]decyl)propane instead of 1 mmol of
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 solutiecn

30 was clear yellow without a palladium precipitate.

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

35 Comparative Example B

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

40 trioxatricyclo[3.3.1.1{3,7}1decyl)butane. After the reaction, the
reaction mixture contained a black palladium precipitate. The
conversion of butadiene was 97%, and the selectivity to methyl
pentencate was 68.8%.

45 Comparative Example C



10 atnosphere in a 270 m autoclave fitted with a magnetic stirrer. The
autocl ave was closed, pressurized with 40 bar of carbon nonoxide angiZiét18lf
to 150C. After this tenperature had been reached, the pressure was kept
constant for 10 hours by introducti of further carbon nonoxide. After the
aut ocl ave had 15 been cool ed and vented, the reaction solution was taken
out. Thi sExamplea lcwearrspaated s6Lngi bl Réut a pal | adi um precipitate. The
conver si oh, d sgdliegt lohdyy liphoshrivayetdesepindpldcs: wifs Imnpmelredl by GC

anal ysi s pfsife-sahvbiohspid-1he, sonualtsiapet /Y1 byitadicene was 82% and the
sel ecti vi Ly 4 TRLOVL, PENLERQSL 6, 1A, A0 1aten SRR RLinge s BASP I 2 A 25

Exanpl e_1_was Tt épe ted Us] ng mf, o .

1, 3- P, PP -4 { 25 UpRAY 1oen29lr. pEid iR TR 8fg3Q gamol. The reaction -

trioxat rieylitdjed. 3ftend {the7 Medetybh pradadeairnye biel ofithophpp RAlladium

1, 4- P, P' -shtdciriaspha-1, 3,5, 7-tetranet hyl -6, 9, 10-

trioxatricyclo[3.3.1.1{3, 7}] decyl ) butane. The reaction solution 30 was cl ear
yel | ow wi t hout a pal | adi recipitate...[he_conversi i j ene was 81%
and the s eeé‘t‘i’\)’??gl?% Oﬁ\rﬁ%ﬁlg %t‘ﬁfoa?tgég’m&ggfzb%%eq“%ggag%%ra%i ve Exanpl e
B Exanp? emathyds peapendakP sisng-2 #mol of 1, 4- bi s(di phenyl phosphi no) but ane
in place of 1 mmol of 1,4-P,P -di(2-phospha-1,3,5,7-tetranethyl-6,9, 10 40
trioxatrigypdaadideleddnpid Idecyl ) butane. After the reaction, the reaction
m xture contained a black palladium precipitate. The conversion of

but adi ene_was 97% and the selectivijy t thyl . pentenoate was 68. 8% 45
Conpar at | ARSI HaE ZPRLARRR 356BY 1 T“Bjaggl he]'%' rlr'gﬁeat ed using 1 mol
of 1, 35 teqldicsyoll eheRjesiidse PEepataie PLacpl aEel ool Rfpl of ;

1, 4-P, P -1j {2, phegpha-gdhdsharlt, 8} b ahetdylamétr By 1606,9, 10-
trioxatrigcydle3i3ydi1d{B.711.dgoyl) Pedang vardnysi Nk dr romRl r@bcbion, the - -
24,6111 RELIWIDCRE QLG 8Cl KL dBLAAY factO clTRhai T GrleRaGk EOBe . SOl Ution af ter
the reaction Wwas clear yellow w thout a pg adium “precipitate.

20 The conversion of butadiene was 73%, and the selectivity to
methyl pentenocate was 64.5%.

25
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The conversion of butadi ene was 55% and the selectivity to 10 nethyl

pent enoate was 8.9 % Conparative Exanple D Exanple 1 was repeated Ug? M4R 2008

nmmol of 1, 3-bis(1,5- 15 cycl ooctyl enephosphi no) propane in place of 1 mml of

1, 4-P,P -di(2--phospha-1,3,5,7-tetr t hyl -6, 9, 10-

trioxatricyclo[3.3.1.1{3, 7}] decyl ) but'ane. After the reaction, the reaction

m xture contained a bl ack palladium precipitate. 20 The conversi on of

but adi enewenalaidyy and the selectivity to nethyl pentenoate was 64.5% 25

30 35 40 45 2 2 MAR 2006 11 we claim 1. 5 A diphosphine of the formula

R1>P- (CH2) n- R s [ j yal ent radical which together with the

phosphoruzl)s' aﬁcﬁ%thg R/ﬁllc%]t% %ﬂjse ??%ﬁgjﬁl&/fornﬁ an unsubstituted or

substituted 2- phosphatricycl o[ 3. 3. 1. 1{3, 7}] decyl group or a derivative

t her eof in whieR-068: ar-PRORE of the carbon atons are replaced by

het eroatons, 15 R2, R3 are each, independently of one another, a nonoval ent

radi cal havingJ4om 1l to 20 atons or together forma divalent -- radical

having from2 to 20 atons, 20 nis 4 or 5 or a mxture of such

di phosphines. 2. A di phosphine as clained in claim1l, wherein Rl is 25

substi @t ed iB dfedofivmradtoradhgaboiGhoregetner with,ghe BROSRAGHNSoyal ent

radi cal R4 haatong tbr ehidhtix 26 dtoked Borms dinphospbstidudedePai med in claim

2, wherein Régipstdth@diCAlphosphatricyclo(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,

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 R! is
25 substituted in one or more of the positions 1, 3, 5 and 7 by
a monovalent radical R? having from 1 to 20 atoms.

3. A diphosphine as claimed in claim 2, wherein RY 1s 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 RI
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 3, wherein R!
is a 2-phospha-l,3,5,7—tetramethyl—6,9,10—trioxoadamantyl
group.

7. A diphosphine as claimed in any of claims 1 to 6, wherein RZ?
45 and R3 together form a group Rl as set forth in any of claims
1 to 6, preferably a group identical to RI.




selected fromthe group consisting of nmethyl, 30 trifluoronethyl, ethoxy,
phenyl and 4-dodecyl phenyl. 4. A di phosphine as clainmed in any of cl?di MR 2006
to 3, wherein RI is substituted in each of the positions 1, 3, 5, and 7 by
preferably identical radi cal s R4. 354. A diphosphine as clai rred i n any of

claims 1 to 4, wherein Rl talna oXYy en %r fulfur hgs
pr ef er abl8 |r’f\tqi-§h°58§3rli“?cﬁ‘?s a1geantt 1Y 2 ﬂ“%llpﬁ'(?sghl ne' as cI al nmed in
any of clainsisl4to0 5 wherein RL is a

2- phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxoadamantyl group. 7. A

di phosphigie gs gl %EEH id AN%16finehal fBarly 02 61a¥hereivd R2inddhdtd oR3

t oget her Torm a _grou 1:2 as set forth in any of clains 1 to 6, preferably a
group iVenticdl *to R. 2 2 MAR 2006 12 8. A di phosphi ne as cl ai med in any
of claimse 1 to 7 inwhichn is 4. 9. A diphosphine as clained in any of
claims 1 im 7 idiphbsphime & icdaSmedOin A liiphdspalerted fFom fae 95PUH aim 1
sel ect ed frorgc;,ﬁqsggggpof consi sting of

1,4-P, P - dl( al ib‘% th%t hawet ylr ., AndOr{li@y@hotrifxatri-
cyclo[ 3. 3.1. ﬁdec f
1,4-P, ¥ -di pé‘rirfqltﬁ’d 0@2 p b%'p7n}a]dfc§1$b'?tfl"éet'r arret hyI -6, 9, 10-

trioxatri cycl b]63-P3 P1 -¢{Be 7§ Juhs\ (2 pheapka-1, 7-tetramethyl-6,9,10-
1,4-P, P -di (Ztﬁm;s;aliacjkcﬁo@ btleﬂr{a(v}]déa;dnmahql )-6,9, 10-
t1“40)F(>atP“ cyclpl,;ﬁ %ﬂ7 I hhyt 8N el (REGEBiGHIDEthyl) 6,9, 10~

' tetr rioxatri-
cycl o[ 3.3. 1. 11{ éE%}F?‘% tahe, ?n?}j%é pﬁc}%bl%gﬁ% as claimed in claim1l
sel ect 8 fronpiefe @P Bp 20 consisting of -
1,5-P, P -di (21ph<rsmhadi;3—5hcvsgr@t—r1aaret‘>h§/+t%tr@mf@hyl -6,9,10-trioxatri-

trioxatri cycl 01313143173 | derydcynebuaass . 1, — -
5-P, P -di perfluoro(2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-

trioxatrlfYFlg[éié%ospﬁi 7&4 gﬁ%&%ﬁegha@fhlm 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,S—P,P'-diperfluoro(2—phospha-l,3,5,7—tetramethyl—6,9,10-
trioxatricyclo(3.3.1.1{3,7}]decyl)pentane,

25 1,5—P,P'-di(2—phospha—l,3,5,T-tetra(trifluoromethyl)-6,9,10—
trioxatricyclo[3.3.1.1{3,7}]decyl)pentane,
preferably 1,5-P,P’—di(2—phospha—l,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
(IT) a diphosphine as claimed in any of claims 1 to 11.

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 liguid
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 11l.
45



25 1,5-P, P -di (2-phospha-1, 3,5, 7-tetra(trifluoronethyl)-6,9, 10-
trioxatricyclo[3.3.1.1{3, 7}] decyl ) pentane, preferably 2 7 MAR 2006
1,5-P, P -di(2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo[3.3.1.1{3, 7}]decyl ) pepgane. 30 12. A systemwhich is suitable

as carbony)} atjon_ catal yst r | adi I um
conpound g%ﬂ §|§é?€§§§ié%oggﬂﬂ“%fgngFgﬁﬁe%}%H&§%§§gfizﬁéﬁﬁﬁéd?@?%a%ﬁ. 35 13.
A process forYiftefs icRGI4R %?‘ﬁéjri@@&r E8xJHTC BEOtEN8IC a2 fe vt i ve t hereof by
car bonyl at i ondeffivatdor] bhareef dipnederably he pemdsonte efter-

hydr oxyl - cont ai ni ng conpound in the liquid phase, wherein the carbonyl ation
is carrged out in the 40 presence of a systemwhich is suitable as
carbonylation catalyst and conprises (I) palladiumor a palladi um conpound
and (11) a diphosphine as clainmed in any of clains 1 to 11. 45 2 2 MAR 2006
13 14. A process as clained in claim 13, wherein 1, 3-butadiene is used as
conjugated diene to give pentenoic acid or a derivative thereof, preferably
a pentenoic ester. 5 10 15 20 25 30 35 40 45
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