" ©3eCBBCDXE~F6FTGTb?l 6Ff BIW Met hod for Produci ng Q/anoval eric Ac

Esters Thereof 5 Specification The present |nvent to a r@@e@@
for preparing cyanovaleric acid or esters by rea 'mmﬂm m’ [m@@
4-pentenenitrile or mxtures thereof with carbon ITDI’]OXI a 10 hydr oxyl
compound in the presence of a catal yst system 5- Q/anS‘V%ﬂ“erl c acid and its
esters are useful starting materials for dyes, pesticides, fibers,

especi al | wRGl AL des L LARl g 298ndPa A A Sa @/d,fs%@ea&hmép

6- am nocapr ol ¢ acl AMNG apr olc esters and elimnation of water or

al cohol provides. caprolactam The preparation of cyanovaleric acid and
cyanoval eric esters by carbonylation of pentenenitriles in the presence of
cat al yst s 3 SP2GLEABAHFHEOKnown syntheses involve a pentenenitrile being
reacted with carbon nonoxide in the presence of water or al cohol at

el evat ed_t eiger gl UL, AN eheval %@sa-_léeo &@E DEES 08918 catal ys!

system The cat SYysS use are r nan ounds, such
as Co2( CO) e “¥PPEY @%ﬁ% acﬁg‘;%’fheesr kst R 259?1?“t’r"(9g A’b se%r(see GB-1 497 046
and DE-2 541} e&oyen%rpvethlflﬁcosmv@mrﬁ sherees wikhf spplpen (manexide a8 660) ,
cyclic ari% dydrowy kacagoundt ineshe presERc87E 57 ¢ptalyst tsysdtes. (see EP- 377
S38 and US 4 933 483) 30 EP 0 450 577 describes an Rh/H catal yst system
for hydroxycarbon tin enenitrile to formcyanpvaleric acid. Nitrite
conpounds f P&§ M@H%Y%lef%%ma ?t’rp"l“écgé'stswef’ﬁef?aaricﬁ t“F\é% tAEing, pareriald | y
active cat alf?§t dyesp|resdd cidpg, HlasesonesBEC ddyt Pehvamidenfdbghsni and t e
coordi natllsoplai_hnss halylirogepetien |bp Bermpaddamioin asidoer falamadboapmeicy
readi |y fOr estetabigd dlliihet ConpEvaterf§of &xcvmpleptRidds?Rdpkdlactam.
(CH3CN) 2Pdd z. The pall adi.um catal yzed carbonyl ati on of ol efins that
contain nitrite groups therefore proceeds in gdeneral on at -very | ow
catal yst 40Thet PEeR3ration phsE¥RYalesig aeid gpg aggeqayqyégn{chgsters by

car bonyl at i SATbPNBleinre vénpenienenidicides hin clicapyesenys tafincatalysts is

( Ph3P) 2Pdfg RhBwhl zKndkhe syeabesen ipvedeeds peritdenenknoube Sedieet ireatyedt he
yield of unspesi Eafb&y Mnoxe8é eis Rl PgeSBhde T (aeEr BXAMI@nbA8apf US 4
257 973). 4%1cvated fenfge@azgpé AR 104980 S4e 636! khetna preeass £prathe
nonocar bonyl.g Ehgg 9 egscgl on ast[uaq% |ttg g 194 qlf | gr §Y1 saturgiynd

conpounds in g ce o

€m_cO radi
cations, a 6P 3ﬁfa‘f%‘“‘%ﬁ S¢p ﬁ??}é 45 gﬁ&c%%fﬂ °An® 8?1‘{’7%‘?1)2505888&%6%%‘1 ng to
EP 5 0 495 BA¥rogep hasas |(ﬁ§eo‘F%ﬂ t3daf4peaR P2t GRéd6HY) cPREEL6iCni tril e
groups, for setuepte. stainasl Rehbolaneci(dedeV vatidBe§603ucty@sic amide or
al kenoni tri heea deeiwscideas (SéQrER+AY3NMETRY I ot ;mithiceal keswiEP-307d838 and
"~ derivative gRall opsefeyyably be a 2--al kenoic acid derivative. For the
carbonyl ati on of al kenoic acid derivatives, the catalyst 10 system
preferab!jé} TTBI’I ses a pronoter, for exarrpl e quinones and nitro conpounds.
Exanpl-e P40 4BE mlepcEabeB AR REFIaEra bt SYFESR £9F car bon nonoxi de
and’ net hanohydrnokxheaprasdaténgf pdne@Ro)ipriI8P® form cyanovaleric acid.
(1, 3-bis(di-n-butyl phosphi no)proparie), Ni TFS (ni ckel

di-trifluor th | sul fonate) _.and 1 ui.none. ver conver5| on
to the m)no(rgrlemtdE © C?néprourrrlgrslz)nr??u?dtﬁaﬁ‘ %ﬁa cpleéceﬁ vva %‘byl Based on
the acr ylﬁn?“?itia)r{é VSRR LYEISAL ED iy saval &sﬁb eXRp| Ferfl it? %ﬁé%?t

woul d havé Egpesieated drhriopgdr nitedles cogrdinetiamactThan belds especially
nitril e-subsort padtladdwd, sinoé hpatllahamn\aoeyyomatdmjye;fobmsténeamreomesslle
described t bemphBxed) for example (PhCN),PdC1,, (CH3CN),PdCl;. The
palladium-catalyzed carbonylation of olefins that contain nitrile
groups therefore proceeds in general only at very low catalyst
activity. For instance, US 4 257 973 describes the carbonylation

of 3-pentenenitrile using the catalyst system (Ph3P),PdCl,/SnCl,.

The reaction proceeds with unknown selectivity, the yield of
unspecific cyanic esters being only 5% (see Example 108 of US

4 257 973).
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'V have now found that, surprisingly, the carbonylation of 2-, 30} §FEB 2003
4-pentenenitrile is p055|ble in high yield and high select|V|ty using a
catal yst systemwhich is conparable to that of EP 0 495 547. W have al so
-found novel catal yst systens and 25 nayel di phosphine |igands whereby the
yield and select|V|tI can be increased even further. The present invention
accor di ngL¥FpPodPaed? 1 iessrabes 2 REOC88S pf ¥ ditien JORGRERAAYIAtAOBCPE or
esters by rapgdehadle-sulgtigntdd puiafdnénplly wnsatumrpkedresnpowedeotin il

car bon nongtedenasdof dydraiyst cofFremndonpridicgopastadtu®icat ionkal ¥y st
5y5ten1Cc”nﬂﬂdéhegté'alﬁﬁdgihhﬁg'Iﬁaﬂnh)aﬁ@n$K“HH$on(bbﬁrébtnégﬁa&ﬂﬁﬁ to EP

di phosphi l,i,ga i, | i rce. The startin materlals
used for %‘Eoe 4'8§ Eon "m}% (staH: x?qﬂ cﬁ%f?.ﬁ : Onbe su% tlp\é’cec} %y4_ Hg e?l]énl trile
or nixturedth ‘éo‘F UBte G9F %’Fa@leanﬁpﬁf‘ ﬂllﬁé}?tlénéﬂf‘? r497 VaE18eS v Sisht es
conpri sing a:?aﬁél)‘%@@%ﬁ@éme#@ riges as abawtidenpenenislss fheehdkeretic 40

3- Pent eneniacridl depivat isteusbsll grgrrfiesiably Sp@ent2eadhehsold eacdsl deriveoigonent
are nost prm&eenedca&d?@nhemsﬂlc;f id1Reh8i®" £PES @QE@VS@iV@Q(a'mEecQMamt' on
of hydr ofy AkeefiCheks ‘i AL eds0h BXBHRLEE | BokNExdh gﬁ@ n8hed!| SP!
conpl exes (o] cop ? ng élo th roceaur escrl bet

the Ger man "3 T“%Jﬁ 89 0, #9340 CRPPG 46. - 6 F E B
Z003 3 The aﬁmé%st?@flet Wéti’n‘&'é?hqrbH‘OﬁP?SW%Ie%“dSI'@VBﬂB‘?hIJ_é?|t@ea€F€SWCEEh hi gh
sel ectivitypf Pdgarc)nsFBBP Whetthds (2i-ndputyrlphopphisrigriopanke, ONLITFI Xt ur e
thereof is (ndedelldittxrifaubeveektiainlZopetd crad U, bleaptivthodupashenenitrile
first ispmicedet Nt@nvedsRent e8aitd mbhEme el %&QQ”MJ:ﬁéﬂﬁhqfe of ‘

4- pentenem@bh@;t&i@wyg%ﬁy?w{a'b%@ea 88! thedlactPNBh LI I GREOCESS, OF the

i nventi on S stan gi 0S ECtiv sel ect | les
whi ch are é% g é?]l' anveP%S rlg%ié § 1"gkbo V&ts Uoh%na&aévtf 8Ffpce,§5"ﬁ%val eric
acid or est¥PIf & Ylﬁ}d‘?héo’ﬁatfl}%&‘eﬁﬁfi'-?’)‘ UoisHAdersubFrtatss| glefins

pal | adi um $xher thempiaylepitullablby phe| peansnss describrd uderetin. sal ts of
nitric a&d, sulfuric acid, of sulfonic acids, for exarrpl e chlorosul fonic
acid, nethgne o [ tr QX h S ni cid,
t- butyl sul ?%n;ﬁgbécﬂwg? &Qm‘a tgﬁét 4"'f‘J 319€F%, 6}.5!1% % Qon leaf% r?élt 85 foh 3
exchange r &% f: p%?t%‘?e'ﬁ‘tférlﬁoﬁllﬁ’??s g’lla “FotFl‘-gkar’rﬁllg 394 FH A kanoi ¢ acid,
such as acétellécét’:?%itlbrust%nlgf PUSRERGEt EYREPH WhiCh\ip| comparaRlecitat thipt hat
when t he p&fl 88i Gnd?3 )54cnfieunaive aalgopdbhadinavedakatalyst suistebbea®®d aci d,
this co unosreirag i phoxpifimec i gands whieeehpi tire dwldeahd €l deaderiagcodsli ng to
t he i nventipenindbeasd ler@nua(ttieconpound, furthernore, nmay take the form
of a pall adi um conpl ex, for exanple of a conplex with a bidentate

di phosphine ligand. In this case, the palladiun(ll) conpound w ||

si mul t aneoFey PEBFRR VSS90 ACRAROANE LY PFRIGISIRSn Ehe | BEGRESS I98 used

accor di nﬂ% trrepheingveyanayaleThe gild adi aatery hyompeahiing ah-al3soobe for ned
in situ st arpengefienimtine elembtntwlessttabeeoBlrilire carbont marfosxdalel agiua(!1)

corpound i Shya%xﬂl ¢digdundTHE BROWHeskhcBl 6f &f adlen19ht héysddie c'baagfsiﬁf
10-i to 10-% pghmdnﬂ%w oy e(%épﬁrsdl%%@aka'&%% gspeci al Iy

V\Athlntheranﬁg Q-. tgl o O entate di |neI|gand can
be used as ‘€3&h%6r® Jf%el f 8Pnfdt°% cOApfex with the palladiun(ll)

conpoundss Pr ef er abl y, t he di phosphine ligand has the foll ow ng general
structural Ther suhatidd rdld82RaXs Ry feltetRe Rlarddhy1B8ignto R4 Y €
i ndependentilnyeGil 168054l lod,, 3C35£ P-é‘éﬁccle%h‘ﬁ/hl@ro\ﬁ m%ctﬂf%ertmeﬂa%w Nghdlp tO

4 fused ar t| in 7 - ral kvl suhsti tuted, or
R1 and 45 g/S %Por Q} g@Qe fidine O’(‘ZZO%Q" Eefecn%mp ars;ﬁ é

and oget her
het aryl ene Pﬁg u%e?fc?nf“é%ﬂrgfl?:s r“iar’rQSCSWP‘?fle@zso la°tr BFRVF%‘F@ whi ch may
each be suisFepteaenianidex orsmaxentgd eomphis g r?g-Pentenenltrlle as main
component are most preferred. 3-Pentenenitrile is preparable for

example by addition of hydrocyanic acid to butadiene, for example

in the presence of nickel complexes or copper(I) chloride

according to the procedures described in the German OPI documents
g5 1 593 277, 2 344 767 and 2 009 470.



‘2 6 F E B 2003 radi cal such'that t he flanki ng phosphorus atons fé 03
separated by from1l to 10 atons. In nore preferred di phosphine ggﬁ(}@

R2, R3 and R4 are each 5 independently an unsubstituted, |inear or
-branched, linear or cyclic alkyl radicgl having from1l to 10 carbon atons,
or R1 and R2 and/or R3 and R4 are together a |inear or branched, |inear or

cyclic al kyT%é’%séan hekE AgVERSHPR BRPVidesad heyrRavekerigoagid with

parti cul ar | ighr efedecsdvibodienemdidesRIof RhetRBr ate, R4 are each sel ect ed
from met hyl 4-gédtdnenpeopye ,of SOREaAPYte thdreby! isSudud.y Tt s wd yievd/ or

cycl ohexyl Eﬁﬁh‘%ﬂﬁﬁntgﬁeﬁgtfﬂﬁé B%dag- éHié%én@gg 4‘f%§§t ?98 {2 int

pent anet hyl Egent@‘[)éﬁn?ral e@j or. .Cy o%}ty eng % ere |]t Ras
been st at ed eé’l?Béf'F &P form
subst i t uent 3-GEPWRLgR{C sifbidt |°tru§ﬁf'§r Vit (‘Pr}i’edBrﬂ%‘Fsﬁ ffaithet Heventignyti c
activity oftakrs plecensulsitiandiilad lyubsgiaasdecsivaly rdehhakdeetiwitdes, al koxy
groups, halwialdtylargxgeperalial adokexyog) Qipferably dafieC8bs, wesdwn 20

groups, am fy)arg;\@qghchyg{d)@g e8E8HPBormtid.ri | € groups, acyl am no groups and
aryl groygs. The diphosphine ligand to be used according to the invention

is bidentate; that is, it nmust contain the two phosphi ne phosphorus 25

at ons at anTlnmtped#@kﬂeumb;E) dionpanpe EhPrefezabinta gadlleditmarsalanf i gur ati on
whi ch per m kxdlpaesobBsuDiablfe patbadilimaiadive DaeThde theespaed ¢f hethct he
phosphor us 2t RiT5 s\Wklir fc Sidid € oabh BEbAm Alels, | fod aapoue preferred

structural % fgggée%&rde methén@sxﬁf‘é%'ﬂé” g |dg| ng radi cal such that
osp
&P é

the flankgn ar e, separate from1l to 10 atons. The
bri'dgi ng gr E'Fg%l’ %@é@nﬁ& g 'rk?“ﬁﬁ s‘é i @&hts whi ch coul d

sterically PlT‘?R:Fé’te“FﬁBlE%‘l“ﬂlaﬁ‘éﬂroﬁr &% & @udBpjated jipnggxghayde mesimai ar
whi ch may cohtaicarherel batasisl, fochexamplediofabrraliandiccachdn, swithas or
t hi oet her rachtcial ackEdaoplesififuobbadei ity a’ﬂﬁdgrmupcsl])i &beai)pfe@i@ﬁ”éd €hatHZ-,
- CH2CH2- ﬁﬁﬂﬁjﬂ%QHBalla A3 - comﬁ%ﬂﬁﬁjH% a p a su1tab1e

- CHy CH2 0P Ly @'@Eﬁéﬁ% Cij;z%g f2- G-,
CHZ- CH( CH3) ¢ A6YERS d h e
i gands(are OI’%I n P Fhsi & é‘HPl M b rs‘glgt Sln‘é° d) 6Sphi ne

I

1, 3- bi s(di R85 phi Y e °§“ tﬂ% dpai PPR&2PAI ropane,
1. 3- bISEdI ?ﬁ%ﬂﬂzgyPﬁhés%ﬂﬁﬁﬂfﬁpﬁéﬁané byggntgte dliﬁﬁZﬂ%fng 1§§;n§Rﬂ£i tgls

1, 3- bi s(di -¢amshuttpephadbiding(FI0pasepound3d whild ( simuktamephphp spdritadnprapane,
1, 3- bi s( &P-siduittpitphasphosphipeopagend t B bs&d Badd¥dAi%g to the

ig BI SES' inﬁﬂa&bah%mlmlﬁginﬁn@x) lockdehundiah- Jl%vlbgheéﬂmc{‘%p sqR@ne.
: i s(di [

15 - S Q! ¥|r&ﬂ0§rn={:é1 ghi é‘i‘estatf

1,3

1,3

c
1

, 3-bi s(n-butyl met’hy i N0) pr opane,

, bls(n butylethylphosphlno)propane

, 3- bi s( 14 STty cimousty b & rephiceiiimi o] propaeandnds i det icsGnBrat. Nihd Widunt
ont ai ni ng is prefelrably yWwidre ngkhePsands 4doims ( d+7 its0R0OPMbRNES BhH1NRKRURaNE,

5 bi s(di mpshucnlBOsRpidlertrdxapes! &R, espcially within th
1, 8- bi s(di - fyfautyl pﬂ.(zs!p))hl no) - 3, 6- di oxaoctgﬁ%ec?a% y within the range from

1, 4- bi s(di - n- but'yl phosphi no)-2,2,3,3-tetramethyl butane. In particularly
preferred enbodi nents, X is 15 -CH2-N(RS)-CH2-, where R5 is hydrogen,

st rai ght 3ghehen midebtauermbr@bpﬁ%ealkgdnd siaehba suset e suehhyt , imtpeopyl ,
i sopropyl, folmtgfl a Gompliest wid® Eh@uééiladﬂﬂﬁ Yiy SpHundQCh¥dferably

UnSUbStltUtéﬁh(ﬂl Q%sgﬁlﬁgl@ﬁga%ﬁbﬁgb (kégio ifg %gﬂéyﬁ k¥krué€545i' g
blcycloalky as cycl opr opy cyc opentyl, C

h
nor bor nyl , . pi nanglil bornyl, bicyel ononyl, unsubstituted or
Cl- C6- al kyI substituted 06- C2o0- aryl, such as phenyl, tolyl, naphthyl,
unsubsti tot ed or RIR2P-X-PR3R4

where R!, R?, R3 and RY are independently C;-C,g-alkyl,
C3=-Cjpo-cycloalkyl, aryl or hetaryl having up to 4 fused aromatic
rings or C;-Cjzp-aralkyl, which may each be substituted, or R! and
R? and/or R3 and R* are together C,;-Czp-alkylene, arylene or
hetarylene having up to 4 aromatic rings or C;-Cyp-aralkylene,
which may each be substituted, and X is a divalent bridging

45



25 Ci-Cs-al kyl -substituted C--C2o-aralkyl, for exanple having from1l to
carbon atoms in the alkyl radical and from6 to 14 carbon atons Z&Ffﬂéﬂﬂﬁiryl
radi cal, such as benzyl, unsubstituted or Cl-Cs-al kyl -substituted

.C3- C20- het aryl, such as pyridyl, pyri n)%dyl pyrazinyl, triazinyl, or

C2-C2l -acyl. 30 \Were the radicals nentioned can be substltut ed by

Cl- C6- al kyl Fadif@) suphpehatufdei £Laweinsy PHREPIAT HRE BBk TE FaRATaLefloby
exanpl e netfwdm gr tet bl at@®®.The aforenenti oned radicals can be substituted
by one or nore, for exanple from1l to 5, substituents selected fromthe

group consi t| of - 2- | ogen, i .e.,
F, Cl, Brg 6?“‘%\'%0%‘@4\'0 dﬁ@é?’%? l’é’%lgan‘é‘bes"?s Ré(%gg‘ﬂdsﬁgm@z 3Rk

Si R~3, V\her?enmqnéleﬁ?w o%jbr\msehzst}*@ﬂ?@l%yllln%%lpézﬁ &irapched metingar erhyl or

i sopropyl, eyclGe- €lkyarsddicedpbevand frpmedyto HndaRbonsatdmd] @raRkyand

ﬁ/ﬁ peci al |y wethu/or eﬁihxalnd?w |a&@&;§;¥£he19ra QEnEa#- 8¢ WrarRHBag @lx![lé/aﬂJQﬁ'nW b
reover, i e, r or atons can be

repl aced by%lt(}(rac %&%ﬂ',g&% fggﬁg L rlq1 xgﬁgﬁl‘e t e?ié)r Sﬁéb&?c%%;“n ‘Q which may

be substituted and may contai n heteroatons, such as oxygen or nitrogen, or

aryl ene uni IrS,pﬁﬁt&buBSrnhQﬂ)elfeﬂﬁedIe‘nﬁdd&mahkey} aﬂe R22 B Bnld B meﬁcﬁhal n,

in which ca@@lthlea f§9§m et ,i QBﬁutW?
and n = 3! it} OF Loyl roﬁ[e avd 'ﬁP *;,[%/ as
tI‘IITEthy|SI%% B’r\{udl ﬁ ég e{% 59 |sé_8,re erred
that RS is e"1§8 ® %t&%”;} PREY T c 4 e %@é r.ﬁ%?

st abi | i tysof2d¥f@ldi PAgtp Hith &ag SRR ik atedi ?law% thadc R orR%at RP adnd rﬁj‘ may |
radi cal s R3eaghe bej ﬁéh?tmuttﬂdanéhecm@@t@@eatkwarsL!is!stanl(uslefetswv@mtbeast one
el ect r on- atwhiadt dpgndﬂ Dupmipr, thhecataigttrionaativiant iofg the osiypstisi.ng '
preferably sliisppaedsibst ients—incVudeAhdN8EeR- Pasiid,i AkoRe PR,y in the
a- and/or '}pé&%atl'l@m §BS @ V%aﬁ@aii@@xf't}r"oﬂﬁgn é’éﬂnra@cg:é aé 1o ch is
substltuted gﬁ‘%% g yaltt&gg ng graun, .a SQ itrile,

sul fi nyl 20- a 0 %S%é?‘%kantl_ Tt 5 adps ? ?%psl’S T 2RE88 be
-C(O RS, m%ﬂﬂ aB s@rll% 4*€%PPnear or branched. Cl-C2o-al kyl, C6-Cl4-aryl
or aralkyl having from1 to 10 carbon atoms in the alkyl miety and from6
to 14 car bofhat@Phokphife 1qrgsahdn9beéé/,usleunsaéomut§ %ra,claﬁel in&&qoal kyl
substi tut edbﬂYerﬁ:tatEeagﬁatpri% el; @Cltnu.gp t{:lrx'(_g w&gﬂgs hosphorus

el ectron- attracti a'"F eng t%rnaelgn I Spo %f; -
and/ or 82505 T on ref’a% T Ve (} {%ﬁ 8 V\/m ch is
subst it ut edc‘PR/f’éit“rlaEé%’E' W%P@E’P?‘Bn P&E‘# li‘p“PF@‘F%ﬁ"i"é’(? Rgnd

radi cal s i net ude ParhyPf kRatdythej RepiRipyms Bh@}’ﬁ/IWltthr Bf Bibg kerardllagheny| |
trifluoronettpn. dn pbeataidueoprsefbyred 25 rSothabl ef aimediar, onhetdfae,i Hgis
substituents divadenal kyldfingrybi &l aerxg:hhahagefheatﬂmhklat;ijh@éapHdru@ri ne,
chlori ne|3 BT atBrTaRe, sBpSf APy ELoRT N aBdatbhd! i1 bRa8GLsY| FHoup

pref erably d&&édéfa%& oeJ el fx‘?dar?f%hbgég%&élxtss W che ch partially
hal ogenat e "02‘3 nattgl é D g ? & ter,
ami de, sul fT € & SRAT IO SF% "’fbslleséf b? %& aal1 ylene’
subst i tuentC}?"’b’rn CQI RIY canFadryheternators, ?‘H%h @512 fddptars may al so be
subst i t ut edd¥rqagrbopyoeithenport thipetheanwedyrals Epanpdesand bt Hioimg

anmoni ung agif@edss X Bxanforeexeinpdai teibl6 aCkyCH -3di-CBICH,RE, A) 8:CH0CH;-,
trifluoronetdw)scrbs clumeaneijonl -, didd,eascewicayl, Lcassdu fcuyor oet hyl,

2,2, 2-tri chl ey eet 6, cn’goéﬂf?m_; cif Ié@{cq@hgﬁylw pent af | uoroethyl, nitronethyl,
2-ni tronet hy, %H _%Hglaﬁ g)t anone Preference is given 40 to
trifluoronet A H uorzoet hyl . Exanpl es of suitable aryl

radi cals R5 are p-, m, o-fluoro- or chlorophenyl, 2,4-difluorophenyl,

2, 4- di chhor pphesnds, o2, dubrdpid Ibueéﬁ@mmph@gph@ﬁé upj:gama@nxke

2,4, 6-tri chg,gg&m% 313, ﬂ'irﬂm%@lh:—bgﬁ ;ﬂo%?ﬂﬂ&g&
%ﬁ(]eth;él

2- chI or o- heny rretrhyl sul fi nyl phenyl and

nmet hyl sul 1‘502% pl?'nl
- 1s(d1 1sopropylphosph1no)propane,

1,3-bis(di-n-propylphosphino)propane,
45 1,3-bis(di-isobutylphosphino)propane,
1,3-bis(di-n-butylphosphino)propane,
1,3-bis(di-s-butylphosphinc)propane,



The invent
pal | adi un(

ion al so provides a catal yst conposition conprising a
1) conpound and a di phosphi ne conpound of the general2§tFrEg(2m3ral

formul a RIRZP- CHZ- N( R5) - CHZ- PR~R4, where R1 to R5 have the abovenenti oned
-meani ngs and preferred neanings. In 5 Bal‘tl cularly preferred enbodi nents of

the catal yst conposition of the invent

and R4 on thé&%ﬂlaﬁewamh%SpéﬁﬂoimMentIy 1, 3- and/or
1, 4- cycl oocl y3-ewiss (@ienRbex gl phoépiiiho yarayaineny| , pent.af | uor ophenyl or

2,4, 6-trif

may inclu

I ypzqmrbqrmLcyégo@yl @ggﬁlﬁd})@mhbadl um(I1) conpound, reference

an’ani on source. \When the

is made to ihg t%n. glr]_%gg erw,gq ogghi%ﬁ%ﬁggg The catal yst conposition

pal I adiu

Iil) T &Rat}’ 2FP ﬂ?%)rﬁrsoé’laf’eof a suitable acid, 15 this

acid may at t:frebisse(%e5rPﬁ%1QQﬁmlﬁ6ﬁPh%SRh?@°dﬁif@Ha%Lﬁd@e itgugsontiniicosphi ne
conpounds amextalrso costeiniy tlg 4asybiedqydepki goowpdy| ) am nes. The
preparati on1p&-ﬁ@leQsém@q@»jﬁb@bhyﬁs’ﬁiﬁgnlaeen descri bed by J. Fawcett,

P.AT. Hoye kﬁjs diRe

t he bi s(
-pr ovi des
R1R2P- CH2-
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i “°r@é i %%torrrﬁessrlrﬂi oL af Y e o Y, 2 °0
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meani ngs and preferred 30 neanings, with the proviso that conpounds where

Rl, R2, R3 gh

endo- (1R) -
Rl, R2,

1, 7%—“%% ?Prg?ﬁfﬂ;b cyc?yf%%a%%ﬁﬂgt%g?g&i# %g/bﬂc-lgzal\-l/bor Clal\-ggzg-lz

'3 and R4 are each cycl ohexyl and R5 is. CHVePh or CHMeCO2H, or R1

andi R2 on the one hand and R3 and RaHpm (RAe-GEH,-qt her are toget her .
cycl ooctylene and R5 is CHI\/EPh shal | be excluded. -(Me is. nmethyl, Et is

et hyl and.

i's acconplls

P |s en The re ar at.ion. of the- bIS Qsphi norreth ) am nes
L% R°TY varbeet” SPALALOR 0L, L 0 LS RIQsRNIenEL ) am nes

schene: 45 SU%PEBQ‘BB hyl, rethyd .\ prpLionys ,/ isoprepphy m-mmm R-butgd,5 R1 R5
R3 P- CH220-eHgntylRl pentyY, texpie pebyli omsubstituted oray conveniently be
chosen to be -igrallylisnbshdsetedsty-chgdyiclodlkfanciaidlud®nd. Bicydayalkel , al .
J. Chem Soguctalst @ ci-éﬁft&;yl],9%§c13§&3qa563yc18h@xy]t N@orbornyl, pinanyl,

bi s(phosphi 1hYL 1e hﬁé{i'b%]ﬁ’mq{t%ﬂagﬁbé -ai’kﬁf‘esu%%tuiﬁ@&&' oh by

reacting t
primary a

Qxdﬁry Sgs enarll t?? Z[mcrha asgyor uerhsu %ﬁtggeg

n?)‘érature

of from Bﬁe?’elcébf‘ 5830' ’;’_% c}tEBEd Cmearﬁﬁ A r 5% SXFPdepRe%EM € %Borpound

to paIIadILﬁﬁIQjFarbon atoms in the alkyl radical and from 6 to 14 carbon
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atoms in the aryl radical, such as benzyl, unsubstituted or
C1-Cg~alkyl-substituted C3-Cjp-hetaryl, such as pyridyl,
pyrimidyl, pyrazinyl, triazinyl, or C;-C,;-acyl.

Where the radicals mentioned can be substituted by C;-Cg-alkyl,
they can be substituted by one or more alkyl groups, for example
methyl or ethyl.

The aforementioned radicals can be substituted by one or more,
for example from 1 to 5, substituents selected from the group
consisting of -NO, -NO;, -CN, -CO,”, -CO,R6, -CONRS,, halogen,
i.e., F, C1, Br, I, -NR6,, -OR6, -NR6*+3, -SO3~, -SO3R6, -SO,RS,
SO;NRS; and SiR73, where RS is hydrogen, C;~Cij-alkyl, especially
methyl, ethyl or isopropyl, or Cg-Cis-aryl, especially phenyl, and
R7 is C;-Cjp-alkyl, especially methyl, ethyl or isopropyl, or
C¢~Cigq-aryl, especially phenyl. Moreover, in the aforementioned
radicals, 1, 2, 3 or 4 carbon atoms can be replaced by N or O.

R> can be for example the group -(CHy),-Q, which may be
substituted and may contain heteroatoms, such as oxygen or
nitrogen, or arylene units, such as phenylene, in the alkylene

R1 and R2 on the one hand and R3



20 conpound, based on palladium is preferably within the range fromO0.5 to
20 . 1, especially within the range from1l to 5 . 1. Useful anion JouFERH)
i nclude Lewis and protic acids and m xtures thereof. The ani on sources used
are preferably weak organic 25 acids, for exanple organic acids having a
pKa val ue of 3.5 or higher, especi al | yésterical ly hindered organic acids.
Exanpl es of cpi¥terinedhoelyariss Qciids-%0:€ b3z 0i @A), d-CONRS,, halogen,

2, 4, 6-tri netfffbene®i, cNRChdand o=dichd orehensah s+ 8¢ igheferaply 1-10. RS

9- ant hr acenes@rdl@ey bbCs a€i,d, sRbyald ¢ 2kk ]?1521 3- bggéeg}ac{.l cégngﬂl c acid
and its par{ffﬂhe%%l@ﬁ@[ﬁs’ 2- et hoxy- 1- nap Al gnécar ‘6 ekoygsilyl, :
2, 6-di met poxybenzoi ¢ atid, acetic acid, propionic acid, butyric acid and/or
cyanoval efic acid. It iis also possible to use strong mneral acids, such as

sul furic 35Iacisd preeetrddrinatags dss AR eRbSO-GHIA anggggﬁ?i L2 AG:gs, (such as

ci.
sul foni c acg : < et | cl - t.0l uenesut fonre caéi &
benzenesul f ﬁ%%;%g?é%:é%ﬁ}%rgg%é?wg%& H%ncglqrquﬁ P0G hei d. 40 The
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mol ar rati o, Of. anr.on. S ALGT RS EaRE PRI S dbnpsendinermer brancied . The
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equi val ent stlpen-if-g 94 el feadbups #iLon, 2o 6ode il 2R3 D% 380,
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reacti onygroc uc§ bbf a1 e S-THR Ry dPbI&AnYdokpBRsRT Jused nitich@ronpsesks of
the i nvent "6 84RC bR &1 CaRBnpine whdckr cage A% abcbiméar espeeanthed an al cohol
having 1 6 SafFpo?léydnsfs-The-atyxbloa ausBdy i aavhagapyopri R Yo sgaary or
tertiary aladoms| inBdemaleylomhopswf ehdedrah cone 34 Bgluge AQaethapel | .
ethanol , prapanabietyonionanoby MiRghSe, RoNeXAND o B-REL A0 , 1 SO0t anol
2- et hyl hexar@ki ‘gy@légl@@@ggl_at%e | cabeghol™, P Egl et hyl —arcoldl 2tet hyl ene
gl ycol , 29 2;1¢ pgéﬁgtﬁgg_l'e)égol ;%;égg TR Jitc Sl eChEdbattyrEEiRD! |

trinmet hyl olpr ogﬂe SRF ARt §PA BarthecGrar Ppr efeedéeri s given to
met hanol ng-‘gﬁ Mt AG 2t R ¥ ddesS (8 InfmD needt abse iG-Goianyagebish v
carried out:SafuB®titutgdcbypabfieassl pngseledti®b-atheaptnnpsgoap.t he
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bat chwi s%3% continuous or sem continuous conditions. The reactidn times are
general ly \évithi n the range fromO0.5 hours to 10 hours. 25 The catal yst
system to BETHERIE LIEGEIPAGREEractdnEngeba Y iduenty be #wrdggneonsanyl RS

het er ogenedd§. halrgerneaPypst syaht @m Mayorisn kalusedeidr ivreaRhb] zed form
Exanpl es ofrséeraiplye fduppone sarat ehilonigxChaingecalatly Widtleragse, for

exanpl e’zfd daior JiouTheOB1k® HPReFRNE LS CORPRYYIpe fOSEXA0RLE; £ortai n:
above- def' nadogéhHidss bhhUsSE 52 18deRalRa . elfﬁrﬁ:rhe'rﬂggel nLhera ESI gn 1\-’1\4){ h.jonic
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sol ution of, Lhe caral gsé g}ﬁs:% Srh €0 ERBY 198K 8 dngetfoand ereuBatal yst
system becom by fix€d: UIBETEY JOEsEhRfakiyd PRdertYbIFadicplet efkelaryl
carried ouf@PhCetfe MAVqALEC PhrswbsTAEuted v tphadeoney dre tirdehbordnethye

pent enenjst BFPEPUFEE @Aspyby humioydouoxyad mipouRdansbsk o kanbabiy el 1kyar

addi ti onal Fgdicsls [RPqaiel: phaTaubRynEd1BA ,CRFREA BOr et NG £ AW drdSh) 1

sol vent mag, be2-used1ubxasPhEs, @r,9,§ujc{'98ﬂl%%e49¥§nd sul'fones, e.qg., !

r

di et hyl | i F10k1 | f dr ot hi_.oph 2, 2-di oxi de,
2|_ n“gt h¥| sﬁgf 5 quﬁqﬂqbk?g%w’f SEH%%?PL%%%?%‘% 42 U%cifo'fe:?:ﬁ‘(ﬁ)’fgolegﬁe; ar olrrgi(: ce

- a
R e 0 R g TR el o b N
acet at e 2anG° b }rOICAETBRRY L IdfibRe 3, 2 stick lavraethphe Examgiesebhyduitsohyt vl
ket one: al egy,bp@,dls:_aéh B3 awet panoh- and-faubassl or Qiﬂ@r%phé%b, as
t et rahydr oRué-aiiflaprspheny 2, 2 ,3-4ibRXGPIRNGL, 22 G EB 2 f’ophenyl,
pentafluorophenyl, 2,4, 6-trichlorophenyl, nitrophenyl,
2,4-d1nitr<?phenyl, 2-chloro-5-nitrophenyl, 2-bromo-5-nitrophenyl,
45 methylsulfinylphenyl and methylsulfonylphenyl.



to di phenyl ether and diisopropyl ether; am des, such as dinethyl éxgﬁﬁgr&l de
and N-net hyl pyrrolidone. The process of the invention preferably 003
place in the 5 substantial absence of oxygen. For this purpose, the
reaction vessel is, for exanpl e, repeatedly evacuated and filled with a
protective gas, for exanple nitrogen. Reactants, solvent and cat al yst
system are Bhrldavient i dme #lizveprovidedid cat@lfhe dHn@fé%S_%lQifx é&}ﬁ‘pﬂl@,\iﬂgt Lon may -

be carried maltladdumeXB T chpaanlOhh® VS diphb8 ﬁ{}_ﬁrg b nenitrile,
o e e e AL
nt i |Pht16 lﬁ‘a"e

system and,,
DT essur e- | 65| st anﬁf’ﬁgr?tJtoc?r’:">é ’f‘ﬁil“g“?%s facS‘F]I Bﬁ%ﬁelﬁ'f’q ME8BLNgH- ofn car bon
monoxi de ARPHHEUMRLEY RyeSerrad emkpdigents ofhdhtechtellysanmmsition of
t enper at ur e-heTHavertian oR! paed SR enmlye meadjandt g 3 aRaCRS oY ybheby

i nj ecting fattielrenre ajdiortyoandi ﬂ;&ié}fenla)én{‘:fi' eﬁsjﬁgngagpop 47%18 er N
eco resse

h -
El'hg L;Zﬁgbghgtzt%ﬁ%qfai%ﬁﬁ% glma% lgtga I so?gghg ¥ffjorﬁ the m xtures by

custorraug net Kods or e e by fractional distillation. The catal yst
system &d may be formed in situ under the reaction 25 conditions.

Al ternati velsy ragars efiry phllYad Navev8r cohpburtdl db¥stesds &MuSPLEPALEd (N |
advance. TQpsBk$a€iths haleeXanpl; ’outtlgézpafﬂ@(éa%%xse con@ooss a? ﬁ e

bi d &&%88 3% h
di 550l ved é% PRAGRRI ol B8, L o ol ST SO o8 aalor baugeagiaen i ot

u
suspenshﬂp 3 g‘g‘% {Hfdd c°’f‘ﬁ%u’b%lli%&|hﬁn??3r§a%“ﬁh§§bﬁl% T emilteklapgciden be
i sol ate F&Fse?‘éhﬁblr@yby‘tf the reanekinef fupdsnany the eniaddisbuese of a

sol ubi i ty-reduci ng di luent. The Exanples which follow illustrate the

(0. E"%{?g ;?Dq] ﬁ#ﬁﬁiﬁ% %‘f%?E"‘%c? geé;hra%s?*?é}’%‘nél%oiﬁﬁf n0) et hane

and 1, 2- bi s i L ARY an %t t3Rem xed conpounds
with 1, %0 & 8 §s V&ac{l ?e‘i’%e‘lgrdﬁﬁﬁl?%(ﬂi'e)? Ragcet ( P.-0. FaDldyofet

9- ant hr aceﬁéca%‘bo&quh@macﬁﬁc arRR1Zoml TE&ds nTisI9B, o583 fmEIEENENi tril e were
taken up in 10 mM of diphenyl ether and 45 5 m of nethanol and introduced

| Goted tgone ot ST AR P RS 55 50 i LPBRSPR.C and

i njected t Q.2 P4 Es slur 19 i b
the total pressure wad 88j RETEf o 6B SRNineorPERprRis IR tagcoereral z s DEB
7003 ti @S PEPBFEYRY ﬁ°’F§Bi~ the reaction was term nated by cooling the

aut ocl ave. The autocl ave was decorrpressed and the liquid effluent was

anal yzed by gas chromat ogr aphy: 1 was repeated in a 300

m autocl ave using the foll ovmxn%@r(ggg ﬁg’gEléﬁr?BréRstat ed anmounts: 112 ny

(0.5 nmml) of 10 palladiun(ll) acetate, 845 ng (2.0 mvl) of

1, 2- bi s(di E‘,’QEF%F@X?Ppﬁ%ﬂﬂﬂsﬁéﬁeth@r@w@méngléﬂih m@Eanlingé and preferred

9- ant hr 3Cemesnihmxy ithathel pridriso (424 dBipolin@k @:mtaeneﬁt {3l gng 4k - of

met hanol aade 46adH phengd P> ekhefiverts EXRAEEH f1e3 was repeat ed
—Uusing the t£gkbo Q1reaet zg 0 125 mol ) of
AR §?§Y§f°afff% S e My

pal | adi un( }}; r@%%t a ) of
20 9-ant hr ac%e El I ] c aC| c? FES BT °‘lﬁxY§ pBAt Bhel tCIHMf—‘Bhand 15

m of n’§T5h a and R on the one hand and R3 and R4 on the
other are together cyclooctylene and R5> is CHMePh shall be

excluded. (Me is methyl, Et is ethyl and Ph is phenyl.)

The preparation of the bis(phosphinomethyl)amines is accomplished
40 for example according to the following general reaction scheme:

45



'25 The pal | adi un{11) di phosphi ne conpl ex was prepared i n advance for this
Exanple. 1.0 g (4.4 mmol) of palladiun(ll) acetate was dissol ved 1 A &8 63
30 of acetone, and the solution was stirred for 2 hours at roomtenperature
.and filtered through Celite. The filtrate was adm xed with a suspension of
2.1 g (4.4 mol) of bcope in 50 mM of &cetone and stirred at room
tenperature for 1 h. The resulti e pal e yell ow solid (bcope) Pd(OAc) Z) was
filtered off and dﬁed 35 und rR reduced pressure. Yield: 2.2 g (949%.
Exanpl e 1 was repeat &RH udi n@the f 0l ROGHIY rea®PBly s -+t he stat ed anounts:
67 nmg (0.125 nmol ) r3f (bcope) PR!OAC) 2, 445 ng (2.0 mmol) of
ant hr acenecar boxylic acid, 10 m. (103 mml) of 40 3-pentenenitrile and 15
m of nethanol. The results are gsn each gase reported in the follow ng
table: 45 2 6 F E B 2093 12 Exanpl eReRe- Conver - TONTOFSel . Sel . ti onsi on of
C~) ( 5-CVE )tinme3- Qlégl’h%z -M-¢H39BY ~70 $5215 h40 ~851490 071 %83 h57
s47015790 %2 ~43 h62 16590 s72 s CRE = cyanoval eric ester 10 TON =
turn over nunber TOF = turn over frequency CAnparing Exanple 4 with Exanple
3 shows that using the 15 preprepared, defined (bcope)Pd(QAc)2 conpl ex
i npr oves!q iehecakatbyitn asnidiiiyns /hafwbbheénf@h:ta@t agechbidh e bds §1:QI1atzhe

def i ned, prtﬂjortaaaée@b&ﬁrmbaxlhsttt%%cébereplﬁ 710y Eﬁzd dOra1an ﬁxc ERSm

di phosphl neSOQ:onBQ lgxag_ryé nﬂll e Illustrat es 'thé prepar ation
of am xturbelsg E %Tc oocta%l ene hosphi’n t hyl ) phenyl am ne, 25
13-bis(1,5 cy PoS%? Héﬁ wé’ﬁ?ﬁé’:ab € in a one-pot
1- (1, 4-cygl TSECEY PR RN tﬁ?éﬁﬁﬂﬂ@rfé‘t?tyﬁefpad?{x Rhosphdnet yien digroeptienydet hyl ) ph
enyl am ne. aIleang@ld)SBT ADP¥ imdrpamiher nEdxleixathplar tn saspanedad, | sudWGsr  of
30 tol uene taldebbe stispeempenatwrd@Ft Edoh priffer@bly. Ho e 8. 94 Sod1ol ) of
aniline and 5 g (0.035 nol) of a mxture of 1,4-cyclooctenylphosphine and
1 5-cycl oog‘%\ﬁn}él hos h| .ne are, added., A clear solution is obtained after 5
h, cool ed nPiEa?%Hmsﬂli’én?e%‘i”&Rfé"idstPaRéhl%ﬂ}WI% m of

di chl or omatcl?a‘ﬁeu?)@r d?ﬂfe@h@nch@l%ﬁcb-up\hosptﬁ#ﬁefargb@yemmirattad whhe efrtanol .
After filtfati ba, 2@ he hespecisl queritbidrited nander freasucaed pressure. Yiel d:
4.8 g (680).

Useful anion sources include Lewis and protic acids and mixtures
thereof. The anion sources used are preferably weak organic

25 acids, for example organic acids having a pK, value of 3.5 or
higher, especially sterically hindered organic acids. Examples of
preferred organic acids are benzoic acid, 2,4,6-trimethylbenzoic
acid, 2,6-dichlorobenzoic acid, 9-anthracenecarboxylic acid,
pivalic acid, 1,2,3-benzenetricarboxylic acid and its partial

30 esters, 2-ethoxy-l-naphthalenecarboxylic acid,
2,6~dimethoxybenzoic acid, acetic acid, propionic acid, butyric
acid and/or cyanovaleric acid.

It is also possible to use strong mineral acids, such as sulfuric

35 acid, perchloric acids and also strong organic acids, such as
sulfonic acids, e.g., methanesulfonic acid, p-toluenesulfonic
acid and benzenesulfonic acids and also trichloro- and
trifluoroacetic acid.

40 The molar ratio of anion source to palladium(II) compound 1is not

critical. The molar ratio of anion source to palladium(ITI)
compound is preferably within the range of 0.5 - 100 : 1,
especially within the range of 1 - 10 : 1, equivalents per mole

of palladium.
45



0 Exanple 6 Thi s Exanple illustrates the preparatlon of _

3-bis(1, 4-cycl ooct yl enephosphi nonet hyl ) (2, 4- dlfluorophenyl)am.n@,BFA’lE-EBZ[m3
3- bfs(1,5-cyclooctylenephosphinonethyl)(2,4-difluorophenyl)an1ne, 2 6 F
B 2003 13

(1, 4-cycl ooct yl enephosphi nonet hyl ) - 39(1, 5- cyclooctylenphosphlnonethyl)(z
di

e

f | uor opheayigearifneybndaltadpehcid . & PalRi03bain) )pr@&e?ﬁ-f)ﬁé ordmidehyde

28 Mo ogre rba];)%ot% ﬁ{%ﬁ‘dﬁggaggp?&?%h%éu ; gt T
| fa-1 758kt OBAtnedre MRfdddadnd

?Lelsglﬁ¥?0ﬁ0| %ﬁ? : gg E&éhlﬂ fp eafe?ﬂﬁ%onAPfééhQﬁxﬂqtﬁgn?ﬂe sol vent is

drawn of fSunder reduced pressure, the residue is taken 10 up in 20 ml of

di chl t h The white, solid
.'scf | F[Sﬁéﬂ?‘ﬂg‘ e x hen@;a%% ub8q PLRGIHR g)%s%wftgg ﬂ‘w o' Ean®pd

Exanple 7 Tf'n 5 e%(ameFew?ﬁﬂsc{r?g#gg ?‘%é%pr 858?%’(?]&#’ &P alﬁ‘g&?hr émot e~
conpl exes 18 FaGN1 30w c| s @ FehebHrsshicABee Ay (pzlrmam'ﬂm:cum@myb;zo

pi ne- pd(cymﬁq;tlary alcohol. Examples of preferred alcohols include
1, 3- bi s(39 &wdxmctytﬁamlowbpaﬂme,t h\doptdpéndii f |Bm%aehl§nyxh)maﬂx%1pd(0°~c) 2

4
1
1
E
1-
4-
ar

in?1.4 cyCl éﬁ ﬁnol,Rbipoctanol ;ngg;(:?;§;§:1 clohf)éﬁo%hos n0g?f?¥|)(2
4-di fl = ! !
acet;teua;g 3ean§¥9 QWe S}Y%Riﬂ(ﬂﬁgp §¥Y¥?¥¥f°&v FBbﬂ?%QMﬁﬁ%REPBPBefor

2 h and gl%Qﬁ(ﬁanﬁﬁénﬁﬂr¥§9¥~tBarq?ﬁpqu PF&?@IQ%E?z%§n9XE€anQtmexhgugpen5|on
of 0.88 & (2n® epimahplof aza-bcope in 50 M of acetone and stirred at 30
roomtenperature for. 1 h. The resulting pal e ye||OM/SO|Id mas filtered off

and dried der_reduced_pr.essure. |l e 8 35 ThIS
Bl o 11 1S Papgess e ! %}%&gﬁaﬁ% i aSvERladeRATLY, FREr T

(aza- bcope) PHAREy 2PEHHRALY ERanpt 0°¢ - whke rRsnegsedotist gy J{nﬁénFéPde\img
react ant go i ¥Vansagequelly o @ersied Uy atdalpessmie) odf 1(az2ebdwym) Pd( OAC) 2
(see Exarrplwce‘/f)e,ramg Sy~ 400 H2r0 mTheljeanftiant hapasneadirhed ybit wried, 10 ni
(103 nmol ) Kﬁtdiwﬁeateaéﬁﬁiﬁﬂdwg R dsdrbi d¥nt@hu b8t it idRs. ihésﬂ%a€t503003

tlmes are generally within the range from 0.5 hours to 10 hours.

25 The catalyst system to be used according to the invention may be
homogeneous or heterogeneous. The catalyst system may also be
used in immobilized form. Examples of suitable supports are ion
exchangers, in which case, for example, ionic groups on the
diphosphine compound, for example certain above-~defined

30 substituents Q in R5, enter into interaction with ionic groups on
the ion exchanger. Immobilization may be effected by adding a
solution of the catalyst system to the ion exchanger and the
catalyst system becoming fixed.

35 The process of the invention is preferably carried out in the
liquid phase. The liquid phase may be formed by the
pentenenitrile used or by the hydroxyl compound used.
Alternatively or additionally, the liquid phase may also comprise
a solvent. Any inert solvent may be used. Examples are sulfoxides

40 and sulfones, e.g., dimethyl sulfoxide, diisopropyl sulfone or
tetrahydrothiophene 2,2-dioxide, 2-methylsulfolane,
3-methylsulfolane, 2-methyl-4-butylsulfolane; aromatic
hydrocarbons, such as benzene, toluene, xylene; esters, such as
methyl acetate and butyrolactone; ketones, such as acetone or

45 methyl isobutyl ketone; alcohols, such as methanol and ethanol,
ethers, such as tetrahydrofuran, anisole, 2,5,8-trioxanonane,



-Exanpl eReact i onConvey- TONTOFSel . Sel ti mesi on of (CVE) (5- CVE) 3- Pth g%ﬁl%3
$59820090 ~71 s 5 Conparing Exanple 8 with Exanple 4 shows that ﬁ

catal yst system (aza-bcope) Pd(OAc) 2 has distinctly higher catalyst
activity. 10 15 20 25 30 35 40 45 2 6 FEB2003 15 W claim 5 1. The
process for preparing cyanoval eric acild or esters by reacting 2-, 3- or

4- pent enenidifphkAyr ethedt larnescitb@dﬁ%fpyw élan&@r bR ab8oNQifigzand a hydr oxyl

d f t ing: Ip (i) " a
pa- | adi um DI SEENAR A, ol SRR YA FRGRID O N9 1P Lt and (i 1)

an ani on~source. 1~ 2 The process of claim1, V\,herel n~t he di phosphi ne
| i gand has TheeptotesoWwfi RBedeResRlioht pyeféhf.ﬁl Q&msls ﬁeR%B tnER3R4 , 20

Ayl Cor 1h5e%%b58§“@€?%%1?%5?8'QFWEMMS“C rPn (SeferIS +°""'mﬁ.VLh
maz each bté' suﬁst%ht ed, = ?&ehrﬁfpﬁigﬁﬁg; oV aRE 5 ?'Fag

C2- C20- al k\PFHECTLYS | Hate 5Prh%’fad‘|‘%;‘1eeﬁétﬁ%%‘hg R@ﬁcféntlsrar%%ﬂélﬁpé Whgs or 25
C~_CZO ar alchyréyet system ang adddd be thésabgancedpfamir X i s a dival ent

bri dgi ng radical such that the f | anki ng phosphorus at ors are separated'by
from1l ti® #% .30 h rocess_of cl wher eji n , R3 and R4
are each ind§ Bﬁﬁ‘é?ﬁsf ﬁ ﬁnsﬁ A0 BEY BS rfé‘irrlﬁfi ‘b‘f%r‘f(ﬂ‘?e&xa{n}jh%a?s or
cyclic al k¢PlEaH$ca? eRENiEHMer BoPalteRATHGH 148 or-PasteRenihbi R cand/ or
R3 and R4 ar mikbgee tdvergolfi ntle hydrbrahcteuhoundnethe arataylyiskcspbkath ene
radi cal hawnag sorhed dagelflagasdlon 3b10éOHEared inThedILas%00h Cl aim 3,
Whereln RlprggsufgLfﬁgiégﬁnerﬁeéﬁﬂﬁi This is followed by injection of

carbon monoxide and the heatlng of the reactor to the de31red
reaction temperature. The- reactlon pressure may be adjusted, if
necessary,. by injecting further carbon monoxlde or by releasing
carbon monoxide. After the reaction has ended the mixture may be
cooled down and decompressed. The cyanovaleric acid or its esters
‘may be isolated from the mixtures by customary methods, for

example by fractipnal distillation.

20

The catalyst system used may be formed in situ under the reaction

25 conditions. Alternatively and preferably, however, the catalyst
system is prepared in advance. To this end, for example, the
palladium(II) compound, the bidentate diphosphine ligand and, if
necessary, an anion source are each dissolved or suspended in
mutually miscible solvents and the solutions or suspensions

30 combined. The palladium(II) diphosphine complex may then be

! isolated, for example by filtration, if necessary after addition

of a solubility-reducing diluent.

The Examples which follow illustrate the invention.
35

Example 1

28 mg (0.125 mmol) of palladium(II) acetate, 155 mg (0.5 mmol) of
a0 2 mixture of 1,3-bis(1,5-cyclooctylenephosphino)ethane and
1,2-bis(1,4-cyclooctylenephosphino)ethane and of the mixed
compounds with 1,5- and 1,4-cyclooctylene groups (bcope), 445 mg
(2.0 mmol) of 9-anthracenecarboxylic acid and 3 ml (31 mmol) of
3-pentenenitrile were taken up in 10 ml of diphenyl ether and
5 ml of methanol and introduced into a 100 ml autoclave. The
autoclave was sealed and carbon monoxide was injected to a
pressure of 40 bar. The autoclave was heated to 150 °C and the
total pressure was adjusted to 60 bar. Following the reaction
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selected frommethyl, ethyl, propyl, isopropyl, n-butyl, s-butylz t g%mgl
and/ or cycl ohexyl radicals, or RL and RZ 40 and/or R3 and R4 are 535 ra
pent anet hyl ene, hexanet hyl ene or cycl ooctylene radical. 5. The process of
.any of clainms 2 to 4, wherein X is an al kyl ene chain which may contain
heteroatoms. 45 6. The process of clalin5, wherein Xis M39122 2 6 FEB
2003 16 - CHAmd( Fepofidd wierebBd 1,5 thydregeiionClas2eedhindtedupgubséiing ed or

Cl- ~C6- al kwnesuaﬁaéweedﬁ;é Q&&&x%oaggyéecdmuggéatamaecthgr 12quid

C1- C6- al kyl Ltute |tut

C1- C6- al kyIEf%'igg‘%' A lia d"‘ngq 35 ’%"ra9|aEyF ﬁt‘ﬁt ed or

Cl- C6- al kyl -substituted C3- C2a het aryl , C2 CZl acyl, the aforenentioned
radi cal s axkahgireupstituted by substituents sel ect ed from the group
consisting of -NO -NO2, -CN, -C02-, 10 .~Cp2Rs, -CONR62. hal ogen, -NR62.
-OR6, -NR63+, -S03-, -SOBR6. -802R6, S02NR62 and Si R73, and/or 1, 2, 3 or 4
carbon at of¥aimple hk wefsoremeatedriad ar 380 cml Ut lbee r\eqsilrm:@hebﬁohﬂwirm or
RS is vitraeaethnts ein dbef Ebyted smohabyt 1r2 9igRt8.5Rfindly bydr ogen,

Cl-d o-al k)ﬂal@&dﬁﬁn&% Ackkaged d3s h‘rgl % @ngnoql kye or 15 C6-Cl4-aryl. 7.

The proc& f r i Iy ource ~.s an
organi ¢ aci dahgggk:dl au]%hegcg{@%sg?x % ;&{'ﬁa % th ﬂgl&% gl phosphi ne
conpound of ~@RER 5% FYE%raaidr of ik ‘r%fgzg“' N R5) - CH2- PR3R4. 25
where Ri, IQZPGRBeWtFFZ%l&nezPﬂ%p’én&éﬁb@%obﬁwéﬂamkwf dGQhépﬁlc?‘éh%l kyl ,
aryl or het aryl haV| ng up- to 4 fuzed aromatic~rings, C--C2o-aralkyl, whi ch
may each b juted, or Rl and R2 and/or R3 and R4 are together
C2-C20- a]iEk% 30 aryI ene or hetarylene having up to 4 aromatic rings or
C~- C20- ar aI kyI ene whi ch may each be substituted, and R5 is hydrogen, :
Cl- C20- al kyEixamphs ubstast wepdabed Glsi6g- ahkyfe]slld»&hlgt neack(ndsChia- eyel oal kyl ,

unsubst it utsedted. &Hodssal gl mg uEHiZEURAEL pﬁ:@%&ma&ium unsulekhté pd or 35

% % 2: kylngug 9! G%ﬁjmgﬂ%& ﬁgect%l léyl 449 b(szt |0t HnS 1QJthe f or ementJ oned
radi cal s ma? Eg ﬁﬂ%)éjrgect g%é i aCbS‘L’I S sé ec?eg rompe gea?% 1|:o i
consi sting *C02-, CD2R6 - CONR62, hal ogen, -NR62, -OR6,

-NR63+, -S03 , -803R6r 40 _SOZRS~ SO2NR62 and Si R73, and/or 1, 2,3 or 4
car bon atoma}nplgh@ af orenenti oned radicals may be replaced by N or O or
RS is vitro, nitrile, sulfinyl, sulfonyl or SiR-3, R6 is hydrogen,

Cl-d o- aﬁ(yl or C6-Cl4-aryl and R~ is Cl-Cl o-al kyl or C6-Cl4-aryl, wth the
provi so t hahec Babbain (#Hdr 81RiosHineRgomBl e Va4 PaPRakEE H i RERFNCANEPRS i s
CHVePh, CHWMBGS2REam}éheCOzEt ,

endo-(lR)-l, 7, 7-trimethyl bi cycI 0[2 2 1] hept an-2-yl, CH2CH20H or CH2CH=CHZ;

Rl, R, R3]§%ng%4a£ qSh %ypa a (?99 acetéie waglglssolved in 50 ml

30 of acetone, and the solutlon was stirred for 2 hours at room
temperature and filtered through Celite. The filtrate was admixed
with a suspension of 2.1 g (4.4 mmol) of bcope in 50 ml of
acetone and stirred at room temperature for 1 h. The resulting
pale yellow solid (bcope)Pd(OAc);) was filtered off and dried

35 under reduced pressure. Yield: 2.2 g (94%).

Example 1 was repeated using the following reactants in the
stated amounts: 67 mg (0.125 mmol) of (bcope)Pd(OAc),, 445 mg °
(2.0 mmol) of anthracenecarboxylic acid, 10 ml (103 mmol) of

40 3-pentenenitrile and 15 ml of methanol. The results are in each
case reported in the following table:
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2 6 FEB 2003 m CHVEPh or CHVeCO02H;, or R1 and R2 on the one hand and r}d
R4 on the other are together cyclooetylene and RS is CHWePh shal | ztﬁeFEB 200
excluded. 9. A catal yst conposition conprising a palladium1) conpound and
.a di phosphi ne conpound of the general structural formula

R1R2P- CH2- N( 85) - CH2- PR3R4, 10 where R12 R2, R3 and R4 ar e |ndependently

Cl- C20- al kyE; ahprd JRegeloal K yi—T, ATV rav. Y Tz-ed——
aromatic ri n}és C~- 2g04r al kylégn\}(]ﬂécggh nalylhgac %e suljst Pt Et ngl R2
and/or R3 and R4 arq.tpget her C2- C30- a kyl ene} 15 arjl ¢REEDr h tSaﬁYEene

having up o 4 aromgtic rings orPB~- Cob- axal kyl ene, hi ch may feach be

substitut@e , &nd RS |s6hydrog]er90 €1- C2o-1al2l ~yl, amsulystppused [or 7¢ g

Cl- C6- al Ky I-SHDSTTITYr CHo & Yat O Vg tmeuhsttateg—or

Cl- C6- al ky J:‘Ebs{g\:;_{SP hhi_ n4§r§| dT]lESI?I‘?QTI u'r(f=4 of 280 : ‘ 1%

G - Cs-al kyl|- stibst i t Jt ed &7- Cdo53r &l kyl| 47@subbtlilted 080 3 72 % U]“
ed

Cl- C6- al kyl - saibst i tqteg 16:3-0205ne%er0 ry;lg,4 CZ{ Ggs acyT, of g affor ggegti

radi cal s y oesubstTtuted— by —subst+tuents—seteeted £ op-t-he -0t

consi sti ngC(vE =Nyand@leriCNestd®2-, -C0286, - CONR62, hal ogen, -N862, -(86,

- N863+ Q%N _-50386, 25 -50286, SO2NR62 and SiR-3, and/or 1, 2, 3 or 4

car bon atoms i n ?‘h%“ ac* &IeHB ‘l'“f)ned radi cal s may be repl aced. by het er oat ons,

or R5 is niTOFos thtn idver sukfuendy, sul fonyl or SiR-3, R6 is hydrogen,

Cl-d o-al kyl or C6-Cl4-aryl and R~ is Cl-d o-al kyl or Cs-Cl4-aryl. 30 35 40

45 M 391?77 . AY. AL A. AF[ AIRAL( As,.As,.As. A5l . A", A A9, . A9} LR A9l ?. A. An

| BDR82=RSh{CPBRELR EB??]‘“(?&FC it ZraRpi e o} hiavs] shpt Alxiaiccahea] ca] ca] ca] cau

] ca] ca] c4] PAPRRERIEGDapedined cdidops) E4] @a¢ aFomb NOR AmyZioves - tie atalyst

zupkf a\ W | eafteity] dalfuakbat cadwalthga] wa]lca:]rma];ea] o8] el erlreabgp] cal cal cal c

a] ca] ca] capeaprepdal cahpabtald adlakather§ is no need for an exces

, DI'$_bzuoj diyHkém Itealdomabaad) cal cal] ca] cal] ca] ca] cal ca] caU] caT ca’] ca] cal ca

] ca] ca] cal] ca] cal] ca] ca ca] cal] ca] ca] ca] ca] cRaU] ca gj %t - :

mrr el SESRIVANN 98 WWOREE&! ' } xr ngb\ W d_YTkf a\ ] c] caU] ca] cal)] ca] caU] ca] caU] ca] c

aU] ca] caU] Exp®RY® ch] ca] caU] ca] cal] ca] cal] ca] ca] ca] ca] cal] ca] ca] cal] ca] cal] ¢
n'{"} ((((f))))#*&*Y+\ +,,--Z ] ]/ 0$0001173: 3q4}xrrrgb\Wd YTkfa\]c]cal] ca

cal] ca] ca ca a cal cal ca] ca] caU
] Ca]UlcaU] Caflc-ﬁ -gﬁg% shegud calaatleal eapl.calgatleal sailgalegtcat cal cal
11 <L<=== 128 51 d°m¥“a‘?’]eﬂh]yéa]3€w3@§]1@§ld] ca] ca] ca] caUl ca
1 ca] caU]zsa]lca]'}c’aU]306?]‘659]1@9‘]’@&]%‘&}069@%&]%%&]ph@])d@]m@], ca] cal] ca] cal] ca
QATAAAAAAAAANNM ReRECOC EpDERFIE@ M bdst iy 1) ~¥Fk I a5} eyt dcoal gaksadieald ca] caU]
ca] ca] cal] pa}n@hﬂmaz]lo@heayi]mm]rma] caU] ca] caU] ca] ca] calU] ca] ca] ca] ca] ca] cal] ca
] caU ca JILLLMWNNOOPP R

1.2 g (0.035 mol) of paraformaldehyde are suspended in 100 ml of
30 toluene and the suspension is heated to 65 ©C. 1.6 ml (0.0175 mol)

of aniline and 5 g (0.035 mol) of a mixture of

1,4-cyclooctenylphosphine and 1,5-cyclooctenylphosphine are

added. A clear solution is obtained after 5 h, cooled down and

concentrated. The residue is taken up in 50 ml of dichloromethane
35 and the chelate phosphine is precipitated with ethanol. After

filtration, the white residue is dried under reduced pressure.
Yield: 4.8 g (68%).

Example 6
40

This Example illustrates the preparation of
1,3—bis(1,4-cyclooctylenephosphinomethyl)(2,4-difluorophenyl)—
amine,
1,3-bis(1,5-cyclooctylenephosphinomethyl)(2,4-difluorophenyl)—

45 .
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'RRRR: S<S' T*T! U$ UaVd VWHWKWKX%r'} wr mgb\ W d_YTkf a\ ] c] calU] ca] caU] ca] ¢ kiBUgdal ca
Ul ca] cal] ca] caU] ca] ca] ca] ca] caU] ca] cal] ca] caU] ca] cal] ca] cal] ca] caU] ca] ca] ca

U ca%YY\ YAYhYYY[[\\]]]]1]1”*"_ b "~ aaa-bOb3bBbzupje ZUkfa\]]ca] cal] ca] cal
.ca] ca] cal] ca] cal] ca] ca] cal] ca] ca] caU] ca] ca] cal] ca] cal] ca] ca] ca] calc*a] cal c
a] ca] ca] caU] ca] ca 13

BbEbbb- cFclle-(3z é ecylclteesyd gggpitemsiinbma by X j 45-+¢15 bhepiHddegabhpadsal cal] ca]
ca] cal] ca] qalieaht ey LA, aaksallaalphahg2lhsale ahsalbeglepyl cal cal cal cal cal ¢
a] cal] ca]cal] ca. , , ,

kj] nj lkJ]kkkLpI lsJ% r munmmnnn_oeot owoooopr pupxp{ p~ppppPp| vpj d"XShc".XSkf] cal] cal] caU
] caU] cal] c dUPcaUf & el T afod A Up € aidarafprap taé¢hedec adpc ap spaideal da] ¢al) mh]otal] ca]
cal] ca] ca] calhend caid adepppppeninudSs aheatad ot 85 Codf UTUBVRYVY0. 0175 mol)

W' Woms wwvors B, 82 YiSkiudreahe 2} k8 ek Ccgl £&) &%BQLC £alisql¢al gaUl cal cal ca

e e
ke i KOG e B e ahcard R o

~~~HKUAL@ #PAMEN XSk |draupc af € ajndefc apducqd drespone) ceiec agbddheals calkeal] ca]
cal] ca(]@c%ﬁma]ina?Q:ar}Jca)]fcd]iclal@m]ettalal]mea&m:aLﬂmabea&i}@ﬁBB&p%%ﬂ:Wg&d )-0
G'10%9& () withGedi¥4d [ &he) whitd H@&d( is 3A0U@E ) and@ried under reduced .
109&' () - ==\WeBL Yz 1021 - @ 4 ,:1510‘% () -10z#109& () -: ! {0z#109& ()-:!z#109%&'
()-:19"10% ()- {peZ If& 10% 0g 10g 10g3": 10%& () -
0Y+z#10%99& () - @{0Y+z#10%& ()- @ OY+z#10%& ()- @ zX9eZ; _
! 0LT#10%6MPD¢;T#10%8&' ()-'"OLT#10%=& ()-!OLT#10988& ()-!LT#10%14& ()-10
%R () -, { ez, : ] ,
! -f#109BB& ()-L! s-f#10988& ()-L!10" % #10% L& ()-! % #10%& ()-!| 0 S@10%88
&'V?)s SR sg%.'ﬁ/i | %Sl-"'\ _1]:[.996? ‘ &«Ee(?‘f‘@afaf(}%g £ (3 MEperese st (Yo 0% ()
- 10 10 COmP exes ' N . : . - o .
10" s- f #109%&" Brboist 1 J4-gyelopootf WEpRphAs Ph indm@ita YD IR2 (§-d iBNaDOSEhENy 1 -&10% | &
() - 10% &o pmOFEIBUORE) 6 ) - @" #$zXI<=!! 10rr : ) ,
10r r ! Of 5#1@%3%401-.!sf-é%@8&{9xezla?$(@3@mndn{etm%@%ﬁe‘z,(a.-di!fllﬁg%p?(@h )y $%
"oMr=! {0 f 440U®If (Onc)Q £#d0%HH& () -1 0Z"10%& ()-!Z"10%& ()- 9T 10%& () - Y4 0%&
()- : 1~ -cyclooct sphino ~35(1+5 e h
10r 1" " 1 SRIERMIEIS PSS i/%%g@ Q" POBEY o 23 % > TS PO RS TR UFS 109Kk &
Y()-1° F$10¥%&°‘E3"-*\.ng“¥#%0§ PPERFTY L latine-pAf ORAa1 ~ 0$10%& () -
| $109& (25 f 10%6&' () - % 10%&' ()- 10ee 10ee : . .
10ee! q0s210%€8&5 (02.0f Jonp#§ Yot JdaQuTdf bm | O0F AEQUEL & )wd O i10%Eeh) 14 G 19%& ()
- OF10%& (szac%(@&s(:).h':&@%]@%gﬁf (:érﬁpefa@u]r/eoggp}i I\(l'):la{nd filtered

through Celite. The filtrate was admixed with a suspension of

0.88 g (2.2 mmol) of aza-bcope in 50 ml of acetone and stirred at

30 room temperature for 1 h. The resulting pale yellow solid was
filtered off and dried under reduced pressure. Yield: 1.1 g

— (88%) .

Example 8

35
This Example illustrates the carbonylation of 3-pentenenitrile

using the (aza—bcope)Pd(OAc)z complex. Example 1 was repeated
using the following reactants in the stated amounts: 79 mg
(0.125 mmol) of (aza-bcope)Pd(OAc), (see Example 7), 445 mg

20 (2.0 mmol) of anthracenecarboxylic acid, 10 ml (103 mmol) of
3-pentenenitrile and 15 ml of methanol.
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10 10 10! 8! 10%& ()-!0-#109%&' ()-1 !-#109%& ()-1 ,!1( 110%a& ()-'"Y. 5*%‘7"9
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10! " 91 10%&:(() -1 0&) | 10%AR: () -4 #%n' b2% . & () - 4] 0s9%L0%|l & duk)z! K3 9%HNR| () -
Z0&@#10% & |( ) - s>?? H <1:{ |
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10 10LLMNOP RWUSK: 10! OL- g#109%& ()- !L-g#10% & ()- !0! S#10% 2 § FEB 1003
& ()-!{!1S#10% ()-!]0l"10%& ()-!1"10% ()- RRRRRRR S T_=0!0!0 |
10041& ()-! & 100%& ()-!, 10%z& ()-' % 10%& ()- 1010100L- g#10% () -
CTE UaVWHWKZrZ X6_=0! | c{ 0! &10%& ()-! T| | &10% [ & () -
1 109%2& () - ! 30940% ()-! 30%0% ()-! <WaBAO%e& () - % YhYYZ[ [ [2XJ<=0!!c 10ZZ
10721 w ~ 1f #1002Z& ()-SI0° 1f #10%& () - S! " 1f#10%z&() - S. 10%& ()-! @ 10%z& (

)-[[[\\]]]0M = &10%& ()-!{ " "10%3 3.8 ()-1" "10%.& ()-110% ()-
9! 109 () - PRrroAg: () - 102Z]_b_"zX6. =! 0sS&f #1098$&' () - ! sS&f #10%& () -!r0s
" S#10% . & (

' ' YB8& \ =l @1096&
igod/&l(()z:l- : gO S# /B%gfo{:)esgfosr#]bgé%sa%l % c@}"r)a%%vggg%ggbgcbl%b}o;gestgLs by O-
10d9mL0%&' () - lm%lm%?y&' 3y -on AZPQO%Q?@&’I'@-)IGZGSS@%M EheBbiEh RiNnTb\ b’
bdbi J+= L 2#1 096 8 {3bar2 #008B Eid Jank2#1 BYBROAY] LHBOARSE. {0 -theH bOUBENEd Ide#alO%&
"()-, 109%& () -cHdiylebphekab| SRaprhd#l9IeH& () - L2#10%3&' () L2#10%‘>& 0-

C*[ ~. #L2#109B& () - L2#1096& { )-vb-~ bbbb btz, . |
=L2#1096& () - L2#1096& () - L2#1096& () - ~L2#10%B& () - L2#10%3& ()- Lz#lo%s& ()-L
2#109%68& 19 - bbbbbbbgRS. palladlumtll) compound . .

=L2#109%68& () - LZ(:S_Jiq%Béia [ d)eg.,gggg (%6401@%@ hggflocy.s& ()

c*[ ~. #bbbbbbbu[ <; Z=L2#10%& () - L2# 0%5

c*[ ~. #LL2#10(V<5&(J(J)l)LMG%&nﬁO\LlEﬂO%&' ()'-'bbbbbbbeF: | |
=L2#109%6& () - L2#10%3& ()~ L2#109%6& () - L2#10%3&' ()- L2#10°/<5& () L2#1098& () - bb

V. 0
NN ey bl RS, o Rt b IR IR EY
- .
c* [ ~ #LL2#1096&"S) TP iYﬂ%‘& eEQ 6%‘&"@‘&%5%% |
=L2#1L2#10%& () - L2#10%5&f() L2#109%& () - L2#10%& () - L2#10%5&f() L2#10%5& (
) - bbbbbbbl M ; —L2#10%5&f() L2#10968& RLRis L@%ﬁ& () L2#10%5& ()= L2#10%5& ()-
c*[ ~. #bcc cccch =L2#109%%& () - L2#1096& () -

C*[ ~. #L2§d 0% & () - L2#109%& ()-L2#10%& () - ccccc%:+ceF .
=L2#1096&L 2#1098@*e) Rt 2 RF39B% and Bé#eae/wc(epengmﬂ%&em-mm%& () - L2#10%
5& () - +c, c- cl c'Gz€eitdyclpalhgl ( Janyl 1:@%&3’&:@1— haviﬁ)ﬁ/ﬂ;ﬁ& Ho 4, fuzed

aromatic rings, Cy-Cjp-aralkyl, whlch may each be substltuted

or R! and R? and/or R3 and R% are together Cy-Cyp-alkylene,

arylene or hetarylene having up to 4'arbmatiC'rings or
C7-Cypo-aralkylene, which may each be substituted, and X is a
divalent bridging radical such that the flanking phosphorus

atoms are separated by from 1 to 10 atoms.

25

30 3. The process of claim 2, wherein R!, R2, R3 and R¢ are each
, independently an unsubstituted, linear or branched, linear or
cyclic alkyl radical having from 1 to 10 carbon atoms, or R!
and R? and/or R3 and R%Y are together a linear or branched
linear or cycllc alkylene radical having from 1 to 10 carbon

35 atoms.

4. The process of claim 3, wherein R!, R2, R3 and R! are each
selected from methyl, ethyl, propyl, isopropyl, n-butyl,
s-butyl, t-butyl and/or cyclohexyl radicals, or R! and R2
40 and/or R3 and R* are together a pentamethylene, hexamethylene
or cyclooctylene radical.

5. The process of any of claims 2 to 4, wherein X is an alkylene
chain which may contain heteroatoms.
45
6. The process of claim 5, wherein X is
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7. The process of any of the precedlng clalms, whereln the ‘anion
source ‘is an organic ac1d hav1ng a pKy value of 3.5 or
20 higher.

8. A diphosphine compound of the general structural formula

RIR2P-CH,~N(R5) -CH,-PR3R4,
25
where Rl, R?, R3 and R? are independently C1~-Czo-alkyl,
C3-Cjo-cycloalkyl, aryl or hetaryl having up to 4 fuzed
aromatic rings, C7-Czp—-aralkyl, which may each be substituted
or R! and R? and/or R3 and R? are together C2-Cyp—-alkylene,
arylene or hetarylene having up to 4 aromatic rings or
C7-Czp-aralkylene, which may each be substituted, and RS is
hydrogen, C;-Cjp-alkyl, unsubstituted or
C1-Cg-alkyl-substituted C3-Cj;p-cycloalkyl, unsubstituted or
C1-Cg-alkyl-substituted Cg-Cyp-aryl, unsubstituted or
C1-Cg-alkyl-substituted C;=Cy¢~aralkyl, unsubstituted or
C1-Ce-alkyl-substituted C3-Cyp-heteroaryl, C,-Cz3-acyl, the
~ aforementioned radicals may be substituted by substituents
selected from the group consisting of -NO, -NO,, -CN, -CO,"7,
-COzR6, -CONR®;, halogen, -NRS;, -OR6, -NR6,;*, -5037, -SO3RS,
-SO2R®, SO,;NRS, and SiR73, and/or 1, 2, 3 or 4 carbon atoms in
the aforementioned radicals may be replaced by N or O, or RS
is nitro, nitrile, sulfinyl, sulfonyl or SiR7;, R6 is
hydrogen, C;-Cjg-alkyl or Cg-Cjis-aryl and R7 is C1-Cyp~alkyl or
Ce-Ci4-aryl, with the proviso that compounds where Rl, R2, R3
and R? are each phenyl and R5 is CHMePh, CHMeCO,Me, CHMeCO,Et,
endo-(1R)—1,7,7—trimethy1bicyclo[2.2.1]heptan-2-yl, CH,;CH,0H
or CH,CH=CH,; R!, R2, R3 and R? are each cyclohexyl and R5 is

4
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. €3~Cio~cycloalkyl, ‘aryl.or hetaryl having up to 4 fuzed
' ' ‘aromatic rings, C7-Czo~aralkyl, which may each be substituted,
or R! and R2 and/or R3 and R4 are together C2-Czo~alkylene,

15 arylene .or ‘hetarylene having up to 4 aromatic rings- or

o "C7'4'¢20-ara‘1ky1éﬁe, which may each be substituted, and RS is
hydrogen, . Cy-Czo-alkyl, unsubstituted or I
Cl.-c__:s.‘-glk;Y],&Subs'ﬁj;_tuted ég,'_;-.:-.Clp.—cyt;':J,voalkyll, unsubstituted or

, Cl-Cs-alkyl-sUbstituted-Cg—déo—aryi) unSubStituted or’ ‘,

20 'C1~Cp~alkyl=substituted C;-Cyp-aralkyl, unsubstituted or
Cl—Cs—alkyl-substitutéd Ca;cjo-heteroaryl, C2~Cy1-acyl, the
aforementibned‘radicals may be substituted by substituents
selected from the group consisting of -NO, -NO,, -CN, -CO,”,
-COzR®, -CONRS,, halogen, -NR®;, -ORS, -NR65*, -S503~, -SO3RS,

25 ~S02R8, SO,NR6, and SiR7;, and/or l, 2, 3 or 4 carbon atoms in
the aforementioned radicals may be replaced by heteroatoms,
or R3 is nitro, nitrile, sulfinyl, sulfonyl or SiR7;, R6 is

4 hydrogen, C;-Cjp-alkyl or Cg—Cig-aryl and R7 is C1-Cyip-alkyl or
Ce-C14-aryl.
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