2 6 APR 2006 Phosphites The present invention relates to novel phosgggtﬁﬁ
a process for 5 preparing them their use as ligand in transition A 2004
conpl exes, novel transition netal conplexes, a process for preparing them
their use as catal yst and processes carried out in the presence of such
transition metal conplexes as catalyst. 10 Triaryl phosphites, nickel

conpl exes contai ni ng such phosphites as |igands and the use of such

conpl exes as catal ysts are known. DE-A 2 237 703, US-A-3,850,973 and

US- A- 3, 903nd2philescri be a process for the hydrocyanation of unsaturated
organic conpounds 15 and the isonerization of nitriles in the presence of
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US-A-3,766,237 and US-A-3,903,120 describe a process for the
hydrocyanation of unsaturated organic compounds and the
isomerization of nitriles in the presence of nickel(0} complexes

25 containing tri-m/p-tolyl phosphite as ligand. A disadvantage of
this process is that the reactivity of such nickel complexes is
unsatisfactory.

It is an object of the present invention to provide a pfocess

30 which makes possible the hydrocyanation of unsaturated organic
compounds in a technically simple and economical manner using a
catalyst which has high stability and high reactivity.

We have found that this object is achieved by phosphites of the
35 formula I

P (O-Rl)y (O-R?)y (0-R3); (0-Ré)p I

where
40
Rl: aromatic radical having a Cl—Clg—alkyl substituent in the
o position relative to the oxygen atom which connects the
phosphorus atom to the aromatic system, or having an aromatic
substituent in the o position relative to the oxygen atom
45 which connects the phosphorus atom to the aromatic system, or
having an aromatic system fused on in the o position relative



to the oxygen atom whi ch connects the phosphorus atomto the aronmatd
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position relative to the oxygen atom whi ch connects the phosphorus atomto
the aromatic system or having an aromatic substituent in the mposition
relative to the oxygen atom which connects the phosphorus atomto the
aromati c system or having an aromat®c systemfused on in the m position
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I ndependently of one another, 0, 1 or 2, with the proviso that x+y+z+p =
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R4: aromatic radical which bears substituents other than those
25 defined for R, R2 and R?® in the o, m and p positions relative
to the oxygen atom which connects the phosphorus atom to the
aromatic system, where the aromatic radical bears a hydrogen
atom in the o position relative to the oxygen atom which
connects the phosphorus atom to the aromatic system,
30
x : 1or 2,

Y, 2, p: independently of one another, 0, 1 or 2, with the
proviso that x+y+z+p = 3,
35
and by a process for preparing them, their use as ligand in
transition metal complexes, novel transition metal complexes, a
process for preparing them, their use as catalyst and processes
carried out in the presence of such transition metal complexes as
40 catalyst.

According to the present invention, the radical R! is an aromatic
radical having a C;-Cjg-alkyl substituent in the o position
relative to the oxygen atom which connects the phosphorus atom to
45 the aromatic system, or having an aromatic substituent in the o
position relative to the oxygen atom which connects the
phosphorus atom to the aromatic system, or having an aromatic



position relative to the oxygen atom whi ch connects the phosphorus atomto
the aromatic system or having an aromatic 2 6 APR 2004 3 system fusgdPpmll
in the o position relative to the oxygen atom which connects the
phosphorus atomto the aromatic system Suitable aromatic radicals are

het erocycl es and preferably 5 honnc¥iles such as the phenyl radical. The
aromatic radical may bear further furCtional groups such as al koxy groups
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substituents and the alkyl radicals may bear cyclic alkyl

radicals or aromatic radicals as substituents. Preferred alkyl

radicals are methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl

25 and s-butyl.

These alkyl radicals may bear further functional groups such as
alkoxy groups, amino groups such as unsubstituted,
monosubstituted or disubstituted-amino groups, mercapto groups

30 such as substituted mercapto groups, where the substitution may
be by the abovementioned alkyl groups or aromatic radicals. The
alkyl radicals preferably bear no functional groups.

In the alkyl radicals, carbon atoms may be replaced by other
35 atoms such as oxygen, nitrogen or sulfur; the alkyl radicals
preferably have none of their carbon atoms replaced.

Suitable aromatic substituents are heterocycles and preferably
homocycles such as the phenyl radical.
40 -
The aromatic substituent may bear further functional groups such
as alkoxy groups or halogens, for example chlorine or bromine;
the aromatic substituent preferably bears no functional groups.

45




as al koxy groups or hal ogens, for exanple chlorine or bromne; the
aromati c substituent preferably bears no functional groups. 45 2 6 @P@Aﬁ}bmh
4 The aronmatic substituent nay bear one or nore Cl-Cl18 al kyl substituents
or one or nore fused-on aromatic systens or be free of further
substituents. 5 Al kyl radicals which may be present are linear or cyclic
Cl-C18 radicals, preferably Cl1-C9 radlicals such as nethyl, ethyl,
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aromatic %ﬁi& n}agqggf% preferably bear no functional groups.

In the alkyl radicals, carbon atoms may be replaced by other
atoms sucli as oxygen, nitrogen or sulfur; the alkyl radicals
25 preferably have none of their carbon atoms replaced.

The radical R! is advantageously o-tolyl, o-ethylphenyl,

o-n-propylphenyl, o-isopropylphenyl, o-n-butylphenyl,

o-sec-butylphenyl, o-tert-butylphenyl, (o-phenyl)phenyl or
30 l-naphthyl.

According to the present invention, R? is an aromatic radical
having a C;~Ci;g-alkyl substituent in the m position relative to
the oxygen atom which connects the phosphorus atom to the

35 aromatic system, or having an aromatic substituent in the m
position relative to the oxygen atom which connects the
phosphorus atom to the aromatic system, or having an aromatic
system fused on in the m position relative to the oxygen atom
which connects the phosphorus atom to the aromatic system, where

40 the aromatic radical bears a hydrogen atom in the o position
relative to the oxygen atom which connects the phosphorus atom to
the aromatic system.

Suitable aromatic radicals are heterocycles and preferably
45 homocycles such as the phenyl radical.



40 the aromatic radical bears a' hydrogen atomin the o position redftlve
to the oxygen atom whi ch connects the phosphorus atomto the aronat APR 2004
system Suitable aromatic radicals are heterocycles and preferably 45
honocycl es such as the phenyl radical. 2 6 APR 2004 5 The aronatic radical
may bear further functional groups su h as alkoxy groups or halogens, for

exanpl e c LarLne t he e ferabl ars no
functi onal 858@2{1? | nﬁlaYob r%‘fé@& u?l%te a§ X ?ucﬁﬁaﬁ c
radi cal xy gauraazra|hleylpgsuﬁst#%@ﬁfﬁmpﬁetw%%wl Bﬁ"‘f"e‘!eart ithe to the

oxygen atmnemmweﬁheaplmmsusoafmmtmnﬁegarpunat ic system or
has an aromatic systemfused on in the mposition relative to the oxygen

?ESF‘CQ’P? Q&BBB?E& Std k@leg@%teaﬁ}é Uﬁ?\%&%ﬁxo %ﬂé’cf&lfd?dc HliicC r%@l?é{ﬁltkféca&l SsALkW
pr ef er abl y‘C§ "Cg‘q‘ytgg cg# tsft n%agnrr{é{’]%a"‘ 1%}'{ n rel?c)%lvp?y% : proﬁﬁen
n-butyl, iat68 yhick ‘Eﬁﬁ%ﬂ‘-‘ts B BhFus §t°¥‘s‘iﬂré°r"§ aﬁ°ﬁé§<’y‘? s¥edep; or

i soners, dpsl epehrgmamc (W@Itgmeﬁ%eﬁ & dal theiheposittiiencyelative itpl the
radi cal s neygkaaatdm nemilchocontiécfairditee phoygphorusildeyim radihal srarfatdeonati c
radi cal g aystembshitpetanidndst veic dy Bédifééémﬁf%&eb@%e&ﬁ'(‘dz‘ Cyeh ky!

radical o €l T Eaigd! f%r%%lguEStdgt HEA1 Sa1 LR B ImEi] bff?? cale

I,
L At o e S U U S
groups, arlisRBeyEoupsheydh ags LhS ubamersy eayclertioadbori cveeheswl
di substi t uaddcab® hovhprrupbe gpeliptalkylonpdicsle mays bsabstinesredrner capt o
groups,1sviareherbsydlid ialkylByadicdls 2y bhemabinyemaitadseds al kyl groups or
aromatic rﬁ%@@kﬁen@%ﬁ kyk airgi qadﬁcaigfﬁaﬁ%érb%%m@ dunat | Onal
groups. |1 e gl %( a[rao‘i’da%%sr?ﬁféﬂ a@t 8 uegx‘%sr.eBJrS‘g%dr & ‘ik at ons

such as ox have
none of tf%‘l%rlcéé? b¥TE 3‘1‘%&%’ reﬁf‘é‘éj{e'd 'gﬁPPK 1e1é?r6’t?ﬂ' i cP5 't&eHPEY re
het er ocycl3®8 gnBupYeferably honocycles such as the phenyl radical. 35 The
aromat i0 substituent may bear further functional groups such as al koxy
groups or Thekegelkyl fridiesasphey @ ifaetRér biviidtienalt o0 FathCas
substit uenfiBke! réllly, RRAKS FRodBIGLLANES SHAMRRituted,

monosubstituted or disubstituted amino groups, mercapto groups

such as substituted mercapto groups, where substitution may be by

25 the abovementioned alkyl groups or aromatic radicals. The alkyl
radicals preferably bear no functional groups.

Roxy

In the alkyl radicals, carbon atoms may be replaced by other
atoms such as oxygen, nitrogen or sulfur; the alkyl radicals
30 preferably have none of their carbon atoms replaced.

Suitable aromatic substituents are heterocycles and preferably
homocycles such as the phenyl radical.

35 The aromatic substituent may bear further functional groups such
as alkoxy groups or halogens, for example chlorine or bromine;
the aromatic substituent preferably bears no functional groups.

The aromatic substituent may bear one or more C;-Cjg-alkyl
40 substituents or one or more fused-on aromatic systems or be free
of further substituents.

The alkyl radicals may be linear or cyclic Ci;-C;g radicals,
preferably C;~-C9 radicals such as methyl, ethyl, n-propyl,

45 i-propyl, n-butyl, i-butyl, s-butyl, n-pentyl and its isomers,
n-hexyl and its isomers, cyclopentyl or cyclohexyl radicals,
where the cyclic alkyl radicals may bear linear or further cyclic



The aromatic substituent may bear one or nore Cl-C18-al kyl 40 substif#ﬁpﬁ?
or one or nore fused-on aromatic systens or be free of further 004
substituents. The al kyl radicals may be linear or cyclic Cl-Cl18 radicals,
preferably Cl1-C9 radicals such as nethyl, ethyl, n-propyl, 45 i-propyl,
n-butyl, i-butyl, s-butyl, n-pentyl dits isomers, n-hexyl and its
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According to the present invention, the radical R?® is an aromatic
radical having a C;~Cjg-alkyl substituent in the p position
relative to the oxygen atom which connects the phosphorus atom to
25 the aromatic system, or having an aromatic substituent in the p
position relative to the oxygen atom which connects the
phosphorus atom to the aromatic system, where the aromatic
radical bears a hydrogen atom in the o position relative to the
oxygen atom which connects the phosphorus atom to the aromatic
30 system.

Suitable aromatic radicals are heterocycles and preferably
homocycles such as the phenyl radical.

35 The aromatic radical may bear further functional groups such as
alkoxy groups or halogens, for example chlorine or bromine; the
aromatic radical preferably bears no functional groups.

According to the present invention, the aromatic radical bears a
40 C;-C)g-alkyl substituent in the p position relative to the oxygen
atom which connects the phosphorus atom to the aromatic system or
has an aromatic system fused on in the p position relative to the
oxygen atom which connects the phosphorus atom to the aromatic
system. Alkyl radicals which may be present are linear or cyclic
45 C;-Cyg radicals, preferably C;-Cy radicals such as methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, n-pentyl and its
isomers, n-hexyl and its isomers, cyclopentyl or cyclohexyl



al koxy groups or hal ogens, for exanple chlorine or bromne; the aro
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chl orine ar onmati ¢ subst bears no
functional grou 25 The aromatic substltuent may bear one or nore
Cl- C18-al ﬁy#talsﬁmgnqn@éﬁf:ss@bswe@itsm@ heraz@cynles omd irrefpsebly or be
free @0 homoterlesulssicht aentlbe B@nfilkyadicali.cal s which may be present are
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met hyl, eth¥l arodkidicORMbstitiMPYay BelHt#lrtHerDehée i ighoups-H&H Y and
I'ts as alkoxy groups or halogens, for example chlorine or bromine;

the aromatic substituent preferably bears no functional groups.

25

The aromatic substituent may bear one or more C;-C;g-alkyl

substituents or one or more fused-on aromatic systems or be free

of further substituents.

30 Alkyl radicals which may be present are linear or cyclic C;-Cig
radicals, preferably C;-Cy radicals such as methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, n-pentyl and its
isomers, n-hexyl and its isomers, cyclopentyl or cyclohexyl
radicals, where the cyclic alkyl radicals may bear linear or

35 further cyclic alkyl radicals or aromatic radicals as
substituents and the alkyl radicals may bear cyclic alkyl
radicals or aromatic radicals as substituents. Preferred alkyl
radicals are methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl
and s-butyl.

40 .

These alkyl radicals may bear further functional groups such as
alkoxy groups, amino groups such as unsubstituted,
monosubstituted or disubstituted amino groups, mercapto groups
such as substituted mercapto groups, where substitution may be by

45 the abovementioned alkyl groups or aromatic radicals. The alkyl
radicals preferably bear no functicnal groups.
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where the cyclic al kyl radicals may bear linear or 35 further cycli %}AEWUU’*
radicals or aromatic radicals as substituents and the al kyl radicals may
bear cyclic alkyl radicals or aromatic radicals as substituents. Preferred

alkyl radicals are nmethyl, ethyl, n-gropyl, i-propyl, n-butyl, i-butyl
and s- but 40 These al k radi cal s ma bear further function gr oups
such as éPkB ﬁ{@p 6' df ﬂsdga%r%%ﬁ?f’llﬁﬁ?%cpy Sthler
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p- et hyl phenyl, p-n-propyl phenyl, p-isopropyl phenyl, p-n- butylphenyl,

p- sec- but wepbeayhg Ho et pbelwrhtphewhtmbn(ptWe:m)da.):amemlls Aacarehaid o the
presenty g @sam&apmmtémeb@aggcahbﬁﬁeu%n@g SEREBNUGL 1 ogéddé:ﬁ' eWﬂksP Qﬁars
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to the ar SHAFP CRRTES tﬁﬁe?%“&"f?é“ér BhETi to é‘éPmBEJa‘F ssYé"tﬁy'der%?F atom
in the o pbsi eremticeradigal theanse aohydepgen @dhomhiishthermasisd tihe

phosphor useaabivé cto thet beygewnatidnc whyeh eronrikie sathepphasphadiveahtamytdear

functhmalthgrgmsaﬁltcrg a8seml koxy groups or hal ogens, for exanple chlorine
or brom ne; the arorratlc radi cal pref erably bears no functional groups. 20

As radical,,R4 referen e i to.the yl radical. Anmong. the

radi cal s ET i‘ég & fvfgayoﬁjetaﬁr 'én?‘équ"t% STORPY hghich &srrﬁgﬁ"ﬂ‘ycan be
|i nked t o 95RBPS K H@rloaﬁflﬁer QF £Xerpdegchlaxine @ bEominfin$hsr agprakiq y .
Possi bl e aZeRyteherrpieupblyrkedtmawr functienalc gouess radicals, preferably
Cl- Cg readi cal s such as nethyl ene, ethylene, n-propylene, n- butyI ene,
n-pentyl epe 2&8id¢dS R4SOPRELerdic@ei¥! §en to the phenyl radical.

Among the radicals R!, R2, R? or R4, two or three radicals in the
formula I can be linked to one ancther either via C;-C;g-alkylene
25 groups or directly.

Possible alkylene groups are linear or cyclic C;-C;g radicals,
preferably C;-Cgq radicals such as methylene, ethylene,
n-propylene, n-butylene, n-pentylene and its isomers, n-hexylene

30 and its isomers, cyclopentylene or cyclchexylene radicals, where
the cyclic alkylene radicals may bear linear or further cyclic
alkyl radicals or aromatic radicals as substituents and the
alkylene radicals may bear cyclic alkyl radicals or aromatic
radicals as substituents, for example as in l-methylethylene,

35 1,1-dimethylethylene, 1,2-dimethylethylene, l-methyl-n-propylene,
2-methyl-n-propylene, 1,1l-dimethyl-n-propylene,
1,2-dimethyl-n-propylene, 1l,3-dimethyl-n-propylene,
2,2-dimethyl-n-propylene radicals.

40 The alkylene radicals may bear further functional groups such as
alkoxy groups, amino groups such as unsubstituted,
monosubstituted or disubstituted amino groups, mercapto groups
such as substituted mercapto groups, where substitution may be by
the alkyl groups nominated in the definition of R!, R? or R3 or

45 aromatic radicals. The alkyl radicals preferably bear no
functional groups.
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I nvention, the ingi C&S})}/ z and p are, independently of one another, 0, 1
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20 25 xyzpnd02idO0ddcolrlidhcd00itH Oce pré@ent invention:

15
X y z P
1 0 0 2
1 0 1 1
1 1 0 1
20 2 0 0 1
1 0 2 0
1 1 1 0
1 2 0 0
25 2 0 1 0
2 1 0 0

Particularly preferred phosphites are those in which R! is the
o-isopropylphenyl radical, R? is -the m-tolyl radical and R? is the
30 p-tolyl radical and the indices are as shown in the table, those
in which Rl is the o-tolyl radical, R2 is the m-tolyl radical and
R3 is the p-tolyl radical and the indices are as shown in the
table, those in which R! is the l-naphthyl radical, R2? is the
m-tolyl radical and R3 is the p-tolyl radical and the indices are
35 as shown in the table, those in which R! is the o-tolyl radical,
R? is the 2-naphthyl radical and R? is the p-tolyl radical and the
indices are as shown in the table, those in which R! is the
o-isopropyl [sic] radical, R? is the 2-naphthyl radical and R3? is
the p-tolyl radical and the indices are as shown in the table and
40 also mixtures of these phosphites.

Phosphites of the formula I can be obtained by
a}) reacting a phosphorus trihalide with an alcohol selected from

45 the group consisting of RIOH, R20H, R30H and R40OH and mixtures
thereof to give a dihalophosphorous monoester,
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the o-isqusupgogeany! radical, R2 is-the mtolyl radical and R3 is 1hdPRAIN
p-tolyl radical and the indices are as shown in the table, those in which
Rl is the o-tolyl radical, R2 is the mtolyl radical and R3 is the p-tolyl
radi cal and the indices are as shown]{dw the table, those in which Rl is

the 1-naphthyl radical, R2 is the mtolyl radical and R3 is the p-tolyl
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m xtures of these Ehos hj tes. Phos$hit s of the fornmul.a | can. be qbtai ned

by a) realti ngEA<HnBE phdt PonehALPPRRSRAGTRuSn eSOV ILY) BRt &MY 45 the
group consi st isegesteR1Lrem RheHIr B eNRLsR40B aficR @Hxt BfRE, RPAErend to give
a di hal ophosplrdoBusndromicaatres, tDEENSA641i¥0 a phasphdtiengf tthes formula

di hal ophosphorQus nonoester with an al cohol selected fromthe group

consi stjigng of RIOH, R20H, R30H and R40H and m xtures thereof to give a
nonohal opﬁlglsphorous di ester and. 2. 6 APR 2og& 5 c) reacting this

monohal oph8EphBPOLECRiI%EE: 8F GRTTSth OXitc dRoF TSR SEERERF r 51RTre group
consisting of R OH, R20H, R30H and R4CH and mi xtures thereof to give a
phosphi t e I6f ishpo$oilme ao combinélHwor edcthenthve Issepar ri ek @utwiith bhree
separate strepswith ¢S possible to conbine two of the three steps, i.e. a
with bjisor b with c. 15 It is also possible to conmbine all of the steps a,

b and ¢ Wi, 002 Aol o! o CalintaT a2 of e $36bEOR; YUY Gien
par arret er ¢ and, ApRUS™0

In carrying out the reaction, suitable parameters and amounts of

20 alcohol selected from the group consisting of RIOH, R20H, R30H and
RYOH and mixtures thereof can easily be determined by a few simple
preliminary experiments.

As phosphorus trihalide, it is in principle possible to use any
25 phosphorus trihalide, preferably one in which the halide is C1,
Br, I, in particular Cl1, or mixtures thereof. It is als¢ possible
to use mixtures of various identically or differently
halogen-substituted phosphines as phosphorus trihalide,
Particular preference is given to PClj. '
30
In steps a, b and ¢, the reaction can advantageously be carried
out at temperatures in the range from 10 to 200°C, preferably from
50 to 150°C, in particular from 70 to 120°C.

35 In steps a, b and ¢, preference is given to using a molar ratio
of halide radicals used in the respective step to hydroxyl groups
of the alcohols used of from 1:10 to 10:1, preferably from 1:3 to
3:1.

40 The reaction in steps a, b and c can be carried out in the
presence of an inorganic or organic, in particular liquid,
diluent such as an ester, for example ethyl acetate, an ether,
for example methyl-t-butyl ether, diethyl ether, dioxane, or
tetrahydrofuran, an aromatic compound, for example toluene, or a

45 halogenated hydrocarbon, for example tetrachloromethane,
chloroform, methylene chloride, or a mixture of such diluents.



20 al cohol selected fromthe group consisting of RIOH, R20H, R3CH aqﬁﬁRﬁ
and m xtures thereof can easily be determned by a few sinple preli A Il
experinments. As phosphorus trihalide, it is in principle possible to use
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30 I n stepdORIaBiQRF CrFmacr dateedr can advantageously be carried out at
tenperatures in the range from 10 to 200C, preferably from50 to 150C, in
parti cul arrhkr BprSgd0 HedQde FBr®é& Pt &hebrafstfon Phdfiehenseudsaxdiyven to
using a gMohRh1héd | f Talledid! kdfm  Glir2iche! BEcd fhrf MRpRERREARL] WBiD! €P 1O
hydr oxyl %rd(‘)rugg oéct) Y al %ohg S_use 0off rgm 1. to fg . ‘ﬁEf erably from
1:3 to 3: POVAB IR YA OPRPRT YD L 2BYRePeL 19 FBERLF? RFISFESER t he
presence OPCHR P®or¥Pmic or organic, in particular liquid, diluent such as
an ester, for exanple ethyl acetate, an ether, for exanple nethyl-t-butyl
et her, di abkyktepdesr, Wiapdabeusodlly @fivehmelkoirdsarin @hiah OfRd idesa@BROUNd,

for exaplempehéSheis Yredendd hal ogenated hydrocarbon, for exanple
tetrachl oronet hane, chloroform nethylene chloride, or a m xture of such

di l uents.- %GdAPR 2004 11 The reaction is preferably carried out wthout
usi ng sucH En2ePHERGAMPOBP b, GAhike FePaEAtSd ¥ RPdROBRANGIAIXNAYDf BPFed i n
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20 The distillation can advantagecusly be carried out in a column,
for example with a side offtake, or in a plurality of columns,
e.g. two, three or four columns.

Columns which can be used are columns known per se, for example
25 bubble cap tray columns, sieve tray columns or packed columns,

The optimum process conditions for separating off the phosphites
of the formula I can in each case easily be determined by a few
simple preliminary experiments. '

30
The phosphites of the formula I can be used as ligands in
transition metal complexes.

Transition metals used are advantageously the metals of

35 transition groups I and II and VI to VIII of the Periodic Table,
preferably transition group VIII of the Periodic Table,
particularly preferably iron, cobalt and nickel, in particular
nickel.

40 If nickel is used, it can be present in various oxidation states
such as 0, +1, +2 or +3. Preference is given to nickel(0) and
nickel(+2), in particular nickel(0).

To prepare the transition metal complexes, a chemical compound

45 containing a transition metal or preferably a transition metal
can be reacted with a phosphite of the formula I. As phosphite of
the formula I, it is possible to use a single phosphite of the
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In the transition metal complexes, the molar ratic of transition
metal to phosphite of the formula I can be in the range from 1 to
6, preferably from 2 to 5, in particular 2, 3 or 4.

25 The transition metal complexes may be free of ligands other than
the phosphites of the formula I.

On the other hand, the transition metal complexes may contain
further ligands, for example nitriles such as acetonitrile,

30 adiponitrile, 3-pentenenitrile, 4-pentenenitrile or
2-methyl-3-butenenitrile, or olefins such as butadiene, in
addition to the phosphites of the formula I.

The preparation of such transition metal complexes can

35 essentially be carried out by methods described in the
literature, for example in DE-A-2 237 703, US-A-3,850,973,
US-A~3,766,237 or US-A-3,903,120, for preparing transition metal
complexes containing tri-o-tolyl phosphite, tri-m-tolyl phosphite
or tri-p-tolyl phosphite, using the novel phosphites of the

40 formula I in place of some or all of these tritolyl phosphites.

The transition metal complexes of the present invention can be
used as catalysts, in particular as homogeneous catalysts.

45 It has been found to be particularly advantageous to use the
transition metal complexes of the present invention as catalysts
in the addition of hydrocyanic acid onto olefinic double bonds,
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sodi um borohydride, or in nolecular form or by electrochem cal neans. 20
In the transition netal conplexes, the nolar ratio of transition netal to
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Processes for the addition of hydrocyanic acid onto an olefinic
double bond or for the isomerization of organic nitriles can in
25 principle be carried out by methods described in the literature
which make use of transition metal complexes containing
tri-o-tolyl phosphite, tri-m-tolyl phosphite or tri-p-tolyl
phosphite, by replacing some or all of these phosphites by the
novel phosphites of the formula I.
30
In these processes, the transition metal complexes of the present
invention have a higher stability than those containing
tri-o-tolyl phosphite as ligand and a higher reactivity than
those containing tri-m/p-tolyl phosphite as ligand.
35
Examples

Example 1

40 A solution of CIFP(O-m-tol); (298 g, 1.06 mel) in n-hexane (2.5 1)
was cooled to 0°C (ice bath). From two dropping funnels,
triethylamine (118 g, 1.17 mol) and o-cresol (114.5 g, 1.06 mol)
were added in parallel at 0-5°C over a period of 2 hours. The
reaction mixture was stirred at room temperature for 12 hours.

45 The NEt;-HCl which precipitated was filtered off on a pressure
filter and washed with n-hexane (250 ml). This procedure was
repeated on a similar scale (1.015 mol). Both crude solutions
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14 were conbinéd an ﬁ tered through a colum filled with A1203 to

renove residual anounts. of chlorlne Af ter evaporatlon on a rotary
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CDC13)67120-6. 88T nﬁ)ﬁl)z, 24 (s, |P(O-m-tol)};(0-o0-Et- 98 129.6
( ) -eiﬁylphenol ( CgHy)L2
3 CIP(O-m-to0l),, P(O-m-tol), (O~o-iPr- |94 130.1
2-isopropylphencl CgHs)L3
2 4 CIP{O-m-tol),, P{O-m-tol);(0-0- 94 129.8
5 2-sec~butylphenol secBu-CgHy )} L4
5 CIP(O-m-tol)s, P(O-m-tol}) s (0-0-tBu- |96 129.6
Z~tert-butylphenol CeHy )L5
6 CIP(0O-m-tol),, P(0-m-tol)s(0-0- 80 129.5
2-phenylphenol Ph-CgzH4)L6
30 5 CIP(O-m-tol),, P(O-m-tol);{0-0- 95 130.6
ortho-cresol tol}) ;L7
8 CIP(O-m-tol),, P{O-m-tol)y(0-2,6Me; |87 134.1
2,6-dimethylphenol -CgH3)1L8
9 CIP{O~m-tol),, P(O-m-tol);(0-1~ 70 129.1
35 l-naphthol CioH7)1L9

Examples 10 - 12

A mixture of m-cresol, p-cresol and o-isopropylphenol
corresponding to the molar composition in Table 2 (18 mol
éltogether) was placed in a 4 1 four-neck flask. The mixture was
heated to 70°C under inert gas. PCl; (824 g, 6 mol) was added
dropwise over a period of 5 hours. The HCl formed was disposed of
via a scrubbing tower. The temperature was increased to 110°C. A
gentle stream of nitrogen was passed through the reaction mixture
while continuing to stir until HC1 evolution had stopped.

40

45



6, C6H4-m CH3), 2.21 (s, 3, OBH4-o0-CH3).
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conposition 1n Table 2 (18 nol altogether) was placed ina 4 1
he m xture was heated to 70C under inert gas. PCl3 (824
ERaepisy (}gd dropwi se over a period of 5 hours. The HCL formed was
of via a scrubbing tower. The tenperature was increased to 110C
Légand éamfobmnEtampsien Wd37pa3sed I-peatghehberiraqioioos gy xture
nickel powder (29.8 g} and CIP(O-m-tol); (1.51 g) were stirred at
95°C under inert gas for 25 hours. After cooling to room
temperature, excess nickel powder was filtered off. The filtrate
contained 1.65% by weight of Ni(0). The filtrate was diluted with
3-pentenenitrile and additional ligand to a ligand: nickel(0)
ratio 18.1 [sic] and a nickel(0} concentration of 0.8% by weight.
This solution was used as catalyst solution (Cl) in Example 19.

Example 14

Ligand L2 from Example 2 (135.5 g), 3-pentenenitrile (36 g),
nickel powder (10 g), CIP(O-m-tol), (0.5 g) and PCl; (6 drops)
were stirred at 95°C under inert gas for 24 hours. After cooling
to room temperature, excess nickel powder was filtered off. The
filtrate contained 1.55% by weight of Ni(0). The filtrate was
diluted with 3-pentenenitrile and additional ligand to a
ligand:nickel(0) ratio of 18:1 and a nickel(0) concentration of
0.7% by weight. This solution was used as catalyst solution (C2)
in Example 20.

Example 15

Ligand L3 from Example 3 (358.4 g), 3-pentenenitrile (94.4 g),
nickel powder (28.2 g) and CIP(O-m=tol); (1.43 g) were stirred at
95°C under inert gas for 25 hours. After cooling to room
temperature, excess nickel powder was filtered off. The filtrate
contained 1.28% by weight of Ni{0). The filtrate was diluted with
3-pentenenitrile and additional ligand to a ligand:nickel(0)
ratio of 18:1 and a nickel(0) concentration of 0.7% by weight.
This solution was used as catalyst solution (C3) in Example 21.
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ni ckel powder (29.8 g) and C P(Omt%)z (1.51 g) were stirred at 95C
under inert s for 25 hours. After oling to room 15 tenperature, excess
ni ckel po’\';\ﬁ%‘gp %iltered off. The filtrate contained 1.65% by wei ght of
Ni (0). The filtrate was diluted with 3-pentenenitrile and additi onal

| i gand t ocLigandyanid: fmbmksk@ﬁgle nat iesd8gll, (35-ip@)1t&ﬁdnﬂt1‘lild<€(l2@@) g),

SRS R
SOl U |0§| % eg ?gp E fgii %

3- K 0 o€ d
pc?§”E§”§ 3 Egon & Fg EpT9y GFoRe PoBE ke IR, Pag ”tﬁm%4°lf15c|r§he ) an

cool i ng rcﬁ)‘&ﬂ conpainedr k- Stebyeysiaht il Nﬂd\ﬂderThﬁsﬂf]ﬂl’@éﬁeHa@ff The
filtrate @Dmtmd]edth 35peimyensmiiginti lef aiNl (ddditTheali ligaid twaa diluted with

3- pentenenig‘;éﬂd-ex:ggt!imdﬁiféﬁr&lbf' illalld[?)éﬂ:ﬁandliiagﬁi@ké‘imm (0) r?tito of
18:1 a ksl cgQhc s_sol ution was
used aggc@og‘%\(st soI Sglggf{nzc%)w QE:L E %gsng é§ Slgl %E |§gand L3 from
Exanpl e 3% Af pente enft f‘f‘mepa{% I ni ckel powder (28.2 g) and
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After cook*ampieo ’oom tenperature, excess nickel powder was filtered off.
The filtrate contained 1.28% by wei ght of Ni (p). The filtrate was diluted
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20 diluted with 3-pentenenitrile and additional ligand to a

ligand:nickel(0) ratio of 1B:1 and a nickel(0) concentration of

0.7% by weight. This solution was used as catalyst solution (C5)

in Example 23.

25 Example 18

Ligand L12 from Example 12 (500 g), 3-pentenenitrile (132 g),
nickel powder (40 g), CIP(O-m-tol); (2.1 g) and PCl; (23 drops)
were stirred at 95°C under inert gas for 23 hours. A sample

30 contained 0.72% by weight of Ni(0). A further 20 g of nickel
powder and 1 g of CIP(O-m-tol); were added, and the mixture was
stirred for another 18 hours at 95°C. After cooling to room
temperature, excess nickel powder was filtered off. The filtrate
contained 0.77% by weight of Ni(0). The filtrate was diluted with

35 3-pentenenitrile and additional ligand to a ligand:nickel(0)
ratio of 18:1 and a nickel(0) concentration of 0.6% by weight.
This solution was used as catalyst solution (C6) in Example 24.

Examples 19 - 26 [sic)
40 .
50 mmol of 2-methyl-3-butenenitrile (2M3BN) were in each case
reacted with catalyst solution Cl-6 from Examples 13 - 18
(0.2 mmol of Ni) at 130°C for 2 hours. To avoid decomposition
processes caused by air and moisture, the reactions were carried
45 out in a closed system. Conversion and selectivity were
determined by GC after the reaction was complete. For comparison,
the procedure was repeated using a solution of the Ni(m-/p-tolyl
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to the aromatic system, or having an aromatic substituent in the o
position relative to the OXygen atom which connects the |
phosphorus atom to the aromatic system, or having an aromatic
S)‘/Jstem fused on in the o position relative to the oxygen atom which
2 connects the phosphorus atom to the aromatic system,

R%  aromatic radicaj having a C,-C,s-alkyl substituent in the m position relative
to the oxygen atom which connects the phosphorus atom to the aromatic
system, or having an aromatic substituent in the m position relative to the
OXygen atom which connects the phosphorus atom to the aromatic
System, or having an aromatic system fused on in the m position relative
to the oxygen atom which connects the phosphorys atom to the aromatic
system, where the aromatic radical bears g hydrogen atom in the o
position relative to the Gxygen atom which connects the phosphorus atom
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R  aromatic radical having a C,-C,-alky] Substituent in the p position relative
to the oxygen atom which connects the phosphorus atom to the aromatic
system, or having an aromatic substituent in the p positioﬁ relative to the
Oxygen atom which connects the phosphorus atom to the aromatic
system, where the aromatic radicaf bears a hydrogen atom in the o

| position relative to the OXygen atom which connects the phosphorus atem
to the aromatic system, |

R%  aromatic radicai which bears substituents other than"those defined for R!
R®and R®in the 0, m and P positions relative to the oxygen atom which |
connects the phosphorus atom to the aromatic system, where the




relative
aronatic
rel ative
aromatic
relative
aronatic
position

position

connects

0, m and

Y, z, p:

10.

Xty+z+g, =
formul a |

cl ai m 8. usi Apean ] : la_|..wherein the radicals Rl, R2,
Qe et s deta)gEink WoreL RGN kBrrishis e

R3 and R4 are_sel ected i ndéepe

consi sting SPTPRUNE £ORtpIngrieicOL with d BieogHhHe ttﬁé%lrﬂ‘ﬂ.l Bhemd et adhgal and
henyl radi gal ' ified i a1, wher %"-t%.cﬁith
B R 4 R e ad Barim i e r ool eai s RL by ot

formul a |

are subst i t lbednethodiof catdling adeRBRIY LomPAssa

to the oxygen atom whi ch connects the phosphorus atom to the
system or having an aromatic substituent in the o positiohb APR 2004
to the oxygen atom which connggts the phosphorus atomto the
system or having an aromatic systemfused on in the o position
to the oxygen atom which connects the phosphorus atomto the

system FIPTMAlGFROIGEI baarsca hytirogengatemGh-tha - i tuent in
the m position relabigkR at%a n oxygen at om whi ch%m@ﬂéofﬁ%%o@gﬁﬁr us
atomto the aromatic~ sys @rﬁh @P q‘?i‘ﬁ?ﬁ@ taR PhospBotus atoivsio theesbrrighict he m

rel ati ve systerhe oxygen atom whi ch connects the phosphorus atomto

the aromatic_system or having an aromatic systemfused on in the m

rel Xti ve T @2t he oxygen at om whi ch connects the phosphorus atomto

the aromatic Visti the aromatic radi cal bears a hydrogen atomin
the o positigh R 'E@B%w‘ie%ﬁlyré}

atom t@
substituent in.the p position relativ ‘
t he phosphor d@IMIJMmwhichipe= & onatic system or having an aromatic

substitgient Ay Ltign relative to the oxygen atom which connects
t he phosphorugb 69@5@?@%@@ Fr%

bears a hydrrageals\R3RF IR A R4 P,

rela B8 2ather, Snlvari Z Iwitrotheasiosisbhe ru
ReADI004s o 80 i I bR I i

R FATC! dsiBg enphadphite dftive ASrARTA i Cyh e

atom
Ltipon relative to the oxyden atom Which
t he_ phosphorus atom to ?%é%&&%‘ﬁ'ﬁ?ee@ tvef ave anothenfrom thadi cal

whi ch bears ¥RHBtGONStsling afthenaphity| idunss, mgd%g’aﬁ@i ‘ﬂﬁ’h R2 and R3'In the

& Eadisat and

, p | A lati ye to the oxygen atom
phosphor us gtonrM géﬁﬁ%'g§Pbﬁ’éWQ9§§'§D%¢iﬁ3d\ﬁeclaimhe 2 6 APR 2006 19 aromatic

r adi caM. bearA phosptiiteoseifedh il sition relative to the oxygen
at om whi ch %gﬁ cts the phoggwaq ést@?@?’r&f

' or us B ¢lRiEn Ay wihareio the yadiears R, R*fRY 2,
in o@'ﬁtshgbstbfutederaneuhﬁnuteg,prfer@qr icﬂ%t h the proviso that
[ arm1 T

3At : r s as. clained in'c sSt’ng a phosphite of the
as é%?’ﬁ%@”?%gls%‘?rgplﬁ?‘fﬁ ¢laimectin glaim®@, 3. A process as clained in

ome Sy SHNG Mok drea chemigal

| s
ng adding hydrocyanic acid ont
fhee red 0 an
efinic dcfuble bond wherein Ni(O) or a chemical compound containing Ni(O) is
reacted with a phosphite of the formuia |, wherein R, R?, R?

R% x, ¥, zand
formula ) are defined as in claim 1. ' "

The method of catalyzing a reaction comprisin

g isomerizing organic nitri
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5. Atransition netal conplex as claimed in claim1. 6. The method o

catal yzing a reaction conprising reacting Ni(0) or a chem cal corrpc?u%éPR 2004
containing Ni (O with a phosphite of thg fornula 1, wherein Rl, R2, R3,

R, X, vy, z and p are defined as in claiml. 7. The nmethod of cataly2| ng a

reacti om1conpa i olefinic bl e bond
wherein Ni (O gfbgékgﬁgmﬂgsﬁﬁfgr&%ﬁﬁ of oﬁérﬂ%ﬁﬁ'@%ﬁm the P'éesepﬁﬁ@? agramsetwna
phosphi te of ma@lfcomplmaaaclamwenrmiéﬁ‘n58*3caF53ystR4 X, y, z and p of
forrrula ar e, deflned as jn claiml. 8 The nethod of catal yzing a reaction
conpri si #g R o & ¢laim i1l e whevgin 2emethyil-Gehutenenitrilb s¢risemerized
conpound cont i is reacted with a phosphite of the formula 1,
wherein R1, . ﬁ%ﬂeggﬁ@',e y, z and p of fornula | are defined as in claim
1. 9. A process for the addition of hydrocyanic acid onto an olefinic
doubl e bond in the presence of a transition netal conplex as clained in
claim5 as catalyst. 10. A process as clainmed in claim9, wherein
hydrocyanic acid is added onto butadiene to give a conmpound sel ected from
the group consisting of 2-nethyl-3- butenenitrile and 3-pentenenitrile. 2 6
APR 2004 20 11. A process for the isonerization of organic nitriles in the
presence of a transition netal conplex as clainmed in claim5 as catal yst.
12. A process as clainmed in claim1l, wherein 2-nethyl-3-butenenitrile is
isomerized to 3-pentenenitrile.



