1 ORGANOPHOSPHORUS COVPOUNDS BASED ON TETRAPHENOL (TP)- SUBSTI TUTED
STRUCTURES The present invention relates to novel organic conpounds, their
phosphorus derivatives, i.e., organi c phosphorus conpounds, and to

conpl exed conpounds thereof with transition nmetals, processes for their
production and use in catalytic reactions. The reactions between olefin
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GHAL where: Gl is an at | east disubstituted cyclic structure sel ected
fromthe group of aromatics, heteroaromatics, fused aromatics systens or
fused heteroaromatic systems with any desired further substitution, and
connected to & by a nonoval ent bond in each case; & is an al kyl radical
and is connected to GlL, G3 and/or 4 by a nonoval ent bond in each case; 4
&3 and 04 are the sane or different, are each substituted by an OH group
and are each an at |east disubstituted cyclic structure selected fromthe
group of aromatics, heteroaronatics fused aromatics systens or fused

hetero ns h an rth ubstitu and
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reduces as a result of the following restrictions being introduced, viz.:

Gl is an at |east disubstituted 1,2-, 1,3- or 1,4-phenyl radical; 02 is a
C1- al kythadi-manorkiosphite spmplexss e syitetieeaialysts fou thethytofdropati@tofand 04 ar e
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catalyzed hydroformylatlon of sterically hindered olefins, for example isobutene.

Rhodium-bisphosphite complexes catalyze the hydroformylation of linear olefins having
terminal and internal double bonds to give predominantly terminally hydroformylated
products, whereas branched olefins having internal double bonds are only converted to a
minor extent. These phosphites do coordinate onto a transition metal center to provide
catalysts of enhanced acfivity, but the on-stream life of these catalyst systems is
unsatisfactory, inter alia because of the phosphite ligands’ sensitivity to hydrolysis. The use
of substituted bisaryl diols as starting materials for the phosphite ligands, as described in
EP-A-0 214 622 or EP-A-0 472 071, wrought appreciable improvements.

The literature says that the rhodium complexes of these ligands are extremely active
hydroformylation catalysts for o olefins., US-A-4,668,651, US-A-4,748,261 and
US-A-4,885,401 describe polyphosphite ligands whereby «-olefins but also 2-butene can be
converted to the terminally hydroformylated products with high selectivity. US-A-5,312,996
also uses bidentate ligands of this type for hydroformylating butadiene.

Tetraphenols are known from the field of light-sensitive, film-forming materials (photoresists).
Representatives of tetraphenols are described in JP 05034915 and JP 2004277358. Journal
of the Chemical Society, Perkin Transactions 1: Organic and Bio-Organic Chemistry (1972-
1999) (1994), (13), 1879-82 and JP 2004277358 point up pathways to preparing the

precursors needed as well as to the tetraphenol compounds.

Macromolecules (Washington, DC, United States) (2008), 41(20), 7306-7315 describes for
example the use of tetraphenol compounds in the ring-opening polymerization of ethylene
oxide and propylene oxide.



1920 OH Si Ph 10 Ph e HO 401 H3C 401 OCH, 2223 2425 7 27, where
GlL has a 1 4-substitution, while the foll ow ng execution of formula 28
depicts, by way of exanple, a representative wherein O shows a

1, 2-substitution: tBu tBu28 Exenplary representatives of this enbodi nent
further include the follow ng derivatdves of formulae 29 to 38 which
feature for GL a trisubsfitution, a heteroaromatic or a fused aromatic
system 29

Although the aforementioned bisphosphites are good complexing ligands for rhodium-based
hydroformylation catalyst systems, it is desirable to develop novel easily obtainable

phosphites to further improve their efficacy in hydroformylation for exampie.

It is an object of the present invention to prepare organic compounds which, in terms of their
structure, can be categorized as tetraphenols, and convert them into their phosphorus

derivatives.

Itis also an object in this connection for the method of preparing the organic compounds as
well as the organic phosphorus compounds derived therefrom to be technically and
economically undemanding. The focus in this connection is on a modular construction of the
organic phosphorus compounds in order that varied structures may be generated in a few
steps and also that starting materials conveniently availabie on a large industrial scale may

be used for this.

These phosphorus derivatives, or the organic phosphorus compounds mentioned at the
beginning, are further processed with transition metals to form catalytically active
compositions. It is further an object to employ these catalytically active compositions in
reactions of small molecules, for example CO, HCN, hydrogen or else amines, in pure form
as well as mixed, with unsaturated hydrocarbon compounds. I is also an object that these
catalytically active compositions used in the hydroformylation of unsaturated hydrocarbon
compounds, for example, have a long on-stream life and hence the organic phosphorus
compounds used as ligands have a low sensitivity to hydrolysis as well as a high selectivity

to the linear, i.e. n-hydroformylated, product.

The invention provides organic compounds of formula 1

T2 [
Gs G4 1
where:

G1 is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
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G3 and G4 are the same or different, are each substituted by an OH group and are each an
at least disubstituted cyclic structure selected from the group of aromatics, heteroaromatics,
fused aromatics systems or fused heteroaromatic systems with any desired further

substitution, and connected to G2 by a monovalent bond in each case,

In a preferable embodiment, the variety of possible structures derivable from formula 1
reduces as a result of the following restrictions being introduced, viz.:

G1is an at least disubstituted 1,2-, 1,3- or 1,4-phenyl radical:

G2 is a C1-alkyl radical with tertiary or quaternary substitution;

G3 and G4 are the same and are each an at least disubstituted aromatic radical having one
OH group in each case and selected from the group of aromatics, heteroaromatics, fused
aromatics systems or fused heteroaromatic systems with any desired further substitution.
Exempilary of this preferable embodiment are the foliowing structures wherein G1 has a 1,3

substitution:




In a further preferable enbodi nent according to fornmula 1: Gl is an at

| east disubstituted 1, 3-phenyl radical; & is a Cl-al kyl radical
substituted with hydrogen, nethyl, ethyl, isopropyl, isobutyl,
trifluoromethyl or aryl; G3 and 04 are the sane and are each an at | east

di substituted aromatic radical provided with O4 d to C6 0-alkyl and al so
G to Co-alkyl. 10 Exenplary representatives of this enbodi nent are
reproduced in fornmulae 11 to 26 and also 29 to 31 for exanple. They are
prepared as ‘'merei nbel ow di scl esed in the preparati on exanpl eswsaccording to
the inventign. Ipn another preferable enbodinepnt according to fornula 1: Gl
is a1, 3-di it yt' ety pheny adi cal ;. G2.A4 Al Ry 2

substitute 1I ethyl
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12, 15, 16 and d nt hesi zabl e on the par ati on
exanples accorthpgnt @, the 41 entlon In the prepg atig’\e anpl es accordi ng

to the invention, tHhe cl ai med™ representatlves are dé&si gnated s TPO, TP' 0
and TP"'O for clarlty 15The invention further provi des ofgani c phosphorus
conmpounds) of fornmula 2: 0&R&0 3 Gb00G62 where: O in each occurrence is an
oxygen atjom P in each occurrence is a phosphorus atom Gl |~Ban at | east

: syst ens
wi th any e C 2 ution, nonoval ent
et B¥nd in each casg, G3|and G4 afe the same or

| at | east nonosubstigAlt egd cyc st ruct ur e

3 § of aromatics, heteroa i pd aromati cs
systens or fuSed heterdaromatic systems with~any-Oesdr s tUngher
substitution, and connected to G2 and 0 by a npnoval ent bond in each case;
05 and 06 are each idéntical or different units connect®ed to P by a
nmonoval ent bgmd and sel ected fawem the group Qgal kyl, O-aryl, Qgacyl,

0- het er oaryl i aryI heter

cycl oal kyl 2
N-cycl oal k

HLO
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Bu OCH,




11 In a particular enbodinment of fornmula 2: d is an at | east
di substituted 1,2-, 1,3- or 1,4-phenyl radical; & is a Cl-al kyl radical
with tertiary or quaternary substitution; G3 and 4 are the sanme and are
each an at |east nonosubstituted aromatic radical and selected fromthe
group of aromatics, heteroaromatics, g used aromatics systens or fused
het eroaronmati c systens with any desired further substitution; G and G5
are the sane and selected fromthe group O-al kyl, O-aryl, 0-acyl,
0- heteroaryl ,=0-cycl oal kyl, Oesilyl, acyl, alkyl, aryl, heteroaryl,

(

cycl oal kyl, al kyl, N-aryl, Nheteroaryl, N-cycloalkyl,
N-silyl. | erabl e enbodi nent of fornmula 2: Gl is a

1, 3-di subs{ ( & is a O-alkyl radical substituted
wi t h hyerdgen 1 ;¢ ¥ are the sane and selected fromthe
group tert-hutylg met hgxy-tertbutyl phenoxy or di-tert-butyl phenoxy;
G and G6 are ; dhsel ected fromthe group tert-butyl phenoxy,

met hoxy-t ert but
met hyl - t ert -stt

apht hoxy, di-tert-butyl phenoxy,
pyrrol g The organic phosphorus conpounds

clainmed in these enbodlnents - also referred to as tetraphenol |igands or
t et raphenol - substi tut ed blsphosphltes - are hereinbel ow further disclosed
and chatacteri zed it he preparation exa
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P by a nonoval ent boret and sel ected fromthe group O-alkyl, O-aryl,

0-acyl, O-heteroaryl, 0-cycloal kyl, O-silyi, acyl, alkyl, aryl

heteroaryl cycIoaIkyI perfluoroalkyl P N—aIkyI N—aryl
N-silyl; fi and Ris for -xanple

thyl or p F ‘ S

di cal s:
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hydr ogen, nethyl tr|fluoro
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26

it is also for exampie:



The present invention also provides organi c phosphorus conpounds of
formula 3 & 1 &BG1Gi..",,,,P &XR0& GGt P\ 0 3 where: 0 in each
occurrence is an oxygen atom P in each occurrence is a phosphorus atom
G is an at l|least disubstituted cyclic structure selected fromthe group
of aromatics, heteroaromatics, fused-aromatics systens or fused
het eroaromati c systens with any desired further substitution, and
connected to & by a nonoval ent bond in each case; & is an al kyl radical
and is connected to C, G3 and/or 4 by a nonoval ent bond in each case; G3
is in each ¢ substituted in OH group and is an at | east

ens or fused heteroaromatic systens

di substitu velic structu
heteroaro'i :
with any desire tion, and connected to 02 by a nonoval ent

bond in each case; / ‘ ast nonosubstituted cyclic structure

systens or }uséd c—systens with any desired further
substitutib 70 and 0 by a nonoval ent bond in each case;
15 &, G, 9

with G& and-6¥ 3

entical or different units or G5 paired
nd—GA paired with G3=ar€ covalently |inked units connected to P

by nonoval ent bgnds and sel etted fromt g Aearyl - 0-acyl,
O-heteroar¥l, 0-cycl oal kyl, 0O-silyl, acyl, &ﬁ%@ﬁ?f§%§¥?4ﬁ%?§@%%?yl,
cycl oalVéyie thefaliowingogxeaytion of faumylends depicts kyway of examble, ardpeeseniativey| |
N-cycl qalckarm G1NabwyA 1 2TiBsthithagpnt | on further provi des organi c phosphorus
conmpounds oﬂBfornuIa 4 Gs. Gl GRRAR2G7 111 zzPGAGt G600Gs 4
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By 28
Exemplary representatives of this embodiment further include the following derivatives of

formulae 29 to 38 which feature for G1 a trisubstitution, a heteroaromatic or a fused aromatic
system:




where: O in each occurrence is an oxygen atom P in each occurrence is a
phosphorus atom Gl is an at |east disubstituted cyclic structure selected
fromthe group of aromatics, heteroaromatics, fused aromatics systens or
fused heteroaromatic systens with any desired further substitution, and
connected to & by a nonoval ent bond g n each case; G is an al kyl radica
and is connected to O, G3 and/or 4 by a nonoval ent bond in each case; G3
is in each case substituted by an OH group and is an at | east

di substitutegs cyclic ®tructuressel ected fromthe group of aromatics,

het er oar omat | cs, aromatijcs systens or fused heteroaromati c systens
with any de? 3 2 tion, and connected to & by a nonoval ent
bond in ea mse; past monosubst i t ut ed cyclic structure

gs, heteroaronatlcs fused aromati cs

&b, &6, G7 and 3 dentical or different units or Go paired with
a.covalently linked units connected to P by

nonoval ent ands anéusele ted®rom t3he group O-al kyl, O-aryl, O0-acyl,

O- heteroaryl, O-cycloal kyl, O-silyl, acyl, alkyl, aryl, heteroaryl,

cycl oal kyl, perfluoroal kyl, Nacyl, Nalkyl, Naryl, N heteroaryl,

N-cycl oal kyl **Nsilyl. 16 The pPesent invention al so provides organic

phosphorus caonpoupds af fornmul g 5 /@ ,..#7.-G3, LG,
e e .. Py ) G(203G8 PGBG4 GBOOG?S where 0 in each
occurrence ; _ _ each occurrence is a phosphorus atom

dcyeljc structure selected fromthe group
fused aromatics systens or fused
~any*tdesired further substitution, and

of aromati cs,
het er oar omat't<
connected to 02
and i s connecte
and 04 are tshe sa erert and ;are each an at |east disubstituted
cyclic structure selected fromthe group of aromatics, heteroaronatlcs

fused aromatfics systens or fuged heteroaro Btic systens with aﬁy desi red

further sups and Cov--cted to 02 -noval'-t bond in
each case; are each t units or
06 palreo N th 09 a nits

0-aryl,
heteroaryl, Iuoroalkyl N—acy
N- het er oaryl , aLlk) Nsi | yl . The i nveny {
phosphor us gonpdtnds, of TOrmika 6 0 G3- P\ bor, B




G/ G56 where: 0 in each occurrence is an oxygen atom 17 P in each
occurrence is a phosphorus atom Ol is an at |east disubstituted cyclic
structure selected fromthe group of aromatics, heteroaromatics, fused
aromatics systens or fused heteroaromatic systens with any desired further
substitution, and connected to & by @ nonoval ent bond in each case; & is
an al kyl radical and is connected to 01, G3 and/or 4 by a nonoval ent bond
in each case; G3 and 4 are the sane or different and are each an at | east
di substituteg, cycli : e sglected fromthe group of aromatics,

- 3 S systens or fused heteroaromatic systens
with any desired s tution, and connected to & and 0 by a
G, &6, G/, GB and 09 are each identical or
Wit HP"G7 and G8 paired with & are covalently
by mppovalgent bonds and sel ected fromthe
~0- heger oaryl, 0-cycl oal kyl, O-silyl, acyl,
al kyl , aryl \ 8 per fluoroal kyl, N-acyl, N-alkyl,
N-aryl, N eroaryl, Ncycl ga Nsilyl. The present invention also
provi des organi ¢ phosphorus™conpdunds of formula 7 GG&@ GLG4 GBP 0/ Pn G20
A G2 G| 7 gwhere: 0 in each ocgurrengg is an oxygen atom P in each
occurrence is a phosphorgs at om

different unif"
i nked gpits
group 0O-a

O i
Bu
38

in a further preferable embodiment according to formula 1:

G1is an at least disubstituted 1,3-phenyl radical;

G2 is a C1-alkyl radical substituted with hydrogen, methyl, ethyl, isopropyl, isobutyl,
trifluoromethyl or aryt;

G3 and G4 are the same and are each an at least disubstituted aromatic radical provided
with OH, C1 to C6 O-alkyl and also C1 to C6-alkyl.



01 is an at |east disubstituted cyclic structure selected fromthe group
of aromatics, heteroaromatics, fused aromatics systens or fused

het ercoaromatic systens with any desired further substitution, and
connected to & by a nonoval ent bond in each case; & is an al kyl radical
and is connected to Gl, G and/or (A,gy a nonoval ent bond in each case; G3
and 4 are the sane or different and are each an at | east disubstituted
cyclic structure selected fromthe group of aromatics, heteroaromatics,
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to forﬁﬂﬁ@“m“ﬂUAOEQVb 1, 3 di substitut ed phenyl radical; @ is a Cl-alkyl

radi calgahedd El‘éttﬁédsé%é QnJ‘X@éBQ\%HG ra{a?éaht\llﬁubs%tb\élwnh éfﬁ) 1; Q!%tlJ%t%r?-&ﬁwyl ’
selected Tro

trifluoronmethyl or aryl; G3 and 04 are the sane an t he
group t¥EMUPSHut yI phenoxy or di-tert-butyl phenoxy; G, G5, G/, G8, @, G0,

GL1 an&lﬁ%&d@épﬁeﬁﬁféﬂvéﬂﬂﬂilé @mbo@meﬁhéré BisiBbed by éx%n'ﬁﬁfe ;%rmfa&% ¥ 4§ 06 and
07 palregw H &}Iega% with 010 and Gl1 paired wth are

coval edfye@l ﬁéeosyﬂ plealie,amiecbagis P'iﬁpssﬁt'%ﬁmleérﬂcc%wa&o Té‘ﬁd sel ect ed

fr oml t lhrereglnampl t@e p+dpwa;.o,oexmgrés atﬁm&ﬁ!‘?@ﬂ to tf%l{‘h@“nﬁéroi’ﬂfeydlalm?? cycl oi'ﬂlk k?/l

O-sily [ 0 , perfluoroal kyl,

N-acyl re;kgs?%ﬁkatw@ lf\%g}eys/’s a{?\?—ﬁ fﬁf Tﬂ% T\@é&@l% 1t‘zyl , Nsilyl. Exenplary
structures of this enbodi nent are: tButBu Wiere PR2 in fornmula 39

exhi bi trpe wf%nlﬁ?ﬁ‘%e‘?gwﬁr gg Bwaﬂw&ﬂﬁm%nﬁtéo%to LS offor40 wWiere R in formula

40 represent or ex ng nol et s ”Png representative of
formul a 40 wherg =2 er enoxy i s an enbodi nent cl ai ned
according t he | vfeﬁ;n 'a\%\c@:ﬁ‘!t\gbes a tetraphenol - based
tetraphosphite, thi i[5 embodi ment pei ng further disclosed, under the TP8

formula, inlthe preparation exanples acgording to the invention. The
i nventi oyf'ﬂn&hey&#ovi des organl“(x%hes’ph&(gss conpounds of fornula 8
Gs ) ,

2
where:

O in each occurrence is an oxygen atom,

P in each occurrence is a phosphorus atom,

G1is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

(52 is an alkyl radical and is connecied to G1, G3 and/or G4 by a monovalent bond in each
case;

G3 and G4 are the same or different and are each an at least monosubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics systems or
fused heteroaromatic systems with any desired further substitution, and connected to G2 and
O by a monovaient bond in each case;

G5 and G6 are each identical or different units connected to P by a monovalent bond and
selected from the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloaltkyl, O-silyl, acyl, alkyt,
aryl, heteroaryl, cycloalkyl, perfluoroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyt,
N-silyl.



/Gl GBGLHA R&KRO0EB /P A 0 A GG 0 21 where: 0 in each occurrence is an
oxygen atom P in each occurrence is a phosphorus atom d is an at |east
di substituted cyclic structure selected fromthe group of aromatics,

het eroaromati cs, fused aromatics systens or fused heteroaromatic systens
with any desired further substitution, and connected to G by a nonoval ent
bond in each case & is an alkyl radical and is connected to A, G3 and/or
&4 by a nonoval ent bond in each case; 03 is in each case substituted by an
OH group and is an at |east disubstituted cyclic structure selected from

the grqup of. aromatics, heteroaromatics, fused aromatics systens or fused
heterojpgr%mcﬁagﬁ'?t’%‘ﬁ'\?e%“ﬁ?"awﬁ 2desired further substitution, and
connect@tisten 2 Rabydisubstitoey al2ent 3-hwrigs-pHehyiradiad); at | east nonosubstituted

cyclic ect fromthe group of aromatics, heteroaromatics,
fﬁsed aéf%{sr;étcéﬁé&’@%{'?@ﬁ%}ewaﬁ%8@%&%@?%5?%% systems with any desired
f ur t herCHanss4 ergtthesamennd aresek bedt ibastGnasubsttuteyg agmmmmad:a&a?? bondt in
each ¢ ' [ ren

i s o oot ofdlp o oo REteREhories YRR RS e B o4 020 ar e
each cd@iresemstiq systeas withiany desirpsdunthed substititiby; nonoval ent bonds and

sel ect ash 446 hiahSEAHD aftt Sdi&otdd frdtn ﬂ{eydrouﬂ)oga‘ﬁ&g Pi%yihétﬁplgg[%?rogyl,

cycl oalé%l i (l)-ISIOkgil a(I:yI , %I kyhlei arylé chetero “E:){c ] I ]
per f | udt-E¥alliv!. Onglibyk aevl. alkvh apd hetargaryl cycloaligs RerBiargalkyl, hi-and) Nbarvky-,
N-si | ylheteFdueylpR-29€6dlkyl, WeRt.i on al so provi des organi ¢ phosphorus conpounds
of formula 9 GP where: ,--4, OL.12 0 AG3 3
In a particularly preferable embodiment of formula 2:
G1is a 1,3-disubstituted phenyl radical;
(2 is a C1-alkyl radical substituted with hydrogen or methyt;
G3 and G4 are the same and seiected from the group tert-butylphenoxy, methoxy-tert-
butylphenoxy or di-tert-butyiphenoxy;
G5 and G6 are the same and selected from the group tert-butylphenoxy, methoxy-tert-
butylphenoxy, naphthoxy, di-tert-butylphenoxy, methyl-tert-butylphenaxy or pyrrole.
The organic phosphorus compounds claimed in these embodiments — also referred to as
tetraphenol ligands or tetraphenol-substituied bisphosphites — are hereinbelow further
disclosed and characterized in the preparation examples according to the invention.
For clarity, the tetraphenol ligands claimed are referred to as TP1 to TP7 in the preparation
examples according to the invention. The structures belanging to the claimed tetraphenol
ligands are likewise disclosed in scheme 1 in the preparation examples according to the

invention.

Further embodiments of formula 2 according to the invention are recited by way of example

in the following structure which is designated TP:

R
G R R
3 G4
f/ \O
P
e G P
Gs \o/ i G~ e 1p



& 9 0 in each occurrence is an oxygen atom P in each occurrence is a
phosphorus atom Gl is an at |east disubstituted cyclic structure selected
fromthe group of aromatics, heteroaromatics, fused aromatics systens or
fused heteroaromatic systens with any desired further substitution, and
connected to 02 by a nonoval ent bondsbn each case; 02 is an al kyl radical
and is connected to 01, 03 and/or 04 by a nonoval ent bond in each case; G3
is in each case substituted by an OH group and is an at | east

di substituted cyclic structure selected fromthe group of aromatics,

het er o matics, . fysed matics. s ns or 22 fused heteroaronatlc
systens Wt hacgﬂgylm&;{gﬁ}eeﬂg g’ﬂ?‘i"ﬁeés Eﬁ‘iég iaf"ﬁ@feﬁﬁme&h geRRdeEaNto @ by a
monov al reprieségdsah at i@kt menasubatituledaytlicrsrogeebfior exampgsl cyclic structure

selected fromthe group of aromatics, heteroaromatics, fused aromatics
systens or fused heteroaromatic systems with any desired further

substi t uttB@n ected to & andi;@oby a nonoval ent bond in each case
GSis a unitnIi hond and sel ected fromthe group
0-al kyl, 0-a . \ Qal kyl, O-silyl, acyl,
al kyl, aryl N yl, N-acyl, N-alkyl,

ivBhti on further
10 Gb2&2 GsP#Ad 010
where: 0 iop 2 in each occurrence is a
phosphor us7agom £ 7, hitutédgyclic structure sel ected
fromthe group of aromatics, heteroaromatics, fused aromatics systens or
fused heteroaromatic systens with any desired further substitution, and

Oy © & is an al kyl radical
G3 and/or 4 by a npnoval ent bond in each case; G3
S an at | east
' of aromatics,

N-aryl, N-he
prOV|des or ga

) ) aromat iccs systens or fused
heteroaronatlc systens with any deS|red further substitution, and
connected to & and O by a nonoval ent bond in each case; Gb and & are
each i (Whilire GalandiGetire kacreidkntital dratifrerBaniadonfekied folP @3a fofovaRinabaiat | Y

i nked ted t P | ent d ds d . f th

or oup. G PREREE BT rol Lt CHRR EFaRh -hReenE pE el SRR acy!
al kyl , aﬂwylaryl hethauﬂrqyblpalkyiclbelwd{gélkyl peadyl, Ialiod) Kaky), Nxhétemhrw N- al kyI

N- ar yI 1N~E\§'crb%ﬁ<9|f Rgsr“y[! for é\ka%?é oal kyl, Nsilyl. 23



The invention al so provides netal conpl exes containing a netal of group 4,
5 6, 7, 8 9 or 10 of the periodic table and one or nore organic
phosphorus conmpounds which are recited as TP1, TP2, TP3, TP4 or TP5 in the
preparation exanpl es according to the invention. In a particular

enbodi ment, the netal conplexes according to the invention are
characterized in that the netal is rhodium palladium nickel, platinum
cobalt or ruthenium In a further enbodi nent, at |east one of the organic
phosphor us conpoundslreferred tp as TRI, TP2, TP3, TP4 or TP5 in the
preparati on exanpl essnaccor di ngnho t henirnventi on d/ or~a metal conpl ex

based on rhodi um 9;.Ian m N Fheni um fi nds
use in catalysis. ) h @

the organic
P5 in the
preparati on exanpl es”accordi ng to the i nvention and/or et al conpl ex
based on rhodiunl pal I adi um nickel, platinum cobalt or rutheniumfinds
advant ageopts use in honog
enbodi nent,, at | eas

as TP1, FP TP3,
inventi @ f/or
pl ati nuny_ca@bal t

di scl osed and characterized\in the pfeparation exanples according to the
i nvention. The invention also provides a process for hydrocyanati on of

pent eneni t r yTe-gont ai ni eans usgikng a catal ytically active

conposi tisH, chaoactg%k ed il\that Ahe catalytically active conposition

cont ai ns ‘a osphor C ound which is referred to as TP1, TP2,
p !

orgahic p
TP3, TP4 o?\$P5??n t he ation exanples according to the invention.
Further details of the disclosure are found in the process exanpl es
according to the inveption. A particular enpodinent of the hydrocyanation
process ording to e inventhwn is char erized hﬁnthat t he
hydrocyaﬁgfion is eff 2@3 i sonerizatjpon to branched
nitriles.

exanpl e rther provides a
process  using a
catal yti e catalytically
active co d which is

referred t@eas TP2 inapr he preparation exanples according to the invention.
A particul ar enbodi neht of the process for hydrocyanafion of

but adi ene-contai ning streans is characteril\zed in that butadiene is
hydrocyanated to |inear pentenenitriles wth an Ms selectivity of nore

than 99% Further details o e disclosyre are found in the process
exanpl o ™™g t—e§+b @» io@-o he Minventign_al so provides a process
for hydrofor ation of unse at ed hydr ocarbonm xtures using a

catalytically active conposition containing a transition nmetal of groups 8
to 10, characterized in that the catalytically active conposition includes
an or g&At & ipies epenie sydregnso methvavifepromsthyberaahenyd: and as TP1, TP2, TP3, TP4
or TP5 in the preparation exanples according to the invention. A
particyl.ar. enbodj ment of the process for hydrofornylating unsaturated
hydrocgrﬁﬁﬂrﬂﬁqw reRreGptRth Py Wejfpllowinggpdisaite with the invention is
characterized in that the catalytically active conposition contains an
organi ¢ phosphorus conpound referred to a P1, TP2, TP3, 1P4 or TP5 in

t he preparation exanples according to the inwention and rhodi um Further
det ai | dipe di @sure J ound-dn/the prgces | es according to
the invention. A further enbodi nent \Pe pyocess §of Mydrof ornyl ati ng
unsat ur at ed hydrocarbon m xtures which iNs—i@/accordance with the present
invention is characterized in that a stream containing ol efi ns havi ng at

| east 4 to 20 carbon atons is used as unsaturated hydrocarbon m xture. A
pref erabl e enbodi nent utilizes the follow ng streans as unsaturated

hydr ocarbon m xture: raffinate | in commercially available conposition;
raffinate Ill in commercially available conposition, containing a

remai nder of C4-al kanes, |inear C4-al kenes and al so i sobutene and

C5- al kanes; so-called crude butane containing C4-al kanes, |inear
C4- al kenes and Cb5-al kanes; so-called di butene containing at | east 98% by
mass of C8-ol efins, based on the total anmpunt of C8-olefins, selected from
t he group of dinethyl hexenes, nethyl heptenes and al so n-octenes; so-called
tributenes containing a mxture of at |east 98% by mass of Cl1- and




A further enbodi ment of the hydroam noal kyl ati on process according to the
invention is characterized in that the chenosel ectivity concerning the
product ami ne is above 90% and the formation of byproducts is bel ow 10%
Further details of the disclosure are found in the process exanpl es
according to the invention. The invepjion also provides a process for
hydr ogenati on of unsaturated hydrocarbon m xtures using a catalytically
active conposition containing a transition netal of groups 8 to 10,
characterized in that the catalytically active conposition includes an
or gani ¢ phosphorus conpound referred to as TP1 in the preparation exanpl es
according to the invention. details the disclosure are found in
' the invention further

: Tpounds using a
catal ytically active c-nposrtron i ni gition netal of groups 8

i Ca actd ve conposition includes

an organrc phosp@orua;conpou~ ' 3 8 i the preparation
exanpl es_ascor di{ng to t he inviention f & Iosure are
found i prosces L\g The
exanpl ow paratd npl es
accor di |nvent|on t P Li g

The present invention also provides organic phosphorus compounds of formula 3

Gs

|

G, G G, P
\Gz/ \Gz/ \O/ \Gs

N

©s \/\

where:

O in each occurrence is an oxygen atom,

P in each occurrence is a phosphorus atom,

G1 is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a rl'lonovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
case;

G3 is in each case substituted by an OH group and is an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics systems or
fused heteroaromatic systems with any desired further substitution, and connected to G2 by
a monovalent bond in each case;

G4 is an at least monosubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired

further substitution, and connected to G2 and O by a monovalent bond in each case;



119, 31P NMR d 122.1 122.6 129 122.1 172.6 122.8 105.5 Schene 1:
Tetraphenol ligands TP1-7 and their 31P {1F1} NWR shifts. Synthesis

exanpl es: Preparation of tetraphenol core structure TPO 4,4,

4" 4-4etra-t-butyl-2, 21,7, 2--(phenyl enenet hanedi yht et raphenol tBu OH, (Bu
HOHOCOH 140 But Bu OH 15

G5, G6, G7 and G8 are each identical or different units or G5 paired with G6 and G7 paired
with G8 are covalently linked units connected to P by monovalent bonds and selected from
the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl,
heteroaryl, cycloalkyl, perflucroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-
silyl.

The invention further provides organic phosphorus compounds of formula 4
Gs G, G, Gy

o oINS

O GB 4
where:

O in each occurrence is an oxygen atom,

P in each occurrence is a phosphorus atom,

G1is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused hetercaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
case; '

G3 is in each case substituied by an OH group and is an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics systems or
fused heteroaromatic systems with any desired further substitution, and connected to G2 by
a monovalent bond in each case;

G4 is an at least monosubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 and O by a monovalent bond in each case:

G5, G6, G7 and G8 are each identical or different units or G5 paired with G6 and G7 paired
with G8 are covalently linked units connected to P by monovalent bonds and selected from
the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl,
heteroaryl, cycloalkyl, perflucroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-
silyl.



TPO The tetraphenol core structure TPO was prepared according to a
nodified literature nmethod [C. Guettner, V. Boehner, R Assnus, S.
Scherf, ..l1. Chem Soc. , Perkin Trans. 11995, 93-94]: A m xture of
4-tert-butyl phenol (729, 0.48 nol) and isophthal al dehyde (8.1 g, 0.06 nol)
is heated with stirring until a hormgﬁneous melt has fornmed (100-110C).
FICI (8 mM) is then 27 netered in followed by stirring for a further 6
hours. Excess phenol is renoved by steamdistillation and the residue is

recr ystalel préat ihtstoAerb pRfidey oRiafic on%rdgﬂompggnog &forrmﬂa%% 1H NWR

(ODCI3): 6 7.28-7.24(m 1H), 7.11-7. 93(d 4 Hz, 4H),
6.71 (d. J = 8.4 Hz, 4H). 5.83 (s, 2);% 524(bs 4H, -OH), 113(s 36H) .
13C NWR (CDC| S 69}1&193 143. 65, @F41.99, 128.11, 127.28, 124.64, 115.74,
77.66, 77. 45 34\@6/31 40. Elenmental analysis for

C48H3804*2(%CHB)CO *cal cul a}tzed/ observed. % 79.57 (79.74), % -1 8.66

(8.43) parati gn of tetrapheno/cpre structure TP'O

4, 4' Tet rac e butyl- Fagr o+t ‘2\m(phenyl enenet hyl net hanedi yht et r aphenol
TVWO A m’kture ¥f 4-tert-butylPhenolG(13& 7 g, 0.924 nol) and

1, 3-di ggetyl benzene (10.0 g, 0.0616 nol) is heated with stirring until a
hom)geneous melt is formed (140C). Thereafter, nethanesulfonic acid (5.3
g, 0.03%® aagh OCGJFIBQCWIS)EnlOsymmn,and the reaction mixture is heated for 24
h. Exc mdistillation and the residue is
recrysﬁ?lelag}gg%up{gﬁncegge %ht%l Sﬁ“élﬁlof crude product: 46.28 mmol, 33.6 g,
75. 1% q11'5|a"ﬁma§t@mp§t)tute6 cyclig strydare selepted fromihg ghgup of aroatics, 2. 4 Hz | 2H)
7. 10 7. r@%’éﬁroﬁhhﬁos ﬁs&gar@mgﬁc(s@ t%'?osyorﬁxsgéﬁgtero%mn%aﬂ% sl]geméw}th a|4y ée%llré

I—Q} (I—3|)2 Preparation of tetrapheno
St ru Ct IIJ eli- t@tttut A, and connecfed o by a monovalent bond in each case;

6, 6' , 6'GHis ah alkyradiciieht sleoAndctedto, B, APdRIMy NS EHbrnarkhyBdrbet amhenol
TIP" T A mxture of o-cresol (52 g, 0.48 m)l) and i sopht hal al dehyde (8.1

g, O. 067 ﬁ%l) is heated with stirring until a honbgeneous nelt has forned
(100- 113Gnd GHAChre(tBe sdne bisdiffdremt ame taes @cthian aludsts:insubsmtmgd kgciicemlidtirged for a
furtherg s r.enmoved St eam

distill a@?%ﬁ“gﬁéh%-ﬁ'%{jgﬁ %{an'a %)élﬁ%ﬁ %Fgotp%nng% fbseg abom%s%%%% ?rgfg%egpy_ Tar get
pr oductheisiraremnatis %ﬁie%-\ﬂ%mﬁ%redé@m @ubstlmtle’n énd cotecied dalG2tand St byl |

cont ai BSK&vERSIHohd ,rﬁélacﬁcgs 96% 11 1 NWVR (CDCI3): 6 7.16-7.13 (m 1H),
7.00-6. 88(m 4-6. 74( 6.70-6.69 (m 1H), 6.65- 6.61 (m 2H,

5.28 (9 %ﬁ) G7%%§"‘{ B8 areegc Jf@q}'ca' o1 diffierest units oy G6 ppiggshwitit $HANGHES
bi sphogpgiéd ®ithIBd aks é‘!ﬂbféﬁﬂlqulk@cf uits!c3nfdbtdd 180 byon éndWHl’éht)bo'an avd SHiecdq THE i's

i 30 A ot LB Eor ol G RPR AT > cher Bl aPrdloh b,

Ther eahbterqaryl dyelvaikyl eyl pineiol, N-Scyl) Bl-amyp) N-agi, depdtueryi, N-dRloakylof- THE i s

added pwi se at -10C. The solution is stirred at roomtenperature for an
hour, the salt is filtered off through a |layer of basic alumna (4 cnm and
t he f||trate is concentrated to dryness. Yield: 0.96 nmol, 1.01 g, 32% 1H

NVR 4 (d, J = 2.9 Hz,

Aty 7 50 yenoh et ﬁ@@'d%%éh%ghzﬁ%r% hfflysAgmigsl, (&3 7 25,1

5.77 (s, 2H), 1.08 (s, 54H). 13C NMR (CD2C 2): 150.08, 149.96, 147. 34,

146.99, 143.45,-&34.50, 128. 5% -
40

/ \ /91\ / \
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128. 14,
120. 31,

120. 22, 120.16, 53.24, 34.32, 34.25, 31.83, 31.14. 31P NWR

(CD2C12): 6 122.08. El enental analysis for C68H8006P2: cal cul ated _
(observed): % 77.39 (77.33), %1 7.64 (7.45). Preparation of bisphosphite

TP2 Method simlar to TP1, but 4-hydip

I nstead of 4-tertbutyl phenol. 29 Yield: 0.84 mmol, 937 ng, 28% 11-
(CDCI3): 67.47-7.43 (m 2H), 7.33 (s, 4H), 7.11- 6.96 (m 12H), 6.48-6.43
(m 4HR in®aéR oétirreRdd) is a%hagpr{oﬁusﬁ&ﬁ}l 1.36 (s, 18H), 1.09 (s, 36K).

(cpza
133 76,

Wity 3nghisaysiiubsthited 3l Sriosye gpiecipg Fopsne gistp alaromacs.

heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
case;

G3 and G4 are the same or different and are each an at least disubstituted cyclic structure
selected from the group of aromatics, heteroaromatics, fused aromatics systems or fused
heteroaromatic systems with any desired further substitution, and connected to G2 and O by
a monovalent bond in each case;

G5, G6, G7, G8 and G9 are each identical or different units or G6 paired with G7 and G8
paired with GS are covalently linked units connected to P by monovalent bonds and selected
from the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryt,
heteroaryl, cycloalkyl, perflucroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-
silyl.

The present invention also provides organic phosphorus compounds of formula 7
G5 GQ

| |
P Gs Gy Gy P
Gs/ \ O/ ~. Cl':‘z/ ~ TZ/ ™~ 0/ \ a

GT/T\O/GS NI \
Gg

10

Gﬂ

12 7

where:

O in each occurrence is an oxygen atom,

P in each occurrence is a phosphorus atom,

G1is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
case;

G3 and G4 are the same or different and are each an at least disubstituted cyclic structure
selected from the group of aromatics, heteroaromatics, fused aromatics systems or fused

heteroaromatic systems with any desired further substitution, and connected to G2 and O by

a monovalent bond in each case;

127.94, 126.48, 126.37, 126.24, 126.14, 125.47, 125.31, 123.40,

xy-3-tert-butyl ani sole is added

1 NWR
13C NWR

146. 43, 144.89, 144,60, 141.82, 141.78,



125.29, 125.14, 122.93, 120.41, 120.11, 114.32, 109.99, 55.57, 45.57,
34.67, 34.16, 31.11, 29.1462. 31P NWMR (CDC13): 6 122.61. Preparation of
bi sphosphite TP3 Method simlar to TP1, but 1-naphthol is added instead of
4-tert-butyl phenol. Yield: 2.1 mol, 2.2 g, 70.4% 1H NVR (CDCI 3): 6 8.18
(d, J =8Hz, 2H), 7.82 (d, J = 8Hz, 24), 7.68-7.60 (m 2H), 7.46-7.42 (m
3H), 7.42-7.47 (m 8H), 7.28 (s, 4H), 7.09-7.05 (m 3H), 6.95-6.85 (m
6H), 5.60 (s, 2H), 1.13 (s, 36H). 13C NWR (CD2C 2): 147.71, 147.63,

146. 44,G5.4%, @2 G8.399,8510, 834 ah® G122k &h idedtic P b5 drﬁ@rznﬁ%l’cs 3?(?5 gé*red127 35,
126. 62 wt:l'mzés and G}%g:rezciSWIthl 86 G098pa|r]é§ ?VIth G1 Ujé%g G71?‘1 paljl"gd with G12 are “covalently
linked units connected to P by monovalent bonds and selected from the group O-alkyl, O-
aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl,

perfluoroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-silyl.

In a particular embodiment according to formula 7:

G1is a 1,3-disubstituted phenyl radicai;

G2 is a C1-alkyl radical substituted with hydrogen, methyi, ethyl, isopropyl, isobutyl,
trifluoromethyl or aryi;

G3 and G4 are the same and selected from the group tert-butylphenoxy or di-tert-butyl-
phenoxy;

G5, G6, G7, G8, G9, G10, G11 and G12 are each identical or different units or G5 paired
with G6 and G7 paired with G8, G9 paired with G10 and G11 paired with G12 are covalently
linked units connected to P by monovalent bonds and selected from the group O-alkyl, O-
aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl,
perfiuoroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycioalkyl, N-silyl.

Exemplary structures of this embodiment are:
tBu tBu

Where PR; in formula 39 exhibits for example the following substitution:



124. 24, 123.82, 123.12, 122.54, 122.28, 115.10, 114.87, 95.04, 34.32,
31.43. 31P NMR (CDCI 3): 6 131.38. Elenental analysis for C68H6806P2:

cal cul ated (observed): % 78.29 (77.93), %1 6.57 (6.23). Preparation of

bi sphosphite TP4 Method simlar to TP1l, but 2,4-di-tert-butyl phenol is
added instead of 4-tert-butylphenol.,yield: 2.4 mol, 2.8 g, 80.7% 1H NMR
(cbCl3): 6 7.30 (d, J = 2.5 Hz, 2H), 7.28-7.20 (m 8H), 7.08-7.01 (m 6H)
6.78-6.74 (m 2H), 6.61 (dt, J = 4.9 Hz, 0.8 Hz, 4H), 5.83 (s, 2H)

1.42(s,_18H), 54H) . 151.58, 149.08, 147. 85,
147. 49, PRy, 5¢ . 145. 75, %9, 126.45, 125. 34,
124. 92, 124.58 .03,1123. 50, [ 7, 118.84, 118. 70,
110. 41, 45.76, S ~37, 3 | ~29. 950 _31P NWR (CD2C 2):
6 122.12. Elemental gnalysiy, for . cal oyl at ed
(observed): %C 73. \ 4.%?), reparati g of bi sphosphite
TP5 Met hod si .~ but

thyl jienol is added
i nstead of 4- bhenol . J, 77.5% 11-1 NWR
(CDC13): 6 7. . N . oMy~ 7.13-7.03 (m 8H),
7.01-6.90 (m 4H), 6.77-6.65 (m 2H), 6.22(s, 2H), 2.52 (s, 6H), 1.49 (s,
54H). 13C NWVR (CD2C 2): 149.44, 149.35, 147.82, 147.53, 146.92, 146. 88,
145. 97, 145.85? 397 53 .30, 139.AR1, 138.97,, 128.70, 127.58, 124.68,
124.57, 124.40, 128 123. 16, 120./48, 115 1 - 144. 88, 35. 08,

: ' 78. BT 2C A f2.59. Elenenta

anal ysis for C70H8, 406P2* C12: callcul ated (obgerved): (4 72.99 (72.32),
%1 7.42 (7.57). Preerationpof bisphosphofhnid' P6 thod simlar to
TP1, but pyrrole ig adged? nst ead Z-1ert-b \ gholy  31P NWVR (CD2d 2):
6 122.77. Preparat f bi sphos |t§ TP7 Tetraphefol cdre structure TP 0

(0.3 g, 0.41 H¥¥J N0 (0.2 M, Pb. 4 nmol ) are added dropw se at -10C
to a solution PCI3 (0.1 ng, 1.13 mmol) in 5 mM of THF and the reaction
solution is stirred for 30 mn. Thereafter, 2,4-di-tert-butyl phenol (0.17
g, 0.825 mmmol) dissolved in 1 mM of THF is added dropw se at -10C,
followed by stirring at roomtenperature for 1 h. The salt is filtered off
through a | ayer of b#®ic alum na 4, cn) and the filtrate is concentrated
to dryness. Yiere<0.14 mmol, 0.165 3—33.3% 1H NVR (CDCI 3): 67.44 (bs,
1H), 7.17 (dd 4, 2.4 N0-7.08(m 1H), 6.99-6.96(m 12H),
6.93(d, J= 2.4 (s, 9H), 1.29 (s, 9H), 1.16 (s,
54H). 31P NWMR af ati on_of tetraphosphite TP8

(R)zP~ _—PR)

40

Where R in formula 40 represents for example the following moieties:



To a solution of PCI3 (0.3 mM, 3.25 mol) in 30 M of THF are added in
succession at -10C 2,4-di-tert-butyl phenol (1.355 g, 6.5 mmol) and Et 3N
(2.4 M, 16.0 nmmol) by dropwi se addition, followed by stirring for 30 mn.
Thereafter, a solution of tetraphenol core structure TPO (0.57 g, 0.812
mol) in 5 M of THF is added dropwi gg at -10C fol | owed by stirring at
roomtenperature for 1 h. The salt is filtered off through a | ayer of
basic alumna (4 cn) and the filtrate is concentrated to dryness. 31P NWR
(THE): 5 128.0. Syntpesis of pI@tinun”conplex (TP1) Pt C}2 Pt (cod)Cl2 (35
pmokhdr were stivired | m of

4
re MTEr one week at
uct ur e AV s were
obt ai ned. Yield: 8“x 1 N . 6 7.45 (dd,

J= 8.7 Hz, 2.0 Hz, 2¥), 7 40-700 (m “T6H)™ 6.79-6. 81 ( . 5.56 (s,
2H) 1.41 (s, 18H), 1.32 (s, 36H). 13C NMR (CD2Cl2): 6 154.29, 153. 15,
152. 15 140h82. 143.32, 138,11, 133.67, 132.97, 132.62, 130.91, 130.68,

-30C, crystals sui

130.18, 125.78, 123 6%{ , 38.77).35. 31P NVMR (CD2C12/ 3/2):
645. 57 t™\p= 608 BrZ) N, Synt hesi | conpl exe 2 [C
J. CbblSiZé@ﬁ P. [ Inorgm Chi AEF“TQQ?,‘%% 107-115] 10 ng
(0.036 | )/ of . apd 1 nol eyui of TP | i gand¥(6+0 ol )

wer e dissolved in ol uene. was bubbl ed t hrough the-tright
yel l ow sol ution for 30 mn,\which the&n turned colorless. It was
concentrated in vacuo to dryness and the remaining solid was anal yzed by

ATR- 1R spec opy: 32/tigand Al (st 1) 131(cm 1) TP1 2043 1995 TP2 2040
1987 TP3.2043 1991 TPg £041 1} 90_3_N

alkyl
I -n!n.f I | |
T | T T b
0 o] 0 o o
OMe

o= o) 3

The representative of formula 40 where R = 2 4-di-tert-butylphenoxy is an embodiment
claimed according o the invention and constitutes a tetraphencl-based tetraphosphite, this
embodiment being further disclosed, under the TP8 formula, in the preparation examples

according to the invention.

The invention further provides organic phosphorus compounds of formula 8

e
G G ]
3\\\6/// “\\G/// 4\\0///P\\\G
2 2 ]
GE\.._ l | /Gg
P Gy G, R
/ ™~ o/ ™~ O/ \
Gg Gio 8



TP5 2043 2002a a several species presen Synthesis of (TP2)N (cod) A
solution of TP2 (22.0 ng, 0.018 mmol) in 1 nL of benzene-d6 was added to
Ni (cod)2 (5.0 ng, 0.018 nmol) and stirred in a Schlenk vessel for 30 mn.
1H NVR (500 MHz, CeD6) 6 (ppm: 8.75 (d, J = 8.5 Hz), 7.75 (s), 7.48 (d, J
= 8.5 Hz), 7.23-7.19 (m, 7.12 (s), %407 (s), 7.03 (s), 6.99 (s), 6.44 (d,
= 8. 5 Hz), 5.56 (s), 5.27 (s), 3.51 (s), 3.35 (s), 2.11 (s), 1.69 (s),
.58-1.54 (m), 1.48 (s), 1.42-1.04 (m, 0.99 (s). 31P NWR (202 MHz, CDCI 3)
( p Mwhetd4. 6 (s). Synthesis of (TP2)N (2M3BN)-ZnCl 2 A sol ution of TP2
9 0 ?ﬁ?g?Q rrrml% in 3 nL of toluene-d8 was added to Ni(cod)2 (22.0

0. ggg‘ |OFCUIRECS I5iaP OXYESNAYMSchl enk vessel for 5 min. 2MBBN (10 pL, 1

eq W&Sma&kdﬁdcdwreﬁmas phbspprdsppendor f - pi pette as well as zZnC 2 as Lew s

acid Ul V.. tion fo a sanple
(500 b1 e seelehlptoen s ROUtr- 3R B so bt n f admalion e
concenthemrearometi@r gzlﬁedsa"omlatmsaamtﬂms'lanmseécﬂdiesiarmaimggstmsmlﬂh awasesﬁxa?l yzed

by IR 1H NWVR (400
e, "R SRR B8stfledls e dona amnitly 25T )

6 21-6. QZ)IS(aﬁ)a kv agaal(aw is epnpgctedio Q. GHamipor Cok bysy modovalen{ bunddl) eadh 95 (br
s), 3&§S§br s) 364(br s) 344340(rr) 3.37 (s), 336(d J = 2 Hz),
3.34-3.30 3.28 (s), 2.92 (br 2.62 (br s),
1.59-0. 08?2:s(Iq.rseachg:agg{s%%htu‘gsd.by@ngjhi@pup@nég. wt leaﬁg@mp;u g(g:gcllg MHz, C6D6) 6

(PPM : sllﬁ&uéﬁseléhﬁaa froeh thd 4fbupDf aroihtidd, hetbddardifaticd FdsebCrorhais L terillggr 88,
126. 55, 70. 4 69. 44,

120, 5. gy by b o g RO o P
28. 91, azﬂoﬂﬂraleﬂlﬂbcﬁnd 1.01. 31P NWR (400 MHz, CeD6) 6 (PPm): 124. 6 (bs).
Mal di T%éf r&%ﬁ%’c %gst(rﬂ-fr%)subs%it]ﬂZe%' c%/glic(s:{r ZMre) selec%echfro%r?th(egr:ozul\lplo(f%%Bm%t - 33
heteroaromatics, fused aromatics. systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 and O by a monovalent bond in each case;
G5, G6, G7, G8, G9 and G10 are each identical or different units or G5 paired with G6, G7
paired with G8 and G9 paired with G10 are each covalently linked units connected to P by
manovalent bonds and selected from the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-
cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl, perfluoroalkyl, N-acyl, N-alkyl, N-
aryl, N-heteroaryl, N-cycloalkyl, N-siiyl.

The present invention also provides organic phosphorus compounds of formula 9

where:

O in each occurrence is an oxygen atom,

P in each occurrence is a phosphorus atom,

G1 is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
case;

G3 is in each case substituted by an OH group and is an at least disubstituted cyclic

structure seiected from the group of aromatics, heteroaromatics, fused aromatics systems or



Process exanpl es according to the invention: Hydrocyanation

Ni ckel -cat al yzed hydrocyanation of 3-pentenenitrile (3PN): To N (cod)?2
(5.0 ng, 0.018 mmol ) is added the ligand solution (0.018 mmol of TP Iigand
in 2 m of solvent). Thereafter, 3-pentenenitrile (300 pL, 170 eq.) is
added by neans of an Eppendorf pipetbg as well as 50 pL of n-decane as

I nternal standard and the Lewis acid (1 eqg.). The solution obtained is
transferred to a 15 m Schl enk vessel. Acetonecyanohydrin (400 pL, 250
eq.) i SfutdiprietertstohaliysysRARSwIt aryteERRENAM fsubtiRMbh ndREnddiRaSs bhapk vessel
I's heated until @orﬁ'” an oil bath. The solution is stirred for 4h, then
cool ed YERAOEEHEOhd stripped with an argon streamfor 1 nin to renove
HCN t r a¢&. ankh easniczabatiated deﬁceﬁtmcﬂedsélyct@ﬁﬁorﬁ h’fe(yi‘ﬁimra&ﬁﬁ%cslsi ng

n- deca LN I and a t| ons ut tw ce,
e oo e bl Reed L BRI ylons i fsel aE e iRati Sl Ao fE Lih By Sbrafi
sel ect ifuithey srfle@lpélon |amélcynne‘r‘:sagilte(312 anld@bmymnaﬂalm borid iBl@Ach case;

3- pent L i TP1- j ' v [ % 2PN %
3N o6 i ol R AN TRt bR o s SRE Lk OBy PR 3-5E)
acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl, perflucroalkyl,
N-acyl, N-alkyl, N-aryl, N-heferoaryl, N-cycloalkyl, N-silyl.

The invention further provides organic phosphorus compounds of formula 10

Gan, G G
3\ N
G, G;
3 | |
e} 10
where:

O in each occurrence is an oxygen atom,

P in each occurrence is a phosphorus atom,

G1is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 by a monovalent bond in each case;

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in each
case;

G3 is in each case substituted by an OH group and is an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics systems or
fused heteroaromatic systems with any desired further substitution, and connected to G2 by
a monovalent bond,;

G4 is an at least monosubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any desired
further substitution, and connected to G2 and O by a monovalent bond in each case;

G5 and G6 are each identical or different units or G5 paired with G6 are covalently linked
units connected to P by monovalent bonds and selected from the group O-alkyl, O-aryl, O-
acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl, perflucroalkyl,
N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycioalkyl, N-silyl.



3 TP3 15 1 7 7 75/25 4 TP4 14 1 1 12 59/41 5 TP5 15 1 8 6 68/ 32
Condi tions: 0.018 mmol of Ni(cod)2, N :L:Zn:L4:ACH=1:1:1:170: excess,
acet onecyanohydrin (ACH) as HCN source, T = 90C, 2 nL of toluene, t =4 It
a) Determ ned by gas chronmat ography with n-decane as internal standard.
Conversions are based on amount of upgonverted substrates [mmol]. b)
Yield of 2-pentenenitrile and 4-pentenenitrile respectively; c¢) Yield of
dinitriles: adiponitrile (ADN) + nmethylglutaronitrile (M3D).

The invention also provides metal complexes containing a metal of group 4, 5, 6, 7, 8, 9 or

10 of the periodic table and one or more crganic phosphorus compounds which are recited

as TP1, TP2, TP3, TP4 or TP5 in the preparation examples according to the invention.

In a particular embodiment, the metal complexes according to the invention are

characterized in that the metal is rhodium, palladium, nickel, platinum, cobalt or ruthenium.

In a further embodiment, at least one of the organic phosphorus compounds referred to as
TP1, TP2, TP3, TP4 or TP5 in the preparation examples according to the invention and/or a
metal complex based on rhodium, palladium, nickel, piatinum, cobalt or ruthenium finds use

in catalysis.

In a further embodiment, at least one of the organic phosphorus compounds referred to as
TP1, TP2, TP3, TP4 or TP5 in the preparation examples according to the invention and/or a
metal complex based on rhodium, palladium, nickel, platinum, cobalt or ruthenium finds

advantageous use in homogeneous catalysis,

In a very particular embodiment, at least one of the organic phosphorus compounds referred
to as TP1, TP2, TP3, TP4 or TP5 in the preparation examples according to the invention
and/or a metal complex based on rhodium, palladium, nickel, platinum, cobalt or ruthenium

finds use in a process for hydroformylation of olefin-containing mixtures.

The metal complexes claimed are further disclosed and characterized in the preparation

examples according to the invention.

The invention also provides a process for hydrocyanation of pentenenitrile-containing
streams using a catalyfically active composition, characterized in that the catalytically active
compositibn contains an organic phosphorus compound which is referred to as TP1, TP2,
TP3, TP4 or TPS in the preparation examples according to the invention. Further details of

the disclosure are found in the process examples according to the invention,

A particular embodiment of the hydrocyanation process according to the invention is
characterized in that the hydrocyanation is effected by foreclosing any isomerization to
branched nitriles. Further details of the disclosure are found in the process examples

according to the invention.



34 Table 2. Hydrocyanation of 3PN with TP2 |igand Input Lew s acid
Conversion' % Qher nitrilesb (% [2PN4PN-2M2BN] Yield of ON (%
[ADNMGD] 6 ZnCl 2 (leg) 41 [4-5-0] 32 [88/12] 7 zZnd 2 (2eq) 40 [4-2-0]
[88/12] 8 znCl 2 (5eq) 14 [1-1-0] 12 [85/15] 9

24

The invention further provides a process for hydrocyanation of butadiene-containing streams
using a catalytically active composition, characterized in that the catalytically active
composition contains an organic phosphorus compound which is referred to as TP2 in the

preparation examples according to the invention.

A particular embodiment of the process for hydrocyanation of butadiene-containing streams
is characterized in that butadiene is hydrocyanated to linear pentenenitriles with an nfiso
selectivity of more than 99%. Further details of the disclosure are found in the process

examples according to the invention.

The invention also provides a process for hydroformylation of unsaturated hydrocarbon
mixtures using a catalytically active composition containing a transition metal of groups 8 to
10, characterized in that the catalytically active composition includes an organic phosphorus
cornpound which is referred to as TP1, TP2, TP3, TP4 or TP5 in the preparation examples

according to the invention.

A particuiar embodiment of the process for hydroformylating unsaturated hydrocarbon
mixtures which is in accordance with the invention is characterized in that the catalytically
active composition contains an organic phosphorus compound referred to as TP1, TP2, TP3,
TP4 or TP5 in the preparation examples according to the invention and rhodium. Further

details of the disclosure are found in the process examples according to the invention.

A further embodiment of the process for hydroformylating unsaturated hydrocarbon mixtures
which is in accordance with the present invention i$ characterized in that a stream containing
clefins having at least 4 to 20 carbon atoms is used as unsaturated hydrocarbon mixture.

A preferable embodiment utilizes the following streams as unsaturated hydrocarbon mixture:

raffinate | in commercially available composition;

raffinate IIl in commercially avaitable composition, containing a remainder of C4-alkanes,
linear C4-alkenes and also isobutene and C5-alkanes;

so-called crude butane containing C4-alkanes, linear C4-alkenes and C5-alkanes;

so-called dibutene containing at least 98% by mass of C8-olefins, based on the total amount
of C8-olefins, selected from the group of dimethylhexenes, methylheptenes and also
n-octenes;

so-called tributenes containing a mixture of at least 98% by mass of C11- and C12-olefins,

based on the totai amount of C11- and C1i2-olefins.

34



ZnCl 2 (3eq) 53 [3-11-0] 38 [85/15] 10d znd 2 (3eq) 29 [3-9-0] 20 [87/13]
11 AIC13 (1 eq) 1 [0.2-0.4-0] 0.1 [100/0] 12 zZnC 2 (3eq) 43 [3-17-1] 22
[82/ 18] Conditions: 0.018 mml of N (cod)z Nii:Zn: LA ACH=1:1:1:170:
excess, acetonecyanohydrin (ACH) as HCN source, T = 90C, 2 nL of THF, t =
4 h, TP2 as ligand. a) Determined bys; gas chromatography wth n-decane as
I nternal standard. Conversions are based on anmount of unconverted
substrates finnol). b) Yield of 2-pentenenitrile, 4-pentenenitrile and

2- met thﬁgertH&a@iQ%flﬂhE Hisbl@surﬁ)are\@oﬁh(ﬂm(ﬂfte Hb@éésréxéﬁngles aelopany fo'thd € +
met hyl glutaronitrile; d) T C, e) BIPPP as benchmark |igand with the

f ol | owi'M§8: uct ur e "2 B napht hyI phosphl te ligand (BI PPP) as benchmark
| i gand Tabl e 3. Hydrocyanation of 4PN in THF with 1P2 |igand Conversi ond

The invention further provides a process for hydroaminoalkylation of unsaturated
hydrocarbon mixtures using a catalytically active compoéition containing a transition metal of
groups 8 to 10, characterized in that the catalytically active composition includes an organic
phosphorus compound referred to as TP6 in the preparation examples according to the

invention.

A particular embodiment of the hydroaminoalkylation process according to the invention is
characterized in that the catalytically active composttion contains an erganic phasphorus
compound referred to as TP6 in the preparation examples according to the invention and

rhodium.

A further embodiment of the hydroaminoalkylation process according to the invention is
characterized in that the chemoselectivity concerning the product amine is above 90% and
the fermation of byproducts is below 10%. Further details of the disclosure are found in the

process examples according to the invention.

The invention also provides a process for hydrogenation of unsaturated hydrocarbon
mixtures using a catalytically active compaosition containing a transition metal of groups 8 to
10, characterized in that the catalytically active composition inciudes an organic phosphorus
compound referred to as TP1 in the preparation examples according to the invention. Further

details of the disclosure are found in the process examples accerding to the invention.

The invention further provides a process for hydrosilylation of carbonyl compounds using a
catalvtically active composition containing a transition metal of groups 8 to 10, characterized
in that the catalytically active composition includes an organic phosphorus compound
referred to as TP3 in the preparation examples according to the invention.

Further details of the disclosure are found in the process examples according to the

invention.

Examples

The examples which follow illustrate the invention.



| nput 2PNb % 3PNb % Yi el d of ONGYADN MGD 198. 53. 6534289/ 11 Condi ti ons:
0.018 mml of Ni(cod)2, N :L:Zn:LA ACH=1:1:1:170: excess,

acet onecyanohydrin (ACH) as HCN source, T = 90C, 2 nL of THF, t = 4 h, TP2
as ligand. a) Determ ned by gas chromatography with n-decane as internal
standard. Conversions are based on agpunt of unconverted substrates
finmoll b) Yield of 2-pentenenitrile and 3-pentenenitrile respectively;

c) Yield of dinitriles: adiponitrile (A ON) + nmethylglutaronitrile (M3D).
35 Tabl prefaraif eR5nipiRs b8y dfg UhaHveRBos N di Oxane with various |igands
Conver si ona 2NBtELII\I I nptléﬁ Ligand 3PN % QO her nitriles % %

TP7
T
0
R’ H H H H H H CH,
. 119,
PNMRd 1221 1226 129 1221 1726 1228 1055

Scheme 1: Tetraphenol ligands TP1-7 and their *'P {"H} NMR shifts.

Synthesis examples:

Preparation of tetraphenol core structure TPO:
4,447, 47-tetra-t-butyl-2,2’, 2", 2”~(phenylenemethanediyltetraphenol

The tetraphenol core structure TPO was prepared according to a modified literature method
[C. Gruetiner, V. Boehmer, R. Assmus, S. Scherf, J. Chem. Soc. , Perkin Trans. 1 1995,
93-941:

A mixture of 4-tert-butylphenol (72 g, 0.48 mol) and isophthalaldehyde (8.1 g, 0.06 mol) is
heated with stirring until a homogeneous melt has formed (100-110°C). HCI (8 ml) is then



1 TP2 1.6 100 / / 2 Phosphiteb 78.3 63.2 34.1 2.7 3 Si xantphos 80.2 53.1
41.5 5.4 Conditions: 0.018 mmol of Ni(cod) 2, Nii:Zn: LA ACH=1:1:1:125:
excess, acetonecyanohydrin (ACH as HCN source, T = 90C, 2 nL of dioxane,
t =5 h. a) Determi ned by gas chromat ography with n-decane as internal
standard. Conversions are based on agsunt of unconverted substrates
finmolt b) Phosphite = [1, 11- bi napht henyl 2,2'- bis[di-(2-isopropyl phenyl)
phosphite General prescription for isonerization experinments: N (cod)?2

(5. 0 NUnetered IBfollbwdd by stirg Toreerlrthbridhduns ExkaRelefd lstbinBled ) #dghn Mol of TP

ligand |n. 2 nL ﬁf solvent) by stirring under_inert gas for 5_mn.

2- Met hyfistatnnand & epifpeisT izedJoFT etonggyeldV-943 ok ddd@: BiSteans of an
Epgegddt—rfwmkmebcg):asr.aaeﬁ.m as, 154, pt1-0b5ﬁmdga)a.esa§ Jiﬂa.eHﬂaAH)sB.amqharJg ﬁnd .
Zn as i S, aci 1 : T C. N S Oi t eate
to 90C *a%'g (ﬂga?‘rw’ gssg’éé gH?’a%n(bﬁt‘ﬁ'ﬁéém’&r&l (ﬁtiegrj'@'alkg Kjﬁ@f%@nﬁ %psﬁ

Sel ect i'Mi3t6p. 141.YefIEhdH 125.28 PNI4(GE, Nl 5.7 4.1 78 LB, 7HY21 761301 45/ 1438 ok, Redlkt i ons
witht I % . : ] 2 g, xt ure,

i but erge oaa Bl S oy By de BEL AR, Gl BT e Yo 8T LB o um
concentd&fi BAd)was 40 and 200 ppm The results of hydrofornylating 1-octene
and trans-2-octene are herei nbel ow shown by way of exanple. These
reactions were carried out in an AMTEC SPR16 parallel reactor.

Rh(acac) (C0)2 (3.7 nmg, 14.4 pnol) and 4 nol equivalents of ligand (57.6
prol ) veregardfidhss?tetePhérd Sor8lstr@dtureatreene and the sol ution was transferred

to the argon;filled reacti.on vessel. This was heated to 80C and

pr essur?‘%’%dgvﬁtettrﬁ't%tyfigg’%fz é(ﬁﬁfwzeé’f’g?eéé{ .eﬂﬁl”Fg’Y’ﬁ?}@#’ﬁ?@f ormation time, the
substrate m xture (18 mmol of 1-octene and 6 nmol of n-decane as internal
standard) was added. The reaction solution was stirred at 8)C and 20 bar

synthesis gas for 24 h.
w/@\n/ ”X'[ j ——

o] Q

A mixture of 4-tert-butylphenoi (138.7 g, 0.924 mol) and 1,3-diacetylbenzene (10.0 g,
0.0616 mol) is heated with stirring until a homogeneous melt is formed (140°C). Thereafter,
methanesulfonic acid (5.3 g, 0.0553 mol, 3.59 ml} is added and the reaction mixture is
heated for 24 h. Excess phenol is removed by steam distillation and the residue is
recrystallized from acetone. Yield of crude product: 46.28 mmol, 33.6 g, 75.1%. "H NMR
(CDCl3): & 7.44 (bs, 1H}, 7.17 (dd, J= 8.4, 2.4 Hz , 2H), 7.10-7.08 (m, 1H), 6.99-6.96 (m,
8H), 6.94 (d, J = 2.4 Hz, 4H), 4.58 (bs, 4H, -OH), 1.91 (s, BH), 1.16 (s, 36H).
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Preparation of tetraphenol core structure TP"0
6.6',6",6™-tetra-o-methyl-2,2',2”,2”-(phenyienemethanediy)tetraphenol

OH
H
+ax, —_—
He HO. OH
4] o CH O O
TP 0

A mixture of o-cresol (52 g, 0.48 mol) and isophthalaldehyde (8.1 g, 0.06 mol) is heated with
stirring until & homogeneous melt has formed (100-110°C). HCI (8 ml) is then metered in and
stirring is continued for a further 6 hours. Thereafter, excess phenol is removed by steam
distitlation and the crude product is analyzed by NMR spectroscopy. Target product purities
of 90-95% were detected. Yield crude product (still contains o-cresol): 34.3 g, 96%. 'H NMR
(CDCl3): & 7.16-7.13 (m, 1H), 7.00-6.88 (m, 4H}, 6.84-6.74 (m, 8H), 6.70-6.69 (m, 1H), 6.65-
6.61 (m, 2H), 5.28 (s, 2H), 4.91 (bs, 4H, -OH), 2.16 (s, 12H).

Preparation of bisphosphite TP1

A solution of PCl; (0.6 mg, 6.5 mmol) in 35 ml of THF is admixed with tetraphenol core
structure TPO (2.1 g, 3 mmol) and Et;N (5.4 ml, 36 mmol) at -10°C by dropwise addition, and
stirred for 30 min. Thereafter, 4-feri-butylphenol (6.05 mmol) dissolved in 10 mf of THF is
added dropwise at -10°C. The solution is stirred at room temperature for an hour, the salt is
filtered off through a layer of basic alumina (4 cm}) and the filtrate is concentrated to dryness.
Yield: 0.96 mmol, 1.01 g, 32%. 'H NMR (CDCl,): & 7.38-7.35 (m, 2H), 7.33-7.30 (m, 2H),
7.24 (d, J= 2.9 Hz, 4H), 7.20-7.06 (m, 8H), 6.99 (dd, J = 8.5, 0.9, 4H), 6.85-6.77 (m, 4H),
5.77 (s. 2H), 1.08 (s, 54H). "°C NMR (CD,Cl,): 150.08, 149.96, 147.34, 146.99, 143.45,
134.50, 128.58, 128.14, 127.94, 126.48, 126.37, 126.24, 126.14, 125.47, 125.31, 123.40,
120.31,120.22, 120.16, 53.24, 34.32, 34.25, 31.83, 31.14. *'P NMR (CD,CL,): 5 122.08.
Elemental analysis for CesHggOgP2: calculated (observed): %C 77.39 (77.33), %H 7.64 (7.45).

Preparation of bisphosphite TP2
Method similar to TP1, but 4-hydroxy-3-tert-butylanisole is added instead of 4-tert-
butylphenol.



12.3 0.3 460 TP4 99 7.4 0.5 300 TP5 99 2.7 0.1 55 Conditions: Rh:L:LA =
1:4:1250, 80C, 20 bar C0/1-12 (1:1), toluene, [RN] = 1.92 MM Rh
precursor= Rh(acac)(C0)2, Vrot =8 nL, t = 24 h; a) TOF determ nation at
20% conversion. Table 6. Hydrofornylation of trans-2-octene Ligand Tine
Pressure Tenperature Conversion Linegg/branched TOF (h) (bar)

Yield: 0.84 mmol, 937 mg, 28%. 'H NMR (CDCl,): § 7.47-7.43 (m, 2H}, 7.33 (s, 4H), 7.11-
6.86 (m, 12H), 6.48-6.43 (m, 4H), 5.72 (s, 2H), 3.29 (s, 6H), 1.36 (s, 18H), 1.08 (s, 36H). °C
NMR (CD.Cl,): 155.57, 147.77, 146.54, 146.43, 144.89, 144.60, 141.82, 141.78, 133.76,
128.87, 128.74, 128.06, 127.80, 127.02, 126.48, 125.29, 125.14, 122.93, 120.41, 120.11,
114.32, 109.99, 55.57, 45.57, 34.67, 34.16, 31.11, 29.1462. *'P NMR (CDCly): 5 122.61.

Preparation of bisphosphite TP3

Method similar to TP1, but 1-naphthol is added instead of 4-fert-butylphenol. Yield: 2.1 mmol,
2.2 g, 70.4%. '"H NMR (CDCls): § 8.18 (d, J = 8Hz, 2H), 7.82 (d, J = 8Hz, 2H), 7.68-7.60 (m,
2H), 7.46-7.42 (m, 3H), 7.42-7.47 (m, 8H}, 7.28 (s, 4H), 7.09-7.05 (m, 3H}, 6.95-6.85 (m,
6H), 5.60 (s, 2H), 1.13 (s, 36H). °C NMR (CD,Cl,): 147.71, 147.63, 146.44, 146.32, 134.87,
134.59, 128.72, 127.64, 127.52, 127.44, 127.35, 126.62, 126.51, 126.25, 126.08, 125.84,
125.73, 125.58, 125.26, 124.24, 123.82, 123.12, 122.54, 122.28, 115.10, 114.87, 95.04,
34.32, 31.43. *'P NMR (CDCl;): 6 131.38. Elemental analysis for CgsHgsQsPs: calculated
(observed): %C 78.29 (77.93), %H 6.57 (6.23).

Freparation of bisphosphite TF4 _

Method similar to TP1, but 2 4-di-fert-butylphenol is added instead of 4-ferf-butylphenol.
Yield: 2.4 mmol, 2.8 g, 80.7%. 'H NMR (CDCl;): 8 7.30 (d, J = 2.5 Hz, 2H), 7.28-7.20 (m,
8Hj), 7.08-7.01 (m, 6H), 6.78-6.74 (m, 2H}, 6.61 (di, J = 4.9 Hz, 0.8 Hz, 4H), 5.83 (s, 2H},
1.42 (s, 18H), 1.29 (s, 54H). ">C NMR (CD.Cl,): 151.58, 149.08, 147.85, 147.49, 146.54,
146.08, 145.75, 138.95, 133.85, 128.79, 126.45, 125.34, 124.92, 124.53, 124.03, 123.50,
123.02, 119.89, 119.07, 118.84, 118.70, 110.41, 45.76, 34.90, 34.82, 34.33, 34.22, 31.18,
29.95. *'P NMR (CD,Cl,): 8 122.12. Elemental analysis for C;sHesQsP2*CH.Cl,: calculated
(observed): %C 73.84 (74.32), %H 7.89 (8.19).

Preparation of bisphosphite TP5

Method similar to TP1, but 2-fert-butyl-8-methylphenol is added instead of 4-feri-butylphenol.
Yield: 2.3 mmol, 2.5 g, 77.5%. "H NMR (CDCl): & 7.30 (d, J = 2.5 Hz, 2H), 7.26-7.20 (m,
6H), 7.13-7.03 (m, 8H), 7.01-6.90 (m, 4H), 6.77-6.65 (m, 2H), 6.22 (s, 2H), 2.52 (s, 6H), 1.49
(s, 54H). >C NMR (CD.Cl): 149.44, 149.35, 147.82, 147.53, 146.92, 146.88, 145.97,
145.80, 139.54, 139.30, 139.21, 138.97, 128.70, 127.58, 124.68, 124.57, 124.40, 123.94,
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172.59. Elemental analysis for C;qHsOsP>*CH,CL,: calculated {observed): %C 72.99 (72.32),
Y%H 7.42 (7.57).

Preparation of bisphosphoramidite TP6
Method similar to TP1, but pyrrole is added instead of 4-tert-butylphenot. *'P NMR (CD,Cl,):
0 122.77.

Preparation of bisphosphite TP7

Tetraphenol core structure TP'0 (0.3 g, 0.41 mmol) and Et;N (0.2 mi, 1.4 mmol) are added
dropwise at -10°C to a solution of PCI; (0.1 mg, 1.13 mmol) in 5 ml of THF and the reaction
solution is stirred for 30 min. Thereafter, 2,4-di-fert-butylphenol (0.17 g, 0.825 mmol)
dissolved in 1 ml of THF is added dropwise at -10°C, foliowed by stirring at room temperature
for 1 h. The salt is filtered off through a layer of basic alumina (4 cm) and the filtrate is
concentrated to dryness. Yield: 0.14 mmol, 0.165 g, 33.3%. "H NMR (CDCl.): 8 7.44 (bs,
1H}, 7.17 (dd, J= 8.4, 2.4 Hz , 2H), 7.10-7.08 (m, 1H), 6.99-6.96 (m, 12H), 6.93 (d, J=2.4
Hz, 6H), 1.91 (s, 6H), 1.42 (s, 9H), 1.29 (s, 9H), 1.16 (s, 54H). *'P NMR (CD,Cl,): 8 105.53.



25 10 140 39 1.92 68 TP3 35 10 140 45 1.55 10 Conditions: Rh:L.-LA =
1:4:1250, toluene, [Rh] = 1.92 nM Rh precursor = Rh(acac)(C0)2; a) TOF
determ nation at 20% conversion; b) Rh:L = 1:20 C4-ol efin dinerization

di butene (C8-olefin mxture, linear and branched isonmers) were
hydrofornylated with TP1 Iigand w thgut solvent: 37 Table 7.
Hydr of ornmyl ation of di butene (C8-olefin mxture, |inear and branched

i sonmers) Ligand O efin Pressure Tenperature Conversion Sel ectivitya

Preparation of tetraphosphite TP8

OAr=

To a solution of PCl; (0.3 ml, 3.25 mmol) in 30 ml of THF are added in succession at -10°C
2 4-di-tert-butylphenol (1.355 g, 6.5 mmol) and Et;N (2.4 ml, 16.0 mmol) by dropwise
addition, followed by stirring for 30 min. Thereafter, a solution of tetraphenol core structure
TPO (0.57 g, 0.812 mmol) in 5 ml of THF is added dropwise at -10°C followed by stirring at
room temperature for 1 h. The salt is filtered off through a layer of basic alumina (4 cm) and
the filtrate is concentrated to dryness. *'P NMR (THF): & 128.0.

Synthesis of platinurn complex (TP1)PtCl;

Pt(cod)Cl; (35 mg, 94 ymol) and TP1 (121 mg, 113 pymol) were stirred in 4 ml of
CH.CL/CH3CN (3/2 mixture) at room temperature for 1 h. After one week at -30°C, crystals
suitable for x-ray crystal structure analysis were obtained. Yield: 86.8 mg, 65.7 pmol, 62%.
'H NMR (CD,Clo): & 7.45 (dd, J = 8.7 Hz, 2.0 Hz, 4H), 7.40-7.00 (m, 16H), 6.79-6.81 (m, 4H),
5.56 (s, 2H) 1.41 (s, 18H), 1.32 (s, 36H). "°C NMR (CD.Cl,): & 154.29, 153.15, 152.15
149.82, 143.32, 138.11, 133.67, 132.97, 132.62, 130.91, 130.68, 130.18, 125.78, 123.63,
61.36, 38.77, 35.46. *'P NMR (CD,ClL/CH:CN=3/2): 8 45.57 {Jp.p= 6091.46 Hz).

Synthesis of nickel complexes (L)Ni(CO}, [C. J. Cobley and P. G. Pringle, Inorg. Chim. Acta
1997, 265, 107-115]

10 mg (0.036 mmol) of Ni(cod), and 1 mol equivalent of TP ligand (0.036 mmol) were
dissolved in 2 mL of toluene. CO was bubbled through the bright yellow solution for 30 min,
which then turned colorless. It was concentrated in vacuo to dryness and the remaining solid

was analyzed by ATR-IR spectroscopy:



(bar) (© (To) (% TP1 D butene 60 115 49 99 TP1 D butene 260b 135 84 99+
Conditions: Rh:L = 1:4; 50 bar COH2 (1:1), 6 h, [Rh] = 40 ppm
solvent-free, 1 kg of di-nbutene; a) chenpselectivity =

al dehyde/ conversion; b) [Rn] = 20 ppm The followi ng exanples relating to
hydrof ornyl ation of C4-olefins (tablg,8) and C8-olefins (table 9) were
carried out in 100 m Parr autocl aves equi pped with a pressure regul ator
to keep the constant pressure, a gas flow nmeter and a blade stirrer. The
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with the olefin mxtiarg to be hydrofornyl ated, under argon. After

repl acili§1t he ar8bh at no$¥Bherel by purging with synthesis gas (CO H21:1),
the reagpbon M ¥hige WiSgagated to the particul ar tenperature nentioned
under agitation (1000 ripm and| under synthesis gas pressure, and

thereaf 168 adj (8P4Y to [t1¥81exalct target pressure of 20 bar. Thereafter,
the ol ¢ffleg M X{ gpg L O ne|gﬁy_d’r—glf ornyl ated was added. The synthesis gas
pressune_was kept constiant_throughout the entire reaction tine, via a
pressuféPPegul a£®#3 Thd 3%83ctin tine was 720 nmin for each of the

hydr of ors@ydrat dpelel peként dUri ng whi ch sanples were renoved fromthe

autocl ave for GC analysis. The reaction m xture was subsequently cool ed
down to roomtenperature, the autoclave was depressurized and purged with
argon. 38 Table 8. Hydrofornylation of C4-olefins Ligand Aefin

Synthesis of (TF2}Ni(cod)

A soiution of TP2 (22.0 mg, 0.018 mmol) in 1 mL of benzene-dé was added to Ni(cod),

(5.0 mg, 0.018 mmol) and stirred in a Schlenk vessel for 30 min. '"H NMR (500 MHz, CsDg) &
(ppm): 8.75(d, J=8.5Hz), 7.75(s), 7.48 {d, J = 8.5 Hz), 7.23-7.19 (m), 7.12 (s), 7.07 {s),
7.03 (s}, 6.99 (s), 6.44 (d, J = 8.5 Hz), 5.56 (s}, 5.27 (s), 3.51 (8}, 3.35 (5), 2.11 (8), 1.69 (s},
1.58-1.54 (m), 1.48 (s), 1.42-1.04 (m), 0.99 (s). *'P NMR (202 MHz, CDCls) & (ppm): 124.6

(s).

Synthesis of (TP2)Ni(2M3BN)-ZnCl,

A solution of TP2 (89.0 mg, 0.072 mmol) in 3 mL of {oluene-d8 was added to Ni(cod),

(22.0 mg, 0.079 mmol} and stirred in a Schlenk vessel for 5 min. 2ZM3BN (10 L, 1 eq.) was
added by means of an Eppendorf pipetie as well as ZnCl, as Lewis acid (22.0 mg, 1 equiv.).
The solution was stirred for 30 min, a sample (800 yL) was taken for NMR analysis and the
remaining solution was concentrated to dryness in vacuo. The reddish crange powder was
analyzed by IR spectroscopy. IR (cm™) [1: 3061 [C=(C-H)]; 2150 (CN). "H NMR (400 MHz,
CeDg) O (ppmy): 8.26 (br s}, 7.59-6.94 (m), 6.47 (d, J = 8.4 Hz), 6.21-6.10 (m), 5.08 (m), 4.78
(br s), 4.42 (br s), 4.16 {(br s), 3.95 (br s}, 3.83 (br s), 3.64 (br ), 3.44-3.40 (m), 3.37 (s), 3.36
(d, J = 2 Hz), 3.34-3.30 (m), 3.30 (d, J = 3 Hz), 3.28 (s), 2.92 (br s), 2.62 (br s}, 1.59-0.82
(m), 0.64 (d, J = 6.8 Hz), 0.25 (s). "*C NMR (100.6 MHz, C¢Ds) 8 (ppm): 156.46, 153.72,
148.49, 148.27, 146.70, 137.10, 129.15, 128.88, 126.55, 125.29, 124.12, 116.64, 115.94,
114.02, 110.54, 70.49, 68.44, 66.56, 55.71, 54.87, 35.54, 34.26, 33.94, 30.95, 29.95, 29.82,
29.31, 28.91, 27.98, 14.94, 1.01. *'P NMR (400 MHz, CsDg) 0 (ppm): 124.8 (bs). Maldi-
Tof:1114.39 (TP2), 1172.36 (TP2Ni), 1227.40 (TP2Ni(2ZM3BN)-CN).
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Process examples according to the invention:

Hydrocyanation

Nickel-catalyzed hydrocyanation of 3-pentenenitrile (3PN): To Ni(cod), (5.0 mg, 0.018 mmol)
is added the ligand solution (0.018 mmol of TP ligand in 2 mL of solvent). Thereafter,
3-pentenenitrile (300 plL, 170 eq.) is added by means of an Eppendorf pipette as well as

50 L of n-decane as internal standard and the Lewis acid (1 eq.). The solution obtained is
fransferred to a 15 ml Schlenk vessel. Acetonecyanohydrin (400 pL, 250 eq.) is then added
by means of an Eppendorf pipette and the Schlenk vessel is heated until 80°C in an oil bath.
The solution is stirred for 4 h, then cooled down to 0°C and stripped with an argon stream for
1 min to remove HCN traces. The samples were determined by gas chromatography using
n-decane as internal standard. All the reactions were carried out twice, the dupficates being

observed to vary by +2% and +1% in conversion and selectivity respectively.

Table 1. Hydrocyanation of 3PN (3-pentenenitrile) with TP1-TP5 ligands
input  Ligand Conversion*% 2PN°% 4PN°% Yield of DN°% ADN/MGD

1 TP1 24 10 / 14 83/17
2 TP2 38 0 19 20 96/4

3 TP3 15 1 7 7 7525
4 TP4 14 1 12 59/41
5 TPS 15 1 8 6 68/32

Conditions: 0.018 mmol of Ni(cod),, Ni:L:Zn:L A:ACH=1:1:1:170: excess, acetonecyanohydrin
(ACH) as HCN source, T = 90°C, 2 mL of toluene, t = 4 h.

a) Determined by gas chromatography with n-decane as internal standard. Conversions are
based on amount of unconverted substrates [mmol].

b) Yield of 2-pentenenitrile and 4-pentenenitrile respectively; ¢} Yield of dinitriles: adiponitrile
(ADN) + methylglutaronitrile (MGD).



120 97 38 0.0047 Butene TP4 cis-2- 20 120 98 40 0.0063 Butene

TP1
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Tabie 2. Hydrocyanation of 3PN with TP2 ligand
Other nitriles® (%)

Conversion® Yield of DN® (%)

input Lewis acid

% [2PN-4PN-2M2BN] [ADN/MGD]

6 ZnCl, (1eq) 41 [4-5-0] 32 [88/12]

7 ZnCl; (2eq) 40 [4-2-0] 34 [88/12]

8 ZnCl, {(5eq) 14 [1-1-0] 12 [85/15]

9 ZnCl; (3eq) 53 [3-11-0] 38 [85/15]

10° ZnCl; (3eq) 29 [3-9-0] 20 [87/13]
11 AICI; (1eq) 1 [0.2-0.4-0] 0.1 [100/0]

12¢ ZnCl; (3eq) 43 [3-17-1] 22 [82/18]

Conditions: 0.018 mmol of Ni{cod),, Ni:L:Zn:L A:ACH=1:1:1:170: excess, acetonecyanohydrin
(ACH) as HCN source, T=90°C, 2 mL of THF, t = 4 h, TP2 as ligand.

a) Determined by gas chromatography with n-decane as internal standard. Conversions are
based on amount of unconverted subsirates [mmol].

b) Yield of 2-pentenenitrile, 4-pentenenifrile and 2-methyl-2-butenenitrile; ¢) Yield of dinitriles:
adiponitrile + methylgiutaronitrile; d} T = 110°C; e) BIPPP as benchmark ligand with the

following structure:

49 /pob 2

o)

oS i)

Binaphthyl phosphite ligand (BIPFPP) as benchmark ligand

Table 3. Hydrocyanation of 4PN in THF with TF2 ligand

Conversion® b b )
Input o 2PN° % 3PN’ % Yield of DN°% ADN/MGD
(¢}
1 98.5 3.6 53 42 89/11

Conditions: 0.018 mmol! of Ni{cod},, Ni:L:Zn:l A:ACH=1.:1:1:170: excess, acelonecyanchydrin
(ACH) as HCN source, T=90°C, 2mL of THF, t =4 h, TP2 as ligand.

a) Determined by gas chromatography with n-decane as internal standard. Conversions are
based on amount of unconverted substrates [mmol].

b) Yield of 2-pentenenitrile and 3-pentenenitrile respectively; c) Yield of dinitriles: adiponitrife
(ADN) + methylglutaronitrite (MGD}.



| sobutene 20 120 91 - 0.0043 TP2 |sobutene 20 120 54 - 0.0011 TP4
| sobut ene 20 120 60 - 0.0014 Conditions: Rh:L = 1:4; 6 g C4-ol efin,

20 bar

COH2 (1:1), t = 720 nmin, toluene, [Rh] = 40 ppm Rh precursor
Rh(acac) (Q0)2; a) n-selectivity = pentanal/total al dehydes, at tine t

120C,

720 mn Table 9. Hydrofornylation of35’L- octene and n-octene m xture Ligand

Aefin

Table 4. Hydrocyanation of butadiene in dioxane with various ligands

Conversion® 2M3BN
Input  Ligand 3PN % Other nitriles %
% %
1 TP2 1.6 100 / !
Phosphite®  78.3 63.2 34.1 2.7
Sixantphos  80.2 53.1 41.5 54

Conditions: 0.018 mmol of Ni{cod),, Ni:L:Zn:L A:-ACH=1.:1:1:125: excess, acetonecyanohydrin
(ACH) as HCN source, T = 80°C, 2 ml of dioxane, t= 5 h.

a} Determined by gas chromatography with n-decane as internal standard. Conversions are
based on amount of unconverted substrates [mmol]; b) Phosphite = [1,1"-binaphthenyl 2,2'-

bis[di-(2-isopropylphenyl) phosphite

General prescription for isomerization experiments: Ni(cod),; (5.0 mg, 0.018 mmol) is

- admixed with the ligand seciution (0.018 mmol of TP ligand in 2 mL of solvent) by stirring

under inert gas for 5 min. 2-Methyl-3-butenenitrile, 2M3BN, (200 pL, 100 eq.) is added by
means of an Eppendorf pipette as well as 50 UL of n-decane as internal standard and ZnCl,
as Lewis acid (5.0 mg, 1 eq.). The Schlenk vessel is oil bath heated to 20°C and samples are

taken at regular intervals for GC analysis. Selectivity is defined as 3PN/(Z nitriles).

Hydroformylation
Reactions with the model substrates 1-octene, trans-2-octene, n-octene mixture, dibutene,
isobutene and cis-2-butene are shown by way of example. Rhodium concentration was 40

and 200 ppm.

The results of hydroformylating t-octene and frans-2-octene are hereinbelow shown by way
of example. These reactions were carried cut in an AMTEC SPR16 parallel reactor.
Rh{acac){CQ). (3.7 mg, 14.4 umol} and 4 mol equivalents of ligand (57.6 pmol) were
dissolved in & ml of toluene and the solution was transferred to the argon-filled reaction
vessel. This was heated to 80°C and pressurized with 20 bar of synthesis gas. After 2 h
preformation fime, the substrate mixture (18 mmol of 1-octene and 6 mmol of n-decane as
internal standard) was added. The reaction solution was stirred at 80°C and 20 bar synthesis

gas for 24 h.



Pressure Tenperature Conversion n-Selectivitya Kb (bar) (O (99 (9
(mn4) TPl 1-Cctene 20 100 99 78 0.0009 TP2 1-Cctene 20 100 99+ 71 0.0242
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Table 5. Hydroformylation of 1-octene

Ligand Conversion Linear/branched Aldol product TOF?

(%) (%)
TP1 98 48 0.1 800
TP2 99 2.7 0.1 1400
TP3 99 12.3 0.3 460
TP4 99 7.4 0.5 300
TP5 99 27 0.1 55

Conditions: Rh:L:LA = 1:4:1250, 80°C, 20 bar CO/H, {1:1), toluene, [Rh] = 1.92 mM, Rh
precursor = Rh(acac)(CO),, Vi: = 8 ML, t = 24 h; a) TOF determination at 20% conversion.

Table 6. Hydroformylation of trans-2-octene

Ligand Time Pressure Temperature Conversion Linear/branched TOF®

(h) (bar) (°C) (%) ratio
TP2 18 20 80 17 0.18 1
TP3 18 20 80 11 0.67 8
TP2 25 10 140 67 1.27 56
TP3 25 10 140 39 1.92 68
TP3° 35 10 140 45 1.55 10

Conditions: Rh:L:LA = 1:4:1250, toluene, [Rh] = 1.92 mM, Rh precursor = Rh{acac)(CO),; a)
TOF determination at 20% conversion; b) Rh:L = 1:20

C4-olefin dimerization dibutene (C8-clefin mixture, linear and branched isomers) were

hydroformylated with TP1 ligand without solvent:



TP3 1-Cctene 20 100 99 95 0.0056 TP4 1-COctene 20 100 99+ 73 0.0035 TPS
1-Cctene 20 100 99 95 0.0063 TP1 n-Cctenes 20 100 59
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Table 7. Hydroformylation of dibutene (C8-olefin mixture, linear and branched isomers)

Ligand Olefin Pressure Temperature Conversion Selectivity®
(bar) (°C) (%) (%)
TP1 Dibutene 60 115 49 a9
TP1  Dibutene 260° 135 84 99+

Conditions: Rh:L = 1:4; 50 bar CO/H, (1:1), 6 h, [Rh] = 40 ppm, solvent-free, 1 kg of di-n-
butene; a) chemoselectivity = aldehyde/conversion; b} [Rh] = 20 ppm.

The following examples refating to hydroformylation of C4-olefins (table 8) and C8-olefins
(table 9) were carried out in 100 ml Parr autoclaves equipped with a pressure regulator to
keep the constant pressure, a gas flow meter and a blade stirrer. The autoclave was filled
with all the hereinbelow specified compounds, but not with the olefin mixture to be
hydroformylated, under argon. After replacing the argon atmosphere by purging with
synthesis gas (CO/H; 1:1), the reaction mixture was heated to the barticular temperature
mentioned under agitation (1000 rpm) and under synthesis gas pressure, and thereafter
adjusted to the exact target pressure of 20 bar. Thereafter, the olefin mixture to be
hydroformylated was added. The synthesis gas pressure was kept constant throughout the
entire reaction time, via a pressure regulator. The reaction time was 720 min for each of the
hydroformylation tests, during which samples were removed from the autoclave for GC
analysis. The reaction mixture was subsequently cooled down to room temperature, the

autoclave was depressurized and purged with argon.



47 0.0019 TP2 n-Cctenes 20 120 58 28 0.0012 TP3 n-Cctenes 20 120 17 70
0. 0004 TP4 n-Cctenes 20 120 44 31 0,0008 TP5 n-Cctenes 20

38
Table 8. Hydroformylation of C4-olefins
Ligand Olefin Pressure Temperature Conversion n-Selectivity® k
(bar) (°C) (%) (%) (min™)
TP1 cis-2- 20 120 a9 60 0.0089
Butene
TP2 cis-2- 20 120 97 a8 0.0047
Butene
TP4 cis-2- 20 120 98 40 0.0063
Butene
TP1 Isobutene 20 120 91 - 0.0043
TP2 Isobutene 20 120 54 - 0.0011

P4 Iscbutene 20 120 60 - 0.0014

Conditions: Rh.L = 1:4; 6 g C4-olefin, 120°C, 20 bar CO/H. (1:1), t = 720 min, toluene, [Rh] =
40 ppm, Rh precursor = Rh(acac)(CO).; a) n-selectivity = pentanalftotal aldehydes, at time
t =720 min

Table 9. Hydroformylation of 1-octene and n-octene mixture

Ligand Olefin Pressure Temperature Conversion n-Selectivity® K®

(bar) (°C) (%) (%) (min”)
TP1 1-Octene 20 100 99 78 0.0009
TP2 1-Octene 20 100 99+ 71 0.0242
TP3 1-Octene 20 100 99 95 0.0056
TP4 1-Octene 20 100 99+ 73 0.0035
TP5 1-Octene 20 100 99 95 0.0063
TP1  n-Octenes 20 100 59 47 0.0019
TP2 n-Octenes 20 120 58 28 0.0012
TP3 n-Octenes 20 120 17 70 0.0004
TP4  n-Octenes 20 120 44 31 0,0008
TPS  n-Octenes 20 120 16 64 0.0004

Conditions: Rh:L = 1:4; 10 g C8-olefin, 20 bar CO/H, (1:1}, t = 720 min, foluene, [Rh] =
40 ppm, Rh precursor = Rh({acac)(CQ),, a) n-selectivity = nonanalftotal aldehyde, at time

t = 720 min; b) k (min”) after isomerization, not the initial rate.



120 16 64 0.0004 Conditions: Rh:L = 1:4; 10 g CS-olefin, 20 bar CO H2
(1:1), t = 720 mn, toluene, [Rh] = 40 ppm Rh precursor = Rh(acac)(Q0)2;
a) n-selectivity = nonanal/total aldehyde, at timet = 720 mn; b) k
(mnl) after isonerization, not the initial rate. Hydroam nonethylation
Hydr oam nonet hyl ati on of 1-octene vm% TP6 R .".0 RI[cat.] H2 RI NR22
[cat.] This cascade reaction, consisting of hydrofornyl ahon and reductive
am nation, was carried out using [Rh(cod)?2]BF4 as precursor. The reaction
was carried out in a toluene/nmethanol m xture at 110C and 36 bar of CO H2
(1:2) and a stirrer speed of 800 rpm Full conversion was reached after 2
h, activity is remarkably high. This reaction is fast and very

chenosel ective. Table 10. Hydroam nonet hyl ati on of 1-octene and piperidine
wWith fi épd TP6 In ut t (mn) Conversion (% Al kene isoners (% Linear/
branché%’ roginemethyiation

Hydroaminomethylation of 1-octene with TP6

2
R1 CO/H, /\/K HONR%, R1/\/\

feat ]

H,

/\/\
R! NRZ

[eat.] s

This cascade reaction, consisting of hydroformylation and reductive amination, was carried
out using [Rh(cod),BF, as precursor. The reaction was carried out in a toluene/methanol
mixture at 110°C and 36 bar of CO/H; (1:2) and a stirrer speed of 800 rpm. Full conversion
was reached after 2 h, activity is remarkably high. This reaction is fast and very chemo-
selective.

Table 10. Hydroaminomethylation of 1-octene and piperidine with ligand TP6

] Alkene
. Conversion ) Linear/  Amine sel.
Input f (min) isomers
(%) branched® (%)
(%)

1 26 g2 2 10.4 48
2 51 938 1 8.5 69
3 96 99+ - 2.2 93
4 124 9%+ - 2.0 95

a) based on amines obtained.



3 4 26 51 96 124 92 98 99+ 99+ 2 1 10.4 8.5 2.2 2.0 48 69 93 95 a) based
on am nes obtained. 40 Hydrogenation Hydrogenation of dinethyl itaconate
with TPL 0 /W O [Rh(cod)?2)13F4 (4 ng, 9.85 pnol) was dissolved in 2 nL of
CH2C 2 and added to TP1 (10 pnol). The yell ow catal yst solution was
stirred at roomtenperature for 30 nyp and then netered into a solution of
dimethyl itaconate (300 ng, 2 mmol) in 3 nL of CH2A 2. This sol ution was
stirred at roomtenperature under 1 bar H2 atnosphere for 24 h. Substrate
conver Spfrod@fatibg0% (GC) . Hydrosilyl ation Hydrosilylation of acetophenone
3

with TP . . . .
Hydrogenation of dimethyl itaconate with TP1

[Rh]

[Rh(cod),}BF, (4 mg, 9.85 umol) was dissolved in 2 mL of CH,Cl; and added to TP1

(10 pmol). The yeliow catalyst solution was stirred at room temperature for 30 min and then
metered into a solution of dimethyl itaconate (300 mg, 2 mmol) in 3 mL of CH.CL. This
solution was stirred at room temperature under 1 bar H, atmosphere for 24 h. Substrate

conversion was 100% (GC).

Hydresilylation
Hydresilylation of acetophenone with TP3

Rb(l), TP3

_—
Ph,SiH, THF

In a 50 mL Schlenk vessel, 0.36 mL of acetophenone and 0.58 mL of diphenylsilane are
added dropwise, via a syringe, to a solution of [Rh{nbd);]BF, (11.5 mg, 4.75 ymol) and TP3
(150 mg, 14.25 pmol) in 3 ml of THF, and the solution obtained is stirred under argon at room
temperature for 18 h. Thereafter, 6 ml of HCI (10% in H,O) were added and the solution is

extracted twice with 6 ml of diethyl ether each time. Conversion was 46% (GC).



In a 50 nL Schl enk vessel, 0.36 nL of acetophenone and 0.58 nlL of

di phenyl si |l ane are added dropwi se, via a syringe, to a solution of

[ Rh(nbd) 2] 13F4 (11.5 ng, 4.75 pnol) and TP3 (150 ny, 14.25 pnol) in 3 mi

of THF, and the solution obtained is stirred under argon at room
tenperature for 18 h. Thereafter, 6 of HCl (10%in H20) were added and
the solution is extracted twice with m of diethyl ether each tine.
Conversion was 46% (GC). 41 Cains 1. An organic conpound of forrmula 1
Q& 0@l Wwhere: Gl is an at |east disubstituted cyclic structure
selected fromthe group of aromatics, heteroaromatics, fused aromatics
systens or fused heteroaromatic systens with any desired further

subst i tut ABBrgadRGosPBNRCIH Estmu G2 by a nonoval ent bond in each case; &
is an alkyl radical and is connected to GlL, 03 and/or 4 by a nonoval ent
bond in edeh_caser®03.and 6#4are the same or different, are each
substituted byzan COH grigup and are each an at | east disubstituted cyclic
structure sel gcted froéfuhe group of aromatics, heteroaromatics, fused
aromatics systems or fused heteroaromatic systems with any deS|red further
substitution,”and connetted to102 by a nonoval ent bond in each case. 2. An
organi c phﬁ@@horus conpound of formula 2: 0&RQ&0 , G3 -Gt. 111
GtP 0&2 where: is an at |east disubstituted cyclic structure selected

fromthe Gr&H 'i‘)tf'eﬂﬁ diavhstiuted qyelicestysiupheaiciad frany thegrapsiatomalicsy st ems or
fused het pstopb@mRLits; fitks bRIMatioh Eﬁte&ﬁ&’ord‘ﬁﬁdﬂ%‘tbrbérbhﬁﬁ sy%iéh&twmhlﬁnyon and

ted,t I t b h | k di cal
and i< coley M a oS afesnon 0ZBR A aparar ooiin PR e case:

G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in

each case; _

G3 and G4 are the same or different, are each substituted by an OH group and are each
an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromaiics, fused aromatics systems or fused heteroaromatic systems with any

desired further substitution, and connected to G2 by a monovalent bond in each case.

2. An organic phosphorus compound of formula 2:

. /P\O P SN

where:

G1 is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 by a moenovalent bond in each case:
G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in
each caseg;

G3 and G4 are the same or different and are each an at least monosubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics
systems or fused heteroaromatic systems with any desired further substitution, and
cennected to G2 and O by a manovalent bond in each case;

G5 and G6 are each identical or different units connected to P by a monovalent bond and

selected from the group O-alkkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl,



03 and 04 are the sanme or different and are each an at | east _
nmonosubstituted cyclic structure selected fromthe group of aronatics,
het eroaromati cs, fused aromatics systens or fused heteroaronmatic systens
with any desired further substitution, and connected to & and 0 by a
nonoval ent bond in each case; G5 and Q6 are each identical or different
units connected to P by a nmonoval ent 'bond and sel ected fromthe group
0-al kyl, O-aryl, O-acyl, O-heteroaryl, O- fycloalky: 0- SI|{| aCYL 5 42
al kyl , ar . r al ky
Nyl N é*?aﬁégﬁfawwz&%%@?%?”,m°a“§f A B %ﬁ% era%phor ¢
corrpound Becvelgplicyl) sty 15 G3....... L ¢ T AR -

P, & 020G 1 167 ... ----
3. An organic phosphorus compound of formula 3:
Gs

|

Gs\ /G1\ /G4\ /P\
G; G o Ge

Y

©s \/\

where:

G1is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 by a monovalent bond in each case;
G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in
each case;

G3 is in each case substituted by an OH group and is an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics
systems or fused heteroaromatic systems with any desired further substitution, and
connected to G2 by a monovalent bond in each case;

G4 is an at least monosubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 and O by a monovalent bond in each
case;

G5, G6, G7 and G8 are each identical or different units or G5 paired with G6 and G7
paired with G8 are covalently linked units connected to P by monovalent bonds and
selected from the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl,
alkyl, aryl, heteroaryl, cycloalkyl, perfluoroalkyt, N-acyl, N-alkyl, N-aryl, N-heieroaryl,
N-cycloalkyl, N-silyl.



A P 0\ B3 where: Gl is an at |east disubstituted cyclic structure
sel ected fromthe group of aromatics, heteroaromatics, fused aronatics
systens or fused heteroaromatic systens with any desired further _
substitution, and connected to 02 by a nonoval ent bond in each case; 02 is
an al kyl radical and is connected to Gl, G3 and/or 04 by a nonoval ent bond
in each case; 03 is in each case sub§i3|tut ed by an OH group and is an at

| east di substituted cycl ic structure selected fromthe group of aromatics,
het er oaf onati cs, fus aromatic nms or fused heteroaromatic systens
with an{/ gaé’fqaé'lfﬁhﬁ?’ﬁwg’rs ?UWQF?‘fﬁftff\’/rmﬁ‘aénd connected to 02 by a nonoval ent
bond in each casg;, i's a@ at Ieasg monosubstituted cyclic structure
selected fromthe- g rcgt{ TeBLI TS’ heteroaromatics, fused aromatics
systens or f d hete omat i cstystems@vlth any desi red further
substitution,| and condected toJGQ and O by a nonoval ent bond in each case;

05, 06, G?ad08 are !leach identical or dlfferent units or 05 paired with
06 and 07 wi @8 are c&eal ent | ked unl ts connected to P by
nonoval & bonds @nhd sel ected fronTphe gr\'(;qu 0-aryl, O-acyl,

0- het er oar 0-cycl oal kyl, O-silyl, acyl, ar yI het er oaryl ,

cycl oal kywxer’pem uoroal kyl, N-acyl, N-al kyI N-aryl N- het er oaryl ,

N-cycl oal éyllszar{\htsléels‘t' !:hsubsﬁﬁjtéd cyoRt é?rrugﬁlﬂai &IM%%%r&&WQ%ﬁ%, formula 4

&BGLG&3
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any

desired further substitution, and connected to G2 by a monovalent bond in each case;
G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in
each case;

G3 is in each case substituted by an OH group and is an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics
systems or fused heteroaromatic systems with any desired further substitution, and
connected to G2 by a monovalent bond in each case;

G4 is an at least monosubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 and O by a monovalent bond in each
case;

G5, GB, G7 and G8 are each identical or different units or G5 paired with G6 and G7
paired with G8 are covalently linked units connected to P by monovalent bonds and
selected from the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl,
alkyl, aryl, heteroaryl, cycloalkyl, perfluoroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl,
N-cycloalkyl, N-silyl,

5. An organic phosphorus compound of formula 5

/>
Gs G G4 P
O/ \GZ/ \Gz/ ™. O/
'L GI | /Ge
SN G / \
Gs 0 Gy 5

where;

G1is an at least disubstituted cyclic structure selected from the group of aromatics,



A4 0600G34 where: 01 is an at |east disubstituted cyclic structure

sel ected fromthe group of aromatics, heteroaromatics, fused aronatics
systens or fused heteroaromatic systens with any desired further
substitution, and connected to & by a nonoval ent bond in each case; 02 is
an al kyl radical and is connected to GL , G3 and/or 04 by a nonoval ent
bond in each case; 03 is in each cas¥® substi tuted by an OH group and is an
at least disubstituted cyclic structure sel ected fromthe group of
aromatics, het erog t cs, fused aro st ens qh

het er oar oifi¥ PR OUVETS ‘*R’Aﬂ" (IR v ‘é?‘t ar%ﬂ%%tsyf 'f"lsﬁ')vn 28hd
connect edigsoedRirtbyr sasbamtut@ma:hlermnbemw forG2hch moasejenondsn aacractasbeast
TonoSUbS! &) W SHhiIGY Flac STUENHEE & 89! 8 ahdifBd BPa MR bAILRRL! S,
het er oaromat’i cs, f used aronmati cs sSystens or se eteroaromati c systens
with any eassiceesl further substitution, and connected to G and 0 by a

monoval engs hn8aiafe ﬁ@%gmﬁﬁﬁgﬁer@ﬁt’ arfdare St @@stisuRacieal Pant 1 cal or
different units or G5 paired with 06 and 07 paired with G8 are coval ently

| i nked ur§tiugtur$aRascT M Be@ronp %Fﬂﬂaérc‘é-rhet%%%a%of%%’l HEMEYPSf r om t he
group O-a& Kﬁéh"rs de@'éM lheteRrafsivatic s?st@ﬁ%@ftﬁ%hy tiesied Gy hkoalbspltionrDasd | Yl , acyl,
al kyl, ar (ré) |¥cJ cycl oa é b rfl roal kyl, N-acyl, N-al kyI
N-aryl O”H%‘Et @? RiP¥ FISRY érllt © ¥ An organi c phosphorus
conpound (95 g eniGa aﬁd@@ anb ench id&3icih oy dlffererﬁ)ts]dr GB@ERiréd wiBdG7 bnd G8
/6. T palrbd with G9 aré covalently In%(ed ‘uhits c:dnnectgg% I§’ g?mgng'valent bocr:i%s and

selected from the group O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyl,

alkyl, aryl, heteroaryl, cycloalkyl, perfluoroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl,

N-cycioalkyl, N-silyl.

6. An organic phosphorus compound of formula 6:

o0—G G
[N
Gg— B2 G,
\G / \ /G
7 G3 G4 GB
\ /
O~ —°
|
Gs 6
where:

G1 is an at least disubstituied cydlic structure selected from the group of aromatics,
hetercaromatics, fused aromatics systems or fused hetercaromatic systems with any
desired further substitution, and connected to G2 by a monovalent bond in each case;
G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in
each case;

G3 and G4 are the same or different and are each an at least disubstituted cyclic
structure selected from the group of aromatics, hetercaromatics, fused aromatics
systems or fused heteroaromatic systems with any desired further substitution, and
connected to G2 and O by a monovalent bond in each case;

G5, GB, G7, G8 and G8 are each identical or different units or G6 paired with G7 and G8
paired with G are covalently linked units connected to P by monovalent bonds and



4. --rN 0075 d is an at |east disubstituted cyclic

structure selected fromthe group of aromatics, 44 heteroaromatics, fused
aromatics systenms or fused heteroaromatic systens with any desired further
substitution, and connected to & by a nonoval ent bond in each case; & is
an al kyl radical and is connected to 01, G3 and/or (4 by a nonoval ent bond
in each case; G3 and G4 are the samedr different and are each an at | east
di substituted cyclic structure selected fromthe group of aromatics,

het er oar o | fused ar t] syste or .fused heteroar tic systens
with any Saerdion fiSel ST Fadl Breh o P che RS SYby a
monoval entlkpoargl, hetermaryh cydsakyl, @arfluG®altk@r7 N-ac8l, BratkyCBl-aryieNeetdiodrgdent i cal or
differenthgkﬁgmﬁrN_ (paired with G/ and G paired with & are covalently
| i nked units connected to P by nonoval ent bonds and selected fromthe
group O-al kyl, O-aryl, 0-acyl, O-heteroaryl, O0-cycloal kyl, O-silyl, acyl,

al kyl, aryh ord28lc®h8sHhbtus coX¥pb@ de¥bmues f 1 uoroal kyl , N-acyl, N-al kyl,
N-aryl, N—hef%fozﬁyﬁf &fé}%?oalkylfnﬁ-silyl. 6. An organi c phosphorus

compound of fdfnula 6: 0G3 Ge-P\ 0703 /04 @& A4 G&36 where: 01 is an at
| east di substiftuted cyclic structure selecqed fromthe group of aromatics,

het er oar omat i fus aromagj cs systens op.fused heteroaromatic systens
with any @géf?ia\b ft hehgglbst T io%T\@ﬂﬁfabﬂgected to G by a nonoval ent
bond in each case; & is|an al kyl* radical and 7§ connected to Gl , G3
and/ or &4 by a nonoval entl bond iln each case; G3 and (4 are the sane or
different and gpepéagh/aHSat Ie&%k\di stifuted cyclic structure sel ected
fromthe groupr of |arddmtics, heterofromati cs, fused aromatics systens or
fused heteroaromatjc systems with any desfred fugther substitution, and

connect ed &o & and 0 by a nonoval ent bond in each case G, &, G/, G and
@ are eat’l®Pdentical or different units or G6 paired with G7 and G38

pai red wi GhidEh &neastavdsttddytytlicriractuie idleticaarnest 9ebubof Brolatig@noval ent

bonds andhetér%aromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 by a monovalent bond in each case;
G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in
each case;
G3 and G4 are the same or different and are each an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics
systems or fused heteroaromatic systems with any desired further substitution, and
connected 1o G2 and O by a monovalent bond in each case;
Gb, G6, G7, G8, G9, G10, G11 and G12 are each identical or different units or G5 paired
with G6 and G7 paired with G8, G9 paired with G10 and G11 paired with G12 are
covalently linked units connected to P by monovalent bonds and selected from the group
O-alkyl, O-aryl, O-acyl, O-heteroaryl, O-cycloalkyl, O-silyl, acyi, alkyl, aryl, heteroaryl,
cycloalkyl, perflucroalkyl, N-acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-silyl.

8. An organic phosphorus compound of formula 8
Gy

S
Gs G Gs P.
\G 2/ \G 2/ \O / \Ga

Gﬁ\_ | I /Gg

P Gy G, R
/ \O/ ™~ O/ \
Gg Gip 8



selected fromthe group O-al kyl, O-aryl, O-acyl, O-heteroaryl,O-silyl,
acyl, alkyl, aryl, heteroaryl, cycloal kyl, perfluoroalkyl, Nacyl,

NJ-al kyl, N-aryl, N-heteroaryl, N-cycloalkyl, Nsilyl. 7. An organic _
phosphorus conpound of formula 7 05Gy 11 P &K/ -& \G\ GPLK \ 0&&0GL0 G |
G20 gGl27 where: O ls an at |east digubstituted cyclic structure selected
fromthe group of aronatics, heteroaromatics, fused aromatics systems or
fused heteroaromati c systens with any desired further substitution, and

connect edGtids @ah&aﬁdﬁﬂﬂﬂ;ﬁt(@écﬁéﬁh@ﬂﬂﬁtdr@s@@&éﬂ #8619 the drbud & afdindicky! radi cal
a nonoval ent bond in each case; &3

o Gr ar BB s, e Srariten vsifis o1 tuSer Ao ARG BRGNS | § ot o
cyclic st degited figtheesubstitetibrt, eoulmdirhnectgu G2 ol aaﬁ@m:eﬁmn@mt@h@aémt I Cs,
fused ar 0Bl 6 aRLATR i LIRSS BHORL ORI £ By STRIR LD ATy, desi red

further substitut and connec ond in
each case®adasgs, G7, G8, @, 0Q), Gl1 and Gl2 are each |dent|cal or

di T fer ent cyii heah c&@sﬂ@étfhﬁgd By Loy qﬁ?rfaﬂfaﬁl;%hggstvan Silstffteq Gypal red v th

010 and Gl1 paired w are cov uni'ts conn ed to P by
nonoval entt “b?g‘ﬁ%@e'ﬁ‘ﬁﬁd @@F@lﬁ@@l“ﬁ @fcﬁﬁ?"ﬂﬁéisg‘?%%rpaf@ﬂ@h@fuse®a@nwlcs 0-acyl ,

0- het er an%lamﬁchWé‘eld%{dﬁdfdreano% Siéns vddydny dedikodl furtih ¥ubst|ﬁ'1ﬁ$r? aRgr vyl
cycl oal kyI BEL gqu B acyl N-al kyl, Naryl, Nh eroaryl ,
N- cycl oal RSt 99% ya °” Arpl §aR:c phosphorus compound of formula 8 , G2
&G & 02324 G)EBarCE léasﬁﬂéntﬁﬁﬁﬂt&&ea\bﬁme structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 and O by a monovalent bond in each
case;
G5, GB, G7, GB, GY and G10 are each identical or different units or G5 paired with G6,
G7 paired with G8 and G9 paired with G10 are each covalently linked units connected to
P by monovalent bonds and selected from the group O-alkyl, O-aryl, O-acyl, O-
heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl, perfluoroalkyl, N-
acyl, N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-silyl.

9. An organic phosphorus compound of formula 9:

where:

G1is an at least disubstituted cyclic structure selected from the group of aromatics,
heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any
desired further substitution, and connected to G2 by a monovalent bond in each case;
(G2 is an alkyl radical and is connected to G1, G3 and/or G4 by a monovalent bond in
each case;

G3 is in each case substituted by an OH group and is an at least disubstituted cyclic
structure selected from the group of aromatics, heteroaromatics, fused aromatics
systems or fused hetercaromatic systems with any desired further substitution, and
connected to G2 by a monovalent bond;

G4 is an at least monosubstituted cyclic structure selected from the group of aromatics

heteroaromatics, fused aromatics systems or fused heteroaromatic systems with any



46 01 is an at |east disubstituted cyclic structure selected fromthe
group of aromatics, heteroaromatics, fused aromatics systens or fused
het eroaromatic systenms with any desired further substitution, and
connected to & by a nonoval ent bond in each case; & is an al kyl radical
and is connected to 01, G3 and/or (A4by a nonoval ent bond in each case; G3
is in each case substituted by an OH group and is an at | east
di substituted cyclic structure selected fromthe group of aromatics,
het er oar odedired $yrtHeusediitationmahd canreyiet @62 and Dusedmbrdvalcationdad e4chsy st ens
w th any ired further substitution, and connected to G by a nonoval ent
bond; &4 I's an at | east nonosubstituted cyclic structure selected fromthe
group of &Pdhaunitinked s B bpammraviley bohd sedisaeaerhirine thegysupedmikgl Of used
het er oar o [ ' ' ' [ d

B g R, O el Ol el L a ekl 0o o

connected to & and a nonoval ent

and 010 aP¥fededkyl.dbaexl.daplkyr Ndird fhelgroanhiN-sydnalkgs Nodlylr ed Wi th G5, G7
paired with G and &® paired with GLO are each covalently linked units
connect %d to P by nonoval ent bonds and sel ected fromthe group O-al kyl,
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11. The organic compound of formula 1 according to claim 1, characterized in that:
G1 is an at least disubstituted 1,2-, 1,3- or 1,4-phenyl radical;
G2 is a C1-alkyl radical with tertiary or quaternary substitution;
G3 and G4 are the same and are each an at least disubstituted aromatic radical having
one OH group in each case and selected from the group of aromatics, heteroaromatics,

fused aromatics systems or fused heterocaromatic systems with any desired further



G and G5 are each identical or different units or G5 paired with G5 are
covalently linked units connected to P by nonoval ent bonds and sel ected
fromthe group O-al kyl, O-aryl, 0-acyl, O-heteroaryl, O0-cycloalkyl,
O-silyl, acyl, alkyl, aryl, heteroaryl, cycloal kyl, perfluoroal kyl,
N-acyl, N—aIkyI N—aryl N—heteroaryl N—cycloalkyl N-silyl. 11. The
organic conpound of fornula 1 accordﬁﬁg to claiml, characterized in that:
01 is an at |east disubstituted 1,2-, 1,3- or 1,4-phenyl radical; & is a
Cl-al kyl radical with tertiary or quaternary substitution; G3 and (4 are
the sane ﬁﬁﬁhéggleach an at |east disubstituted aromatic radical having
one OH group in each case and selected fromthe group of aromati cs,
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with any RHWIF®BSfurther substitution: G5 and G6 are the same and sel ected
fromthe group 0- aIkyI O-aryl, O- acyl 0- heteroaryl 0- cycl oal kyl

0-silyl, K het er oar y| cycl oal kyl , perfluoroalkyl
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heteroaromatic systems with any desired further substitution:

G5 and G6 are the same and selected from the group O-alkyl, O-aryl, O-acyl,
O-heteroaryl, O-cycloalkyl, O-silyl, acyl, alkyl, aryl, heteroaryl, cycloalkyl, perfluoroalkyl,
N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-silyl.

15. The organic phosphorus compound of formula 2 according to claim 14, characterized in
that
G1 is a 1,3-disubstituted phenyl radical;
G2 is a C1-alkyl radical substituted with hydrogen or methyl;
G3 and G4 are the same and selected from the group tert-butylphenoxy, methoxy-tert-
butylphenoxy or di-tert-butylphenoxy;
G5 and G6 are the same and selected from the group tert-butylphenoxy, methoxy-tert-
butylphenoxy, naphthoxy, di-tert-butylphenoxy, methyk-tert-butyiphenoxy or pyrrole.



49 16. The organi ¢ phosphorus conpound of formula 7 according to claim?7,
characterized in that GL is a 1, 3-di substituted phenyl radical; & is a
Cl -al kyl radical substituted with hydrogen, nethyl, ethyl, isopropyl,

i sobutyl, trifluoronmethyl or aryl; G3 and (4 are the same and sel ected
fromthe group tert-butyl phenoxy or g%-tert-butyl phenoxy; G, &, G7, GB,
@@, Gl0, Gl1 and Gl2 are each identical or different units or G5 paired
with G and G/ paired with G, & paired with GI0 and G| paired with Gl12
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51 32. The process for hydrosilylation of carbonyl conmpounds according to
claim31l, characterized in that the catalytically active conposition
contai ns an organi ¢ phosphorus conpound according to at | east one of
claims 14 to 15. 33. A netal conplex containing a netal of group 4, 5, 6,
7, 8, 9 or 10 of the periodic table d one or nore organi ¢c phosphorus
conpounds according to at |east one clains 2 to 10, 14 or 15. 34. The
nmetal conpl ex according to claim 33, characterized in that the metal is

rhodtum 83l o00.8KEheo BN, Rl Hloobii DL ooty Use of

an organic us co accordi ng

10, 14 ortﬂﬁleaatm!flﬁmfclélfnsazfi@e@al conpl ex accordl ng to cI aim33 or 34 in
catal ysis. 36. The use of an organic phosphorus conmpound according to at

| east one_of claims 2 to 10, 14 or 15, and/or of a metal conplex according

to cl ai2h B RIPCESS ALFPriiB S ERIBATs Chasackerized §‘ thathe gpialylically 3ftvan or gani ¢

phosphor U&m%@iﬂ@rl}l BéhtABE 1 elighsic pRogphaduBc8mpsunddaccsrding fo dtledst ofk of10, 14 or
15, and/or g n@$al éggﬁlex according to claim33 or 34 in a process for
hydrofordﬂ?g?ﬂ i &¢ 2y Mcontai ning mixtures. 38. The use according to
claim 37, wherein further phosphorus-containing |igands are present.

25. The process according to claims 23 and 24, characterized in that a stream containing

olefins having at least 4 to 20 carbon atoms is used as unsaturated hydrocarbon mixture.

26. A process for hydroaminoalkylation of unsaturated hydrocarbon mixtures using a
catalytically active composition containing a transition metal of groups & to 10,
characterized in that the catalytically active composition includes an organic phosphorus

compound according to at least one of claims 2 to 10.

27. The process according to claim 26, characterized in that the catalytically active
compaosition contains an organic phospheorus compound according fo at least one of

claims 14 to 15 and rhodium.

28. The process according to claims 26 and 27, characterized in that the chemoselectivity
conceming the product amine is above 80% and the formation of byproducts is below
10%.

29. A process for hydrogenation of unsaturated hydrocarbon mixtures using a catalytically
active composition containing a transition metal of groups 8 to 10, characterized in that
the catalytically active compeosition includes an organic phosphorus compound according

to at least one of claims 2 to 10.

30. The process according to claim 29, characterized in that the catalytically active
composition contains an organic phosphorus compound according to at ieast one of

claims 14 to 15.

31. A process for hydrosilylation of carbonyl compounds using a catalytically active
composition containing a transition metal of groups 8 to 10, characterized in that the
catalytically active composttion includes an organic phosphorus compound according o

at ieast one of ciaims 2 1o 0.



32.

33.

35.

36.

37.

38.

51

The process for hydrosilylation of carbonyl compounds according to claim 31,
characterized in that the cataiytically active composition contains an organic phosphorus

compound according to at least one of claims 14 to 15.

A metal complex containing a metal of group 4, 5, 6, 7, 8, 9 or 10 of the periodic table
and one or more organic phosphorus compounds according to at least one of claims 2 to
10, 14 or 15,

. The metal complex according to claim 33, characterized in that the metal is rhodium,

palladium, nickel, platinum, cobalt or ruthenium.

The use of an organic phosphorus compound according to at least one of claims 2 to 10,

14 or 15, and/or of a metal complex according to claim 33 or 34 in catalysis.

The use of an organic phosphorus compound according to at least one of claims 2 to 10,
14 or 15, and/or of a metal complex according to claim 33 or 34 in homogeneous

catalysis.

The use of an organic phosphorus compound according to claim 2, 3,4, 5,6, 7, 8, 9, 10,
14 or 15, and/or of a metal complex according to claim 33 or 34 in a process for hydro-

formylation of olefin-containing mixtures.

The use according to claim 37, wherein further phosphorus-containing ligands are

present.



