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g separated off from the ired product. In this procedure ft is o?ten a disadvantage that

the desired product which is present in the work-up can be decomposed by the added
stronger base itself or further substances in this base, e.g. the water in an aqueous
caustic afkali.

30 The salts of the auxiliary base with the acid are generally not soluble in organic
solvents and have high melting points, so that in organic media they form suspensions
which are more difficult to handle than, for example, liquids. It would therefore be
desirable to be able to separate off the salts of the auxiliary bases in liquid form. In
addition, the known process engineering disadvantages of suspensions would be

35 eliminated. These are, for example, the formation of encrustations, reduction of heat
transfer, poor mixing and stirrability and the formation of regions where the
concentration is too high or too low and hot spots.

For processes carried out in industry, the prior art accordingly has the following
40 disadvantages:
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Applicability of this concept to reactions other than the phosgenation of imidazoles is
not described. :
25
It is an object of the present invention to find a simplified process for separating off
acids, in which the salt formed from an added auxiliary base and an acid can be
separated off by means of a simple liquid-liquid phase separation and which can be
applied to other chemical reactions or to the removal of acids which are present in
30 mixtures but are not liberated during a chemical reaction.

We have found that this object is achieved by a process for separating acids from
reaction mixtures by means of an auxiliary base, in which the auxiliary base

35 b) and the acid form a salt which is liquid at temperatures at which the desired
product is not significantly decomposed during the process of separating off the
liquid sait and

c) the salt of the auxiliary base forms two immiscible liquid phases with the desired
40 product or the solution of the desired product in a suitable solvent.
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Lewis acrds |cular tend to form complexes with substances such as ketones.

These complexes can be split by means of the auxiliary base, so that the salt of the
auxiliary base and the Lewis acid to be separated off is formed according to the

25 invention.
The auxiliary bases can be inorganic or organic bases, preferably organic bases.

Furthermore, mixtures or solutions of auxiliary bases can be used to achieve the object
30 of the invention.

For the purposes of the present invention, immiscible or not miscible means that at
least two liquid phases separated by a phase interface (boundary) are formed.

35 If the pure desired product is completely or largely miscible with the salt of the auxiliary
base and the acid, an auxiliary, e.g. a solvent, can also be added to the desired
product to achieve demixing or a reduction in solubility. This is useful when, for
example, the solubility of the salt in the desired product or vice versa is 20% by weight
or more, preferably 15% by weight or more, particularly preferably 10% by weight or

40 more and very particularly preferably 5% by weight of more. The solubility is
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25

Reactions to which the process of the present invention can be applied are, for

example,

- alkylations using alkyl or aralkyl halides, e.g. methyi chloride, methyl iodide,
30 benzyl chloride, 1,2-dichloroethane or 2-chloroethanol,

- acylations, i.e. reactions of acid halides and carboxylic anhydrides, of any
substrates, for example alcohols or amines,

3B - silylations, i.e. reactions with compounds containing at least one Si-Hal bond,
e.g. SiCl,, (H3C),SiCl; or trimethylsilyl chloride,

- phosphorylations, i.e. reactions with compounds containing at least one P-Hal
bond, e.g. PCls, PCls, POCIl;, POBr3, dichlorophenylphosphine or diphenyi-



25 Reactions to which the process of the present invention can
appl i ®F 54233 for exanple, - alkylations using alkyl or aral 2<§'|JUL 2006
hal i des, e.g. nmethyl chloride, nethyl iodide, 30 benzyl chloride,

1, 2-di chl or oet hane or 2-chl oroethanol, - acylations, i.e. reactions
of acid halides and carboxylic anhgdrides, of any substrates, for
exanpl e al cohol s or.  am nes, 35 - sil )él ations, i.e. reactions wth

1

conpounds CBlgFPICSPRiEe s are dikewiss desgribeg by bfﬁhﬁxamlé'egChfSFMﬂk' etal.,

(H3C) 2Si Clgz. oit, trinethyl silyll chloride, - phosphorylations, i.e.
reactions wth conmpounds containing at | east one P-Hal bond e. g
PC13, PC15, . POCl13, K POBr di chl or ophen hi ne or di phen

54233 4 YT HICRIOIS SRR AN SIGRanS. el 2SRt o ped
bys for esalfipyleshictive](B80uElk). téonyhthioride t&DCl@)l. thlprosuanic at:lelt(C@QsH)

sul i dati gifonic ki pRRIds0 rﬁé},dpm rREURH) IS mdtRaneRAeR) €. 5

sul furyl Bl qri de qh’éﬁy?/ ch Or] q é r&ng%lr‘ chI orosul fonic
aci d (C sB%Ayde ogfy PWRF@ g dhlQrides gr.ppon 85288 Bfny |

chl ori de, destribedefoubkamgle, byclhbhmymdeVrN et al. Biamog dthmh@desi98Bomia-10,
chloride, or sulfonic anhydrides, as are described, for exanple, by
Dobrynin, V.N _.at al. Bioarg. Khim 9(5) 1

el'Pri mat | 8W§'"’PH°%‘P(§W'&' %—Ec%ﬁﬂ’g'%bwnﬁ}qr@e% Weed'm\M'Et:’llW"quf ARiagist i on
of an aci ductsas HChHBCEGetieRcid ereera-toluarieduliomiqpagidi-arol uenesul f oni ¢
acid, or - deprotonations I n which an acidic hydrogen atomis

ot | oneadepPigRaR s 1St aHaE SyaioRs A iR o goalar

phosphor ybagé.ons, sul furations, acylations with the exception of
pRgsgenati ons, and elimnations. Particular preference is given to

iyl ati h t d t Eurth th
o ot e AagR the BPES BEBRFtcH p8ffarih: eraferendsl S ghyei T akyiafiths, Wufliing o
of f  ahosphotyldtioom sulfurslions.aeylationawidh the exaeptionaf phosgenativns ang not

|'i ber aﬁrﬁmaﬂéﬁg PartichRr pfe@@:@he@@g%ﬁtb%ﬁnanﬂﬁeshosfp%w@mlaﬁdt o adj ust

t he psulf) rat’go%scat al yze a reaction.

20
Furthermore, the process of the present invention can also be employed to separate off
an acid from a reaction mixture to which an acid which is not liberated during the
reaction has been added, for example to adjust the pH or to catalyze a reaction. Thus,
for example, Lewis acids which have been used as catalysts for Friedel-Crafts

25 alkylations or acylations can be separated off in a simple way.

The acids to be separated off according to the present invention can be Bronsted acids
and Lewis acids. The designations of acids as Brénsted and Lewis acids is described
in Hollemann-Wiberg, Lehrbuch der Anorganischen Chemie, 91st-100th edition, Walter

30 de Gruyter, Berlin New York 1985, p. 235 or p. 239. Lewis acids for the purposes of the
present invention also include the Lewis acids used as Friedel-Crafts catalysts and
described in George A. Olah, Friedel-Crafts and Related Reactions, Vol. i, 191 to 197,
201 and 284-90 (1963). Examples which may be mentioned are aluminum trichioride
(AICI3), iron(lil) chloride (FeCls), aluminum tribromide (AlBrs) and zinc chloride (ZnCly).

35
In general, the Lewis acids which can be separated off according to the present
invention contain cationic forms of the metals of groups ib, b, llia, llib, IVa, IVb, Va,
Vb, Vib, Viib and VIl of the Periodic Table of the Elements and the rare earths, for
example lanthanum, cerium, praseodymium, neodymium, samarium, europium,

40  gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium or lutetium.
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Preferred examples of Lewis acids are, in addition to the AICI;, FeCl;, AlBr; and ZnCl,
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BF3*CH3;COOH, BF3*CH3CN, B(CF3COO);, B(OEt);, B(OMe)s, B(OiPr)s, PhB(OH),,
3-MeO-PhB(OH),, 4-MeO-PhB(OH),, 3-F-PhB(OH),, 4-F-PhB{OH),, (C.Hs)sAl,
40  (CzHs)AICI, (CaHs)AICK, (CsHy7)AICI,, (CsH17)2AICH (is0-C4Hg)AIC!, PhAICI, PhAICI,



acetyl acetonate, tartrate, acrylate and nethacrylate, preferably

f or maipg 54288t ate, 20 propi onate, oxal ate, acetyl acetonate, ac2§'IJﬁtéUOB
and net hacryl ate. Further possibilities are borohydricles and

or ganoboron conpounds of the formulae ,BR.... 3 and B(OR.... )3,
where the radicals R ... are each qi_ndependently of one another,
hydr ogen, C1-C18-al kyl, C2-C, 8-al kyl which may be interrupted by one
or noAYaese)g & CIBra AdCmBuRu A OsecBUmAI(8Yid)s0baCheRetlsdrth, BbBkt i t ut ed
]9r uns/ains CreIIRECE Y 0P, CHEL SUBr,, @@Cﬁlgb@rsyECIgCQr@}%ll(?X@a%l Fﬁblsor a
ive or sul fur-containing
hetergé@)éggﬁi)n?mcg% gh%'gﬁloa e‘gggm-rgﬁ *unsat ur at ed, saturated
or aromatic ring which may be |nterrupt ed by one or nore oxygen
ang/ orhg Lkiis ackd<OdEn b@étdblwze Il FBtaBh SRS o bikhmtk edrtHimstapst i t ut ed

subst PR RL X ERB R ?ﬁ Sy &%@E'tﬁﬁéﬁam@%@'ﬂ%ﬁme?
hal ogmetalrmeb@es()eremedawm e Lsutiseacié irca ewlartalio ofdr ¥ sTR . .. nay
al so be joined to one another. Preferred exanples of Lewi s aci ds

bove! S Pt B uleltpin ke safbcuar ePlauBRRe il ditonk £ ooy

C082, bromine ( BrFeuoglneF(Bm@(erawghlonﬂQ:lM THF) 2, Ti Cl4, TiC13,
CTi (O Pr)3, SnCl2, SnCl4, Sn(S04), Sn(S04)2, MhCl2, MhBr2, SCC13,

BP113 E

ora chaibag < Earienh & sitedon, hosy gé%épg@ﬁ %@M?@*s%n fig %@%P“

3- NEC)C@HB?@Q)SZNW@ h@@qﬁﬂﬁs@m@ reg O=t H qnd:pp REtblpafter

( C2H5Yi3drbtonéflor B tike) slAlliedy bdse2H5) Al C12, (CBHI 7)AICl2, (C8H17)2AI O,

(|1 O CAH9) 2A| O, Ph2AI O, PhAI Cl12, PF 54233 2 4 JUL 2006 -7.
acac)3, Al(Q Prz_)3 Al (OnBU) 3, Al ecBu)3, Al (CEt)3, GaCl3,

ReClsAs Puxiiary baseitis pogsible aceording to ﬁ!mresewwnt'u t919s€ Egpmpounshc 3,

SbC15whidhCdakcts 4itRide adiCliBeraled@udng GeGlactiorEb(fFORSETAN whidh( 02CCF3) 3,
SMC13, SML2, B(C6H5)3, TaCl5.. 5 The Lewis acids can be stabilized
by al kali netal halides or alkaline earth metal halides, for

exanpPk Lisdauigratitgroperafties atwhictthesiesised pragugl i apt sigaifigantlyr al kal i ne

eaot h mededontipdsed @sring therpraesssiofisepdratind efithe Ialddsaltrang nol ar rati o
of 0 - 100 : 1. For the purposes of the present text, hal ogen or Hal
is fluorine (F), chlorine (Cl), n or |od|ne

pr ef eflabl {PBR ¥e rrﬂ@'sc@ﬂﬂwaﬁn@l@ssem&hﬁ ﬂ?ﬁf%dermcépr iy, solLion of the

phosphor ytedijedproducs ifl 4 suitebleosohame i n general conpounds whi ch have
at |east one free OH S-H or NNH bond, possibly after

deg)rot onation by the auxiliary base.
2 Preference is dgiven to auxiliary basé which

a) do not participate in the reaction as reactant.

Furthermore, this auxiliary base can, additionally and preferably,
30
d) function simultaneously as a nucleophilic catalyst in the reaction, i.e. it increases
the reaction rate of the reaction compared to the reaction carried out in the
absence of an auxiliary base by a factor of at least 1.5, preferably at least two,
particularly preferably at least five, very particularly preferably at least ten and in
35 particular at least twenty.

Such compounds which can be used as bases may contain phosphorus, sulfur or

nitrogen atoms, for example at least one nitrogen atom, preferably from one to ten

nitrogen atoms, particularly preferably from one to five nitrogen atoms, very particularly
40 preferably from one to three nitrogen atoms and in particular one or two nitrogen



15 As auxiliary base, it is possible according to the present

i nvenpF®az2B8®@ use a conpound which reacts with the acid |iberl edl 2006
during the reaction to forma salt which b) is liquid at
tenperatures at which the desired product is not significantly 20
deconposed during the process of gsgparating off the liquid salt and
c) forms two inmscible liquid phases with the desired product or

t he saloms. Gurtber heteroaigesi sush agrossarst, sulfurdr phpsptiores atomsanay algg be

Pref epeaegt.is given to auxiliary base which a) do not participate in
the reaction as reactant. Furthernore, this auxiliary base can,
additionally and preferably, 30 d) function sinultaneously as a
nucl eBfsiienenee isaiantorcomporpds eaiaining @t lgastong fiver tu sisaneraberede

r esiCt hétracitie wiiict dumtdieaat least oheMitrdgefl dtemtahe poesiblyiadroxygen beslifart

inth b ; :

or ef cfiQBf 2GR prdtEraBly lorieBlbes Aafialtight |6l fhe M- sEipbdred
very PRiptacyeipin mpichoeeemwasinthrge niteagen atems and one sulfy o gxygenatam at

| east afevigatant, \iaurg partionipiy prdserably cbmpaindicofuisie typrscondsising ty niegémi n
phospfgardis, sulfur or nitrogen atoms, for exanple at |east one
nitrogen atom preferably fromone to ten nitrogen atons,
pHticularly preferably fromone to five nitrogen atoms, very

par t i patieulasly pdferref conunds have antoléculdriwedght of lese gesh t000Fmand i R
parti r I . t rthner
Pt or fefy BartRORAp breduf) 1LSRER s odi S fardbhiaP RS e Ayl 0
present. Preference is given to conpounds containing at |east one

fi ve- Firthesmoreypndfered basdsadre compolmdsvdtladted o anmisgahe kempburadsaof
nid r ogeRoRtnae Qﬂo ﬁajssi bly an oxygen or sulfur atom particularly
preferab?y congoun s”contai ning at |east one five- to six-nenbered
het erocycl e in which one, two or three nitrogen atons and one sul fur
or oxygen atom arg® present, very pgéarticularly prefefably conpounds
of this type geontaj ni at ons. 1Q.sPart]i cul arly :
preferred conpo ight of Te lkan 1000 g/ nol,
very particularly preferably lessllthgn 500 g/ nol d_iln particul ar

| ess than 250RY MmN~ “REurt her neYe NIt ef erred ba&'€s ~a e “BOnpounds

sel ected from anong the conpounds of

(a) (b) (c)

20 (d) (e) (f)



15 the fornulae (la) to (1r), R3 R2 R2 4~6 2 3~ 3 e R R R4{RJIRIN

R5 NPRM284 N:~-NR4 N~R (a) (b) () 324 R3R RNRI

F (R2NN-~N-,N'~PDRANRI RY234 RRR 20 (d) (e) M

PF 54233 2 4 JUL 2006 R6 R4 N, R2 N ~NR _~N --cf, R Z~3
(g) () 6RRR6 R5 R

i I TRIS:~ N~ RG6 NNR2 ~~Cf 31,NN~
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(m) (n) @
R1
R R N
I T}\ /\E—i\ 3/2\;\#‘
R
3 1 1 N 2
R*g” R R' " R f

(p) (a) {r)
and also oligomers or polymers comprising these structures,

where



R ~~R ngg??’ /ISN--R1 RL,N,~-NRR2XR3 RY2R (M (n) ;_(D)Jm 3006
2 3 RP N~ NNN 3, ~, y\3~'R2RN RONR2 (p) (9

and al so oligoners or polyners conpr|5|ng t hese structures, mhere
PF 54233 2 4 JUL 2006 -10 R, R3 R4, R and RO are each,

| ndependent|y of one anot her, hydrb‘ben a - Cla- al kyl, C2-C, 8-al kyI
whi ch may be interrupted by one or nore oxygen and/or sulfur atons

and/ o r stituted or |tute S
oa B e R e ReGnd HO 2l bt fnepapatty o aie baStae biSeled dc e
oxygeakkyl, ﬁa—&@@}&y{-wrmtdmey be untenumpteab hy ahe pnmormexmeo@yldloa solfurtalemsf

them gﬁd/oﬁ &&e&ﬂﬂbrefé@lbﬁﬁt@fédlﬂ?%ﬂﬁﬁﬁs%hﬁéh inSiAd 5fo®b§dCQC1zaa"r9m%Jﬁ}r-}z— [1)22

o DeyeaaT ot & hEd-L B e oA soR e oliOEt Tatd S el X ohver
t he rbhetewsyele @ iwg oftbemmmagy togather fremanpansatuiated, wurﬁtﬂmruaﬁmatlc
gr OUPgng Whith.mayl the/intenit xddoawonead:rwd)r@w gSRbRUENsulflP afdpisCard Ui

o s BeTPie RSl %?we{i‘%shﬁﬁ %B@ﬁ%éoﬂa?“w‘vﬁ‘ersl (ot s lond iy
al ky| eagh bmwhﬁg@ﬁd hefuaetinebawupsdryr alhﬂt@wbw,l alieyloxy, halggemxanypl e,

Med hyhetefiakdths and¥ootstéroci@i@nr opyl, n-butyl, sec-butyl, tert-butyl,
pentyl, hexyl, heptyl, octyl, 2- ethylhexyl 2,4,4-trinethy|penty|,
decyl, doclecyl tetradecyl hexadecyl , octadecyl,

1, 1- dmﬁbeﬁpow%wﬁvwaea 1- dlnethylbutyl 1,1, 3, 3-tetranet hyl butyl,
benzyl 1- phenyl et hyl ,

C;-Cg-alkyl which may be substituted by functional groups, aryl, alkyl, aryloxy,

15  alkyloxy, halogen, heteroatoms and/or hetercycles is, for example, methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, 2-ethylhexyl,
2,4 4-trimethylpentyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl,
1,1-dimethylpropyl, 1,1-dimethyibutyl, 1,1,3,3-tetramethylbutyl, benzyl, 1-phenylethyl,
2-phenylethyl, ao-dimethylbenzyl, benzhydryl, p-tolylmethyl, 1-(p-butylphenyl)ethyl,

20  p-chlorobenzyl, 2,4-dichlorobenzyl, p-methoxybenzyl, m-ethoxybenzyl, 2-cyanoethyi, 2-
cyanopropyl, 2-methoxycarbonylethyl, 2-ethoxycarbonylethyl, 2-butoxycarbonylpropyl,
1,2-di{methoxycarbonyl)ethyl, 2-methoxyethyl, 2-ethoxyethyl, 2-butoxyethyl,
diethoxymethyl, diethoxyethyl, 1,3-dioxolan-2-yl, 1,3-dioxan-2-yl, 2-methyl-
1,3-dioxolan-2-yl, 4-methyl-1,3-dioxolan-2-yl, 2-isopropoxyethyl, 2-butoxypropyt,

25 2-octyloxyethyl, chioromethyl, 2-chloroethyl, trichloromethyl, trifluoromethyl,
1,1-dimethyl-2-chloroethyl, 2-methoxyisopropyl, 2-ethoxyethyl, butylthiomethyl,
2-dodecylthioethyl, 2-phenylthioethyt, 2,2,2-trifluoroethyl, 2-hydroxyethyi,
2-hydroxypropyl, 3-hydroxypropyl, 4-hydroxybutyl, 6-hydroxyhexyl, 2-aminoethyl,
2-aminopropyl, 3-aminopropyl, 4-aminobutyl, 6-aminohexyl, 2-methylaminoethyl,

30 2-methylaminopropyl, 3-methylaminopropyl, 4-methylaminobutyl, 6-methylaminchexyl,
2-dimethylaminoethyl, 2-dimethylaminopropyl, 3-dimethylaminopropyl, 4-dimethyl-
aminobutyl, 6-dimethylaminohexyl, 2-hydroxy-2,2-dimethylethyl, 2-phenoxyethyl,
2-phenoxypropyl, 3-phenoxypropyl, 4-phenoxybutyl, 6-phenoxyhexyl, 2-methoxyethyl,
2-methoxypropyl, 3-methoxypropyl, 4-methoxybutyl, 6-methoxyhexyl, 2-ethoxyethyl,

35  2-ethoxypropyl, 3-ethoxypropyl, 4-ethoxybutyl or 6-ethoxyhexyl, and

C,-Cig-alkyl which may be interrupted by one or more oxygen and/or sulfur atoms
and/or one or more substituted or unsubstituted imino groups is, for example,
5-hydroxy-3-oxapentyl, 8-hydroxy-3,6-dioxaoctyl, 11-hydroxy-3,6,9-trioxaundecyl,

40  7-hydroxy-4-oxaheptyl, 11-hydroxy-4,8-dioxaundecyl, 15-hydroxy-4,8,12-trioxapenta-



enyl et hyl , qga-di net hyl benzyl, benzhydryl, p-tolyl nethyl

- tpgt g4-paenyl ) et hyl , 20 p-chl orobenzyl, " 2, 4- di chi or obenzy]2 4 JUL 2008

t hoxycar bonyl et hyl , 2- et hoxycar bonyl et hyl ,
t oxycar bonyl propyl, 1,2-di(ng Qoxycarbonyl)ethyl
- met hoxyet hyl , 2- ethoxyethyl 2- butoxyethyl dlethoxynethyl
di et hdleyeiisytloalky ;hichomey aﬁsgb#ltuteq psfmcm@ﬂigzoqns agt, mﬂwhyalryloxy
1, 3- dighIxghaloddn, héter@dtomk ahder Hét@?’d?bléﬁh@fdﬁ"exaﬁrpleS(é%I yet hyl,

2 buts ﬁ%ﬁﬁ@{?f%wc%?w& R I AR LKt ﬁ;f‘y'
2- et eathyleysitheyyil dimethsdeysiopexiydicthyaygjohexyb huw}wclohexyl
2- dodegathdlyicpabiesdyl, din@thexyeyEibhaet, Aidthoxgeybichekyil bliyiio

o 4GHE D a4 A sl
4- am MQM%VS'CEGD QWM%W?PFWEWMWF%M noet hyl, 30
2- met hyl am nopropyl, 3-nethyl am nopropyl, 4-nethyl am nobutyl,

S Ee%tyflq"?mg@ﬁﬁi%’ﬁf?‘? gt hﬁ(’L%ﬂ”%ﬁ?’W%‘J'ﬁfQ“%ﬁﬁ%@%} qgaeit: |
iy QesRPIE, BU]: WHAPHOMAC PRIV PN JRES VOB Y SRSy |
3- phemnzimmwyl bénpthizizolyl bitrhathylpyridyh) evetbayduengtyl, dichetmiipey, et hyI

2- net

2- et hox e : g'g%}@ﬁg 5ﬁropy|- pyﬁdsglfrh g%‘?%% LA %W%%Eﬁéﬁ“ or
6- et h&% Vi‘ ¥and B- al kyl which may be |nterrupt ed by one or
nore oxygen and/ or sulfur atons and/or one or nore substituted or

ungub nty),
8y % R, T Rl iRy, i e GRR Rogtapyl B Sk p PAARAC Y)
7- hyd PEt; - 4- oxaheptyl, 11 -hydroxy-4, 8-di oxaundecyl ,

15- hydroxy-4, 8, 12-tri oxapenta PF 54233 2 4 i UL 2006 .12

C5- C1%; k jgh 4 g S,
aryl a‘?féﬁallneé %*/eﬂ‘glﬁ llgg R %ﬁ{h %lén&dcﬂ%(%loa ohg&ghd&()%p
heter@?%tr'@'é hydrogegy %?'é{ r& O%E)‘Fg'%yethy(’)y%ﬁﬁ‘i@?my’ cycl ooctyl,
cyol odqdmd)dxycarbblhw]eﬂwt.l DethuxytarbomyhetHyl; [2epeutmecasbonyl)ethyl,

met hy I gxyl, diethylcyclohexyl,
but yl g%ﬁhﬂgﬁw dleqm;g%ﬁggl?%%‘-' Eeéyl di met hoxycycl ohexyl ,

di et hoxycycl ohexyl , butylthlocyclohexyl chlorocyclohexyl
di chl Sadicylary Ipesa‘yrlred plyridimesr (bag yace tmee\urywmoh oae shtherratiedls®’ to R® is
unsat He%ﬁcbth,h 'oPéﬁFoh:% 8y EI?Hiht%FéCé}e rragéh%rnﬂl s Bimeihy |err%raﬂd alle

five- Si X- or su a| ni n
neb or oy o g orfaaéiﬂwﬁp@n 6 ?ca@ﬁmsh%qua p A9 B1giRly|
i ndol wte hyseogemaerARV| arid, R rditzairydl R® afedxﬁfbuta h&-ﬂanyiedamkiyill others are
benzt Hy@g@é,y_l di met hyl pyridyl, nmethyl quinolyl, dinmethylpyrryl,

2-ph

1-(p

p- met hoxybenzyl, m et hoxybenzyl, 2-cyanoet hyI 2- cyanopropyl,
2- me

2-bu

2

Particularly preferred pyridazines (Ib) are those in which one of the radicals R’ to R* is
30 methyl or ethyl and all others are hydrogen or all are hydrogen.

Particularly preferred pyrimidines (Ic) are those in which R? to R* are each hydrogen or
methyl and R' is hydrogen, methyl or ethyl, or R? and R* are each methyl, R®is
hydrogen and R' is hydrogen, methyl or ethyl.

35
Particularly preferred pyrazines (Id) are those in which R' to R* are all methyl or alil
hydrogen.

Particularty preferred imidazoles (ie) are those in which, independently of one another,
40



met hoxyfuryl, dinmethoxypyridyl, difluoropyridyl, nethylthlopheny ,

i sopr ®AF/$42330phenyl or tert- butylthlophenyl and 15 d-c4 aIQ¢1 UBZWE
for exanple, nmethyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl or
tert- butyl. Preference is givento R, R2, R3, R4, R5 and R6
each being, independently of one -430ther, hydr ogen, nethyl et hyl,
n-bUtﬁh hydr oxyet hyl , Kanoeth , 20 2- &nethoxycarbonyl)ethyl

2- (et *%/%%{?‘Bﬁ%ffpﬁneﬁ'ﬂwg m?‘hé’ et aRreay uihyyh screptyl, n-gettlt hyl ani no,

di et hgtamiroxyethpidorctyanioathyl #ay ti cul arly preferred pyridines (la) are
those in which one of the radicals RL to R5is nethyl, ethyl or

chl ori pd al |l ot S are hydrogen, o 3 is dinethylamno and
al | 56 g‘? %e?ge egab. H@ ‘Eﬂj@ﬁﬁY)Py%ﬁq g’&’r‘@erhﬁﬂﬁ% "ﬁshg%ﬁef‘yﬁcar boxy or
cabboxam de and all others are hydrogen or RL and R2 or R2 and R

3 ar eP?anﬂ:uié%%réfeﬁecﬁﬂﬁfbﬂ%%se(ﬁﬁar@'thoﬁlhwmcrﬂrﬁie BNAEY DR one

Partlcultgrly preferred pyridazines; (I are those in which one of
the r4B9%P8 s RL to R4 is 30 methyl or ethyI and all others are
hydrogen or all are hydrogen. Particularly preferred pyrimdines

(1c) ®'e ddesiad framvmh&{@; Iﬁd?ogﬁ!ﬁ ﬁieﬂ'nyﬁén%@t%?lh hydrogen or nethyl and
Ri i's hydrogen, nethyl or et [ and R4 are each met hyl, R 3
[

hyd@sgen and Rl is hydrogen net hyI or ethyl. 35 Particul arIy
pr ef eR? Iazarn@eie(c:em)frqnemongwdarogemrmﬁztmf to R4 are all methyl
or all hydrogen. Part| cularly preferred i mdazoles (le) are those

15" e foulely BRTRHET Y ko BizolRG Ul oA PB5e i ot inghbbrde i/ orite, 0

n- penéfdthem-octyl, 2-hydroxyethyl or 2-cyanoethyl and R 2 to R 4
akg each, independently of one anot her, hydrogen, nethyl or ethyl.

5 Parthkeul arl y are those in which,
i ndepgngse%ﬁ?ef%;g%& %J@ﬂy@@;ﬂd@%@l 'i‘i ét;’?Ied from anong hydrogen,
met hyl and ethyl, 10

R?, R® and R* are selected from among hydrogen and methyl.

20  Particularly preferred 4H-pyrazoles (Ih) are those in which, independently of one
another,

R to R* are selected from among hydrogen and methyi.

25 Particularly preferred 1-pyrazolines (li) are those in which, independently of one
another,

R' to R® are selected from among hydrogen and methyl.

30 Particularly preferred 2-pyrazolines (lj) are those in which, independently of one
another,

R is selected from among hydrogen, methyi, ethyl and phenyl, and
35 R?to R® are selected from among hydrogen and methyl.

Particularly preferred 3-pyrazolines (lk) are those in which, independently of one
another,

R' and R? are selected from among hydrogen, methyl, ethyl and phenyl, and



R2, R3 and Ware selected from anong hydrogen or nethyl.
Partlpp(? ?' preferred 3H pyrazoles (1g) are those in which, 24 JUL 1006
i ndepende y of one another, 15 Rl is selected from anong

hydr ogen, nethyl and ethyl, R 2 , R3 and Ware selected from anong
hydrogen and nethyl. 20 Parti cul arhy.preferred 44 pyrazoles (1h) are
those in which, independently of one another, RlL to R4 are

sel ectledl, f9rmmmebgemydMy@tquatet%e%r 54nm1!h<aty|-3komna’naﬂ red |

-ng{ gmétﬁ'&@ -4 éJd)ox«abayi I‘P‘i’-%?eth& v s@»hr.o*dmaes‘wdﬁme be?—4 -SQ@mepBnather,

AT A VAT L LT L e e P
i ndep&odamnyl; 1¢fmethexy-8,10taxatetragacyl,<- stbblaeﬁﬂdamerﬁyh &-@tﬁn@tyhydr ogen,

nes hy B-ﬁiébbtyﬂﬁd d?! ¥3.6 QQHQxauﬁﬁeB? ﬁ-@thB'xy—@foﬂaﬁéﬁtﬂCﬂ f—@tﬁd&?—m anong
hydro 8N and Kk

ar t r.l razol ines ) are
T o OO BB sk B g BB R BT
sel ect@dthbxbﬁﬂ@mmi@ﬁtmﬂeﬂﬂgen met hyl, ethyl and phenyl, and PF 54233
2 4 JUL 2006 decyl, 9-hydroxy-5- oxanonyl

14-h O- oxat etr dec 3 e I

5. ot oW et ol A eSS Yaaicals L [I8ter BEARE T atbrmevire.
71Gret héaqmderwal-@q@tw prcmleneninomaayﬁ Woeylen@x%gxmé@ywropylene 1-oxa-
15- meq b@tapémyﬁan&aia&aqmp@pbﬁﬂ@wI1rc196£ram<howz£1 cwra aliene,

é46m§? g)%)z%ac?x?’ld'%qé%ﬁ nggdp?éktag?? gﬁ %&ecylﬂeﬁgwa 3Af§ g@f‘%eptyl

11 -ethoxy- 4, 8- dloxaundecyl 15- et hoxy4, 8, 12- trloxapentadecyl
9- et hpheY/niImBeraITeR Qerﬂénd/dr%uﬁbhﬂbﬁrs%n&!/o@rrﬁﬁﬁ@bﬁdp@d@ﬁﬁﬂ restricteldn

R i e
1- oxak ‘Bﬂ?ﬂYdH?feéﬁéY“QUBQ@-tmafB propyl ene, |-oxa- 1, 3-propenyl ene,
1 aza 1, 3- propenyl ene, 1-0 -C4-al kyl -1-aza-1, 3- propenyl ene,

d nyl _
3 & D o RILRS cohos P sheds X8R e
at onsPeivEeHwg 'h‘ftﬂ@aﬁ?'@ﬁjps is not restricted. In 15 general, it is
ngt nore than 5 in the one radical, preferably not nore than 4 and

VerY substituted and unsubstituted imino groups can be, for example, imino, methylimino,
isopropylimino, n-butylimino or fert-butylimino.

Furthermore,

25
functional groups are carboxy, carboxamide, hydroxy, di(C,-C4-alkyl)amino, C4-Cy-
alkyloxycarbonyl, cyano or C4-Cgs-alkyloxy,

Cs-Cyz-aryl which may be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy,
30 halogen, heteroatoms and/or hetercycles is, for example, phenyl, tolyl, xylyl, a-
naphthyl, B-naphthyl, 4-biphenylyl, chlorophenyl, dichlorophenyl, trichlorophenyl,
difluorophenyl, methylphenyl, dimethylphenyl, trimethylphenyl, ethylphenyl,
diethyiphenyl, isopropylphenyl, tert-butylphenyl, dodecylphenyl, methoxyphenyl,
dimethoxyphenyl, ethoxyphenyl, hexyloxyphenyl, methylnaphthyti, isopropylnaphthyl,
35 chloronaphthyl, ethoxynaphthyl, 2,6-dimethyiphenyl, 2,4,6-trimethylphenyl,
2,6-dimethoxyphenyl, 2,6-dichlorophenyl, 4-bromophenyl, 2- or 4-nitrophenyli, 2,4- or
2 6-dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylphenyl or
ethoxymethylphenyl,



particularly preferably not nore than 3. Furthernore, at |east one
car bopF®4288 preferably at |east two, is/are generally |ocated JUL 2006
bet ween two heteroatons. 20 Substituted and unsubstituted imno
groups can be, for exanple, imno, nmethylimno, isopropylimno,
n-butylimno or tert-butylimno. Fe4thernore, 25 functional groups
are car boxy, carboxam de, hydroxy, di(d -C4-al kyl)am no, C-C4-

al kyl oxycarbonyl, cyano or C -C4-al kyl oxy, C6-Cl2-aryl which may be
subst R ta BYateysefleated fromaimangdwydmgearapd mathiy| | aryl oxy, al kyl oxy,

30 hal ogen, heteroatonms and/or hetercycles is, for exanple, phenyl,

tol yl ylyl., a- naphthyl, P- ht byl ,. 4-hi.phenyl yl hl.or ophenyl ,
i chi BAEEHERY prEemeE wiczstines (7 87 s arush dpperrentfih nghy !

di fret Bgotherenyl , tri net hyl phenyl, ethyl phenyl, diethyl phenyl,

i sopropyl phenyl, tert-butyl phenyl, dodecyl phenyl, nethoxyphenyl,

di met hox envl . _.eth henvl .. hexyvl oxyphenyl t hyl napht hyl ,
sopr BodREp A7 S R PR e R TBHYT and BhenyY

2, 6-di net hyl phenyl, 2,4,6-trinmethyl phenyl, 2, 6-dinmethoxyphenyl,
2, 6- dRE Bh@ RO pResIbcted framameENroged; makhyftand bfrgpaay! , 2, 4- or
2 &-dlnltrophenyl, 4-di met hyl am nophenyl , 4-acetyl phenyl,

n% hoxyet hyl phenyl or et hoxynet hyl phenyl, PF 54233 2 4 JUL 2906
- 14 RR3apdRRereselecied femamenghwdeasnandyaetbien and net hyl .

Particularly preferred i mdazolines (11) are those in which,

nycr ogARCOY RiHfer P8 da A ) o/ Indilin fyfor ifheRSnfig ogbhg T =0

sel ecérah¢’ om anong hydrogen, nethyl and ethyl, and 10 R5 and R 6
an® selected fromanong hydrogen and nethyl. Particularly preferred

i m dagol | hes ' ich of one anot her,
15 Rikart R ot e dbf nbBeforld el meliFRITERDL S0 and etnyl
and

R? to R® are selected from among hydrogen and methyl.

20 Particularly preferred imidazolines (In) are those in which, independently of one
another,

R', R? and R?® are selected from among hydrogen, methyl and ethyl, and
25 R*to R® are selected from among hydrogen and methyl.

Particularly preferred thiazoles (lo) and oxazoles (Ip) are those in which, independently
of one anaother,

30 R'is selected from among hydrogen, methyl, ethyt and phenyl, and
R? and R? are selected from among hydrogen and methyl.

Particularly preferred 1,2,4-triazoles (lq) are those in which, independently of one
35 another,

R’ and R? are selected from among hydrogen, methyl, ethyl and phenyi, and

R®is selected from among hydrogen, methy! and phenyl.
40



R 3 to Re are selected fromanong hydrogen and nethyl. 20

Parti ®F 84238 preferred imdazolines (In) are those in which, 74 JUl 200
i ndependently of one another, R, R 2 and R 3 are selected from
anong hydrogen, nethyl and ethyl, and 25 R 4 to R6 are sel ected
from anong hydrogen and nethyl. Patg§kcularly preferred thiazol es

(o) and. oxazol es ) e those in which, |ndependently . of one

anot hg’raft'cgéﬁﬁfr‘?fg"é‘iﬁ@ﬁ% &@z?i% Hﬁeﬁ% H{j’sﬁ%?“’%‘gn[ﬂgﬁﬁmpy gtoRA and
phenykenothed R 2 and R 3 are selected from anong hydrogen and

methyl. Particularly preferred 1,2,4-triazoles (lq) are those in

whi ch_,1i nd ndently of one 35 apothe and R 2 are sel ected
from B %e?%%éjﬁﬁ@ IMORg hxprogen, WP‘YLW&JBW%?PG and R3 is selected
frdm anong hydrogen, nethyl and phenyl, 40 PF 54233 2 4 JUL 2006

-15. RAnhd Rilafd Svette@ o Siflodg KydPoddn #%Phethy(df) are those in which,
I ndependently of one another, Rl 1s selectéd from anong hydrogen,

met hyl _and et hyl, and R 2 and R 3 are sel ected from anong hydrogen
and B¢ Bpd RS todetirerfenn R4dutardSrdienylens andlallotharszare hgdigigeny| ene and
all others are hydrogen. 10 Anong these, the pyridines and the

iq,d I ) : f ] f db
5 Th i PSS e, Moy g el AR BreteBEE, 11 4 A nopyr | i ne,
2-met hyl pyridi ne ((x-picoline), 3-nethylpyridine (P-picoline),
121- ”ﬁ, brlwygwmﬂmﬁ ;(ryfegrba ®lak&eare ?giﬂérb}ziifmmé,dli-(ﬂlﬁwethylaminopyridine,

-e -.6- ridi ne i nol.i ne, .15. i ui_poli ne. -
T a e dA e e 2 e bR Enigding . SsiavEhe (-sicalng) o
1- n- béimydthyipyfiding @;pidolineh 2tatiyiptridine] Riethyt-6tracthgipyridinensiuindlinei dazol e,
T Serhareyt, i pobynlofl i eraby
1 e odrpitimidgie, 14 5lanetimistale, T imeDyidasle, fia25R, ©
4- et Byméthylaridadale, 1ibutyirdrinethytimidazele, Smetinyiniidazetez dtrepentylimidazole,
1- (2" 15y mhiigkoleM-Aadlimididdle, $Q2baniresthiGiatdoleSpash@l preference
& (9L YRt ol b T8l 2- el TRl 32 ooy MFGMORY A e
20 benzotriazole. '
Special preference is given to 1-n-butylimidazole, 1-methylimidazole, 2-methylpyridine
and 2-ethylpyridine.

25  Also suitable are tertiary amines of the formula (XI),
NR’R°R° (X1,

where

30
R? R® and R° are each, independently of one another, C;-Cig-alkyl, C,-C1g-alky! which
may be interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted imino groups, C¢-C42-aryl or Cs-C42-cycloalkyl or a five- to
six-membered, oxygen-, nitrogen- and/or sulfur-containing heterocycle or two of them

35 together form an unsaturated, saturated or aromatic ring which may be interrupted by
one or more oxygen and/or sulfur atoms and/or one or more substituted or
unsubstituted imino groups, where the radicals mentioned may each be substituted by
functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen, heteroatoms and/or
heterocycles, with the proviso that

40



25 Al so suitable are tertiary amnes of the formula (XI), NRaR b RG
(X)), PRB#283 30 R, R b and Rc are each, independently of ond# JUL 2006
anot her, d -G 8-al kyI , C2-C18-al kyl whi ch may be interrupted by one
or nore oxygen and/or sul fur atons and/or one or nore substituted

or unsubstituted imno groups, C6-@82-aryl or C5-Cl2-cycloal kyl or a

het or ocycl 8t GO G 1ERR Saeels e Roprs B ATSITGREbete ar oo,

saturated or aromatic ring which may be interrupted by one or nore

oxygen andiwy ragiidafsik?, RE QHE Ra%gémer%ee at BB & prefBrdblyt atti€sktQ0,
unsubstitute

t he radi.cals ach be
substi t ut eaaag‘?”@f*& Hqu?rgﬁ&dt b‘ﬁ?ﬁg an%yw Pa&l%{i‘f ly pé?r}tﬁag)%g‘ I%ﬁ'%ﬁbxy,
habfogen, headooatens and/ or heterocycles, with the proviso that 40
PF 54233 2 4 A 2006 -16 - at least two of the three radicals R, R

havgdg{%%?@g gsggf'&%{@q% gb%é)ag{c %?agli@&nﬁ%héeppeng %@u‘?ﬂg\e@%ﬁ '}ee‘% ¢’a§l“y at

| east akkyl, er@m@ ofas-Cicqyclaalkyl, padicelady pieferab lvé‘as%@ﬁw vehegaattgon
at ons raditfaff @eANsRd iagéadibd sutBﬂtutéﬂ thy fanehdﬁel @0 Ps,AVINgIkyl, aryloxy,

m&epgﬂ%w Il%p%eﬁgﬁ%% y pr%rgeyﬁgb y a Cg glgl E;Iyl %ere t he

radi cal s nenti oned rmay each be substituted by functional groups,

aryl , Egérkples ofithel rexpectild griuly Ihavey alrémlydgen giveatabooat ons and/ or
heterocycl es. Exanples of the respective groups have already been
given_above. Preferred radicals Ra, Rb and Re are nethyl, ethyl,

n- pr opsaferred @gicRs R, Ry-apdfy|are mt%@ﬂmwpfopweﬁppmyn byilpent y|
E mse gnvéc)-but% reRbytyl, hpeatyb(tyamyl), %Wlxéec-finﬁ) ,B-paaityly £ Rrdhpethyipydp-
(TR ﬁs%w*‘xgy Koo TG poBf Robn géﬂf}ﬁ% rPﬁ-dﬁ*%Wﬁ%P%
2- phethy rdé&nﬁghv'b 'all%?h’eiwy%\éﬂwf Pbﬁ%!ﬂ?ti‘yf oignethykangyl, p hanyl,

a- naptolyhylyl, Re-nagittihyhya-naphtieyl ogyelvpghtybardi eyetdhekgxyl . 20 If two of the
radi cal s Ra, R b and Re forma chain, this can be, for exanple,

1, 4-but or 1,5- t ) Exa s of tertiar m pes of the
{5 ol & e shdioals BPET S BLRyma aam. T Gemb. oboramdle, 14 buflene

or 1,5-pentylene.

Examples of tertiary amines of the formula (XI) are diethyl-n-butylamine, diethyi-tert-
butylamine, diethyl-n-pentylamine, diethylhexylamine, diethyloctylamine, diethyl-

25 (2-ethylhexyl)amine, di-n-propylbutylamine, di-n-propyl-n-pentylamine, di-n-propyl-
hexylamine, di-n-propyloctylamine, di-n-propyl(2-ethylhexyl)amine, diisopropyl-
ethylamine, diisopropyl-n-propylamine, diisopropyibutylamine, diisopropylpentylamine,
diisopropylhexylamine, diisopropyloctylamine, diisopropyl(2-ethylhexyl)amine,
di-n-butylethylamine, di-n-butyl-n-propylamine, di-n-butyl-n-pentylamin, di-n-butyl-

30 hexylamine, di-n-butyloctylamine, di-n-butyl(2-ethythexyl)amine, N-n-butylpyrrolidine,
N-sec-butylpyrrolidine, N-tert-butylpyrrolidine, N-n-pentytpyrrolidine, N,N-dimethylcyclo-
hexylamine, N,N-diethylcyciohexylamine, N,N-di-n-butylcyclohexylamine,
N-n-propylpiperidine, N-isopropyipiperidine, N-n-butylpiperidine, N-sec-butylpiperidine,
N-tert-butyipiperidine, N-n-pentylpiperidine, N-n-butylmorpholine, N-sec-butyl-

35 morpholine, N-tert-butylmorpholine, N-n-pentylmorpholine, N-benzyl-N-ethylaniline,
N-benzyl-N-n-propylaniline, N-benzyl-N-isopropylaniline, N-benzyl-N-n-butylaniline,
N,N-dimethyl-p-toluidine, N,N-diethyl-p-toluidine, N,N-di-n-butyl-p-toluidine,
diethylbenzylamine, di-n-propytbenzylamine, di-n-butyibenzylamine,
diethylphenylamine, di-n-propylphenylamine and di-n-butylphenylamine and also

40  1,5-diazabicyclo[4.3.0]non-5-ene (DBN).



but yl a di et hyl - n- pentyl am ne, di et hyl hexyl am ne,
di et hﬁo%’???am ne, diethyl 25 (2-ethyl hexyl)am ne, 24 JuL 20
di - n-propyl butyl am ne, di-n-propyl-n- pentyl am ne, di-n-propyl-

hexyl am ne, cli-n-propyloctyl am ne, -n-propyl (2- et hyl hexyl ) am ne,

di i sopropyl - ethylam ne, dii sopropyT n propyl am ne,

di i sopropyl butyl am ne, dii sopropyl pentyl am ne,

di i soprQoy rﬂ%mﬁ‘e )';ﬁQBﬁéb%Yé feth n@ednﬁtqyl-tert -butylamine,
a1 o e Ao n-ﬁew'@b]'nn% S prd et andso

hexyl alsnrhmilamamnbmdgm\(wtf;dnapemtpl isainem- but yl ( 2- et hyl hexyl ) am ne,
B-butyl pyrrolidine, N-sec-butyl pyrrol i di ne,

N—ter rroli n- ent lidipe, N, Ndingthylcyclo-
nexy! BAAUIBRBrerare Iy BB, HiefyPn-pentmine andérkary anics

N, N- ddenivediftoph pgolyoberxgtsani ne, N-n- propyl pi peri di ne,

N-i sopropyl pi peridi ne, N-n-butyl pi peridine, N-sec-butylpiperidine,

N-ter tyl eridine, | n- but phol i pe,

N sechitio AaRRroEkewS BiRtedaitarhe ind soriind o TRE Brdenf'®

N46r- pmmelytimrmtﬁholcpn@astlw hese ynentibradghiavei hasibree identical radicals is

N- beng,géh Bikedr opyl ani i ne, N-benzyl - N-i sopropyl anili ne,

N- benzyl N-n-butylaniline, N, N-dinethyl-p-toluidine,

N, N-di et hyl - p-tol uidi ne, N, N-di-n-butyl-p-tol uidine,

di et hyetheryamiaas, rmefembhnarpmgpf tt@rf@vymtaar{Xié argligenerplly prefasregydvani ne,

di et hbfétﬂhﬁ; Wl cAdBnfifdunds,-fBr SXaPi r@mdﬂmea:aﬁln@tbe Mabid nhﬂjmhélm;] BE
nd a
R A v 3%5%‘51%5 R T He (eRe b SRR o6 ne,

di et h§limipgtiansput yl ami ne, di i sopropyl but yl am ne,
di -n-butyl -n-pentyl am ne, N, N-di-n-butylcycl ohexylanmi ne and also

terti L Abids d%\cﬂec%nqSH ¥&f’s \Iu'irP{r?eQ&‘ Bhges dr§ ?ﬁ?ééangﬁ? Plﬁfd%u&&ﬂ: 3&83{@ g.r (i

prefe dr-n-b mne-an

ani neBydregar ﬂ}&mdﬁr(ﬁﬁ’) ﬂsuﬁ'togpn Fglaﬁ@e @-lCIA nitge ﬁplér(b' dtropsiacid i
| pkewHIeO )/ IRfoestirothicaaeld (HBr) iarbiRtade (900NN é/hﬂ:geheambﬁ@te cho;l,@

h
: Séﬁt”f.ﬁcﬁ‘s‘f'cg*%cmd R AROIGElog Ry HREESHL sEITHOTEBIBE TS 100,
ani neR-bafylcarONiGRGid, Sulfurg scid Qﬂé%ﬁwmpg)s%fa& #$Q0). sigdylsulfuric

het er ady (HO(SCHOBBY)) dthylsiniuricacd H@(SHPOLH) pHabphdrz dod (HPDg), ( 1a)

to (15|P1%drl96‘§'r33htogﬁhatézZH€tﬁ§cho |c%fC|J(E@C?@H gceﬁé’?élb élr-l%/ CHARRS |s not

suffi Cl I ons.’ Acids
WER ¢ hPTeRIRNICAGH, byt %"%Cﬂ%a%@%"%%%% Jialicagid, parsntgl U@"eﬁg}f&f‘@l odi ¢

aci d 4dill,)benzenesulfonic acid, benzoic acid, 2,4,6-trimethylbenzoic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid and trifluoromethanesulfonic acid, preferably
hydrogen chloride, acetic acid, p-toluenesulfonic acid, methanesulfonic acid, 2,4,6-
trimethylbenzoic acid and trifluoromethanesulfonic acid, particularly preferably
30 hydrogen chloride.

tn a preferred embodiment for separating off Bronsted acids (protic acids), these are
separated off without large proportions of Lewis acids, i.e. the molar ratio of Bronsted
acids to Lewis acids in the separated-off salt of the acid with the auxiliary base is

35 greater than 4:1, preferably greater than 5:1, particularly preferably greater than 7:1,
very particularly preferably greater than 9:1 and in particular greater than 20:1.

Preference is given to auxiiiary bases whose salts with acids have a melting point at
which no significant decomposition of the desired product occurs, i.e. less than
40 10 mol% per hour, preferably less than 5 mol%/h, particularly preferably less than



hydroEEr}Ag#gori de (HF), hydrogen chloride (HCl), nitric acidZ2(ZHNO3)06
nitro a 20 (HNO2), hydrobromic acid (HBr), carbonic acid (H2COA
hydr ogencar bonate (HCOA, nethyl carbonic acid (HX CO OCH3),

et hyl carboni ¢ acid (HQ(CO) OC21- 15) n- but yl carbonic acid, sulfuric
acid (H2SO»4), hydrogensul fate (HSOils) met hyl sul furic acid

Eﬁpmdamsd and @4y phaidliary preféab ,'442 X5 %)@ga%ﬂahnn@gm?ﬁbcggjfofam d
| ra , formc aci

aceti %gpfé?tﬁjg(%&%&t%s%@a%n%%? onic acid, n-butyric acid and

| sobutyric acid, pivalic acid, para- toluenesulfonic aci d,

benzengs uieftmalpbmr the daitgopthe paeticllarly pfefrréd bowlidry bb@észalecgeaerauy

b 50, ol BTGOSO BUREIRNS iR,

trifl uorome
aci d, 89 ol uenesul foni ¢ aci d, nethanesul fonic acid, 2,4,6-
trimethyl benzoic acid and trifluoronethanesul fonic acid,

par | &HAC oG B0 L b B DI reFiNcRd e b mhes@rvﬂtgég ghar\]/e

enbo
o R Er3AL UG PT> A5 HBRratIT 48, BTSS! RIRETaly £ ThaEral) valug.
t e nelaaneasuré of the fBitinsaratlis descritediby C.cReéishaxdt id ReighatdteChristian

Separ %l?&t(ﬁﬁefc&%q r§5nur: bﬁeﬁt@tv? v%.hhe.hh 8@ X{d7gal Xl gﬁlﬁﬁo#éPﬁ%ﬁngr eat er

t han prefe rticul ar prete
great’@P ?rﬁag'ef"'Stiy %Pﬁ‘ﬂl%ﬁgﬁ%ferabl y greater than 9:1

and in particular greater than 20: 1. Preference is givento

auxi | ARBy é?fi’a?l? rt!‘rﬁﬁé@béé’é Which! bee;@a%ﬂé m eatﬂt%ﬁ é&%fﬁ%’ Bbsétt
whrch nosl ﬁ &aﬂoﬁ) BSIUO1 é\‘ srre ro uct Oﬁﬁq?

R {‘ RN /%ﬂﬁ P USBOF -patRylisidaaale pel et'ﬁé‘PP’B'O
part |fouemrhpiep[BE#ﬁ93&62 V106,dn4 thah docurherB4i28s nat récagni20d6utilityi 8s ibnm:ol % h
and VIRIUW. particularly preferably Iess than 1 nol % h, during the
process of separating off the salt as liquid phase. The nmelting

point of the salts of the particularly preferred auxiliary bases are
generlaladgitioB, belethylirtizolejaeffedive aslanystespbilialsbialystlJoliarl OBgnawskiver y

p‘gﬂ :rﬂﬁr:eﬁrd vt[@rrogﬁ%%urfpad Préfter§ét8rﬁ cﬁam arlgsgerl Iszaewb THSjnowakiY
par LS vk e REC RS Sk 2 W R Ay OB e R ol a&s@éﬁ%% > 42.
The Esnospblorvatlgmof tibhtarwlay@é‘a@tgr@f @andiéepdvlahqw and i s described

by C. éﬂ@d,ﬁaﬁwatsn@(hnm fodtor ofBs0 Sti an Sol vent Effects in Organic
Chem stry Vi nhei m : , 1979. - X, (Monographs in Modern

Chem stry; 3), |SBN 3- 527 25793-4 page 241. An especially preferred
RSse Rusthermorenit hes Saen @undétrﬁtélteaay<§ l@'isieea‘tt—r@ﬁthwﬁﬁldpz@géms a
melting point of about 75°C and is essentially immiscible with nonpolar organic
products such as diethoxyphenylphosphine, triethyl phosphite, ethoxydiphenyl-
phosphine, alkyl ketene dimers, alkoxysilanes or esters, or solvents. Thus, in contrast
to the polar solvent water, 1-methylimidazole - HCI forms two immiscible phases even
30 with acetone. 1-Methylimidazole can act both as auxiliary base and nucleophilic
catalyst and can be separated from organic media as liquid hydrochloride by means of
a simple liguid-liquid phase separation.

Instead of 1-methylimidazole, it is also possible to use 1-butylimidazole. The

35 hydrochloride of 1-butylimidazole is liquid down to room temperature, so that
1-butylimidazole can be used as auxiliary base and catalyst for reactions in which
substances which decompose at temperatures above room temperature are handled.
The acetate and formate of 1-methylimidazole are likewise liquid at room temperature.



15 invention is 1-nmethylimdazole. The use of 1-nethylim dazot['e
base iPF sgaaBi oned in, for exanple, IDE-A 35 02 106, but t hat? JUL 2008
docunent does not recognize its utility as ionic liquid. In
addition, 1-nethylim dazole is effective as a nucl eophilic catalyst
Pul i an Choj nowski, 20 Marek Cyprylg.Wtold Fortuni ak, Heteroatom
Chem st rY 1991, 2, 63-70]. Chojnowski et a]. have found t hat ,
conpaPigilarty. i is Rasspieie; yse all derwatives ohinidazsle whese saltsdiave antfs(30) of
phospbasy bfﬁf¢:@bly0f 40, padticazply pesfeblyacd B randfhasyd aa'ﬂdltlh@ﬁomt aywisieh ﬁ@ of
pent a i & It has
cen g &cbﬁ%@é‘ﬁ&ﬁ?@é Repfial gl acchle dorng Y pBEER @
mal ti ﬁﬁpﬁféﬁ"m ofptheaAs arkayd ghse; Eh %E%éhﬁ'téqu ‘?Wﬁ 8 W’t /S

noB poirmicatedyabuve, twprluulmsd:lBles]habesamtidredﬂthewmlnpulpr plyasjgimedia. tri et hyl
phosphite, ethoxydi phenyl- phosphine, al kyl ketene diners,

al koxysi | anes or, es , .Qr solyen hus, Jn contrast to.the

ool ar AUt aep g2 rotertedass MARTBSHE e ree SRmor TIRPrERAts o1 bl o
phas e gventon i8 @-ethylpyridinet. dhe. us&oMriqublplyndaesbe agstargdasémish as

aUX' ! Héédﬁb%&%? féﬂ&a eRpiod 56 ezf%ﬁlt%ﬁfilirtg‘ﬁglo‘?\m;cﬂﬁj §%€‘F&B§ﬁ|zéd om

h‘ la as |1 qui d hydrochlorid ans of
g - qui d phase separation. Instead of 1-nethylim dazol e, it is
aI so possible to use 1-butylimdazole. The 35 hydrochl oride of

1- but pljidthél gt &nd @erivbﬂ\!rés%f%%@né Ard l@%rﬁé‘éﬁﬁlﬁﬂé&p‘ﬁﬁ%,ea&%sﬁ%tthése

- cact PHIRS PG AR SR AR B oRH DRar e bR LY St EOLAmePRN VY Sbove

r oom Senpdtex Yok 888, pa2f#, 834, 34The acetate and for rrate of
1-15net hylim dazole are |ikew se liquid at roomtenperature. PF 54233

|.7006 i, b Ll d t
* aF s e o bar bk nidroBRBRly of 2 sy g Re et %Bﬁ{ﬁ‘ My
part i peihtefiapopt 55°6; i iy immisziblewwiih hanrplar arganic prpdusisrseaabave) oh no
si gni §b1GaHs. ﬂe&grﬁgﬂémé ican tifs defR éi@.ﬁlté.%uew%mmawsé ghdring the

process ,of pol ar

et o R Sont eyt Aty Sou bk ABpaiRtan Hiechn i s RUR 0l
i B sbydsbehlgridestasmeprhof asimpie/liguid-imiipphase sapgeatico. nedi a. A further
especially preferred base which neets the requirenments of the

prese nt | t.hvl of Ll I nes
as _aux P 38ble0 T8 ol Es, B pgbE iiiedant Bt RT ERL G ' 01
i ts utidbi prgfasably 5l partiguity peeferably >t gnd have a Toslingpaint Fhyvhich nfe

i tsel §|gﬁ|ﬂ§hrd detordposiesh orftheyéesinddiprédutt 8cdurd drigptheyrbesplor | i C

C% al ¥egp}a§aﬂn% &I‘Plﬂg%alt as a liquid phase. The polar salts of these pyridines form two

immiscible phases with relatively nonpolar organic media.

The way in which the reaction is carried out is not restricted and can, according to the
present invention, be carried out batchwise or continuously with the acids liberated or

30 added being neutralized/trapped, in the presence or absence of a nucleophilic catalyst
and in air or under a protective gas atmosphere.

In the case of heat-sensitive desired products, it can be sufficient to allow the salt of

auxiliary base and acid to precipitate as a solid salt during the reaction and to melt it
35 only for the work-up or after separating off the main quantity of the desired product in a

solid-liquid separation. in this way, the product is thermally stressed to a lesser extent.

The invention further provides a process for separating the above-described auxiliary
bases or auxiliary bases which are used as nucleophilic catalysts from a reaction
mixture by admixing the reaction mixture with at least one mol of acid per mol of



skilled in the art Perry March, Advanced Organic Chem stry, 3rd

Editi PA,54208n Wley & Sons, New York 1985, p. 294, 334, 3471.4 1H 200
Furthernore, it has been found that the hydrochl oride of

2-ethyl pyridine has a nelting point of about 55*C and is inmm scible
Wi t h nonpol ar organi c products (seggpabove) or solvents.

2-Et hyl pyridine_can thus serve sinultanegusly as_ auxiliary base and
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auxiliary base. This nmakes it possible to separate off such
auxiliary bases as jonic liquids by neans of a liquid-Liquid
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can be returne e "process. i's can be achi eved, for exanple,
by treating the salt of the auxiliary base with a strong base, e.g.
NaCH, If Ke2dssfly( (Be)base mwah be alistiliedrbefoar2G88, NaHC03, K2CO3 or

25
A further possible method of recirculation js to distill the salt of the auxiliary base so as
to decompose it thermally into its starting components, i.e. the free base and the
trapped acid. The IowerQboiIing component of the salt is distilled off, while the higher-
boiling component remains in the bottoms. The free auxiliary base is either the low

30 Dboiler or the high boiler. In this way, for example, 1-butylimidazole formate can be
separated by distillation into formic acid (top product) and 1-butylimidazole (bottom
product), as described in EP-A 181 078.

A preferred embodiment comprises distilling off the desired product from a reaction
35 mixture in the presence of the protonated form of the auxiliary base and subsequently,
after the desired product has been largely removed, setting the auxiliary base free by
means of a strong base and subsequently distilling the free auxiliary base. The reaction
mixture can be the product of a chemical reaction or a stream from a distillation or
rectification, for example an azeotropic mixture which has been admixed with an ionic
40  liquid as entrainer.



10 KI—FP% appropriate in a solvent such as water, nethanol2,4 Jui 2008
et han n-propanol or isopropanol, n-butanol, n-pentanol or butanol
or pentanol isomer mxtures or acetone, to liberate the free base.
The auxiliary base which has beenaﬂtl berated in this way can be
separated off if it forns a separate phase or, if it is mscible
with the salt of the stronger base or the soI ution of the salt of
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as a result of thermal dissociation of the protonated auxiliary

base, and to set free and distill the ionic ) )
25 In a further preferred embodiment, an acid catalyst is neutralized by chemical reaction

with an auxiliary base which forms a liquid salt with the acid catalyst used, so that the
catalyst which has been deactivated in this way can be separated off in a simple liquid-
liquid separation.

30 Of course, the distillation of an tonic liquid can also be carried out in the absence of the
desired product, for example by distilling the ionic liquid from a phase separation or a
liquid-liquid extraction. In this case, the ionic liquid, i.e. the auxiliary base in protonated
form, can also contain a proportion of desired product or possibly solvent, in general
less than 10% by weight in each case, preferably less than 5% by weight each,

35 particularly preferably less than 3% by weight each. In this case, desired product and
residual solvent can firstly be removed from the ionic liquid, for example by vacuum
distillation or stripping with an inert gas such as nitrogen, and the auxiliary base can
subsequently be set free by means of a strong base and purified by distillation or
rectification.

40



S liquid only after the desired product has been separated off. Such
a propedaegsi s al so possible when the desired product is notZQwaﬂ&B
in the presence of the free formof the auxiliary base and is
deconposed. If the boiling point of the desired product is

relatively high, so that it is nofapossible to 10 find conditions
under which the desired product can be distilled in the presence of
the Prvriiedbase eanthen be yearguiated tadhe pigaess alanydime.al so be carri ed
out in the reverse order by firstly setting the auxiliary base free
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phase separgig on or a liquid-liquid extractign. In this case, the
ionic liquid, i.e. the auxiliary base in pr ot] ed form can also
contain a ,p‘tP&portl on of desired product or Sibly solvent, in
gener al H'essR han 10% by weight in each dse, "greferably |ess than
5% by wei ght each, 35 particularly preferably |less than 3% by wei ght
each.pHoeprtirhiuseaase, desired product and phosghiciaastersol vent can
firstphostréniteenoved fromthe ionic liquid, for exanple by vacuum
distillation or stripping with an inert gas such as nitrogen, and
the auxiliary base can subsequently be set free by neans of a
strong base and purified by distillation or rectification. 40 PF
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-22 Ap?:uéd éhed base can then be recirculated to the process gt} amy?ns
tinme. 8 al so be advant ageous to use the protonated form of the
auxiliary base as solvent for organic reactions. After the reaction
products have been separated off, éﬂe auxiliary 5 base can be
recovered by setting it free by ne@ns of a strong base and
distilling DR and be recircul ated, as descri bed agove. Preferred
phosphoryl atli ons whi ch can be carried out using tHerfocess of the
pr esent é'ﬁ 8ntion are reactions in which pho ﬁdF&s conmpounds, for
exanple p ospﬁﬁnes, 10 phosphinic esters, pho?ﬁ i NnoPR esters
(phosphi nites), phosphonic esters, phosphonic halides,
phosphonam des, phosphonous esters (phosphopy . phonous

am deghospiessisteivTis hal i des, phosphoric es?gkgﬁigﬁgggioric cliester
haIid@@Fp K8sphoric diester anides, phosphoric ester dilhalicles,
phosphori c ester di am des, phosphorous esters (phosphites),
phosphor ous di ester halides, phosphorous diester am des, 15
phosphorous ester dihalides or phosphorous ester diam des, are
formed and an acid which forns a salt as descri bed above wth the
auxiliary baseris elimnated. OROR 1 Z R -/ "\ R .

phosphi nous egters phosphinic esters phosphinites OR . /11RO
\ RR R1 OR/ \R phosphonous esters phosphoni c egters, phosphonites
PF 54233 2™4 JUX 2006 -23 RORZ | | ';~ ROR RO/P~- R
phosphorous esters phosphoric esters phosphites OR OR

phosphonous ester halides phosphonic ester halides
or amides or amides
OR
c|)R | = Z
. P\ R'O/ P\X
RO X
phosphorous diester halides phosphoric diester halides
or amides or amides
OR
| OR 7
/ P\ . | =~
X X X-/ PL.
X

hosphoric ester dihalide
phosphorous ester dihalide Er di;mides

5  ordiamides

In these formulae, R, R" and R” are any radicals, X and X' are halides or

pseudohalides, for example F, Cl, Br, I, CN, OCN or SCN, or unsubstituted,

monosubstituted or disubstituted amino groups and Z is oxygen, sulfur or an
10  unsubstituted or monosubstituted nitrogen atom.

These can be phosphorus compounds which contain one or more, for example two,
three or four, preferably two or three, particularly preferably two, phosphorus atoms. In

such compounds, the phosphorus atoms are typically joined by a bridge.

15  Such bridged compounds having two phosphorus atoms can be, for example:



R/ X R/ P\ X phosphonous ester halides phosphonic ester hajid

or anPde¥238 anides OR ORI R. 0 /R X kol t,\x phosphoro%é Fot 1006
di ester halides phosphoric diester halides or am des or anm des OR

| ORz X ilp\ X phosphoric ester dihalide phosphorous ester

di halide or diamdes 5 or diam des?#n these fornulae, R R and R'
are any radicals, X and X are halides or pseudohalides, for exanple
F, C:I,,Pﬁr 1, CN, OCN or SCN, or unsubstituted, mnonosubstituted or
di sub8PPPERMESani no groups and Z is oxygen, sulfur or an 10
unsubstituted or nonosubstituted nitrogen atom These can be

phosP(@O}(R’@P@%O@(O@’P(@R"Q%&ﬁU& Ane or nore, for exanple two,

three or four, preferably two or three, particularly preferably two,
phosphorus atons. In such conpounds, the phosphorus atons are

t ypi cdiphgsphoinitesl by a bridge. 15 Such bri dged conpounds havi ng two
phosphorus atons can be, for exanple: PF 54233 2 4 JUL 2006 -24

di ph |4 " PO Z-0:P(OR") (OR . .. f la 11), 5
di Bh@%‘ﬂﬁf@é%ﬁ?gﬁ@?@gﬂ&(&.(.. ) (fz)rEruF;mljli), i
di phosphinites (R(R)P-O-Z-0-P(R")(R ... ) (formula IV),

Phes PhiphesgHdghoNi t es

(R)(R')P-0-Z-O-P(R")(R™) (formula 1V),

phosphite-phosphonites
15
(RO}R'O)P-0-Z-O-P(OR")}R™) (formula V),

phosphite-phosphinites
20 {RO)R'O)P-O-Z-O-P(R")R'") (formula VI},
phosphonite-phosphinites

(RYR'O)P-0-Z-O-P(R")(R™) (formula VII),
25
Where R, R’, R” and R™ can be any organic radicals and Z can be any divalent bridge.

For example, the organic radicals can each be, independently of one another, a linear
or branched, substituted or unsubstituted, aromatic or aliphatic radical having up to

30 20 carbon atoms, e.g. C4-Cqg-alkyl, C-C1s-alkyl which may be interrupted by one or
more oxygen and/or sulfur atoms and/or one or more substituted or unsubstituted imino
groups, C>-Cyg-alkenyl, Cg-Cz-aryl, Cs-Cz-cycloalkyl or a five- to six-membered,
oxygen-, nitrogen- and/or sulfur-containing heterocycle, where the radicals mentioned
may each be substituted by aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or

35 hetercycles.

The compounds mentioned can each be symmetrically or unsymmetrically substituted.

Phosphorus compounds having one phosphorus atom are, for example, compounds of
40  the formula (VIIT)



15GQ(RQROZO$KRHR.”) (omﬂaw,
phospRFtS#2aB0sphi nites 20 (RO) (R O P-0Z-0-P(R') (R ... ) (fdrim¥lalll
VI), phosphonite-phosphinites ( )(R'C»P—C)Z-O-P(R')(R") (formul a
VIl), 25 Were RR R, R"  and R .. can be any organic radicals and Z
can be any divalent bridge. For ezmople, the organic radicals can
each be, independently of one another, a linear or branched,
substituted or unsubstituted, aromatic or al i phatic radical having
up to 30 20 cBr(X&R)&RBOCRYy. (A C B-al kyl, C2-C18-al kyl which nmay
be |nterrupted by one or nore oxygen and/or sul fur atons and/or one
ﬁ substituted or unsubstituted imno groups, C2-C, B-al kenyl,
C6 Cl? &%, C5-Cl2-cycloalkyl or a five- to six-nenbered, oxygen-,
ni $rogen- and/ or sul fur-containing heterocycle, where the radicals
ment i Rhed, X7y &rANinBEparidanily bidmthridthed o ge.aldﬁufhr NR'Y boX ¥ingle
alkylgxlﬁj het er oat ons and/ or” 35 hetercycles he conpounds nentloned
can e be symetrically or unsymetrically substltuted
Phosphorus conpounds havi ng one phosphorus atom are, for exanple,
conporndy, RP, R™Qrd, ividpendants of Yhé bnotRr, RitAtidal &r difitkint 2RiMic radalk.
(X,R 7) (X2R)(X'R9) (Vi) "where 5 X1, X2, X 3 are eac
in ependent|ly of one anot her, oxygen, sulfur NR1O or a S|ngle bond
R 7 , Phesphrgls qRIapawnds hawa@mal@oﬂphyrugfat@néaw:@zrmmpiad@nmp@md%r
dIffEbﬁﬂéﬁﬁﬁﬂmﬂUX)radlCa|S 10 Phosphorus conpounds having two
phosphorus atons are, for exanple, conpounds of the formula (1 X) R
I1-X 11 X21-R 21 R }?—% 12 P-X 13 -Y-X 23 -P\ X 22 R22 (IX) 15

R -X X2 R?!
AN /
P-X".y-x2-p (1X)
R12_X12/ \
X22_R22
15
where
X', X2, X8 x#, X%, X® are each, independently of one another, oxygen, sulfur, NR'®
or a single bond,
20

R", R" are, independently of one another, identical or different, individual or bridged
organic radicals,

R?', R* are, independently of one ancther, identical or different, individuat or bridged
25 organic radicals,

Y is a bridging group.

The phosphorus compounds described are suitable, for example, as ligands for

30 catalysts for the hydrocyanation of butadiene to give a mixture of isomeric
pentenenitriles. Apart from the hydrocyanation of 1,3-butadiene-containing
hydrocarbon mixtures, the catalysts are generally suitable for all customary
hydrocyanation processes. Particular mention may be made of the hydrocyanation of
nonactivated olefins, e.g. of styrene and 3-pentenenitrile. Furthermore, their use for

35 hydrogenation, hydroformylation, hydrocarboxylation, hydroamidation,
hydroesterification and aldol condensation is conceivable,



where x1l, x12, x13, x2l, X22, X23 are each, |ndependently of one
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are suitable, for exanple, as ligands for 30 catalysts for the
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used in each case.

25  For this purpose, preference is given to using cobalt, ruthenium, rhodium, paltadium,
platinum, osmium or iridium, in particular cobalt, rhodium and ruthenium, in any
oxidation states as metal.

The preparation of these catalyst systems is technically complicated and expensive.
30 This is particularly true since the catalyst systems are gradually decomposed during
use and thus have to be discharged and replaced by fresh catalyst.

Methods of preparing the phosphorus compounds and the corresponding catalysts are
known per se, for example from US 3,903,120, US 5,523,453, US 5,981,772,

35 US 6,127,567, US 5,693,843, US 5,847,191, WO 01/14392, WO 99/13983 and
WO 99/64155.

To prepare the phosphorus compounds used as ligands in the catalysts, it is possible,
for example, firstly to react a dihalophosphorus(lli) compound with a monoalcohol to
40 form a diester. If desired, this compound can be isolated and/or purified by known



If nickel is used, it can be present in various oxidation states,
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ni cke?ﬁ%h?ai n particular nickel (0). 20 In the case of Z4 JuL 2008
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prior to being reacted further. This diester is then, for exanple,
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bas esolitan thy predendedfiachaseal t, so that the synthesis can be
considerably sinplified. O ganodi phosphonites of the fornula Il and
catal yst systens in which such _ organodi phosEhonites are present are
knownfortBe PEiRasss ef the fresant %P'M)I'EE‘.G precesses known from the prior art, e.g.

that known from WO 99/64155, are carried out analogously for preparing the
abovementioned phosphorus compounds, except that, according to the present

25 invention, an auxiliary base as described above is used and the liberated acid is
separated from the reaction mixture by means of the auxiliary base, with the auxiliary
base and the acid forming, as mentioned above, a salt which is liquid at temperatures
at which the phosphorus compound is not significantly decomposed during the process
of separating off the liquid salt and the salt of the auxiliary base forming two immiscible

30 liquid phases with the phosphorus compound or the solution of the phosphorus
compound in a suitable solvent.

In general, the phosphorus compounds mentioned can, for example, be prepared as
follows:
35
The starting materials are, if appropriate as solutions, dispersions, suspensions or
emulsions in a solvent, mixed with one another in the desired stoichiometric ratios. It
can be useful to divide the starting materials into one or more compositions, i.e.
separate streams, so that the reaction does not take place prior to mixing. The auxiliary
40  base which, according to the present invention, forms a liquid salt with the acid can be



15 prepare such organocli phosphonites of the formula 111,
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In general t he phosphorus conpounds nenti oned can, for exanple, be
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s#éparating off the acid. The starting materials or the conpositions
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from 1 second to 1 hour, very particularly preferably from 1 second to 30 minutes, in
25  particular from 1 second to 15 minutes and most preferably from 1 second to
5 minutes.

In a particularly preferred embodiment, the preparation of the phosphorus compounds,
preferably compounds having a plurality of phosphorus atoms, particularly compounds

30 having 2 or 3 and very particularly preferably 2 phosphorus atoms, from the respective
starting materials is carried out continuously at from 60°C to 150°C, preferably at a
temperature above the melting point of the salt of the respective auxiliary base with the
acid liberated and up to 130°C, at a residence time of less than 1 hour, preferably less
than 30 minutes, particularly preferably less than 15 minutes, very particularly

35 preferably from 1 second to 5 minutes, in particular from 1 second to 1 minute and
most preferably from 1 to 30 seconds.

In such an embodiment, the replacement of substituents on the phosphorus atoms is
suppressed, so that it is possible to prepare compounds having a plurality of
phosphorus atoms, for example compounds of the formula (IX), and phosphorus



materials used and the desired products and are indicated in the
prior pgrgqonnti oned in 10 the present text. The reaction can bejut 2006
carried out continuously, sem continuously or batchw se. The
tenperature generally ranges from 400C to 2000C, while the pressure
is not critical according to the_pgesent invention and can be
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r epl at¥¥ERE2R eﬁgﬂg&q %qfeéatgﬁh@%s%g%r us atons is suppressed,

sB0that it is possible to prepare conpounds having a plurality of

phosp i i
Phos ph S Bc Base, S, o U8 RN o SR et o Phsc ey

subst Pegeminantly ignicliglith) e conpounds of the formula (Vill) with
different radicals R7 , R8 and/or R9, under predom nantly kinetic

cont r phe WedildAYEadtid® product can be isolated from the phase in which it is present
25 and/or purified by methods known per se, for example by distillation, rectification,
extraction, fractional or simple crystallization, membrane separation processes,
chromatography or combinations thereof.

The solvents used in the reaction can be the solvents listed above.

30
The auxiliary base used in the reaction is generally used in a stoichiometric amount,
based on the amount of acid expected, or a slight excess, for example from 100 to
200 mol% based on the amount of acid expected, preferably from 100 to 150 mol%
and particularly preferably from 105 to 125 mol%.

35

The starting materials for preparing the desired phosphorus compounds are known per
se to those skilled in the art or can readily be obtained by known methods and are
mentioned, for example, in the prior art mentioned in the present text. The
stoichiometric ratios in which the starting materials are to be reacted are likewise

40  known or can readily be deduced.
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R is hydrogen or an organic radical having 1 — 10 carbon atoms, preferably hydrogen,
phenyl or C+-C,-alky!, which for the purposes of the present text refers to methyi, ethyl,
isopropyl, n-propyl, n-butyl, isobutyl, sec-butyl or fert-butyl.

25
If all the groups X', X? and X? are single bonds, the compound (Vi) is a phosphine of
the formula P(R” R®R%), where R, R® and R® are as defined in the present description.

If two of the groups X', X? and X? are single bonds and one is oxygen, the compound
30 (V) is a phosphinite of the formula P(OR”}(R®)(R®) or P(R"}(OR®)(R®%) or
P(R")(R®)(OR®) where R, R® and R® are as defined in the present description.

If one of the groups X', X% and X is a single bond and two are oxygen, the compound
(VI1) is a phosphonite of the formula P{(OR”)(OR®)(R®) or P(R7)(OR®)(OR®) or
35 P(OR")(R®)(OR®) where R, R® and R® are as defined in the present description.

in a preferred embodiment, all of the groups X', X2 and X* are oxygen, so that the
compound (VIII) is advantageously a phosphite of the formula P(OR”)}(OR®)(OR®)
where R7, R® and R® are as defined in the present description.

40



40 known or can readily be deduced. PF 54233 2 4 JUL 2006 -30 The
startiprg4zaBerials are preferably used as liquids or nelts, anfdJplof0lt
this purpose may be dissolved or dispersed in a solvent. However,

it is of course also possible to use at |east sone of the starting
materials as solids. 5 If they aresqdm xed with a solvent, the
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gr oup# Xpreferedserabodiment the grgies Bomfand iRl maebe sadiselsjseiected om the
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X2 anln E)(Baﬁt@U'aﬂ!éPW&Fféefgﬁﬂfépdém@Imt 0@t reere tb&"yEf%Of tbﬁéf%@ﬁ]?ouﬁdamfﬂgl 1)
is a pﬁqﬁ-@ng irbgp®f the formula P(OR 7) (OR8) (R9) or P(R 7)(OR8)(0OR9)
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advantopggmupky a phosphite of the formula P(OR 7) (OR ) (OR9)

As particularly preferred compounds (VIIl), it is possible to use compounds of the
formula
25
(o-tolyl-O-)(m-tolyl-O-).(p-tolyl-O-),(phenyl-O-),P
where w, X, y, Z are each a natural number,

wherew+x+y+2z=3and
30
w, 2 are each less than or equal to 2,

g. (p-tolyl-O-)(phenyl),P, (m-tolyl-O-)}phenyi),P, {o-tolyl-O-)(phenyl),P,
( -tolyl -O-)2(phenyl)P, (m-tolyl-O-)(phenyl)P, (o-tolyl-O-)(phenyi)P,

35 (m-tolyl-O-)(p-tolyl-O-)(pheny!}P, {o-tolyl-O-)(p-tolyl-O-)(phenyl)P,
(o-tolyl-O-)(m-tolyl-O-)pheny!)P, {p-tolyl-O-);P, (m-tolyl-O-)(p-tolyl-O-),P,
(o-tolyt-O-)}{p-tolyl-O-)},P, (m-tolyl-O-),(p-tolyl-O-)P, (o-tolyl-O-}.(p-tolyl-O-)P,
(o-tolyl-O-)}(m-talyl-O-)(p-tolyl-O-)P, (m-tolyl-O-);P,
(0-tolyi-O-)(m-tolyl-O-),P(o-tolyl-O-),(m-tolyl-O-)P or mixtures of such compounds.
40



where R7 , R8 and RO are as defined in the present description. 40
PF 54pp34334 JUL 2006 -31 According to the present invention24RIUL 2006
R8, R9 are, independently of one another, identical or different
organic radicals. R7, R8 and RO may be, |ndependently of one

anot her, al kyl radi cal s, advantagegssly 5 al kyl radicals having from
1 to 10 carbon atons, e.g. nethyl, ethyl, n-propyl, i-propyl, n-
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the frnlorigé. phosphorus atom It is preferred that the groups R 7 ,
R8 and R9 are not joined directly to one another. In a preferred
enbodi nment rou R8 and R9 may be radicals selected from
t he @5‘3@?%501@'!5‘%5(}/56?!1@@" RyRR#plion 6"-9t"(5'PW PRS0l yl and p-tolyl. In
a particularly preferred enbodi nent, not nore than two of the groups
oups. 20 I n anot her preferred
enbo?()ﬁ‘ﬁgwﬁ?s (tl)@ni%rrvgl'f ﬁ?ﬁmtg\r/\o of the groups R7 , Ra and RO are o-
t®yl groups. As particularly preferred corrpounds (VII), it is
possible to use coppoyitds of the formy a11
(o-tolyl-O-)Wmtolyi- , (p-tolyi-OYWBhenyl-O),P where w, x, Y,
z are each a natural nu r, wher w+x+y+z_3and30Wz
are each less than or qu Xtor-22-re. g. (p-tolyl -O§Xphenyl) 2P,
(mtolyl-0)(phenyl %2 o-tolyl- O\)(phenyI)ZP
(P-tO Y1-0)2(phen§l YP, (MtQ Y] -0 )@peenyl)
(0-tO YI-0)2(phenyl )P, 35 (mio)yl-0O)(p-tol yI O)(pheny))P,
(o-tolyl-O)(p-tolyl-0)(phenyl)P,

(o-t olkhiéreO- ) (mtolyi-O) (phenyl)P, (P-tAYI-0O)3P,
(MtOYI-O)(P—tOIYI-O)ZP (0-tOLYI-O ) (P-t0 Y1-O ) 2P,

MtA Yl - Ps.t O)P, (0-tAYI-O)2(P-tAYI-0O)P,

(15 X1Y 9;(%( & qz , X8 arc-)a each( independen tly)ofr()ne another, oxs)rgen sulfur, NR'®

or a single bond,

R™ R are, independently of one another, identical or different, individual or bridged
organic radicals,

20
R?', R? are, independently of one another, identical or different, individua! or bridged
organic radicals,
Y is a bridging group.

25

For the purposes of the present invention, the compound (I1X) may be a single
compound or a mixture of various compounds of the abovementioned formula.

In a preferred embodiment, X*', X'2, X'*, X?', X2, X?* are each oxygen. In such a case,
30 the bridging group Y is joined to phosphite groups.

In another preferred embodiment, X'' and X' are oxygen and X" is a single bond or
X" and X" are oxygen and X" is a single bond, so that the phosphorus atom
surrounded by X", X'? and X" is the central atom of a phosphonite. In such a case,
X2, X% and X can be oxygen or X' and X? are oxygen and X% is a single bond or
35  X*'and X® are oxygen and X# is a single bond or X* is oxygen and X*' and X% are
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prefe re oxygen I's a single bond
or X' and X13 are oxygen and X12 is a single bond, so that the
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Ohisa BROSHABAR 4t6m duroBHELl By RBSRY and X™ is the central atom of a phosphine. In
such a case, X%, X2 and X** can be oxygen or X?', X*? and X*® are each a single bond,
so that the phosphorus atom surrounded by X**, X*? and X? is the central atom of a
phosphite or phosphine, preferably a phosphine.

20 The bridging group Y is advantageously an aryl group, preferably one having from 6 to
20 carbon atoms in the aromatic system, which may be unsubstituted or substituted, for
example by C4-Cy4-alkyl, halogen, such as fluorine, chlorine, bromine, halogenated
alkyl, such as trifluoromethyl, aryl, such as phenyl. Particularly preferred examples of
bridging groups Y are pyrocatechol, bis(phenol) or bis{naphthol).

25
The radicals R'* and R" can be, independently of one another, identical or different
organic radicals. Advantageous radicals R'' and R'? are aryl radicals, preferably those
having from 6 to 10 carbon atoms, which may be unsubstituted or monosubstituted or
polysubstituted, in particular by C,-Cs-alkyl, halogen, such as fluorine, chlorine,

30 bromine, halogenated alkyl, such as trifluoromethyl, aryl, such as phenyl, or
unsubstituted aryl groups.

The radicals R*' and R% can be, independently of one another, identical or different
organic radicals. Advantageous radicals R?' and R? are aryl radicals, preferably those

35 having from 6 to 10 carbon atoms, which may be unsubstituted or monosubstituted or
polysubstituted, in particular by C4-C,-alkyl, halogen, such as fluorine, chlorine,
bromine, halogenated alkyl, such as trifluoromethyl, aryl, such as phenyl, or
unsubstituted aryl groups.

40  The radicals R'! and R can be individual or bridged.



X21, X22 and X23 can be oxygen or X21 and X22 are oxygen and X23 is
a si ngesdpqrd or 35 X21 and X23 are oxygen and X22 is a singlé* 4Bhdl0b
or X23 is oxygen and X21 and X22 are PF 54233 2 4 JUL 2005 -33 each
a single bond or X2' is oxygen and X22 and X23 are each a single
bond or X21, X22 and X2' are eachsgg_single bond, so that the
phosphorus atom surrounded by X21, X22 and X23 is the central atom
of a phosphite, phosphonite, phosphinite or phosphine, preferably a

phos plrRaiddical® RPN gk b@ﬁrﬁiﬁd&@@r@ﬁé@%i ment, XI13 is oxygen and
or

X11 and X12 are each a single bond 1 is oxygen and X12 and X13

are each a single bond, so that the phosphorus atom surrounded by
X11, Xhe raadh@ﬂb(%@. R¥, RAlanggRT can all beindividual tesianibe hrisged anddwd a
case, indRdduakeralPiodr cahbeBritiged iR Hedfanfr d8éstibed. 0xygen and X21 and
X22 are each a single bond or io X2' is oxygen and X22 and X23 are
each a single bond or )(21, X22 and X23 are each a single bond, so
t hat The folRwinshpatisulatbpreirradamersiments ipthe stated seepedrs exprassly

cent 1 mcorpakN8d Y refereRos Mid the, predert Alkcidsie: or phosphine, preferably a
phosphinite. In another preferred enbodi nent, X11, X12 and X' are
each a single bond, so that the 15 phosphorus atom surrounded by X1
110 X11n axpartisaiarly prefareedcasniadiment; the compeupde entiened in{)S 3.7¢H.88%dase,

) (21, partiddaphdse @scrivad indsol@nsy 2EMet2d {o'colufdR4amé M2anciheheach a

si ngl 8)(%3'[5]!95 o if'{aat%ongiggﬁa%ﬂsphor us atom surrounded by X2', X22 and
€ a

X23 i 8 centra omof "a " phosphite or phosphine, preferably a
phosphi ne. 20 The bridging group Y is advantageously an aryl group,
pr ef efmabpartionlaryhprefer@dfenaiodiment, tha@oapobnds mieptighedrin U&G,arzb,sa'lt,i is o
system + : : npl e by
% AP e SONpBEnUIEASA B, fhe 2YR7Lobuh S ing 35, in 7

hal og@ﬁ'ﬁt‘%& |, hTikylV, VYie Ml Q¥lliandi X @pF dexarpples 4149 L9, cama\indg pheny! .
Par t i carisiddratiopr ef erred exanpl es of bridging groups Y are

pyrocat echol, bis(phenol) or bis(naphthol). 25 The radicals R11 and
R 12 can be, independently of one another, identical or different
or ganinc palgiewansprefemed aralpsinent, thgicegpeunds mgRlipned1n Usy & 141,996, in
raai cparticulartaé eombbyndshesed in balumn@, fin@ 25 6 talurhd 6¢ tmd89, iattens, whi ch
may i r i : I i d, in
partib@lrjrﬂg’r%lE’Sﬂ'é:qi q%de\gaﬁqky i 'ﬂ:‘#@ggﬁwgﬁgﬁ&g@e ﬁ&%??@rﬁ%m&;rl ne, 30
br omi $ROSIAeER O enat ed al kyl, such as trifluoronethyl, aryl, such as
phenyl, or unsubstituted aryl groups.

In a particularly preferred embodiment, the compounds mentioned in US 6,380,421, in
25  particular the compounds used in column 2, line 58 to column 6, line 63, in the
formulae |, Il and [ll and in examples 1 to 3, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in US 5,488,129, in
particular the compounds used in column 3, line 4 to column 4, line 33, in the formula |
30 andin examples 1 to 49, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in US 5,856,555, in
particular the compounds used in column 2, line 13 to column 5, line 30, in the
formulae | and Il and in examples 1 to 4, come into consideration.

35 In a particularly preferred embodiment, the compounds mentioned in WO 99/46044,
particularly the compounds used in page 3, line 7 to page 8, line 27, and in particular
those in the formulae la to Ig and in examples 1 to 6, come into consideration.



The radicals R 21 and R 22 can be, independently of one another

| dent iPFa84238 di fferent organic radicals. Advantageous radi cziI/-leR i6
and R 22 are aryl radicals, preferably those 35 having from6 to 10
carbon atons, which may be unsubstituted or nonosubstituted or

pol ysubstituted, in particular by-g5-C4-alkyl, halogen such as
quorlne chlorine, bro hal ogenat ed al k

triT1 oR BRECHRNY PebTored SRBRCIAEN D GRrPaHNIS G HoTaige bal. Hh gy anc

gr oupy. madticnied in B&i X a23;64Rl doraa ihtdredrsidenatidme | ndi vi dual or bri dged.
PF 54233 2 4 JUL 2006 -34 The radicals R 21 and R22 can be

I ndi vi dual r.adi R'., R/]12 ' and I
be. | ndi § PaiaHIany RistETed eRbdimanE i s iaueS Bt g Jpmaa 10, 373V, R
cah bendMidgentionad um@srﬁaﬁnweagammmm thadhempoundsniseg therarni cul arl y
pref e@mﬂ?@a‘mgeﬁ%ﬁrﬁe info E&siddragopd scope are expressly

i ncorporated by reference into the present disclosure: 10 In a
particularly preferred enbodi nent, the conpounds nentioned in US

3, 773 8@ particularly areferced emnbediveat, theseamnosnds of thel fammulae 11l He \03/,t o

;Ol ;WII gillll gﬁllnﬁxlﬂ )@nﬁlﬂﬂlllt Rey arﬁ?(m&lﬁoné'd)m%gm‘l%z!{nﬁrﬁeﬁdulél?ﬁheulsn
Bar bhgpbadst sy o EReg 4 cobhepbompaatgent | oned n US|

to colum 6, line 35, inthe formulae 1, 11, 111, 1V, V, VI, VI,
Vill ang hﬁﬁcaaﬂy fef@n@mhsédlﬂnehptr?e%on@wmds atmefgmmﬂaedﬁmam vln a

articul n ed in US

771 e wiéﬂ%rfaebé&"?%”f?§955ﬁ@%m8ﬁ%?a SRR (iR ‘32, line 25
to cobxamples 1itp fecae intpcongidergtignul ae 1, 11, 111, IV, V, VI, VI,
Vitkl and 1 X and in exanples 1 to 29, cone |nto consideration In a
articu e S
p 80&4%§5h.¥u|8ﬁ§fg%ffér?§£ &Hp&%gﬁmne éoﬂﬁ:o%ﬁH?BPﬂﬂg%omée} P ﬁ'l W \P > 8
to cof"bﬁ'ﬂ FiIL X6 >88X"'|>H"taﬁé Vmefmp%i in US §.98d 71 i %ﬁ@ullaﬁ l@3<anrp| es
1 to Jompourkisiuska tigrem eeinsleon to 66| cdnaniol cunkiietatiopr ef er r ed :
enbodi ment, the conpounds mentioned in US 5,488,129, in particul ar
t he conp ounds used in colum 3, line 4 to colum 4, line 3 in the
f 89 rrul'ha maﬂlswaahareﬂ‘e{r@%mm@@ent the cogpoypaeof tﬁfsdoremlﬁq Wér 'élt '\bﬁ’- In a
par t i vyhak My, X ehe X radntiomied dhi 086,020,518, aroparticuiaistheeoimpoosds usedUS

5. 8502 Aol 14, RbmiefiRoBABGLAGn Used 11 colum 2, Tine 13 to

col

In a particularly preferred embodiment, the compounds mentioned in US 5,959,135 and
25 those used there in examples 1 to 13, come into consideration.

In a particularly preferred embodiment, the compounds of the formulae |, il and 11|
mentioned in US 5,847,191 come into consideration.

30 In a particularly preferred embodiment, the compounds mentioned in US 5,523,453, in
particular the compounds shown there in the formulae 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11,
12,13, 14, 15, 186, 17, 18, 19, 20 and 21, come into consideration.

in a particularly preferred embodiment, the compounds mentioned in WO 01/14392,
35 preferably the compounds shown there in the formulae V, VI, Vii, VI, IX, X, XI, XI,
X, X1V, XV, XV, XV, XX, XXII, XX, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in WO 98/27054
come into consideration.
40



formulae I and 11 and in exanples 1 to 4, cone into consideration.
35 1n a particularly preferred enbodi nent, the conpounds nent} ¢ngd 7005
PR 5W@399/ 46044, particularly the conmpounds used in page 3, line 7
to page 8, line 27, and in particular those in the fornmulae la to
lg and in exanples | to 6, cofg.into consideration. PF 64233 2 4 JUL
2006 -351In a particularly preferred enbodi nent, the conpounds of
the formulae 1, 11, 111, 1V and V nmentioned in US 5,723,641 cone
into consideration. In a particularly preferred enbodi nent, the
lo@mzotitutisly pirefeired Eobodiaat, the ddmpduibtls mMevitiohed MIWORTRDES| parti|mmariyoned
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to ,. come 1nto con3ideration, “I'n a partrcularly preferre
farpdes FERdh 2phexaBRiEs dia<d omsiBtangidetalion. 11, 111, 1v, v, W,
VIL, Vill, IX X X, XiI, XilIl, XIVand XV nentioned in US

: - j i - (sT¥TeTn) i 1
@%@E@g@s%ﬂ ORI i aMpLRED MPHBRLIPE DT iG55, i
BRseaPUINE memioned AR gaREd. e 1 P08, ulinss! and pypartidiiar fiege iytheang v
foemila® leetd Ic andUgxdmBéR | 608, cdanme jplr ¢ansigleeationhe conpounds used there in
exanples 1 to 6, cone into consideration. 15 In a particularly

referred enbodi nent, the compounds of the fornulae 1, 11, 111, IV,
s pehcuay Pretaired empaciment Jhe Esipound? mendiaged e BermaREAeTh Us
anpdé&ation DE 100380aY cowelito cohgideretiotpounds used there in exanples 1 to
66, conme into consideration. 20 In a particularly preferred

enbodi ment, the conpoynds, qof the fornmulae 1, 1 11, 1V,.V, VI,
GrAPA Rty PrS{eing SRBRAMoL At STTPLBCR M GoRsLT the GENET ERRSE ¢ ne
appticationd3E 18AH026 seme inta corsidgrhtian.| to 33, cone into consideration.
In a particularly preferred enbodi nent, the conpounds nentioned in

US 5,95 35 and, 25 those used there in.exapples.] to 13, cone into
10k LY PEe e e, P QUaE ShS ForPolf i P uEhEB 468 feren Btent onpounds
applicationfromber BE 10158294 irdparticulartbe compewhdsimesgioped on paga 1clines Gitat o

FPAR IepRJd Dine 39 tb Bage PAMEl JULSHE ntPESiskIgrabnenbodi ment, the
conpounds nentioned in US 5,523,453, in particular the conpounds

shown there in the formulae 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12,
Inz particulary preferred embogimeny the coraprungs meangigeed nithe Gervarigatet on. I n a

itatiod Indilbgr DESfOAG0ESH  eNPAdt B the coMBoGRINALHIBAedBA Pagd & dineBel
35 q%{efqeogragglﬁyaﬁ he conpounds shown there in the fornul ae

/ 92
Rﬁgeﬁ ﬁ”?/l‘?:co{}? 0 TOXI,
In a particularly preferred embodiment, the compounds mentioned in the German patent

application number DE 10150285, in particular the compounds mentioned on page 1, line 35 to
page 5, line 37, come into consideration,

In a particularly preferred embodiment, the compounds mentioned in the German patent
application number DE 10150286, in particular the compounds mentioned on page 1, line 37 to
page 8, line 15, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in the German patent
application number DE 10148712, in particular the compounds mentioned on page 1, lines 6 to
29 and page 2, line 15 to page 4, line 24, come into consideration.



XIT, XIV, XV, XVI, XVII, XXI, XXIl, XXIII, come into consideration.
In a PAr423381 arly preferred enbodi ment, the conpounds nenti ofidd in2006
WD 98/ 27054 cone into consideration. 40 2 4 A 2006 PF 54233 - 36-
In a particularly preferred enbodi ment, the conpounds nentioned in
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to pa I I ' Hﬂ@f'i elato
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l'ine ﬁrd’élﬁgt.i n particular those in the fornulae la to Ic and

exanpl es to 4, cone into consideration. In a particularly

pr@f erred enbodi nent, the conpounds nentioned in the Gernman patent
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appl i tetproguatoybdiatioE 10150281, in particul ar the conpounds
mentioned on page 1, line 36 to page 5, line 45, cone into

consi derat.ion. .l p a_parti.cul arl ferr e di nent . , the conmpounds
ront | Sheting s pefte ZRonbyiehe Rhimt PS5, 2h: 6" Alifeea R bp Diosinted |
p4% t i byfeamatidreofopeqpoplex withpytidiogead be sppayeted off inikis3&yt 0  page 5,
line 37, conme into consideration, In a particularly preferred

enbod;j t .C ounds ntioned in t I pat ent
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menti oned on page 1, line 37 to page 6, line 15, cone into

consi felisddivaitage of thedd piocesbeans thabihebe comgleRedam dscopitCas Set@ounds
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54233 2 4 JUL 2006
EP 838 447 describes the formation of liquid clathrates which are insoluble in the
respective Friedel-Crafts product and can be separated off, for example, by means of

25 phase separation.

K. R. S8eddon, J. Chem. Tech. Biotechnol. 68 (1997) 351, describes principles of a
method of separating off Lewis acids with the aid of ionic liquids such as
1-butylpyridinium chloride/aluminum(lll) chloride, 1-butyl-3-methylimidazolium

30 chioride/aluminum(lil) chioride. However, these are permanently cationic systems
which, in contrast to, for example, the auxiliary bases (la) to (Ir), cannot be used as
free, nonionic auxiliary bases.

EP-A1 1 142 898 describes phosphorylations for the preparation of biphenyl
35 phosphonites in which phases of eutectic pyridine hydrochloride/pyridine/aluminum
chloride mixtures are separated from product-containing solvent phases.

A disadvantage is that the separation of such liquid mixtures from the product is not
possibie without formation of a eutectic.



-37 Lewis acids are separated off by conbining, according to tsh 0
pr eserfF 54pagnti on, auxiliary base and Lewis acid to forma C(;rér”étng"ﬁ
whi ch, as described above, is liquid at the relevant tenperatures
and forma phase which is inmscible with the desired product. 5 A
known way of separating off, for eggnrpl e, alumnumtrichloride is to
add equi nol ar anounts of hos horyl chloride (POC1l3) to the

pr oduéiccorgingio i Pieseny 'BY%OGﬂBP@bN@%SC”EMTOéﬁS%f%éPB@f?HWQ kRyvisand
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f rom ; @%&%QWhlcﬁ%lsf&ﬁgfollz%nggcé%ﬁkaan{urt hernore, it is known

ocunent that preci erm ned anount of water
can be added to the product so as to formthe hydrate of alum num
trschibyri dree sdniiliny base dnddbeiLewisecic fparasatidviath isfliqoid atitempemagest by

A L3 can 't r’ﬁ%ﬁ“"“g“g&e‘dgﬁ%& oy SR dheoBiRogh s Bocske)

pyridine & ﬁe%agég%{f@? guigrsaltigndt ni s way. DE 32 48 483 discl oses a
process for separating off AIC13 with the aid of NaCl . A
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properties, e.g. lunmp formation, which nmakes any subsequent washing
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K. R aBedtbemeaclion Ghermpl@iedh ordsir to sepanate offgBe (.e\%ia)cndsm‘ COd&sscthbes
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of ionic ridini,umchlo

ohi or reeton A € Sixedion e tasPon Abaira e dnd T Fbre)
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pROs phakerakl fiom \‘Mﬁhtgﬁ pmabmel arfd le@aétwiacfrpmn Qit;m#.25 mol/mol.

hydr ochl ori de/ pyri di ne/ aI um num chloride m xtures are separated

from odc contalnln dvan e.i,s_that, the
separ MPGHEPRE A Bhd dhfary Bots BTG Pe0 IREYERIBH Bkl Hnel 15
Wit hoﬁﬂmﬁ@ﬂﬁa&t werkedup u@ﬁret@,qt itccan also continue to be stirred for from a few

minutes to a number of hours, preferably from 5 to 120 minutes, particularly preferably

25 from 10 to 60 minutes and very particularly preferably from 15 to 45 minutes.

During this time, the reaction mixture can advantageously be kept at a temperature at

which the complex of auxiliary base and Lewis acid is liquid but no significant

decomposition occurs, although the mixture can also be kept below the melting point of
30 the complex.

The phase separation is carried out under conditions as have been described above. In
the case of a complex of, for example, AICl; and N-methylimidazole, the melting point
is about 60°C, so that the separation, e.g. by phase separation, from the desired

35 product can be carried out at relatively low temperatures.

The separation method of the present invention can be used wherever Lewis acids
have to be separated from a desired product, preferably in Friedel-Crafts alkylations or
acylations, phosphorylations or sulfurations of aromatics, particularly preferably in

40  phosphorylations of aromatics.



PF 54233 2 4 JUL 2006 -38 According to the present invention, the
above-pgegphbed process for separating Lewis acids from r eact oL 2006
m xtures by nmeans of an auxiliary base is carried out using an

auxi liary base which satisfies the following conditions: 5 b) the
auxiliary base and the Lewis acid_ggtma salt which is liquid at
tenperatures at which the desired product is not significantly
deconposed during the process of separating off the liquid salt and

c) thergiairéd ekarhples afighdsphbIdisseof Abmatits\arel thersuetibhEof driiaticohases

w th th i . I ol 4t kO t [y oduct
' a iR eBRucEY neled et elpRP o R £ORBr Plis, Wi Blisbite L Lowi <
aci d tewisrasiflsas eat@dlygeoduct is generally carried out in the usual
wayg and the auxiliary base is added to the reaction m xture after

the 1 @aehbRl of SrdfMTRL Gl GarelRled!dhe HEREIGRIS BfublIR) Lewi s acid. O

course, t reaction mxture can a 'he auxiliary

base. The inportant thing is that the reaction mxture is m xed
with the auxiliary bage, with auxiliary basgiand Lew's acid

gener & ormng a COng R¥ast one nol e
of auxﬁﬁése per Lew s acid ated off in the
react i oplFxt ure, prefeke from1.0 @% ' “Rparticularly
prefer%bly from1.0 t 1.3 nmoR nol , very particularly 20 preferably
from1.0 to 1.3 nol/nmol and in particular from1.0 to 1.25 nol/nol.
After the Lewis acid apd auxiliary base have been m xed, the
reactign mMixture canfhe sk mredi ately worked up further, but it can

t is usuak¥e

al so Fed for froma few mnutes to a nunber of
hour s, ‘ to 120 mnutes, particularly preferably 25
from10 < 1 and very particularly preferably from15 to 45
m nut e3:2x0 [ ows, the reaction mi xture can advant ageously
beockept at—a tenperarure at which the conplex of auxiliary base and

Lews acid is liquid but no significant deconposition occurs,

al though the m xture can al so be kept below the nelting point of 30
the c8hpi®ex. The phase separation is carried out under conditions as
have been descri bed above. In the case of a conplex of, for

exanples a AingledbdtiitorMnyeivaidnt bridzade, the melting point is about
625 so that the separation, e.g. by phase separation, fromthe
desir

ed 35 ggaodggt ,$an b?& carried out at relatively |ow
t enpeRai Bre&”. Re RSeprd B asp eaeh. erlepgndemly ghoeg @nethehvent i on can be
used wherever Lewis acids have to be separated froma desired

pr Oduﬁfidroé)én?f(ﬁ-r(ﬁg—lamyi, '8:2-%133-8&%'%%@%%? b@li#tgnlraﬁtiag 'B§ oRE or more oxygen
and/or sulfur atoms and/or one or more substituted or unsubstituted imino groups,

20  C4-Cyg-alkyloxy, Cy-Cqg-alkyloxycarbonyl, Ce-Cy2-aryl, Cs-Ciz-cycloalkyt, a five- to six-
membered, oxygen-, nitrogen- and/or sulfur-containing heterocycle or a functional
group or two of them together form an unsaturated, saturated or aromatic ring which
may be interrupted by one or more oxygen and/or suifur atoms and/or one or more
substituted or unsubstituted imino groups, where each of the radicals mentioned may

25  be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen, heteroatoms
and/or heterocycles.

Functional groups for this purpose are, for example, nitro (-NO,), nitroso (-NO},
carboxyl (-COOH), halogen {-F, -Cl, -Br, -1}, amino (-NH;, -NH(C-C,-alkyl),

30  -N{C¢-Cs-alkyl);), carboxamide (-CONH,, -CONH(C,-Cy-alkyl), -CON(C,-C4-alkyl),),
nitrile (-CN}, thiol (-SH) or thioether functions (-S(C4-C4-alkyl)).



acyl ati ons, phosphoryl ations or sulfurations of aromatics,

parti PEISA2BY preferably in 40 phosphoryl ati ons of aromatics. Pk JU| 200
54233 2 4 JUL 2096 -39 Preferred exanples of phosphorylations of
aromatics are the reactions of aromatics w th phosphoryl halides,
for exanple PCl3, PCS, POC13 or PﬂjB in the presence of Lew s

aci ds_as catal ysts. Exanples 0;1 |945 ich can be used are

t hos ePHiferenee agivan tg tharadigisRT, R B3 ampl Y ®ackebgingzs " ~~z R
33 36§}53pé>:meﬂuﬁaf&1e a@ﬁer[ gﬁrggeri,?tﬁoa-aé@l,clﬁG@al@rla)gj,m_@aR 32R % 35
10 R ﬁE’g’%aé’dﬁ‘i'@f@ e bond or any divalent bridge an 15 R 31 ,

R 32 and R 36 are each, independently of one
anot her hydrogen, d -C, 8-al kyl, C2-C, 8-al kyl which may be
i n§ er Pariceldr brysfemamceo:s givendo mq@dmalsdi?&/R)’F RY) RYr REtamwitR*4 edcobeingie or

rmre ﬁHQ?idc{eHﬁ@ car onyI Sébj&rb%eﬁggﬁ fFﬂ W%%%?%C\/dg gﬁb f&l?ru%ﬁég?xy,

SI X- ﬂ’t‘fé%/ oxygen-, nitrogen- and/or sul fur-containing
het er ocycl e or a functional group or two of themtogether form an

unsat graheds of 2 8% |e0:50nf?:lr gnel | DGtHi1 rﬁ‘é‘1 ﬂ@ﬁh Rfe! f‘ﬁf‘p’réﬁﬂPér%d by

one of nore  ox one
ol 22AHE. oA ieng, 14 JWM-%%&@V L8t oS o Repgtuied

radi cei momesubstitnted niteyged3-Nid- arud(E -Cualed)-hband sulbtri(¢hpl groups, aryl,
al kyl , aryl oxy, aIkonxy, hal ogen, heteroatons and/or heterocycles.

ni 01 065 Ry B3maRgT. xRS PG (- F Q. -Br. 1), am ho
(-NH2, - NH( Cl - C4-al kyl ) 30 N( q CA-al kyl)2), carboxani de (- CONHZ,
WW&GCMH@?@’&)& arbiehiliéd arebenkdnd, totdene, BL Inhd drp-kyléAd,, thiol (-SH)
or t hé Q%ttrﬁ%rethy']b%%z'er%] Setl(ylbse(nzenecéll-gth kiyé Pr?ethylbenzene 1-ethyl-4-methyl-
benzene, isopropylbenzene, 1,3-diisopropylbenzene, terf-butylbenzene, 1,3-di-tert-
butylbenzene, 1-tert-butyl-3-methylbenzene, 1-tert-butyl-3,5-dimethylbenzene,
n-propylbenzene, styrene, indene, fluorene, dimethylaniline, fluorobenzene,

20 chlorobenzene, bromobenzene, 1,2-, 1,3- or 1,4-dichiorobenzene, 1,2-, 1,3- or
1,4-difluorobenzene, 1,1-binaphthyl, 2,2'-di(C+-Cs-alkyi)-1,1'-binaphthyl, in particular
2,2'-dimethyl-1,1'-binaphthyl, 2,2'-di(C4-Cs-alkyloxy)-1,1"-binaphthyl, in particular
2.2’-dimethoxy-1,1’-binaphthyl, 3,3'-bis(C,-Cs-alkyloxycarbonyl)-1,1’-binaphthyl,
biphenyl, 3,3',5,5'-tetra(C-Cy-alkyl)oxybiphenyl, in particular 3,3’,5,5'-tetramethoxy-

25 biphenyl, 3,3',5,5-tetra(C+-C4-alkyl)biphenyl, in particular 3,3',5,5-tetramethyibiphenyi,
3,3'-dimethoxy-5,5-dimethylbiphenyl, naphthalene, 2-(C4-Cs-alkyl)naphthalene, in
particular 2-methyinaphthalene, 2-(C4-C;s-alkyloxy)}naphthalene, in particular
2-methoxynaphthalene, and diphenylmethane.

30 Very particularly preferred aromatics are benzene, toluene, o-, m- or p-xylene,
2,4 6-trimethylbenzene, isopropylbenzene, tert-butylbenzene, fluorobenzene,
chlorobenzene, naphthalene and binaphthyl.

Examples of desired products which can be obtained by phosphorylations or

35 sulfurations of aromatics, Friedel-Crafts alkylations or acylations are ethylbenzene,
acetophenone, 4-methylacetophenone, 4-methoxyacetophenone, propiophenone,
benzophenone, dichlorophenylphosphine, diphenylchlorophosphine, tosyl chloride,
1,2-, 1,3- and 1,4-diethylbenzene, 1,2,3-, 1,2,4- and 1,3,5-triethylbenzene, cumene
(isopropylbenzene), tert-butylbenzene, 1,3- and 1,4-methylisopropylbenzene,

40  9,10-dihydroanthracene, indane, cresol, 2,6-xylenol, 2-sec-butylphenol, 4-fert-



PF 54233 2 4 JUL 2006 -40 Preference is given to the radi calz's) gﬁjl
R 32 RF3123334 , R 35 and R 36 each being, independently of {‘1 uL"2006
anot her, hydrogen, d -C4-al kyl, Cl-C4-al kyl oxy, Cl-C4-

al kyl oxycar bonyl or halogen. 5 Particular preference is given to the
radicals R31 R 32, R 33, R34, R4$> and R 36 each being,

I ndependently of one another, hydrogen, nethyl, tert- butyl et hyl,

met hoRytylphendr PetdPBenol gianytahgeo!, Mpbgn%fthzmalr@# Gidinggrtbitynd,

met hy henethylphénatt hyl ene, 1, 1-ethyl ene, 1, 1-propylene, 10

2, 2- propylene 1, 2- phenylene 1, 4- dinethyl 2, 3- phenylene oxygen
(-0- , unsubstltut ed or nosubstltut ed n|tro

- N( O AegerdingyJe yhg pregentdpyentien. thesagid issqpar ?%PE%&&S‘P%}E"&" cglar{@n@“!ﬁand
ox§gene.amchertgey| andiani badeaiThe abbea-tigscpbed euxikaly asemofithe famala (Ja)
benze e, 2,4,6-tri nethyl benzene,

et hyl Ej;%r%tgﬁ&eb'&ﬂéulaﬂy ?Sé??,mrﬁgf':tﬂ%lﬁ%é@gne 1- et hyl - 4-nmet hyl - benzene,

i sopropyl benzene, 1, 3-diisopropyl benzene, tert-butyl benzene,

1, 3-dina pretferrémerylbdxdinmahfer sdparatirtg-dflitgmis aeide,tthgd;é)enemparated off

1- tertwtﬁéﬁﬂéhbs?taﬁﬁ&l gFE‘ﬁdPtYdrﬁ%?B’?&%t d & (??gsg %ethe%ﬁ%?%o of

I n engm uorc? S t? Le\nf[s @lé’%?\%&la I&Q{?ﬁ@{?lp cuiwgh thqglrg((ﬂ%alzene
1 4- dbﬁ$&,jl6l1’0b&'|¢2@th‘@ﬂ 111, Preforabéyoriat imydre than 0.75:1, pamculariy preferably not
2 2 moeﬁh’a%ﬁh k\Yér%pértiéulaW P%@é}hﬂyhot MmBrdP@Eh 0034 @hd jn partlcu!ar not
" -di meh ﬁ % I napht hy I (A -C4-al kyl oxy) -1, 1' - bi napht hy
, n G F 2, 2" -di net hoxy-1, 1' - bi napht hyl ,
-bi s(d - C4-al kyI oxycar bonyl)-1,1" - bi napht hyl,  bi phenyl ,

é*ﬁtef ﬁ@e&#emn@ddimbhpmbpﬂwhemra;oﬁfpbhh@swvﬁmh can be

5 X
 BreBareBi TS POk AT Sl vgton aro pineditplaphosphines,
.3, aiamlnqr@tqpammmsgtr;ﬂwngnhosphlnes phosphorous ester diamides,
3,3 - Qﬂnfﬁ%bh@éﬁhr%édm%rﬁ’ﬁ%ihb#fﬂhﬁlQﬁdéphom@stbﬁf'aﬂﬁl@e halides and :
2-(C ‘1 % eﬂt hal ene, in particular 2-nethyl naphthal ene,
2- (CI 8'81'08 ?(%)11 @&laﬁ gB?\t hal ene, in particular 2-nmethoxynaphthal ene,
akél di phenyl net hane. 30 Very particularly preferred aromatics are
benzen@ krioWnUede WO-98/199886 thad the/sydlrasis of afnifodhidropiidiphines @ae Be.

| sopr Q%Wed BS %gcmgflérf N-br!IJ-taglh 5%&'[;%89%”%{1 })Hgg%ﬁjﬁztﬁgﬁlo?de in an

chl or 6benhzeéene, ne an esS of desired
pr od LeTgSMigisPNRN LS BregBER Pl wﬂtﬁwdwﬁwm faimefies cflandssoluble sal

sul f uA@isaavsentage of Eheinsd ithaetielsalbsaseguahtpizt to Brsseparaey bfby ons
a5§ ﬂngtlic;henzene acet ophenone, 4-nethyl acet ophenone,
het hoxyacet ophenone, propi ophenone, benzophenone,
dlchlorophenylphosphlne, di phenyl ehl or ophosphi ne, tosyl chloride,
In Organometallics 2002, 21, 3873, van der Slot et al. describes the synthesis of

aminochlorophosphines, aminophosphines and phosphoramidites using triethylamine
as auxiliary base.

33
348",
3,3
3,3
3,3

30
The insoluble salts formed in the reaction likewise have to be removed by filtration.
WO 02/83695 describes the synthesis of phosphoramidites and their use in the
hydroformylation of terminal and internat olefins.

35

The process of the present invention enables phosphorus halides and chelating
phosphoramidite ligands to be handled more simply in engineering terms (no removal
of the solid salts of the auxiliary base) and enables them to be prepared with high
selectivity in a higher space-time yield in the reaction.

40



1,2-, 1,3- and 1, 4-diethyl benzene, 1,2,3-, 1,2,4- and

1, 3, 5prg@bhy! benzene, cumene (isopropyl benzene), 24 JUL 2006
tert-butylbenzene, 1,3- and 1, 4-nethyl isopropyl benzene, 40

9, 10- di hydr oant hracene, i ndane, cresol, 2,6-xylenol, 2-sec-butyl
phenol, 4-tert PF 54233 2 4 J U L_2906 butylphenol, octylphenol,
nonyl phenol , dodecyl phenol, thynol "‘and 2, 6-di-tert-butyl -

4- met Aplipddimedophodpbioesli ng to the present invention, the acid is
separated off by nmeans of a nonionic, 5 i.e. uncharged, auxiliary
base.HJE above-descri bed auxiliary bases of the formula (l1a) to
(Ir) ] Qﬁarticularly useful for this purpose. In a preferred
enbodi ment for separating off Lewis acids, these are separated off
W GhOEDian%H&%l@;mdsPhinBé oportions of Bronsted acids (protic acids),
i.e. the nolar ratio of 10 Brbnsted acids to Lewis acids in the
separated off salt of the acid with the auxiliary base is not nore
than N]INJPXoreferably not nore than 0.75: 1, particularly preferably
not nore than 0.5:1, very particularly preferably not nore than
0.31 ?nd Jnﬁﬁar ic§lar not nore than 0.21. 15 In a further

prefe PENE RIS t, further phosphorus conpounds which can be
pi@pared by the process of the present invention are

am nogNjiNiiRosphi nes,  di ami nohal ophosphi nes, triam nophosphi nes,
phosphorous ester diam des, am nophosphines, di am nophosphi nes,
phosphorous ester am de halides and am nophosphi ne halides. 20 It
i s knBupsphomHs\eStsliamides t hat the synthesis of

am nochl or ophosphi nes can be carried out by reacting an N-Hacid
C o] i3y phosphorus trichloride in an organic solvent in the
p?%geﬁggwﬁ$ﬁgh auxiliary base with formation of an insoluble salt.
A di sadvantage of this nethod is that the salt subsequently has to
be sepmiraipBdsptiifiesoy 25 filtration. In Organonetal lics 2002, 21,
3873, van der Slot et al. describes the synthesis of )
am nochl or ophosphi nes, am nophosphi nes and phosphoram dites using
trietﬁiﬂgﬂﬂne as auxiliary base. 30 The insoluble salts forned in
tk® reaction |likew se have to be renoved by filtration. WD 02/83695
descry nthesi s of phosphoram dites and their use in the
hydro?%@ﬁ%ﬁéﬂ?ﬁ@%n% termnal and internal ol efins.

R'P[N][N1
25 Phosphorous ester amide halides
(RO)[NJPX

Aminophosphine halides
30
[NJR'PX

In these, R, R’ and R" are any organic radicals which may be identical or different, X
and X' are halogens or pseudohalogens, for example F, Cl, Br, I, CN, OCN or SCN,

35 preferably Cl, which may be identical or different, and [N], [N'] and [N"] are
unsubstituted, monosubstituted or disubstituted amino groups which may be identical
or different.

The compounds prepared can be phosphorus compounds having one or more, for
40 example, two, three or four, preferably two or three and particularly preferably two,



35 The process of the present invention enabl es phosphorus h 'ﬂes
and clrg¢ 6842339 phosphoramiclite |ligands to be handl ed nore siain{) yLiZWB
engi neering terms (no renoval of the solid salts of the auxiliary
base) and enables themto be prepared with high selectivity in a

hi gher space-tinme yield in.the reaqgi on. 40 2 4 JUL 2006 PF 54233
-42 - Am nodi hal ophgsphi nes [ N] P 5 Di am nohal ophosphi nes

[ N] [ NAheseharisaionsphbe ahpmmsmormur[ Nlcfﬂ[qqn}mun%asepwca%wgﬁ bya

di am deiggel5 (ROP[N [N ] Am nophosphines R R'P[N 20

D am nophosphines R P[NJ[N ] 25 Phosphorous ester am de haI i des

(RO [ N] PX Am nophosphj ne halides 30 [[NJR PX |In these, R and R
bre ot KGR RTRE CORPRYRP RS MR RPPRIATU S FLOR A e X and
X & e hal ogens or pseudohal ogens, for exanple F, d, Br, 1, CN OCN
Or Sgﬁﬁéﬁnsﬁﬁrﬁéﬁéé@&h Fitrog¥fl £ra Rut AR 67badk pﬁééphemnt and

e

are unsubstlt §gd nonosubstituted or

d| substituted am no groups which may be identical or different.
diphosphorous diester amides

10 [N)(R'O)P-O-Z-O-P[N'(OR")
systems which are nitrogen-substituted on each phosphorus:
diphosphaorous ester diamides
15
[NIIN'IP-O-Z-O-P{N"J[N"]
bistriaminophosphines
20 [N][Nl]p_[Nll]_Z-[NI"]_P[Nll"][Nlllll]
unsymmetrically substituted systems:
[NJ(R'O)P-O-Z-O-P(OR")(OR™)
25
[N][NP-O-Z-O-P(OR")(OR")
[N][N']P-O-Z-O-P[N")(OR™)
30 systems which are both nitrogen- and carbon-substituted on each phosphorus:
[NJ(R")P-O-Z-O-P{NHR™)
[NJ(R)P-[N"]-Z-[N"]-P[N{R™)
35

unsymmetrical systems:

[N}(R'O)P-O-Z-O-P[N'J(R™)



The conpounds prepared can be phosphorus conpounds havi ng one_or
nor e, pEaa2340 exanple, two, three or four, preferably two or L Arode 2006
and particularly preferably two, PF 54233 2 4 JUL 2006 -43
phosphorus atons. The phosphorus atons in such conpounds are
typically linked by a bridge. Forggxanple, such bridged conpounds
havi ng two phosphorus atons can be: 5 systens which are both

ni t r ogetheseaiti Roxy gend Blilsenibewsny drganieeadicajsnelsiph may e idestisab@phor ous

di test@rrre.%lﬁtq N9 [rk IN?Y, G Quztr@"" ] drﬁ@&,tﬁutﬁu%swumbtrmﬁdadre

nitro on e 0S

di an %%@bsiﬁut*;r oeresZw r%vﬁ%‘i ?ﬁr%rgtcﬁffei’r AR SR pRRLY

[N] [ I\ﬂl]/ﬂe[‘wr]dgz [N o ]- P[ N.... J[N..... unsyrmetrr cally
SLﬁ)stltuted systens: [N ( R'O)P—OZOPOR" (OR .

Lyt cpbeaupE aticroeinbptEhs whigh R Bblepldi rﬁegtfsﬁsﬁ@ﬁ% 25 30 cach
phosprﬂsrcayableJr\r](R)P-ozoP[N](R . ) [IN(R)P-[N']-Z-[N ...
I-P[N]J(R .. 35 unsymetri cal systerrs [Nj(R'O)P—OZOP[N'](R

PF 54]%3|§ %( Zl‘anjdlfi{‘ \%B f%r%é(a)lz;{pbé %ﬁgﬁbtg Rndr%%end&tW%ng anothef%ir I%?N?P Y

organitc radrc

rmnosm)sarbbnrhmlnswe g i, s patkiyt, Th-€Xg-alkyinvehigt mpbeWﬂeahptﬁajoylwe or
L dent 1,68 ofgefiahd/RF Sittur alfnLafr dHe G'Wore substituted or unsubstituted imino
groups, C;-Cyg-alkenyl, C-C1z-aryl, Cs-C2-cycloalkyl or a five- to six-membered,
oxygen-, nitrogen- and/or sulfur-containing heterocycle, where each of the radicals
15  mentioned may be substituted by aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or
heterocycles.

The divalent bridge Z can be, for example, unsubstituted or halogen-, C,-Cg-alkyl-,
C2-Cg-alkenyl-, carboxy-, carboxy-C4-Cg-alkyl-, C1-Cop-acyl-, C4-Cg-alkoxy-, C¢-C2-aryl-,

20  hydroxyl- or hydroxy-Cs-Cg-alkyi-substituted Cs-Cz-arylene, C3-Ci-cycloalkylene,
C1-Cyo-alkylene or C,-Cap-alkylene interrupted by one or more oxygen and/or sulfur
atorns and/or one or more substituted or unsubstituted imino groups and/or by one or
more -(CQO)-, -O(CO)O-, -(NH)(CO)O-, -O(CO)(NH)-, -O{CO})- or -(CO)O- groups.

25 Preference is given to divalent bridges Z of the formula (XII),

RN RV
Rt Al RV
/
(D)e
N
R! A2 RV

and those of the formulae (Xlli.a) to (XIH.t)
30



di val ent bridge. O course, other pernutations which are not 4 Syl 2008
expl i eFt84p3genti oned here are also conceivable. RR R, R’ a;]d ﬁ b
can, for exanple, each be, independently of one another, a linear or
10 branched, substituted or unsubstituted, aromatic or aliphatic
radi cal having fromone to 20 carypepn atons, e.g. Cl-C18-al kyl,

C2- C18-al kyl which may be interrupted by one or more oxygen and/ or

sul fur atens apg/ or one or m¥re subsfituted or uRSubst i fut ed, i mi no
groups, Gl B-al kenyl , g@VCIR: aful Corll 2- QY] ol kykY Bive- to
Si x- e ygen-, nild en- or sul fur nt ai 1

het er ocycl ere each rao~calh M5 e T €, 4 berR
substituted byyaryl, alkyl, haryloxy, alkyloxy, heteroatons and/ or

het er ocycltes. The di val ent bri@% Z can be, for exagpe,
unsubst i t ut@talor hal ogen-, d -C3- Al kyl -, C2-C8-al kenyl -, carboxy-,
carboxy-d -C8-al kyl -, d-C20-acyl-, G-Gi-al koxy-, C6-Cl2-aryl-,

20 hydrgxyl - gf hygmoxy- G Ce- al R Stitel's REI 2-aryl ene,

C3- C12- CYClLoal kyl ene N~ C20- al kyl ere C2- C20=al kyl ene interrupted
by ongto @ EROXYM ©7  SURT T RA] or nore
substi t ut ®d(o ut ed in‘ilno oups and/ y gne or nore

- (CO R @ CFO-, RO s@ =A —Ror - (CO O
groups. 25F ¢ given to givelent brigges,Z of the formula
(XI1), F R /) ( & R/ RLRA2 and thos& of the fornul ae
(XI1r.a) to (Xi11.t) 30 PF 5423324\];@”%906 -45 RRRWVI RIIl R
VI RVil R~ KNIRWVII RI *R'VR R~XRV'R R'II R, A* Rvlll

(XI11.a) (X111.b) (XI11.C) RVil® R RIVRWR Vill RI{Xx Rr'V V R

4 1x R1ILaVI Vilgw RIIT VI R R"" FRR ~ 1RO
RI RIV
R" Al RV"
Rl RIII
] RVRV rR™ (X1tl.g) (XIL.h) (XIILi)
(XIIL.f)
R" Rm R" Rm R'l r"
R’ RY
(XILIY (XI.my) (X1IL.n)
il mn Rm RIV
R R 1l v
e L L
| R
“ Lope JIC
R R RY
(X0} (Xlil.p) (Xlil.q)
Al Al Al
(Xill.r) (XIIL.s) (XL

where



RIt 00 Rxi ROA OR I x1I RI Rx1ll RR (X111.d) (Xi%lJU?)
|

R11 RFIS4283 I1l RR RIIl RVI RVIIl R111 RI RIV R 006
*CRVR*VR (X111.g) (X111.h) (X111.f) RRI1Il RR II] RRIII R1: -
1 R:-3: RIVRVIRI IV RVRR (X111. k) (x111 1) (X111.m

(X111.n) R4 11l IVIV RIIl RR4-RVRI VFIFI' RV RVI ROR

(XA 11ALprg s o S0 epindspt abarts ek . G R

each, whatependent |y of one another, 0, S, SSiR5 R-12 , NR 53 or CR
54 R5 where R', R 52 and R 53 are each, independently of one

anot hﬁe", REY PR e 8L u‘\depgCI é)nqll Fohe another, hydrogen, alkyi, cycloalkyl,
5 heterocycloalkyl, aryl or hetaryl,

R* and R are each, independently of one another, hydrogen, alkyl, cycloalkyl,

heterocycloalkyl, aryl or hetaryl or the group R together with a further group R* or the

group R* together with a further group R forms an intramolecular bridging group D,
10

where A' in the formulae Xlll.a to XIIl.t may also be a C;- or Cs-alkylene bridge which

may contain a double bond and/or bear an alkyl, cycloalkyl, heterocycloalkyl, aryl or

hetaryl substituent or be interrupted by O, S, SiR*'R% or NR™,

15 D is a divalent bridging group selected from among the groups

R61 R62 R‘“
Ho—cl
/ \

R®" and R®2 are each, independently of one another, hydrogen, alkyl, cycloalkyl, aryl,
halogen, trifluoromethyl, carboxyl, carboxylate or cyano or are joined to one another to
form a C3-Cs-alkylene bridge,

where
20

25 R® R* R% and R* are each, independently of one another, hydrogen, alkyl,
cycloalkyl, aryt, halogen, trifluoromethyl, COOH, carboxylate, cyano, alkoxy, SO;H,
sulfonate, NE'E?, alkylene-NE'E?E*'X, acyl or nitro,

c isOort,
30
where in the case of ¢ being 0, the groups A' and A? are not joined to one another by a

single bond,

R, R" R" RY, RY, R, RY, R"" R* R*, R and R are each, independently of one
35 another, hydrogen, alkyl, alkoxy, cycloalkyl, heterocycloalkyl, aryl, hetaryt, halogen,
COOR%®, COO™M', SO;R%, SO3M*, NE'E?, NE'E2E*' X", alkylene—-NE'E?, alkylene—



5 heterocycl oal kyl, aryl or hetaryl, R54 and R 55 are each, 24

I ndepegpds23By of one anot her, hydrogen, al kyl, cycl oal kyl, JUL 2006
het er ocycl oal kyl, aryl or hetaryl or the group R54 together with a
further group WA or the group R55 together with a further group R55
fornms an intranol ecul ar bridging ggpup D, 10 where A" in the

formul a lll.a to MA may al so be.a C2- or -al kyl ene _bri dge which
oy OB B %, QD SR DGR e A C N MG, (G AR R

het er palgbnatikydromathyl, nifo, abgloatydnosubsti tuent or be interrupted by
0, S, SIR51R 52 or NR 53, 15 Dis a divalent bridging group selected
fromanong the groups R65 R66 R61 R62 R61 R62 R63 f7] ~ R64 R63 R64
HC- CH¥BE e 20 R 61 and R 62 are each, i ndependent|y of one

anet her, hydrogen, al kyl, cycloal kyl, aryl, hal ogen,

trifl T | | 2% e to one
ot hi o ol - dtp0etica) ¢ RPNt IO elSUBR R uRbAo hOUBEE | 20
are edlk, cyqiepliodaRdatily of one another, hydrogen, alkyl,

cycl oal kyl, aryl, hal ogen, trifluoronethyl, COCH, carboxyl ate,

cyanogsal ﬁ%% Shetnvibl Efpat e, NELE 2 , alkylene-NEE 2 E 31)C,
or mtro,roc i’seé)ygr %,91'30 where in the case of ¢ being 0, the

acyl

gr%ups A and A 2 are not joined to one another by a single bond,
R, RM' Risacdtion, Rv, Rv', RV, Rv' 11, Rx, Rx, Rx' and Rx" are
each, independently of one 35 another, hydrogen, alkyl, al koxy,

cycl oal kyl, heterocycl oal kyl, aryl, hetaryl, hal ogen, COOR56,

COO- MF, SIFRR FHON.|BI3M-, NELE 2 |, NELE 2 E 3+X- , al kyl ene-NE' E 2,
al kyl ene PF 54233 2 4 JUL 2006 -47. NE1E2E3+X-, OR56, SR56, (CHR 57

Ch512Q) ~Ws érﬁ‘jﬁéﬂ@ﬁfr&hﬁo%o, (Cl HL2CHAE' )) ~R 56, hal ogen,

trifluoronet nitro, acyl or cyano, where 5

or

two adjacent radicals selected from among R, R", R", RY, RY, R"', R and R™"
20 together with two adjacent carbon atoms of the benzene ring to which they are bound
form a fused ring system having 1, 2 or 3 further rings.

Preferred bridging groups Z of the formula (XI1} are ones in which the index ¢ is 0 and
the groups A' and A? are selected from among the groups O, S and CR°R?, in

25  particular from among O, S, the methylene group (R* = R*® = H), the
dimethylmethylene group (R* = R* = CH,), the diethylmethylene group (R* = R% =
C;Hs), the di-n-propylmethylene group (R* = R* = n-propyl) and the di-n-butyl-
methylene group (R* = R® = n-butyl). Particular preference is given to bridging groups
Z in which A’ is different from A2 and A’ is preferably a CR°R® group and A?is

30 preferably an O or S group, particularly preferably an oxa group O.

Particularly preferred bridging groups Z are thus those which are made up of a
triptycene-like or xanthene-like (A': CR°R®, A% O) framework.

35 The substituents R' R", R" RV, RY, RV, R™" , R | R RX, R¥ and R™ are preferably
selected from among hydrogen, alkyl, alkoxy, cycloalkyl, heterocycloalkyl, aryl and
hetaryl. In a first preferred embodiment, R' R", R" RY, RY, RV, RY" | RI' | R* RX, R¥
and R*" are each hydrogen. In a further preferred embodiment, R' and R in Xill.p and
Xlll.q. are each, independently of one another, C-C4-alkyl or C+-Cq4-alkoxy. R' and R'



R6, E, E2 and E 3 are identical or different radicals selected
from pRBag3pydr ogen, al kyl, cycloal kyl and aryl, R 57 is hyd¢bgdh, 2008
methyll or ethyl, 10 M+t is a cation, X- is an anion, and 15 wis an
integer from1l to 120, or two adjacent radicals selected from anong
Rl, R\, R, Rlv, Rv, Rv' , RV ajgyg Rv"' 20 together wth two

adJ acent car bon atom; of the benzene ring to which they are bound

f or m arefRistesbyy srjedod frem ameenargethyl. sthyl: resrpfqny{ fert-betyhend mephexgriped

bri dgihege gomppsnds, Bf, RHKR™M aidRY are(ptefeyatly each®girbgennvhi ch the index ¢
Is 0 and the groups A and A2 are sel ected from armng t he groups O,

Sand CRd in 25 partjcul net hy] ene group
(a1 st pipferieddnbaclen, Kbl iR cand o 1L oAl sasbXlTaca) e
dlsat hgaamtmbemengy ofigng ﬁcﬁﬂerCRC&-&lkyGﬂﬂG&G)—alkbne R, R", RY and R

rret hy%ﬁ’w L}P yél%ggd %%%g% metg lsggr t ﬁ?rgP F RetdxPUhy! -

erence i's
gi venhFﬁeB Br(ﬁup diR) @Fﬁ@%l?f ably gagh iy & Pgeit- fromA2 and A

S preferably a CRdRe group and A2 is 30 preferably an O or S

g; Ce)]‘jglrnr E Rt e‘?ﬁtﬁ%ﬁﬁé}ﬁ' Bi' amn RWaRgrr@'J'BnE’RVﬁ’ﬁ{ klll%")@ﬁ E>énd XIIIf
el amch indebapegly il on andites G sl o Ca Lo gy B RIC T 2

The sRBenidRilarepricrabty seltted fRNvamBhy mettwl, ethyRvisopropyl: tert-buiyland Rx
Rxi  afdtnBxy. IRtbsBIcBipoaRds R"aAL SO 8 prefiiamyeBsh Rydibgaen, al kyl,

al koxy, cycloal kyl, heterocycloal kyl, aryl and hetaryl. In a first
preferred enbodi nent, R, R', 13111)(II Rv, R/, RvI, RV Rv"'" |, R X,
Rx, Rx'afugher meferr&d@nmdrmemdk e imX4/.d and Xbke preeeanhr ed

gﬁ)gdh deHW‘@dﬂéado[heX'd:'CPalﬁ dc,-8l, Jalkg;ly @,re4-eﬁﬁbalk¢ﬂptﬁr(e.r©3nt|2 .
L 20eRV B ang i arvalirg i erlesied 1o g Moy ey sSiro
i soprlaiyll methexy.-aachamethory ansttrimeshylsilyl. Inthesrecaroppngads’, RV RVIRY,, R

and RRVar#! pref erz'eb#’va.ﬁaﬂri' éw@ra&emyda&hahy&wgbher preferred :
enbodlrrent R1, , Rv...lnXIIIb XIIIcandXIIIJare 5

each, i ndependent |y of one anot her, W v Aol |Xéx ,
RO | \When dyriadiarent ragicaly seleeted Fop @aerag:ReB oR aﬁang nBY R B hy
| SOPrRYR™ akeRY-founb wlfustaicormridisystem,|the ring system is preferably a benzene or

naphthalene unit. Fused-on benzene rings are preferably unsubstituted or bear 1, 2 or
3, in particular 1 or 2, substituents selected from among alkyl, alkoxy, halogen, SOsH,
sulfonate, NE'E?, alkylene-NE'E?, trifluoromethyl, nitro, COOR', alkoxycarbonyl, acyl
25 and cyano. Fused-on naphthalene units are preferably unsubstituted or have a total of
1, 2 or 3, in particular 1 or 2, of the substituents mentioned above in respect of the
fused-on benzene rings in the ring which is not fused on and/or in the fused-on ring.

Among the groups Xlll.a to Xlil.t, preference is given to the groups Xlil.a to Xlil.e and
30 particular preference is given to the groups Xl!ll.b and Xill.d.

The unsubstituted, monosubstituted or disubstituted amino groups [N], [N'], [N"], [N"],
[N""] and [N™™"] can each be, independently of one another, an -NR*'R*? group, where

35 R* and R* are each, independently of one another, C-Cyg-alkyl, C,-C1g-alkyl which
may be interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted amino groups, C,-Cqg-alkenyl, Ce-Chz-aryl, Cs-Cyz-
cycloalkyl or a five- or six-membered, oxygen-, nitrogen- and/or sulfur-containing
heterocycle, where each of the radicals mentioned may be substituted by aryl, alkyl,



t hese conpounds, R', Rv, Rv and Rv' are preferably each hydrogen.
In a fpgs ? preferred enbodiment, R, R, Rv, W |'Vand RvZ4.JUiLri006
XITT.

XIll.b, c and XII1J 10 are each, independently of one another,
Cl-C4-alkyl or d-C4-alkoxy. R, R', Rv, R/, Rvl and R/"' are
preferably selected fromanong nethyl, ethyl, isopropyl, tert-butyl
and nethoxy. In these conpounds, and Rv" are preferably each

hydr ogerioxyl alkgoyw hetespatpme fandfoe Hetendnydiesnand R*RanciREf may tagather alsod
and Xkdrin £riRg.e e€ach, 15 independently of one another, O -CA4-alkyl,
Cl - C4- al koxy, O -C4-carboal koxy or CI-C4- trialkylsilyl. R and Rx"
are preferably selected fromanong nethyl, ethyl, isopropyl, tert-
but yl PreferedgioupchROGieinhwhigh BN andrRréarinya gng gfe groups pidbe farmwiasunds,
R's RdVatbdwkRy, R/’ , R" , RV1" , Rx, Rx and Rx' are
preferably each hydrogen. 20 Wien two adj acent radicals sel ected
fromambong R, R', R, Rv, Ry, Rw, Rml , WAIf, Rx, Rx, Rx'and
Rx" forma fused-on ripng system the rilng systemis preferably a
benzeneypr nnaght hal ené urbbak FURBEcONNbERZBRE i ngs ar eNpreferably
unsubstitﬁig_?n/or bear{12 or 3, in\ﬁgg(i cular | or Z,S\eézbstituents
sel ected f anong alkyl, al koxy, halogen, SO03H, sulf/onate, NELE 2
, al kyl engXiX& E 2, trKivbuoronet hyl, nKivrep, COOW af! ﬁg’&warot%)ﬁ?l ,
acyl 25 and cyano. Fused-on naphthal ene units are preferably
unsubstitutded or have ajtotal of 1, 2jor 3, in particu‘ix 1 or 2,

S Meprjoned abdRee ipMespact of the fused-on

of t h&esubstit ueng

benzene in tRNg T ng which is f{ised on and/or ih the
fused-o ng. Anoy & groups Xl a tg Xill.t, Ry Mence is
gi venRpo the groups X1l .4kto X IAP. e and 30 parti ch erence

is given to the groups Xl Il.b and Xl #Ngg The unsub ut egl=ojai
nonosubst¥tat ed or di&WWstituted anmi ho Yroups [N ,FIN, [N'], [N. ..
[N.... ] and [N ..... ] can each be, independently of,@pe another,
an -NIR41 R42 group, where 35/ R' and R 42 are each, independently
of one_anot hir, d -d e-agkyl, lr,z C18;al kyl which nmay be interrupted
3 ulfa¢Rat ons and/ or one or nore
. : groups, C2-Cl87al kenyl

C6- Cl2R8 ceo@R- cyckval Kyl of a five- or six-nenbered, oxygen-,
nitrogen- and/or sul fur-containing heterocycle, where each of the
radi cal s meMiYi oned nmay be sé¥kituted by aryl, alkyl, PF 54233 2 4
JUL 20H -49 aryl oxy, alkyloxy, heteroatons and/or heterocycles and
R 41 apd R42 may together also forma ring. Preferred group - N\LR42
in V\hY"EWe\/\'/ and R 42 forma ring are groups of the formulae 5 XlV.a
t &0 X1 VA

Alk is a C4-Cy-alkyl group and

R° RP, R%and R' are each, independently of one another, hydrogen, C4-C4-alkyl,
C,-C,s-alkoxy, acyl, halogen, triflucromethyl, C,-C4-alkoxycarbonyl or carboxyl.

15
For the purposes of illustration, some advantageous pyrrole groups are listed below:



I I I I Ak AK N COOAIk AlkOOC N COOAlk N (XIV.a) (XIVb) (ZXJ{
AlkOOpEEgAl | | 1 (XIVA) Rol RO NRo ~N,, - -Alk FU ')Gj

Ro Rop A’k RP ALk (XIV.e) (XIV.f) (X V.Qq) Rp-)<~ \C(=O A k (XIV.h)
RONRONRg\~~(\ )/ V@~ Rpx--J--\COQAJk RP'" hr (XIV.i) (Xl VA
where ALk is aCl-C4-al kyl group anggRO RP, R q and Rr are each,

i ndependently of one anot her, hydrogen d-C4-al kyl, d-C4-al koxy,
acyl, hal ogen, tdfluoro thyI oxycarbonyl|or carboxyl. 15

For the purlposes O]I:-‘ikél | ugtr t| on, s @@b@gt ageousnp £H60L S gr oups
are |isf WiSJULM -50°1 -3 (_@%Nd%%cz 2-
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(XIV.F1) (XIV.£2) (XIV.13)
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N
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C(=O)CH, COOCH, e .
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(XIV.d2) (XIV.el) NN NHC3 CHCH3 (:p/,c2H5 H3c P/ICH3 3 (XIV.fl)
(XI'V. PE)5424BV. f3) (XIv.gl) 1 I'I NN/ L /COOCH3 H C(= O)CI—I3'Z{%C¢UL-IZ@5
(XIV.hl) (XIV.ii) (XIV.kl) (XIV.k2) PF 54233 2 4 juL 200B -51 The
3-net hyl i ndolyl group (skatolyl group) of the formula XIV.f1 is
particul arl y advant ageous It cansqiLso be advant ageous for two
groups [N l\q and [N ], for exanple 5 pyrroles or
i ndol 8¢ 3uneﬁhullnd@ yégwégkﬁsw@ra@mmf the foenyadivift ts naiculaityt her vi a
bri dgedvahtagdduspositions 2 or 3, 1 1 1 1 R7 R76 R71 N R73 R74 R76
or R72 R73 R74 R75 R72 R75 10 where A3 is a si ngl e bond 0, S,

SiR5' R 52 NR 53, CR4R5' or ene ... e which my
have # GDARODBINENEIEPHT ABOUE gmpam}ﬁnd lw@r ﬁ&ﬂ RO IN or example
heter ppysieoat indbies ssounddo a phesphiorlis stohstoiHelmindao ohe another viapt ed by

0, S 3 where R51 , R52, R53 , R54 15 and R 55
are asbﬁaaé%&]‘ﬁpgé'gye%%ﬁ R71, R72, R73, R74, R75 and R 76
are each, independently of one another, hydrogen, alkyl, alkoxy,
cycl oal kyl, haqterocycl ogl kyl, aryl, hetaryl, hal ogen, C%CRSG Coov,
SO3R 56, SO 3M+ NE' E NEL1E 2 E 3+X- , le ene- NE

al kyl enegNE' E E3+).C, 56, 56, 20 ((#R 57 CI—|2|Q7);V\,RE
(al - 12N(B) : 'R%R R 56, Hd
nitro, acyl cyano, re R16¢r El, E 2 e as
defined above.
R72 R73 RM™ R7S
10 where

Alis a single bond, O, S, SiR*'R*?, NR*, CR*R® or a C,- or C1s-alkylene bridge which

may have a double bond and/or bear an alkyl, cycloalkyl, heterocycloalkyl, aryl or _

hetaryl substituent or be interrupted by O, S, SiR*'R*2 or NR>, where R%', R%?, R®® R*
15  and R* are as defined above, and

R™, R™, R™, R™, R™ and R™ are each, independently of one another, hydrogen, alkyl,
alkoxy, cycloalkyl, heterocycloalkyl, aryl, hetaryl, halogen, COOR%®, COO'M*, SO;R%,
SO:M*, NE'E?, NE'E2E* X, alkylene—NE'E?, alkylene-NE'E*E>* X", OR®, SR,

20 (CHRYCH,0).R%, (CH:N(E"))WR®, (CH.CH,N(E")).R, halogen, trifluoromethyl, nitro,
acyl or cyano, where R%, E', E2, E® and X are as defined above.

The groups R™" and R™ and/or R’® and R can also together form a five-, six- or
seven-membered ring by together forming a chain which may be substituted by alkyl,

25 alkoxy, cycloalkyl, heterocycloalkyl, aryl, hetaryl or halogen and has three, four or five
carbon atoms in the chain, for example 1,3-propylene, 1,4-butylene, 1,5-pentylene and
preferably 1,4-buta-1,3-dienylene.

The compounds mentioned can in each case be symmetrically or unsymmetrically
30 substituted.

The phosphorus compounds described are, for example, suitable as ligands for
catalysts for the hydroformylation of terminal and internal olefins. Their use for
hydrocyanation, hydrogenation, hydrocarboxylation, hydroamidation,

35 hydroesterification and aldol condensation is also conceivable.



The groups R 71 and R 72 and/or R 75 and R 76 can al so together form
a fiverssss or seven-menmbered ring by together fornming a érajth 200
whi ch may be substituted by al kyl, 25 al koxy, cycl oal kyl,

het er ocycl oal kyl, aryl, hetaryl or hal ogen and has three, four or
five carbon atoms in the chain, fogzgxanple 1,3-propylone,
1,4-butylene, 1,5-pentylene and preferably 1,4-buta-1, 3-dienyl ene.
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preferably a“ ne nsiti n group Vill, particularly preferably
cobalt, rhodium ruthenium palladiumor nickel atonms in any
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25 Methods of preparing the phosphorus compounds and the corresponding catalysts are
known per se, for example from US 3,903,120, US 5,523,453, US 5,981,772,
US 6,127,567, US 5,693,843, US 5,847,191, WO 01/14392, WO 99/13983 and
WO 99/64155.

30 To prepare the phosphorus compounds used as ligands in the catalysts, it is possible,
for example, to react phosphorus trichloride with two equivalents of a pyrrole-type
compound, forming a diaminochlorophosphine. To synthesize diphosphoramidites, the
diaminochlorophosphine prepared according to the present invention {or else
conventionally) can be reacted with a diol to give a bidentate ligand. If unsymmetrical

35 ligands are to be prepared, one equivalent of the, for example,
diaminochlorophosphine is firstly reacted with the diol, and the further coupling
component (e.g. an aryldichiorophosphine) is subsequently added.

The starting materials are mixed with one another in amounts corresponding to the
40 desired stoichiometry, if desired dissolved or dispersed, i.e. suspended or emulsified,



state. 25 Methods of preparing the phosphorus conpounds and the
correppmadgdg catal ysts are known per se, for exanple from @s Jyi 2006
3,903, 120, US 5,523,453, US 5,981,772, US 6,127,567, US 5,693, 843,

US 5, 847,191, WO 01/14392, WD 99/13983 and WD 99/64155. 30 To
prepare the phosphorus conpounds uggd as |igands in the catalysts,

it is possible, for exanple, to react phosphorus trichloride with
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25 Inthe case of a continuous reaction at a temperature which is sufficiently high for the
reaction, for example from 30°C to 190°C, preferably from 70 to 120°C, the residence
time is preferably short, i.e. from a few seconds to about 2 hours, preferably from
1 second to 2 hours, particularly preferably from 1 second to 1 hour, very particularly
preferably from 1 second to 30 minutes, in particular from 1 second to 15 minutes and

30 especially preferably from 1 second to 5 minutes,

In a particularty preferred embodiment, the preparation of the phosphorus compounds,
preferably phosphorus compounds having a plurality of phosphorus atoms, particularly
preferably compounds having 2 or 3 and very particularly preferably 2 phosphorus

35 atoms, from the respective starting materials is carried out continuously at from 60°C to
150°C, preferably at a temperature above the melting point of the salt of the auxiliary
base used with the acid liberated up to 130°C at a residence time of less than 1 hour,
preferably less than 30 minutes, particularly preferably less than 15 minutes, very
particularly preferably from 1 second to 5 minutes, in particular from 1 second to

40 1 minute and especially preferably from 1 to 30 seconds.



to 10 bar, preferably from 20 nbar to 5 bar, particularly preferably
fron1$@:mﬁgg to 20 2 bar and in particular from 100 nmbar to * b b 1R 2006
The residence time of the reaction mxture in the reactor can be
froma few seconds to a nunber of hours and is dependent on the
reaction tenperature and, general [¥4t0 a | esser extent, on the
pressure applied. 25 In the case of a continuous reaction at a
tenperature which is sufficiently high for the reaction, for
exanplresighain ebbéditnent] #¥ eplapembstatlaliystitueans @0 tHeopHodPhéiustdiems can
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omthe respective starting materials is carried out
(%tl nuously at from60'Cto 150'C, preferably at a tenperature
aboveAs heaaterk} it isgpossiblet toakse apparatses howin pernseiol thaseyskillesise thesatl wi t h

the aﬁir@xér‘nﬁﬁ‘ertﬁe%? rH&etc@séa'ﬂéthiﬁéd Br B iIrdei68 hta\/i'i’uﬁ iRbriafdsedt

h f er abl i | ferably |
nan’ AR AIGRTeqat ot horlh BAplErs o ERGHTEMnD AR 1 sccond 10 5

m nutes, in partlcul ar from1l second to 40 1 m nute and especially

pief e‘i’ﬁ@ bMtthf I%Fnjthé Féa%@oﬁﬂ%@géi tofn é:ffb%%ftuéllrr]MHch pﬁésésrfoﬂlé‘chd&m
enbodj nent he reB @ﬁ%r{e of . substi tueni)cg QBI horuts atons
can rEﬁﬁR"e‘éé‘é‘& a rexaple Gr¥E82ns §PBFE?‘3{8 Péﬁavaéa uses.
conpolnthis dapparatigs, shepphasel domprising ppédaspihantlydonic 6auid imsepanated fromus
ggﬁ?gﬁ&%agé\ébﬁ:ﬁnﬁhé 9%@%%dggmammcuén @f&ﬂ@ﬂam@ﬂpér&u&eétl c
o ngwbichiihe Saltore s pese iR Rl acid B BRE R RaERERY SPGB 8" ne

eP@ ur addediipiacgeletate pharetseparatipdr exanpl e by stirring or punped
circulation using static mxers or nozzles. 10 As reactors, it is

res Todpinialy BaSP BAL 6 Ialor SR B8 0n38; bnbdiasnEth: g e
havi niifiuichindhe manper degcabedipbovgeat i ng and preferably jet nozzle
reactors or reaction mxing punps.

25 The reaction product can be isolated from the phase comprising the desired reaction
product and/or be purified using methods known per se, for example by distillation,
rectification, extraction, fractional or simple crystallization, membrane separation
processes, chromatography or combinations thereof.

30 The solvent used in the reaction can be one of the solvents mentioned above.

The auxiliary base employed in the reaction is generally used in a stoichiometric
amount or slight excess, based on the expected amount of acid, for example in an
amount of from 100 to 200 mol% based on the expected amount of acid, preferably

35 from 100 to 150 mol% and particularly preferably from 105 to 125 mol%. If the auxiliary
base added serves as solubilizer, it is also possible to use larger amounts of auxiliary
base, for example up to 1000 mol% or more.

The starting materials for preparing the desired phosphorus compounds are known per
se to those skilled in the art or can easily be found and are reported, for example, in



15 The output fromthe reaction is passed to an apparatus in_which
phase®rsga8d during the reaction can separate, for exanpl ezﬁhé&emﬁ
separators or mixer-settler apparatuses. |In this apparatus, the
phase conprising predomnantly ionic liquid is separated from t he
phase conprising predom nantly thesgesired reaction product at a
tenperature at = which the salt of the auxiliary base with the acid

i s | i & Rrior grt gifed iuWis toxt. IBe Same arelias tgdhe stoichinmetrie wtige fevaich the
phase setray mstedals shbelddexebdtady base can be recovered fromthe phase
conprising predomnantly ionic liquid in the manner descri bed

above,., 25 The react roduct can b ol at ed f mthe
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extr aghdMle td GCht 18851 sofe o &H@ét@rﬂﬁbl‘tﬁt@r’lélé 4854\, menbrane
separation processes, chronatography or combinations thereof. 30
The solvent used in the reaction can be one of the solvents

ment i Bikay arb @denixedwith asalventathe solvest ie geheradyl used inlseich @acmannt that
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mol % 1 f the auxi liary base added serves as solubilizer, it is also
possi bl e t. unts of auyxi anple up to
1000 6t a8 ibRBred e P b, Sradtifeto BelhrpSER veribn Bhe desi & ed
phos pheutiaiizebwijio oneof eauxiionwbases mesdones torfore adikuid|sad, smthahtbear t
Oﬁscagyrﬁ|¢§§|d YarPige Eensidbratigl siigifiseported, for exanple, in PF 54233 2
4 A 2006 -55. the prior art cited in this text. The sane applies to
the stoichionetric ratios in which the starting materials should be
r eact Bepfergnee istgivan tagheraiepriaiipg agearding tpthesrpsent inveatiorsof i qui ds or
el t sphag‘pham&@Bfarataemdééﬂemhafcﬁmu&a (dactapm]wpl wherdIRSPg e N1 Brefas

sol Ve?éfneﬂ brobés pur pose. However, is of course also possible to
use at-|East Sone of the starting naterlals as solids. If they are
adPi xed with a solvent, the solvent is generally used in such an
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| i berated in the reaction can, according to the present invention,

b§5 Especial preference is given to the preparation according to the present invention of
the following compounds:



neutralized with one of the auxiliary bases nentioned to forn1?

| i qui gFS4k83 so that the 15 synthesis can be considerably JUL 2006
sinplified. Preference is given to the preparation according to the
present invention of phosphorous ester diam des of the formula
(ROPINI[N], where R, [N) and [N ]seue as defined above. 20
Particul ar preference is given to the preparation according to the

prese di phosphor qus gst i am des of the fornula
[N][ N PN L ner g [N, [N] and [N ... |
are as d . 25 Espegi _ is given to the
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C-N-p P-Ng NNNN Owe one O 0 O- p/OO 0

PF 545’3:55#% JUL 2006 -58 omre ome 0- 0 0 O O 40 4, zk\ﬁ@%@
PP+tO- 425 CH POOO, .7 0+, P P-~ )2 The follomﬁng,
particularly preferred enbodlnents in the stated scope are expressly
I ncorporated by reference into the ﬁresent di sclosure: 10 In a
particularly preferred ﬁnbodlnent t he conpounds nentioned in US
4,668,651, in garticulfar the conpounds described in colum 9, line.
25 to colum 16 and in exanples 1 to 11, and al so |igands
Ato Q cone deration. 15 In a particularly preferred
enbodi nent, the conpou dg/lnmentioned in US 4,748,261, in particular

t he conpo%pds/ﬂescrlbea\jn colum 14, line 26 to colum 62, line 48

SRR
< e

| “etoo :
5
)2
The following, particularly preferred embodiments in the stated scope are expressly
incorporated by reference into the present disclosure:
10

In a particularly preferred embodiment, the compounds mentioned in US 4,668,651, in
particular the compounds described in column 9, line 25 to column 186, line 53 and in
examples 1 to 11, and also ligands A to Q, come into consideration.

15 In a particularly preferred embodiment, the compounds mentioned in US 4,748,261, in
particular the compounds described in column 14, line 26 to column 62, line 48 and in
examples 1 to 14, and also ligands 1 to 8, come into consideration.



exanp 0 14, and also ligands | to 8, cone into considerati
PF 54}21%%4%3 JUL 2006 -59 In a particularly preferred ent)od?ze‘prﬁ%JUB
t he conpounds nentioned in US 4,769,498, in particular the

conpounds described in colum 9, line 27 to colum 18, line 14 and
in exanples 1 to 14, and also |iy#hds Ato Q cone into

compoL et pieferbdR LR s RrPoBRES MoRIBIRG ITHS 4700808, I
Gostr PRLGFHNE SRTRASS deseribed Pimn. b s b chliitt 14 dhe 18 i
exanpéxanples b ta 44, anddalsd ligands ddads comednt®, copsideratinn.o consi der at i on.
In a particularly preferred enbodi nent, the conpounds nentioned in

oo e, SRl 0L 7
consi partiedlardhe cpmpauprs dasetbed ineopingt 62, died 48rid coliumenil inclneive enpisunds

nMent i eagcblés W14, abdlaldilgantis 1 tH 8! édris! Intd cdrivrierigpounds described in
colum 7 to colum 40, line 38 and in 15 exanples 1 to 22, cone into

consideration. In a particularly preferred enbodi nent, the conpounds

ment | Breceprtieuiany gefsedanpodiment e comprands menianeddnh$s5.désdid.bed in

ced Unparbicular tA cémpbondsaddsdibetin coiuith Bl @diemh @0, IMeaMPamsinl to 13,

come é)& Igsop%ﬁlfrc%Heqﬁto_c%Qﬂng?%?gart icularly preferred enbodi nent,
in ,

t he coipounds nEerntione 8,861, in particular the
conpounds described in colum 5, line 23 to colum 26, line 23 and
in  eNanpdréculdriyt srefedred @nsboairsént) the 20apodndsOmédtionean® USs,891,801, in

consi - gt | | fenr | . the
comoridiarifio corabihdd AREBLL BlutnePt B B 48 ST 0,100 o
dEs cr PIREPIeN1 K0P eeMelIntoFopsideiaiono, |ine 48 and in exanples 1 and
2, and also ligands 1 to 11, cone into consideration. In a

Ci : : : —_
A S8 SO 0BT L0800,

per ceRfrbgdar the eampaundsdeserdiedin cplpmn & dige 85 tueplymin 2fhfiee 33 aRdit at ed
ot heremasples3btdEKh rphedntCawpsidatativie exanpl e 1: Preparation of

digt hoxyphenyl phosphi ne (DEOPP) 101.4 g of ethanol, 543 g of xylene

and 232'7r€ of triethylam ne were placed in a 40 1000 m _react or

whi cHMBRETTGWATlYPrRfefTRd gmbogiseant dpe SemppwidsRentioRga iR bR Hraefkot hit t

wi t h particular the compounds described in column 5, line 23 to column 26, line 23 and in
examples 1 to 13, and also ligands 1 to 11, come into consideration.

25 In a particularly preferred embodiment, the compounds mentioned in US 6,172,267, in
particular the compounds described in column 11 to column 40, line 48 and in

examples 1 and 2, and also ligands 1 to 11, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in JP2002-47294
30 come into consideration.

ppm figures and percentages used in the present text are by weight unless indicated
otherwise.

35 Examples
Comparative example 1: Preparation of diethoxyphenylphosphine (DEQOPP)

101.4 g of ethanol, 543 g of xylene and 232.7 g of triethylamine were placed in a
40 1000 mi reactor which was fitted with an impeller stirrer and had been made inert with



PF 54233 2 4 JUL 2006 -60 N2, and the m xture was heated to 50*C.
181. 5pg 5ap398. 6% strength di chl or ophenyl phopshi ne was add6d 7 4 JUL 2006
dropwi se to this mxture over a period of 40 mnutes, resulting in
formation of a colorless, readily stirrable suspension. The

reaction tenperature was maintai ngghat 500C by cooling. After all

the 5 dichl orophenyl phosphi ne. had been added, the m xture was

st r ridzl and thresowdiare Wasyheataehioridr CotB g a@f 88-65nstrenath pr eci pi t at ed

hydL ogithloropt enyiptsopshipe aguseatdey dropwisy redhisfriixture bverslpériocdrofand washed
w t ol i ]
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f i

&n of a colorless solution which was |Iiquid when hot and
solidified after cooling to room tenperature to give a colorless,

CrySt@brhpatativdbdinpld REPFeparitiondf B h¥&shind (DEBOPP#RI ned at
50 C%{)/ %oolli ng. Apfter zﬁﬁia tlhe di c%@%ﬂﬁ’y}ﬂ%ﬁg‘ghi ne hgd been

added, the m xture was sti rr ed at 75-800C for another 60 m nutes.
Accorifl.$hg of ethgaolaridndfZadig of tibetylaming werelpladed intee 1@XbmMBregciof whighct i on
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i et MBS En bt ot 9%%@@@%%%‘9 ISRbh3hiyBlesningwas added

1- metdigpwiae daathis mixiure overla peripd of 49 mioulesofeseltingioformetian ¢fiaaced in  a

ﬁOgO dﬂorfe@@%bl@ﬁoﬂ\ﬂh{éh wilighidtviiesh it aRd 8Blidifisd ?ﬂb@@o&é 9 ();éé:"tnr rer t- ﬁnd

a een Lner . 0 . osLreng

G cntTBRRNS o hBE A rolbreder Bvadlite S, 1 terfadefingr it 06" ot oo

rA0nutreaintajngidiat HOF§ by spelingaAteiall the dichinophenglphosphire hakbegn added,

é 8 3 E: ahé mnxtul%l Wé@étir%ﬂ?btﬂb%d”@?@%rﬂhﬁr(ﬁo\ﬁﬁiﬁpéﬁbﬁé&#@ﬁ@ P’hemfﬁgaéé g yned  at
. 0] | r A | on. r e addl tl on was

coml'%@éa??%gdggxﬂﬁréﬁ%aég?rs ?Hmfr:’oaﬁ&g;omg eddér%{]%gﬁfl i zed during the

f ur t égthexiphenyliphasphiseotormespanding tosa yisld @824t ing to 80*C, the

reaction mxture was conpletely liquid again. After stirring for a

LIS 35 B el iGhouii (5P T Too vl [ -def ned
188.9 g (2.3 mol) of 1-methylimidazole and 101.4 g (2.2 mol) of ethanol were placed in
a 1000 ml reactor which was fitted with an inclined-blade stirrer and had been made
inert with Na. 181.5 g (1.0 mol) of 98.6% strength dichlorophenylphosphine were then

30 introduced over a period of 90 minutes. Initially, spontaneous heating to 60°C was
permitted {duration: 6 min) and the temperature was subsequently maintained at 60°C
by cooling during the further addition. After the addition was complete, the mixture was
still liquid, but crystallized during the further stirring time of 45 minutes. After heating to
80°C, the reaction mixture was completely liquid again. After stirring for a further one

35 hour, the stirrer was switched off. Two well-defined separate phases were quickly
formed. Phase separation at 80°C gave 199.4 g of a clear, colorless upper phase
(DEOPP content according to GC: 96.1%; 1-methylimidazole content: 1.7%) and
266.4 g of a lower phase (“ionic liquid™).



formed. Phase separation at 800C gave 199.4 g of a clear, colorless
upper Pp5#283 ( DEOPP content according to GC. 96.1 % 24 JUL 2006
11- et hyl i m dazol e content: 1.7% and 266.4 g of a | ower phase
("tonic liquid"). PF 54233 2 4 JUL 2006 -61. The upper phase was
distilled under reduced pressure vgn-a 40 cmcolum provided wth 5

mnRachl rlns Thi s gaye 15.8 cl ear olorless fir
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115 rreDEQHF’medmdenmﬂjﬂmBTne @E@P%ylﬂamﬂbrmhlmtlphawcﬁﬁ 9a 1000 n
reactor which was equi pped with an inclined-blade stirrer and had
been de ,nert with N2. Wile cooling in ice, 206 g of phosphorus

trichfs 'WJ% re then added dropwi se at an internal tenperature of
23-33*C over a period of 190 m nutes. The reaction proceeded 15

exot hpfdphafatioh Yf tristhyl PRéspheTER) had to be enployed to maintain this
t erature. After about half of the phosphorus trichloride had

been added, the reaction mixture becane turbid and two |iquid
phase$2ugpt1-omtaylimidazoimend 2afet 9eh atheneloveraipiraeddn ad0pBmI readten hy |
Ehgs PRHICR waie QU paa with daGnclined- bilahii% dtifféPandRad BerPatE %’%i‘ttwm'ﬁNz
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st opBE b6l iss 205 BY phASHBAS onietleh rolRE FrdEE b Bis Mk o o
and 6intereal derppergtuse @523-36\&%9\/6;5%9@09!@ a9Q prinytaed. hm@cthmmmeqslﬁas e
WEEs de)&ﬂhérhﬁéllu%ahatfmm@da@fcﬁ@éelﬁﬁfoyecﬁto&ngﬁtaimrgé RAperatuteMfter o
cont ite
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pr es elffbig ﬁn@ FW;D iquid phasegyare gbtaingd; fiae PRW"CP ape 5@'@?6‘@ 913 0 ©bt al
y| el diriethyl shibspbite Accobdingmo 8Clakt thedowér msefcompasd;wmpﬂﬂmcfwwmde phi ne
5 , r
pl aced}qeﬁ%gﬁ.g%%og B o%e Eﬁ Hyéﬁ%%%tgb 8%91[ ﬁé)wéﬁ_ﬂF ?tf %?@‘32 zsa}ti\?rfer
V1 | eofEeaioniess uppers Sﬁfanélﬁﬂﬂlgog prq'@'ﬁ?'l 'BWS%B'P#WGFPQ)@"%%%t Néngt h)
wer e @spee ghalseowss dietilindaunder priucedipebsite vid a80em glhssasitma contatniidrat
Sulzer DX packing. This gave 177 g of triethyl phosphite having a purity of 99%. A
further 28.3 g of triethyl phosphite were present in the first fraction and the third
fraction. The total yield was 82.4%.
25
Example 3

Preparation of diethoxyphenylphosphine (DEOPP)

30  85.7 g of 2-methylpyridine and 40.5 g of ethanol were placed in a 250 ml glass flask
fitted with a Teflon blade stirrer. While cooling, 71.6 g of dichlorophenylphosphine
{98.6% strength) were added dropwise over a period of 25 minutes at such a rate that
the internal temperature remained at 20-29°C. The hydrochloride of 2-methylpyridine
precipitated during the addition. After the addition was complete, the mixture was

35 heated, and the hydrochloride began to melt above about 70°C. Two clear, sharply
defined liquid phases were formed, viz. 75.5 g of an upper phase and 115.8 g of a
lower phase. The upper phase contained 81.6 g of DEOPP, so that the yield was
77.7%.



the i tenperature remai ned at 20-29*C. The hydrochl orjde, of
2-netE§?%§?#dine precipitated during the addition. After th?e(zﬁ-’?m5
addition was conplete, the m xture was 35 heated, and the
hydr ochl ori de began to nelt above &gout 70" C. Two clear, sharply
defined liquid phases were formed;®47z. 75.5 g of an upper phase and
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be recirculated via a sinple liquid-liquid phase separation. 5
ExanpF&@MPlefepar ati on of et hoxydi phenyl phosphi ne (ECDPP) 10 141.7 g
of 1 -nmethylimdazole and 76.0 g of ethanol were placed in a 1000 m

reactgfg amw%f%ﬁxﬁd%&%gﬁ#@ﬁ%@%ﬁﬂi ned- bl ade stirrer and had
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ol aiwgeglaz A er addition of 450 g of n-propanol, further sodium
chloride precipitated and this was brought back into solution by a
further addition of 69.8 g of water. The result was two liquid
phaseBle lawvenphare. waghzompgsed hgdiquisthyseochiaside af Aimethylonidazelewagat er
and l&dmi%edivitd 29%H hydfi 2504l aze gh adidctis@ebiLaShANEEdd Solution. To dissolve

the precipitated sodium chloride completely, a further 94.3 g of water were added until

25 a clear solution was obtained. After addition of 450 g of n-propanol, further sodium

chloride precipitated and this was brought back into solution by a further addition of

69.8 g of water. The result was two liquid phases, with the 739.3 g of upper phase

containing 19.99% of water and 16.7% of 1-methylimidazole. This corresponds to

94.9% of the amount of 1-methylimidazole used in the synthesis. The 304.2 g of lower

30 phase contained the sodium chloride together with 70.6% of water and 2.2% of 1-

methylimidazole. The 1-methylimidazole content of the aqueous phase could be

reduced to 0.4% by extracting it again with n-propanol. 1-Methylimidazole could then

be recovered by the mixture of propanol and water being distilled off from the upper

phase of the first extraction.



94. 9% of the anpbunt of 1-nethylim dazole used in the synthesis. The
304. 2 pr giaqower 30 phase contained the sodi um chloride togeyhesy 25
with 70.6% of water and 2.2% of |- nethylim dazole. The

1-met hyl i m dazol e content of the aqueous phase could be reduced to
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chb or odi phenyl phosphine (99.1 % strength). Stream 1) was added at
1257 E%}H@g% stream 2) was added at 1928 g/ h. The vol une of the
m xi ng chanber was 3.3 m. The top of the reaction m xing punp was
thernostated to 1200C. The system was brought

Continuous preparation of ethoxydiphenylphosphine (EODPP)

25 The following feed streams were mixed continuously in a reaction mixing pump: 1)
mixture of 159.2 g of 1-methylimidazole and 85.4 g of ethanol and 2) 372.8 g of
chlorodiphenylphosphine (99.1% strength). Stream 1) was added at 1257 g/h and
stream 2) was added at 1928 g/h. The volume of the mixing chamber was 3.3 ml. The
top of the reaction mixing pump was thermostated to 120°C. The system was brought

30 to equilibrium over a period of 5 minutes. The output was subsequently collected for
11 minutes in order to carry out a mass balance. During the mass balance run, the
amount of starting materials was determined by weighing the reservoirs. 372.8 g of
chlorodiphenylphosphine were added. The output consisted of two liquid phases.
During the 11 minutes, 392.2 g of upper phase and 218.3 g of lower phase were

35 collected. The upper phase comprised 96.5% of EODPP, so that the yield determined
by gas chromatography was 98.2%. The residence time of the reactants in the mixing
chamber was 4 s, so that the space-time yield was 0.69 x 10° kgm™h™".
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Oontl Pation of diet hoxyphenyl phosphi ne (DEOPP) The

foll ow ng feed streans were m xed continuously in a reaction m xing

punp:ExbmpléBxture of 237.1 g of 1-nethylim dazole and 127.2 g of
hanol and 2) 225.8 g of 25 dichl orophenyl phosphi ne. Stream 1) was
added at 385.6 g/h and stream 2) was added _at_ 239.0 g/h. The vol une

of tk@"ﬁ‘f‘k?lﬂﬁgpr@ﬁaﬁ%@‘i‘ ofidisthexgehenylPhesphingdDHORMe reaction i xing

punp was thernostated to 800C. The system was brought to equilibrium

OVET The following feed streams were mixed continuously in a reaction mixing pump: 1)
mixture of 237.1 g of 1-methylimidazole and 127.2 g of ethanol and 2} 225.8 g of

25 dichlorophenylphosphine. Stream 1) was added at 385.6 g/h and stream 2) was added
at 239.0 g/h. The volume of the mixing chamber was 3.3 ml. The top of the reaction
mixing pump was thermostated to 80°C. The system was brought to equilibrium over a
period of 30 minutes. The output was subsequently collected for 58 minutes in order to
carry out a mass balance. During the mass balance run, the amount of starting

30 materials was determined by weighing the reservoirs. 225.8 g of
dichlorophenylphosphine were added. The output consisted of two liquid phases.
During the 58 minutes, 249.0 g of upper phase and 335.6 g of lower phase were
collected. The upper phase comprised 95.4% of DEOPP, so that the yield determined
by gas chromatography was 95.5%. The residence time of the reactants in the mixing

35 chamber was 20 s.
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Regeneration of 1-methylimidazole hydrochloride

25 Using a method analogous to example 1, DEOPP was prepared from 181.5 g of
dichlorophenylphosphine, 101.4 g of ethanol and 189 g of 1-methylimidazole, giving
202.2 g of an upper phase having a DEOPP content of 93.9% and 265.5 g of a lower
phase. The upper phase further comprised 3.7 g of 1-methylimidazole. The lower
phase was mixed with 169.6 g of paraffin oil. 168 g of 50% strength aqueous sodium

30 hydroxide solution were then added dropwise to this mixture, giving a readily stirrable
suspension. After the addition of 12.9 g of xylene and 78.4 g of xylene which had been
recirculated from a previous experiment and still contained 3.8 g of 1-methylimidazole,
water was distilled off together with xylene. A total of 132.7 g of water were removed.
When no more water separated out, xylene was distilled from the reaction mixture via a

35 30 cm packed colum at 30-85 mbar and 57 — 90°C at the top, giving 88.4 g of distillate
containing 21.8 g of 1-methylimidazole. The distillate was reused as recycled xylene in
the next experiment, so that 1-methylimidazole present therein was always returned to
the process. After the xylene distillation, the 1-methylimidazole was distilled off at
30 mbar and 80°C at the top. 164.0 g of 1-methylimidazole having a purity of 99.7%

40  were recovered. The water content of the distilled 1-methylimidazole was 0.06%.
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30 The following feed streams were mixed continuously in a reaction mixing pump:

O-1-0

1)  composition: mixture of 11.9 g of 1-methyiimidazole, 11.8 g of o-biphenol and
35.1 g of toluene and
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undes:red monodentate phosphonites was determined by means of 31P-NMR spectra.
It was 93.8% in favor of the chelating phosphonite. The conversion was quantitative.

Example 13
20
The synthesis of the chelating phosphonite of example 12 was carried out as described
in example 12. Various parameters were varied. The top of the reaction mixing pump
was thermostated so that the final temperatures of the reaction mixture at the outlet of
the pump indicated in the table could be obtained. The results are summarized in the
25 following table.



in ex
react

st

2. Various paranmeters were varied. The top of they, ;u 2008
I ng punp was thernpostated so that the final

tenperatures of the reaction mxture at the outlet of the punp
indicated in the table could be objained. The results are summari zed
in the 25 following table. PF 54233°2 4 JUL 2006 -68 Conposition
Conposi t I on of Feed Feed Tenperature Selectivity to of streaml
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Tol 8. of Tol 37.3 g of MA 1187 g of t%e? 13'%51
97. 3% rT1/h m/h 36.7 g of BH 50.9 g|of Tol 10%u g of
of MJ|A 130.9 g of TBCP 1603 1367 76.80C 98.6% m/h nm}/ h 40W$'rg of
BP 56.1 g of Tol| 121.6 g of To] 41.8 g of MA 130.9 ¢ qﬁonﬁlagﬁaﬂeﬁOS
1367 (76.80C 98.6% m/h m/h 40.7 g of BP 56.1 g of Tal h nﬁ%f
Tol 21.2 g of MA 71.2 g of TBCP 1270 1156 76.30C 99. 3% ﬂf‘? h
20.9 10, 01 B mik P165.85 J%CP 2 Yods O 1857 M A TossPet V! gzl e
mi/h mil/h
32.8gof BP 45.4 g of Tol
98.0 g of Tol
37.3gof MIA | 118.7gof TBCP | 1603 1367 90.5°C 97.3%
mi/h mi/h
36.7 g of BP 50.9 g of Tol
109.7 g of Tol
41.3gof MIA | 1309 gof TBCP | 1603 1367 76.8°C 98.6%
mi/h mi/h
40.7 g of BP 56.1 g of Tol
121.6 g of Tol
41.3gof MIA | 130.9gof TBCP | 1603 1367 76.8°C 98.6%
ml/h mi/h
40.7 g of BP 56.1 g of Tol
121.6 gof Tol
21.2gof MIA | 71.2gof TBCP 1270 1156 76.3°C 99.3%
' mi/h mil/h
20.9 g of BP 30.5 g of Tol
62.5 g of Tol

10

MIA = 1-methylimidazole

BP = o-biphenoi

Tol = toluene

TBCP = (2-tert-butylphenoxy)chiorophenylphosphine



5 BP = o-bi phenol Tol = toluene TBCP =

(2-t epF5pgy| phenoxy) chl or ophenyl phosphine 10 PIF 54233 2 47 JUl| 2006
2006 -69 The conversion was quantitative in all variants. Exanple
14 5 Continuous preparation of the follow ng chelating phosphonite:
Ql<>1_ Q00 14 P 00 The fgglowing feed streans were m xed
continuously in a reaction mxing punp: 10 1 conposition: m xture
of 28The goryersiomwenguantitatiyedn all vayginis.g of 2,2', 4, 4" -

t etramet hyl - o- bi phenol and 116.4 g of toluene, and 2) conposition:

m xt u 188-4 g of (2-tert-butyl phenoxy)chl orophenyl phosphine 15
and 37.9 g of toluene. Stream 1) was added at 1817 m/h and stream
2) was added at 1153 m/h. The volume of the mxing chanber was 3.3
ms5 TOentsyste prepasation @i Hie folawing uhélating phosphanitea period of 2

m nutes. The out put was subsequently collected for 5 mnutes in
order to 20 carry out a nmass bal ance. The tenperature of the
reaction nedium at the outw F ep on m Xi ng punp was

76. 30C. The out put consi st 0 |qhases which were
collected in a vessel and subsequently separated. Over the nass

bal ance run of 5 m nut e‘g@3 g of qppe phase and 40.1 g of

| ower phase were coll ect ®  upper ---@ as a toluene solution
of the reaction products)=whilk the | ojer \gha

hydrochl ori de of 1-methylim dazgl e whi,@h was obtai ned as an ionic
liquid at above 75*C. The selpetivi@=to the desired chel ating
phosphonite conpared to the ¢ S nonodent at e phosphoni tes was
determ ned by neans of 31 P-N tr2 It was 95.6% in favor of
t he chel ati ng phosphonite. Thé conversion was quantitative.

The following feed streams were mixed continuously in a reaction mixing pump:
10
1) composition: mixture of 28.0 g of 1-methylimidazole, 36.1 g of 2,2',4,4'-
tetramethyl-o-biphenol and 116.4 g of toluene, and

2)  composition: mixture of 88.4 g of (2-tert-butylphenoxy)chlorophenylphosphine
15 and 37.9 g of toluene.

Stream 1) was added at 1817 ml/h and stream 2) was added at 1153 ml/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 5 minutes in order to

20 carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 76.3°C. The output consisted of two liquid phases which
were collected in a vessel and subsequently separated. Over the mass balance run of -
5 minutes, 264.3 g of upper phase and 40.1 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase

25  was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The selectivity to the desired chelating phosphonite compared to the
undesired monodentate phosphonites was determined by means of 31P-NMR spectra.
It was 95.6% in favor of the chelating phosphonite. The conversion was quantitative.
The lower phase (ionic liquid) contained only about 300 ppm of phosphorus-containing

30 secondary components.
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hydr ochl ori de of 1-methylim dg was obtained as an ionic
liquid at above 75*C. The vyi ated desired product was
302.9 g (93.4% of theory). PF/54233 2 A JUL 2006 -71 Exanple 16
Conti nuous preparation of the follow ng chel ati ng phosphonite: 0 P

£ the | ower phase was the

The following feed streams were mixed continuously in a reaction mixing pump:

1)  composition: mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2',4,4'-
10 tetramethyl-o-biphenol and 807.4 g toluene, and

2) composition: mixture of 664.7 g of (2-tert-butylphenoxy)-p-
fluorophenyichlorophosphine and 284.9 g of toluene.

15  Stream 1) was added at 1781 ml/h and stream 2) was added at 1189 mi/h. The volume
of the mixing chamber was 3.3 mil. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 275 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 69.8°C. The output consisted of two liquid phases which

20 were collected in a vessel and subsequently separated. Over the mass balance run of
275 minutes, 799.6 g of upper phase and 98.9 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochioride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 302.9 g (93.4% of theory).



0 5 phagbes! owing feed streams were nixed continuously in a
reaction mxing punp: 1) mxture of 188.9 9 of 1-nethy|inid;é0“g,mw
249.1 g of 2,2',4,4" -tetramethyl-o- 10 bi phenol and 807.4 g of

tol uene, and 2) conposition: mxtuge_ of 696.1 g of (2-tert-butyl-6-
met hyl phenoxy) chl or ophenyl phosphi ne and 298.3 g of toluene. 15

St r eabxampled® added at 1730 nml/h and stream 2) was added at 1238

m /h. The volume of the m xing chanber was 3.3 nl. The system was
br oug to equilibrium.qve tes. The output was
subsegé%tmulo'y}g@E)%agactiogd)fﬂﬁrfroﬁ%nﬁ\%helgg WSBE}&%F carry out a mass
bal ance. The tenperature of the reaction nedlun1at the outlet of the
reaction m xi ng punp was 6950 The_ opt consisted of two liquid
phases which 20 were colle » 1 a nd subsequently
separated. Over the nmass bakapnce turf of m nutes, 798.1 g of
upper phase and 93.3 g of Io &4 phase re collected. The upper
phase was a tol uene sol ug of the reactifsn\products, while the

| oner phase was the hyrl de of -i m dazol e whi ch was
obtained as an ionic liqurd atC above A5*C—1he yield of isolated
desired product was 298.3 g (985 eory). PF 54233 2 4 JUL 2096
-72 Exanpl e 17 Conti nuous pre the foll ow ng chel ating
phosphite: Q@ ~-P 00 OP 0- 5 The follow ng feed
streans were m xed conti nuous action mxing punp: 1)
mxture of 188.9 g of 1-nethylln1dazole, 249.1 g of

2,2',4,4 -tetramethyl -o- 10 bi phenol and 807.4 g of toluene, and 2)

gg gp (iﬁjbet %ﬁ@@inaifé(éd'gt?ea%s 0E8 ixéd gtgnt&%ﬂﬁf{ HE ?éélc?igmk?){irﬁ)djgg,ﬁ&hi ne and

1)  mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2’,4,4’-tetramethyl-o-
10 biphenol and 807.4 g of toluene, and

2) composition: mixture of 696.1 g of (2-tert-butyl-6-
methylphenoxy)chlorophenylphosphine and 298.3 g of toluene.

15  Stream 1) was added at 1730 ml/h and stream 2) was added at 1238 ml/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 275 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 69.5°C. The output consisted of two liquid phases which

20 were collected in a vessel and subsequently separated. Over the mass balance run of
275 minutes, 798.1 g of upper phase and 93.3 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 298.3 g (95.2% of theory).



toluene. 15 Stream 1) was added at 1793 m/h and stream 2) was added
at 11pf 44238 The volume of the mxing chanber was 3.3 nl. The jy 006
system was brought to equilibriumover a period of 2 m nutes. ‘H‘{e
out put was subsequently collected for 160 mnutes in order to carry
out a mass bal ance. The tenperature,of the reaction nediumat the
outlet of the reaction m xing punp was 70.1 OC. The out put

consi Examplef17t wo |i qui d phases which 20 were collected in a vessel
and subsequentl|ly separated. Over the mass bal ance run of 160

col | opbnUondrhifnidt it BIGRRoRPaft fnctelen Pon of the react on

products, while the | ower phase was the hydrochl oride of
11- et hyl i m dazol e whi ch

as, Obt ai ned as ionic liquid at above
75" C. The yield of isolat bésired pr s 166.6 g (93. 0% of
theory). PF 54233 2 4 JULN\28Q6 -73. Exa 18 Conti nuous
preparation of the follow ng ¢hel ati ng piosphinite: P 0 5 The

foll owi ng feed streanms—ere ni?ed contidrously in a reaction m xing
punp: 1) m xture of 0 of, 1-methyl | m oTR 249.1 g of
2,2'",4,4" -tetranet hyl bi phenol ands807. bf toluene, and 2)
conposition: mxture of M45.8 g ‘of diphé¢nyl chl pFephosphl ne and 191.1
g of toluene. 15 Stream 1) was Qdded qf 1991/m /h and stream 2) was
added at 906 m/h. The vol une™\oof\ the Xi ng chanber was 3.3 nml. The
system was brought to equilibrg : period of 2 mnutes. The
out put was subsequently colle ¥8 mnutes in order to carry
out a mass bal ance. The tenper he reaction nedium at the
ouwsl et of the reaction mxing punp was 70.1*C. The out put consi sted
of two |iquid phases which 20 were collected in a vessel and

subsegue . r - ] nut es,
a1, 510F BYOHsBPE hiine ke spRHTHRY B el BiindPliaba” The
upper phase was a toluene solution of the reaction products, while
t he | pper mpl@gef 1889 d drel-imgthyaidasie d24901 g bf et hyi-tetiafastigfie- whi ch

Vas obt ai @ésereaﬁgﬁgg-3§°%@gﬁ‘gf@ above 75*C. The yield of

i sol at ed i g (67.4% of theory).

10@_

2) composition: mixture of 660.5 g of (di-o-cresyl)chlorophosphine and 283.1 g of
toluene.

15  Stream 1) was added at 1793 mi/h and stream 2) was added at 1176 mi/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 160 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 70.1°C. The output consisted of two liquid phases which

20  were collected in a vessel and subsequently separated. Over the mass balance run of
160 minutes, 470.8 g of upper phase and 60.8 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 166.6 g (93.0% of theory).



PF 54233 2 4 JUL 2006 -74- Exanple 19 Conti nuous preparation of the
folloé%ﬁﬁzéﬁelating phosphonite. O P 0 5 The follow ng fgédmLZMB
streans were m xed continuously in a reaction mxing punp: 1)

m xture of 188.9 g of 1-nethylimdazole, 249.1 g of

2,2, 4,4 -tetramethyl -o- 10 bi phend®-and 807.4 g of toluene, and 2)
conpogiLi.Qp. 191 xture of 828.1 g of
(2,4-5?%@E%Hgybhenoxy)chlorophenylphosphine and 354.9 g of toluene.
15 Stream 1) was added at 1532 nml |l h and stream 2) was added at 1395
m / h. Cohtinuonis pneparationt dféherfollowiggchelating pvwephitd: ni . The system was
brought to equilibriumover a period of 2 mnutes. The out put was
subsequently collected for 275 mnutes in order to carry out a nmass

bal ance. The tenperature of R reactio diumat the outlet of the
reaction m xing punp was 69Q The out nsisted of two liquid
phases which were 20 collected\in a ves and subsequently
separated. Over the mass ance run of i nutes, 787.9 g of
upper phase and 85.3 g 0{22%Mﬁ+pphase Br g | ected. The upper
phase was a tol uene sol ut of| the reacti¥ roducts, while the

| oner phase was the hydrochlorLde of I-nmethylimclazole which was

obtained as an ionic liquid at
desired product was 304 g (89.
-75 Exanpl e 20 Continuous prep
phosphonite: 0 0 P, 0 0 The=g feed streans were m xed
continuously in a reaction mx¥ng punp: \1 m xture of 188.9 g of
1-Pret hyl i ni dazol e, 249.1 g of 2,2',4,4 -tetramethyl-o

y). PF 54233 2 4 JUL 2006
the follow ng chel ating

A

The following feed streams were mixed continuously in a reaction mixing pump:

1}  mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2’ 4,4’-tetramethyi-o-
10 biphenol and 807 .4 g of toluene, and

2)  composition: mixture of 445.8 g of diphenylchlorophosphine and 191.1 g of
toluene.

15  Stream 1) was added at 1991 ml/h and stream 2) was added at 806 mi/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 218 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 70.1°C. The output consisted of two liquid phases which

20 were collected in a vessel and subsequently separated. Over the mass balance run of
218 minutes, 641.8 g of upper phase and 93 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 152.3 g (67.4% of theory).



10 bi phenol and 807.4 g of toluene, and 2) conposition: m xture of
738. 3Pg 542382, 4-di -tert- butyl phenoxy)chl or ophenyl phosphi ne andy; 2066
316.4 g of toluene. 15 Stream 1) was added at 1664 m/h and stream
2) was added at 1308 milh. The volume of the m xing chanber was 3.3
m . The system was brought to equiyq4briumover a period of 2

m nutes. The out put was subsequently collected for 233 mnutes in
orderEi‘@i“p'@érgry out a mass bal ance. The tenperature of the reaction
medi um at the outlet of the reaction mxing punp was 75.80C. The
Out PUERRNRILE pRshaPhtion'es thd ﬁﬁbﬂinggﬁéﬁﬁnd‘ﬁhé‘é&hgﬂté‘.‘ere collected in a
vessel and subsequently separated. Over the nass bal ance run of 233
m nutes, 663.9 g of upper phase and 79.8 g of | ower phase were

coll ected. The upper _phage was a toluene sojution of the reaction
products, while the | ower . ori de of
1-met hyl i m dazol e whi ch wag jonic liquid at above
75*C. The yield of isol at&d was 267 g (94. 7% of
theory). 25 Exanple 21 A m'X . O PCl13 and 0.6 nol of
Al C13 (98% pure) was ‘-=\ urler an & gop-atnosphere ina 1l 1
flask which was provi cm- Fa therm)# acket, 30 nechani cal
stirring, thernoneter ans= flc'yx conderjse 730C. 0.4 nol of

fl uorobenzene was subsequent |y \added ¢g@er a period of 30 m nutes,
with a gentle PF 54233 2 4 JU)-2 6 stream of argon being
passed through the reaction f eaction mxture was stirred
for 3 hours, cooled to 600C ans of N-nethylim dazol e was
slowy added over a period @ s. The reaction was
exdbthernic and nist was formed. The nixture was subsequent |y
stirred for another 30 m nutes at 600C. Wien the stirrer 5 was

Swi t cTieslfolibwing 2Zequhstessnssee@rmiked confiimaolisiyer a plartien windng pprapat ed of f
and the wupper phase was extracted twice with 80 ml each tine O
PC13 at 600C. The_l ower, phase and the conbined PCl3 extracts were
distill edmlweioﬁgs%a gpfdrmetavimigazolemad] aick ot dpiedepetéct n a

yieel d of bipRerai ahth807 ¢ geofdolaemyyrantdy of 96% 10 (determ ned by 31 P
NVR) . Exanples 22 - 27 The procedure of exanple 21 was repeated

using.the ratigs of fluor ze AlL.Cl13, 15 PCl3, an )
N- et 4y | | SATRRESHI0R: Midre &f ggglq el qnfﬁgﬂf |ﬁp@r_nylphenoxy%cﬁIoropq'xenylphosphlne
and 354.8 g of toluene.

15  Stream 1) was added at 1532 ml/h and stream 2) was added at 1395 ml/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 275 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 69°C. The output consisted of two liquid phases which were

20 collected in a vessel and subsequently separated. Over the mass balance run of
275 minutes, 787.9 g of upper phase and 85.3 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 304 g (89.6% of theory).



Ex. Molar ratio of Molar ratio of Reaction Yield Purity

Al C13pFlgsengbenzene N-nethylim dazole: AIC13 tinme [h] 1% 1%? 42‘%‘%1@@
13709 221,5166596 23 1.51380091 24 11 3 54 96

0.53 16 n.d. 26 1.50.5319n.d. 27 21379 73 n.d.: not
determ ned 20 In exanple 23, the rgaction was carried out in a
manner anal ogous to exanple 21, but AICl13 of higher purity (> 99%
was uExamperRU54233 2 4 JUL 2006 -77 Conparative exanple 3 A nixture
of 3.4 MO O PCl3 and 1.2 nol of AIC13 (98% pure) was pl aced under

an a : [ ; ' brovided with a
thernggﬁ{g%@gg}@%%’z%tfbnﬁ %’3%1?%‘?"‘89%?‘%'?%@ ﬁﬁ%%ﬁ Wg%’rmrreter and refl ux
condenser at 730C. 0.8 nol of fluorobenzene was subsequently added
over a period of 30 mnutes, with a gentle ,stream of argon being
passed t hrough the reacti The, react
for 3 hours, cooled to 600 ot pyridine were slowy
added over a period of 4 i tion was exotherm c and
m st was fornmed. The m xtu 0 was subseguently stirred for another
30 mnutes at 60*C. A nonunjifgsmsoliddgn the formof large |unps
precipitated, and this cq_bt be se roff via a suction
filter but only by filt ont The filjtrati gn resi due was washed
with petrol eumether. The filtQate angl t he washi ngs were conbi ned
and distilled, giving 73.3 g phenyl di chl or ophosphine in a
yield of 47% of theory. 15 Acetyl ati on of pyrrolidine
A solution of 5.88 g (75.0 yl chloride in 10 m of MIBE
was added dropw se at 10 - lution of 5.33 g (75.0 mmuol)
ofSpyrrolidine in 20 mM of 20 MIBE (tert-butyl nethyl ether), with
the tenperature being maintai ned. The suspension forned was adm xed

W th nd Rilgwingdect SEUms WereTmiXEd B¥htinToday i & redetibf nfb@Ry bidpl N 1 Ce

1)  mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2’ 4,4'-tetramethyl-o-
10 biphenol and 807.4 g of toluene, and

2)  composition: mixture of 738.3 g of (2,4-di-tert-
butylphenoxy)chlorophenylphosphine and 316.4 g of toluene.

15  Stream 1) was added at 1664 ml/h and stream 2) was added at 1308 mi/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 233 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 75.8°C. The output consisted of two liquid phases which

20 were coliected in a vessel and subsequently separated. Over the mass balance run of
233 minutes, 663.9 g of upper phase and 79.8 g of lower phase were collected. The l
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 267 g (94.7% of theory).

25
Example 21

A mixture of 1.7 mol of PCl; and 0.6 mol of AICI; (98% pure) was placed under an
argon atmosphere in a 1 | flask which was provided with a thermostated jacket,

30 mechanical stirring, thermometer and reflux condenser at 73°C. 0.4 mol of
fluorobenzene was subsequently added over a period of 30 minutes, with a gentle



and the m xture was then warnmed to 20*C, resulting in the suspension
bei ngpggaggsted into a liquid two-phase m xture. This m xt u%g JMRS2006
stirred for another 1 hour and the phases were separated. The upper
phase was freed of solvent on a rotary evaporator 25 to give 6.28 g

(74. 1 %9 of N-acetylpyrrolidine._J&e | ower phase conprised further

target product together with 1 -nmethylim dazole hydrochloride. The

| ower stram of apgen bgtngassed thrquahichereastion §asko T brsearine migiuie Was  af t er
addi t stredobr Babars, cevled keB0°C. afd @62 Al dPAI-nedthylihigale/ Way sloady di ne.

ggegﬁtﬁ’ﬁgnfo%? g éne'%g‘bﬁ@h{ rﬁ.ﬂt&? fTh!e re?éﬁ%ﬁ%s e@tpﬂ}érrﬂic(a%' rgisgg/gls }orfé’\]:;g 0

ol ) TR mixture pas BibsaReETSY el a8 aneihara Fittes at GRECh Hem Hasbrer
wWhs | ewas switthed offR@phased sepmaratad. T laWespm:eaNa"seéspatmed offlaad the
t e”pezﬁ;{e‘ﬂ %Qéc@aggktré‘e{&?&ﬁ d with go T%ﬁcﬁﬁm@%@%laoé} i ‘” e was then

heat e ormng a |qU| wo- phase ‘m xture. upper phase
was separated off and was found to consist of 6.73 (77.5% of
1 but Yhe Ioaeepbasa MQicnhmg}edMQext'ramwereaﬁstlllys,ig]wbg%;@,ofabout | %

I bNg to
200c. FRRoghANY a"*%?% e " DEBLITGR I i) e pflora e
21yt @eiarmineg py, mol ) of acetyl chloride were added dropw se
to a solution of 5 55 g (75.0 mmol) of 2-butanol and 12.3 g (150
nol )Eﬁmﬂles thylimclazole while stirring and 5 cooling in ice at
such a rate that the tenperature did not exceed 100C. The m xture
was then stirred for 30 mnutes at O C and for another 30 m nutes
at 20TH& probedure of example i2n wasirepsategp esiag dhe iativs phflborolbenzere, A6l;ng
cpnvepte nh'&Lﬁleﬁ]yhhﬂiéhgletﬂtﬁcd%@@ﬁﬁhg‘téﬁlé’re The upper phase was
separated off to“give 7. theory: 8.68 g) of 2-butyl acetate as
a col orless il having a Durlty of 85% (GC). 10 Exanple 31 -

Acet ytat i mﬂfr%]‘, rd'trgq}?ut anol gg’%d,q%r&gg propan- | R%%tlo?l 4%&9( %’é’gﬁm

of aretyl oride were g Opwi se to a SO

(75. D mo|HChiflupsbsnEeifol etha"mts'agole@ﬁls fimeily] of

1- nep-hyH-i-dazel-e—whit-e—sti+rringat—15200C—The mu
was pt2rred for @asfurtherf 30 m nutles and suybseg@uent
750C_This resulted in the suspension initially for
conver%fd into aq i quid)two- phasq m xt ure. Th% uppler hase9
separated| off to give 7.01 g (theory: 8.68 g) of ijs gu yl acet ate
as ajcolortess oll_having a purity of 99% (),
23 1.5 1 3 80 91
24 1 1 3 54 96
25 1 0.5 3 16 n.d.
26 1.5 0.5 3 19 n.d.
27 2 1 3 79 73

n.d.: not determined

20 In example 23, the reaction was carried out in a manner analogous to exampie 21, but
AIC1; of higher purity (> 99%) was used.



20 Exanple 32 - Acetylation of neopentyl alcohol (2,2-dinethyl-

- pr opppGd 47 g (82.5 nmmol ) of acetyl chloride were added dro
to a sol ut?gn of 6.61 g (75.0 mml) of neopentyl al cohol L Wﬁ%

(2,2-dinethyl-I-propanol) and 6.76 g (82.5 mml) of

11-ret hyl i m dazol e while stirring g4 _200C. The reaction mxture was
stirred for a further 25 30 m nutes and subsequently heated to 75*C.
Thi s €Cewphtatide example suspension initially forned being converted
into a liquid two-phase m xture. The upper phase was separated off

t [ .8. 40 th : JA t at | orl
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n- but angeh atimosphgrg BA 61 faakl whieh wae pravided o¥ithar 1%@0&&@%@!@@@ dr opwi se
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e reaction

ot o B e Wes BRI Aoy Bidel ok b el BLomintes, e

heat etireas g5aaon aing pagsay theakdghithe rracten frsks To reastion m!*tyrer \@asmd

bei ngstpedver 3 RBursédblad tol 60901 Fhdt VEG PBPSI YRtk Wete sl s’t'iw RS ovehase
was S I‘

benz gogﬁg r@é{'tg%ﬁa@s%gc mﬁ&a?eﬁlﬁ&ﬂﬂgﬁa?d ﬂr\gﬁt%@g Mﬁgygﬂ%3 2
419 ULwewdoseqwtwrfﬁﬂ éorznothepap mm@ys at 6%3 & nqswef{@]m polidgn the on of
20 6 farrh 6blabgemieips précipiedied, taau lthis BboldindEbé Sdfdraied ofOviarh sattidrofieene

m@ﬂ%ﬁ& [ ARACR ThY oo Myl e %%d%v iR gther THRTRRRE
-meth@fl o typ aesbings wera ombings ang Kistie aiins7 38 Bral ng at 20 36*C. The

r eact p-uoropbdriyicichierapidsphiredn kojield of 47% e theddy. m nut es and
sxrg)sequently heated to 800C. This resulted in the suspension
initially formed being converted into a |iquid two-phase m xture.

The u%‘f?é’?p'%ﬁﬁsé\"ﬁfé(&at@@ﬁéf’ﬂf‘éﬂ"r@ff and evaporated on a rotary
evaporator to give 23.6 g (theory: 24.3 g) of prenyl palmtate as a

Iig: Imd’% %blﬁ%’?r?gf?}@&@ ré? B?’Nﬁw&@of”‘a% °f‘N’ 'rﬁﬁ%ﬁ( aI coh i é@fﬁS I n the
abserﬁf@p‘ﬁ'ﬁelait G TartatampelEtione §-Ad ( mePQJQ/P %Mﬁﬂlpaén ?9%06 g,
0206 1 SMMBE X tetith iyl métﬁyl\wmrad\dlbdheitemmursterd eiag 2@thtsihedHehsuspbrgioron

1 o RS TE [(CR i il Aetian e

1- net azol g
whi | € ds‘{‘? MIXHEE wasiep 'E”FSﬁO Qﬁé nt @JStPS"'i'SB@e'”ﬂH‘Q"H?G&%re

was Shiora leqlid tvo-Bitase mintues. Thig mikture 3&6 stiaad fartamotHeon ®Or enditiees at

r OOfn%-Fa@’ﬁ@%F@fgébaﬂQ? fﬂé@b’e? HQé:e WEakELH 5%5on2R06n a'rE ﬁ&é&r&t@r two
g quIto giv a?f@ acetylpyrrohé1 ine sﬁ'le ;‘3’\‘35? phsaeseacro%pnsed rﬁmr target
product together with 1-methylimidazole hydrochloride. The lower phase was extracted
twice with dichloromethane, giving, after addition of water, another 1.70 g (20.1%) of

N-acetylpyrrolidine.
30 Example 29 - Acetylation of 1-butanol

6.47 g (82.5 mmol) of acetyl chloride were added dropwise to a solution of 5.55 g
(75.0 mmo!) of 1-butanol and 6.67 g (82.5 mmol) of 1-methylimidazole while stirring
and cooling in ice at such a rate that the temperature did not exceed 10°C. The

35 reaction mixture was then heated to 75°C, forming a liquid two-phase mixture. The
upper phase was separated off and was found to consist of 6.73 g (77.5%) of 1-butyl
acetate containing, according to analysis by GC, about 1% of 1-methylimidazole. The
lower phase solidified on cooling to 20°C.



20 upper phase conprised, apart fromthe solvent, 0.27% of retinol
and 9pFd4pa8 vitamn A palmtate (HPLC). Exanple 36 - Acyl apitof)ofib
et hyl hexanoyl chloride 25 2-Ethyl hexanoyl chloride (30.0 g, 0.186
nmol) is slowy added at 10 - 150C to a solution of

4- (hydr oxynet hyl ) - 1, 3- di oxol an- 2- ppg, (20.0 g, 0.169 nol) and

1-nmet hylimdazole (M[A 30.6 g, 0.373 nol) in nethylene chloride
(400 Rrgmpledir- Arayletiangf?-butatiphere and while cooling in ice. The
reaction mxture is stirred overnight and the solvent is renoved

d | but yl
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of n- bppexpbhselwdd sépéré&d&'nmmgn)e 080 glitheont BiGsas) vy Piuty aeetatr 25 added

droD‘é‘%&SrléﬁQ) o@gl{"é Bf &fgea (40.5 mml ) of 1-butanol and 11.1

while stirring at 40 OOC. The
&hction mixture was stlrred for another 15 mnutes at 0 - 5*C and
for PEx&AR18 312 Abefllhtion(d Gsobutdof @rméthylprapaneisolat 20*C, resulting in
the formation of a |iquid two-phase m xture. The upper phase was

separated off. to 5.30 g. (t heory: . 93 of .

D &t /B2l ol o aeclHi il Weip BldedropMEeHa A SUHIEN 558 of 00%
(GO) . (75.Emanl of ikButansi and &tTB@r(Baﬁ rambl) bh hohetBylBBdazoewhiks stitohg abof
?2570;)96 “c, "I‘%*Péféétubh %ﬂuvzﬁwss eﬁ%ck 5 AHe? 80 Miindtes Qha%uegbq%nuﬁ 00 g
ot Porled . a5 ThiSBa Mg i the Syispertids ity Tormbd BEInG oy setashBta s
stir rl@uld tvo- piresemeixtuBé) Trieruppes phaseDEE sapdrdted off Go 5|_ve17rﬂl1t @ &heary800C,
resul § 68g) bﬂisbmylfa%fmé b98 Bforidss bi b“ﬂHé\ﬁhg; %oﬁuﬁ@aﬁ 98m8§%5)r ebf The upper

phase was separated off to give 8.50 g eory:
2-trinmethylsilyloxybutane as a colorless, slightly turbid oil
h2ivi nigxample S2t-yAcetylgidnoof GSpperid aloohel (32-dimBihyl epropanot)f neopent yl
al cohol (2, 2-dinethyl-I-propanol) 15 6.50 g (56 7 rrrml) of

chl Oré).EIJ} Ign(ﬂgﬁ.gyr}\r%bl)%%c&ﬁrc%loaﬂ g%vcclarg 58(5) vg eop\EvPse oa SOFUttIO 61 g
(75.0 mmol} of neopentyl alcohol (2,2-dimethyl-1-propanol) and 6.76 g (82.5 mmol) of
1-methylimidazole while stirring at 20°C. The reaction mixture was stirred for a further

25 30 minutes and subsequently heated to 75°C. This resulted in the suspension initially
formed being converted into a liquid two-phase mixture. The upper phase was
separated off to give 8.40 g (theory: 9.76 g} of neopentyl acetate as a colorless oil
having a purity of 98% (GC).

30 Example 33 - Benzoylation of n-butanol

11.9 g (82.5 mmol) of benzoyl chloride were added dropwise to a solution of 5.55 g
(75.0 mmol) of 1-butanol and 6.76 g (82.5 mmol) of 1-methylimidazole while stirring at
10°C. The reaction mixture was stirred for a further 30 minutes and subsequently

35 heated to 75°C. This resuited in the suspension initially formed being converted into a
liquid two-phase mixture. The upper phase was separated off to give 9.90 g (theory:
13.3 g} of 1-butyl benzoate as a coloriess oil having a purity of 99% (GC).



5.00 (56.7 mmol ) of neopentyl al cohol (2,2-dinethyl-I-propano
and 1%F6M§3§142 nmml ) of 1-nethylim dazole while stirring at?gﬂkhzmm
The reaction mxture was stirred for a further 2 hours at DOC and
for 2.5 hours at 20*C. The upper phase was separated 20 off to give
7.80 g (theory: 9.09 g) of 2,2-dinB@hyl-1-trinmethylsilyloxypropane

s A It f 96% (CC). Ex le 40 -
51 1 SRR BReCR i RmPAIB ' Vo0’ (751 0 ol ) ol

chl orotrimethyl silane were added dropwise to a solution of 5.00 g
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at nosphere. e reaction mxture is stirred overnight and the phases

are separated. This gives 142.9 g of MA hydrochloride as a

col or Exarpple @5i-Palmhexdation of all-tr@ng-retinoMvitatinaA laiohol, YWé) or gani ¢ phase

Is carefully evaporated to keep | osses of volatile product |ow.

This gi,yes,48.1 g.of tetraethoxysilan t.heory. .3 as
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sol utlton ofThS. 00 % é49 9 mmlté 19){, aﬁ}e I?cetonet.agﬁ 4.50 61' &%5. 0

ol ) SEENG: TRELERAGHONIPTREBIIE [958 1B 1ok B waestimed] fon - piu

m xt uate2 wa'e, end therdfof 30 mimdesat ropmitemperature0Themiktirerwa haated tos at

800C, gioes vdulting ih fwd fifuid phassibeihgbrried. wagﬂaéé@w@@%amté&.m- The
%

i‘é’fﬁ’?{Meﬁ;‘éﬁ‘éﬁ“ﬁrae%%%ﬁﬁ%i’fg%f% St & fiegRetpling e 2o & of)
havi nytamipArpaipitate (BYL.GC). 10 Exanple 43 - Elinination of hydrogen
brom de from 3-bronocycl ohexene A solution conprising 10.0 g (62.1

e )i TSR e ot 552, )

N, N- di ent'yl‘am ne wa 200C for 1 hour, cooled to
250C 15 and admi xed with 30 m of n-pentane. The m xture was heated

t g5 302-Ethylirfehdyl @Blotide (31RO g, 0.186 mol) is slowly added at 10 - 15°C to a solution
of 4-(hydroxymethyl)-1,3-dioxolan-2-one (20.0 g, 0.169 mol) and 1-methylimidazole
{MIA, 30.6 g, 0.373 mol) in methylene chloride (400 ml) under a nitrogen atmosphere
and while cooling in ice. The reaction mixture is stirred overnight and the solvent is
removed under reduced pressure. The residue is taken up in methyl tert-butyl ether

30 (MTBE) twice and the phases are separated in each case. The organic upper phase is
evaporated under reduced pressure. This gives the ester as a colorless oil containing
residual MIA. The mixture is taken up in toluene twice and the solvent is in each case
removed under reduced pressure. This gives 45.83 g of a yellowish oil having a MIA
content of 17% (NMR).

35
Example 37 - Silylation of n-butanol

4.40 g (40.5 mmol) of chlorotrimethylsilane were added dropwise to a solution of 3.00 g
(40.5 mmol) of 1-butanol and 11.1 g (135 mmol) of 1-methylimidazole while stirring at
40  0°C. The reaction mixture was stirred for another 15 minutes at 0 - 5°C and for



formation of a |liquid two-phase m xture. The phases were separated
and tppesdamger  phase was extracted with 30 nl of n-pentane. THejy, 205
pent ane phases were conbi ned and the pentane was distilled off on a
rotary evaporator (200C, 400 - 500 nbar), leaving 3.50 g (theory:
4.97 g) of a colorless residue whiggh, according to GC, consisted 20
predom nantly of 1, 3-cycl ohexadi ene. Exanple 44 (conparison)

Synt liersissmotutds at(2Q° G- iesultipg imtbe lfgrimatibh of o figud thdmbage-mixture. The
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were 1p g@ rlﬁlogysqyz%rgeeq %%s %Jlot?e\)'!ﬂqta MEYBF 91?1(13 a of f under
reduced 30 pressure to rem)ve traces of water by azeotropic

disst idxhaipleosB - SiigtioprdroaslitagiWvas  repeat ed once nore. The residue
was subsequently taken up in 700 mM of dried toluene under argon

and cooled to -65'C. 14.9 g (109 MMa ) O PC13 followed by 40 g
( 396 8fitng {7402 mmndlpoflohlarafrimethwsilene were added dropuiide db atsolgieh 6f The

reacts (ﬁ’ﬁg (874 H{n@o])ﬂasz bixaASIHNd 6.0 @mwﬁa&aﬁi-ﬁ{eﬂwmaz@ |AGijle0d of

16 ho rs ang J&t refluxed, for eréﬁm?ez}ea@gﬁl%%@fgp%'w
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a veé‘s@ﬁ”&ﬁﬁ%ﬂ@&%%ﬂ'ﬂ ﬁmgg alpgf'{v quﬁ % ‘t){ql'c%und reduced 18

pressure to renove traces of water by azeotropic distillation. This

Séof?i%‘ V- O?lﬁg%%h@ n@Bﬁ&tﬂ%l&hoW(b@-ﬂnﬁ%‘tﬁWﬁ M@ﬁan’%ﬂbs equently taken
6.50 g (56.7 mmol) of chlorotrimethylsilane were added dropwise to a solution of
5.00 g (56.7 mmol) of neopentyl alcohol (2,2-dimethyl-1-propancl) and 11.6 g
(142 mmol) of 1-methylimidazole while stirring at 0°C. The reaction mixture was stirred
for a further 2 hours at 0°C and for 2.5 hours at 20°C. The upper phase was separated
20 off to give 7.80 g {theory: 9.09 g) of 2,2-dimethyl-1-trimethylsilyloxypropane as a
colorless oil having a purity of 96% {GC).

Example 40 - Silylation of benzyl alcohol

25 5.50 g (51.0 mmol) of chlorotrimethylsilane were added dropwise to a solution of
5.00 g (46.0 mmol) of benzyl alcohol and 4.20 g (51.0 mmol) of 1-methylimidazole
while stirring at 0°C. The reaction mixture was stirred for a further 30 minutes at 0°C
and for 5 minutes at 80°C, resulting in the formation of a liquid two-phase mixture. The
upper phase was separated off to give 7.30 g (theory: 8.29 g) of benzyl trimethylsilyl
30 ether as a colorless oil having a purity of 39% (GC).

Example 41 - Reaction of ethanol with silicon tetrachloride

SiCl, (50.0 g, 0.294 mol) is slowly added to a solution of ethanol (54.3 g, 1.17 mol) and
35 1-methyiimidazole (MIA, 98.9 g, 1.21 mol) in heptane (400 ml) while cooling in ice and

under an N, atmosphere. The reaction mixture is stirred overnight and the phases are

separated. This gives 142.9 g of MIA hydrochloride as a colorless solid (theory:

141.9 g of MIA+MIA-HCI). The organic phase is carefully evaporated to keep losses of

volatile product low. This gives 48.1 g of tetraethoxysilane (theory: 61.3 g) as a slightly
40 turbid, colorless oil having a purity of 91.1% (GC).



t ol uene under argon and cooled to -650C. 14.9 g 0 09 MO ) O PC13
fol | omEB423340 g (396 mmol) of triethylam ne were then sl owpy andgh
at -650C. The reaction mxture was brought to roomtenperature over
a period of 16 hours and then refluxed for 16 hours. 15 19.3 g (58
mol ) of 4,5-di hydroxy-2,7-di-tertghputyl -9, 9-di net hyl xant hene in 300
m of dried toluene were added to the reaction m xture, and the

m xture was then refluxed for 16 hours, cooled to roomtenperature
and t kzamplectd €Sitylaiohiod avdtylabetbael preci pitated (triethyl am ne

hydr ochl ori de) was filtered off with suction, the solvent was
distilled si dye S recryst ized twce
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f 89 rreﬂfeidﬁmﬂfl?@ﬂygf/hﬁﬁ‘é@ bexadieng: separ at ed under protective gas by

means of a frit (solution 11). The two solutions (I and 11) were
mxedE 00C in a reaction m xing punp. Stream | was

fed |n§%ﬂ‘5l§wrﬁggéljné?ﬁ§f;§7 m/h, and stream 11 was fed' in at a rate of
15 1203 m /h. The vol une of the m xing chanber was 3.3 nl, and the

r esi dgpftRedis BELISAE3-methylindolyl)chlorophosphine (= bisskatylchlorophosphine)
25

N—P—Ci
=/ |
N

O

28.5 g (218 mmol) of 3-methylindole (skatole) together with about 50 ml of dried
toluene were placed in a vessel and the solvent was distilled off under reduced

30 pressure to remove traces of water by azeotropic distillation. This procedure was
repeated once more. The residue was subsequently taken up in 700 ml of dried
toluene under argon and cooled to -65°C. 14.9 g (109 mmol} of PCl; followed by 40 g
(396 mmol) of triethylamine were then slowly added at -65°C. The reaction mixture was
brought to room temperature over a period of 16 hours and then refluxed for 16 hours.



accordingly about 4 s. The systemwas brought to equilibriumfor 3

m nut ¢F 54233 the output was subsequently collected. The out BYL Ju1 2006
consisted of two liquid phases (N-nethylimdazoliumchloride agldL

sol vent/ product). The upper phase, which conprised the product, was
decanted off and evaporated under .ggduced pressure. The 20 residue
was refluxed in_ ethgnol §5§ S e clear, yellow solytion was th g

cool ed it YMRoGesction wpdties. @98 K)vQ:s (1P2i Rty ACtrding i { RiNMR Babaut Bt i ¢
whi ch988%s filtered off with suction, then washed with ethanol and
subsequently dried at reduced pressure. This gave 27.3 g (41% of

t heory) a orless s NVR (CDC13, 298K): 6 = 106. 25
Fi ne éﬁ jectgf?cgmpap?oq) gﬂgge“iﬁ °f|1\'l9 wl i mi dazol e i nfluence the
cabal ysis, they can be renoved by washing a solution of the |igand
in an organic solvent wth wgter. 30,56.8.9 of the colorless solid
(ligand A) were dissolved M 500 of .di et et her and washed six

times with 20 m each tine quous sodi um

hydr ogencar bonate solutio 3, L subsequent |y washed
twice nore with 15 nm e i of mater or gani ¢ phase was
separated off, volatile c |t@ents 39 enoved under reduced
pressure and the residue Ma hed wi P-N30Q i of ethanol. Drying
under reduced pressure g .# g of co o ess solid . 31 P NNVIR
(CDC13, 298K): 6 = 106. PF 3/2 4 vUL -84 Exanpl e 48:

Conti nuous synthesis of I| Pro'-- 5 25.3 g (0.07 nol) of
4, 5-di hydroxy-2, 7-di-tert- b I 9,9-di net xant hene were dissol ved

in 8 g of toluene with addition Q "gﬂ g (1.03 nol) of
1- et hyl i m dazole (solution 1). ¢ g (0.14 nol) of
bi s(N-3-net hyl i ndol yl') chl orophosphine in 84 g of toluene were

]pr epapgg d (21aqﬁrabr§lan9@néwnhdaet(m@olé tégetw With BSOL&rmq?u dfdrigal t )
ronnelyers wotE et BEas 9%?%@5 R L b

& edPresAvlieria Gerspye tﬁ@cemti@atef by azeatstpm@dlsttﬂatbngﬂma pocedgrerwasn | was
fed i ppabtey dr%b@n@{e PSresldue. w@r%b%qm% Wap ih 700infl oRbiried r at e of

f’ggl gk)h%e etlfr}ggr é@?ﬁg@g &paf Hg? Bs*C"¥4.5 ga( rh'\q?of?’Péls %Ifowaeg%y 4%6
(396 mmol) of triethylamine were then slowly added at -65°C. The reaction mixture was
brought to room temperature over a period of 16 hours and then refluxed for 16 hours.

15  19.3 g (58 mmol) of 4,5-dihydroxy-2,7-di-tert-butyl-9,9-dimethylxanthene in 300 ml of
dried toluene were added to the reaction mixture, and the mixture was then refluxed for
16 hours, cooled to room temperature and the coloriess solid which had precipitated
(triethylamine hydrochloride) was filtered off with suction, the solvent was distilled off
and the residue was recrystaliized twice from hot ethano!. Drying under reduced

20  pressure gave 36.3 g (71% of theory) of a colorless solid. *'P NMR (298K):
5 =105.

Example 46: Continuous synthesis of bis(3-methylindolyl)chlorophosphine

25 159 g (0.12 mol) of 3-methylindole (skatole) were dissolved in 22 g (0.27 mol) of
1-methylimidazole and 69 g of dried toluene (solution ). In addition, 8.2 g (0.06 mol) of
phosphorus trichloride were mixed with 67 g of dried toluene (solution Il). The two
solutions (I and [I) were mixed continuously at 90°C in a reaction mixing pump.
Stream | was fed in at a rate of 1735 ml/h, and stream Il was fed in at a rate of

30 1235 ml/h. The volume of the mixing chamber was 3.3 ml. The system was brought to
equilibrium for 3 minutes, and the output was subsequently collected. The output



about 12 s. The systemwas brought to equilibriumfor 3 m nutes, and
the omsygz3gas subsequently collected. The output consisted?df ;i vipds
| i qui d phases 15 (N-nethylim dazolium chloride and sol vent/ product)
The upper phase, which conprised the product, was decanted off and
evapor ated under reduced pressure_gihe residue was refluxed in

et hanol and the clear, yellow solution was then cooled to room

t enpercansisted of bmunlquldmghasesp\rmceh wenezepanatest byydecsintationh' BINMR4crude
filtersgpitien,f2981K)hd a7 iPRfty dcierding¥eStreliMR £ abettesww! and
subsequently dried at reduced pressure. This gave 30.5 g 20 (46% of
theory) of a colorless solid . 31 P NVIR (CDC 3,298K): 6 = 106.

Ex anpIExamgle(47 aeatind@us) synthegisof B9and At i on of 1-butene from a
coaventlonal synthesis (exanple 45) 25 5.5 ng of Rh(CO) 2acac (acac
= act gfy 4%% onate) and 200 ng of ligand A were weighed out
separate each dissolved in 5 g of toluene, mxed and treated with
10 bar of synthesis gas (COH2 = 1:1) at 900C (preactivation).

Af t er 25.3np(0.07 1t fhel) afit ch:mdeowyaa?-ddtﬁar lstgied, D-diirflethPixanthend wérdout ene
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(acac'= act onat e hed out
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St LSRR phehl e g AR S roguaag prerig s gave 279 1

(41% of theory) of a colorless solld P NMR (CDCls;, 298K):

5 = 106.
25
Fine purification:
if traces of N-methylimidazole influence the catalysis, they can be removed by washing
a solution of the ligand in an organic solvent with water.
30

56.8 g of the colorless solid (ligand A) were dissolved in 500 ml of diethyl ether and
washed six times with 20 ml each time of saturated aqueous sodium
hydrogencarbonate solution. The solution was subsequently washed twice more with
15 ml each time of water, the organic phase was separated off, volatile constituents

35 were removed under reduced pressure and the residue was washed with 300 ml of
ethanol. Drying under reduced pressure gave 48.1 g of a colorless solid. *'P NMR
(CDCls, 298K): & = 106.



I ntroduced was then changed over to synthesis gas (COH2 = 1:1).

Hydr oppn tion 10 was subsequently carried out at 90*C for u
(93 pp[rﬁr'lﬁg%}:‘il ligand A:Rh = 10:1). The conversi on was 34(V24' ”ﬂﬂ 1o
yi el d of val eral dehyde was 32% and the linearity (proportion of n
product) was 93% Exanple 51: Hydrgfornylation of 1 -butene using
ligand A froma reaction mxin 15 (exanple 47) 5 ng of

Rh( COr%armple @a@actlrmouetsemtpeaeegwws and 200 ng of ligand A were
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100 g5£Q086 mol) of 2-tert-butyl phenol are dissolved in 102 g of
mesitylene with addition of 54.1 g (0.66 nol) of 1-nethylim dazole

(solution 1). Solution | was continuously m xed
Example 49 (comparison): Hydroformylation of 1-butene from a conventional synthesis

{example 45)

25
5.5 mg of Rh{CO),acac {acac = actetylacetonate) and 200 mg of ligand A were
weighed out separately, each dissolved in 5 g of toluene, mixed and treated with 10 bar
of synthesis gas (CO:H; = 1:1) at 90°C (preactivation). After 1 hour, the autoclave was
depressurized. 9.9 g of 1-butene were then added via a pressure lock, a total pressure

30 of 17 bar was set by means of synthesis gas (CO:H; = 1:1) and hydroformylation was
carried out for 2 hours at 90°C (109 ppm of Rh; ligand A:Rh = 10:1). After the reaction
time indicated, the autoclave was cooled, carefully depressurized via a cold trap and
both reaction product mixtures (reactor and cold trap) were analyzed by means of gas
chromatography. The conversion was 99%, the yield of valeraldehyde was 92% and

35 the linearity (proportion of n product) was 98.5%. The linearity {proportion of n product)
is defined as the amount of n-valeraldehyde divided by the total amount of n-
valeraldehyde and i-valeraldehyde muitiplied by 100.



5 at a flowrate of 4432.1 m/h with solution 11 consisting of 121.6
g (0. e6542B3 of dichlorophenyl phosphine in a reaction m xi ngZ gunm. 006
Solution 11 was fed in at a rate of 1507.9 m/h. The top of the
reaction m xing punp was heated to I OOOC in an oil bath. The

vol ume of the m xing chanber was 3g§-nm, and the residence tinme was
accordi ngl about 2 s. The systemwas brought to equilibriumfor 3
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b) t hptBdddd ﬁytheﬁ%ﬁaﬁq;&: csde?_t@é?yn%és%rdgasa(ctﬁhg =V \C Rydirdfdringiatieh at
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and cYhe benvesgion whs BA%, thexyi¢ld af yalpeaidehiyde was 3266 amhihedinbarty| i qui d

phasegprypdriorn &fn prdaaét) @dsbsaduct or the solution of the desired
product in a sui't)abl e solvent. 15 2) A process as clained in claim

1, wherein the salt of the auxiliary base has a nelting point bel ow
160" CExanpla 53t bydroforapylagiom phi-fiutene aisingdigand A fane 8 seaclign enisingpump
wher ejeRainpR 48l t of the auxiliary base has an ET(30) of nore than
35. 20 4) A process as clained in any of the preceding clains,
wherein the base contains at |east one nitrogen atom 5) A process

as cl ameeef RI{C&acae (acae =mctaidacetgnaibhands200umgrodliganchd wese welghed | s
25 sebpGeparatd|@BaaiRGoNedNS § & tohtereh miicardhid thaatdd @th 1o baded . R 3 R
2R Zsyn%e%fé gljz\élsz(d%%ﬁ§@1 :ﬁ a:% ob°c %r'e\gctivation). After 1 hour, the autoclave was
20 depressurized. 12.5 g of 1-butene were then added via a pressure lock, and a total
pressure of 17 bar was set by means of synthesis gas (CO:H, = 1:1) and
hydroformylation was carried out at 90°C for 2 hours (88 ppm of Rh; ligand A:Rh =
11:1). After the reaction time indicated, the autoclave was cooled, carefully
depressurized via a cold trap and both reaction product mixtures (reactor and cold trap)
25 were analyzed by means of gas chromatography. The conversion was 98%, the yield
of valeraldehyde was 98% and the linearity (proportion of n product) was 96.3%.

Example 52: Hydroformylation of 2-butene using ligand A from a reaction mixing pump
(example 47)

30
5.0 mg of Rh(CO)acac (acac = actetylacetonate) and 118 mg of ligand A were
weighed out separately, each dissolved in 5 g of toluene, mixed and treated with 10 bar
of synthesis gas (CO:H, = 1:2) at 90°C (preactivation). After 1 hour, the autoclave was
depressurized. 11.8 g of 2-butene were then added via a pressure lock, and a total

35 pressure of 17 bar was set by means of synthesis gas (CO:H; = 1:2). The gas
infroduced was then changed over to synthesis gas (CO:H; = 1:1). Hydroformylation
was subsequently carried out at 90°C for 4 hours (91 ppm of Rh; ligand A:Rh = 7:1).
The conversion was 29%, the yield of valeraldehyde was 26% and the linearity
(proportion of n product) was 93.8%.
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100 g (0.66 mol) of 2-tert-butylphenol are dissolved in 102 g of mesitylene with addition
of 54.1 g (0.66 mol) of 1-methylimidazole (solution I). Solution | was continuously mixed
5 at a flow rate of 4432.1 mi/h with solution 1l consisting of 121.6 g (0.66 mol) of

dichlorophenylphosphine in a reaction mixing pump. Solution |l was fed in at a rate of
1507.9 ml/h. The top of the reaction mixing pump was heated to 100°C in an oil bath.
The volume of the mixing chamber was 3.3 ml, and the residence time was accordingly
about 2 s. The system was brought to equilibrium for 3 minutes and the output was

10  subsequently collected. The output consisted of two liquid phases (product/solvent and
1-methylimidazolium hydrochloride). The upper, product-containing phase was
decanted off. GC: 2-tert-butylphenoxyphenylchlorophosphine: 60% by area.
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1), or systens of the fornula
15 2) A process as claimed in claim 1, wherein the salt of the auxiliary base has a

melting point below 160°C.

3) A process as claimed in any of the preceding claims, wherein the sait of the
auxiliary base has an E+(30) of more than 35.
20
4) A process as claimed in any of the preceding claims, wherein the base contains
at least one nitrogen atom.

5) A process as claimed in any of the preceding claims, wherein the base used is

25 selected from among compounds of the formulae (la) to (Ir),
R R? R
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[N [RA$A233Z-0-P[N'] (OR ... ) 25 or systens which are both nityr ggemss
and carbon-substituted on each phggphorus and have the formul a
[N(R)P-O-Z-0-PIN]J(R ... ) or (F:Z2)P-[N']-Z-[N

]-PIN I (R . or systems of the fornmula 30 [N (R O)P-OZ O-P[N (R .
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can be 35 any Rent bridgegs /A process for phkep
phosphor us cgmpoun fromthe ropriat e starrT’lng ma
forth in any of the preceding clains, wherein theRprepa
carried out continuously at from 300C to 1900C and a residence tine
of from 40 1 second to 1 hour. PF 54233 2 4 JUL 2006 90 11) The
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where

R', R4 R% R*, R® and R°® are each, independently of one another, hydrogen,
5 C4-Cyg-alkyl, C,—C4g-alkyl which may be interrupted by one or more oxygen
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prot onated fofm and auxiliary base is then se ee by neans of

a strong base and the free auxiliary base is PF 54233 2 4 JUL 2006
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deconposed during the process of separating off the liquid salt and
1gacs=éé St c\f P?dée&s ab crahﬁ?cgiéwd vidtie &%@a.ﬁ@&ﬁﬁng %e‘réﬁg} StC'h teﬂ gels: ggldd
Br oduct q‘ﬂhoépgﬂfoﬁ’élﬁls t%'(ﬂ Hﬁ @ﬁ%ﬁﬁ%‘éﬁ%@ﬁt} 9) ‘base is firstly
set freedlblyosavharmlsafsteadmndeag({h}iﬁe]?—@aﬂ-@-ﬁ’é\l"]ﬂN"é)e auxiliary base is
%te)sgggleé]gét} Mmﬂioghgédrﬁr%s'( it Np]p Eﬂ: lqgg]:pq\im-]r[rt]r@-])dem red product and
or sysiems o he ormula
[NKR'O)P-O-Z-O-P{OR")}(OR™),
[N][N1P-O-Z-O-P(OR"YOR™} or
[N]JIN'IP-O-Z-O-P[N"}(OR™)
25 or systems which are both nitrogen- and carbon-substituted on each phosphorus
and have the formula
[N}(R")P-O-Z-O-P[N{R™) or
[NKR')P-[N"}-Z-[N"]-P[N(R™}
or systems of the formula
30 [NI(R'O)P-O-Z-O-P[N}(R™}
are prepared,
where R, R, R” and R can be any organic radicals which may be identical or
different, [N], [N'], [N"], [N"], [N™] and [N""'] are unsubstituted, monosubstituted
or disubstituted amino groups which may be identical or different and Z can be

35 any divalent bridge.

10) A process for preparing phosphorus compounds from the appropriate starting
materials as set forth in any of the preceding claims, wherein the preparation is
carried out continuously at from 30°C to 190°C and a residence time of from

40 1 second to 1 hour.



16) A method of stopping acid-catal yzed reactions, which conprises
Fﬂfbﬂgﬁl izing the acid catalyst in a chemical reaction with 4d JUL 2006
auxiliary base, wherein b) the auxiliary base and the acid forma
salt which is liquid at tenperajggres at 20 which the desired
product is not significantly deconposed during the process of
separating off the liquid salt and ¢c) the salt of the auxiliary base
forms two imm scible Iiquid phases with the desired product or the
solution of the desired product in a suitable solvent.

11) Theuseofa

diphosphorous diester amide ([N](R'O)P-O-Z-O-P[N'](OR™)),

diphosphorous ester diamide ([N]J[N']P-O-Z-O-P[N"][N"]),

bistriaminophosphine ([N][N']P-[N"]-Z-[N™]-P[N""JIN""},

or a system of the formula

[N](R'O)P-O-Z-O-P(OR"}OR"),

[N][N']P-O-Z-O-P(OR"){(OR™} or

[N][N']P-O-Z-O-P[N"{OR™)

or a system which is both nitrogen- and carbon-substituted on each phosphorus and has
the formula

[N(R"}P-O-Z-O-P[N'KR™) or

[NI(R}P-[N"]-Z-[N"]-P[N'I(R™)

or a system of the formuila

[NI(R'O)P-O-Z-0O-P[N(R™)

where R, R’, R” and R can be any organic radicals which may be identical or different,
[N], [N, [N"], [N"], [N"] and [N""] are unsubstituted, monosubstituted or disubstituted
amino groups which may be identical or different and Z can be any divalent bridge,
obtained by a process as claimed in claim 9 or 10 as ligand for catalysts.

12) The use of a ligand as set forth in claim 11 as ligand for cobalt-, rhodium-, ruthenium-,
palladium-, platinum-, osmium-, iridium- or nickel-containing catalysts.

13) The use of a catalyst as set forth in claim 12 in a hydrocyanation, hydrogenation or
hydroformylation.

14) A process for separating acids from reaction mixtures by means of an auxiliary base,
wherein

b) the auxiliary base and the acid form a salt which is liquid at temperatures at which the
desired product is not significantly decomposed during the process of separating off
the liquid salt and

the salt of the auxiliary base forms two immiscible liquid phases with the desired product or the
solution of the desired product in a suitable solvent, and the desired product is firstly distilled off
from the reaction mixture in the presence of the auxiliary base in the protonated form and the
auxiliary base is then set free by means of a strong base and the free auxiliary base is
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subsequently distilled.

15) A process for separating acids from reaction mixtures by means of an auxiliary

16)

base, wherein

b}  the auxiliary base and the acid form a salt which is liquid at temperatures at
which the desired product is not significantly decomposed during the
process of separating off the liquid salt and

¢) the salt of the auxiliary base forms two immiscible liquid phases with the
desired product or the solution of the desired product in a suitable solvent,
and the auxiliary base is firstly set free by means of a strong base and the
free auxiliary base is subsequently distilled in the presence of the desired
product and the desired product is then distilled.

A method of stopping acid-catalyzed reactions, which comprises neutralizing the
acid catalyst in a chemical reaction with an auxiliary base, wherein

b) the auxiliary base and the acid form a salt which is liquid at temperatures at
which the desired product is not significantly decomposed during the
process of separating off the liquid salt and

c) the salt of the auxiliary base forms two immiscible liquid phases with the
desired product or the solution of the desired product in a suitable solvent.



